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Tew quantitative analyses 

require such a high degree o f purity in 

reagent chemicals as that demanded for 

lead, arsenic and fluorine determinations 

in food products.

The minute quantities o f these elements 

which m ay ev e n tu a lly  be determ ined 

make it imperative that particular care 

be exercised by the chemist in the choice 

o f his reagent chemicals.

B a k e r  & A dam son  R eag en ts a re  fu l ly  

qualified for food analyses; they are made 

to meet the most exacting requirements. 

All of them offer the low maximum limits 

of impurities which are essential in this 

work.

Get acq u ain ted  w ith those B a k e r  & 

A dam son R eagen ts recom m ended fo r  

lead, arsenic and fluorine determinations 

— and you w ill soon consider only Baker 

& Adamson Reagents for a ll your work.
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C o r n i n g
y  means 
i l  Hesearrh in (ilass

“P Y R E X ” is a  registered tra d e -m a rk  and  iiulicales m anu facture  by

C O R N I N G  G L A S S  W O R K S  . C O R N I N G ,  N* Y.

A gain Corning brings to the laboratory new 
features of convenience and economy by developing a 
method of tool finishing “PY R EX ” Brand Ring Neck 
Flasks, (Catalog Nos. 4180, 4200, 4220 and 4260).

Tooling insures accuracy of inside dimensions a t the 
mouth of the neck—accuracy of stopper fit. No longer 
do you have to fit stoppers by trial and error.

Coming’s method of fabrication gives greater me
chanical strength, for the ring and neck are now con
tinuous—all of the one original mass. You’ll get less 
chipping, too— the top is fire-polished.

Manufacture of tooled neck flasks affording accurate 
stopper fit in sizes up to and including 6000 ml has now 
been standardized a t no increase in price. This feature 
will be adapted to  larger sizes as manufacturing facili
ties permit, but for a time it may be necessary to 
supply flasks of the old style, particularly in the 
larger sizes.

This improved neck finish is another reason why 
you should specify flasks made from “PY R EX ” brand 
Chemical Glass—the Balanced Glass.



T he Indicator is completely portable, and overcomes a common difficulty of 
glass-electrode instruments in that it may be used when relative humidity is as 
high as 95% .

A  lab helper can learn promptly the routine operation of the instrument, since 
it is handled in the same general fashion as a portable potentiometer temperature 
indicator.

Complete directions accompany the instrum ent. For further facts, see Catalog 
E-96 (1 ) .

Jrl A d E . \  0600B(S)

T he polarizing cell and electrode are 
strong, simple and easy to use. There is no 
highly sensitive galvanometer. And the meas
urement is recorded autom atically  by a 
Micromax Recorder. Its record is in ink, is 
easy to read, and saves the time usually re
quired for recording of instrument readings, 

l ’resont users  inc lude:
A m erican Cyanam id Co. 
U niv . o f C incinnati 
E astm an K odak Co.
E. I. du  P o n t deX em ours 

& Co.
1-os A ngeles Police D ept, 
M em orial H ospital, N . Y. 
S tephano B ro thers

W estern  E lectric  Co. 
B ryn  M aw r College 
U niv. of D elaware 
H arshaw  Chem ical Co. 
M erck & Co.
H arv ard  U niv. 
M ichigan S ta te  U niv . 
T exas Co.

LEEDS Ä. NORTH RUP COMPANY, 4920 STENTON AVE., PH I LA., PA.

LEEDS & NORTHRUP
AIITAHATir rAMTDńl g M rAT .TPFATIW P. rt lRNÄCF«?

Metal Analyses Are 
Speeded Up 6 Times

It used to take chemists 8 hours to analyze 
the 150 samples that come to a certain metal
lurgical lab every day. N ow, the same men do 
their work in one-sixth the time, w ith their new 
Knorr- Albers Recording Microphotometer, 
T his instrument is built by L&N according to 
the Kettering Foundation researches of Pro
fessors Knorr and Albers of Antioch College, 
and is easily capable of being operated within  
the tolerances of chemical methods.

T he equipment succeeds because it uses 
spectrograms with a modern, non-photo
graphic method of recording. It consists of 
2 units. One “scans” the spectogram by pass
ing a beam of light through it onto a 
photocell. T he other unit is a standard 
Speedomax high-speed recorder which records 
in ink the varying current o f the cell— hence 
the spectrum-line densities of the spectrogram.

Spectrum-line densities of standard and 
test plates are recorded on the same chart. 
Lines hardly visible when projected may be 
measured quite accurately. A line may be 
measured in different exposures or in differ
ent steps of a sector exposure. . . . T his in
strument is a tool for either research or routine 
work. If you’d like further information, w e’ll 
gladly send it.

Dropping-Hg Electrode 
Is Conveniently Applied 

In Electro-Chemograph

Solutions For Oil Filters 
Studied with L&N pH Indicator

Chemists who are thinking of using the Hey- 
rovsky dropping-mercurv-electrode method of 
analysis w ill find several advantages in the 
L&N Electro-Chemograph as the equipment 
for the purpose.

Production of oil filters by the Fram  Corp., Rumfprd, R. 1., is an activity in 
which the pH of a process solution is important. T he filters are alkali-impregnated, 
to neutralize acidity in automobile-engine oil. and Fram uses pH measurements 
freely in preparing the filter-impregnating solutions. And one of the principal rea
sons pH measurements are so easy to make iti this plant is that the measuring instru
ment is an L&N Univeral pH Indicator, w ith glass electrodes.

This Indicator reads directly in pH — no voltage to convert; no temperature- 
correction to compute. Its small, rugged electrodes are mounted in the instrum ent 
case, directly above the sample-holder. T he sample may be as small as 5 ml.



March 15, 1941 A N A L Y T I C A L  E D I T I O N 7

The Avoirdupois Pound which 

served as  the exchequer  s tand

ard of  mass  during the d ays  

of  Queen Elizabeth.

Standard of Mass. . .
Since the very beginnings of recorded history, 

standards of mass have been established for 

the control of accuracy and uniformity in 

weighing.

Today, pre-determined standards of purity 

control the accuracy and uniform ity of M al

linckrodt A. R. Chemicals. Stringent refining,

testing and re-testing by skilled chemists 

insure dependable analytical chemicals for 

accurate analysis.

Send for lastest M allinckrodt catalogue o f  A nalytical 

R eagents and other chem icals for laboratory use. 

It contains detailed descriptions o f  chem icals for 

every type o f analytical work . . . gravim etric, gaso- 

m etric, calorim etric or titrim etric.

M A L L I N C K R O D T  C H E M I C A L  W O R K S

ST. LOUIS • PHILADELPHIA • MONTREAL

CHICAGO • NEW YORK • TORONTO
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Protection

- %
<••' •sïA>;-v »»

ARE Y OU EQUIPPED TO SEE THE DIFFERENCE?
•  Rutile and anatase, two important oxides o f T iO z, have 
identical chemical formulae, yet each has a radically different 
behavior from the other. Their wide-spread use in processes 
which m ust adhere to "stepped up” production schedules 
make it imperative that titanium bearing ores and refined 
oxides be analyzed by a rapid, accurate method.

Such a m ethod is available with the G-E X R D  Unit. 
Titanium oxides when analyzed by x-ray diffraction may 
reveal three types o f  patterns: Pattern (A) was produced by 
pure rutile; Pattern (B) was registered by pure anatase. A 
mixture o f  the two will result in Pattern (C), and the den
sity o f  each pattern will give a quantitative indication o f 
the amounts o f  each oxide present.

From such easy-to-obtain, illustrated data, it is possible to 
establish com plete control o f  the oxide mixtures and pre
vent failure o f  manufacturing processes. For complete 
information about the G-E X R D  U nit and its application 
to  your problems, address your request to  Department R33-

GENERAL ELECTRIC 
X-RAY CORPORATION
2 0 1 2  J A C K S O N  BLVD. C H IC A G O , IL L ., U . S. A .
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TYPICAL <=> ITEMS
C at. N o . 1 8 0 0 3

KIMBLE MODERN 
H  LIEBIG CO NDENSERS

I With Plain In n er  Tube 
made of  Kimble 

U Resistant Glass
L e n g th  o f  

Ja c k e t  
mm .

Q u a n tity  
in  C a s*

O th e r  s t y le s  o f  in n e r  lu b e s  
c a n  b e  o b ta in e d .  F o r  q u a n 
t i t y  p r ic e s ,  s e e  y o u r  d e a le r .

D C A L I B R Â T Ï 0 *

.....;
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A . H . T .  CO. S P E C I F I C A T I O N

AIR DRIVEN STIRRING APPARATUS
A  new model ,  of  s im ple  des ign and high to rqu e,  especia l ly  a t  low speeds

•at-

A
9224.

STIR R IN G  APPARATUS, AIR DRIVEN , A .H .T. CO. Specification.
A new m odel w ith  p iston  drive, for opera tion  a t  v ariab le  speeds b y  m eans of 
com pressed a ir or vacuum . O perates on pressures as low as 2 lbs. R ecom 
m ended p a rticu la rly  for use in labo ra to ries w here vo la tile  liqu ids o r explosive 
vapors m ake hazardous th e  use of m any  electric  stirre rs.

T  T he piston drives a  s tu rd y  m achined  flywheel, S j^ -inches d iam eter, an d  a tta c h e d  s tirre r  
shaft. A ir under positive or nega tive  pressure reaches th e  p iston  ch am b er th ro u g h  a  hollow 
tube  3 inches long X % -inch  d iam eter b y  w hich th e  a p p a ra tu s  can  be a t ta c h e d  to  o rd inary  
su p p o rt stands.

liach stirrer is supplied w ith an adjustable chuck to fit m etal or glass rods J^-incli diam eter, and, if desired, w ith  
M onel m etal stirring rod 9 inches long w ith propeller 1 ' ^-inches diam eter, or w ith  rods 12 or 18 inches long, w ith  
propeller 2-inches diam eter. Stirrers w ith 12 and 18-inch rods are provided w ith  an auxiliary bearing of S ta in 
less steel located 7 inches below' the chuck and suspended on a Stainless stee l rod J^-inch diam eter. T h is aligning  
arrangem ent elim inates "w hip” and insures satisfactory operation in deep containers.

M axim um  speed, w ithout load, a t 15 lbs. air pressure is approxim ately 2500 r .p .m ., w hich can be reduced by  
changing the pressure a t the source. R equires approxim ately 1.3 cu. ft. of com pressed air per m inute a t  above  
speed. W ill mix 4 liters of Alum inum  H ydroxide 10%  solution  thoroughly in  a 4  liter beaker using 15 lbs. air 
pressure or vacuum  equivalent to  15-inch colum n of m ercury, except w hen using the 9-inch stirring rod w ith  1!A- 
inch propeller which w ill m ix such solutions com pletely  only when using com pressed air.

N o. 9242-D  Support w ith h eavy sem i-circular base shaped to  fit around 
cylindrical vessels up to  12-inch diam eter, and w ith  cadm ium  p lated  steel rod 
30 inches long X ?i-inch  diam eter, is recom m ended for use w ith  12 or 18-inch 
stirring rods. This support provides greater stab ility  and therefore quieter  
operation than the usual support w ith rectangular or tripod base.

N o . 9245 G lass Stirring R ods, 250 mm long X  G-mm diam eter, can also be 
used w ith  this stirring apparatus. R ubber tubing w ith  J^-inch bore can be 
used to  connect the Stirrer to  pressure or vacuum  source.

9224. Stirring Apparatus, Air D riven, A .H .T . Co. Specification, as above  
described, w ith stirring rod of M onel m etal, 9 inches long w ith  pro
peller l j i-in ch cs  diam eter, but w ithout support...................... 9.25
Code W ord .................................................................................................. Oiheg

9224-A. D itto, w ith  adjustable chuck but w ithout stirring rod or sup
p o rt.........................................................................: .....................................  7.75
Code W ord .................................................................................................  Oihfe

Stirring A ssem bly, Air Driven, A .H .T . Co. Specification, sim ilar to  
9224 but for use in deeper baths or larger bottles. W ith auxiliary  
bearing of Stainless stee l and w ith  longer 9246 M onel m etal stirring  
rod w ith four-blade propeller 2-inches diam eter. Com plete w ith  
9242-D  Support w ith h eavy semi-circular base w hich accom m odates 
vessels 12-inches diam eter and cadm ium  plated steel rod 30 inches 
long X  M -inch diam eter, and w ith  3214 Clamp holder. % - inch, but 
w ithout glass jar show n in illustration.
L ength of stirring rod, in c h e s .. . .   ............................  12 18
D iam eter of propeller, in ch es........................................  2 2

9226.

E a c h .........................................................................................  17.75
Code W ord............................................................................  Oihha

18.25
O ihiv

9227. D itto , w ith  M onel m etal stirring rod but w ithout support, clam p  
holder, or glass jar.
Length of stirring rod, in ch es.............................................. 12 18

E ach .......................................................................................... 13.00
Code W ord ............................................................................. Oilimq

13.50
Oihol

10% discount in lots of 12, No. 9224 to 9227 assorted 9226.

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

LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE, PHILADELPHIA, U. S. A.

C able Address, “ B alance” P h ilade lph ia
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P U B L IS H E D  BY T H E  A M E R IC A N  C H E M IC A L  S O C IE T Y  •  H A R R IS O N  E. H O W E , E D IT O R

Determination and Separation of Potassium as 
Periodate

H O B A R T  H . W IL L A R D  a .n d  A L B E R T  J . B O Y L E 1 

U n iv e r s ity  o f  M ic h ig a n , A n n  A rbor, M ic h .

THE determination of potassium as periodate, K I0 4, 
offers a number of advantages. I t  has a high molecular 

weight, and can be determined volumetrically by a very exact 
titration. I t  is only sparingly soluble, a saturated solution 
a t 25° C. being 0.022 molar (2). I t  contains about the same 
percentage of potassium as the chloroplatinate and cobalti- 
nitrite and much less than the perchlorate.

The first experiments along this line were made by Great
house (1), who added periodic acid to the solution, 2 or 3 ml. 
in volume, and completed the precipitation by adding alcohol, 
free from aldehyde. He carried out a few gravimetric and volu
metric determinations, the results being usually slightly low, 
but did very little on the separation of potassium from other 
metals. At th a t time the price of iodine was high, and the 
preparation of periodic acid was an expensive process. Since 
tha t time two satisfactory' methods for preparing the acid 
have been published and the reagent has become less expen
sive. As the reagent is now available, it seemed desirable to 
make an extensive investigation of this method of determining 
and separating potassium, and in particular, to find a better 
solvent than ethyl alcohol which is so easily oxidized that it 
is almost impossible to avoid some reduction of periodic acid 
to iodic acid.

The reaction used in titrating periodate to iodate was first 
suggested by Muller and Friedberger (3):

1 0 ,"  +  2 1 -  =  I O r  +  I5

and is quantitative only in a neutral solution buffered by 
carbonic acid-bicarbonate or boric acid-borate, preferably 
the latter. The free iodine is then titra ted  by standard ar- 
senite. This method has the advantage tha t iodate does not 
interfere, as it would if the periodate were reduced to iodide. 
In  the latter process, however, the equivalent would be 
much smaller—one eighth of the molecular weight.

The periodate method for potassium is both rapid and 
accurate, and can be applied to amounts of potassium as low 
as 0.4 mg.

E x p er im en ta l

S e l e c t i o n  o f  a  S o l v e n t .  As indicated above, the selec
tion of the proper solvent is a m atter of prime importance. 
I t  must possess the following properties: (1) I t  m ust not be 
appreciably oxidized by periodic acid during the time re-

1 P re sen t address, W ay n e  U n iv ers ity , D e tro it, M ich .

quired for the analysis, 0 .5  to 2 hours. (2) I t  should be 
miscible with water a t least to the extent of about 10 per cent 
of the latter by volume. (3) Potassium periodate must be 
insoluble in the solvent and yet it must dissolve sodium 
periodate and such other salts as might be present.

As explained above, Greathouse (1) used ethyl alcohol, free 
from aldehyde, since the aldehyde is more easily oxidized 
than the alcohol. This, however, was not an ideal solvent 
because some oxidation of the alcohol invariably occurred. 
Among the solvents which are less affected by oxidizing agents 
is tertiary butyl alcohol; this was therefore first investigated. 
I t  was found, however, to dissolve so little sodium periodate 
as to be useless for the purpose. Admixture of ethyl acetate 
did not improve matters. Other solvents tried in which 
sodium periodate was insoluble were dioxane, the earbitols, 
Cellosolve, and diethylene glycol.

I t  was found th a t if ethyl acetate was added to ethyl 
alcohol, the resistance of the latter to oxidation was con
siderably increased, whereas its solvent power was not 
diminished.

A q uantity  o f 95 per cent eth y l alcohol, free from aldehyde, w as 
prepared by refluxing the alcohol for 2 or 3 hours after the addition  
of 0 .5  gram of sodium  hydroxide and 2 .5  gram s o f silver n itrate per 
liter. T h e alcohol w as then  d istilled  and m ixed w ith  an equal 
volum e of anhydrous eth y l acetate. T h e m ixture w as m isciblo  
w ith the quantities o f w ater w hich were required and show ed  
considerable resistance to  oxidation  b y  periodic acid. One gram  
of periodic acid  dissolved in 100 m l. of the  so lvent show ed the  
first traces of free iodine after stand ing a t  room  tem perature for 
24 hours. Since in  m o st cases th e  tim e required for th e  separa
tion  of potassium  w as from 15 m inu tes to  1 hour, it  is  apparent 
tha t on ly  very sligh t oxidation of th e  organic so lven t could occur. 
T h e m agnitude of th is effect is shown b y  the  fa ct th a t the average 
of a long series of gravim etric determ inations (only part of which  
are recorded in  th is paper) show ed an error o f + 0 .0 2  m g., and  
the  volum etric determ inations —0.05 m g. T h is  w ould indicate  
th a t th e  precipitates contained a trace o f iod ate ow ing to  very  
sligh t reduction by the so lvent, because the  percentage of p o 
tassium  in the  iodate is o n ly  s ligh tly  less than in the  periodate, 
w hereas the  iodate is n ot determ ined a t all in the  volum etric  
process. T hese results are m uch better than those obtained by  
Greathouse ( / ) .  I t  w as also found possib le to  reduce considerably  
the  concentration of periodic acid.

P r e p a r a t i o n  o p  R e a g e n t s .  The periodic acid used was 
recrystallized from conccntrated nitric acid until free from 
iodic acid. Some of it was prepared by the electrolytic 
process (5) and although originally free from iodic acid, 
some batches were found to contain a good deal of the latter
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after standing for a month or two. This is probably due to 
the catalytic effect of traces of colloidal platinum derived 
from the electrodes. A solution of periodic acid to which 
considerable colloidal platinum is added evolves oxygen 
rapidly. The acid prepared by the chemical process (4) is 
always entirely stable. Small amounts of iodate are easily 
detected as follows:

O ne-half gram o f the  periodic acid is d issolved in  25 nil. of 
w ater, a  few  drops o f 0 .25 M  silver n itrate are added, and the 
solution  is warmed u n til th e  yellow ish-brow n silver periodate 
dissolves, w hich should occur readily a t about 80° C. I f  iodic acid  
is  present, a w h ite  flocculent precipitate of silver iodate w ill form. 
If the brown silver periodate is  n ot com pletely  d issolved by 
heating, a drop or tw o of nitric acid, free from nitrous acid, 
should be added.

The potassium and sodium periodates used were purified by 
recrystallization and tested for iodate by the method of 
Willard and Thompson (6). This is similar to the method 
suggested above, except tha t most of the periodate in the 
sample to be tested is first removed by the addition of an ex
cess of potassium nitrate, after which the solution is acidified 
with nitric acid and tested for iodate by the addition of silver 
nitrate. In  this way it is possible to detect 0.03 per cent of 
iodate in periodate.

The potassium nitrate used in this work had been carefully 
purified and dried a t 105° to 110° C. for several hours. An 
attem pt was made to fuse the salt a t about 300° C., but the 
resulting material contained considerable nitrite.
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T a b l e  I. D e t e r m i n a t i o n o f  P o t a s s iu m  a s  P e r i o d a t e  i n
P r e s e n c e  a n d  A b s e n c e  o f  S o d iu m

W t. of K N a A dded W t. of E rro r in  K
as N itra te as N itra te KIO« G rav im e tric V olum etric

Gram M g. Gram M g. M g.
0 .0794 0 .4676 + 0.1
0 .0 4 9 0 0 .2887 +  0 .1 0.0
0 .0 4 0 5 0 .2391 + 0.1 +  0 .1
0 .0382a 0 .2241 - 0 . 1 - 0 . 1
0 .0307 0 .1809 0 .0 - 0 . 1
0 .0 2 2 4 0 .1313 - 0 . 1
0 .0030 0 .0171 - 0 . 1 - ô . ’ i
0 .0 6 0 0 ‘¿8 0 .3524 - 0 . 1 0.0
0 .0 4 2 8 73 0 .2 5 1 8 0 .0 0.0
0 .0464 135 0 .2746 +  0 .3 + 0.3
0 .0 4 2 0 135 0 .2517 +  0 .8 + 0.6
0 .0481° 140 0 .2842 + 0 .2 + 0.2
0.0407o 143 0 .2406 +  0 .2 + 0.1
0 .0440a 190 0 .2598 +  0 .2 - 0.1
0 .0335a 190 0 .1980 +  0 .1 0.0
0 .0017 54 0 .0 0 9 8 0 .0
0 .0 0 1 3 54 0 .0077 0 .0 - Ô /2
0 .0007 54 0 .0041 0 .0 0.0

5 m l. of w a te r used
0 .0008 ,0 .0 0 4 5 0 .0 + 0.2
0 .0 0 0 8 0 .0043 - 0 . 1 0.0
0 .0 0 0 8 27 0 .0045 0 .0 0.0
0 .0 0 0 8 27 0 .0 0 5 2 +  0 .1 + 0.1
0 .0004 27 0 .0025 0 .0 - 0.1
0 .0004 27 0 .0 0 2 0 - 0 . 1 - 0 . 1

« 180 m l. of a lcoko l-ace ta te  m ix tu re  used.

G en era l P roced u re
A sam ple w eighing 0.1 to  0 .2  gram is d issolved in  w ater in  a 

150-ml, beaker. I f  potassium  chloride is used it m ust be evapo
rated to  dryness w ith  10 m l. o f concentrated nitric acid; other
wise the chloride w ill cause reduction of periodic acid. T o  the  
nitrate dissolved in  4 to  5  m l. of w ater 3 m l. o f w ater containing  
1 gram  of periodic acid are added, the m ixture is stirred, and 3  or 
4 m inutes are allowed for the  potassium  periodate to  precipitate. 
N in ety  m illiliters of the  a lcoh ol-e th y l aceta te  m ixture are added  
and the solution is  allowed to  stand  in an  ice bath  for 0 .5  hour 
w ith continuous m echanical stirring. I t  is essential th a t the  
precipitation be carried ou t as indicated . I f  periodic acid is 
added to  th e  a lcoh o l-e th y l acetate solution, the precipitate w ill 
be gelatinous and difficult to  filter, w hereas if  it  is first formed in 
aqueous solution it  is crystalline. T he solution is filtered through  
a  G ooch crucible and the precipitate w ashed w ith  anhydrous 
eth y l aceta te  which has been cooled to  0 ° . I t  is  dried in  th e  oven  
for 10 m inutes a t  105° C ., cooled, and weighed.

If  volum etric results are desired, the  crucible w ith  th e  pre-

T a b l e  II. D e t e r m i n a t i o n  o f  P o t a s s i u m  a s  P e r i o d a t e  i n  
P r e s e n c e  o f  F r e e  A c id

W t. of. K W t. of E rro r  in  K
as N itra te A cid A dded KIO« G rav im e tric  V olum etric

Gram Gram M g. M g .
0 .0524 0 .5  m l. concd. IIN O j 0 .3 0 9 2 + 0 . 2 0 .0
0 .0289 0 .5  m l. concd. IIN O » 0 .1 6 9 5 - 0 . 1 +  0 .1
0 .0 6 0 8 5 d rops I I jPO«, 85% 0 .3575 0 .0 - 0 . 2
0 .0561 5 d ro p s  lh P O i, 85% 0 .3 3 0 2 0 .0 - 0 . 1
0 .0 5 7 2 1 m l. concd. H jPO* 0 .3 3 7 7 + 0 .2 0 .0
0 .0603 -1 m l. concd. H 1PO 4 0 .3 5 7 0 +  0 .4 +  0 .1
0 .0461 5 d ro p s  concd. H jSOi 0 .2806 + 0 . 5 0 .0
0 .0 5 8 0 5 d rops concd. I I jSO« 0 .3 4 0 8 - 0 . 1 + 0 .1
0 .0451 200 m g. H 1B O 1 0 .2 6 5 8 + 0 .1 0 .0
0 .0444 200 m g. I I jBO i 0 .2 6 3 0 +  0 .3 +  0 .3
0 .0 1 4 7 5 d ro p s  H C 104l 70% « 0 .2 6 2 3 - 0 . 1 - 0 . 4
0 .0541 5 d rops HCIO*. 70%® 0.3179 - 0 . 1 - 0 . 5

« S tirred  45 m inu tes.

cip ita te is p laced in  a  250-m l. beaker, to  w hich are added 125 
m l. o f a  solution  containing 5 gram s of boric acid  and 5 gram s of 
sodium  tetraborate. T he potassium  periodate d issolves readily  
in th is solution, w hich has a pH  of about 7.5. I t  is  unnecessary  
to  take the  crucible ou t o f the  solution.

W hen the potassium  periodate has d issolved, 3 gram s of po
tassium  iodide are added and the iodine is titrated  w ith  0.1 ¿V 
arsenite solution, prepared by d issolving 4 .945 gram s of arsenious 
oxide in  a  solution of 10 gram s of sodium  bicarbonate, warmed 
to about S0° C. T h e  solution is then  saturated  w ith  carbon  
dioxide and diluted  to  1 liter. A lthough the solution w as m ade  
up from  arsenious oxide o f know n purity, it  w as standardized  
by titration  against pure potassium  and sodium  periodates and  
the values obtained in  th is  w ay  were taken as correct. In  som e  
cases th e  norm ality found in th is w a y  d eviated  from th e  theoreti
cal value b y  as m uch as 0.0012.

Periodic acid w as a lw ays w eighed ou t in  th e  solid form and  
dissolved just before use to  avoid  any danger of decom position  
on standing. G ravim etric results were satisfactory on ly  when  
a n itrate w as used, but were high w ith  sulfates, though  volu- 
m etrically  th e  su lfa tes did n o t interfere. T h e la tter procedure is 
usually preferable because it  is n ot affected b y  the presence of 
iodate or o f inert m aterials w hich m ay be insoluble in  the  organic 
solvent.

W hen th e  am ount o f potassium  present is  very  sm all, it  is de
sirable to  increase the am ount o f periodic acid to  1.5 or 2 gram s. 
I f  not m uch sodium  or other m eta l is present, th e  in itia l volum e of 
w ater should be decreased to  5 m l., a lthough th is is not absolutely  
necessary. T h e tim e for precipitation should be increased to  1 
or 1.5 hours. I f  less than  0.4 m g. o f potassium  is present th e  re
su lts are unreliable, even  though the volum e of w ater is reduced  
and the  am ount o f periodic acid increased.

R e su lts  o f  A n a ly ses

In  all the analyses described below, unless otherwise 
stated, the same conditions were used—namely, 90 ml. of 
solvent, 1 gram of periodic acid, 7 to 8 ml. of water, and 30 
minutes stirring a t 0° C. The precipitate obtained was, in 
all cases, crystalline, and showed no tendency to adhere to the 
beaker. The results of a series of determinations are shown 
in Table I.

I t  is obvious tha t potassium can be completely separated 
from 70 mg. of sodium, but tha t there is a slight error when 
140 mg. are present. I t  was subsequently found th a t the 
limit could be raised to 100 mg. By doubling the volume of 
alcohol-acetate mixture potassium was readily separated from 
190 mg. of sodium.

E ffect o f  T e m p e r a tu r e , S u lfa te , a n d  F ree A cid

In previous experiments the temperature was 0° C. A 
series of experiments was run in which the solutions were 
maintained a t room temperature for 15 and 60 minutes, 
respectively. In both cases the results were 0.2 to 0.6 mg. 
too low.

Weights of potassium nitrate varying from 0.05 to 0.15 
gram were taken and 40 mg. of sodium added as sulfate. In a 
series of 12 volumetric determinations the error varied from
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—0.2 to + 0 .2  mg., with an average of practically zero. In 
this case the gravimetric results were always too high be
cause of contamination with sodium sulfate.

In  Table I I  are shown the results obtained when free nitric, 
phosphoric, sulfuric, perchloric, and boric acids are added. 
In the case of perchloric acid, some of the potassium is pre
cipitated as perchlorate and apparently is not quite converted 
into periodate within 45 minutes. The other acids do not 
interfere.

T a b l e  I I I .  S e p a r a t i o n  o f  P o t a s s iu m  f r o m  M e t a l s  a s  
P e r i o d a t e

W t. of K W t. of E rro r  in  K
aa N itra te M eta l A dded KIO« G rav im etric  V olum etric

Gram M g. Gram Mg. M g.

0 .0 4 0 3 16 C a  (aa n itra te ) 0 .2731 0 .0 - 0 . 1
0 .0 5 3 0 32 C a  (as n itra te ) 0 ,3119 0 .0 - 0 . 1
0 .0 4 8 0 20 M g (as su lfa te)

21 M g (as n itra te )
0 .0

0 .0464 0Í2732 + 0 .1 0 .0
0 .0 6 0 8 50 A1 (as n itra te ) 0 .3579 0 .0 - 0 . 1
0 .0 6 1 5 100 A1 (as n itra te ) 0 .3654 +  1.1 - 0 . 1
0 .0452 102 A1 (as n itra te ) 0 .2718 +  1 .0 0 .0
0 .0405« 98 A1 (as n itra te ) 0 .2 4 6 8 +  0 .5 + 0 .1
0 .0424 100 A1 (as su lfa te) 0 .2530 +  0 .6 0 .0
0 .0 4 0 0 100 A1 (as su lfa te) 0 .2383 + 0 .3 +  0 .2
0 .0484 62 Zn fas n itra te )  

62 Z n  (as n itra te )
0 .2 8 7 6 + 0 .5 - 0 . 1

0 .0 4 0 6 - 0 . 1
0 .0 4 9 8 92 C o (as n itra te )  

88 C o (as n itra te )
0Í2959 +  6 !o - 0 . 2

0 .0 4 0 6 0 .2400 + 0 .2 +  0 .2
0 .0423 77 N i (as n itra te ) 0 .2513 + 0 .4 +  0 .2
0 .0 3 9 5 “ 79 N i (as n itra te ) 0 .2336 +  0 .2 + 0 .2
0 .0413 5 F e  + + + (as n itra te ) 0 .2773 +  5 .8 - 0 . 9
0 .0 3 5 8 5 F c  + + + +  5 d rops 

HaPO< 0 .2 3 5 5 +  4 .2 - 1 . 3
0 .0 5 7 9 50 M n  (as su lfa te) 0 .3757 +  6 .0
0 .0341 3 NH< (as n itra te ) 0 .2 2 4 3 + 4 .0 +  4 Í6
0 .0 5 1 6 60 Li (as ca rbona te) 0 .3037 0 .0
0 .0401 69 L i (as ca rb o n a te ) 0 .2371 + 0 .2 - ó ! i

<* 180 ml. a lcoho l-ace ta to  m ix tu re  used.

S e p a r a tio n  fro m  O th e r  M e ta ls
The results in Table III show th a t volumetric determination 

of potassium is satisfactory in the presence of moderate 
amounts of magnesium, calcium, lithium, aluminum, zinc, 
nickel, and cobalt, but not ammonium, iron, manganese, and 
chromium. In  the latter cases oxidation to permanganate 
and chromate occurs and the titration is not possible. The 
separations are better when 180 ml. of alcohol-acetate mix
ture are used. The results are somewhat better when 8 ml. 
of water rather than 7 ml. are present.

The gravimetric results are satisfactory with calcium (in the 
absence of sulfate), magnesium, and lithium.

Although calcium does not interfere when present as ni
trate, there is serious interference when it is present as sul
fate. N ot only was the reaction a t the end point slow, indi
cating th a t something was dissolving during the process, but 
the results were always too low. Apparently this is due to 
the formation of the insoluble double salt, CaSO^K^SO,!, so 
tha t it was impossible to convert all the potassium to perio
date. This should be kept in mind if silicates have been de
composed by evaporation with hydrofluoric and sulfuric 
acids. Attem pts to decompose feldspar by evaporation with 
hydrofluoric and phosphoric acids were unsuccessful.

The cobalt solution became green upon the addition of 
periodic acid. Ferric iron is readily precipitated as periodate 
and therefore interferes even when present in small amounts. 
I t  was thought tha t the addition of phosphoric acid, forming 
a complex with the iron, would prevent its precipitation. 
Although some effect was noticeable in the gravimetric re
sult, there was no improvement in the volumetric. In the 
absence of phosphoric acid the precipitate was brick-red, 
whereas in its presence it was white.

Rubidium and cesium behave like potassium, although no 
quantitative experiments were made.

In  the presence of chromium and manganese, which are 
oxidized by periodic acid, the color was so intense th a t no

titration was possible, although if not over 1 mg. of manga
nese is present the end point can be seen.

The periodate method is applicable to the determination 
of potassium in the mixed chlorides obtained by the J. Law
rence Smith method, providing they are converted into ni
trates by evaporation with nitric acid.

S u m m a r y

Potassium can be quantitatively precipitated as periodate 
by adding periodic acid to a solution only a few milliliters in 
volume and subsequently completing the precipitation by 
the addition of a much larger volume of a mixture of equal 
parts of aldehyde-free ethyl alcohol and anhydrous ethyl 
acetate.

The solution must be maintained a t 0° C. and stirred for 
30 minutes.

The precipitate of potassium periodate may be weighed or 
it may be dissolved in a boric acid-borax buffer, potassium 
iodide added, and the free iodine titrated with arsenite. In 
this reaction the periodate is reduced to iodate.

Potassium may be separated from calcium, magnesium, 
zinc, aluminum, sodium, lithium, nickel, and cobalt, but 
not from manganese, iron, chromium, rubidium, cesium, and 
ammonium. I t  is possible to separate as little as 0.4 mg. of 
potassium from seventy times as much sodium. If both 
calcium and sulfate are present the results are too low, prob
ably because of the formation of a double potassium calcium 
sulfate.

Small amounts of sulfuric, phosphoric, nitric, and boric 
acids may be present, but with large amounts the precipitate 
becomes gelatinous and difficult to filter. In  the presence of 
sulfate the gravimetric determination is impossible, but the 
volumetric method gives satisfactory results. Chloride must 
be absent.

The method is rapid and accurate.
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F r o m  a  thesis  p resen ted  by  A lb ert J .  B oyle to  th e  G ra d u a te  School of th e  
U n ivers ity  of M ich igan  in  p a r t ia l fu lfillm en t of th e  req u irem en ts  fo r th e  
degree of docto r of philosophy.

C o r r e c t i o n .  T h e follow ing corrections should be m ade to  
Figure 1 of our article, “A n Electronic R ela y ”  [ I n d .  E ng . C h e m . ,  
Anal. Ed., 1 2 ,7 5 7  (1940)]:

1. In  the relay circuit of F igure 1, interchange R i and R,".
2. In  the diagram  o f the tub e socket for th e  O A4G tube, 

m ove the cathode (sm all circle) connection  one pin tow ards the  
right.

W e wish to  thank Professors W addle and Serfas3 and D r. 
Shom ate for calling our a tten tion  to  these errors.

P a u l  F u g a s s i

C. E . R r o r ,  J r .



Recovery of Asphalts and Liquid Asphaltic Road 
Materials from Solution

T . F . F O R D  A N I) K. G . A R A B IA N , S h e ll  D e v e lo p m e n t  C o m p a n y , E m e r y v ille , C a lif .

IN EVALUATING the service behavior of paving asphalts, 
test samples must be retrieved from admixtures with 

mineral aggregates, and it is important tha t the properties 
of the asphalt be changed as little as possible in this process.

Usually the binder can be extracted with a solvent, and the 
solvent subsequently removed by some method of distillation. 
Extraction techniques are described by Siegmann (S) and 
Chalk (2) for carbon disulfide, by Suida and Hoffmann (9) for 
benzene, and by Kamptner (4) for a variety of solvents. 
A centrifugal extractor (10) is approved by the American

T a b l e  I. A b s o n  R e c o v e r i e s  o n  W e s t  T e x a s  S t r a i g h t - R u n  
a n d  C r a c k e d  A s p h a l t s

W est T exas s tra ig h t-ru n  a sp h a lt
C hange in  w eight« (75-gram  sam ple), grain  
P e n e tra tio n  a t  25° C.
R ing  an d  ba ll so ften ing  po in t, ° C. 
P e n e tra tio n  index (5)
D u c tility  a t  4°  C . (5 cm . per m in.) 
D u c tility  a t  25° C . (5  cm . per inin.)

W est T exas  cracked  a sp h a lt
C hange in  w eight (75-gram  sam ple), g ram  
P e n e tra tio n  a t  25° C .
R ing  an d  ba ll Boftening p o in t, ° C. 
P e n e tra tio n  index 
D u c tility  a t  4° C . (5 cm . pe r m in.) 
D u c tility  a t  25° C . (5 cm . per m in.)
«* W eighings a c cu ra te  to  ^ 0 .0 1  gram .

O rig inal

P ro p ertie s  a fte r  
R ecovery  by  

A bson’s M eth o d
P ro p ertie s N o. 1 N o. 2

+  0 .0 2 0 .0 0
99 ' 99 9S
4 3 .9 4 4 .4 44 4
- 1 . 2 - 1 . 0 - 1 . 0
0 .6 6 .7 7 .0
100 + 100 + 100 +

- 0 . 0 4 - 0 . 0 4
105 9S 98
42 . S 4 3 .1 4 3 .3
- 1 . 4 - 1 . 5 - 1 . 4
6 .4 6 .4 6 .4
100 + 100 + 100 +

T a b l e  II. P r o p e r t i e s  o f  W e s t  T e x a s  C r a c k e d  A s p h a l t s  
R e c o v e r e d  f r o m  C a r b o n  D i s u l f i d e  a n d  B e n z e n e

(U sing modified S iegm ann  a p p a ra tu s )

P e n e tra tio n  a t  25° C.
S am ple 1 
S am ple 2 
S am ple  3

R ing  an d  ball so ften ing  
p o in t, ° C .

S am ple  1 
S am ple 2 
S am ple  3

W e ig h t of sam p le , grams®
S am ple  1 
S am ple 2 
S am ple 3
<* W eighings ac c u ra te  to  =*>0.2 g ram .

R ecovered  from R ecovered  from
C arbon  D isulfide B enzene

O rig inal R ecovered O rig inal Recover«

107 105 107 98
107 104 107 99
107 105 107 98

4 2 ,5 4 2 .5 4 2 .5 4 3 .6
4 2 .5 4 2 .5 4 2 .5 4 3 .1
4 2 .5 4 2 .5 4 2 .5 4 3 .1

SO.3 SO.4 8 3 .9 S 4 .0
7 1 .2 7 1 .4 7 0 .7 7 0 .7
7 9 .8 8 0 .0 7 3 .9 7 4 .0

T a b l e  III. H a r d e n i n g  E f f e c t  o f  C a r b o n  D i s u l f i d e  a n d  B e n z e n e  o n  W e s t  
T e x a s  C r a c k e d  A s p h a l t

(U sing  m odified S iegm ann ap p a ra tu s )
D issolved  in  C arb o n  D isulfide D issolv ed in  Benzene

O rig inal
R ecovered

im m ed ia te ly

R ecovered  a fte r  
s tan d in g  22 hours 
in  a tm o sp h e re  of 

in e r t gas
R ecovered

im m ed ia te ly

R ecovered  afte r  
s tan d in g  22 hours 
in a tm o sp h ere  of 

in e rt gas

P e n e tra tio n  a t  25° C .
S am ple 1 107 105 98 99 9S
S am ple 2 107 105 98 100 98

R ing  an d  ball soften ing  
p o in t, ° C .

S am ple 1 4 2 .5 4 2 .5 4 3 .9 4 3 .3 43 .1
S am ple  2 4 2 .5 4 2 .5 4 3 .6 4 3 .6 4 3 .6

Y ield- , w eigh t %  
S am ple 1 100 .0 100 .2 100 .0 100 .2
S am ple  2 100.0 100 .2 100 .0 100 .2

S u lfu r, w eight %
S am ple  1 3 .41 3 .4 0 3 .39 b

« Y ields ac cu ra te  to  * 0 .3% .
* N o t de term ined .

In  e v a lu a t in g  th e  se rv ice  b e h a v io r  o f  p a v in g  a s 
p h a lt s ,  t e s t  sa m p le s  m u s t  b e  r e tr ie v e d  fro m  a d 
m ix tu r e s  w it h  m in e r a l a g g r e g a te s . U s u a lly  th e  
h in d e r  c a n  h e  e x tr a c te d  w ith  a s o lv e n t  a n d  t h e  s o l 
v e n t  s u b s e q u e n t ly  r e m o v e d  b y  s o m e  m e th o d  o f  
d is t i l la t io n .  In  t h is  p a p er  a  m e th o d  o f  f r a c t io n a 
t io n  a n d  c a r b o n  d io x id e  sw e e p in g  is  d e sc r ib e d  for  
th e  se p a r a t io n  o f  ca rb o n  d isu lf id e  or  b e n z e n e  from  
p e n e tr a t io n  a s p h a lt s .  T h e  m e th o d  r e q u ir e s  a  
s o m e w h a t  m o r e  c o m p lic a te d  a p p a r a tu s  th a n  th e  
A b so n  m e th o d , w h ic h  is  in  w id e  u s e ,  h u t  th e  r e s u lts  
arc m o r e  r e lia b le , e s p e c ia lly  for  c r a c k e d  a s p h a lt s ,  
w h ic h  m a y  c o n ta in  l ig h t  o i l s ,  o r  for  a s p h a lt s  o f  
u n k n o w n  o r ig in . T h e  a p p a r a tu s  is  a lm o s t  id e n t i 
c a l w ith  o n e  u se d  b y  S ie g m a n n  fo r  th e  reco v ery  o f  
l iq u id  roa d  m a te r ia ls .  I t  m a y  b e  u se d  n o t  o n ly  for  
p e n e tr a t io n  a s p h a lt s  b u t  a lso  fo r  liq u id  a s p h a lt s  
fo llo w in g  S ie g m a n n ’s  p r o c e d u r e .

Association of State Highway Officials. This paper discusses 
subsequent separation of asphalt and solvent by distillation.

D is t i l la t io n  M e th o d s

A method of fractionation and carbon dioxide sweeping 
is here described for the separation of carbon disulfide or 
benzene from penetration asphalts. I t  requires a somewhat 
more complicated apparatus than the widely used Abson 
method (/) bu t the results are more reliable, especially for 
cracked asphalts which may contain light oils or for asphalts 
of unknown origin. The apparatus may also be used for the 
recovery of liquid asphalts.

In Abson’s method the solution of asphalt, in benzene, is 
distilled in a plain balloon flask a t atmospheric pressure, and 
carbon dioxide is used to sweep out the last traces of solvent. 
The figures of Table I show, however, that with this method 
in some cases, as with cracked asphalts, asphaltic oils may 
also be swept out. Often the recovered distillates are 
colored. Such cases require a greater amount of fractiona
tion than Abson’s apparatus provides. The authors have 
therefore adopted for all asphalts a simple reflux column and 
flask used by Siegmann (S) for the recovery of liquid road 
materials from carbon disulfide by vacuum distillation, and 
have adapted it to the recovery of penetration asphalts by 
adding a capillary inlet to the flask to permit gas sweeping.

They have found tha t gas sweeping is 
necessary with penetration asphalts 
to assure removal of the last traces of 
solvent. With gas sweeping, tem
peratures as low as 150° C. can be 
used. Vacuum a t lower temperatures 
offers no advantage, since lower tem
peratures are usually attended by 
greatly increased viscosities which 
make mechanical agitation difficult.

M od ified  S ie g m a n n  R ecovery
P r o c e d u r e  f o r  P e n e t r a t i o n  As

p h a l t s .  T he m odified Siegm ann ap
paratus adopted for the recovery of 
penetration asphalts is shown in  F ig
ure 1. T he capacity  o f the  flask is 1 
liter, the capillary in let is 1 m m . in 
inside diam eter and reaches to  w ithin

140
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T a b l e  IV.

Source of 
C rude

C alifo rn ia

M exico

W est T exas

P r o p e r t i e s  o f  A s p h a l t s  b e f o r e  a n d  a f t e r  R e c o v e r y  f r o m  C a r b o n  D i s u l f i d e  S o l u t i o n s

(U sing  m odified S iegroann a p p a ra tu s )

Source of 
C rude

R ing  an d  Ball
P e n e tra tio n S oftening P en e tra tio n

a t  25° C. P o in t Index
O rigi-  R ecov O rigi R ecov O rigi R ecov

nal ered nal ered nal ered Y ield“
° C. ° C. JFeiflAi %

S tra ig h t-R u n  A spha lts *
22 22 5 5 .0 5 5 .6 — 1 .5 - 1 . 5 9 9 .7
63 63 4 7 .5 4 7 .5 - 1 . 3 - 1 . 3 100 .2
97 97 4 3 .9 4 3 .9 - 1 . 2 - 1 . 2 100.0

133 132 4 1 .4 41 .1 - 1 . 2 -  1 .2 100 .0
231 226 3 6 .4 36 .4 - 1 . 1 - 1 . 2 9 9 .8

31 32 0 2 .8 63 .1 + 0 . 5 + 0 .0 100.0
57 56 5 5 .8 5 5 .8 +  0 .5 +  0 .5 100 .0

102 104 4 8 .3 4 8 .6 +  0 .4 +  0 .4 100.1
159 156 4 3 .6 4 3 .6 +  0 .4 +  0 .4 100 .0
122 122 12.5 4 2 .5 - 1 . 0 - 1 . 0 100.2
99 98 4 3 .9 4 4 .7 - 1 . 1 - 0 . 9 100.1

« Y ields ac c u ra te  to  0 ,3 % .

W est Texas 

C aliforn ia

C alifo rn ia
M exico

C alifo rn ia
M exico

Ring and  Ball
P en e tra tio n Softening P en e tra tio n
a t  25° C. P o in t Index

Origi - R ecov O rigi- R ecov- O rigi R ecov
nal ered nal ered nal ered Yield«

° C. ° C. W eight %
C racked  A spha lts

35 33 5 2 .8  5 4 .2 - 1 . 3 - 1 . 1 100 .0
107 105 4 2 .5  4 2 .5 - 1 . 4 - 1 . 5 100.1
32 32 5 1 .1  51 .1 - 1 . 8 - 1 . 8 100 .3

108 105 4 2 .2  4 2 .5 - 1 . 5 - 1 . 5 100 .0
n A spha lts , F in a l T e m p e ra tu re  of R ecovery  150° c .

15. 1 15 .7 112 .2  115 .0 +  5 .1 +  5 .4 101 .3
24 29 9 1 .4  9 3 .3 +  4 .4 +  4 .7 102 1
95 104 0 3 .1  0 3 .3 +  3 .0 +  3 .9 101 .5

n A sp h a lts , F in a l T e m p e ra tu re  of R ecovery  200° c .
15 15 112 .2  111.4 +  5 .1 +  5 .0 9 9 .5
24 2 3 .6 9 4 .4  9 0 .1 +  4 .4 +  4 .5 9 9 .7

3 mm. of the  bottom  of the  
flask, and th e  fractionating  
colum n is 25 cm. long and 8 
m m. in  inside diam eter.

T h e asphalt solution, which  
a s extracted  usually  contains 
5  to 10 per cent o f asphalt in  
carbon disulfide or benzene, 
is c o n c e n t r a t e d  w i t h o u t  
vacuum  in a  flask provided  
w ith a  reflux colum n to  a 
concentration of approxi
m ately  25 per cent. A bout 
400 cc. of th is solution  are in
troduced in to  the apparatus 
(Figure 1), a  few  silicon car
bide boiling chips are added, 
and the solution  is concen
trated w ithout vacuum  or 
ag itation  over a w ater batii 
a t 55° to  60° C. if  carbon di
sulfide is the so lvent; a t 90°  
to  100° C. if benzene is the  
so lvent. T h e bulk o f the sol
ven t is distilled  under these  
conditions, the  tem perature  
being adjusted  to m aintain  a 
distillation  rate just short o f a 
stead y  stream . W hen the  
t e m p e r a t u r e  h a s  reached  
100° C. a  previously heated  
oil bath is su b stitu ted  for the 
w ater bath. T h e oil bath  is 
then gradually heated  to  
150° C. w hen using either ben  
zene or carbon disulfide and  
held a t th is tem perature  
throughout the rem ainder of 
the recovery process.

A fter the d istillation  rate 
has dropped off to  5 to  10 
drops per m inute a  stream  of 
carbon d ioxide gas is passed  
through th e  asphalt m ass for 
30  m inutes a t the  rate of 
900 cc. per m inute. If a t the  
end of th is tim e condensed oils 
are v isib le  in the fractionating  
colum n, careful heating will 
cause them  to  flow back into  
the  flask. T h e flask is finally  
rotated  rapidly to  rem ix any  
oils condensed on its upper 
surfaces, and the  recovered  
asphalt is  ready for analysis.

As a safety  precaution a 
filter flask filled w ith  solid  
carbon dioxide should be 
attached  to  th e  open end of 
the  apparatus. T h is w ill pre
ven t air being accidentally  
drawn back in to  th e  carbon  
disulfide or benzene system .

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

(A pprox im ately  75 gram s of a sp h a lt an d  300 cc. of so lv en t w ere used th ro u g h o u t th e se  experim en ts.)
P ro p erties  a f te r  R ecovery  from  B enzene b y  A bson's 

M ethod
R ecoveries a t  163° C.

R ecoveries a t  150° C . M axi- M axim um
e m p era tu re  T e m p era tu re

O riginal
P roperties

W est T exas s tra ig h t-ru n  
a sp h a lt:

Y ield, w eight % “ 
P e n e tra tio n  a t  25° C . 
R ing  an d  ball so ften 

ing po in t. ° C. 
P e n e tra tio n  index 
D u c tility  a t  4° C . (5 

cm . pe r m in.)¿ 
Inso luo le  in  00-80° C. 

boiling p o in t a ro 
m atic -free  n ap h 
th a , %

C alifo rn ia  s tra ig h t-ru n  
a sp h a lt:

Y ield, w eight %  
P e n e tra tio n  a t  25® C. 
R ing  and  ba ll so ften 

ing  po in t, ° C. 
P e n e tra tio n  index 
D u c tility  a t  4° C . (5 

cm . per m in.) 
In so lub le  in 60-80° C. 

boiling  p o in t aro
m atic -free  n ap h 
th a , %

M exican  s tra ig h t-ru n  
asD halt:

Y ield , w eigh t %  
P e n e tra tio n  a t  25° C. 
R ing  a n d  ba ll so ften 

ing  po in t, 0 C. 
P e n e tra tio n  index 
D u c tility  a t  4° C . (5 

cm . per m in.) 
In so lub le  in 60 -8 0 ° C . 

boiling p o in t a ro 
m atic -free  n a p h 
th a , %

W est T exas  cracked  
a sp h a lt:

Y ield , w eigh t %  
P e n e tra tio n  a t  25° C . 
R ing  a n d  ball so ften 

ing  p o in t, ° C. 
P e n e tra tio n  index 
D u c ti lity  a t  4°  C . (5 

cm . pe r m in .) 
In so lub le  in  60 -8 0 ° C. 

boiling  p o in t aro- 
m a tic -frce  n a p h 
th a , %

C alifo rn ia  cracked  
a sp h a lt:

Y ield , w eight %  
P e n e tra tio n  a t  25° C . 
R ing  a n d  ball so ften 

ing  p o in t, ° C. 
P e n e tra tio n  index  
D u c ti lity  a t  4°  C . (5 

cm . per m in .) 
In so lub le  in  60-80° C . 

boiling  p o in t a ro - 
m atic -free  n a p h 
th a , %

N.
m um  T  

1 N

4 3 .0  -  1.2

19.7

4 2 .8
- 1 . 4

6 .4

18 .2

4 2 .2
- 1 . 5

8 .4

N o. 3 N o. 4

100.1 100 .3 100 .0
97 103 103 97

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

7 ,5 1 2 .0 11.0 9 .0

0 .4 0 .5 0 .0 7 .2

100.1 100 .0 100 .0
103 107 100 105

4 8 .3 4 8 .3 4 8 .9 4 8 .3
+  0 .3 +  0 .4 + 0 .4 +  0 .4

11 .5 15 .2 14 .5 1 4 .8

100.1
105

4 2 .8
- 1 . 4

100 .3
113

4 1 .7
- 1.6

1 3 .0

100 .0
109

4 2 .2
- 1 . 5

2 1 .3  2 0 .8

100 .0
106

4 2 .0
- 1. 6

100.0
106

4 2 .8
- 1 . 4

8 .5  13 .2

15.1  15 .4  1 5 .9  15 .4

a Y ields ac cu ra te  to  0 .3 % . 
b A ll d u c tilitie s  a t  25° C. w ere abo v e  100 +  .
« Low  te m p e ra tu re  d u c tilitie s  b roke  a t  th e  s ta r t  for 6 d e te rm in a tio n s .

P ro p ertie s  a f te r  
R ecovery  from  

C arb o n  D isulfide 
in M odified 

H iegm ann A p p a ra tu s

N o. 1 No. 2 N o. 1 N o. 2

100 0 100 .0 100 .0 100.1
99 98 100 98

4 4 .4 44 .4 44 .7 4 4 .7
-  1 .0 - 1 . 0 - 0 . 8 -  1 .0

0 .7 7 .0 0. 4 7 .5

7 .9 7 .7 7 .0 7 .7

100.1 100.1 100 .0 100.1
102 95 97 97

43. 1 4 3 .9 4 3 .9 4 3 .9
- 1 . 4 - 1 . 3 - 1 . 2 - 1 . 2

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

0 .0 0 .8 0 .9 6 .0

9 9 .9 100 .0 100 .0 100 .0
95 102 100 100

4 9 .4 4 8 .9 4 8 .9 4 8 .9
+  0 .4 +  0 .4 +  0 .4 +  0 .4

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

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

9 9 .9 100 .0 100 .0 100 .0
98 98 102 101

4 3 .1 4 3 .3 4 2 .8 4 3 .1
- 1 . 5 - 1 . 4 - 1 . 5 - 1 . 4

6 .4 6 .4 6 .7 6 .8

1 7 .9 17.9 1 7 .8

9 9 .9 9 9 .9 100 .0 100 .0
99 100 103 105

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

9 .1 8 .1 . 8 .4

15 .2 1 5 .3 1 5 .5 1 5 .3
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T a b l e  VI. S u m m a r y  o p  S i e q m a n n  R e c o v e r i e s  o f  C u t -

L iqu id  R o ad  M ate ria ls  
D esignation

M C -1 c u tb ack  
O rig ina l p ro p erties  
P ro p e rtie s  a f te r  recovery  

M C -4 cu tb ack
O rig inal p ro p erties  
P ro p e rtie s  a f te r  recovery  

RC -1 cu tb ack
O rig inal p roperties  
P ro p e rtie s  a l te r  recovery  

R C -4 cu tb ack
O rig inal p ro p erties  
P ro p erties  a f te r  recovery  

RC-1 cu tb ack
O rig inal p ro p erties  
P ro p erties  a f te r  recovery  

M C -4 cu tb ack
O rig inal p ro p ertie s  
P ro p e rtie s  a fte r  recovery

M C-1 cu tb ack  
O rig inal p roperties  
P ro p erties  a l te r  recovery  

R C -4 cu tb ack
O rig inal p ro p ertie s  
P ro p erties  a f te r  recovery  

S O I  ro ad  oil
O rig inal p roperties  
P ro p e rtie s  a fte r  recovery  

8C -2  road  oil
O rig inal p ro p erties  
P ro p e rtie s  a l te r  recovery  

SC-3 ro ad  oil
O rig inal p roperties  
P ro p erties  a fte r  recovery  

SC-4 ro ad  oil
O rig inal p roperties  
P ro p erties  a l te r  recovery

— M ixturfi- A . . » t i n  I t
V iscosity  S ay b o lt Source

----------------A s p  11 a i t -----------
P ene- R ing  and

r u r o i (all t ra tio n ba ll so ft P ene
T o ta l A t A t A t s tra ig h t- T o ta l a t en ing tra tio n O licnsis
w eight Y ield 25° C, 50° C. 60° C . ru n ) w eigh t 25° C . p o in t index te s t
Grams % Grams 0 C.

2 7 9 .6 104 C alifo rn ia 141 .4 115 4 2 .8 - 1 . 1 N eg.
2 8 0 .0 lÓÓ’. l 103 1 4 1 .8 105 4 3 .3 - 1 . 2 N eg.

3 6 6 .6 652 C alifo rn ia 27 4 .2 115 4 2 .8 - 1 . 1 N eg.
367 .1 lo ó !  i 649 27 5 .3 105 4 2 .8 - 1 . 4 N eg.

33 3 .7 94 C alifo rn ia 2 1 2 .2 103 4 5 .3 - 0 . 6 N eg.
3 3 0 .5 99 ! l 105 2 1 4 .2 90 4 5 .0 - 1 . 1 N cg.

4 1 4 .3 951 C alifo rn ia 3 1 0 .0 103 4 5 .3 - 0 . 6 N eg.
41 4 .9 lo ó !  i 966 3 1 2 .0 89 4 5 .0 - 1 . 1 N eg.

3 3 2 .8 80 M exico 195 .0 86 5 1 .1 + 0 . 5 N eg.
3 2 5 .9 97! 9 103 196 .6 82 5 1 .7 + 0 . 6 N cg.

3 4 6 .6 487 M exico 2 4 6 .3 188 4 0 .6 - 0 . 1 N cg.
347 .1 1ÓÓ* 1 475 24 9 .1 196 4 0 .6 + 0 .1 N eg.

2 8 5 .0 9 4 .6 C alifo rn ia 149 .0 94 4 4 .2 - 1 . 2 N eg.
2 8 6 .3 1ÓÓ 4 8 8 .1 149 .2 96 4 3 .9 - 1 . 1 N eg.

4 SO. 2 951 C alifo rn ia 3 5 8 .3 103 4 5 .3 - 0 . 6 N eg.
4 7 7 .9 99 Í5 1086 35 9 .7 87 4 5 .0 - 1 . 2 N eg .

274 .9  
276 .0

2S 7 .6
2 8 7 .0

2 9 3 .8
2 9 4 .5

2 9 4 .9
2 9 5 .6

100 .4

1ÓÓÍ0 

1ÔÔ ! 2 

lÓÓ ! 2

285
264

303
261

In recovering 100-penetration low flash point cracked 
asphalt from benzene by this method no differences in yields 
or properties of the recovered asphalts were obtained by in
creasing the final bath temperature from 150° to  180° C., 
by increasing the time of passage of carbon dioxide from 30 
to 80 minutes a t 900 cc. per minute, or by varying the dis
tillation rate between 100 and 200 drops per minute. Re
ducing the carbon dioxide rate from 900 to 450 cc. per minute 
resulted, however, in high yields and in softer recovered 
asphalts. In  recoveries of the same asphalt from carbon 
disulfide, increasing the final bath temperature from 150° to 
180° C. or increasing the time of passage of carbon dioxide 
from 30 to 80 minutes had no effect.

D ata for parallel recoveries from carbon disulfide and from 
benzene are given in Table II. They show less hardening 
from carbon disulfide. These recoveries were made imme
diately after preparing the solutions, but as the solutions be
come older the differences tend to disappear. This behavior 
is illustrated by the figures of Table III . The authors have

C a r b o n
d io x id e

IN LET

D r y  f l a s k 1-LlTER FLASK 
INLET TU8E 
1 MM. I.D.
3  MM. O.D.

1 O p e n  t o
ATMOSPHERE 
THROUGH 
COLD TRAP

O

453
395

F i g u r e  1 . M o d i f i e d  S i e g m a n n  R e c o v e r y  A p p a r a t u s

chosen to use carbon disulfide and recover as soon 
as possible. In  many laboratories benzene may 
be preferred because of the great fire hazard with 
carbon disulfide. The benzene used may be the 
c. p .  grade, or a commercial grade having a narrow 
distillation range and containing a negligible amount 

of high-boiling residue as determined by evaporation in a 
glass dish on the steam bath. M any commercial grades 
contain appreciable amounts of residue which will remain in 
the recovered asphalt and vitiate the results.

Greutert (3) and Pfrengle (6) report hardening in carbon 
disulfide which is greater if water is present, and Preston and 
Brandon (7) also give data on this point which appear con
clusive. Thus, prior to extraction of paving samples, thorough 
drying is essential. The authors used dry asphalts and 
Baker’s c. p .  carbon disulfide in all recoveries here reported.

Chlorinated solvents as a class are considered reactive by 
most authors. Kamptner (4) states th a t in general chlori
nated solvents make asphalts brittle. Solvents tested by him 
in the order of decreasing hardening effect are: carbon tetra
chloride, trichloroethylene, dichloroethylene, chloroform, 
benzene, and carbon disulfide. Pfrengle (6) uses chloroform 
for recoveries and admits a hardening effect but attem pts to 
apply a correction factor. Suida and Hoffmann (9) state 
th a t chloroform, carbon tetrachloride, and carbon disulfide 
but not benzene are reactive in the absence of air. Abson 
(I) on the other hand reports progressive hardening in ben
zene. In  parallel recoveries on fresh solutions of 100-pene
tration asphalts the authors obtained: from chloroform, a 
drop in penetration of 22 points; from benzene, 9 points; 
and from carbon disulfide, 3 points.

R ecoveries o f  R e p r e se n ta tiv e  P e n e tr a t io n  A sp h a lts
Results for recoveries of 18 straight-run, cracked, and 

blown asphalts from carbon disulfide by the procedure out
lined above are given in Table IV. Of these 18 asphalts only 
the highly blown asphalts were too viscous a t 150° C. to per
mit complete escape of the solvent. Better results were ob
tained a t 200° C.

Results of parallel Siegmann and Abson recoveries of vari
ous grades of penetration asphalts are given in Table V. The 
recoveries by the Abson method are from benzene; by the 
authors method, from carbon disulfide.

Abson recommends a final temperature of 150° C. for 100- 
penetration asphalts and suggests 163° C. for asphalts of



BACKS AND R oA D  OlLS FROM C.VRBON D ISU L F ID E  SOLOTION

March 15, 1941 A N A L Y T I C A L  E D I T I O N 143

N a tu re
------------Jr l u x i n g  A g c n i -----------------------------------------------------------------------------

D is tilla tio n  (A . S. T . M . A p p ara tu s) D 86-35
of

fluxing
ag e n t

T o ta l
w eight
Grams

Specific 
g rav ity  

2 5 ° /4 ° C . Used
Cc.

In i
tia l 

b . p. 
° C.

5%
over

1 0 %  
over n

20%
over

30%
over

40%
over

50%
over

60%
over

70%
over

80%
over

90%
over

95%
over

D ry
p o in t

%
over

%.res i
due

D istn .
loss

K erosene
d is ti lla te

9 5 .4  
9 4 .1

0 .8377
0 .8371

100
100

200
191

204
203

207
207

209
209

212
212

214
214

217
217

220
220

224
223

229
228

236
235

245
242

251
258

9 7 .7
9 8 .5

2 .2
1 .3

0 .1
0 .2

K erosene
d is tilla te

4 6 .5
4 5 .3

0 .8 3 7 7
0 .8397

50
50

198
195

203
202

206
207

209
210

* 212 
213

214
216

217
218

221
222

224
226

230
231

238
240

248 257
257

9 7 .2
9 6 .0

2 .6
3 .0

0 .2
1 .0

N a p h th a 7 5 .0
7 3 .3

0 .7 9 7 5
0 .8 0 5 0

50
50

121
120

134
143

142
150

152
159

161
165

169
172

176
178

183
184

191
192

200
200

214
213

225
222

238
234

9 8 .0
9 7 .0

1 .7
2 .7

0 .3
0 .3

N a p h th a 3 9 .9
3 9 .3

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

50
40

121
64

131
106

142
157

152
162

161
168

169
174

176
180

183
186

191
190

200
203

214
220

225
236

238
238

9 8 .0
9 5 .5

1 .7
3 .4

0 .3
1.1

N a p h th a

C u tb a ck  
cracked  
gas oil

8 5 .5
8 4 .1

0 .7 7 2 0
0 .7 7 8 8

100
100

113
116

125
131

130
136

135
141

141
146

146
151

153
156

160
162

166
168

174
178

186
188

196
200

209
216

98 -3
9 8 .0

1 .2
1 .4

0 .5
0 .6

5 3 .7
5 0 .8

0 .8312
0 .8331

50
50

170
168

180
182

187
189

195
195

200
200

205
205

211
212

218
215

224
222

234
229

245
242

257
254

264
264

9 6 .8
9 6 .2

2 .7
2 .9

0 .5
0 .9

K erosene
d is ti lla te

101 .0
10 1 .2

0 .8 3 5 5
0 .8371

100
100

198
181

203
203

206
206

208
208

211
210

* 213 
212

215
214

218
218

221
221

226
225

234
233

241
239

250
246

9 8 .5
9 8 .4

1 .1
1 .3

0 .4
0 .3

N a p h th a 4 4 .2
4 3 .4

0 .7 9 7 5
0 .8051

50
50

121
129

134
147

142
153

152
159

161
166

169
173

176
180

183
187

191
196

200
202

214
218

225
232

238
240

9 8 .0
9 6 .8

1 .7
2 .8

0 .3
10.4

unknown penetration. Therefore, in Table V data are given 
for recoveries a t both temperatures. A t the higher tempera
ture there is a tendency for asphalt oils to be lost, which re
sults in hardening, and a t the lower temperature solvent is 
sometimes retained, which causes softening. The authors 
have found th a t retained solvent is shown best by increased 
low-temperature ductility, and consequently, in those cases 
where the ductilities of the recovered asphalts are high and 
yields still not over 100 per cent, it must be concluded that 
losses of oils are compensated by retained solvent. The 
discrepancies when using the Abson method are not large 
and in many cases use of the somewhat more complicated 
Siegmann apparatus may not be justified. Nevertheless, 
whenever road oils or cracked asphalts may be encountered, 
the assurance of fractionation between asphalt oils and solvent 
seems necessary.

R ecover ies  o f  L iq u id  R oad  M a te r ia ls  by  
S ie g m a n n ’s  M e th o d

The apparatus used here (Figure 1) for the recovery of pene
tration asphalts is Siegmann’s apparatus for the recovery of 
liquid road materials, with the exception of the capillar}- inlet 
in the flask.

S i e g m a n n ’s  P r o c e d u r e  (S ) . T h e concentrated carbon di
sulfide extract is introduced in to  th e  flask of the  Siegm ann appa
ratus. T h e flask is placed in an oil bath , the  tem perature of 
which is raised carefully, so th a t the  carbon disulfide passes over 
slow ly (about 20 cc. per 15 m inutes). W hen th e  greater part of 
the carbon disulfide has passed over, the  apparatus is carefully  
subjected  to  vacuum , w hich is gradually increased to 40 cm. 
A fter the  bulk of the  carbon disulfide has been rem oved, the  
tem perature of th e  oil bath is raised in 1 hour to  200° C .; upon  
continued heating the  level of the fluxing agen t is  seen to rise 
slow ly  in  the  colum n. As soon as th e  vapors reach the bottom  
of th e  side tube of the, fractionating colum n the  vacuum  is de
creased, to  prevent th e  fluxing agent from distilling over.

In  the case of th in ly  liquid cutbacks, heating is continued until 
the therm om eter reads 60° O., where th e  d istillation  is stopped.

W ith viscous cutbacks th e  therm om eter reads 00° C. before 
the level of th e  fluxing agent vapors (visib le b y  m ist form ation) 
has risen to  th e  side tube. In  such cases heating is then con
tinued until the level o f the  side tube has been reached, which  
m ay take place a t a tem perature of about 85° C.

W ith kerosene cutbacks th e  oil bath has to be heated to a t  
m ost 250° C ., w ith  creosote cutbacks to  300° C. to recover the  
cutbacks. I f  cutbacks th a t have lost nearly all their fluxing  
agent are to  be exam ined, the  oil bath  w ill be a t a tem perature of 
300° C. before th e  vapors reach the side tube. D istilla tion  is  
then discontinued.

After cooling, the flask is rotated  to  d istribute the condensed  
fluxing agent hom ogeneously in  the  residue. W hen th is is done 
the  binder is ready for further exam ination.

Using a flask without a capillary and following tliis pro
cedure, with domestic RC and MC cutbacks and SC road 
oils, the authors have obtained the results shown in 
Table VI. Figures are also given in Table VI for the separa
tion of cutbacks into asphalts and fluxing agents using steam- 
distillation as described by Siegmann (<?) :

T he d istillation  flask containing 600 gram s of cutback is 
heated until the required tem perature (Siegm ann specifies 150°  
to  200° C. for gasoline; 200° to  220° C. for kerosene; 240° C. for 
gas oil) has been reached; then  superheated steam  of the  sam e  
tem perature is conducted through th e  m ass in  the  flask. T he  
distillation is continued until 10 tim es the am ount o f steam  calcu
lated  on so lvent (evaporation test) has passed over. I t  is o f im 
portance to  ascertain whether, and how  m uch, d istillate passes 
over tow ards th e  end of the d istillation . T h e best procedure is 
to  p lot a curve of the  quan tity  of d istillate against the quan tity  
of water.

T hough it  is  desirable to  have an intake of 000 gram s in  order 
to  m ake a reliable analysis o f the separated so lvent, in som e  
cases, especially w hen analyzing road sam ples, the available  
quantity will be m uch sm aller. In these cases the intake m ay be 
reduced to  300 grams, a 1-liter d istillation  flask being used instead  
of a  2-liter flask. I f  the cutback contains on ly  a  sm all percentage  
of volatile products, the to ta l q u an tity  of steam  (10 tim es the  
am ount of d istillate) would be som ew hat on the  low  side. There
fore, the m inim um  quan tity  of steam  should in  an y  case be not 
less than  200 grams.

A c k n o w le d g m e n t
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Physicochemical Assay of Vitamin A
N O R R IS  D E A N  E M IÎR E E , D is t i l la t io n  P r o d u c ts , I n c . ,  R o c h e s te r , N . Y .

TH E vitamin A potencies of various materials are deter
mined in many laboratories by one or both of two well- 

known physicochemical methods. The method which is
often considered to be the more exact depends upon the meas
urement of the absorption of ultraviolet light a t the maxi
mum (328 mp) of the vitamin A absorption band of an alcohol 
solution of the material or a purified extract (/, 2, Ą, 8). 
The vitamin A concentration is proportional to the value of 
*}%». (328 him).

e ]%  „  i  i0K hł «n. ai i

where c = concentration in grams per 100 m l., d — depth of 
optical cell in  centim eters, / 0 =  in tensity  o f the ligh t incident on 
the solution, and I  =  in tensity  of the light transm itted by the  
solution.

The other method, which is almost as exact, depends upon 
the measurement of the absorption of light a t the maximum 
(620 m/i) of the absorption band of the blue colored reaction 
product formed by mixing a chloroform solution of the ma
terial with ten times its volume of a saturated chloroform 
solution of antimony trichloride (8, 5, 6). The vitamin A 
concentration is proportional to the value of E \c/°nu (620 m/*). 
If a spectrophotometer is not available, this color meas
urement may be made with a photoelectric colorimeter using 
a sharp-cut filter. In  this latter case a calibration curve is 
made relating the vitamin A potency of the solution being 
tested to the depth of the blue color.

T a b l e  I. S t a b i l i t y  o f  S o l u t i o n s  o f  V i t a m i n  A K e p t  i n  
B r o w n  G l a s s  B o t t l e s

{H alibu t liver oil d is ti lla te  d ilu ted  w ith  co ttonseed  (W esson)oil]

S o lven t

L ocation  of 
M axim um  
A bsorp tion

C oncen
tra tio n 1 h o u r

e \%1 cm . 
24 hours

(M ax.)

7 d ay s 50 daya

E th y l alcohol 
C yclohexane

m u

328
%

0 .0 8 2 2 15.1 15.1 15.1 13.1
327 0 .0 8 6 3 1 4 .6 1 5 .0 1 4 .6 14 .5

H exane 328 0 .0844 16.1 1 5 .8 1 5 .6 1 6 .0
E th e r 328 0 .0 8 4 8 1 6 .6 16 .3 15 .8 11 .9
C hloroform 333 0 .0 8 4 6 13 .2 1 3 .6 14 .4 13 .2
B enzene 333 0 .0 8 4 6 14 .4 1 4 .3 14 .3 14 .7

When most fish liver oils and concentrates are tested by 
either of these methods the assays are precise and reproduci
ble, especially in commercial laboratories doing the work as 
a routine procedure. The vitamin A solutions are prepared 
and tested within a half hour or, a t most, an hour. However, 
the assays of low-potency fish liver oils, food products, and 
certain pharmaceutical preparations are not so satisfactory. 
These assays often involve extractions, saponification, etc., 
and take from 2 to 6 hours to complete. The potencies de
termined by these assays are often slightly, and many times 
surprisingly, low. The poor results are attributed to the in
stability of 'vitamin A in dilute solution. The degeneration of 
the vitamin is often assumed to be due to oxidation, but 
handling the solutions under inert gas does not improve the 
results to any great extent.

I t  has been shown (7) tha t vitamin A is destroyed by ultra
violet light, but it is not generally realized tha t the annoying 
instability of dilute solutions of vitamin A is almost entirely 
due to this effect. In  Table I  are given data which show the 
constancy for several days of the ultraviolet absorption of 
solutions of vitamin A stored in 50-ml. brown-glass-stoppered 
bottles. The solvents are of the ordinary c. p .  grade, and the 
source of the vitamin A is a halibut liver oil distillate which

had been diluted with cottonseed (Wesson oil) oil to a po
tency of slightly over 30,000 U. S. P. units per gram.

Since solutions of vitamin A are so stable in the absence 
of ultraviolet light, it seems desirable th a t they be handled 
entirely in apparatus which will absorb these harmful radia
tions. The apparatus, in general, m ust be transparent, so 
tha t the operator may separate layers, look for emulsion 
formation, etc.

Test tubes made of an amber glass which seemed suitable 
for the manufacture of such apparatus were furnished to the 
author by a glass manufacturer. Some tests of the usefulness 
of this glass were made.

Several solutions of v itam in  A w hich were being assayed  in  the  
regular work were sp lit up in to  tw o parts. One part w as put 
in to  th e  am ber test tube, and the  other part in to  a clear te st  tube  
of the  sam e dim ensions. T h e t ig h tly  stoppered test tubes stood  
in a glass beaker on the laboratory bench 12 feet from  th e window  
of th e  room . A fter a  few  hours o f th is exposure to  daylight, the  
solutions were again tested  and the potencies of the  v itam in  A  
concentrates calculated. C loudy d ays during which no sun  
shone were chosen for these tests, in  order to  help com pensate 
for th e  higher actin ic power of sum m er dayligh t. T he solutions  
contained 20 to  25 u n its o f vitam in  A per m l.

Table I I  gives the results of these tests, which show tha t 
serious losses of vitamin A potency result from exposure of 
solutions of vitamin A in clear glass test tubes, while only 
small losses are found if amber test tubes are used. Con
trary to prevalent opinions, solutions in chloroform are about 
as stable as solutions in alcohol, and solutions of vitamin A in 
the alcohol form are about as stable towards light as those in 
the ester form. This last fact should be borne in mind be
cause, owing to the greater resistance of vitamin A esters to 
autoxidation, solutions of vitamin A esters are sometimes 
not handled so carefully as those of vitamin A alcohol.

T a b l e  II . E f f e c t  o f  E x p o s u r e  t o  L i g h t  o n  S o l u t i o n s  o f
V it a m i n  A

Color
E xposure O rig inal of T e s t

M a te ria l to  D ay lig h t P o tency? S o lven t F in a l P o ten cy T u b e
%  by
ultra- %  by

H ours rioleta SbClt»
V itam in  A alco 5 .5 3,260,000 E tO H 72 C lear

hol co n c en tra te C loudy  d ay 93 A m ber
A, 8 -1 -4 0

V itam in  A  alco 5 .0 2,989,000 E tO H 92 C lear
hol co n c en tra te C loudy  d ay 100 A m ber
B , 9 -4 -4 0

V itam in  A  alco 4 .0 2,980,000 CH CU 91 93 C lear
hol co n cen tra te C loudy  and 104 105 A m ber
B , 8 -2 8 -4 0 ra in

F ish  liver oil C, 5 .0 30,000 E tO H 45 C lear
8 -2 3 -4 0 C loudy  day 96 A m ber

F ish  liver oil C , 4 .0 30,000 CH Cla 59 63 C lear
8 -2 3 -4 0 C loudy  day 101 101 A m ber

F ish  liver oil d is 5 .0 216,000 E tO H 73 C lear
ti l la te  D , 8 - C loudy  day 98 A m ber
27-40

F ish  liver oil d is 4 .0 216,000 CHCU 80 85 C lear
ti l la te  D r 8 - C loudy  day 101 101 A m ber

“ T a k e n  to  be 2000 tim es I t J C/f°m  (328 m u) in  alcohol.
b M easu red  w ith  E v e ly n  p h o toe lec tric  co lo rim eter using  R ub icon  620 

filter.

Unfortunately, no amber laboratory glassware is regularly 
made by the apparatus manufacturers. The author be
lieves tha t every laboratory performing assays for vitamin 
A on food, medicinal, and physiological preparations needs a t 
least the following types of amber glassware: separatory 
funnels, conical flasks, volumetric flasks, and boiling flasks for 
Soxhlet extractors.

144



March 15, 1941 A N A L Y T I C A L  E D I T I O N 145

There are undoubtedly other substances which could well 
be handled in amber glassware. The Kimble Glass Com
pany, Vineland, N. J., has available the glass used in the 
work reported here, and is compiling a list of items which 
will be used in sufficient quantity to permit stocking. The 
coefficient of expansion is 64 X 10“7 per ° C., and apparatus 
made of it can be heated with reasonable care. The company 
will welcome suggestions concerning possible listings.

A ck n o w le d g m en t

The author thanks George H. W ait for the experimental 
data given in Table I I  and the Eastman Kodak Re

search Laboratories for the optical measurements made for 
Table I.
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Determination of Small Amounts of Zinc 
in Plant Materials

A Photom etric D ithizone Method

IIA L E  C O W L IN G 1 A ND E . J .  M IL L E R , M ic h ig a n  A g r ic u ltu r a l E x p e r im e n t  S t a t io n ,  E a s t  L a n s in g , M ic h .

IPHENYLTHIOCARBAZONE, commonly referred to 
as “dithizone” , has been used by several investigators 

(2-4, S) as a colorimetric reagent for the determination of 
small amounts of zinc. The reaction between dithizone and 
zinc in slightly alkaline solution results in the formation of a 
red complex which is quantitatively extractable with chloro
form or carbon tetrachloride. The reaction is extremely sen
sitive and the color sufficiently stable to form the basis of an 
excellent colorimetric method. However, more than a dozen 
other metals also react with dithizone to  form extractable 
colored complexes. This lack of specificity has been the chief 
difficulty in the use of the reagent. I t  is possible to eliminate 
interferences to some extent by careful regulation of the pH 
a t which the extractions are carried out and by the use of the 
selective complexing action of certain inorganic anions, but 
neither of these methods is entirely satisfactory.

Holland and Ritchie (5) reported the important observa
tion, for which they give credit to R. H. Caughey, tha t in
0.02 N  ammonium hydroxide solution sodium diethyldithio- 
carbamate, the copper reagent usually referred to as “car
bam ate” , inhibits the reaction of all metals with dithizone 
except zinc. These workers proposed a colorimetric method 
for the determination of zinc in foods in which carbamate is 
used to eliminate interferences by other metals which form 
dithizone complexes. This method, although it represents 
an im portant step toward the solution of the problem, did 
not give highly reproducible results in the authors’ hands 
when color intensities were measured with a photoelectric 
colorimeter. I t  was hoped by an investigation of the action 
of carbamate in the determination of zinc to develop a method 
free of interferences and capable of an accuracy comparable 
with th a t obtainable in measuring color intensities with mod
ern photoelectric colorimeters.

E ffect o f  C a rb a m a te  o n  E x tra c tio n  o f  Z in c  
as D ith iz o n a te

Zinc can be quantitatively extracted as dithizonate from 
aqueous solution a t a pH between 8 and 9 with carbon te tra
chloride containing excess dithizone. In the presence of car
bamate, however, complete extraction of the zinc as dithi
zonate does not occur. The zinc is distributed between the red

1 P re sen t add ress , A m erican  V iscose C om pany , M arcus H ook , P en n a .

dithizone complex and the colorless carbamate complex. The 
result of this effect is a reduction in the color intensity of the 
dithizone extract, as is shown by a comparison of the curves 
on Figure 1.

Curve 1 represents the relationship between the amount 
of zinc present and the per cent light transmission of the 
carbon tetrachloride extract obtained when no carbamate is 
present, and curve 2 represents the same relationship when
12.5 mg. of carbamate are present. A comparison of the two 
curves shows tha t the presence of the carbamate appreciably 
reduces the color intensity of the carbon tetrachloride extract 
obtained for all amounts of zinc.

The effect of varying the amount of carbamate present

F i g u r e  1 . E f f e c t  o f  C a r b a m a t e  o n  R e l a t i o n  b e t w e e n  
C o l o r  I n t e n s i t y  o f  D i t h i z o n e  E x t r a c t  a n d  A m o u n t  o f  

Z i n c  P r e s e n t

1. N o  c a rb a m a te  p re sen t F ilte r . S e x ta n t green  (3.52 m m .)
2. 12.5 m g. of c a rb a m a te  p re sen t Cell th ickness , i  cm .
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T a b l e  I .  E f f e c t  o f  A m o u n t  o f  C a r b a m a t e  P r e s e n t  o n  
D i s t r i b u t i o n  o f  Z i n c  b e t w e e n  D i t h i z o n e  a n d  C a r b a m a t e  

C o m p l e x e s

(30 m icrogram s of zinc p re sen t in  each  case)
- D is tr ib u t io n -

C a rb a m a te D ith izone C arb a m a te
P resen t 7 % 7 %

M g.
0 .0 0 3 0 .0 100 0 .0 0
0 .6 3 2S .9 96 1.1 4
1 .2 5 2 9 .0 97 1 .0 3
2 .5 2 8 .1 94 1 .9 6
5 .0 2 7 .3 91 2 .7 9

1 2 .5 2 5 .9 86 4 .1 14
2 5 .0 2 1 .9 73 8 .1 27

T a b l e  II. E f f e c t  o f  D i t i i i z o n e  C o m p l e x - F o r m i n g  M e t a l s  
o n  D e t e r m i n a t i o n  o f  Z i n c

(10 m icrogram s of zinc p re sen t in  each  case)
----------- M e ta l—

7
Zinc F o u n d  

7
----------E r ro r—

7 %
C u  + + 10 10 .0 0 .0 0

20 10 .1 0 .1 1
40 1 0 .2 0 .2 2
60 1 0 .3 0 .3 3
80 10.1 0 .1 1

100 10 .2 0 .2 2
P b +  + 20 1 0 .3 0 .3 3

40 1 0 .0 0 .0 0
60 1 0 .2 0 .2 2
80 1 0 .0 0 .0 0

100 10 .4 0 .4 1
H g + + 100 10.1 0 .1 1
B i + + + 100 1 0 .0 0 .0 0
Co + + 100 10 .2 0 .2 2
Sn + + 100 9 .9 - 0 . 1 - 1
N i + + 100 1 0 .6 0 .6 6
C d + + 5 1 0 .4 0 .4 4

10 11 .2 1 .2 12
20 1 2 .2 2 .2 22
50 13 .0 3 .0 30

100 1 6 .7 6 .7 67

upon the distribution of zinc between the carbamate and 
dithizone complexes is demonstrated by Table I. As the 
amount of carbamate is increased from 0 to 25 mg., the per
centage of zinc extracted as dithizonate is decreased from 100 
to 73 per cent.

In each of the extractions which were carried out in order to 
obtain the data for Figure 1 and Table I  a fixed set of condi
tions was employed. The volume of the aqueous phase was 
100 ml. and its pH 8.8. The aqueous phase, which contained 
the known amount of zinc, was then extracted with 10 ml. of 
dithizone reagent (about 0.10 gram per liter in carbon tetra
chloride). The per cent transmission values were determined 
on 1 to 5 dilutions of the carbon tetrachloride extract with a 
Cenco-Sanford-Sheard photelometer using 1-cm. cells and a 
Sextant green (Coming No. 401) filter of a thickness of 3.52 
mm. The excess dithizone was not removed from the ex
tracts. Its green color was allowred to modify the color of the 
red zinc dithizonate. This so-called “mixed-color” method of 
color comparison has been used extensively in the determina
tion of lead by dithizone (1,6).

As shown by Figure 1 and Table I, the extraction of zinc as 
dithizonate is appreciably affected by the presence of car
bamate. However, it was found by repeated redeterminations 
of curve 2 th a t the relationship between the per cent light 
transmission and the amount of zinc present may be readily 
reproduced if all factors which affect the distribution of the 
zinc between the carbamate and dithizone complexes and the 
distribution of the excess dithizone between the aqueous and 
carbon tetrachloride phases are kept constant. These factors 
are the pH and volume of the aqueous phase, the amount of 
carbamate present, and the volume and concentration of the 
dithizone in carbon tetrachloride used. On the basis of this 
relationship a method was devised for the determination of 
traces of zinc in plant materials in which carbamate is used to 
eliminate the interference of other metals which also form 
dithizone complexes.

O u tlin e  o f  M e th o d
1. Ashing of the sam ple and extraction of th e  zinc from the  

ash w ith hydrochloric acid.
2. Separation of the zinc and other m eta ls w hich form  d ith i

zone com plexes from  the other constituents o f th e  plant ash solu
tion b y  repeated extraction w ith  dith izone in  carbon tetrachloride  
at a pH  betw een 8.5 and 9 and in  the presence of am m onium  cit
rate to  prevent th e  precipitation of iron and alum inum .

3. Separation of th e  zinc from copper and excess d ithizone  
and solution  of the zinc in  a definite volum e of standard acid by  
extraction of the dithizone extracts obtained in  step  2 w ith  50 m l. 
of 0.02 N  hydrochloric acid.

4. E xtraction  of th e  aqueous phase from step  3 w ith  d ithizone  
in carbon tetrachloride after th e  adjustm ent o f  th e  pH  to  a  value  
betw een 8.5 and 9 w ith  am m onia-am m onium  citrate buffer and  
the addition of sodium  diethyldithiocarbam ate, em ploying in th is  
extraction the sam e pH , volum es of phases, and am ounts of car
bam ate and dithizone as were used in  the  determ ination  of the  
standard curve. T he am ount of zinc present in the p lant m aterial 
is then  obtained by com parison of the instrum ent reading of th is  
extract w ith  the  standard curve.

T a b l e  III. R e c o v e r y  o f  A d d e d  Z i n c  f r o m  P l a n t  M a t e r i a l s

M a te ria l 

D ried  grapes

D ried  a sparagus

C orn  m ea

Zinc
A dded

Zinc
P resen t

Zinc
F o u n d E rro r

P .  p . in. P . p. 7/1. P . p . in. P . p. m. %
0 .0 11.4a 1 1 .0 - 0 . 4 _ 4
0 .0 11 .4 11 .4 0 .0 0
0 .0 11 .4 1 2 .0 0 .6 6
0 .0 11 .4 11 .4 0 .0 0
0 .0 1 1 .4 11 .2 - 0 . 2 - 2

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

0 .0 13.6a 1 3 .6 0 .0 0
0 .0 1 3 .6 1 2 .6 - 1 . 0 - 7
0 .0 1 3 .6 1 3 .8 0 .2 2
0 .0 1 3 .6 1 4 .0 0 .4 3
0 .0 1 3 .6 1 4 .0 0 .4 3

10 .0 2 3 .6 2 3 .2 - 0 . 4 2
1 0 .0 2 3 .6 2 2 .0 - 1 . 6 - 7
10 .0 2 3 .6 2 3 .6 0 .0 0
10 .0 2 3 .6 2 4 .6 1 .0 4
2 0 .0 3 3 .6 3 2 .6 - 1 . 0 - 3
2 0 .0 3 3 .6 3 2 .6 - 1 . 0 - 3
2 0 .0 3 3 .6 3 4 .2 0 .6 2
2 0 .0 3 3 .6 3 4 .6 1 .0 3
4 0 .0 5 3 .6 5 3 .6 0 .0 0
4 0 .0 5 3 .6 5 3 .6 0 .0 0
4 0 .0 5 3 .6 5 3 .4 - 0 . 2 0
4 0 .0 5 3 .6 5 3 .6 0 .0 0

0 .0 9 .3« 9 .0 - 0 . 3 - 3
0 .0 9 .3 9 .4 0 .1 1
0 .0 9 .3 9 .4 0 .1 1
0 .0 9 .3 9 .4 0 .1 1

10 .0 1 9 .3 19 .4 0 .1 1
1 0 .0 1 9 .3 19 .4 0 .1 1
2 0 .0 2 9 .3 2 9 .8 0 .5 2
2 0 .0 2 9 .3 2 9 .8 0 .5 2
4 0 .0 4 9 .3 5 0 .4 1 .1 2
4 0 .0 4 9 .3 4 9 .0 - 0 . 3 - 1

a Z inc n a tu ra lly  p re sen t in  m a te r ia l is assum ed  to  b e  equa l to  average  
a m o u n t of zinc found  by  an a ly s is  by  th is  m ethod .

R e lia b ility  o f  M e th o d
The reliability of this method was tested by studies involv

ing (1) the ability to determine zinc accurately in the presence 
of other metals which form dithizone complexes, (2) the ac
curacy with which added zinc could be recovered from plant 
materials, and (3) the ability of the method to give good agree
ment between duplicate determinations on the same plant 
material. The results obtained in these three tests are given 
in Tables II, III , and IV, respectively.

Table I I  shows th a t the method is remarkably free of inter
ferences by other metals which form dithizone complexes. I t  
was found tha t zinc could be determined without serious in
terference in the presence of ten times as much copper, lead, 
mercury, bismuth, cobalt, tin, or nickel. The interference of 
cadmium wras greater than any of the other metals studied; 
however, about half as much of this metal as zinc may be 
present without causing an appreciable error. Since this
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T a b l e  IV . Z i n c  i n  V a r i o u s  P l a n t  M a t e r i a l s
*-------------------Zinc F o u n d ------------------- .

M a te r ia l  8 a rap le  A  S am ple B A v. D ev ia tion
P . p . m . P . p . m . P . p . m. %

S u g a r-b ee t p u lp  1 5 .0  1 4 .2  1 4 .6  3
O ata  2 9 .6  3 0 .2  2 9 .9  1
W h e a t 2 9 .4  3 1 .0  3 0 .2  3
B ro m e g rass  h a y  2 0 .6  2 0 .4  2 0 .5  0 .5
F resh  a lfa lfa  3 2 .4  3 1 .8  3 2 .1  1
Spinach«* 9 2 .0  9 2 .0  9 2 .0  0
T a b le  b ee ts  4 5 .8  4 4 .2  4 5 .0  2
O nions 4 9 .6  4 9 .8  4 9 .7  0
P a rsn ip s  1 5 .8  1 6 .6  1 6 .2  3
C elery  3 0 .0  2 9 .2  2 9 .6  1
C arro ts  2 3 .0  2 4 .2  2 3 .6  2
Turnips«* 8 4 .4  8 5 .0  8 4 .7  0 .5
« Zino d e te rm in ed  u sing  5-m l. a l iq u o t of ash  so lu tion . A 10-ml. a liquo t 

w as used  in  a ll o th e r  cases. I n  ev e ry  case a  5-gram  sam ple  of g round , a ir- 
d ry  m a te r ia l w as ashed .

amount of cadmium is seldom encountered in the analysis of 
plant materials, its interference would rarely be significant.

Table I I I  shows satisfactory recoveries of zinc added before 
ashing to dried grapes, dried asparagus, and corn meal.

Table IV shows th a t the method gives excellent agreement 
among duplicate determinations on the same material for a 
wide variety of plants. In  this study two samples of each 
plant material were ashed, and the zinc was determined on 
one aliquot from each ash solution.

These three tests show th a t by the use of carbamate the 
interference of other metals in the determination of zinc is 
practically eliminated, and th a t the accuracy obtainable 
is consistent with the best photometric method for trace 
amounts.

The plant materials examined were dry-ashed and the zinc 
was extracted from the ash by means of hydrochloric acid. 
By means of the spectrograph Rogers and Gall (7) found 
th a t extraction of the ash of some plants with hydrochloric 
acid did not remove all the zinc. I t  is possible th a t this hy
drochloric acid-insoluble zinc is from soil which contaminated 
the samples of plant material, or is zinc assimilated by the 
plant and either rendered insoluble by some reaction during 
ashing or occluded by hydrochloric acid-insoluble constituents 
of the ash. This problem is sufficiently important, particu
larly where plant materials containing large amounts of in
soluble m atter are analyzed, to warrant future attention.

A p p a ra tu s
A ll glass apparatus used  in  th e  application of th is m ethod m ust 

be carefully cleaned. A ll apparatus should be rinsed w ith  strong  
acid, follow ed by four or five rinses w ith  d istilled  w ater, and fi
nally  be given  a  rinse w ith  zinc-free w ater (redistilled from Pyrex). 
Separatory funnels m ay be conveniently  cleaned b y  first dipping  
them  in warm  chrom ic acid cleaning solution , w hich is rem oved  
by three thorough rinsings w ith  tap  water. T h e funnels are then  
rinsed w ith  d istilled  w ater four tim es, and given  a final rinse w ith  
zinc-free w ater. Care m ust be taken  th a t no chrom ic acid re
m ains on  th e  funnels, for i t  w ill cause trouble by oxidizing d ith i
zone.

A ll vesse ls in  w hich aqueous solutions are stored for more than  
a few hours should be o f Pyrex g lass. Soda-lim e separatory fun
nels, volum etric flasks, e tc ., in  which solu tions are kept for on ly  
a short tim e, were used and found satisfactory. W hite petroleum  
jelly  w as found to  be a  sa tisfactory lubricant for the stopcocks of 
the separatory funnels. A  separatory funnel rack is necessary. 
C onvenient racks have been  described by W inter et al. (9) and 
by B am bach (1).

A lthough a  Cenco-Sanford-Sheard photoelectric colorim eter 
w as used exclusively  in  this investigation , the m ethod is adaptable  
to any good photoelectric colorim eter.

R e a g e n ts
All w ater used in the preparation of th e  ash solutions and of 

reagents should be redistilled from an all-Pyrex g lass still, unless 
it  is definitely known th a t th e  distilled  w ater available is free of 
zinc and other d ith izone com plex-form ing m etals. T he distilled  
w ater available in  th is laboratory did n ot require redistillation.
C. p. carbon tetrachloride m ay be used w ithout purification.

Technical carbon tetrachloride, how ever, should be dried w ith  
anhydrous calcium  chloride and redistilled in  the  presence o f a  
sm all am ount o f calcium  oxide before use. U sed  carbon tetra
chloride m ay be reclaimed b y  d istillation  in the presence o f di
lu te sodium  hydroxide solution  containing a  sm all am ount of 
sodium  thiosulfate, followed by drying w ith  anhydrous calcium  
chloride and fractional d istillation  in  th e  presence o f a sm all 
am ount o f calcium  oxide.

M ost of the necessary reagents contain  appreciable am ounts 
of zinc and other m etals th a t form dith izone com plexes, which  
m ust be rem oved if good accuracy is expected by use o f th is  
m ethod. C hem icals of th e  h ighest grade should be used and  
purified as follows:

S t a n d a r d  Z i n c  S o l u t i o n s .  Stock solution (1000 m icrograms 
of zinc per m l.). P lace 0.25 gram of pure zinc in a 250-m l. volu 
m etric flask. Add about 50 m l. o f w ater and 1 m l. of concentrated  
sulfuric acid, then heat on the steam  bath until all zinc is d is
solved. D ilu te  to  250 m l. and store in  a  Pyrex vessel.

Standard solution (10 m icrogram s of zinc per m l.). D ilu te  10 
m l. of the above stock  solution to 1 liter. Store in a P yrex vessel.

N  A m m o n iu m  H y d r o x i d e  S o l u t i o n .  D istill in to  w ater one- 
half volum e of concentrated am m onium  hydroxide by use o f an 
all-Pyrex glass d istillation  apparatus, then d ilute to  the  proper 
concentration. Store in a glass-stoppered P yrex vessel.

N  H y d r o c h l o r i c  A c id .  D isplace hydrogen chloride gas from  
a volum e of concentrated hydrochloric acid in  a  Pyrex flask by  
the slow  addition of an equal volum e of concentrated sulfuric 
acid b y  m eans of a dropping funnel which extends below' the sur
face of the concentrated hydrochloric acid. Absorb the displaced  
hydrogen chloride gas b y  conducting i t  by m eans o f a delivery  
tube to the surface o f a  volum e of water. N o  heat is necessary. 
D ilu te  to  the proper concentration. One hundred and fifty  
m illiliters of each of th e  acids w ill yield  1 liter o f purified hydro
chloric acid solution of a  concentration greater than  normal.

D i t h i z o n e  R e a g e n t .  D isso lve 0 .20  gram  of d iphenylth io- 
carbazone in 500 m l. o f carbon tetrachloride and filter the solu
tion to  rem ove insoluble m atter. P lace the solution in a  g lass- 
stoppered bottle  or large separatory funnel, add 2 liters o f 0.02  
N  am m onia (40 m l. o f N  am m onia diluted  to  2 liters), then shake  
to extract the dith izone in to  the aqueous phase. Separate the  
phases, discard the carbon tetrachloride phase, and extract the  
am m oniacal solution of d ithizone w ith 100-ml. portions o f carbon 
tetrachloride until th e  carbon tetrachloride extract is a  pure 
green color. D iscard the carbon tetrachloride phase after each  
extraction. Add 500 m l. o f carbon tetrachloride and 45 m l. o f N  
hydrochloric acid and shake to  extract the  d ith izone in to  the  
carbon tetrachloride. Separate the phases and discard the  aque
ous phase. D ilu te  th e  carbon tetrachloride solution of d ithizone  
to  2 liters w ith  carbon tetrachloride. Store th e  dith izone reagent 
in a  brown b ottle  in a dark cool place.

A m m o n iu m  C i t r a t e  S o l u t i o n  (0.5 m olar). D isso lve 226 
grams of am m onium  citrate, (N H ,)2HC«Hi07 , in 2 liters o f w ater. 
Add concentrated am m onia (80 to  85 m l.) until the solution  has 
a  pH  of 8 .5  to  8.7. Add an excess o f d ithizone reagent (orange- 
yellow  coloration in aqueous phase after shaking and separation  
of phases), and extract w ith  100-ml. portions of carbon tetra
chloride until the  extract is a full green color. Add m ore d ith i
zone if necessary. Separate th e  aqueous phase from the carbon  
tetrachloride, and store in  a  Pyrex vessel.

C a r b a m a t e  R e a g e n t .  D isso lve 0 .25  gram  of sodium  d iethyl- 
dithiocarbam ate and dilute to  100 m l. w ith  w ater. Prepare a  
fresh solution just before use.

Three solutions are prepared in large quantities from the 
above reagents in order to reduce the measuring out of 
reagents and to minimize errors due to variations in their 
composition. These solutions should be stored in Pyrex ves
sels, and care must be taken to avoid loss of ammonia from 
Solutions A and B. The amount of zinc in these reagents in
creases slowly with time of storage, and they should be dis
carded after standing 6 to 8 weeks. A standard curve must 
be determined for each new set of reagents. The amounts of 
reagents designated below and 2 liters of dithizone reagent 
are sufficient for 100 zinc determinations.

S o l u t i o n  A. D ilu te  1 liter o f 0 .5  M  am m onium  citrate and  
140 m l. o f N  am m onium  hydroxide to  4 liters.

S o l u t i o n  B . D ilu te  1 liter o f 0 .5  M  am m onium  citrate and 300 
m l. o f N  am m onium  hydroxide to  4 .5 liters. Ju st before use add 
1 volum e of freshly prepared carbam ate reagent to  9 volum es of 
the  am m onia-am m onium  citrate solution to  obtain  th e  volum e  
of Solution B  im m ediately required.

0.02 N  H y d r o c h l o r i c  A c id .  D ilu te  100 m l. o f  N  hydrochloric 
acid to  5 liters.
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F i g u r e  2 .  L ig h t  T r a n s m i s s i o n  o f  S e x t a n t  G r e e n  F i l 
t e r  a n d  Z in c  D i t h i z o n e  C o m p l e x

B roken line. S e x ta n t green  filter
Solid  line. Zinc d ith is o n a te  in ca rbon  te trach lo r id e

Once a set of reagents purified from zinc has been pre
pared, these reagents can be used to test chemicals for zinc. 
Certain lots of ammonium hydroxide and hydrochloric acid 
are sufficiently free of zinc to be used in this method without 
purification.

P roced u re for Z in c  in  P la n t  M a teria ls
A s h i n g .  Ash a 5-gram sam ple of the finely ground, air-dry  

plant m aterial in a platinum  dish in an electric muffle a t 500° to  
550° C. W et the ash w ith  a little distilled water, then add 10 
m l. of N  hydrocliloric acid (more if necessary) and heat on a 
steam  bath u ntil all substances soluble in hydrochloric acid are 
brought in to  solution. Add 5 or 10 m l. o f hot water. F ilter off 
the insoluble m atter on a 7-cm . filter paper (W hatm an N o. 42 
or equivalent) w hich has been previously w ashed w ith  tw o 5-ml. 
portions of hot N  hydrochloric acid, then washed w ith  hot water 
u ntil free of hydrochloric acid, and collect the filtrate in  a  100-ml. 
volum etric flask. W ash th e  filter w ith hot w ater until w ashings 
are no longer acid to  m ethyl red. Add a drop of m ethyl red indi
cator to  the filtrate in the 100-ml. flask, add N  am m onium  hy
droxide u ntil neutral to  m ethyl red, then  add 4 m l. o f N  hydro
chloric acid. A llow the  contents o f the flask to  cool, then  m ake  
to  volum e w ith  water.

F i r s t  E x t r a c t i o n  (separation of d ithizone com plex-form ing  
m etals from the ash solution). P ip et an aliquot o f th e  ash  solu
tion containing not m ore than 30 microgram s of zinc in to  a 125- 
cc . Squibb separatory funnel. Add 1 ml. o f 0 .2  N  hydrochloric  
acid for each 5 m l. of ash solution  less than  10 m l. taken, or 1 ml. 
of 0.2 Ar am monium  hydroxide for each 5 ml. over 10 ml. taken. A
10-ml. aliquot has usually  been found satisfactory in  the analysis 
o f  plant m aterials. Add 40 m l. o f Solution A  and 10 m l. of d ith i
zone reagent. Shake vigorously for 0.5 m inute to  extract from the  
aqueous phase the zinc and other d ithizone com plex-form ing  
m etals which m ay be present, then allow the  layers to separate. 
A t th is point an excess of dithizone, which is indicated by an  
orange or yellow-orange coloration of the aqueous phase, m ust 
be present. I f  excess d ithizone is not present, add more of the  
reagent until after shaking an excess is indicated.

Shake dow n the drop of carbon tetrachloride extract from the  
surface, and draw off the carbon tetrachloride extract into a  
sccond separatory funnel as com pletely as possible w ithout 
allow ing any of the aqueous layer to  enter the stopcock bore. 
R inse dow n the  carbon tetrachloride extract from the surface of 
the  aqueous layer w ith a 1- to  2-ml. portion of clear carbon tetra
chloride, then run off th is  carbon tetrachloride in to  the  second  
funnel w ithout perm itting th e  aqueous phase to  enter the stop

cock bore. R epeat th is rinsing process as m any tim es as is neces
sary to  flush the extract com pletely in to  the second funnel. Add  
5 m l, of clear carbon tetrachloride to  the first funnel, shake 0.5  
m inute, and allow the layers to  separate. T he carbon tetra
chloride layer at th is point will have a clear green color if m etals  
which form dithizone com plexes have been com pletely  extracted  
from the aqueous phase by the previous extraction. R un off the  
carbon tetrachloride layer into the second funnel, then  flush down  
the extract from the surface and ou t o f the funnel as w as done 
before. I f  the last extract does not possess a d istinct clear green  
color, repeat the  extraction w ith  a 5-m l. portion of clear carbon  
tetrachloride and the flushing out process u n til com plete extrac
tion of the  dithizone com plex-form ing m etals is assured, then dis
card the aqueous phase.

S e c o n d  E x t r a c t i o n  (separation of copper by extraction of 
zinc in to  0.02 N  hydrochloric acid). P ip et 50 m l. of 0.02 N  hydro
chloric acid in to  the  separatory funnel containing the carbon 
tetrachloride solution of m eta l d ith izonates. Shake vigorously  
for 1.5 m inutes, then allow th e  layers to  separate. Shake down  
the  drop from the surface of the aqueous phase, and run off as 
com pletely  as possible the carbon tetrachloride phase, which con
tains all the  copper as d ith izonate, w ithout allow ing any of the  
aqueous phase, w hich contains all th e  zinc, to  enter the stopcock  
bore. R inse down th e  carbon tetrachloride extract from the sur
face of the aqueous phase and rinse ou t the stopcock bore w ith
1- to  2-m l. portions of clear carbon tetrachloride (in the  sam e  
m anner as w as done in the  first extraction) u n til all traces of 

reen dithizone have been w ashed ou t o f th e  funnel. Shake 
own the drop of carbon tetrachloridc from the surface of the  

aqueous phase, and run off the  carbon tetrachloride as com pletely  
as possible w ithout allow ing any aqueous phase to enter the stop 
cock bore. R em ove the stopper from the funnel and lay  it across 
the neck of the funnel u n til the sm all am ount of carbon tetra
chloride on the surface o f the aqueous phase has evaporated.

F i n a l  E x t r a c t i o n  (extraction of zinc in  the presence o f car
bam ate reagent). P ip et 50 m l. of Solution B  and 10 m l. o f d ith i
zone reagent into the 50 m l. of 0.02 N  hydrochloric acid solution. 
Shake for one m inute, then allow the phases to  separate. Flush  
out the stopcock and stem  of the funnel w ith  1 ml. or so of the  
carbon tetrachloride extract, then collect th e  remainder in a test  
tube. P ipet 5 m l. o f the extract in to  a 25-ml. volum etric flask 
and dilute to the mark w ith  clear carbon tetrachloride, and then  
determ ine the per cen t light transm ission of the diluted solution  
with a photoelectric colorim eter, equipped w ith  a Sextant green  
(Corning N o. 401) filter, or equivalent. R eadings should be 
taken  not later than  2 hours after the final extraction. Protect 
extracts from ligh t as m uch as possible.

A blank determ ination m ust be run w ith  each series of zinc  
determ inations in order to  determ ine the correction to  be applied  
for the zinc present in the hydrochloric acid and am m onium  h y 
droxide in  the ash solution  and the  zinc picked up  by the other  
reagents from their containers since the determ ination o f  the  
standard curve. T he blank determ ination is carried ou t ex
actly  as is done in the  case o f the plant m aterial, using as a  
starting point an em p ty  platinum  dish that is  placed in the  
muffle along w ith  the sam ples o f p lant m aterial.

The amount of zinc on the standard curve corresponding to 
the per cent light transmission obtained for the unknown less 
the amount of zinc corresponding to the per cent transmission 
obtained for the reagent blank gives the amount of zinc pres
ent in the aliquot. From this the amount of zinc in the sample 
is easily calculated. As many as 12 determinations may con
veniently be carried simultaneously through this procedure.

S ta n d a rd  C urve
The data for the standard curve are obtained by deter

mining the per cent transmission values for each of a series 
of solutions containing known amounts of zinc. These zinc 
solutions are prepared as follows:

Place 0, 5, 10, 15, 20, 25, 30, and 35 m l. o f the  standard zinc 
solution containing 10 m icrogram s of zinc per ml. in 100-ml. 
volum etric flasks. T o each add one drop of m ethyl red indicator, 
N  am m onium  hydroxide until neutral, and 4 m l. o f N  hydro
chloric acid, and m ake to  volum e. Proceed from th is point in  
exactly  the sam e m anner as in the case of ash solutions, be
ginning w ith  th e  first extraction and using 10-ml. a liquots of 
each of the /.inc solutions. T he 10-ml. a liquots contain  0, 5, 10, 
15, 20, 25, 30, and 35 microgram3 of zinc, respectively.

The standard curve is constructed by plotting micrograms 
of zinc against per cent light transmission.
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A O n e-C o lor  M eth od

An investigation was carried out to determine whether the 
method was reliable if the excess dithizone was removed from 
the final carbon tetrachloride extract, and the Color compari
sons were made on the red zinc dithizonate solutions obtained. 
The color comparisons, if the method proved satisfactory, 
could then be made conveniently by use of either an ordinary 
visual colorimeter or a photoelectric colorimeter. I t  was 
found th a t the excess dithizone could be readily removed 
from the final dithizone extract without appreciable loss of 
zinc by a wash with 50 ml. of 0.01 N  ammonia, and tha t the 
per cent transmission of the solutions obtained was a repro
ducible function of the amount of zinc present. Copper was 
not found to interfere when present in amounts up to 100 
micrograms, but metals which are extracted along with the 
zinc into the 0.02 N  hydrochloric acid solution, such as lead, 
were found to interfere. I t  seems th a t during the removal of 
the excess dithizone the colorless lead carbamate complex 
present in the carbon tetrachloride extract is decomposed.

PERCENT TRANSM ISSION

F i g u r e  3 . S t a n d a r d  C u r v e  o f  R e l a t i o n s h i p  b e t w e e n
Z in c  P r e s e n t  a n d  P e r  C e n t  T r a n s m i s s i o n  o f  D i t h i 

z o n e  E x t r a c t

F ilte r . S ex ta n t g reen  (6.00 m m .)
Cell th ickness . 1 cm .

The lead then combines with dithizone and forms its red 
dithizone complex, which causes high results. The one-color 
method was therefore considered inferior to the mixed color 
method because of these interferences.

C h o ice  o f  C olor F il le r

The light transmission of zinc dithizonate (0.0 mg. of zinc 
per liter of carbon tetrachloride) for different wave lengths 
of light was determined by use of a Cenco spectrophotel- 
ometer, and is represented by the solid curve on Figure 2. 
This curve shows tha t zinc dithizonate has a narrow absorp
tion band between 450 and 575 microns with a maximum 
absorption a t about 535 microns. I t  is therefore necessary 
to use in the photoelectric colorimeter a filter tha t transmits 
a narrow band of light in this same region of the spectrum, 
in order to obtain a maximum sensitivity of the instrument 
to differences in concentration of zinc dithizonate in the 
solutions compared. These requirements seem to be met best 
by the Sextant green (Coming No. 401) filter. The light

transmission characteristics of this filter (1-mm. thickness) 
are represented by the dotted curve on Figure 2. A compari
son of the two curves indicates the close coincidence of the 
region of light transmission of this filter with the region of 
light absorption by the zinc dithizonate solution.

In the preliminary investigation a filter of 3.52-mm. thick
ness was used. I t  was found th a t even greater sensitivity 
could be obtained by using both the 3.52-mm. and a 2.48-mm. 
filter, which gave a total filter thickness of 6.00 mm. The 
standard curve obtained using both Sextant green filters of a 
total thickness of 6.00 mm. is shown on Figure 3, where per 
cent transmission is plotted as a function of the amount of 
zinc present for 1-cm. cells by the mixed-color method. This 
curve and filter were used in obtaining the data given in 
Tables II, III , and IV.

O th er  A p p lic a tio n s  o f  M eth o d

Although this method for zinc has been applied here only 
to the analysis of plant materials, there is no apparent reason 
why it should not serve equally well for the determination of 
small amounts of zinc in many other types of materials from 
which the zinc present may be obtained in solution. If less 
than one half as much cadmium or less than ten times as much 
of other dithizone complex-forming metals as zinc are present 
and substances are not present which are not kept in solution 
by citrate during the first extraction, one should be able to 
apply the method directly. Excessive amounts of other 
dithizone complex-forming metals would be troublesome be
cause of the large volume of dithizone extract tha t would be 
obtained in the first extraction. Should trouble be encoun
tered for any of these reasons, a  preliminary separation of the 
substances causing the difficulty would be necessary.

S u m m a r y

A photometric, “mixed-color” dithizone method has been 
developed for the determination of zinc in plant materials in 
which sodium diethyldithiocarbamate is used to eliminate the 
interference of other metals which form colored complexes 
with dithizone. I t  was found that "carbam ate” causes an 
appreciable reduction in the color intensity of the dithizone 
extract, but, by keeping conditions constant in all extrac
tions, a reproducible relationship is obtainable between the 
color intensity of the dithizone extract as measured with a 
photometric colorimeter and the amount of zinc present.

Tests involving the determination of zinc in the presence 
of other metals which form dithizone complexes, the recovery 
of added zinc from various plant materials, and the agree
ment between duplicate determinations proved the method 
to be accurate and remarkably free of interferences.

A one-color method for the determination of zinc was tested 
and found to be inferior to the mixed-color method.

The light transmission curve of zinc dithizonate in carbon 
tetrachloride was determined with a spectrophotometer. 
This curve is discussed in relation to filter selection for the 
photometric determination of zinc with dithizone.
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Determination of Total Vitamin A Content 
of Dairy Butters
Spectrophotom etric Method

R . H . N E A L , C . H . H A U R A N D , A N D  F . H . L U C K M A N N  

T h e  B e s t  F o o d s , I n c . ,  B a y o n n e , N . J .

AN ACCURATE and relatively rapid method for the de- 
_ termination of the total—(i. e., carotene plus vitamin 

A)—vitamin A potency of dairy butter has been desirable, 
in order to make a more thorough study of the range of vita
min A potency in this food product. I t  is generally recog
nized tha t the biological method is of only limited accuracy, 
with rather wide variations in results to be expected (£).

L ite ra tu r e  R ev iew

A review of the literature bearing on the subject reveals 
th a t many methods involving various techniques and in
struments have been used by different investigators in an 
attem pt to determine the vitamin A potency of dairy butter 
by physical methods.

Fraps and K em m ercr (5) have estim ated  th e  v itam in  A  in 
butter b y  determ ining the  absorption at 328 m illim icrons (cor
rected for carotene absorption) o f a m ethanol solution  of the  un
saponifiable residue, after chilling ou t light-absorbing im purities, 
and estim ating the carotene content b y  colorim etric com parison  
against potassium  bichrom ate. T h e authors’ experience w ith  
th is m ethod has led them  to  believe th a t it g ives high results, 
probably because the chilling does n ot rem ove all the  nonvitam in  
m aterial w hich absorbs ligh t a t  328 m illim icrons. A nd, of 
course, i t  would be advantageous to  determ ine b oth  v itam in  A 
and carotene in one operation.

G illam, H eilbron, M orton, B ishop, and D rum m ond (7) at
tacked the  problem b y  separating the  carotene and xanthophyll, 
and determ ining these substances separately  b y  spcctrographic 
m eans, then determ ining v itam in  A  b y  its absorption at 328  
m illim icrons in th e  presence o f carotene in one fraction and of 
xanthophyll in  the  other fraction (correcting for carotenoid ab 
sorption). T his m ethod  is tim e-consum ing and does n ot take  
in to  consideration the natural unsaponifiable m aterials in  oils 
and fats which absorb som e ligh t in th e  region of 328 m illim icrons, 
but w hich possess no v itam in  A activ ity . A short tim e later, 
G illam  (6) im proved and shortened the  m ethod b y  show ing that 
about 94 per cent o f the  ligh t absorption at 455 to  460 m illim i
crons (in chloroform) is due to  carotene, and th a t the  absorption  
a t  328 m illim icrons, due to  carotene plus xanthophyll, can be 
corrected for b y  a  constant factor. H ow ever, there still remained  
the problem of accounting for other unsaponifiable m aterials of 
no vitam in  A  potency, w hich do have general absorption in the  
region of 328 m illim icrons, and hence g iv e  high results.

B aum ann and Steenbock (3) determ ined carotene and vitam in  
A separately. For carotene, th e  absorption values were m easured  
at 460 and 485 m illim icrons on m elted  w hole butterfat, and for 
calculation th ey  com pared these values w ith  th e  absorption of 
standard solutions of carotene in refined cottonseed  oil. T he  
authors’ experience over a num ber o f  years has ind icated  that 
th e  glyceride com position, free fa tty  acid content, color com 
ponents, and other factors such as unsaponifiable content both  
of refined cottonseed oil and of butterfat are very variable; 
hence, results which do n ot take these factors in to  account m ay  
be som ew hat variable. V itam in A  w as determ ined on the  butter
fa t unsaponifiable, in  m eth yl alcohol solution, by determ ining  
th e  absorption at 328 m illim icrons after first purifying b y  chilling  
a t —72° C. in a  solid carbon d ioxide-acetone m ixture. T hese  
workers recognized th a t a t tim es excess absorption w as found at 
328 m illim icrons; and attem pted  to  m inim ize errors tha t m ight 
otherw ise be thus introduced b y  discarding all results in  which  
th e y  found th a t the absorption at 280 m illim icrons exceeded that 
a t 328 m illim icrons. H ow ever, it  is  ev id en t from a stu d y  of 
their work tha t an  “actu al” control for the  spectrophotom etric  
determ ination of carotene and vitam in  A in  dairy butter should  
be very helpful.

E x p er im en ta l
Attempts were made to determine spectrophotometrically 

the vitamin A and carotene in whole butterfat, by first re
moving the vitamin materials by the use of adsorbents and 
using the devitaminized oil as a control for the untreated oil 
for direct spectral determination in a suitable solvent. Kray- 
bill and Shrewsbury (8, 9) have shown th a t charcoal and 
Lloyd’s reagent remove practically all the vitamin A and 
carotene material in butterfat. However, the authors found 
th a t these adsorbents remove other nonvitamin constituents 
from the control oil sample; hence, the method gave high re
sults and was discarded.

From all the above, it appeared th a t the most progress 
could be made by working on the unsaponifiable fraction of 
butterfat. The problem then resolved itself into three 
phases: (1) development of a satisfactory technique for the 
extraction of the unsaponifiable material containing all the 
vitamin A and carotene present in the original samples, (2) 
selection of a satisfactory solvent for the unsaponifiable frac
tion, and (3) obtaining an “actual” control, containing all of 
the constituents of the unsaponifiable material of the particu
lar sample under test except vitamin A and carotene; and 
using this control for spectrophotometric determination of 
the total vitamin A (plus carotene) content of the sample.

In  their work, the authors used cyclohexane specified as “puri
fied for spectrophotom etric use. free o f  extraneous u ltraviolet 
absorption” . T h is so lvent has been show n by the  above tech
nique to  be satisfactory in  every  instance except one. In  this 
instance, the  authors were able satisfactorily  to  purify a  ship
m ent of cyclohexane which show ed extraneous u ltraviolet ab
sorption, by the follow ing treatm ent, carried ou t in all-glass equip
m ent: L et the cyclohexane stand, w ith  in term ittent shaking, 
in  contact w ith  10 per cent b y  w eight o f concentrated sulfuric 
acid, for a period of one w eek, and a t a  tem perature o f about 
21° to  27° C. (70° to  80 ° F .);  decant the greater part of the so lvent 
from the acid, and distill through a  fractionation colum n.

The most difficult problem encountered in connection with 
the extraction of unsaponifiable material was th a t of obtain
ing solvents in sufficiently pure form. I t  has been the 
authors’ experience th a t the ether and alcohol solvents used 
for this purpose must be carefully purified immediately be
fore use, in order to  avoid oxidation of the unsaponifiable 
material. Details of the purification processes used for 
these solvents are given under “M ethod” .

Of the optically satisfactory solvents, cyclohexane was 
found to be the most satisfactory because it is a good solvent 
for fa t and unsaponifiable m atter under the conditions em
ployed, it is satisfactory from the standpoint of volatility, 
and vitamin A and carotene have been demonstrated, in 
this laboratory, to be stable in a cyclohexane solution for 
several days, provided th a t the solutions are stored in the 
dark and th a t the cyclohexane is exceedingly pure. I t  has 
been the authors’ practice to purchase cyclohexane which 
has been specially purified for spectrophotometric purposes; 
before using, they compare this solvent spectrophotometri
cally with a  sample known to be satisfactory. Cyclohexane 
which shows no extraneous absorption in the region between
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5000 and 2200 A. is considered to be sufficiently pure for use; 
while any sample which shows extraneous absorption within 
this region is rejected as being impure.

I t  is well known tha t vitamin A and carotene, are destroyed 
by ultraviolet light. Demarest (4) published the results of 
his studies on vitamin A determination by destructive irradia
tion while this present work was in progress.

Preliminary work showed tha t the vitamin A content of 
whole butterfat could not successfully be destroyed by ultra
violet light irradiation (from any source of ultraviolet a t the 
authors’ command), probably because of the protection 
afforded to the vitamin compounds by the glycerides of the 
whole oil. However, it was found tha t the vitamin A and 
carotene could be successfully destroyed by ultraviolet ir
radiation of a cyclohexane solution of the unsaponifiable ex
tract from butterfat. This irradiated solution, containing 
all of the unsaponifiable fractions of the sample under test 
(except the vitamin A, carotene, and xanthophyll which have 
been destroyed by the irradiation), serves as a  satisfactory 
control for the spectrophotometric measurements of the 
vitamin A and carotene in another portion of the same origi
nal cyclohexane solution of the unsaponifiable m atter which 
has not been subjected to the action of ultraviolet light.

The following method, then, is based on the destruction of 
vitamin A and carotene in a portion of a cyclohexane solu
tion of the unsaponifiable fraction of butterfat, and the use 
of this “devitaminized” solution as a control for the simul
taneous spectrophotometric determination of both vitamin 
A and carotene in a second portion of the original unsaponi
fiable solution not exposed to the action of ultraviolet light.

E q u ip m e n t  U sed
Spectrophotom eter. Adam  H ilger, L td ., interm ediate quartz 

spectrograph w ith  Spekker photom eter, equipped w ith  tungsten  
stee l electrodes as a  source of light.

Quartz absorption cells, H ilger T yp e C, 1-cm. Quartz Kjeldahl- 
shaped flasks, 25-cc.

U ltraviolet lam p. M ercury lam p, rectifier-type quartz arc 
operated to  be equivalent to  a 250-w att d irect current Uviarc: 
U viarc poultry treater, T y p e  R T , Spec. 100, Cooper H ew itt 
E lectric Co., H oboken, N . J. O perated through an alternating  
current auxiliary, Code N o. 260, 7A 4 X  4, 186 to  254 volts, 
60 cycles, 2.4 am peres, 450 w atts, m ade by Cooper H ew itt  
Electric C o., H oboken, N . J. (The spectral radiation for 
th is lam p can be obtained b y  taking three fourths o f the values 
g iven  in  colum n 1— i. e., for the  120-volt d irect current U viarc—  
of d ata  sheet S-201 com piled b y  the Com m ercial Engineering  
D epartm ent, General E lectric Vapor Lam p C o., H oboken, N . J.)

M e th o d
E x t r a c t i o n  o f  U n s a p o n i f i a b l e  M a t e r i a l .  M elt the butter  

in  a  w ater bath  a t  about 60° C., and separate th e  fat by filtration  
through a W hatm an N o . 12 folded filter paper.

Saponify 25 gram s of the fa t w ith 30 cc. o f a 20 per cent solu
tion  of potassium  hydroxide in  alcohol (specially denatured N o. 
30) b y  boiling, w ith  a su itab le reflux arrangem ent, for 5 m inutes  
only.

D ilu te  the  alcoholic solution  w ith  w ater to  approxim ately four 
volum es and cool in an ice-w ater bath. T hen  extract the  un
saponifiable m atter w ith  cold eth y l ether (usually  four extrac
tions w ith  the follow ing successive am ounts o f ether are sufficient: 
180, 150,, 100, 50 cc.). Vigorous shaking is required for com plete  
extraction of the unsaponifiable m aterial.

C om posite the ether extracts and w ash w ith  150-cc. portions 
of d istilled  w ater until substantia lly  free o f alkali, taking due  
care to  avoid  troublesom e em ulsions. U sually  six  w ashings are 
sufficient. T he first tw o w ashings should be m ade by m erely  
pouring the w ater through the ether w ithou t shaking.

F ilter the  ether solution  through filter paper and concentrate  
to 25 to  50 cc. b y  d istillation  on  a steam  bath. R em ove th e  re
m ainder of the ether by evaporating, on a  steam  bath, under a  
stream  of carbon dioxide to prevent oxidation. W hen sub
stan tia lly  all the ether has been evaporated, cool im m ediately  
to  about 21° C. (70° F .), and dissolve th e  unsaponifiable residue 
in cyclohexane. M ake the cyclohexane solution  up to 50 cc. 
(50 per cent solution, w eight to  volum e, on original oil basis). 
Filter and store in the  dark at about 4° to  10° C. (40° to 50° F .)
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until the sam ple is exam ined spectrophotom etrically . (The  
sam ple should n ot be stored m ore than  2 d ays before its  vitam in  
content is determ ined.)

Note. B oth  the ether and alcohol m ust be carefully purified 
im m ediately before using. T his is satisfactorily  accom plished  
in  the case o f eth y l ether (anhydrous c. p .)  b y  lettin g  the ether  
stand w ith in term ittent shaking, for 3 hours, over a 5 per cent 
aqueous potassium  hydroxide solution, then  slow ly  distilling. 
T he alcohol (specially denatured N o . 30) is  sa tisfactorily  puri
fied by treating w ith  potassium  hydroxide and alum inum  grains 
followed b y  d istillation  ( / ) .

S p e c t r o p h o t o m e t r i c  D e t e r m i n a t i o n  o p  C a r o t e n e  a n d  
V i t a m i n  A. D iv id e  the  cyclohexane solution  of unsaponifiable 
m aterial in tw o parts, and irradiate one portion, contained in  a 
25-cc. K jeldahl-shape quartz flask, under th e  U viarc as follow s 
(allow ing at least 10 m inutes for th e  lam p to com e to full operat
ing tem perature before starting irradiations): Stopper the  flask 
w ith a  cork wrapped in  alum inum  foil, and support the flask in 
such a position th a t the  cork rests against the rim of th e  lam p  
and the bulb of the flask is held about 10 cm . (4 inches) aw ay from  
the m ercury tube of the lam p. P lace a  sh eet o f alum inum  foil 
about 7.5 cm. (3 inches) below the flask being irradiated (to  reflect 
the light back tow ard the  sam ple). A gita te th e  sam ple every  15 
m inutes by gen tly  tapping the  flask (for exam ple, w ith  a pencil). 
Allow the sam ple to heat up as m uch as the lam p w ill heat it, 
provided th a t th e  tem perature of th e  sam ple does n ot reach the  
boiling point of cyclohexane. m

Irradiate until the v itam in  A  and carotene have been de
stroyed. Under the authors’ conditions, 1 to  1.5 hours has proved  
sufficient tim e for irradiation. D estruction  of carotene and v ita 
m in A can be estim ated  b y  the  disappearance of the carotene  
yellow  color, and b y  th e  Carr-Price test.

A fter cooling to  about 2 1 °  C. (70° F .), filter th e  irradiated  
solution, which m ust be clear and colorless, and determ ine caro
tene and vitam in  A in  th e  nonirradiated solution  by m eans o f  the  
spectrophotom eter (1-cm. cells) using as a control the  ultraviolet 
irradiated solution. E xpose th e  p lates at d en sity  se ttin gs rang
ing from 0 to 1.50 in  increm ents o f 0.05, w ith  the exposure tim e  

raduated up to  about tw o seconds on E astm an 33 p lates (D  72, 
iluted 1 to 2, is a satisfactory developer for these p lates).

R ead the carotene and vitam in  A  m atch  points from th e sam e 
plate. T he v itam in  A  is read a t  328 m illim icrons (3280 A.) 
and the  carotene at 460 m illim icrons (4600 A .). (T hese w ave  
lengths as points o f m axim um  absorption are in agreem ent w ith  
published works, 6, and have been verified in th is laboratory  
for solutions o f v itam in  A  concentrates and carotene in  cyclo
hexane.) Of course, the  difference in absorption betw een the  
nonirradiated and th e  irradiated sam ple, a t the  w ave lengths in
dicated above, is a m easure o f the v itam in  A and carotene con
ten t of the sam ple.

C a l c u l a t i o n s .  I . Carotene in  Term s of V itam in  A .
M atch point a t 4600 A. X  0.94 =  corrected m atch  point a t J 

4600 A.
Corrected m atch  point a t 4600 A. X  4 .54  X  1000 „  0

0 .50  X  2.1 X  0 .6 "
vitam in  A units per pound o f butterfat, due to  carotene

Based on:

1. 94 per cent o f the ligh t absorption a t 4600 A. is due to 
carotene (6).

2. ¿’I cm. at 4600 A. for carotene in  cyclohexane =  2100. 
E stablished for the authors’ instrum ent b y  the use o f a sam ple of 
/3-carotene containing about 10 per cent o f a-carotene, obtained  
from the S. M . A. Corp., C lgveland, Ohio.

3. B y  definition, 0 .6  microgram  of /3-carotene equals one 
International unit of vitam in A (10).

I I . V itam in  A .
,  ,  , , . . . ooon t m atch point a t  4600 A. , ,
M atch point at 3280 A .------------------- „ . ------------------=  corrected

6.5
m atch poin t a t 3280 A.

Corrected m atch  point a t 3280 A. x  ^  x  ^  _  u . a p .

X I vitam in A units per pound of butterfat, due to  v itam in  A

B ased on:

1. T he absorption at 328 m illim icrons due to carotene plus 
xanthophyll is given  b y  d ivid ing the  observed value o f E \% m 
for these substances a t 455 to  460 m illim icrons (<?) by the  factor 
6.5.
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P e r  C en t
S o lu tion

D a te  of (O riginal
D e te rm in a tio n O il liasis)

2 -2 0 -3 9 0 .7 0 0 0
2 -2 4 -3 9 0 .7 0 0 0
2 -2 7 -3 9 0 .7 0 0 0
3 -  4 -39 O.SOOO
3 -  6-39 0 .9000
3 -1 3 -3 9 0 .7 0 0 0

1 cm . In s tru m e n t
V alue F ac to r
1 .400 2143
1 .400 2143
1.414 2122
1.400 2143
1.389 2159
1.400 2143

A v. 2142

T a r l e  I. E s t a b l i s h m e n t  o p  I n s t r u m e n t  F a c t o r  

(U sed a t  2140)

M a tc h  P o in t 
a t  3280 A.

0 .9 8  
0 .9 8  
0 .9 9  
1.12 
1,25  
0 .9 8

2. 2140 as the instrum ent factor for vitam in  A.
Total. I  +  II =  to ta l U . S . P . units of vitam in A  per pound  

of butterfat due to both carotene and vitam in  A.

Notes. The above correction factors have been accepted 
from the literature (6) without verification in the laboratory 
because they are considered as average figures, and any prob
able individual variation from these average figures would 
result in only minor differences in the final results.

As a check on the above irradiation procedure, the authors 
have adopted the following practice:

A  second spectrophotom etric determ ination is m ade on each  
(nonirradiated) unsaponifiable solution; how ever, pure cyclo
hexane is used instead of the above irradiated solution of the un
saponifiable as a  control for th is (second) determ ination. T he  
m atch point a t  3280 A. is compared w ith  th a t obtained in the  
original determ ination. Of course, the m atch  point obtained b y  
the use o f  the  pure cyclohexane control is num erically greater 
than th a t obtained by the use o f th e  irradiated unsaponifiable 
solution  as a  control. T he results of approxim ately 100 deter
m inations have indicated tha t th is difference is in  th e  range of 
10 to 25 per cent. A ny difference greater than  25 per cent 
betw een the m atch points (at 3280 A.) obtained from the cyclo
hexane and from  th e irradiated control would indicate the pos
sib ility  o f incom plete destruction of v itam in  m aterials in the ir
radiated sam ple, oxidation, or evaporation of so lvent, and would  
necessitate repetition o f th e  determ ination.

D e r i v a t i o n  o f  I n s t r u m e n t  F a c t o r  o f  2140. The in
strument factor for converting from the E{ " nu value for 
vitam in A, read a t 3280 A .  units, to U. S. P . units of vitamin 
A per gram, was determined for the authors’ instrument from 
the U, S. P. standard of reference cod liver oil.

Results of several instrument factor determinations are 
listed in Table I. In these determinations the authors used 
U. S. P. reference cod liver oil containing 3000 U. S. P. X I 
vitamin A units in 1 gram of the oil. Distribution date was 
11-29-38, control 2-38-A, not to be used after 5-29-39.

Note. The method used for the determination of the in
strum ent factor is as follows (the saponification and extrac
tion procedure is a modification of the procedure published 
by Wilkie, 11):

Saponify 0 .7  to  1.0 gram of U . S. P . standard of reference cod 
liver oil in a  250-cc. Erlenm eyer flask w ith  3 cc. of a 50 per cent 
aqueous solution of potassium  hydroxide, after the addition of 
30 cc. o f purified (see m ethod above) specially  denatured alcohol 
N o. 30, b y  heating on a  h ot p late for exactly  3 m inutes. Suit
able reflux arrangem ents m ust be provided to prevent loss of 
so lvent during saponification.

A dd 20 cc. of d istilled  water and cool by placing th e  flask in 
ice w ater for 10 m inutes.

Transfer the  so lu tion  to  a 250-cc. pear-shaped separatory  
funnel; extract th e  unsaponifiable m aterial by shaking vigorously  
for 1 m inute each tim e, w ith  three 50-cc. portions o f freshly puri
fied eth y l ether. (It  is good practice to  leave th e  first extraction  
in  the original funnel, and carry out th e  tw o subsequent extrac
tions in another funnel.)

W ash the com bined ether extracts as follow s: W ash tw ice by 
pouring 100-cc. portions of distilled water through th e  ether ex
tract; w ash once b y  pouring 25 cc. of 0.25 N  potassium  hydroxide  
through th e  ether extract; w ash tw ice by gen tly  shaking w ith  
30-cc. portions o f distilled  water.

F ilter the washed ether extract into a 250-cc. Erlenm eyer flask. 
E vaporate the  ether on a steam  bath , under an  atm osphere of 
carbon dioxide. As soon as the ether has evaporated, cool the 
flask quickly and d issolve the unsaponifiable residue in cyclo
hexane.

M ake the  solution up to  100 cc., shake thoroughly, and filter. 
Store the sam ple in  the dark, a t  about 4 °  to  10° C. (40 to 50° F .), 
until ready to  com plete th e  determ ination spectrophotom etri- 
cally. T he determ ination should be com pleted on  the sam e day  
th a t the extraction  is m ade.

D eterm ine the v itam in  A  content o f the unsaponifiable solu
tion  by m eans of th e  spectrophotom eter, using pure cyclohexane  
as a control and 1-cm. absorption cells.

Calculation of Instrum ent Factor.

____________m atch point a t  3280 A.______
E\V°m. valuo % concentration (on basis o f original reference oil)

^n5trfnctort — U- S- P- X I  v itam in  A units per gram of reference oil
value

D i s c u s s i o n .  In  order to establish the fact that the ultra
violet irradiation in the above method actually destroys the 
biological activity of the vitamin A and carotene in the un
saponifiable extract, the following test was made:

T he so lvent w as vacuum -distilled  from a solution of butter- 
fa t unsaponifiable w hich had been irradiated according to  the  
above procedure; th e  irradiated unsaponifiable m aterial thus  
recovered w as then  dissolved in  hydrogenated cottonseed oil in 
an am ount equivalent to  th e  unsaponifiable content o f the origi
nal butterfat. T h is sam ple o f hydrogenated cottonseed oil, 
containing th e  irradiated butterfat unsaponifiable, w as sub
m itted  to  a  biological laboratory for determ ination of its b iological 
a ctiv ity  b y  the U . S. P . X I  m ethod.

The result of this assay, given in Table II, shows tha t the 
ultraviolet irradiation of the unsaponifiable material from 
butterfat actually destroys its biological vitamin A activity. 
Hence, the use of the irradiated control in the above method 
may be considered to be justified.

Stability of Extracted Carotene and Vitamin A . In  order 
further to justify the conclusion drawn from Table II, it was 
necessary to demonstrate tha t (nonirradiated) carotene and 
vitamin A, extracted from butterfat by the above method and 
dissolved in hydrogenated cottonseed oil, would be stable in 
hydrogenated cottonseed oil for several weeks. At the same 
time, it was convenient to obtain a confirmation of the method 
by a biological assay.

A sam ple of butterfat w as analyzed spectrophotom etrically  by  
the  above m ethod . T he so lvent w as then  vacuum -distilled  from  
the  nonirradiated sam ple, and the unsaponifiable m aterial thus  
recovered w as d issolved  in hydrogenated cottonseed  oil in  an 
am ount equivalent to  the  unsaponifiable content o f the original 
butterfat. T h is hydrogenated cottonseed oil, containing the  
above butterfat unsaponifiable, w as then periodically analyzed  
spectrophotom etrically over a period of 11 weeks. D uring th is
11-week interval, a portion of the  sam e sam ple (of hydrogenated  
cottonseed oil containing the nonirradiated b u tterfat unsaponifi
able) w as sen t to  a  biological laboratory for determ ination of its  
vitam in A content b y  the  u . S. P. X I  m ethod.

T a b l e  II . B i o l o g i c a l  A s s a y  o f  I r r a d i a t e d  B u t t e r f a t  U n 
s a p o n i f i a b l e  D i s s o l v e d  i n  H y d r o g e n a t e d  C o t t o n s e e d  O i l
(Sam ple: hyd ro g en a ted  co ttonseed  oil con ta in in g  ir ra d ia te d  unsapon ifiab le  
from  b u tte r fa t .  in  am o u n t equa l to  unsapon ifiab le  c o n te n t of o rig inal b u t te r 

fa t .  B iological (U . S. P . X I)  m ethod ]
Level A ssayed, D a ily  D ose A verage G ain  in  W eigh t 
U. S. P . U nits  U. S . P . O n U. S. P . U n its

V itam in  A  reference reference O n V itam in  A
per P o u n d  oil S am ple  o il sam ple  per P o u n d

M g. M g. Grams
D ete rm in e  if 0 ,5  500 2 7 .8  A nim als d ied  P rac tica lly

sam p le  h as  a f te r  1 1 -  n il
a n y  v itam in  20 days
A  a c tiv ity
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T a b l e  III . S t a b i l i t y  o f  V i t a m i n  C o n t e n t  o f  B u t t e r  F a t  U n s a p o n i f i a b l e  
D is s o l v e d  i n  H y d r o g e n a t e d  C o t t o n s e e d  O i l

S am ple

B u tte r f a t ,  un sapon i- 
fiable in  cyclohex- 
ane  so lu tion

S p ec tro p h o to - 
m ctric  

D e te rm in a 
tio n  No.

1 (1 2 - 1-39)
2 (12 -12 -39 )

M atc h  P o in t 
A t , A t . 

4600 A. 3280 A. C aro tene«  V itam in  A°

0 .8 5
0 .8 5

0 .9 5
0 .9 5

H y d ro g en a te d  co t
tonseed  oil con
ta in in g  n o n irra d i
a te d  unsaponifi- 
ab le  from  abo v e  
b u tte r f a t  in  an 
a m o u n t equa l to  
th e  unsapon ifiab le  
in  orig inal b u t te r 
fa t

1 (1 2 -12 -39 )
2 (1 2 -26 -39 )
3 (2 -1 -4 0 )

40 P er C e n t S o lu tion  
0 .6 5  0 .8 0
0 .6 3
0 .6 5

0 .7 5
0 .8 0

5700
5700

5500
5300
5500

15.900
15.900

A v.

16,600
15,800
16.600

A v.

Total**

21,600
21,600
21,600

22,100
21,100
22,100
21,800

Biological (U . S. P. X I)  M ethod
A verage G ain  in

L evel A ssayed , D aily  D ose W eight U. S. P .
U . S. P . U nits U. S. P . On U nits

V itam in  A reference reference On V itam in  A
per P ound oil S am ple oil sam ple per P ound

M g. M g. Grams Grams

19,000 0 .5 3 5 .8 2 7 .8  27 .1 19,000
24,000 0 .5 2 8 .3 2 7 .8  19 .4

T a b l e  IV.

H y d ro g en a te d  co t
tonseed  oil con 
ta in in g  n o n irra d i
a te d  unsapon ifi
ab le  from  above 
b u tte r fa t  in  an 
am o u n t eq u a l to  
th e  unsapon ifiab le  
in o rig inal b u t te r 
fa t

<* As U. S. I*. u n its  of v ita m in  A per pound  of b u tte r fa t ,  ro u n d ed  off to  nea re s t 100 un its.

The results presented in Table I I I  show tha t carotene and 
vitamin A, extracted from butterfat and dissolved in hydro
genated cottonseed oil, are stable in the hydrogenated cotton
seed oil for a t least the 11 weeks during which the sample was 
under test (hence the conclusion drawn from Table I I  is still 
further justified). These results also show th a t the method 
gives results which are in reasonable agreement 'with the 
TJ. S. P. X I method (on this one sample).

Duplication of Results. The above method has been 
used for the determination of the total vitamin A content of 
m any samples of dairy butter, produced over a period of 
more than a year, and has been found to give duplicate re
sults within very good agreement. Typical results are tabu
lated in Table IV for the purpose of showing the limits of 
variability which may be expected from this method. From 
these results it may be concluded th a t duplicate results 
obtained by the above method, applied to butters of widely 
varying vitamin content, agree to within less than ± 6  per 
cent.

Further Confirmation of Results by Biological Assays. In 
order to determine the agreement between the above spectro- 
photometric method and the biological method for the de
termination of vitamin A in dairy 
butters of widely varying vitamin 
content, samples 1, 2, 4, and 5 listed 
in Table IV were sent to a  biological 
laboratory for assay by the U. S. P.
X I method. These samples were 
biologically assayed on the separated 
butterfat. The results of this com
parison (by the two methods) are 
listed in Table V. Bearing in mind 
the known variation in results ob
tainable by biological methods, the 
data given in Table V may be con
sidered to indicate tha t results ob
tained by the spectrophotometric 
m ethod are in reasonable agreement

with those obtained by the U. S. P. XI 
method.

Effect of Added Coloring Agents. The 
method is entirely satisfactory for butter 
colored with annatto, since the caustic treat
ment and subsequent washings adequately 
remove the annatto coloring materials. How
ever, azo dyes seriously interfere, and the 
method is not satisfactory for butter colored 
with F. D. & C. yellows 3 and 4, formerly 
known as AB and OB, respectively. These 
dyes are not removed by the saponification 
process, and are affected by the ultraviolet 
light irradiation. Hence samples which show, 
by chemical test, the presence of these dyes 
have necessarily been discarded without a t
tempting to determine their vitamin A con
tent by the above method.

S u m m a r y

A spectrophotometric method for the de
termination of the total vitamin A content, 
including carotene, in dairy butter has been 
developed. This method is based on the 
destruction of both the carotene and vita
min A in a portion of the unsaponifiable 
extract by ultraviolet light irradiation, and 
the use of this irradiated portion as a control 
for the simultaneous determination of both 
carotene and vitamin A by means of the 

spectrophotometer. The method has been shown to yield 
results that are in satisfactory agreement within them
selves and in reasonable agreement with the U. S. P. XI 
method.

L i m it s  o f  V a r i a b i l i t y  o n  R e s u l t  
S a m p l e

f o r  a  G iv e n

S pectro 
pho to 
m etric  

D ete r m i-
M a tc h  P o in t

Sam ple
No.

na tio n
No.

A t . 
4600 A.

A t ,
3280 A. Carotene«» V itam in  A® T otal«

1 1 0 .8 7 0 .9 6 5800 16,100 21,900
2 0 .8 8 0 .8 8 5900 14,400 20,300
3 0 .9 5 1 .0 6300 16,500 22,800

2 1 1 .20 1 .1 0 8000 17,900 25,900
2 1 .25 1 .05 8400 16,700 25,100
3 1 .25 1 .10 8400 17,700 26,100

3 1 0 .1 8 0 .3 0 1200 5,200 6,400
2 0 .1 8 0 .2 8 1200 4,800 6,000
3 0 .1 8 0 .2 8 1200 4,800 6,000

4 1 0 .2 2 0 .6 0 1500 11,100 12,600
2 0 .2 2 0 .5 5 1500 10,100 11,600
3 0 .2 0 0 .5 5 1300 10,100 11,400

5 1 0 .1 2 0 .2 5 800 4,500 5,300
2 0 .1 2 0 .2 5 800 4,500 5,300

« As U. S. P . un its  of v itam in  A per pound  of b u t te r fa t ,  ro u n d ed  off to
nea re st 100 units.

T a b l e  V . C o m p a r is o n  b e t w e e n  S p e c t r o p h o t o m e t r i c  a n d  B i o l o g i c a l  M e t h o d s

U. S. P . U nits 
V itam in  A ner B iological (U . S. P . X I)  M eth o d
P o u n d  of B u t-  Level assayed, A verage G ain  in

te rfa t, U. S. P . un its D aily  D ose W eigh t U . S. P . u n its
R ange by v itam in  A per U. S. P . On v ita m in  A

S am ple S p ec tro p h o to  pound  of b u t te r  reference reference O n p er po u n d  of
N o. m etric  M ethod fa t oil S am ple oil sam ple b u tte r fa t

M g. M g. Grams G ra ms

1 20,300-22,800 21,000 0 .5 3 2 .4 3 2 4 .9 2 0 .2 A li t t le  less
th a n  21,000

2 25.100-26,100 25,000 0 .5 2 7 .2 4 2 4 .9 2 8 -0 A li t t le  m ore
th a n  25,000

4 11,400-12,600 10,000 0 .6 7 9 0 .9 4 2 .0 37 .1 A li t t le  Jess
12,000 0 .6 7 7 5 .5 4 3 .6 3 0 .3 th a n  10,000

5 5,300 4.000 0 .6 6 2 2 7 .0 3 2 .4 4 1 .4 A li t t le  m ore
6,000 0 .6 6 151 .3 3 2 .4 34 4 th a n  6000
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Test Formulas for Reclaimed Rubber
H E N R Y  F .  P A L M E R  A ND R O B E R T  I I . C R O S S L E Y , X y lo s  R u b b e r  C o m p a n y , A k r o n , O h io

C o m p o u n d ed  t e s t  fo r m u la s  are m o re  d e 
sira b le  for te s t in g  re c la im e d  ru b b er th a n  
th e  r e c la im -su lfu r  m ix , b ec a u se  th e  t e s t  
re su lts  arc m o re  c o n s is te n t  an d  m o re  in 
d ica tiv e  o f  th e  q u a lity  o f  th e  r e c la im e d  r u b 
b er.

Six ty p e s  o f  a c c e le r a tio n  w h ic h  m ig h t  b e  
u sed  in  le s t  fo r m u la s  w ere in v e s t ig a te d ,  
an d  t h e  c o m b in a t io n  o f  d ib e n z o th ia z y l-  
d im e th y lth io lu r e a  a n d  d ip h e n y lg u a n id in e  
w as fo u n d  to  b e sa t is fa c to r y  for  m o s t  ty p e s  
o f  re c la im e d  ru b b er.

Several sp ec ific  r e c o m m e n d a  t io n s  o f  c o m 
p o u n d e d  te s t  fo r m u la s  for  re c la im e d  r u b 
b er are m a d e . I f  th e  ru b b er a n d  fillers are  
m a ste r -b a tc h e d , th e  t e s t  req u ires n o  m o re  
t im e  an d  la b o r  th a n  th e  r e c la im -su lfu r  t e s t .

reclaim-sulfur mix contains 100 parts of reclaimed rubber and 
5 parts of sulfur, and is generally cured from 15 to 35 minutes 
a t 141.7° C. (287° F.). Winkelmann (7), Stafford ((?), H ur- 
leston (2), and Palmer (3, 4) have either mentioned or pro
tested the lack of correlation of the reclaim-sulfur test with 
the compounding value of the reclaim and have pointed out 
the shortcomings of this test. I t  has been shown (3) th a t the 
reclaim-sulfur test is accurate a t best to only 10 per cent and 
tha t even the best results are not a criterion of the properties 
of the reclaim in the recipe in which it is to be used. Maxi
mum variations of from 12 to 19.5 per cent of the mean in the 
tensile strength and from 10 to 11 per cent in elongation in the 
reclaim-sulfur mix were reported in 1940 by Palmer and 
Crossley (5).

In contrast to the above inconsistencies, the variation in
volved in the use of a compounded test recipe is definitely less, 
as shown in Table I. These tests were run in test formulas 
IV and V (Table V II). Equal parts cut from three slabs of 
whole tire reclaim A were thoroughly blended on the mill and 
from this blend six mixes of each formula were made, two

IN 1934, Palmer (8) presented a definite program for the 
testing of reclaimed rubber in which it was stated that 

physical tests in a test recipe containing reclaimed rubber were 
of definite value if they were known to have a direct and ac
curate interpretation in reference to the tests on the finished 
product. This procedure was made secondary to an actual 
factor}’ run with the reclaim mixed in typical compounds. In 
the latter case, of course, the tests may be run by the con
sumer of the reclaimed rubber, whereas in the former case 
they may be run by the consumer or the manufacturer. I t  is 
the desire of the manufacturer to test his product in a manner 
which properly interprets it for the consumer. For this 
purpose, test formulas have been coming into fairly general 
use, and inasmuch as there are innumerable formulas which 
may be used, it is most desirable and essential to  have some 
uniformity for the sake of universal comparison and sim
plicity of operation. I t  is the purpose of this paper to point 
out the greater uniformity of results obtained with com
pounded test formulas and to make definite recommenda
tions of several such formulas.

The ideal test formula should not only measure the uni
formity of reclaimed rubber from lot to lot, but should also 
predict to some extent its performance when used in the con
sumers’ products. Although the reclaim-sulfur mix is still 
used by many for this purpose, it is recognized by most of the 
reclaim manufacturers and many of the larger consumers that 
this formula gives erratic and undependable results. The

T a b l e  I. V a r i a t i o n  i n  P h y s i c a l  T e s t s  o f  T e s t  F o r m u l a s
F o rm u la  IV , C u re  6 

M in u te s  a t  158° C.
T ensile

F o rm u la  V, C u re  12 
M in u te s  a t  148° C .

T ensile
M ix N o. S lab  N o. E longa tion s tre n g th E longa tion s tren g th

% K g ./sq . cm. % K g ./sq . cm.

1 1 415 9 0 .7 585 170 .8
2 410 8 8 .6 600 172 .2

2 1 410 9 1 .7 590 171 .5
2 390 8 7 .2 605 172 .9

3 1 380 8 8 .2 605 181 .7
2 375 8 7 .9 600 175.1

4 1 395 9 1 .0 585 175 .8
2 380 8 7 .5 580 175 .8

5 1 380 8 7 .5 585 177 .9
2 395 9 2 .4 575 176.1

6 1 410 9 1 .0 585 175 .4
2 390 8 8 .6 585 178 .9

A verage 394 89 .4 590 175 .3
M axim um  v a ria tio n 40 5 .2 30 10 .9
P er ce n t of average 10.1 5 .9 5 .1 6 .2

T a b l e  II. A n a l y s e s  o f  R e c l a i m s

A B C
T y p e W hole tire W hole tire T u b e
Color B lack B lack N eu tra l

M an u fac tu rin g  process All b y  a lk a li d igestion

Specific g rav ity , g ram s p e r  cc. 1 .15 1 .1 5 1 .25

C hem ical te s ts
A cetone ex trac t 8 .8 0 10 .8 0 7 .5 0
Ash 16.50 15 .70 3 2 .0 0
T o ta l su lfu r 2 .1 0 1 .9 0 2 .1 0
C arb o n  b lack 12 .70 14 .50 0 .7 0
A lkalin ity  (as N aO H ) 0 .2 0 0 .5 0 0 .2 0
R u b b e r  c o n te n t (by  difference) 5 9 .9 0 57 .1 0 57 .7 0
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T a b l e  I I I .  F o r m u l a s  a n d  P h y s ic a l  P r o p e r t i e s

I I I I I I
M echan ical T ire T ire

T y p e m olded goods carcass carcass
T e s t F o rm u las

8m oked  sheets 10 .00 31 .62
B row n crepe 17 ’.00
R ec la im ed  ru b b e r 50.’ 00 65 .0 0 50 .0 0
Zinc oxide 2 .0 0 1 .50 1 .25
N a tu ra l w hiting 15.40 9 .6 2 , 12 .00
C lay 2 0 .0 0 2 .0 0
S tea rio  acid 0 .6 0 0 .5 0 0 .7 5
P in e  ta r 1 .50 2 .0 0
Sulfur i  .40 2 .5 0 2 .0 0
D iphcny lguan id ine
M ercap tooenzo th iazo le

0 .6 0
6 .3 8 0 !3 8

100.00 100.00 100.00

R ange of P h y sica l P ro p erties
T im e  of cure, m in u tes 6 25 25
T e m p e ra tu re  of cu re , ° C . 158 141 .7 141.7
E lo n g a tio n , pe r cen t 385-435 485-535 600-650
T ensile  s tre n g th , kg. pe r sq . cm 
Shore T y p e  A h ardness

70-100 105-135 140-170
67-72 52-57 45 -50

T a b l e  I V . R e c l a i m - S u l f u r  M i x  v s . T e s t  F o r m u l a s

N o. of 
T ests

~ .. « . *
Reclaim F orm u la C ure M ax. M in . Av. V ariation M ax. M in. Av. V aria tion

M in .  ° C. K g ./aq . cm.
%  o f  

average % % %
%  o f  

average

A R eclaim -
su lfu r

25 141 .7 36 5 6 .2 3 9 .7 4 5 .7 29 405 300 355 30

B R eclaim -
su lfu r

25 141 .7 57 9 1 .4 5 6 .2 6 9 .6 51 470 360 405 27

C R eclaim -
su lfu r

25 141 .7 30 9 0 .3 5 3 .8 6 6 .8 55 595 460 520 26

A I 6 158 28 9 8 .1 8 2 .3 8 6 .8 18 480 380 425 24
B I I 25 141 .7 54 13 1 .8 107 .2 114.9 21 530 435 495 19
C I 6 158 34 103 .0 8 5 .4 9 0 .7 19 510 430 460 17

slabs from each mix were cured, and three strips from each 
slab were tested. All tests were made in accordance with the 
standard practice as recommended by the A. S. T . M. (1) ex
cept th a t the compounds were aged only 4 hours between 
mixing and curing. The maximum variations in tensile 
strength from test to test for test formulas IV and V are 5.9 
and 6.2 per cent of the mean, respectively, as compared to 
the figures of 10, 12, and 19.5 per cent previously referred to 
for the reclaim-sulfur test. The maximum variations in 
elongation from test to  test for formulas IV and V are 10.1 and 
5.1 per cent of the mean, respectively, as compared to 10 and 
11 per cent previously reported for the reclaim-sulfur test.

Throughout this paper the term “maximum variation from 
test to test” is used to describe the variation in physical 
properties of reclaimed rubber, rather than the more mathe
matically precise “root mean square error” or “standard de
viation” , because it is believed th a t the actual extent to which 
any one test might differ from any other is of more interest 
than a mathematical expression of the
probable error of any one test. From .........  -
the point of view of control testing, it 
is the extreme variations from test to 
test in the reclaim-sulfur mix which 
have been most confusing, and these 
extremes are not emphasized if the Reclaim
variations are expressed as “standard 
deviations” . a

As further evidence of the unreli
ability of the reclaim-sulfur test, a B
comparison was made of three typical 
reclaims in the reclaim-sulfur mix and 
in test formulas I, II, and III (Table 
III). The characteristic analyses of 
the reclaims used are given in Table c
II. A and B are whole-tire reclaims, 
while C is a tube reclaim of neutral _ _ _ _ _

color, all of which are manufactured by the alkali digestion 
process.

Over a period of 9 months, a considerable number of lots of 
each reclaim were tested, using a blend of five random samples 
from each lot for each test. Each blend was simultaneously 
tested in the reclaim-sulfur mix and in test formulas I  or II, 
as indicated in Table IV. There is up to three times as much 
variation in tensile strength and up to one and one-half times 
as much variation in elongation from test to test in the re
claim-sulfur mixes as in the corresponding test formula mixes.

In  Table V a comparison has been made of the elongations 
and tensile strengths of the reclaim samples displaying the 
greatest variation in reclaim-sulfur tensile strength, with the 
corresponding tests obtained when the same sample of re
claim is tested in test formulas I, II, and I II . The variations 
in reclaim-sulfur tensile strengths and elongations are large 
and are not reflected in the results obtained from the test

formulas. Consequently, the 
reclaim-sulfur test cannot be 
used as an indication of re
claim quality.

These are only a few of 
the many instances of the 
unreliability of the reclaim- 
sulfur test which have been 
experienced. In most cases 
the variation in reclaim-sulfur 
tensile strength is not re
flected in the final compound. 
However, in certain types of 
compounds where reclaim is 
the main ingredient, varia
tions in tensile strength of 

reclaim in the reclaim-sulfur test may carry over to the com
pound, showing a trend, but the differences are not propor
tional to those observed in the reclaim-sulfur test.

Throughout this paper, tensile strength and elongation have 
been considered the criteria of quality by which a compound 
is judged. In some cases these properties are not entirely in
dicative of the performance of the ultim ate product, and it 
frequently becomes desirable to  obtain tests which more 
nearly duplicate the service conditions of the final product. 
For example, such tests may be abrasion and flexing resist
ance, cold and hot compression set, resistance to heat build-up, 
resistance to artificial aging, and many others, any of which 
may be obtained from test formulas, and which serve as defi
nite indications of what may be expected in service, whereas 
such tests run on the reclaim-sulfur mix would have very little 
meaning. The authors do not mean to imply th a t the use of 
test formulas is the panacea to cure all testing ills, but it is 
believed th a t by their use the manufacturer and consumer of

T a b l e  V . R e c l a i m - S u i . f u k  M i x  v s . T e s t  F o r m u l a s

F o rm u la

R ec laim -
su lfu r

I
R eclaim -

su lfu r
I I

R eclaim -
su lfu r
I I I

R eclaim -
su lfu r

I

C ure
M in .

25

/ T ensile  S tre n g th  *
S am ple  S am ple 
h av ing  hav ing  
h ighest low est 
tensile  ten sile  D ifference 

K g./$q . cm.

-E lo n g a tio n -
S am ple  S am ple  
h av in g  hav in g

25

25

25

25

25

141 .7  

158

141 .7

141 .7

141 .7

141 .7

141 .7

5 6 .2  3 9 .7

9 2 .5  9 2 .1

128 .7

163 .1

9 0 .3

5 6 .2

11 5 .2

5 2 .7  

163 .8

5 3 .8

1 6 .5  

0 .4

3 5 .2

1 3 .5  

2 9 .9

0 .7

3 6 .5

h ig h est
tensile

%

425

440

480

685

645

595

460

low est
tensile

%
320

435

505

440

605

460

460

D ifference
%
85

10

70

25

225

40

135
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T a b l e  V I. A c c e l e r a t i o n  f o k  T e s t  F o r m u l a

T y p e  of A cceleration
N u m b er of D ifferent 

R eclaim » T e sted

N u m b er of Reclaim s 
R each ing  O p tim um  

P ro p erties , a t  158° C. 
4 M in , 6  M in . 8 M in .

D iph en y lg u an id in e

D ib en z o th iaz y ld im eth y lth io l-
u rea

Zinc sa lt of m ercap tobenzo - 
th iazo le  an d  d i-o-to ly l- 
g uan id ine

D ib en z o th iaz y ld im eth y lth io l-  
u rea an d  d ip h e ny lguan id ine

Zinc sa lt of m crcap tobenzo - 
th iazo le

lien zo th iazy l disulfide

13 N one 5 8

6 2 2 2

4 N one 4 N one 
(All ten sile  s tren g th s  

low)

13 2 10 1

4 N one 2 2 
(All ten sile  s tren g th s  

low)
7 3 2 2

reclaimed rubber may more nearly approacli the perfect test, 
which is, of course, an actual production trial in the con
sumer’s factory, with service tests on the resultant product.

A ccelerator C o m b in a tio n s
I t  has been suggested (3, 4, 5) that the most desirable test 

formula to use is one typical of that in which the reclaim will 
be used. For a routine production control test, however, this 
is not practical, as it would involve a great number of for
mulas and considerable laboratory work. Accordingly, it 
seems desirable to standardize on one or two simple formulas 
of general nature, which could be used to control the uni
formity of all reclaims. Formula I (Table III) answers this 
requirement, except th a t reclaims having different rates of 
cure, when tested in this formula, fail to attain their optimum 
properties in the same curing time.

For example, reclaim highly alkaline in reaction might reach 
its optimum cure in 5 to 6 minutes, while a neutral reclaim 
might require 8 to 10 minutes. Thus, it would be necessary 
to have a special cure for each type of reclaim. I t  seems de
sirable from an efficiency standpoint to standardize on one 
cure for all reclaims if possible; accordingly, a study was made 
of a number of different accelerator combinations in an effort 
to find one which would be flexible enough to meet this condi
tion. These results are shown in Table VI. The reclaims 
used in this work were typical of all the different types com
monly produced. While no one accelerator combination was 
found to be completely satisfactory, the combination of di- 
benzothiazyldimethylthiolurea and diphenylguanidine ap
peared to be the best, since it showed 10 optimum tensiles a t 
6 minutes out of the 13 reclaims tested.

As only a few of the more common accelerator combinations 
were investigated, there are doubtless many others which 
would prove equally satisfactory.

R e c o m m e n d e d  F o rm u la s
In Table V II are listed three test formulas which are recom

mended for testing reclaimed rubber. Formulas IV and Y 
employ the dibenzothiazyldimethyltliiolurea-diphenylguani- 
dine accelerator combination, and are suggested for routine 
control testing purposes to replace the reclaim-sulfur test. 
For simplification in handling, and for time and labor saving, 
the rubber and fillers in these formulas can be master-batched 
so th a t it is only necessary to weigh reclaim and master batch 
for the final mix. In some cases, it might be desirable also to 
omit the sulfur from the master batch and add it to the final 
mix, in which case, three weighings would be required, which 
compares to two weighings for the reclaim-sulfur mix. If the 
master batch method is used, the final mix can be made in 
5 to 6 minutes, which compares favorably to  the time required 
to mix a reclaim-sulfur batch. The curing time for the test

formulas (6 to 12 minutes) is less than for the reclaim-sulfur 
mix (generally 15 to 35 minutes). The point to be empha
sized here is that in replacing the reclaim-sulfur test with a 
compounded test formula, there need be no increase in the 
time and labor of testing.

Formula I II  (Table III)  and formula VI (Table VII) are 
suggested as typical of compounds to be used in testing re
claims for use in carcass or tread compounds. Various tests 
may be obtained, such as stress, elongation, tensile strength, 
hardness, artificial aging, abrasion and flexing resistance, and 
any others which aid in predicting the performance of the re
claim in service.

At the request of the consumer, the manufacturer can and 
does test reclaimed rubber in a specific test formula which the 
consumer may submit for this purpose. On the other hand, 
the consumer may agree to be guided by the results of tests 
from a test formula suggested by the manufacturer. It is 
hoped that the suggestion of formulas IV and V particularly, 
as well as formulas III and VI, will aid in the development of 
this more practical method of testing reclaimed rubber.

T a b l e  V I I .  F o r m u l a s  a n d  P h y s ic a l  P r o p e r t i e s

T ypo

S m oked sheets  
R eclaim ed ru b b e r  
Z inc oxide 
C lay  
W hiting  
C a rb o n  b lack  
S tea ric  acid 
Sulfur
M ercap tobenzo th iazo le
D ipheny lguan id ine
D ibenzoth iazyld im cm e th y lth io lu re a

T im e of cure, m inu tes  
T e m p e ra tu re  of cure, ° C . 
E longation , pe r cen t 
T ensile  s tre n g th , kg. p e r  sq . cm . 
Shore T y p e  A hardness

IV V VI
G enera l purpose T ire

m olded  goods tread

nulas
10 .00 36 .0 0 36 .0 0
5 0 .0 0 50 .0 0 4 0 .0 0

2 .0 0 3 .3 0 2 .5 0
2 0 .0 0 4 .0 0
15 .30 2 .6 0

17.70
i ’.oo i l  30 1 .70
1 .40 2 .3 1 1 .75

0 .3 5
6 !  10 Ô !l6
0 .2 0 0 .3 3

1 00 .00 100 .00 100 .00

al P ro p erties
6 12 35

158 14S 13 4 .5
375-425 5 75-625 550 -600

70-100 160-190 195-225
70-75 48-53 05-70

C o n c lu s io n s
The maximum variation from test to test obtained when 

testing a sample of reclaimed rubber in compounded test 
formulas is approximately half tha t experienced when the 
reclaim-sulfur test is used.

When tested with sulfur alone, reclaimed rubber may show 
a widely varying tensile strength and elongation from lot to 
lot, whereas much less variation in results is observed if the 
reclaimed rubber is tested in a compounded formula. For this 
reason, and also because the results obtained are more indica
tive of final performance, test formulas of a general nature are 
preferable to the reclaim-sulfur test.

When test formulas are used in preference to the reclaim- 
sulfur mix, there is no increase in the work of testing.

A combination of dibenzothiazyldimethylthiolurea and di
phenylguanidine gives very satisfactory results for most types 
of reclaim.
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Chemical Constituents of Cottonseed Hulls
A Partial Separation by N onchem ical Methods

M A N N IN G  A . S M IT H  A ND C . B . P U R V E S  

M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o lo g y , C a m b r id g e , M a ss .

C ru sh e d  c o t to n s e e d  h u l ls ,  e x tr a c te d  in  a le o h o l-  
b c n z e n e , w ere  g r o u n d  fo r  a s u ita b le  t im e  in  a  h a ll 
m ill  a n d  th e  le s s  fib r o u s p o r t io n  w a s se p a r a te d  by  
s ie v e s  a n d  b y  s e d im e n t a t io n  fro m  w a te r  in to  co a rse  
a n d  fin e  fr a c t io n s . T h e s e  w e r e  a n a ly z e d  b y  s ta n d 
ard  m e th o d s  fo r  p e n to s a n , u r o n ic  a n h y d r id e , a n d  
“ l ig n in ”  (n o  a s s u m p t io n s  w ere  m a d e  c o n c e r n in g  
th e  c h e m ic a l  n a tu r e  o f  th e  h u l l  c o n s t i t u e n t  r e sp o n 
s ib le  fo r  th e  a n a ly t ic a l  d a ta ) . T h e  o r ig in a l h u lls  
c o n ta in e d  p e n to s a n , u r o n ic  a n h y d r id e , a n d  “ l ig 
n in ”  to  th e  e x te n t  o f  27 , 6 .5 , a n d  25 p er  c e n t ;  th e  
c o r r e sp o n d in g  f ig u r es  w ere  a p p r o x im a te ly  3, 9 , an d  
50 p er  c e n t  fo r  th e  f in e st  fr a c t io n  a n d  40, 6 , a n d  21  
p er c e n t ,  fo r  co a rser  o n e s . T h u s ,  u n u s u a l ly  r ich

c o n c e n tr a te s  o f  e ith e r  p e n to s a n  or  “ l ig n in ”  arc  
p o te n t ia l ly  a v a ila b le  to  in d u s tr y , a lth o u g h  la r g e -  
sc a le  u se s  fo r  th e m  h a v e  y e t  to  b e  d isc o v e r e d . T h e  
p o s s ib il ity  t h a t  so m e  o th e r  sp e c ie s  o f  p la n t  m a te 
r ia l, p a r t ic u la r ly  o th e r  ty p e s  o f  h u l ls ,  w o u ld  re 
sp o n d  to  th e  n e w  a n a ly t ic a l  t e c h n iq u e  w a s  n o t  
in v e s t ig a te d .

T h e  d e ta ile d  r e s u lts  o n  c o t to n s e e d  h u l ls  w ere  in  
a g r e e m e n t  w ith  t h e  h y p o th e s is  t h a t  th e  p e n to s a n  
an d  th e  “ l ig n in ”  w ere  p r e se n t  a s  se p a r a te  c h c m ic a l  
c o m p le x e s , b o th  o f  w h ic h  in c lu d e d  u r o n ic  a n h y 
d r id e . K la so n  “ l ig n in ”  p rep a red  fro m  t h e  h u lls  
c o n ta in e d  n o  m c t lio x y l g r o u p s  a n d  d iffered  sh a r p ly ,  
in  th is  r esp ec t at le a s t ,  fro m  w o o d  l ig n in s .

A MAJOR difficulty in studying the chemistry of plant 
tissue is caused by the sensitiveness of the components 

to chemical change during isolation, usually by extraction of 
the plant material with acid or alkaline solutions or by hy- 
droxylic organic solvents. Lignin, for example, has never 
been separated in substantial amount in a native condition 
and the question as to whether it exists as a chemical in
dividual in the plant or is combined with other constituents is 
still undecided. While studying the hull of the cottonseed, 
routine estimations led to the conclusion that the dust from 
the hulls differed markedly in composition from coarser 
fragments. This foreshadowed a new method of separation 
which could be conducted without the possibility of chemical 
change, although the efficiency would probably vary with the 
botanical structure and chemical composition of the various 
species of plants. The present study describes the nature 
and extent of such nonchemical separations of cottonseed 
hull constituents. Published work on these hulls has been 
restricted to analytical data (10), attem pts to find economic 
uses for them (11), and detailed investigations of hemicellu- 
lose fractions (8, 4).

The hulls, which had not been treated in any way with 
chemicals, consisted of oily, hard, cup-shaped brown frag
ments covered with short fiber. They were exhaustively 
extracted with hot alcohol-benzene and dried in the air. A 
qualitative test for nitrogen was negative.

'M ethods o f  A n a ly s is
All “ lignin” (m aterial insoluble in sulfuric acid), pentosan, 

and uronic anhydride estim ations were m ade on sam ples ground  
to pass com pletely through a 100-mesh screen, as th e  im perme
able nature of the hulls (18) caused v ery  erratic resu lts w ith  
particles o f larger size. Concordant duplicates were obtained  
throughout and the d ata  were corrected for m oisture, deter
m ined by heating separate sam ples a t 105° C.

Sam ples o f w eight sufficient to g ive 0.1 to  0 .5 gram of residue 
were used in the  “ lign in” determ ination. T h ey  were dispersed  
in 2 cc. of alcohol, 25 .ee . o f cold 72 per cen t sulfuric acid were 
added, and, after keeping the  m ixture a t  20° C. for 24 hours, 
the estim ation  w as com pleted b y  a standard m ethod (15). T he  
presence o f the alcohol prevented caking of the  finely divided  
m aterial on addition of the  acid and did n ot affect the  result 
seriously. Found: no alcohol, “ lignin” 25.57, 25.25; w ith
alcohol, 25.27, 25.00 per cent. K lason “lignin” prepared in this  
w ay had the com position: carbon, 60.7; hydrogen, 5.23; sulfur, 
0; m ethoxyl, 0 per cent (corrected for 0.4 per cent of ash).

N o correction w as m ade in the uronic anhydride analyses for

the sm all am ount o f carbon dioxide evo lved  from hexoses (19). 
A sam ple w eight o f about 2 gram s in 100 cc. o f 12 per cent  
hydrochloric acid w as heated in a bath kept a t 135° for 5 hours 
in all cases. W henever possible, the custom ary estim ation  for 
pentosan (1) w as corrected for uronic anhydrides b y  m eans of a 
relationship derived from artificial m ixtures of xylose and glucu
ronic acid (euxanthic acid) (5). T he va lid ity  o f th is proceeding  
was doubtful, but no more appropriate correction w as found.

Cross and S evan  cellulose w as prepared generally as described  
b y  D oree (0), chlorine being passed for a few  m inutes through an 
aqueous suspension of the finely divided  hulls to  m inim ize local 
heating. Three chlorinations, alternated w ith  hot sodium  su l
fite extractions, left a w hite powder containing 0.4 to  3.5 per cent  
of “ lignin” .

An attem pted  isolation of holocellulose (14) from finely ground  
hulls gave a product containing 17 per cent o f “ lignin”  after four 
chlorinations and extractions w ith  alcohol-pyridine a t  room  
tem{>erature. Still less success was obtained' w ith  unground  
sam ples.

T a b l e  I .  M i l l i n O C o n d i t i o n s  a n d  C o m p o s i t i o n  o r  I I u l l  
F r a c t i o n s

N onfib rous F rac tio n s  P er C e n t of T o ta l
F iber “ L ig P en to  ‘L ig P en to 
Yield Screen Y ield n in " san« n in ” san«*

% M esh % % %
0 < 100 100 2 5 .1 32& 100 100

11 > 6 0 38 20 46 J 44 77
00-100 16 21 44 J

< 100 35 33 13 46 Í4
12 > 6 0 43 22 4 5 ) 46 72

60-100 9 22 42}
< 100 29 30 19 35 17

31 > 6 0 49 23 45 45 69
60-100 0

< 100 20 30 Ï0 29 é

a N o t correc ted  fo r u ron ic  anh y d rid e . 
b 27 .3%  a f te r  co rrec tion  for uron ic an h y d rid e .

M i l l i n g  C o n d i t i o n s  a n d  S c r e e n i n g  E x p e r i m e n t s .  
The extracted hulls plus attached fiber, 200 grams, were dis
integrated in a rotating ball mill (3.785-liter, 1-gallon, ca
pacity) three quarters full of pebbles, and the product was 
separated into fractions by shaking through sieves of different 
mesh. Much of the visible fibrous material survived the 
shorter periods of milling and formed m ats upon the screens 
from which it was readily removed by hand. As appreciable 
quantities of adhering hull dust and fragments were entrapped 
in these mats, the yields of fibers quoted in Tables I and II 
are high.
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T a b l e  II . A n a l y s i s  o p  H u l l s  M i l l e d  f o r  2  H o u r s

U ronic U ronic
H u ll Screen "L ig 

n in
%

A nhy
d ride

%

P en to - “ L ig an h y 
dride

P en to -
F rac tio n Analysis®

%
sant*

%
n in ” san  à

A. C oarse 3 2 .2 2 4 .0 6 .1 4 2 4 .9 3 0 .8 3 0 .7 2 9 .4
liber

B . F ine 9 .8 2 3 .4 5 .8 2 1 5 .6 9 .1 8 .8 6 .0
fiber

C . H ulls  (fiber-free) 3 0 .7 2 3 .9 6 .6 3 3 4 .0 2 9 .2 3 1 .4 3 8 .2
> 30-m esh

D . H ulls  (fiber-free) 
30- to  60-m esh

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

E . H ulls 6 .8 3 9 .7 8 .2 0 8 .1 1 0 .8 8 .6 2 .0
< 6 0 -mesh

100.1 100 .5 1 0 2 .5 1 0 0 .8

O rig inal g round  hulls« 25 .1 6 .4 8 2 7 .3 100 100 100
a B ased  on a ir-d ry  w eights.

C o rrec ted  fo r uron ic acid. 
* 2.34 kg.

Twelve hours of milling resulted in a powder, all of which 
passed through a 100-mesh screen. The “lignin” and pento
san contents of 25.1 and 27.3 per cent, respectively, were 
therefore the average for the original material These values 
were in general accord with published data (2 , 9 , 10 , 2 0 ). 
W ith 6 hours or less of grinding, nonfibrous fractions which 
failed to pass the 100-mesh screen wrere very similar in com
position and were combined in the calculation of the over-all 
“lignin” and pentosan yields quoted in Table I. While 4 to 
6 hours of grinding gave the maximum yield and concen
tration of pentosan in coarse fractions, less drastic com
minution for 2 hours resulted in a fraction passing the 100- 
mesh screen and containing no less than 36 per cent of 
“lignin” . The same short grinding period was adopted for 
a larger scale experiment in which the whole of the original 
material, including fiber mats from the coarser and finer 
screens, was finally obtained as fractions A to E  of Table II. 
The three right-hand columns of Table I I  give the amounts 
of “lignin” , uronic anhydride, and pentosan contained in 
each fraction as a percentage of the total amount. In each 
case the recovery approximated 100 per cent with an ac
curacy which probably owed something to  a fortuitous can
cellation of experimental errors. The fine powder, E, con
tained 10.8 per cent of all the “lignin” in a state of 39.7 per 
cent purity. If “lignin” associated with the fibrous fractions 
was not considered, the above yield became 17.9 per cent. 
This was not necessarily the maximum possible, because a 
2-hour regrinding of the coarse hull fraction, C, with 23.9 
per cent of “lignin” , reduced one fifth of it to fines with 31.9 
per cent. The amount and composition of the various 
fractions naturally depended greatly on the milling condi
tions.

S e p a r a t i o n  b y  A i r  B l a s t .  A bout 50 grains of the powdered, 
fiber-free hulls were placed in a vertical g lass colum n 90 cm . 
(3 feet) high and about 6.25 cm. (2.5 inches) in diam eter. T he  
lower end was fitted  w ith  a  5-cm . (2-inch) filter funnel held in 
place b y  a  rubber stopper and w ith  the  dead space betw een  
funnel and colum n packed w ith  cotton . Com pressed air, intro
duced through th e  funnel stem , continuously rem oved th e  center 
portion of the charge and w as regulated to  blow the  largest par
ticles one half to  tw o thirds of the w ay up  the  colum n. These  
fell back to the  center o f the funnel, while the finer particles 
issuing from the top  of the colum n as a sm oke were led through  
a  tube 2.5 cm . (1 inch) in diam eter to  a  series o f w ater traps. 
Four were sufficient if the sm oke w as directed against the surface 
of the  w ater. In  the authors' experim ents, 15 to  20 per cent of 
the original charge w as collected and contained 34.4  per cent of 
“ lignin and 18.1 per cen t of pentosan (uncorrected). T he  
efficiency of the process naturally  varied greatly w ith  the experi
m ental conditions and there seem s to  be no good reason w hy  
su itab le equipm ent would not recover th e  sm oke w ithout w etting  
it.

S e p a r a t i o n  b y  S e d i m e n t a t i o n  i n  W a t e r .  T he glass colum n  
was nearly filled w ith  distilled  w ater and 100 to  200 gram s of

powdered, fiber-free hull fractions approxi
m ating in com position 40 per cen t “ lignin” 
and 8  per cent pentosan were added. A  
few seconds of agita tion  w ith  th e  air b last 
gave a  uniform  suspension w hich settled  
slow ly  to  form a deposit consisting of 
visib ly  d istinct, horizontal layers. A ted i
ous filtration of the supernatant suspension  
through these layers increased their defi
n ition and m ade i t  easy  to  separate them  
m echanically  for analysis. In  m ost cases, 
however, the supernatant liquor w as de
canted . M aterial still in  suspension w as 
recovered in a separate filtration, steeped  
in acetone, and dried in  vacuo. T h e ob
served “ lign in” contents were 41.0, 50.8, and  
53 per cen t after sedim entation  for 2, 6, 
and 12 hours, respectively . A n accum u
lation of about 100 gram s averaging 50 per 
cen t “ lign in” w as fractionated b y  resuspen
sion in w ater for 6 hours. Found, “ lignin” ,

= -- - .......... ¡5 -  .. 51.2, 50.8, 50.0; pentosan (uncorrected),
6.4, 5.4, and 6 .2 per cen t for th e  second, 
third, and the deposit from th e  third sus

pension, respectively. R esolution by m eans o f fractional sedi
m entation  from w ater had therefore reached its  lim it. A 
portion of th e  original, alcohol-benzene-extracted  hulls, ground  
in  th e  ball m ill in presence o f water, also gave a sim ilar 50 per 
cent “ lignin” fraction. T h is experim ent elim inated the  possi
b ility  th a t the concentrate originated through local heating in 
the dry m illing w hich w as usually  em ployed  to  disintegrate the  
hulls.

E x a m in a tio n  o f  S u sp e n so id  F r a c tio n

A very rough calculation from the rate of settling in water 
and from Stokes’ law gave an average particle radius of the 
order of 50 microns for the suspensoid (50 per cent “lignin” ) 
fraction in its original state. I t  consisted of a brown, moist 
cake which formed a very hard mass when dried directly 
from water and a very fine powder when the water was re
moved by solvent exchange with acetone. The fraction was 
a mixture whose composition varied somewhat in different 
preparations. The analyses (Table III)  were typical and it 
will be noted tha t about 15 per cent of the material escaped 
estimation. The cause of this discrepancy requires further 
investigation, although it is possible tha t the Cross and Bevan 
determination failed to include all carbohydrate not already 
estimated as pentosan or uronic anhydride.

A 0.215-gram  sam ple w as tested  for pectic substances by heat
ing it  on th e  steam  bath for 16 hours w ith  50 cc. of aqueous 0.5  
per cent am m onium  oxalate a t  pH  5. T h e a lm ost colorless 
filtrate w as discarded and th e  residue, w ashed w ith  w ater and  
dried at 105°, w eighed 0.198 gram or 92 per cent of the original. 
A nother sam ple lost 2  per cen t b y  w eight, including som e ash, 
w hen extracted  w ith glacial acetic acid a t  room tem perature.

T a b l e  II I . A n a l y s i s  o f  S u s p e n s o i d  F r a c t i o n

C»
H»
O C H ,-
" L ig n in " 0
P entosan«
U ronic a n h y d rid e
C ross a n d  B evan  cellulose«*
Ash

T o ta l

50 =* 1& 
Ô.2 0 .3

0 .0  
5 0 .5  

3
9 .1

15 .3  
6 .5

84 .4

« C o rrec ted  for ash .
b In d iv id u a l c a rb o n  ana ly ses  w ere 46.3, 47.6, 50.0, 49.1 (3 .6%  ash ), an d  

48.9, 47.7, 50.2, 49.2 (2 .0%  ash).
« C o rrec ted  fo r u ron ic  an h y d rid e . U nco rrec ted , 6 .4% .

C orrec ted  fo r ash , p en to sa n , a n d  “ lign in” .

D isc u ss io n

Cottonseed hulls, digested with cold 72 per cent sulfuric 
acid, gave a methoxyl-free residue which is called “lignin” 
to emphasize its undetermined relationship to the methoxyl- 
containing lignins similarly prepared from woods. This lack
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T a b l e  IV . R a t i o n s  o f  “ L i g n i n ”  a n d  P e n t o s a n  t o  U r o n ic  
A n h y d r i d e

% %
M oles

"Pentosan
“ L ign in” P en to san M oles

%  . % Uronic
U ronic U ronic A nhydride

F rac tio n A nhydride A nhydride C orrec ted

A. C oarse  fiber 3 .9 4 .1 1 8 .0  ,
B . F in e  fiber 4 .0 2 .7 15 .3
C . H ulls  > 30-m esh 3 .6 5 .1 19.2
D . H ulls  30- to  60-m esh 3 .5 4 .6 16.1
E . H u lls  < 60-m esh 4 .8 1 .0 9 .9
S uspensoid  (50%  “ lign in” ) 5 .6 0 .3
O rig inal hu lls  p lu s  fiber 3 .9 4 .2 18.3

of the methoxyl group, in conjunction with the failure to 
account for 16 per cent of the fine hull fraction (Table III), 
suggested th a t the 50 per cent yield of residue obtained in 
this case was an artifact produced by the action of strong 
acid upon sensitive hull constituents. The latter were prob
ably not tannins (20) because these are usually extracted 
from plant materials by water or acetone (16), and repeated 
treatm ent of the very finely divided, suspensoid hull fraction 
with these solvents failed to diminish the yield of “lignin” .

The pentosan, uronic anhydride, Cross and Bevan cellu
lose (Table III), and also the substances extracted by a hot 
pectic solvent (8 per cent), were insufficient in amount to 
account for the 50 per cent residue obtained with sulfuric 
acid. Thus, if the latter originated with sensitive carbo
hydrates (7), these were not detected by the usual carbo
hydrate analyses. Although individual microcombustions 
were somewhat discordant, perhaps owing to sampling 
errors, the average carbon content of the fine hull fraction 
was about 50 per cent. Assuming 44 to 45 per cent carbon 
for the 30 per cent of the hulls which analyzed as carbohydrate, 
the remaining 70 per cent (on an ash-free basis) had a cal
culated carbon content of 51 to 52 per cent. This was 
sufficiently high to eliminate sensitive carbohydrates as pre
cursors of the Klason residue. Whatever the chemical 
nature of these precursors might be, they reacted like ordinary 
lignin in the Cross and Bevan determination and gave a 
similar color change during the operation. They were doubt
less related to the “Body X ” extracted from the hulls by 
alkali (4) and their zero methoxyl content placed the cotton
seed in an extreme position with respect to hulls of other 
species, which sometimes give Klason residues with low meth
oxyl values (8). Young cereal shoots are in the same cate
gory and it has been suggested (IS) th a t in them the lignin 
structure is first laid down and then methylated a t a later 
stage. Perhaps the latter step is partially or completely 
inhibited in the metabolism of hulls. B ut speculation con
cerning the nature of the residues obtained from hulls by 
strong acid is not germane to the following discussion. The 
reasoning is based entirely on data from standardized estima
tions and is independent of assumptions concerning the 
structure of the hull constituents which respond to the con
ventional procedures for determining lignin, pentosan, and 
uronic anhydride.

Consideration of Tables I, II, and I I I  shows very clearly 
tha t purely physical methods, based on particle size and 
density, separated ground cottonseed hulls into fractions 
containing about 40 to 3 per cent of pentosan, 20 to 50 per 
cent of “lignin” , and 5.8 to 9.1 per cent of uronic anhydride. 
The same technique, when applied to groundwood of spruce 
and maple, produced analytical fluctuations of only a few 
per cent. Other workers with groundwood had a similar 
experience and found th a t both pentosan and lignin ac
cumulated very slightly in the finest fractions, which 
amounted to 42 to 69 per cent of the entire material (12,17).

The fine hull fraction, E, 6.8 per cent of the total, was rich in 
“lignin” and poor in pentosan (Table II) . This contrast 
between hulls and groundwood may depend to an unknown 
degree upon the milling conditions and upon the particular 
species examined. Uronic anhydride accumulated with the 
“lignin” in the finer fractions of the hulls and the ratio 
between the two was much more constant for various sized 
particles than the pentosan-uronic anhydride ratio. This 
is illustrated in the second and third columns of Table IV, 
which were derived from the data of Tables I I  and III .

If the assumption is made th a t the uronic anhydride was 
in part chemically associated with pentosan and in part with 
“lignin” , the ratio of the components in the la tter complex 
could be taken as 1 to 5.6, since the suspensoid fraction 
(Table III) was almost pentosan-free. If this ratio was also 
true for the other fractions, it was possible in each case to cal
culate the molar ratio of pentosan to th a t anhydride not 
assumed to be associated with “lignin” . The results (Table 
IV, column 3) varied between 9.9 and 19.2 to 1 and may be 
compared with the pentosan-uronic anhydride ratios of 10 
and 16 to 1 found from estimations of hemicelluloses isolated 
from the hulls (3 ). Thus, although the above assumptions 
lack experimental proof, they are not in conflict with the data 
a t hand.
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Determination of the Proportion of d - and /■ 
Isomers in Samples of Lactic Acid

S T A N F O R D  M O O R E , R O B E R T  J . D IM L E R , A N D  K A R L  P A U I. L IN K  

D e p a r tm e n t  o f  B io c h e m is t r y ,  U n iv e r s ity  o f  W is c o n s in , M a d iso n , W is.

A PRACTICAL method, based on the properties of the 
benzimidazole derivative of lactic acid, is described for 

the quantitative measurement of the relative amounts of the 
two optical isomers in preparations of lactic acid. In  the de
velopment of the present procedure, the immediate interest 
has been the need in research and commercial analysis for 
accurate optical characterization of samples of lactic acid ob
tained by fermentation processes.

Qualitative identification of the d (dextro) or “Sarco” lactic 
acid, I (levo), and dl (racemic) forms of lactic acid has gener
ally been based on isolation of the zinc-d(or Q-lactate dihy
drate and zinc-dZ-lactate trihydrate, with determination of 
water of crystallization and optical rotation. [For clarity, 
and in agreement with the more general use of the term dextro- 
lactic acid in commercial practice, the optical notations d and 
I arc used in this paper to refer in the rotational (not con
figurational) sense to the forms of the acid which are dextro- 
and levorotating in aqueous solution.] While the zinc salt 
procedure is relatively satisfactory in the case of the pure iso
mers, or for qualitative information on mixtures, the properties 
of the salts are not favorable from the quantitative stand
point. Under practical conditions, if analytically pure hy
drated zinc lactates are to be obtained, the crystallization of 
the salts from water by the addition of alcohol can rarely be 
carried to the point of quantitative isolation. Active-racemic 
fractionation is involved in the crystallization process and it 
is known tha t the d-dl composition of the isolated salt may 
differ more or less from that of the original lactic acid sample.

From the polarimetric standpoint, the specific rotation of 
zinc-d-lactate dihydrate ([<x ] d  =  —7.9, c =  3), although more 
satisfactory than tha t of the calcium salt, is still of relatively 
low magnitude for accurate measurement. This becomes 
especially apparent in consideration of d-dl mixtures. The 
previously reported appreciable variation of rotation with 
concentration of zinc lactate has been reinvestigated by one 
of the authors (R. J. D.), as reported and confirmed by Ma- 
clay, Ilann, and Hudson (7).

In the case of the benzimidazole derivative of lactic acid, 
it has proved possible to isolate the benzimidazoles from d- 
and ¿-lactic acid mixtures without fractionation to obtain a 
pure derivative in which the ratio of d- to Z-isomer is identical 
with th a t in the original lactic acid sample. The specific ro
tation of the active derivative ([a ] d  = — 32.6, c =  3.8) shows 
a fourfold increase over the rotation of the zinc salt and is in 
the range which permits determination of the d-l composition 
by direct jjolarimetrie measurement with an error of less than 
1.0 in the percentage composition.

The reaction upon which this method is based is the con
densation of lactic acid with o-phenylenediamine to give 2-(a- 
hvdroxyethyl)-benzimidazole. Isolation of the derivative is 
facilitated by the insolubility of the silver salt in ammoniacal 
solution and regeneration of the benzimidazole by hydro
chloric acid, according to the following equations:

II iiO Hi ■ Nf ] 
cH ac c < ; -

O [ OH H - j - N W  
H  H

la c t ic  o-Phenylene-
acid diam ine

H J i |  
CHjCOcf 

O
H  II

L actic acid 
benzim idazole

Ag (X H ,),+
H Q

The reaction of racemic lactic acid and other a-hydroxy 
acids with o-phenylenediamine has been described by several 
authors (3, 4, 5, 10). The optically active benzimidazole 
derivatives have not been reported. The earlier method of 
preparation by the heating of lactic acid with the organic base, 
without the addition of mineral acids, is not applicable to the 
d- and ¿-isomers because of the racemization (unpublished 
data) which may take place under these conditions. The 
satisfactory procedure for the condensation used in the follow
ing experiments, employing phosphoric-hydrochloric acid a t 
135° C. has been developed in conjunction with experiments 
on «¿-lactic acid and on carbohydrate acids (.?, 9). Sum
marized briefly, it has been proved th a t the stereoisomeric 
structure of every optically active acid studied is stable in the 
range from 100° to 160° C. in the presence of mineral acids. 
For lactic acid, with which we are concerned here, the data in 
Table I I  on known samples verify the fact of stability over a 
range of optical compositions.

S a m p le s  for  A n a ly s is

An aqueous sample having a lactic acid concentration of 50 
per cent or more is to be preferred. For this reason, as well as 
because of the purification effected, an ether extraction is 
generally advisable as the final step in the preparation of a 
sample for analysis. Research preparations or commercial 
samples, from which major quantities of interfering sul>- 
stances have been eliminated by suitable methods (1, 2), are 
acidified to thymol blue with sulfuric acid (pH approxi
mately 2.0) and subjected to continuous extraction with ether 
for 24 hours. When the starting aqueous solution of lactic 
acid is dilute, it is convenient to add ammonium sulfate (30 
grams per 100 cc.) to decrease extraction of water and to give 
extracts which, after removal of the ether, approximate 90 
per cent lactic acid.

For the condensation it is essential tha t the millimoles of 
lactic acid present be a t least equal to (preferably greater 
than) the millimoles of o-phenylenediamine. Any sample 
volume containing lactic acid equivalent to from one to three 
times the amount of o-phenylenediamine used will give satis
factory results. Only the approximate lactic acid titer (milli
moles per cubic centimeter by alkali titration) is required and 
in the case of a series of similarly prepared samples it is pos
sible to dispense with titration after experience with the first 
few samples in the group.

Relatively pure commercial samples, in some cases, may 
give a correct analysis without further purification. E ther 
extraction was not necessary on sample B (Table IV), the 
same result being obtained before and after ether purification. 
Also small amounts of unremoved earboxylic acids (other 
than lactic) do not cause large deviations in the results (Table 
III). In all cases the possibility of significant error due to 
impurities can be checked, if necessary, by analysis of the iso

lated benzimidazole salt for silver (40.1 
per cent) or nitrogen (10.4 per cent).

CHido( | | R ea g e n ts

o - P h k x y l e n e d i a m i n e  (o-diam inoben- 
zene), m . p. 100-102°. Photographic  

A g sa lt grades— e. g ., Ortham ine— are satisfac
tory.

•k O
H  Ag

160
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S i l v e r -A m m o n ia  S o l u t io n . For the 5-cc. procedure, th e  re
quirem ent for each precipitation is 0 .3  gram of silver nitrate dis
solved in 0.3 cc. o f water, to  which are added 0 .6 cc. of concen
trated am m onium  hydroxide in  excess o f the am ount required to  
dissolve the silver oxide formed, and 0.6 cc. o f 10 per cent p otas
sium  hydroxide. For a  series o f determ inations enough silver- 
am m onia solution  m ay be prepared to m eet several hours’ 
requirem ents (but n ot several days, since it  m ay becom e m ildly  
explosive) and aliquots used for each precipitation. For the  
25-cc. scale five tim es these quantities are used.

A l c o h o l ic  H y d r o c h l o r ic  A c id . A  s o lu t io n  o f 8 cc. o f c o n 
c e n t r a te d  h y d ro c h lo r ic  a c id  in  92 cc. o f 95 p e r  c e n t  e th a n o l .

A n a ly tic a l P roced u re

Two scales of operation have been found convenient. The 
first is based on the use of 5-cc. volumetric flasks (0.2-gram 
samples of lactic acid) for problems in which conservation of 
material is important. In the second procedure, which may 
be preferred in control analysis, the final volume is 25 cc.

T h e  5 -C c . S c a l e . T o 0.15 gram (1.4 m illim oles) of o-phenyl- 
enediam ine in  a  100 X  12 m m . te st  tube, add 0 .2 cc. of water, 0.1 
cc. of concentrated hydrochloric acid, 0.1 cc. o f phosphoric acid 
(sp. gr. 1.7), about 0 .2 cc. o f ethanol, and a boiling chip. A fter  
the m ixture has been brought in to  solution  add 2 to  3 m illim oles 
of lactic acid (about 0 .25  cc. of 90 per cent acid).

H ea t the reaction tube, im m ersed to  th e  level o f the contained  
solution , for 2 hours a t  135° ±  5 °  C. (oil bath), during which  
tim e w ater and alcohol boil off to  g ive a thick sirup as residue. 
Stir about 1 cc. o f w ater into the warm  viscous reaction mixture  
and transfer into a 25-cc. flask w ith  about 5 cc. of water. Add 3 
cc. of ethanol, 9 cc. of 10 per cent potassium  hydroxide, and a 
little  (about 0.05 gram ) decolorizing carbon (N uchar C-250 or 
D arco). F ilter w ith  suction  through an asbestos pad (W oolly C) 
and w ash the  pad tw ice w ith  0.5-cc. portions of ethanol.

Transfer the filtrate to  a 50-cc. flask and add 8  cc. o f concen
trated am m onium  hydroxide. A llow  th e  solution to  stand for 
20 m inutes before precipitating the  lactic acid benzim idazole as 
the  anhydrous crystalline silver sa lt by the dropwise addition of 
silver-am m onia solution  eq u ivalent to  0 .3  gram of silver nitrate.

Shake the  flask for about 1 m inute to  decom pose any aggregates 
present and allow  the sa lt to  se ttle  for 10 m inutes. Discard the  
supernatant solution b y  decantation  and filter the sa lt on a sm all 
B üchner funnel w ith  gentle  suction . W ash three tim es w ith di
lu te am m onium  hydroxide (10 cc. of concentrated ammonium  
hydroxide in  200 cc. o f w ater), three tim es w ith  ethanol, and 
once w ith  ether. D uring th e  w ashing the  suction  should be 
applied and released in such a manner th a t the sa lt is not pulled 
dry (filter cake should not crack) u ntil the final ether wash.

D ry the sa lt in  a vacuum  desiccator for about 30 m inutes (with  
well-washed sam ples, air-drying for the sam e period of tim e gives 
satisfactory results). Transfer the dried sa lt to  a  weighed 5- 
cc. volum etric flask and reweigh. Add 2  cc. o f ethanol, shake 
gen tly  (in upright position) to  suspend the silver sa lt uniform ly, 
and add to  the suspension 2 cc. of alcoholic hydrochloric acid 
solution. Shake w ell for about a m inute. Add 0.15 cc. o f con
centrated am m onium  hydroxide, m ake up to  volum e w ith  ethanol, 
stopper the  flask, and shake. A fter the halide has se ttled  for a 
few m inutes, shake the supernatant solution in to  the neck of the  
flask once or tw ice to  wash dow n any loose particles of silver  
chloride. Centrifuge the flask for 5 m inutes a t about 2000 
r. p. m. (standard cups for 50-cc. tubes, w ith  cotton  packing, are 
satisfactory). W ithout disturbing the residue, p ipet a  sam ple of 
the clear supernatant solution  in to  a sem im icro 2-dm . polari- 
scope tube (capacity  o f 2 to  3 cc.). From the rotation (angular 
degrees) of th is solution and the  w eight of silver sa lt, w, the per 
cent of d-lactic acid in the original sam ple is obtained as follows:

P er cent d  =  50
6 .37o

T he rotation of the benzim idazole derivative is in the opposite  
direction to  th a t o f the free acid, as is  the case w ith  other de
rivatives of the  isom eric lactic acids.

R epr ec ipita tio n . I f  m easurem ent of the rotation is rendered 
difficult by the presence o f color in  the alcoholic solution, two  
possible causes m ay be considered. T he presence o f  unreacted  
o-phenylenediam ine, due to failure to  add sufficient lactic  acid  
for th e  condensation, w ill g ive rise to  interfering color as a result 
of oxidation by the silver-am m onia solution. Or failure to  
rem ove color-producing im purities from th e original lactic 
acid sam ple m ay be involved. A repetition of the condensation, 
using a  correct am ount o f lactic  acid, w ill elim inate the first

effect. Purification of the acid sam ple by ether extraction, in 
general, prevents possible interference due to th e  second cause.

If  for any reason a second condensation is n ot convenient, 
a rotation w ith the colored benzim idazole preparation can usually  
be realized by carrying ou t a  reprecipitation of the silver sa lt 
D ecolorize the  alcohol solution of th e  benzim idazole (about 5 cc.) 
w ith a little  carbon, using 1 cc. o f ethanol in washing, and add 2 
cc. o f 10 per cent potassium  hydroxide, 8  cc. o f  water, and 5 cc. of 
concentrated am m onium  hydroxide. P recipitate w ith  silver- 
am m onia solution (0.3 gram of silver n itrate) and proceed ¡us in 
the first determ ination.

T h e  25-C c. S c a l e .  U se 10 to  15 m illim oles o f lactic acid 
(about 1 cc. o f 90 per cent acid), w ith  five tim es th e  quantities of 
reagents and solvents prescribed above, 15-cm. (6-inch) test tubes, 
and correspondingly increased flask sizes. Standard 2-dm . S a c 
charim eter tubes (10- to  15-cc. capacity) can be used. T h e factor 
in the equation for per cent d-lactic acid becom es 31.85 instead  of 
6.37. Centrifuge cups designed for B abcock bottles are suitable  
for the usual 25-cc. volum etric flasks. If centrifuging is not 
convenient, the  silver chloride separation m ay be accom plished  
on th is larger scale, after the solution  has been m ade to  volum e, 
by rapid filtration through a dry paper directly  into th e  S a c 
charim eter tube. Table IV  presents results obtained on the  
sam e sam ple by both procedures. F or m ost practical purposes 
on this scale satisfactory readings m ay be obtained w ith  a 
saccharim eter and converted to  angular degrees.

E xam ple of D ata  and Calculation

L actic acid benzim idazole, m. w . eZ-benzimidazole [a Id ** 
162 - 3 2 .6 °

A g-salt o f benzim idazole, m. w . 269 V olum e =  25 cc.
Conversion factor =  0.602 T ube length =  2 dm.
W eight o f flask +  A g-salt =  16.6564 Polarim eter: a  =  —1.45 A.
W eight of flask =  15.1075 Saccharim eter:

=  —4.2° V entzke  
=  - 4 . 2  X  0.3466  
=  - 1 .4 6  A.

W eight o f silver sa lt, w  — 1.5489

[“ Id =
1 0 0«

Ic
100«

2 X  X  0.602 X  100

Per cent d  =  100

Per cent d  =  50 —

[«Ip
- 3 2 .6

31.85 (

+K>-
1.45)

[« Id  \*1 
-32.6yj

2 0 .76o

50 -
31 .85«

w

1.549
79.8 (per cent I =  20.2)

T he per cent d  calculated in these equations represents the  total 
d-isomer content o f the lactic acid under analysis. T h is calcu
lation  is to  be d istinguished from the expression of the com position  
of a sam ple in term s of d  (or I) and a l (racem ic). T he to ta l d- 
isom er content, as expressed in  the  above exam ple, is equal to the  
excess d-isomer present plus one half of th e  inactive dl. Ob
servance of the  correct sign for a  in  the  above expression con
sisten tly  g ives th e  result in term s of per cent d  (per cent I =  
100 -  d).

D iscu ssio n

The benzimidazole derivative of lactic acid shows the gen
eral amphoteric properties of this type of heterocyclic com
pound (6 , 9 ) .  With acids it forms salts, most of which are 
water-soluble—e, g., hydrochloride, acetate, etc. I t  also 
forms soluble salts with strong alkalies, but insoluble salts 
with silver, zinc, and copper. The free base crystallizes 
readily (but not quantitatively) from water and may be iso
lated by the addition of a weak base (ammonium hydroxide) 
to the acidic aqueous solution obtained in the condensation. 
The lacto-benzimidazole is soluble in many organic solvents, 
and the ethanol added in this procedure prevents crystalliza
tion of the free base from the ammoniacal solution.

S o l u b i l i t y  o f  S i l v e r  S a l t .  The benzimidazole is iso
lated as the crystalline silver salt rather than the free 
benzimidazole in this procedure because of the advantage of 
essentially quantitative yield and consequent absence of d -d l 
fractionation. Selective precipitation of the silver-benzimida- 
zole in the presence of chloride ion is made possible by the 
insolubility of the salt of the heterocyclic base in the excess of 
ammonium hydroxide which prevents silver chloride pre-
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cipitation. I t  has been observed th a t the ammonium salts 
of acids—e. g., ammonium chloride—have a solubilizing ef
fect. In order to prevent fractionation of the isomers by in
complete precipitation, the solvent effect of ammonium salts 
has been blocked by the addition of an excess of potassium 
hydroxide for neutralization of mineral acids and excess lactic 
acid.

T a b l e  I. V a r ia t io n  o f  [ a p r f  w it h  C o n c e n t r a t io n

(,Kc rep re sen ts  specific ro ta tio n  of p u re  d-benzim idazo le from  la c tic  acid a t  a 
g iven  co n cen tra tio n , u n d e r cond itions  used  in  p re p a ra tio n  of so lu tion  from  a  

sam ple  of silve r sa lt.)
S ilver S a lt , S ilver S a lt , B enzim idazo le

5-Cc. P ro ced u re  25-Cc. P ro ced u re  C o n ce n tra tio n  K ca
Gram Grams %

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

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

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

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

« V alues of K c  h av e  been  found  essen tia lly  c o n s ta n t ov er te m p e ra tu re  
ran g e  15° to  25° C . R o ta tio n s  can  th e re fo re  b e  ta k e n  over n o rm a l ranges 
of room  te m p e ra tu re  a n d  th e rm o s ta t ic  c o n tro l is  n o t  necessary .

Under the conditions given in the experimental section, 
without attem pt for absolute manipulative recovery, the iso
lated yields of silver salt from a standard solution of crystal
line benzimidazole were, in triplicate, 97.6, 97.4, and 98.0 per 
cent of theory (analysis for silver: calculated, 40.1; found, 
40.3). The optical composition of this sample was 70.6 per 
cent d and the found values for the three precipitates were 
71.0, 70.8, and 70.0.

The principles for the solubility of the silver salt find 
application again in the final solution of the sample for 
polarization. In  this case the solubility of the silver salt in 
the presence of ammonium chloride permits neutralization of 
hydrochloric acid by an excess of ammonium hydroxide in the 
presence of silver chloride without precipitation of silver- 
benzimidazole. The trace of silver ammonia which may be 
formed is without effect.

S p e c i f i c  R o t a t i o n . In the case of the benzimidazole de
rivative of d-lactic acid, the variation of specific rotation with 
concentration is measurable but relatively small (Table I). 
In  the equations for calculation of per cent d, an average value 
of 32.6 has been used and the error thus introduced is within 
the experimental error of the method, provided the sample 
weights are kept within the listed range (benzimidazole con
centration 3 to  4.5 per cent).

When the weighed sample of silver salt contains a mixture 
of the d- or /-isomer with the dl form, the concentration of the 
active component may be less than 1 per cent. However, in 
the calculation of the composition, the rotation of the pure 
isomer a t the 4 per cent concentration (—32.6) is still appli
cable. In  such mixtures the specific rotation of the excess d- 
or ¿-isomer is essentially a function of the total benzimidazole 
concentration. If the concentration of d-lacto-benzimidazole 
(from the silver salt) is varied while the total benzimidazole 
concentration is held constant a t 4 per cent by the addition 
of the inactive ¿/-derivative, the specific rotation of the d- 
benzimidazole used remains nearly constant. For example:

(a]o = —32 .7 , d, c = 4 and dl, c = 0; [oi] d  =  —32.3, d, c = 1 
and dl, c = 3; but [a]D = —31.3 when d, c =  1 and dl, c -  0

If desired, the concentration factor m ay be incorporated in 
the calculations to compensate for variations in sample weight. 
The value for K, corresponding to the weight of silver salt 
used may be taken from Table I  (or an extrapolation thereof).

Per cent d-lactic acid = 100 [■ + ¥]

ethanol) obtained under the experimental conditions of this 
method. In pure 95 per cent ethanol the rotation is of similar 
magnitude ( [ q: ] d  =  —32.8, c =  3). In  aqueous acids the ro
tation is lower ( [ o : ] d  =  —14.7, c =  2, in 5 per cent citric acid).

The technique of precipitating the silver chloride in the 
volumetric flask and making to volume before filtering (or 
centrifuging) is preferable to the alternative order of the opera
tions. Experience with silver chloride precipitation followed 
by filtration, washing of the precipitate, and adjustm ent of 
the combined filtrates to the desired volume, has invariably 
shown significantly low recoveries. I t  does not appear pos
sible, within the practical limits of solvent volume for polari- 
metric measurement, to obtain a quantitative washing of the 
silver chloride precipitate. The centrifuge technique has 
regularly given recoveries of 99 per cent or higher.

The actual minor volume error (approximately 0.7 per 
cent) introduced by the presence of the solid phase in the 
volumetric flasks is present in both the analysis and in the 
preparation of Table I. This factor therefore cancels out in 
the equation for per cent d-lactic acid and does not require 
consideration.

T a b l e  II. A n a l y s e s  o f  K n o w n  M ix t u r e s  o f  L a c t ic  A c id  
f o r  O p t ic a l  F o r m

B en z im id a «»
zole Ag- A ng u la r d -L ac tic

S a lt D egrees F o u n d D ev ia tio n
Gram %

0.3 1 5 1 - 2 . 4 6 9 9 .7 - 0 . 3
0 .3335 - 2 . 6 3 10 0 .2 + 0 . 2
0 .3117 - 2 . 4 4 9 9 .9 - 0 . 1
0 .3 3 2 6 - 2 . 6 2 100 .2 + 0 . 2
0 .2 8 8 6 - 2 . 2 6 9 9 .9 - 0 . 1
0 .3263 - 1 . 3 0 7 5 .4 + 0 . 7
0 .3 4 3 0 - 1 . 3 8 7 5 .6 + 0 .9
0 .3159 - 1 . 2 6 7 5 .4 +  0 .7
0 .3 4 3 6 - 1 . 3 6 7 5 .2 + 0 . 5
0 .3 3 2 4 + 0 .5 1 4 0 .2 + 0 . 2
0 .3221 +  0 .4 9 4 0 .3 +  0 .3
0 .3 2 8 4 +  0 .5 0 4 0 .3 +  0 .3
0 .3054 +  0 .4 8 4 0 .0 0 .0
0 .3177 +  0 .4 7 4 0 .6 +  0 .6
0 .3 3 2 2 + 0 .5 0 4 0 .4 +  0 .4
0 .3 1 1 2 +  1 .74 1 4 .4 +  0 .4
0 .3181 +  1 .76 1 4 .8 +  0 .8
0 .3171 +  1 .7 6 1 4 .6 +  0 .6
0 .3103 +  1 .74 14 .3 +  0 .3
0 .3 1 4 7 +  1 .75 14 .6 + 0 . 6

L a c tic  A cid

P u re  d-lac tic  (100% d)

K now n m ix tu re  
N o. 1 (74.7%  d)

K now n  m ix tu re  
N o. 2 (40 .0%  d)

K now n  m ix tu re  
N o. 3 (14 .0%  d)

A c c u r a c y . The analyses in Table I I  show application of 
the method to lactic acid samples of known optical composi
tion. Known mixtures were prepared gravimetrically from 
zinc-d-lactate dihydrate ([«]d =  —7.6; c, 4; I I20  =  12.83 
per cent), zinc-Z-lactate dihydrate ([q:]d =  + 7 .5 ; c, 4; 
H20  =  12.84 per cent), and zinc-d/-lactate trihydrate ([< * ]d  =  
0.0, c, 1.5; H20  =  18.29 per cent). The salt mixtures were 
dissolved in water, acidified, and extracted with ether as in 
the experimental procedure. The values found for per cent 
d-isomer indicate that, in general, the observed per cent will 
not vary by more than 1.0 from the actual composition. In 
Table I I  the observed percentage composition shows a maxi
mum deviation of 0.9 and mean deviation of 0.4 for the repre
sentative series of samples listed.

T a b l e  III. E f f e c t  o f  P r e s e n c e  o f  A c e t ic  a n d  S u c c in ic  
A c id s

The values in Table I  represent the rotations of the active 
derivative in the particular solvent (approximately 90 per cent

L actic  Acid

B enz im ida
zole Ag- 

S a lt 
Gram

a .
A ngu lar
D egrees

d -L actic
F o u n d

%
C om m ercial ed ib le 0 .3153

0 .3029
- 2 . 4 4
- 2 . 3 4

9 9 .3
9 9 .2

10%  H O A c added 0 .3 3 9 5
0 .3 3 7 5

- 2 . 5 2
- 2 . 4 9

9 7 .3
9 7 .0

50%  H O A c ad d e d , s team -d is- 
tilled  befo re ana ly sis

0 .3423
0 .3 2 3 5
0 .3 0 9 6

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

9 9 .1
9 9 .2
9 9 .2

10%  succin ic ac id  added 0 .3049
0 .2 7 6 7

- 2 . 2 4
- 2 . 0 7

9 6 .8
9 7 .7



E f f e c t  o f  P r e s e n c e  o f  O t h e r  C a r b o x y l ic  A c id s . 
Under the conditions used in this method the condensation 
with o-phenylenediamine is general for the carboxyl group in 
the aliphatic series. The samples should be free, therefore, 
from major quantities of acids other than lactic. Small 
amounts of acetic acid or succinic acid, however, can be pres
ent w ithout significantly altering the results. I t  may be 
noted th a t 10 per cent of either acid added to a commercial 
sample lowered the analytical figures by only 1 to 2 per cent 
(Table III). The small magnitude of this interference is due 
to the difference in the rates a t which a-hydroxy acids and 
unsubstituted aliphatic acids react with o-phenylenediamine. 
The reaction rate in the case of lactic acid is relatively high.

T a b l e  IV . A n a l y s e s  o f  C o m m e r c i a l  a n d  E x p e r i m e n t a l  
S a m p l e s

March IS, 1941 A N A L Y T I C

L a c tic  A cid

B enz im ida
zole Ag- 

S a lt 
Grams

A ngular
D egrees

«¿-Lactic
F o u n d

%
C om m ercia l ed ib le, e th e r  

ex trac te d
0 .3380
0.349-4

- 2 . 5 3
- 2 . 6 0

9 7 .7
97 .4

W ith o u t e th e r  ex trac tio n 0 .3333
0 .3200

- 2 . 4 6
- 2 . 4 1

9 7 .0
9 7 .1

25-cc. p ro ced u re 1 .7160
1.6601

- 2 . 5 7
- 2 . 4 8

9 7 .7
9 7 .6

E x p e rim en ta l fe rm en ta tio n 0 .3 2 3 0
0 .3213

- 1 . 5 3
- 1 . 5 4

8 0 .2
8 0 .5

25-cc. p ro ced u re  (cen trifuged) 1 .5489
1 .3507

- 1 . 4 6
- 1 . 2 5

8 0 .0
7 9 .5

25-cc. p ro ced u re  (filtered) 1 .6597
1 .4786

- 1 . 5 5
- 1 . 3 9

7 9 .7
7 9 .9

E x p e rim en ta l fe rm en ta tio n 0 .3191
0 .3211

- 1 . 0 8
- 1 . 0 9

7 1 .6
7 1 .6

25-cc. p ro ced u re 1 .5623
1 .5698

- 1 . 0 8
- 1 . 0 8

7 2 .0
7 1 .9

E x p e rim en ta l fe rm en ta tio n 0 .2 9 7 8
0 .3 0 8 0
0 .3024

- 0 . 3 2
- 0 . 3 2
- 0 . 3 2

5 6 .8
5 6 .6
5 6 .7

E x p e rim en ta l fe rm en ta tio n 0 .3 4 7 9
0 .3446

+  2 .1 8  
+ 2 .1 6

10.1
10.1

C o m m e r c ia l  a n d  E x p e r i m e n t a l  S a m p l e s . Table IV 
lists representative analyses on a variety of lactic acid prepa
rations. In  several cases analyses have been made by differ
ent operators employing different scales of procedure and the 
results are found to be in agreement.

S u m m a r y

A quantitative procedure for the measurement of the rela
tive amounts of the two stereoisomers in preparations of lac
tic acid is described. I t  is applicable, with an error of less 
than 1.0 in the percentage composition, to samples containing 
as little as 0.2 gram of lactic acid. To meet the requirements 
of variations in the available sample size and equipment, two 
scales of operation are given. The procedure depends on the 
condensation of lactic acid with o-phenylenediamine a t 135 0 C- 
in the presence of phosphoric and hydrochloric acids to 
form 2-(a-hydroxyethyl)-benzimidazole. The derivative is 
isolated by quantitative precipitation as the crystalline silver 
salt. Regeneration of the benzimidazole gives a solution 
whose specific rotation is used for the calculation of the d-l 
composition of the original lactic acid sample. The use of 
the benzimidazole derivative of lactic acid offers the following 
advantages over the zinc salt: a fourfold increase in rotation 
([< x ]d  =  —32.7), negligible variation of rotation with concen
tration, and absence of fractionation of isomers during the 
preparation and isolation of the derivative.
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Fastness to Atm ospheric Gases 
o f Dyes on Cellulose 

Acetate Rayon

AT A M EETIN G  of the Research Committee of the Ameri- 
can Association of Textile Chemists and Colorists the fol

lowing method was adopted as a tentative method.

T e s t  S p e c i m e n s .  Four specim ens shall be cu t from  the fabric 
to be tested . One specim en shall be washed in a  soap  solution  
(containing 5 gram s of 88 per cent neutral soda soap per liter of 
w ater o f approxim ately zero hardness) for 15 m inutes a t  37 .78° C. 
(100° F .), rinsed in warm water, and allowed to dry in the  
air. One specim en shall be im m ersed in  cold Stoddard so lvent 
for 15 m inutes, squeezed, and allowed to  dry in  the  air. One 
specim en shall be im m ersed in cold perchloroethylene for 15 
m inutes, squeezed, and allowed to  dry in air. T he fourth speci
m en shall be retained in  its  original condition.

A p p a r a t u s .  T he apparatus shall consist o f an enclosed m etal 
chamber, connected b y  a m etal pipe to  a  lighted  gas burner in 
such a m anner th a t the  burnt gases from  th e  burner pass d irectly  
through the chamber. E ither natural or m anufactured gas m ay  
be em ployed. I t  is strongly recom m ended th a t a  m otor-driven  
fan be installed in  the  cham ber to  keep th e  fum es well distributed, 
and th a t a  grid o f iron wire be placed over the  gas burner, as this 
will accelerate th e  production of oxides o f n itrogen, w hich are 
responsible for the  fading of the  dyes.

P r o c e d u r e .  Sam ples of the  four specim ens, each  m easuring  
at least 2.5 cm. (1 inch) square, shall be suspended freely in the  
cham ber together w ith  a “ control sam ple” of a  standard acetate  
rayon dyeing of known sensitiveness to  gas fum es. [The control 
sam ple shall consist o f a 1 per cent dyeing of Celanthrene B rilliant 
Blue F F S  (or its equ ivalen t) on acetate rayon satin . ] T he gas 
burner shall be lighted, and th e  flame adjusted so th a t the  
tem perature in the cham ber does n o t exceed 60 ° C. (140° F .). 
T he sam ple shall remain in th e  cham ber until the  control 
sam ple show s a  change of shade corresponding in degree w ith  
tha t o f a  “standard fading” . [T h e standard of fading shall 
consist o f a  silk  fabric dyed  w ith stab le dyes to  im itate the  color 
of the control sam ple after it has been exposed to  average atm os
pheric conditions for a period of 6 m onths. Sam ples o f both the  
control sam ple and standard of fading are available from C. A. 
Seibert, P . O. B ox 386, W ilm ington, D el.) T h e sam ples shall then  
be rem oved from th e  cham ber and im m ediately  com pared w ith  
the respective unexposed portions.

E v a l u a t i o n .  A sam ple w hich show s no alteration of shade  
shall be considered to  have satisfactory resistance to  atm ospheric  
gases. A sam ple w hich show s as m uch alteration of shade as the  
control sam ple m ust be regarded as definitely sensitive to  atm os
pheric gases.



Rapid and Accurate Determination of Cadmium
T . I ,. T H O M P S O N , C h e m ic u l & P ig m e n t  C o ., C o ll in s v il le ,  111.

TH E separation of zinc and cadmium has long been a 
stumbling block in rapid and accurate analyses in the 
nonferrous metallurgical fields, and laboratories having a large 

number of cadmium determinations have sought a more 
rapid and accurate method. The standard procedures of 
the present day call for the separation of zinc and cadmium 
by repeated precipitations with hydrogen sulfide or by elec
trolysis under carefully controlled conditions of pH and cur
rent density, involving the use of various addition agents. 
Because of the consanguinity of zinc and cadmium, these 
methods are not satisfactory.

Studies have shown that the precipitation of cadmium can
not give a complete separation a t any pH (5, 7). Repeated 
precipitations can only give a closer approximation, with each 
handling giving greater chance for error. Other objections 
to this method are the length of time and amount of manipu
lation required, the toxic nature of the hydrogen sulfide gas, 
and its destructive effect on the laboratory equipment.

The separation of cadmium and zinc by electrolysis has 
been extensively studied. The mass of variant literature 
gives a picture of the confusion in this field. Present methods 
have been shown to give only partial separation (1). As yet 
no electrolytic method has been found completely satisfac
tory to the large routine laboratory.

Recent developments in the organic-metallurgical field 
have uncovered a number of substances tha t quantitatively 
precipitate cadmium with no effect on zinc (2, 4)- Most of 
these are very expensive. However, in 1937 Korenman (S) 
suggested the precipitation of cadmium from a cadmium- 
zinc solution by a brucine-potassium bromide mixture, its 
subsequent filtration, washing, drying, and weighing. The 
objectionable features of the method were the long period of 
precipitation, inability to wash clean, and the tendency of 
the precipitate, due to its great bulk, to decompose, volatiliz
ing the bromine, before completely drying. Its  advantages 
were the completeness of separation and the cheapness and 
cleanliness of the chemical.

Experiments have shown tha t if the cadmium is precipi
tated from the cadmium-zinc solution with a brucine sulfate- 
potassium iodide mixture and then washed by special means, 
the precipitate can be dissolved and the cadmium determined 
by titrating the iodine present, giving accurate and rapid re
sults if carefully carried out.

E x p er im en ta l W ork
A  solution containing cadm ium -zinc salts, and freed from lead, 

copper, and iron, is reduced to  a  volum e of 50 cc., if previous 
m anipulations have resulted in excess volum e. T h e original 
sam ple is so  taken  as to  g ive  20 to 50 mg. o f cadm ium  in  th e  solu
tion. I t  m ay be necessary to  take aliquot portions o f th e  original 
solution to  g et this correct cadm ium  content. For every m illi
gram  of cadm ium  believed present, 1.5 cc. o f a 1 per cent brucine 
Bulfate solution are added, follow ed im m ediately b y  1.5 cc. o f a 
10 per cent potassium  iodide solution. T he solution is well 
stirred and allowed to stand  for 10 m inutes, then filtered rapidly  
through a Büchner funnel using suction. T h e precipitate is first 
w ashed w ith  a  5 0 -5 0  m ixture o f the  brucine and iodide solutions, 
then  w ith  an organic so lvent such as a 1 to  4 m ixture of ethanol 
and toluene until free from potassium  iodide. I t  is then dis
so lved  b y  heating in w ater and the iodine content of th e  organic 
iodide is determ ined in an y  convenient manner. T h e cadm ium  
content of the sam ple m ay be determ ined by com parison w ith  the  
iodine value o f standards previously determ ined.

Elements, usually present in nonferrous metallurgy, that 
interfere with the determination are iron, copper, lead, and 
antimony. These elements are normally removed during any

analysis and will cause no additional work when this method 
is used. Precipitation should be carried out in a neutral or 
slightly acidic solution. However, no free nitric acid or other 
strong oxidizing agent should be present, as it  would liberate 
free iodine from the iodide as well as destroy the brucine. 
Free ammonium hydroxide should not be present, though 
ammonium salts do not interfere.

Unlike many other methods, the brucine-iodide precipita
tion method covers the entire range of zinc-cadmium ratios. 
Table I  shows the results obtained by analysis of mixtures 
made up to represent various samples in the processes of the 
zinc and cadmium smelters.

T a b l e  I .  S e p a r a t io n  o f  Z in c  a n d  C a d m iu m

Zn P re sen t P b  P re sen t C d  P re sen t C d  F o u n d E rro r
R a tio  of 
Zn to  C d

Grams Gram Gram Gram M 0.
4 0 .005 0 .5 0 0 0 .0 2 0 0 0 .0201 +  0 .1 1000-1

0 .0 2 0 0 0 .0201 0 .0201 0 .0 1-1
0 .1 0 0 0 .0 2 5 0 0 .0 2 4 9 - 0 . 1 4 -1
0 .2 7 0 0 .0 3 0 2 0 .0302 0 .0 9-1
0 .0 0 3 0Í3Ó0 0 .0301 0 .0302 + 0 .1 1-10
2 .0 0 0 0 .0 4 0 0 0 .0 4 0 2 + 0 . 2 50-1
0 .1 0 0 0'.075 0 .0 5 0 2 0 .0503 + 0 .1 2 -1
0 .0025 0 .0 2 2 0 .0 5 0 0 0 .0 5 0 0 0 .0 1-20

Standards consisted of commercial cadmium metal running 
99.8 per cent cadmium and 0.1 per cent zinc. They were 
determined in about half an hour. Zinc spelter of the ordi
nary grades may be run in less than 2 hours, compared to a 
previous time required of approximately 7 hours. Below is 
given the detailed procedure for the analysis of a raw ore 
running 60.0 per cent zinc and 0.4 per cent cadmium with 
many impurities. The time required is one third th a t of a 
hydrogen sulfide determination of the same accuracy with the 
same sample.

The procedure includes steps made necessary by the com
plex nature of the raw ores. Procedures for ordinary cad
mium samples are normally simple and rapid.

P ro ced u re  for a  S u lfid e  O re
S o l u t io n  o f  S a m p l e . W eigh a 5.00-gram  sam ple into a  400-cc. 

beaker, add 15 cc. of concentrated hydrochloric acid, and boil 
until all hydrogen sulfide has passed off. Add 15 cc. o f concen
trated nitric acid and bake. Cool, add 30 cc. o f concentrated  
hydrochloric acid and 5 gram s of am m onium  chloride, and boil 
until the volum e is reduced to 5 to  10 cc.

R e m o v a l  o f  I r o n . D ilu te  to  200 cc. w ith  w ater and add am 
m onium  hydroxide until the iron is all precipitated, adding  
sufficient to  redissolve the cadm ium  and zinc. Boil to  granulate  
the precipitate, then filter, w ashing the beaker three tim es, using  
a drop of am m onia w ith  the  wash w ater each tim e. W ash the  
precipitate four tim es w ith  h ot w ater. ( I f  th e  iron content is 
above 5 per cent, dissolve, reprecipitate, filter, and w ash as 
above.) N eutralize th e  filtrate w ith  concentrated hydrochloric 
acid to  th e  m ethyl orange end point, adding 7 cc. in excess.

R e m o v a l  o f  C opper. A dd 3 to 5 gram s of granulated c. v. 
lead and boil for 10 m inutes to precipitate ou t the copper. Add 
another full portion of lead and again boil, then test for com plete
ness by adding a few  fresh grains o f lead. R em ove from the heat 
and decant th e  liquor. W ash the lead and copper three tim es 
by decantation  w ith hot water, adding th e  w ashings to  the liquor.

S e p a r a t io n  o f  t h e  C a d m iu m . A dd 5 gram s of pure m ag
nesium  dust to the solution  and boil for 3 m inutes. F ilter through 
a  N o. 4 W hatm an paper, w ashing paper and precipitate until free 
from acid. R epeat the  precipitation b y  adding another portion  
of m agnesium  to  the filtrate, again boiling, filtering, and washing. 
Transfer the  precipitate to  a  150-cc. beaker using 1 to  1 nitric 
acid and a fine spray of water. D isso lve the  sponge in 5 cc. of 
concentrated nitric acid and take to dryness. Add 15 cc. of 
concentrated sulfuric acid and again take to dryness. D isso lve  
w ith 25 cc. o f w ater and filter off the  lead su lfate, using a fine 
paper. W ash the beaker tw ice and the paper four tim es, using 
on ly  a sm all volum e of water.
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Add 30 cc. of the brucine sulfate solution followed immediately 
b y  30 cc. of the potassium iodide solution. Stir well and let 
settle for 10 minutes. Filter through a 5-cm. (2-inch) Buchner 
funnel, using moderate suction and a very fine paper. Wash the 
beaker with a 50-50 mixture of the stock solutions (mixed im
mediately before use) three times and the paper three times with 
a 1 to 4 mixture of ethanol and toluene.

E s t i m a t i o n .  Wash the precipitate and paper back into the 
beaker with water, making up to 100 cc. Heat until the precipi
tate has dissolved. Add 5 cc. of a 0.5 per cent solution of eosin Y 
as an indicator and titrate to the absorption end point with 0.03 N  
silver nitrate (0). The titration value is compared to that of a 
standard test to give the amount of cadmium in the sample.

N o te s

In  making up the brucine sulfate solution, the addition of 
sulfuric acid up to 5 per cent is helpful in the solution of the 
brucine and in the adjustm ent of the acidity during the pre
cipitation. Care must be taken, however, not to oxidize the 
brucine. For best results, a fresh solution of brucine sulfate 
should be made every day.

Excessive volume for the precipitation may cause a colloidal 
precipitate. Difficult filtrations may be aided by judicious 
choice of filter papers and filter aids.

If there is a large mass of precipitate, it may hold some of 
the iodide solution, raising the titer and affecting the factor. 
I t  may be necessary to dissolve and reprecipitate the cad
mium. The work requires only a few minutes and may be 
well worth the time

March 15, 1941 A N A L Y T I C

As in most analytical procedures, directions m ust be 
minutely followed, and a definite technique established. 
Careless work or minor differences in procedure may vitiate 
all results. Short cuts or the removal of additional elements 
will doubtless cause a different titer value. Careful work and 
an established technique, always qualities of a good analyst, 
are fully repaid by extremely accurate and rapid determina
tions of cadmium tha t will effect savings in time and money, 
especially in the large routine laboratories of smelters and 
metal-working plants.
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Detection of Sodium Alginate in Dairy Products
C H A R L E S  W . SC H R O E D E R  AND P H I L E A S A . R A C IC O T  

M a s s a c h u s e t t s  D e p a r tm e n t  o f  P u b lic  H e a lth , B o s to n , M a s s .

AMONG the thickening agents being used a t the present 
l_ time in the dairy industry is the sodium salt of alginic 

acid, derived from certain seaweeds and put on the market in 
various forms. The product which is probably most widely 
used in this country is sold under the trade name of Dariloid, 
in which sodium alginate is mixed with other substances in
cluding dextrin, sucrose, and a phosphate. Other commercial 
products may consist of the pure alginate.

The present investigation was undertaken because of a lack 
of a specific qualitative test for alginic acid. The test is needed 
because of the widespread use of alginates in several dairy 
products, especially ice cream; and because of the possibility 
of illegal use in milk, cream, or other dairy products.

Inasmuch as the commercial product is likely to contain 
dextrin, a  quick preliminary test for dextrin may be used to 
establish the probable presence of alginic acid in milk or 
cream. Likewise, milk or cream containing the commercial 
product is likely to give a positive Rothenfusser test (1) for 
sucrose.

T ests
O p t io n a l  P r e l im in a r y  T e s t  f o r  D e x t r in . Take 10 cc. of 

milk or cream, dilute with 10 cc. of distilled water, and add 10 
cc. of a 20 per cent solution of trichloroacetic acid. Shake vigor
ously for 1 minute, let stand for 5 minutes, and filter. Make the 
filtrate alkaline with ammonium hydroxide, evaporate on a 
steam bath to a volume of about 1 cc., filter into a test tube, cool 
to room temperature, and add 0.05 N  iodine solution cautiously 
to the filtrate, a small drop at a time. A violet to reddish-violet 
color indicates the possible presence of 0.1 per cent or more of 
Dariloid.

S p e c if ic  T e s t  f o r  A l g in ic  A c id . T o  20 g ra m s  o f  m ilk , 
ch eese , c re a m , o r  ic e  c re a m  a d d  a  v o lu m e  o f c o n c e n tr a te d  h y d ro 

chloric acid approximately equal to the water content of the 
sample taken. Shake thoroughly, add a little sand (acid-washed 
and ignited), bring to a boil, and boil 30 seconds with frequent 
shaking. Transfer to a 50-cc. centrifuge tube with the aid of 10 
to 20 cc. of alcohol. Centrifuge 10 minutes, or until the solid 
matter forms a compact cake at the bottom of the tube, and de
cant as much of the supernatant liquid as possible from the solid 
matter, taking care not to lose any of the solids. The centrifuge 
should be warm enough to keep the fat liquid and should be al
lowed to slow dowrn without braking, to avoid stirring up the 
solids. In some cases, the fat mixed with part of the solids forms 
at the surface a dense cake which must be punctured with a stir
ring rod to allow removal of the liquid. The decantation is best 
carried out against a white background to facilitate observation of 
the solids through the dark solution.

Wash the solids repeatedly with 75 per cent ethyl alcohol by 
shaking, centrifuging, and decanting as above, until the wash 
solution is neutral to litmus paper and is colorless. Then wash 
twice with ether in the same manner.

Evaporate the last traces of ether by warming the tube in a 
beaker of hot water and directing a current of air into it. Dis
solve the residue so far as possible in 10 cc. of 0.1 N  sodium hy
droxide by shaking a few seconds. Filter, wash the tube and paper 
with a few cubic centimeters of water, and to the filtrate add an 
equal volume of 95 per cent ethyl alcohol. Centrifuge 10 minutes, 
decant the supernatant liquid, and wash the solids with 75 per 
cent alcohol by centrifuging and decantation until the wash solu
tion is neutral to litmus paper. The solution should be centri
fuged and decanted even when it appears clear, as small amounts 
of gum are invisible beforehand. If the separated gum is now 
white and free from any yellow or brown color, pass over the next 
paragraph.

Suspend the gum in 10 cc. of distilled water and add 0.1 N  
sodium hydroxide dropwise, with shaking, until the solution is 
just alkaline to litmus paper. Add 6 cc. saturated magnesium 
nitrate solution and shake thoroughly. Centrifuge 10 minutes 
and decant the supernatant liquid from any precipitate into 
another centrifuge tube. Discard the precipitate and make the 
solution acid with a drop of concentrated hydrochloric acid.
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Centrifuge, decant, and wash the precipitate with 75 per cent alco
hol as before, until neutral.

Dry the gum by warming the tube with hot water and blowing 
air into it until no odor of alcohol is perceptible. Dissolve as far 
as possible by shaking with 0.15 cc. of 0.1 N  sodium hydroxide, 
add 1 cc. of sulfuric acid reagent, shake thoroughly, and let stand 
at room temperature.

[The sulfuric acid reagent was prepared by precipitating 
ferric hydroxide from ferric chloride solution with ammonium 
hydroxide, washing the ferric hydroxide until neutral, drying 
on the steam bath, and finally saturating concentrated sul
furic acid with the dry ferric oxide by allowing the two to 
stand in contact for several days. The clear acid solution was 
then decanted from any excess ferric sulfate. ]

Within a few minutes to several hours, depending on the 
amount of alginic acid present, the solution will develop a 
pink color deepening through cherry red to magenta, and 
finally becoming a deep purple. When the amount of gum is 
0.5 mg. or less, the purple color is permanent for a t least 1 
week, but with larger amounts the color eventually changes to 
a brown-black.

Table I  shows the time required for development of the color 
with various amounts of the gum.

D isc u ss io n

By means of this test, it is easily possible to detect 0.2 per 
cent of sodium alginate or Dariloid in dairy products.

The following substances do not interfere with the test: 
starch, gelatin, Irish moss, agar, gum tragacanth, India gum, 
locust bean gum, gum arabic, and formaldehyde. The test

has been found satisfactory with a 0.2 per cent solution of 
Dariloid in milk, heavy cream, cream cheese, and vanilla, 
strawberry, chocolate, and maple walnut ice cream.

T a b l e  I. D e v e l o p m e n t  o f  C o l o r

W eigh t of D ry  G um  
Mg.
0.0*1
0.1

0 .3
0 .5
1.0
3 .3

T im o fo r D evelopm en t 
of V iole t T inge

N o color developed 
O v ern igh t

4 hours 
4 hours 
10 m inute»  
2 m inu tes

T im e fo r D ev e lo p m en t 
of D eep  P u rp le  C olor

N o  color developed 
N o t reac h ed  a fte r  

s tan d in g  one w eek 
O v ern igh t 
O vern ig h t 
3 hours 
1 hour

In order to make sure that the substance which gives the'color 
test with the sulfuric acid reagent was derived from the sodium 
alginato and not from any accompanying impurity, a sample of 
sodium alginate, which was represented as being substantially 
pure, was obtained from the Kelco Company. This product was 
dissolved in water and precipitated by the addition of an equal 
volume of concentrated hydrochloric acid. The mixture was then 
boiled for 1 minute and the residue washed free of acid by re
peated centrifugalization and decantation. The residue was then 
dissolved in just sufficient 0.1 N  sodium hydroxide and the whole 
process repeated five more times. The residue from the final acid 
precipitation was assumed to be free of any contaminants and 
still gave the color test.

L ite ra tu r e  C ited
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Determination of Menthol in Oil of Peppermint
T H O M A S  W . B R IG N A L L , A . M . T o d d  C o m p a n y , K a la m a z o o , IVlich.

EACH year it is necessary for the author’s laboratory to 
analyze several hundred samples of oil of peppermint 

within the short period which comprises the harvesting sea
son. I t  lias, therefore, been the constant aim to devise a 
method which would permit more rapid analyses without 
sacrificing accuracy. The method of Power and Kleber (5), 
which is generally used in the aromatics industry and is the 
official procedure of the United States Pharmacopoeia, is 
known to be erroneous and to give variable results in differ
ent laboratories; however, none of the modifications pro
posed thus far has been entirely satisfactory. This procedure 
is known to indicate as alcohols such nonalcohol constituents 
as aldehydes, amines, phenols, esters, and some of the more 
unstable terpenes which are acetylated along with the alcohols 
when th a t method is used. The present are included 
during saponification. During the course of research this 
method has been thoroughly investigated and, as a basis 
for further conclusions, it is believed advisable to review 
briefly the possible sources of error in the order in which they 
occur during the analysis of an oil. These discrepancies in
clude those observed in the author’s laboratory as well as 
those reported in the literature.

In a report upon the analysis of oil of peppermint, Nelson (5) 
states that “the proper care of the sample previous to analysis is 
highly important: all reagents used must be of the best quality 
and the sodium acetate used as a catalyst must be absolutely 
anhydrous.”

I t has been observed here that acetic anhydride must be used 
within a short time after the container is opened; otherwise, 
deterioration of the anhydride, due to its hygroscopic nature,

will be evidenced by low results in alcohol analyses. Frequent 
standardization of solutions, especially of the alcoholic potassium 
hydroxide, is necessary to ensure consistent results. I t has been 
found necessary to use hot solutions when washing the acetylated 
oil to hydrolyze the excess acetic anhydride completely. No 
evidence of hydrolysis of the acetylated oil has been found if this 
procedure is used and the dried acetylated oil has always been 
neutral.

The author has long stressed an exact 1-hour saponification 
time, having observed that variations in this factor caused marked 
differences in results. Recently Baldinger (1) conducted a time 
study, varying the length of both acétylation time and saponifica
tion time with each sample. The interpretation of the results of 
this study is summarized as follows: “I t  would seem that the 
time of acétylation may vary within broad limits, while the time 
of saponification had best be varied between 45 and 60 minutes. 
While experimental evidence is not yet available to prove the 
contention, it is believed that résinification or polymerization of 
certain constituents is induced by prolonged heating with potas
sium hydroxide and that some base is used up, thereby leading to 
erroneous results.”

Redemann and Lucas (7) have observed that more rapid hy
drolysis of esters results if diethylene glycol is substituted for 
ethyl alcohol as a solvent for potassium hydroxide. This has 
been verified by Hall, Holcomb, and Griffin (4), who applied this 
method to the analysis of the isomers of menthol.

In the titration of the saponified oil. variations occur due to 
differences in the estimation of the end point by different ana
lysts. Badly oxidized or poor quality samples are often difficult 
to analyze consistently, owing to discoloration during saponifica
tion. This interferes with the observation of the end point when 
phcnolphthalein is used as an indicator.

The method of Delaby, Sabetay, and Breugnot (2) for the 
determination of free alcohols in the sandalwood oils gives results 
from 5 to 8.5 per cent lower than those obtained by Power and 
Kleber. These authors traced this divergence to the fact that
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T a b l e  I. F r e e  M e n t h o l  D e t e r m i n a t i o n s ,  S h o w i n g  E f f e c t s  
o f  V a r i a t i o n s  i n  A c é t y l a t i o n  a n d  S a p o n i f i c a t i o n  P e r i o d s

Sam ple

A verages

F ree
M en th o l A cé ty la tio n

F ree  M en th o l F o u n d  in  Sapon ification  
P eriod  of:

P re se n t P erio d 0.5  hour 1 hour 1.5 hours 2 hours Av.
% H ours % % % % %

0 .5 0 .2 0 .1 0 .1 0 .5 0 .2
1 0 .1 0 .1 0 .1 0 .2 0 .1

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

A v. 0 .1 0 .1 0 .2 0 .3 0 .2

0 .5 1 3 .2 13.1 1 3 .3 13 .9 13 .4
1 1 3 .0 1 3 .0 13.3 1 3 .3 13.1

1 2 .0 1 .5 13.1 1 3 .3 13 .3 1 3 .5 13 .3
2 1 3 .0 13 .3 13 .3 1 3 .7 1 3 .3

A v. 13 .1 1 3 .2 1 3 .3 1 3 .6 13 .3

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

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

A v. 2 6 .1 2 6 .2 2 6 .2  ' 2 6 .8 2 6 .3

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

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

A v. 3 8 .0 3 8 .3 3 8 .5 3 8 .8 3 8 .4

0 .5 5 0 .7 5 0 .9 5 1 .0 5 2 .3 5 1 .2
1 5 0 .6 5 1 .0 5 1 .3 5 1 .5 51 .1

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

A v. 5 0 .7 5 1 .0 5 1 .1 5 1 .9 5 1 .2

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

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

A v. 6 2 .9 6 3 .3 6 3 .5 6 4 .6 6 3 .6

0 .5 7 5 .4 7 5 .9 7 6 .2 7 7 .3 7 6 .2
1 7 5 .6 7 5 .7 7 6 .5 7 6 .7 76 .1

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

A v. 7 5 .6 7 6 .0 7 6 .5 7 7 .2 7 6 .3

0 .5 9 9 .6 100 .0 100.1 101 .2 100 .2
1 9 9 .5 9 9 .6 100 .7 101 .4 100.3

1 0 0 .0 1 .5 9 9 .3 10 0 .0 100.1 101 .5 100.2
2 9 9 .4 100 .3 100 .5 100 .5 100.2

A v. 9 9 .4 1 0 0 .0 100 .4 101.1 100 .2

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

4 5 .4 1 .5 4 5 .8 4 6 .1 46 .1 4 7 .0 4 6 .2
2 4 5 .8 4 6 .1 4 6 .2 4 6 .8 4 6 .2

A v. 4 5 .8 4 6 .0 4 6 .2 4 6 .8 4 6 .2

the santalenes present were esterified along with the alcohols by 
the latter method.

W ith these facts in mind, the following experimental work 
was performed in an effort to reduce to a minimum the 
errors in the present procedure, or to find a new and more 
accurate method of assay.

E x p er im en ta l P ro ced u re

Samples containing known amounts of free menthol were 
prepared.

A 1-kg. sample of alpha-pinene was redistilled in vacuum; 
the major portion of the distillate consisted of a fraction with a 
constant boiling point of 14° C. at 2 mm. By the regular 
method of analysis it was found to contain negligible quantities of 
esters and alcohols. From a 2-kg. lot of natural oil of pepper
mint the menthol was separated, using the fraction boiling above 
70° C. at 2 mm. This crude menthol was purified by centrifuging 
and by repeated recrystallization'from benzene until a constant 
melting point of 43° C. was obtained for the product. This 
menthol was dissolved in varying proportions in the redistilled 
pinene to give samples having definite percentages of free men
thol. Using these samples, a time study similar to that of Bal- 
dinger (1) was conducted.

Pyrex-resistant glassware, with ground-glass joints and inter
changeable connections, was used throughout. Electric heaters 
equipped with sand baths were used and preheated so that sam
ples placed upon them began to boil almost immediately. Acety- 
lation and saponification periods were varied by half-hour 
intervals up to and including 2 hours. Except for the introduc
tion of these variables, the method described in the U. S. P. XI 
was employed.

The results of this study (Table I) substantiate the pre
viously mentioned contentions of Baldinger regarding the 
reaction of alkali during saponification with components in 
the oil other than esters. The amount of base entering into 
these side reactions increases sharply if the acetylated oil is 
permitted to saponify over 1.5 hours. This contributing fac
tor obviously depreciates the classical method by indicating a 
higher than actual alcohol content.

Several methods ($, 8, 8), using an acetylant mixture of py
ridine and acetic anhydride, have been proposed for the 
analysis of free primary or secondary alcohols. Because of 
the objectionable odor of pyridine, an investigation was con
ducted for solvents that might be substituted in place of this 
reagent.

A n a ly tic a l P roced u re
One gram of the sample, accurately weighed in a tared acetyla- 

tion flask, is treated with 5 ml., accurately measured by means 
of a Koch microburet, of a freshly prepared acetylant mixture 
consisting of four parts by volume of n-butyl ether and one part of 
acetic anhydride. A blank is prepared in an identical manner, 
omitting the oil. The flasks are connected to air condensers and 
the contents boiled gently for 1 hour on a sand bath. Without 
removing the flasks from the bath, 20 ml. of hot distilled water 
are added through the condensers and the contents are boiled 
vigorously for an additional 30 minutes to convert the excess 
anhydride into acetic acid. After removing the flasks from the 
bath and allowing the contents to cool to room temperature, 20 
ml. of cold distilled water are added as before.

T a b l e  II . F r e e  A l c o h o l  D e t e r m i n a t i o n s  U s i n g  M i x t u r e s  
C o n t a i n i n g  K n o w n  A m o u n t s  o f  F r e e  M e n t h o l

S am ple C alcu la ted

(F ro m  T a b le  I) 
P ow er a n d  K leb e r’s 

M e th o d
A u th o r’s M eth o d  

M ean  A verage devia
% % % %

1 0 .0 0 .1 0 .1 0 .1
2 1 2 .6 1 3 .0 1 2 .5 0 .2
3 2 5 .5 2 6 .0 2 5 .8 0 .3
4 3 7 .5 3 8 .4 3 7 .6 0 .5
5 5 0 .1 5 1 .0 5 0 .1 0 .2
6 6 2 .5 6 3 .3 6 2 .4 0 .3
7 7 5 .1 7 5 .7 7 5 .0 0 .5
8 100 .0 9 9 .6 9 9 .8 0 .4

A v. 4 5 .4 4 5 .9 4 5 .4 0 .3

T a b l e  II I . A n a l y s e s  o f  F r a c t io n s  f r o m  a  V a c u u m  D i s t i l 
l a t i o n  o f  O i l  o f  P e p p e r m i n t

P ow er a n d  K leb e r’s M e th o d A u th o r’s M eth o d
T o ta l F ree A verage

F rac tio n D istilled E s te rs alcohols alcohols M ean d ev ia tio n
% % % % % %

L ig h t
frac tio n

W ater
0 .8
0 .7

1 5 .0 Ï . 7 4 .9 3 .6 Ï . 3 0 .2
2 5 .0 0 .9 2 .5 1 .8 0 .6 0 .2
3 5 .0 1 .1 3 .0 2 .1 1 .2 0 .5
4 2 .5 4 .3 1 9 .0 1 5 .6 1 5 .8 0 .0
5 1 0 .0 2 .3 1 0 .5 8 .7 6 .9 0 .2
6 1 0 .0 1 .6 1 8 .0 1 6 .7 15 .4 0 .2
7 5 .0 3 .0 4 3 .4 4 1 .1 4 0 .5 0 .5
8 5 .0 4 .2 6 2 .4 5 9 .0 5 9 .4 0 .1
9 1 0 .0 5 .8 8 0 .4 7 5 .8 7 5 .3 0 .2

10 3 2 .5 8 .1 9 1 .3 8 4 .9 8 4 .8 0 .3
11 2 .0 1 7 .2 8 6 .8 7 3 .2 7 1 .2 0 .6

R esidue 3 .5 10 .1 2 7 .4 1 9 .4 1 5 .0 0 .4
Loss 3 .0

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

The flasks are removed from the condensers and the ground- 
glass connections rinsed by means of a water wash bottle, allowing 
the rinsings to flow into the flasks. At this point, the acid strength 
of the blank is approximately 0.5 N. Eight or 10 drops of phenol- 
phthalein test solution (dissolve 1 gram of phenolphthalein in 
100 ml. of alcohol) are added and the excess acid is neutralized with 
0.5 N  alcoholic potassium hydroxide solution. The blank is 
titrated to the full red color of the indicator and the oil sample 
matched with the blank. I t is necessary to conduct this titration 
on a 2-phase system, but this presents no difficulty. The differ
ence in the amount of potassium hydroxide indicates the per-
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centage o f free nlcohols present in th e  original sam ple; the calcu
lation  of those results is  m ade by the follow ing formula:

%  free alcohol =

m olecular w eight o f alcohol 
20 X  m l. 0 .5  N  KOII

w eight of sam ple

If th e  sam ple to  be analyzed is n ot perfectly anhydrous, it  
should be d ried ; allow ance should be m ade for the acid value of 
those oils containing free acids.

If the percentage of total alcohols is desired, an ester de
termination is made by the regular method and the following 
formula will effect the necessary conversion:
%  to ta l alcohols =

„  ,  . . I ,  m olecular w eight of alcohol , ,  „
% free alcohols -1--------- : =------- !4-T- — — -—  X  % esters

m olecular w eight o f ester

Results obtained by the method of Power and Kleber and 
the procedure outlined above are given in Tables II  to VI. 
To conserve space all figures are averages of several deter
minations. If the above procedure is carefully followed, the 
results obtained are very consistent, as indicated by the 
average deviations from the mean.

The data in Table IV indicate th a t in the case of oil of pep- 
ermint free alcohol determinations by the author’s method 
average about 3 per cent lower than those done by the method 
of Power and Kleber. In  Table I I I  this divergence is traced to 
small quantities of aldehydes contained in the lower boiling 
fractions, which aldehydes, it is believed, are acetylated by 
the pharmacopoeial process, and to polymerization during 
saponification of the higher boiling resinous constituents, with 
a subsequent utilization of alkali. The data on redistilled and 
badly oxidized oil of peppermint indicate tha t the amount of 
resinous material affects the extent of the divergence.

The data presented would indicate tha t a free alcohol con
tent of 43 per cent for oil of peppermint, when analyzed by

T a b l e  IV . A n a l y s e s  o f  S a m p l e s  o p  P e p p e r m in t

F ree  A lcohols b y  A u th o r’s 
P ow er a n d  K leb e r’s  M e th o d  M eth o d

S am ple  E s te rs  T o ta l alcohols F ree  alcoho ls M ean  A verage d ev ia tion
% % % % %

Choice N a tu ra l P e p p e rm in t

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

A v. 5 .9 5 3 .1 4 8 .5 4 5 .5 0 .3
R ed istilled  Oil of P e p p e rm in t

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

A v. 5 .7 5 4 .3 4 9 .8 4 7 .1 0 .3
B ad ly  O xidixed Oil of P ep p e rm in t

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

A v. 9 .4 6 0 .6 5 3 .2 4 9 .7 0 .3

T a b l e  V. A n a l y s e s  o f  O t h e r  E s s e n t ia l  O il s

P ow er a n d  K leber’s M ethod
F ree  A lcohols 

A u th o r’s M ethod
by

S am ple E s te rs
T o ta l

alcohols
F ree

alcohols M ean
A verage

d ev ia tio n
% % % % %

C itronella 10 .1 8 1 .8 7 3 .8 3 7 .3 0 .4
G eran iu m 2 5 .8 6 9 .3 5 2 .5 3 8 .9 0 .3
L av en d er 4 1 .5 6 3 .2 3 0 .6 14.1 0 .2
R osem ary 5 .1 1 9 .0 1 5 .0 9 .9 0 .3
S andalw ood 2 .7 9 2 .9 9 0 .6 8 1 .2 0 .4

P ow er a n d  K leb e r’s M eth o d
F ree  A lcohols by  
A u th o r’s  M eth o d

E ste rs
T o ta l

alcohols
F ree

alcohols M ean
A verage

d ev ia tion
% % % % %

0 .1 100.1 1 0 0 .0 9 9 .6 0 .2
3 .6 9 7 .5 9 4 .8 8 7 .7 0 .2
4 .1 10 1 .8 9 8 .6 9 1 .6 0 .3
0 .3 9 4 .9 9 4 .7 9 5 .9 0 .6
0 .1 9 9 .7 9 9 .6 9 9 .8 0 .4
0 .7 9 8 .6 1 .2
0 .3 99 ’.9 9 9 .7 9 9 .4 0 .4
0 .5 100 .1 9 9 .7 9 4 .2 0 .5

the method herein described, would very closely approximate 
the U. S. Pharmacopoeia 50 per cent total alcohol minimum 
or the British Pharmacopoeia 46 per cent free alcohol mini
mum if the analysis were made by the classical procedure.

The pure alcohols included in Table VI give harmonious re
sults regardless of the method used, except tha t d-neomenthol 
must be saponified for more than 3 hours if the U. S. P. X I 
procedure is used (6).

Differences obtained when assaying the impure alcohols 
included in Table VI or the essential oils shown in Table V 
are explained by the presence of nonalcohol constituents 
which are acetylated by the classical method but are not 
attacked by the acetylant mixture proposed in this paper.

T a b l e  VI. A n a l y s e s  o f  S t o c k  S a m p l e s  o f  A l c o h o l s

S am ple

d-B orneol 
C innam ic  alcohol«
C itronello l“
G eranio l 
i-M en th o l 
d-Neomenthol&
P h en y l e th y l alcohol 
Isopulegol«

a N o  a t te m p t w as m ade to  p u rify  th e se  sam p les. T h e ir  a ld eh y d e  co n ten t 
w as found  sufficient to  a c co u n t fo r d ifferences in  re su lts  by  th e  tw o  m ethods.

b Sam ple k in d ly  fu rn ished  b y  S w ann  an d  C o., B irm ingham , A la. H y 
drolysis  of ac e ty la te d  oil is incom ple te  in  1-hour sapon ifica tion  lim it specified 
in  U. S. P . X I  (5).

C o n c lu s io n s

The method of Power and Kleber has been thoroughly 
investigated. Sources of discrepancies have been found 
and suggestions made to prevent their occurrence.

A new simplified procedure, utilizing an acetylant mixture 
of n-butyl ether and acetic anhydride, permits a more selec
tive esterification of alcohols than the pharmacopoeial method. 
This procedure is apparently applicable, without variations, 
for the analysis of free primary or secondary alcohols, regard
less of content, in any of the essential oils. Since saponifica
tion, shown to be a major source of error in the method of 
Power and Kleber, is eliminated, the procedure described 
gives more satisfactory results with those alcohols whose 
esters hydrolyze slowly or with difficulty and permits the 
determination of the alcohol content of those oils whose 
specific gravities are greater than one. This method is more 
economical and less time-consuming than tha t of Power and 
Kleber. The water present in the titration mixture enables 
the analyst more easily to distinguish a very sharp end point 
and prevents the formation of an interfering precipitate.

The procedure described also seems to be more satisfactory 
than those using a pyridine-acetic anhydride mixture. The 
odor of n-butyl ether is not objectionable and this solvent 
possesses the added advantage over pyridine that its boiling 
point (142° C.) coincides well with th a t of acetic anhydride 
(140° C.), whereas pyridine boils a t 115° C. More rapid 
and complete acetylation would therefore be indicated in an 
ether mixture than in a pyridine-acetic anhydride mixture. 
Greater dilution of the acetic anhydride is possible if n-butyl 
ether is used as a solvent, decreasing the percentage of error 
in the results.
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Methods for Estimation of Some Amino Acids 
in Corn Grain

D . M . DOTY
P u rd u e U n iversity  A gricu ltu ra l E xperim ent S ta tio n , L afayette , In d .

DURING investigations on the chemical composition of 
inbred and hybrid lines of corn, it was found desirable 

to determine some of the amino acids present in the corn 
protein. Similar work on corn has been carried out by Csonka 
(S), Hamilton el al. (8), and Showalter and Carr (29). De
tailed investigations on various purified corn proteins have 
been carried out by numerous workers. The classical work 
of Osborne and co-workers (20, 21, 22) as well as the work of 
Dakin (4) and Kossel and Kutcher (14) should be recalled in 
this connection.

The methods used by these workers give very good results 
but are too long and tedious to be applied to protein studies 
on large numbers of samples. The work reported here had 
as its object developing relatively short and accurate methods 
for the determination of some of the nutritionally important 
amino acids present in corn grain.

P r e p a r a tio n  a n d  H y d ro ly s is  o f  P r o te in  F ra c tio n

Dry corn grain normally contains 7 to 11 per cent protein, 
1 to 2 per cent ash, 3 to 5 per cent fat, 1.5 to 3 per cent crude 
fiber, and 80 to 85 per cent starch, sugars, and other nitrogen- 
free materials. In  order to obtain the corn protein relatively 
free from the other constituents of corn grain, it is necessary 
either to extract the protein or remove the other compounds 
from the protein.

H am ilton  el al. (S ) rem oved fa t and other m aterials by ex
traction  w ith  dry eth y l ether and absolute ethanol, removed  
starch by extraction  w ith  h ot 2 per cent trichloroacetic acid, 
and then rem oved the  protein by successive treatm ent w ith  20 
per cen t hydrochloric acid and 5 per cent sodium  hydroxide.

Csonka (3) extracted som e of the  protein w ith  cold 1 per cent 
sodium  chloride and 80 per cent ethanol. Starch w as rem oved  
from the residue w ith  cold 21 per cent hydrochloric acid and  
precipitated from solution w ith  ethanol. T he starch-free residue, 
the acid alcohol so lu tion  from the starch precipitation, and the  
sodium  hydroxide and SO per cent alcohol extracts were hydro
lyzed  and th e  hydrolyzate w as used as m aterial for the determ ina
tion  of am ino acids.

These procedures are both rather long and cumbersome. 
In an effort to simplify them the following procedure was de
veloped and found satisfactory:

Grind the  air-dry co m  grain to  1 m m ., dry in a vacuum  oven  
a t 100° C. for 5 hours, and extract w ith  anhydrous eth y l ether in a 
continuous Soxhlet extraction apparatus for 48 hours. T he ether  
extract contains on ly  very sligh t am ounts o f nitrogen and m ay be 
discarded. Grind the  dry fat-free residue to  100-mesh in a ball 
m ill. P lace 5 gram s of the dry finely ground residue in a  200- 
m l. Erlenm eyer flask, add 150 ml. o f d istilled  water, and heat for 
30 m inutes on th e  steam  bath to  gelatinize the  starch. Cool, 
add 2 m l. o f sa liva  and a  few m illiliters o f  toluene, stopper, and in
cubate a t  38° C. for 72 hours w ith  occasional shaking. A t the  
end of the incubation period, heat on th e  steam  bath to  inactivate

the enzym e and drive off the toluene. F ilter through W hatm an  
N o. 42 filter paper and w ash thoroughly w ith  hot water. D is
card the filtrate.

Transfer the residue to  a 250-m l. K jeldahl flask and add 20  
m l. o f hydrochloric acid, specific grav ity  1.10. Add a  few drops 
of capryl alcohol, place a  test tube through w hich w ater is flowing  
in the neck of the flask to act as a reflux, and boil gen tly  on a 
sand bath for 20 hours. R em ove the condenser and boil off the  
capryl alcohol. F ilter off the hum in and wash thoroughly, 
catching th e  filtrate and w ashings in a  250-m l. Claisen flask. 
Evaporate the filtrate and w ashings to  a  thick paste on a  boiling  
w ater bath under reduced pressure, keeping the tem perature  
below 60° C. Add 50 m l. o f  distilled  w ater and again evaporate  
to a thick paste. R epeat tw ice more to rem ove as m uch of the  
hydrochloric acid as possible. Add 25 m l. o f w ater to  the paste  
and m ake just alkaline to  litm us w ith  solid calcium  hydroxide. 
Add 25 m l. of ethanol to  prevent foam ing and d istill off the  
am m onia in to  an excess o f 0.1 N  hydrochloric acid. T h irty  
m inutes under reduced pressure on  a  boiling w ater bath is suf
ficient to  rem ove the am m onia.

B ack-titrate the  solution in  the  receiving flask w ith  0.1 N  
sodium  hydroxide and calculate the am ount o f am m onia nitro
gen present. (R un a blank on the  reagents used and deduct 
th is from the value obtained .) F ilter off the  m aterial rem aining  
in the Claisen and wash w ith  h ot w ater until free from chlorides. 
A cidify the filtrate and w ashings w ith  hydrochloric acid and  
concentrate under reduced pressure to about 10 m l. Transfer 
to  a 50-ml. volum etric flask and m ake to  volum e w ith  distilled  
water. Pour in to  a 150-ml. beaker, add a  few gram s of N orit A 
(which has been washed w ith  acid and alkali), stir  thoroughly, 
and filter. T h is treatm ent w as found to  decolorize the  solution  
satisfactorily . D eterm ine cystine and cysteine on a liquots of 
th is solution according to  th e  directions g iven  below.

P ipet another aliquot (25 m l.) of the  so lu tion  in to  a 50-m l. 
centrifuge tube and precipitate the  basic am ino acids w ith  
phosphotungstic acid according to th e  directions g iven  by  
C avett (2). W hen washing th e  phosphotungstic acid precipitate, 
keep the wash solution, th e  centrifuge tubes, and the tube holders 
as nearly ice cold as possible. T o  th e  w ashed phosphotungstic  
acid precipitate add a  thick  suspension of barium  hydroxide w ith  
stirring until th e  solution  is just alkaline to  litm us. Centrifuge  
off the  barium phosphotungstate and w ash several tim es by dis
persing th e  precipitate in  hot d istilled  w ater and centrifuging. 
Com bine the  filtrate and w ashings and precip itate the  excess 
barium by the  addition o f a  sligh t excess of sulfuric acid. F ilter  
off th e  barium su lfate and wash w ith  hot d istilled  w'ater. C oncen
trate the filtrate and w ashings to  a  sm all volum e under reduced  
pressure, transfer to  a 25-m l. flask, and m ake to  volum e. U se  
aliquots o f the  so lu tion  for the determ ination of arginine and his
tidine according to  the  directions g iven  below'.

For the determination of tyrosine and tryptophan another 
sample of com is hydrolyzed with alkali, since tryptophan is 
partially destroyed by acid hydrolysis in the presence of carbo
hydrate material (9).

Transfer the  residue from  the sa liva  digestion of 5 gram s of 
dry, fat-free corn to  a  te s t  tube and add 20 m l. o f  5 A sodium  
hydroxide. Insert an air condenser (a g lass tub e about 30 cm. 
long through a  stopper covered wath tin  foil) and d igest for 24  
hours in  the steam  bath. W ash the  hydrolyzate in to  a  50-m l. 
volum etric flask w ith  water. Add 10 m l. of 15 N  sulfuric acid
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T a b l e  I. N i t r o g e n  D i s t r i b u t i o n  o p  F r a c t i o n s  f r o m  a  
S a m p l e  o p  D r y ,  F a t - F r e e  C o r n  G r a i n

F ra c tio n

D ry , fa t-free  corn  g ra in  
F i l t r a te  from  sa liv a  d igestion  
A cid -inso lub le hum in  
A cid-soluble h u m in  
A m m o n ia  n itro g en  
A cid  h y d ro ly z a te

E q u iv a le n t 
W eigh t of 

C orn  
Grams

1
2
5
5
5
1

N itro g en
Mg.

17 .4
2 .8 0
3 .1 2
1 .2 6

11 .07
12 .5 8

%  of T o ta l 
N itrogen  in  

F a t-F re e  C orn

100.00
8 .0 4
3 .5 9
1 .45

12.73
7 2 .3 0

m ix thoroughly, cool, and m ake to  volum e. F ilter or centrifuge  
the  solution . D ecolorize the filtrate w ith  N o rit A  (previously  
w ashed w ith  acid and alkali) and use an a liquot for the deter
m ination of tryptophan and another aliquot for the  determ ina
tion  of tyrosine according to  th e  procedure g iven  below.

For tryptophan a  longer hydrolysis period m ay be necessary  
or the  determ ination m ay be carried ou t on the  unhydrolyzed  
residue b y  the original M ay and R ose procedure (19).

These hydrolysis procedures are not new. The acid hy
drolysis is essentially th a t described by Cavett (2), while the 
alkaline hydrolysis is similar to th a t described by Folin and 
Marenzi (6) and Lugg (18). The author is not aware of any 
previous use of saliva to remove starch in protein purification. 
Some nitrogen compounds, the nature of which is not known, 
are lost in the filtrate from the saliva digestion. Acetic acid, 
trichloroacetic acid, and basic lead acetate do not cause the 
precipitation of any nitrogen-containing compounds from this 
filtrate, indicating th a t the nitrogen is not protein nitrogen. 
The solution gives only a faint ninhydrin reaction, which in
dicates tha t only small amounts of proteins or amino acids are 
present.

I B .  CTCTHDIE (-S U U IT E )  IN  50  KL.

MC. CYSTIN* IM 50 ML. COLOR SOLUTION
 1 1 1 1____

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

KG. CÏSTKIN1 IN 50  ML.

Approximately 20 per cent of the original weight of the 
ground fat-free corn remains in the residue after saliva diges
tion. On the basis of total nitrogen determinations, about 
45 per cent of this residue is protein, the remainder being 
cellulose and other complex carbohydrate material.

Table I shows the nitrogen distribution in the fractions 
through the acid hydrolysis.

C o lo r im e tr ic  D e te r m in a t io n  o f  A m in o  A cid s

Colorimetric methods for the determination of some of the 
amino acids have been carefully studied and shown to give 
as accurate results as direct isolation methods. In  general, 
colorimetric methods are less cumbersome and time-consum
ing than direct isolation or gravimetric methods. Colori
metric methods may often be simplified and improved by 
using some type of photometer, so th a t reference data can be 
obtained from pure solutions of the substance to be deter
mined. These reference data may then be used in the analy
sis of unknow'n samples, thus obviating the necessity of carry
ing standard solutions through the procedure with each set 
of unknowns.

« 0 .  E IS T ID IX I m  10  10.. C0LÛK SOLCTICN

In  this work the KWSZ photoelectric photometer described 
by Withrow, Shrewsbury, and Kraybill (80) has been applied 
to the colorimetric determination of tyrosine, tryptophan, 
cystine, arginine, and histidine in pure solutions.

In  order to  determ ine w h at ligh t filters to  use in  the K W SZ  
photom eter for the estim ation  of the  various am ino acids, the  
colored com pounds were formed and the  absorption spectra  
determ ined w ith  a  v isua l B ausch  & Lom b spectrophotom eter. 
For cystine, w hich is reduced w ith  sulfite and then  reduces 
F olin ’s uric acid reagent to  g ive  a blue com pound th a t shows 
m axim um  light absorption above 7000 A ., Corning filters N os. 246  
and 585 were used in  the K W SZ instrum ent w ith  0 .5  per cent 
copper su lfate in  the  cooling cells. F or tryptophan, w hich forms 
w ith  p-d im ethylam inobenzaldehyde a  blue com pound th a t shows 
m axim um  absorption near 6000 A., Corning filters N os. 246 and 
428 were used w ith  0 .5  per cent copper su lfa te in  th e  cooling cells. 
For h istid ine, tyrosine, and arginine w hose colored com pounds 
exhib it m axim um  light absorption in the  neighborhood of 5000 A ., 
Corning filters N o s. 430 and 401 were used w ith  5 per cent cop
per su lfate solution  in  th e  cooling cells.

C y s t i n e . The colorimetric determination of cystine by 
means of phospho-18-tungstic acid reagent as originally de
scribed by Folin and Looney (5) has been extensively studied 
by Folin and Marenzi (7), Lugg (15, 16), Shinohara (25-28), 
Schoberl and co-wTorkers (23,24), and Kassell and Brand (12).

T h e procedure adopted for the determ ination of cystine is that 
described b y  Shinohara (26) w ith  som e slight m odifications sug
gested  b y  th e  stud ies of Lugg and K assell and Brand. T h e solu
tions used are those o f Shinohara.

A dd 10 m l. o f  2 M  sodium  acetate solution  and 3 m l. o f 2 M  
acetic acid to  a  50-ml. volum etric flask. Add an am ount of
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solu tion  containing 0 .2 to  1.0 m g. o f cystine, enough sodium  
hydroxide solution  to neutralize the acid ity  o f the added cj’stine  
solu tion  (determ ined b y  titration  of a  separate a liquot of the  
solu tion  using brom ophenol blue as th e  indicator), and 2 m l. of 
1 M  sodium  bisulfite solution . P lace in  a w ater bath a t  18° =*= 
1° C. for 15 m inutes, add 2 m l. o f phosphotungstic acid reagent, 
m ix, and allow to  stand  in  the w ater bath for 15 m inutes. D ilute  
to  volum e w ith  w ater and after 5 to  10 m inutes determ ine the  
ligh t transm ission in  the  K W SZ  photom eter, w ith  w ater in  the  
reference cell. Since th e  su lfite itse lf  develops a sm all am ount of 
color w ith  th e  phosphotungstic acid reagent, i t  is necessary to  
deduct the value obtained from  a  sulfite blank determ ination.

Figure 1 shows the curve obtained with pure cystine solu
tions. I t  will be noted th a t the log values for the light ab
sorption are directly proportional to the cystine concentra
tion within the concentration limits used.

Since cystine with sulfite and cysteine with sulfite develop 
the same am ount of color (mole for mole) and cysteine de
velops half as much color in the absence of sulfite as in the 
presence of sulfite, both cystine and cysteine may be deter
mined using this curve. For this the solutions are those as 
outlined by Kassell and Brand (IS).

H i s t i d i n e . For the quantitative determination of histi
dine the following procedure was found satisfactory:

T o a  few  m illiliters o f h istid ine so lu tion  (containing 0.15 to  
0.75 m g. o f h istid ine) in  each of three 10-ml. volum etric flasks 
add brom ine solution  (1.0 per cent brom ine in  33 per cent acetic  
acid) dropwise until a deep  yellow  color persists. L et th e  solu
tions stand  at room tem perature for 10 m inutes. R em ove the  
excess brom ine by bubbling air through the solution  until the  
yellow  color disappears. Add 2 m l. o f a  solution  containing 2 
parts o f  concentrated am m onium  hydroxide and 1 part o f 10 
per cent am m onium  carbonate to  each flask and im m erse the  
flasks in a  boiling w ater bath for exactly  5 m inutes. R em ove the  
flasks from  th e w ater bath  and im m erse in  an ice bath for 5 
m inutes. A llow  to  stand  at room tem perature for 10 to  20 
m inutes, d ilu te to  the m ark w ith  95 per cent e th y l alcohol, and  
m ix. Pour the contents o f th e  three flasks into a sm all Erlen- 
m eyer flask, m ix, and m easure the transm ission value in the  
K W SZ photom eter w ithin  15 m inutes. T h e m ixing of three  
separate dilutions offers a  rapid m ethod for obtain ing an average  
transm ission va lu e  from three separate determ inations. T he  
blank solution  used in  the  reference cell o f th e  instrum ent is 
m ade up and treated  as above, except th a t w ater instead  of a 
histid ine so lu tion  is used.

T h is is  an  adaptation  of th e  W ooley and Peterson m odifica
tion (SI) of the K apeller-Adler procedure (11) for th e  determ ina
tion o f h istidine.

Figure 2 shows the curve obtained using pure histidine solu
tions. The log values for the light absorption are propor
tional to concentration when the histidine concentration is

between 0.45 and 0.80 mg. of histidine in 10 ml. of color solu
tion.

A r g i n i n e . Arginine was determined as follows:

Place an am ount o f arginine solution  containing 0.01 to  0.05  
m g. of arginine in  each of four 10-ml. volum etric flasks and add  
w ater to  m ake 5 ml. Cool in an ice bath , add 1 m l. of 10 per 
cent sodium  hydroxide solution  and 1 m l. of 0.02 per cent a-naph-  
thol, m ix, and em bed in ice for 1 hour. A dd 0.1 m l. of sodium  
hypobrom ite solution (2.5 gram s of brom ine dissolved in  100 
m l. o f  cold 5 per cent sodium  hydroxide), shake vigorously, and  
exactly  15 seconds later d ilute to  volum e w ith  cold 40 per cent 
urea solution. Pour the solutions from  the four volum etric flasks 
into an Erlenm eyer flask, m ix, and m easure the  transm ission in 
the K W SZ photom eter after 5 m inutes and in less than  7 m inutes  
after adding the hypobrom ite, w ith  w ater in  the reference cell.

Four dilutions are m ade and th e  four solutions m ixed before 
reading, because even  pure solutions o f  arginine do n o t alw ays  
develop the sam e shade of color under th e  conditions outlined. 
T he m ixing of four separate d ilu tions is a rapid m ethod for de
term ining the  average transm ission value o f four separate  
dilutions.

T h is is  an adaptation  of th e  procedure g iven  b y  Jorpes and 
Thoren (10) for the determ ination of arginine b y  the  Sakaguchi 
reaction.

Figure 3 shows the curve obtained with pure solutions of 
arginine. Within the concentration range used the log values 
for the light absorption are proportional to the arginine con
centration and Beer’s law is obeyed.
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T r y p t o p h a n . The following procedure was used for the 
colorimetric determination of tryptophan:

P ipet an am ount o f tryptophan solu tion  containing 0 .2  to  0 .8  
m g. of tryptophan in to  a 50-m l. volum etric flask. Add 2 m l. of 
1 per cent tryptophan-free gelatin  solution , 0 .2  m l. o f 1.5 per cent 
sodium  nitrate solution, 0 .5  m l. o f 5 per cent p-dim ethylam ino- 
benzaldehyde solution, and 2 .5  m l. of concentrated hydrochloric 
acid. M ix and allow to  stand for 20 m inutes a t  room tem pera
ture. D ilu te  to  volum e w ith  w ater, m ix, and im m erse in an ice 
bath for 30 m inutes. Subject the  solution to  colorim etry in  the  
K W SZ photom eter. T he blank solution  used in  the reference 
cell should be m ade up  and treated as above, using w ater in
stead of a  tryptophan solution.

T h is is  an adaptation o f  m ethods described b y  B ates ( / )  and 
K om m  (IS)  who modified th e  original M ay and R ose (19) 
procedure.

Figure 4 shows graphically the data obtained with pure 
tryptophan solutions. The log values for light absorption 
are not proportional to  tryptophan concentration when the 
color is developed according to the above procedure. How-
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T a b l e  II. D a t a  o n  M e t h o d s
A m ino Acid

R ea g e n t used

F ilte r  sy stem . C orn ing  filters, N o.
H e a t filte r cell, copper su lfa te , %  
la  c o n c en tra tio n  p ro p o rtio n a l to  lig h t 

ab so rp tion?
C o n ce n tra tio n  range, mg.

T im e lim it on read ing , m in.
C olo r of so lu tion  
A ccuracy , %

C ystin e

P hospho -18 -tungstic  
acid 

246 an d  585 
0 .5  
Yea

0.2 to  0.9 in 50 ml.

5 to  10
B lue
±3

H istid ine A rgin ine
B rom ine an d  N H 4O H  a -N a p h th o l a n d  sod

ium  hyp o b ro m ite
430 an d  401
5
Y es, be tw een  

and  0.8 mg.
0.2 to  0.8 in  10 ml.

15
B lue-v io le t
*4

0.45

430 a n d  401
5
Yea

0.01 to  0 .05 in  10 
ml.

5 to  7
O range
±5

T ry p to p h a n

p -D im e th y la m in o - 
b enzaldehyde 

246 a n d  428 
0 .5  
N o

0.2  to  0 .75 in  50 
ml.

30 to  40
B lue
*3

T y ro s in e  
M illo n 's  reag e n t

430 a n d  401 
5
Y es

0.25  to  0.9 in 25 ml.

5 to  10 
R ed  o range 
± 1 .5

ever, the method is sensitive for small amounts of tryptophan 
and with pure solutions gives results that are accurate within 
± 3  per cent.

Tyrosine. The color developed by Millon’s reagent was 
used for the determination of tyrosine.

VU. TTBCBXNX t a  2} XL. COLOR SOLOTIOÏI

The procedure is an adaptation of the methods described by 
Folin and Marenzi (ff) and Lugg (17). The reagents are those 
described by Lugg.

To a few milliliters of tyrosine solution (containing 0.25 to 0.9 
mg. of tyrosine) in a 25-ml. volumetric flask add enough water to 
make 3.5 ml. and 1.5 ml. of 5 Ar sulfuric acid. Add 5 ml. of the 
mercury salt-sulfuric acid solution described by Lugg, mix, and 
maintain at 60° to 65° C. for 30 minutes. Cool in tap water 
and allow to stand at 18° to 20° C. for 10 minutes. Add dilute 
mercury salt-sulfuric acid solution nearly to the mark and mix. 
Add 0.1 ml. of 1 M  sodium nitrite solution, make to volume with 
dilute mercury salt-sulfuric acid solution, and mix. After 5 
minutes and in less than 10 minutes measure the transmission in 
the KWSZ photometer. In the reference cell use a solution 
prepared in an identical manner except that water replaces the 
tyrosine solution. If tryptophan is present in the unknown solu
tion, the mercury salt of tryptophan must be centrifuged out and 
washed as described by Lugg, and the solution must stand at 18° 
to 20° C. for 1 hour instead of only 10 minutes as recommended 
above.

Figure 5 shows the curve obtained using pure tyrosine 
solutions. The log values of light absorption are propor
tional to tyrosine concentration and Beer’s law is obeyed.

The methods outlined above may be applied to the deter
mination of the amino acids in the solutions obtained by the 
procedure outlined in the early part of this paper. The 
curves obtained with pure solutions of the amino acids are 
used as reference data for the determination of the amino 
acids in the unknown solutions.

The data obtained with the KWSZ photoelectric photom
eter using pure solutions of the amino acids show tha t colori
metric determinations can be made with the following accu
racy: tryptophan =*=3, histidine ± 4 , tyrosine ±1.5, arginine 
± 5 , and cystine =*=3 per cent. The actual error in the trans

mission determination by the photometer is much less than 
1 per cent; additional inaccuracy enters because of difficul
ties encountered in the development of colored compounds 
with the various amino acids.

S u m m a r y
Table I I  shows some of the im portant points concerning 

the methods used.
The KWSZ photoelectric photometer has been applied to 

the colorimetric determination of tyrosine, tryptophan, ar
ginine, histidine, and cystine in pure solutions.

The data obtained from pure solutions of these amino acids 
are being used as reference data in the determination of the 
amino acid content of corn grain. Starch is removed from 
the dry fat-free corn by digestion with saliva and the residue 
hydrolyzed with acid. Cystine is determined in an aliquot 
of the acid hydrolyzate. Histidine and arginine are deter
mined in a solution from the phosphotungstic acid precipitate 
of an aliquot of the acid hydrolyzate. Tyrosine and trypto
phan are determined in an alkali hydrolyzate of the residue 
after removal of starch by saliva digestion.
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New Instrument for Rheological Studies of 
Plastic Substances

C. K. B A IL E Y 1, M a ssa c h u se tts  I n s t itu te  o f  T ech n o lo g y , C am b ridge, M ass.

In  th is  paper are d iscu ssed  th e  a im s, d e ta ils  o f  
c o n str u c tio n , accessories, an d  procedure o f  a new  
in s tr u m e n t  for rheolog ica l stu d ies  o f  p la stic  su b 
sta n ce s . T h e  in str u m e n t is  to  be regarded n o t  as 
a fixed q u a n tity  invariab le  in  m a k e-u p  b u t as an  
em b o d im e n t o f  prin cip les for acco m p lish in g  a 
ccr ta in  purpose— n a m ely , stu d y  o f  m ech a n ica l  
properties observable du rin g  d eform ation  o f  p la stic  
su b sta n ccs.

S u ita b ly  m odified  form s o f  th e  in str u m e n t and  
i t s  accessor ies sh o u ld  be u sefu l in  b o th  contro l and  
research  related  to  p e c tin s , je llie s , g e la tin s , o il-w ell 
d rillin g  m u d s , cera m ic  s lip s , p h a rm aceu tica l gels, 
th erm o p la stics , a n d  po lym erp lastics. In  fa c t, th e  
prin cip les m a y  be em p lo y ed  in  stu d y in g  an y  m a 
ter ia ls  w h ic h  m a y  b e  a llow ed to  se t  un der co n d i
tio n s  o f  co n tro lled  p a st h isto ry  (or p a th ) w ith  a 
view  to  m ea su r in g  th e  forces required to  produce  
in c ip ie n t flow or p erm a n en t d eform ation . H ow
ever, in  th is  paper th e  in str u m e n t is  d iscussed  from  
th e  p o in t  o f  view o f  i t s  u se  as a  research  too l in  
s tu d y in g  lyo g els .

IF  A SOLID substance exists in such a state that it can undergo 
permanent deformation without fracture, it is said to be 

a  plastic substance (6). Because of the increasing importance 
of such substances in several industries, it has become impor
tan t to be able to measure some intensive property which 
would be characteristic of the state of a  plastic material. 
This implies th a t the property chosen must be reproducibly 
detectable—for example, by obvious permanent distortion. 
Concepts based on detectable permanent distortion are pro
portional limit, yield points, and ultimate strength. These 
three properties are usually determined for defining the 
strength of a material (7).

Proportional limit has been defined (5) as the stress a t which 
the deformation ceases to be proportional to the load; yield 
point (5) as the stress a t which marked increase in deforma
tion of specimen occurs without increase in load; and ulti
m ate strength (5) as the stress obtained by dividing the 
maximum load reached, before breaking the specimen, by 
the initial cross-sectional area, thus giving the dimensions 
of force divided by length squared. This quantity is often 
taken as a basis for determining working stresses, and is 
sometimes used as a characteristic property of a material. 
If the force applied before reaching the ultimate strength is 
plotted against displacement, the area under the curve repre
sents work done in producing structural breakdown. I t  is the 
purpose of this article to  describe an instrument which makes 
possible the quantitative study of these characteristics of 
plastic materials.

The instrument has been used in studying the forces re
quired to produce breakage of certain bentonite lyogels. 
Results and theoretical conclusions resulting from these 
studies are to be found elsewhere {2).

The instrument embodies the torsion principle which has 
.been used previously in certain viscometers and by Garrison

4 .P resen t ad d ress , School of C h em is try  an d  P hysics, P en n sy lv an ia  S ta te  
«College, S ta te  College, P en n a .

(4) in his torsion wire gelometer. However, in the instrument 
described here, the sample is actually sheared and measure
ment is made of ultimate strength within the sample rather 
than of forces between interfaces.

D e ta ils  o f  C o n str u c tio n
E s s e n t i a l  M e c h a n i c a l  P a r t s .  Figure 1 represents a  cross 

section from the front to the rear through the central vertical 
axis of the instrument. Some of the parts have been overpro
portioned, so that all the significant details may be shown on one 
cross-sectional view. Rigid support of the essential parts of the 
instrument is obtained by mounting them on platforms which 
slide up and down the vertical race, RA, of a floor-type drill 
stand and may be fixed at any vertical position by tightening the 
clamp handles, Ci, C2, C>.

I t seems best to regard the instrument as built around the 
sample to be tested, which occupies the position designated as S. 
The sample at S  is supported in a circular trough on a glass disk, 
SD, 4 inches in diameter and 0.25 inch thick (see also Figures 
2, 3, and 4). The vertical walls of the circular trough are made of 
sections cut from beakers and set in concentric grooves on the 
disk as follows: A circular concentric groove is cut in the top of 
the disk at a radius of 1.33 inches to a depth of 0.125 inch. Her
metically sealed in this groove is a section, SB, cut from a beaker, 
which serves as the outside container wall. The section of 
beaker is 2.7 inches in outside diameter, 1.4 inches deep, and has 
a wall thickness of 0.05 inch. Twelve equally spaced Pyrex fins, 
F, are cemented by means of de Khotinsky cement.

Figure 4 shows an assembly having an outside wall only. The 
inside wall of the circular trough to contain the sample as shown 
in Figure 1 is likewise cut from a beaker 0.9 inch in outside di
ameter and 1.25 inches deep and has a wall thickness of 0.05 
inch. It also has Pyrex fins cemented vertically to the outside 
surface of its walls. These vertical fins on both walls prevent 
the sample from slipping at the wall interface and thus cause 
the shearing force to be applied in the limited vertical cylindrical 
path of the prongs. The disk supporting the sample and forming 
the bottom of its container is supported inside a water jacket, J, 
made of concentric brass tubing 4 and 4.5 inches in diameter and 
18 inches long. This water jacket is movable vertically and is 
freed or fixed by loosening or tightening clamp handle Ct.

Suspended from above and dipping into the sample are six 
prongs, PR, two of which are shown in cross section. These 
Pyrex glass rods are 0.2 inch in diameter and 1.7 inches lone. 
They are supported through a glass disk, D, of 2.75 inch outside 
diameter, 0.65 inch inside diameter, and 0.25 inch thickness, 
drilled with six holes having 0.2 inch diameter equally spaced in a 
concentric circle of 1.43 inch radius. The prongs are sealed in the 
six equally spaced holes by means of a sodium silicate cement. 
Figure 4 shows this disk-prong assembly.

A rigid pointer extends horizontally across the diameter of the 
top of the glass disk, to indicate the position of the disk as re
gards rotation. The disk is in turn supported through a grooved 
rubber gasket tightened by two nuts on a hollow, threaded, cyl
indrical brass rod having outside diameter of 0.5 inch and a right 
circular conical segment hole through its center. By means of a 
six thirty-two screw, 0.5 inch long, this fitting is tightly pressed 
onto a pinion, P, made up of brass in one piece having cylindrical 
upper and right circular conical lower section. The cylindrical 
shoulder section is 0.4 inch in diameter and 0.45 inch in length, 
and the frustrum of right circular conical segment is 0.85 inch 
long, 0.325 inch in diameter at top, and 0.25 inch in diameter at 
bottom. This pinion is soldered to the lower end of the torsion 
wire (piano wire), TW,  which supports the disk-prong assembly. 
The wire is 11.4 inches long between fittings.

The upper end of the torsion wire is soldered into a section of 
a circular brass rod, R, 0.25 inch in diameter and 0.25 inch long. 
Also soldered into R is a rigid indicator rod, I, made of cold rolled 
steel 0.125 inch in diameter, 11.2 inches in vertical length, and 
2.25 inch in horizontal length at its lower end. The purpose of 
this pointer is to register in the horizontal plane just above the 
gel the position of the top of the torsion wire. Torque and defor
mation in the sample are found by referring the indicating pointer,
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F i g u r e  1 . V e r t i c a l  C r o s s  S e c t i o n , S h o w 
i n g  D e t a i l s  o f  C o n s t r u c t i o n

A . Im ag e  on  film 
A P . A nalyzer po la rizer 

B, B '. B all bea rings 
R D . B rass  d isk  

B M .  M o un ts  
B P . B rass p la te s  
B R . B rushes

C. C am era
Ci, Ci, Ct. C lam p  hand les

CF. C ircu la r filters for equa liz ing  ac tin ic  v a lue  
of lig h t th ro u g h  a n d  a ro u n d  sam ple  

CLi, CLt. C ondenser lenses 
CR. B rass  rings 
CT. S up p o rtin g  p la tfo rm  

CW . Cogw heel
D . D isk
F. P y rex  fins 

CJ. G lass w a te r ja c k e t 
O W . W orm  gear

H . H ousing  
HC. H ose connection  in  low er w a te r  ja c k e t

I .  P o in te r 
J . W a te r  ja c k e t 

L , L '. L ig h t sources 
P. P in ion  

P B . P lu m b  bob  
P P . P o la rize r d isk  
P R . P rongs 
P S . P ro tra c to r  scale 
R A . V ertica l race  

R. R od fittin g  to  s u p p o r t to rs io n  w ire an d  
p o in te r 

RG, RG\. R u b b e r  gaskets
S . S am ple 

S B . S ection  of beak er 
SD . G lass d isk  
SF. F itt in g  
SH . S h aft
S P . P ro tra c to r  sca le  re fe rring  to  an a ly zer 

Polaroid 
SS . Setscrew  

S SH . H ole in  ja c k e t 
T. T u b e  

TB . T h ro u g h -b o lts  
TC. T e e  clam ps 
TD . T in  d isks 

T W . T orsion  w ire 
U. B rass up rig h ts  

UR. U p rig h t rod 
W . S to p  w atch  

W L. W atch -g lass  lens
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I, and the pointer on the glass disk-prong 
assembly to the transparent circular pro
tractor scale, PS, which is graduated in 
percentage degrees and has 4 inch outside 
diameter and 3.15 inch inside diameter. Be
low this scale is a polarizer disk, PP, having 
6 inch outside diameter and 1 inch inside 
diameter.

The tops of the torsion wire and pointer 
are supported through the fitting, R, by a 
six thirty-two setscrew, SS, in the support
ing fitting, SF. This fitting passes through 
a grooved rubber gasket, RGt, set in a 0.5- 
inch hole drilled through a watch-glass 16h3, 
WL, having outside diameter of 5.25 inches, 
convex radius of curvature 3.5 inches, and 
thickness of 0.125 inch. This lens is adapted 
by means of sections of brass tubing to the 
housing, H, also made from brass tubing hav
ing diameter of 6.25 inches and length of 
6.75 inches. The top of the housing is made 
from a brass disk 0.125 inch thick and is 
drilled for ventilation. This housing is held 
tightly against the shaft, SH, by means of a 
lock nut.

The shaft is supported through the inner 
races of the ball bearings, B and B', hav
ing inside diameter of 0.4 and 0.5 inch, re
spectively, B' taking the vertical thrust. 
The shaft (and thus the entire assembly) 
may be rotated in the horizontal plane by 
turning a crank handle which rotates the 
worm gear, GW, 0.6 inch in diameter, 0.8 
inch long, 8 threads per inch supported on an 
axle through two pillow blocks. This gear 
drives the cog wheel, CW, 4.25 inches in 
diameter, 100 cogs, which is fixed rigidly to the 
shaft, SH.

O p t i c a l  S y s t e m .  T o provide means of 
reading torque displacement and time ac
curately, an optical system is placed in the  
same vertical axis as the torsion wire. It is 
essentially the same as a lantern slide projeo-

I N D U S T R I A L  A N D  E N G I N E E R I N G

SCALE ROUGHLY \-3

I 2  3
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F ig u r e  2 . P r o n g s  R ig id l y  
H e l d  i n  D i s k  S u s p e n d e d  
o n  T o r s i o n  W i r e  a n d  F r e e  
t o  R o t a t e  i n  S a m p l e  C o n 
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tion system in which the 
pointers, transparent circular 
protractor scale, and sample 
act as a slide. The system is 
composed of a 6-volt projec
tion lamp “point” source of 
light, L, mounted in the opti
cal axis but free to rotate with 
the housing, H. This point 
source of light is supplied with 
electrical energy through two 
concentric brass rings, CR, 
embedded in Bakelite. This 
energy is received by phos
phor-bronze brushes, BR, 
su p p o rte d  on p o rce la in  
mounts, BM. Below this 
source of light is a watch- 
glass lens, WL;  6-inch diam
eter, 6-inch focal length 
plano-convex condenser lens, 
CLi, drilled with a 0.5-inch 
hole through the center; 6- 
inch diameter, 18-inch focal 
length, plano-convex lens, 
CLi, drilled with 1-inch hole 
through center; plane polar
izer, PP;  and the object to 
be projected, consisting of 
the circular protractor scale, 
pointers, and sample.

The converging light from CLi passes through a plane analyzer 
polarizer, AP, whose plane of polarization can be recorded with 
reference to the circular protractor scale, SP. Then the light 
converges into the f.3.5, 50-mm. lens of a Sept movie camera. 
This lens causes the formation of an image on the film in the posi
tion of the dotted arrow, A. The recording camera also looks 
through the side tube, T, and views the stop watch, W, which is 
in about the same horizontal plane as the gel and is illuminated 
by the lights, L'. Actinic value of the light reflected from the 
watch through the side tube, T, can be regulated by rotating a 
plane polarizer placed in the upper end of the tube. To prevent 
glare from the sides of the tube and water jacket, tin disks, TD, 
have been supported on brass springs inside the tubes.

F u r t h e r  D e t a i l s  o f  C o n s t r u c t i o n .  The lenses, CLi and 
CL%, and transparent circular protractor and polarojd are sup
ported in short sections of aluminum tubing 6.125 inches in 
inside diameter by means of a circular spring made from 0.25- 
inch cold-rolled steel bar. These tube sections are supported by 
three rigid brass rod uprights, U, 13.25 inches long and 0.475 
inch in diameter. The plane surface of CLi is 10.625 inches above 
that of CLt, which is 17.5 inches above the lens of the camera.

Surrounding the 6-inch condenser lens system is a glass water 
jacket, GJ, made from sections of Pyrex tubing 10.1 and 8.75 
inches in outside diameter, respectively, 0.25 inch in wall thick-

ness, and 16.25 inches long. These tubes are set into rubber 
gaskets, RG, which are set into grooves in brass plates, BP,
0.5 inch thick and 10.75 inches square. These header plates are 
tightened against the ends of the glass tubing by means of long 
brass through-bolts, TB. A hole through the jacket, SSH, 0.5 
inch in diameter, has rubber tubing cemented in, so that a long 
slender screwdriver may be inserted for loosening or tightening 
the setscrew, SS. Hose connections for circulating water through 
this jacket are not shown; however, they are shown, HC, in the 
lower water jacket. A baffle inside the lower jacket causes the 
water to circulate around the gel.

A vertical upright rod, UR, is seen in dotted lines on the op
posite side of the drill stand. This rod is 0.75 inch in diameter 
and 4 feet 2 inches long. The lights, L ', polarizer, AP, and cam
era are supported from it by means of tee clamps, TC, which per
mit these accessories to be swung aside so that the jacket sample 
container, J, may be slipped down on the race, RA. With the 
jacket slipped entirely on the end of the race, the torsion wire, 
prong, and pointer assembly may be removed or inserted as a 
unit by holding the rigid pointer, I, and loosening or tightening 
the setscrew, SS, by means of a screwdriver through the hole, 
SSH. The sample, after being placed in its container jacket, may 
be pushed up into position and locked there by means of the clamp 
handle, Ci.

A c c e s s o r i e s  f o r  U s e  i n  G e l a t i o n  S t u d i e s . A n  accessory 
shown on the back of the apparatus is a means of suspending 
a  brass disk, BD,  of known moment of inertia, on the end of 
the torsion wire to be calibrated. By the torsion pendulum 
principle (3) the coefficient of torsional stiffness of the wire 
may be found, thus providing a means of calculating torque 
from any measured angle of deflection.
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F i g u r e  3 .  E s s e n t i a l  P a r t s  o f  O p t i c a l  a n d  M e c h a n i 
c a l  S y s t e m s

1. L am p  housing
2. P ro jec tio n  la m p  bu lb
3. W a tch -g la ss  lens
4. C ondenser lens
5. P o in te r  in d ica tin g  position  of to p  of to rs io n  w ire
6. T o rs io n  wire
7. C o ndenser lens

8 , 9. C irc u la r p ro tra c to r  a n d  polaro id
10. D isk -p ro n g  assem bly  _
11. W all of Bample co n ta in e r
12. B o tto m  of sam p le  co n ta in er
13. A nalyzer po la ro id
14. C am era
15. P hospho r-b ronze  b ru sh  m oun tings  

16A . S h a f t su p p o rtin g  lam p  housing
1 6 ii . C oncen tric  s lip  rings for e lec tric ity  to  lig h t filam ent 

17. G ea r on  s h a f t  fo r ro ta tin g  lam p  housing  
L .  L ig h t source
S . S h aft 
W . S to p  w atch
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F i g u r e  4 .  P a r t s  o f  S a m p l e  C o n t a i n e r  a n d  
D i s k - P r o n g  A s s e m b l y

A plumb bob, PB, provides a means of leveling the instru
ment.

Other accessories are shown in Figures 5 and G. The pump, 16, 
is used to circulate the water from the constant-temperature 
tank, 11, through the water jackets. Although the pump is 
shown in this figure, it was actually isolated from the instrument 
by using a surge tank to prevent vibration in the water jackets. 
To prevent mechanical vibration of the floor the pumping mecha
nism was suspended in a network of rubber tubing.

Submerged in the water in tank 11 is a 2-gallon bottle, the bot
tom of which has been cut off. In its neck is a rubber stopper in 
which is inserted a brass tube which makes an arch above and to 
the right of the tank and enters the water jacket of the instru
ment. Surrounding this brass tube is a rubber hose. Circulating 
water passes between the hose and tube. Dry air is blown through 
a sparger beneath the bottomless bottle in tank 11, becomes 
saturated by passing up through the water inside, then flows 
isothermally through the brass tube into the jacket containing 
the gel sample, thus preventing evaporation while the gel is set
ting.

Also shown in Figure 5 are a battery, B, and transformer, 12, 
which serve as sources of electrical energy for the lights. An 
electromagnet for operating the shutter is shown mounted beside 
the camera.

Consider that a test on a eel has been completed in the instru
ment. The camera, 6, thelights, L, and polarizer, 5, may be 
swung to the right and the jacket, 7, removed by loosening the 
clamp handle, 14, and slipping the jacket support down off the 
race. The dish, 9, is then swung under the prongs, which may be 
cleansed using the wash bottle, 10, and the brush, 4, the washings 
dropping into the dish.

P ro ced u re  for U se
With reference to Figure 5, consider that the lights, L, P o la r 

oid, 5, and camera, 6, have been swung to the right and the 
water jacket, 7, has been lowered off the end of the race as de
scribed above. The torsion wire assembly may now' be inserted 
from below through the holes in the lenses into the fitting, SF  
(Figure 1). The setscrew, SS, is now tightened by means of a 
long screwdriver inserted through the opening, 13, in the glass 
water jacket. The gel to be tested is placed in its container in the 
brass water jacket, 7, which is then slipped back and clamped 
in position, so that the prongs suspended from the torsion wire 
dip into the specimen to the proper depth as indicated by a 
pointer on the clamp with reference to a scale marked on the 
race, RA  (Figure 1). All openings in the jackets are then closed 
as tightly as possible, and humid air is admitted during gelation. 
While the gel is setting, isothermal conditions are maintained by 
circulating water in the jackets.

At the beginning of the test the lights are turned on and a 
picture is made to record relative zero readings of the pointers, 
showing the positions of the top and bottom of the torsion wire 
with reference to the transparent protractor scale. The crank, 
17, is then turned, driving the worm gear which causes the top 
of the torsion wire to rotate. Rotation of the bottom of the 
torsion wire is restrained by the sample up to a maximum torque 
at which there is suddenly accelerated rotation of the prongs in 
the sample. During this rotation of the prongs, the applied 
force is decreasing.

Pictures or visual readings taken a t various intervals during 
the application of force reveal the maximum torque applied 
before accelerated motion of the prongs sets in. This may be 
considered the torque required to break the gel structure.

This measurement is definite and reproducible, because 
there are no frictional forces to be overcome between the top

and bottom of the torsion wire. The force delivered around 
the top of the wire will be the same as the force overcome a t 
the bottom of the wire and is accurately proportional to the 
elastic displacement in the wire according to Hooke’s law.

T o r sio n  W ires

S e l e c t i o n  a n d  C a l ib r a t io n . The design of the instru
ment and method of calibration described below require that 
the torsion wires be able to suspend a small weight without 
change in torsional properties. The tensile properties of 
piano wire are sufficiently high to meet this requirement. 
Furthermore, if the stress applied never exceeds 50 per cent 
of the elastic limit, the properties of piano wire are permanent 
(assuming prevention of corrosion). I t  is very difficult to 
straighten piano wire which has been coiled; therefore, it is 
desirable to obtain straight lengths from the factory and keep 
them straight during preparation and use.

The principle of the torsional pendulum (1) was employed 
in calibrating the wires as follows:

A rigid brass disk, BD, Figure 1, of known weight and dimen
sions was attached to the lower end of the torsion wire, thus 
forming a torsion pendulum. To evaluate the period of this 
pendulum, the disk is rotated from its equilibrium position

F ig u r e  5 . A p p a r a t u s  U s e d  i n  S t u d y i n g  B r e a k i n g  
S t r e n g t h  o p  L y o g e l s

1. U pper p la tfo rm  su p p o rtin g  la m p  bousing
2. T o rs ion  w ire
3. P o in te r
4. B rush
5. Polarizer
6. C am era
7. W a te r ja ck e t
8. S ide tu b e  th ro u g h  w hich cam era  sees s to p  w atch , W
9. D ish

10. W ash b o ttle
11. T a n k
12. T ransfo rm er for o p era tin g  p ro je c tio n  lam p  bulb
13. O pening in  glass w a te r ja c k e t so t h a t  screw driver m ay  be

in se rted  to  rem ove or rep lace  to rsion  w ires
14. C lam p  hand le
15. S lip  ring  an d  b ru sh  assem bly
16. P u m p
17. C ran x  fo r d riv in g  w orm  gea r to  ro ta te  to rsion  w ire 
19. U pper b a ll bearing  housing  su p p o rt
-4. G lass w a te r ja ck e t 
B. B a tte ry  for opera tin g  cam era  s h u tte r  
L , L igh ts  

W. S to p  w atch
A rrow s on tu b e s  sh«w  d irec tions  of flow



about the vertical axis of the torsion wire. W hen released, the  
disk w ill begin to whirl and the num ber of com plete oscillations 
during a  m easured interval of tim e can  be counted. T he tim e in  
seconds divided by the num ber of com plete vibrations is the  
period, T , o f th e  pendulum .

This period of the torsion pendulum is also given by the 
equation

T  =  2tt V ljK ' . (1)

where I  is the moment of inertia of the disk and K '  is the 
coefficient of torsional stiffness of the wire. I  is the product 
of the mass, M,  times the square of the radius, R*. I  is equal 
to M R 2; hence, it can be found for any given disk. Knowing 
T and I, the value of K' can bo obtained from Equation 1. 
This value will be characteristic of the particular wire used in 
its determination.

Although all piano wires of a  given diameter, length, and 
past history as regards tempering, stretching, etc., will have 
coefficients of stiffness within a certain range, it is necessary 
to determine the coefficient for each particular wire and tabu
late it w ith reference to th a t wire only. Furthermore, a simi
lar length of the same wire should be used to determine the 
elastic limit, which should be tabulated with reference to 50 
per cent of its value. This value should not be exceeded in 
use.

If a wire is twisted about its axis by application of a torque, 
it has been found experimentally tha t the angle in radians, 0, 
through which the wire is twisted is proportional to the ap
plied torque. T hat is,

T =  K 'Q  (2)

in which K '  is again the coefficient of torsional stiffness evalu
ated in Equation 1 and is the characteristic of a given wire 
mentioned above for tabulation. The value of 9  in radians 
can be determined for the reading obtained by referring the 
upper and lower torsion wire pointers to the circular protrac
tor scale in the apparatus. I t  is the difference between the 
two readings a t any time. The value of T thus calculated by 
use of Equation 2 has dimensions in centimeter-dynes and is 
used in calculating the specific ultimate strength as discussed 
below.

S p ec ific  U lt im a te  S tr c n g tli

An expression for specific ultimate strength for use with 
this instrument may be derived as follows:

Consider the plastic se t in  a  circular trough having fins to pre
ven t slippage of the  sam ple a t  the  w alls. Consider also tha t the 
force is applied by m eans of a se t  of prongs m ade from a section  
of D uralum in or other su itab le tubing, closed at the upper end 
b y a  disk to  which the  torsion wire is fixed and slitted  in the 
lower end to  form rounded-edged prongs dipping in to  th e  sample. 
A ssum e that there is a  sufficient num ber of prongs to  produce a
circular break in the  test specim en and th a t the  surfaces are
treated to  prevent establishm ent o f forces o f  adsorption between  
sam ple and prongs. T h e break w ill be in the form of a vertical 
cylindrical path or sleeve having a  radius equal to tha t o f the 
circle in which the prongs are se t and having a height equal to 
th e  depth of the  prongs in  th e  gel. T h e  area of th is cylindrical 
break will be equal to  the circum ference of tho circle diminished  
by the sum m ation of th e  circular lengths o f the prongs, then  
m ultiplied  b y  the depth  of th e  prongs in the  specim en. The  
torque required to  produce breakage is proportional to  th is area. 
Let

T =  torque, cm .-dynes
r =  radius o f  circle in  which prongs are se t, cm.
h = depth of prongs in specim en, cm.
X I =* sum m ation of circular lengths o f prongs, cm.
f} =  specific u ltim ate strength, dynes divided  b y  sq . cm.

M axim um  torque applied in breaking specim en d ivided by  
radius a t which th is torque is acting is equal to  the m axim um  total
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applied force; and also is equal to  the u ltim ate force which can  
be resisted b y  the given  vertical cylindrical area of the specim en  
in which break occurs. T his u ltim ate force is given by the cross- 
sectional area of breakage tim es specific ultim ate strength of the  
specim en. Consider the cross-sectional area of breakage to be 
the sum m ation of the circular areas of the segm ents rem oved from  
the tubing in m aking the slits m entioned above. T h at is,

T/r -  [(2*0 -  (20) hfi (3)
or

jS =  T /r  [(2irr) — (2 i) l  h =  specific u ltim ate strength  of the  
sam ple in term s of dynes per square centim eter (4)

The above derivation assumes no forces of adsorption be
tween prongs and test specimen. This condition might be 
approached by coating the prongs with a suitable adsorbed 
film before the test.
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F ig u r e  6 . L o o k in g  D o w n  o n  T a n k  11 o p  F i g u r e  5
20. 2-gallon b o ttle  w ith  b o tto m  rem oved . Coiled copper tu b e  a ir 

sp a rg e r m ay  be  seen  b e n e a th  b o tt le

If the torque is alternately applied and released reversibly, 
a value of T may be found which is a maximum beyond which 
the prongs no longer return to their original position with 
respect to the protractor scale after the applied torque has 
been released. By substituting this value of T in Equation 4 
the proportional limit may be calculated beyond which creep 
will occur in the sample. However, the ultimate strength is 
most important and is found by substituting the maximum 
value of T observable a t the sta rt of accelerated rotation of 
the prongs with simultaneous decrease in torque.
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Measurement of Flow Properties with 
the Gardner Mobilometer

P A U L  W . K IN N E Y , A r m str o n g  C ork  C o m p a n y , L a n c a s te r , P e n n a .

THE rheological properties of various plastic soft solids as 
reported by use of the mobilometer have never been 

stated in absolute units and, therefore, comparison with the 
results obtained with other instruments is not easy. I t  is 
the purpose of this paper to show how one mobilometer has 
been calibrated to give results in absolute units. A comparison 
of the results obtained when several materials are measured 
with three different types of disk is presented.

Cornthwaite and Scofield (5) have stated th a t the mobil
ometer is suitable for precise work in consistency studies, 
although they have not given any indication of the order of 
magnitude of the precision obtainable. This paper, there
fore, also reports a study of the precision tha t may be ob
tained.

The mobilometer was first described by Gardner and Parks (6) 
for the control of the flow properties of paints, enamels, and pig
mented lacquers. Its dimensions were later standardized in the 
Gardner laboratory by Sward and Stewart (13). I t  has been 
used by numerous workers to report the Theological properties of 
several systems of materials. Gardner and Van Heuckeroth (7) 
have applied the instrument to food products, mineral oils, 
petrolatum, coal tar, etc. Gray and Southwick (8) have used 
the instrument in their studies of the mayonnaise emulsion, 
Turnbull (13) and McIntyre and Irwin (11) have used it to study 
the flow properties of ceramic clay slips. Baldeschwieler and 
Wilcox (1) have utilized the instrument as a viscometer for viscous 
mineral oils. The writer has found use for it. in a study of the 
rheological properties of adhesives, particularly those used in the 
installation of various floor coverings.

An ideal instrument for use in the study of the flow proper
ties of industrial materials should satisfy the following 
requirements:

1. I t  should work on the right principle—i. e., it should be 
possible to vary the rate of shear so that the fundamental flow 
properties are immediately apparent.

2. I t should be relatively precise and the degree of precision 
must be known.

3. I t  should be adaptable to a rather wide range of consisten
cies.

4. From the data collected, it should be possible to calculate 
the results in absolute units.

5. The instrument should be easily manipulated, so that a 
relatively inexperienced operator can be trusted to collect data.

6. I t  should be sturdy in construction.
7. I t should be easily cleaned.
8. The speed at which determinations can be made should be 

high, so that the large amount of data usually necessary can be 
collected without too much expenditure of time.

In  control instruments, the first four requirements are 
often sacrificed, and the results are of little value if the sys
tem being measured is altered more than is slightly incidental 
to the consistency being controlled. The results so collected 
are usually of no value as research date.

An industrial research instrument must meet all the above 
requirements, with emphasis on the first four. The Gardner 
mobilometer is a control instrument which can be made to 
satisfy all points if the degree of precision is known and if the 
results are calculable in absolute units. I t  can, therefore, be 
used as an industrial research instrument.

Description of the Gardner mobilometer has been ade
quately covered in the literature. Essentially, no funda
mental changes have been made in the shape or size of the 
disks or cylinders of the commercially available instruments. 
Combes, Ford, and Schaer (4) have replaced the disks by a

perforated cone for use in measuring the consistency of 
greases.

The writer has found a glass tube fitted in a stopper on the 
top of the cylinder helpful in dealing with materials containing 
volatile solvents. Continued exposure of such materials to the 
air currents of the room causes loss of solvent which sometimes 
results in deleterious skinning of the exposed surface. High 
loss of solvent will, of course, produce inaccuracies. The use of 
the tube decreases this source of error to a large degree. The 
tube consists of a piece of standard 20-mm. glass tubing 180 mm. 
long, drawn down at the upper end, and fitted into a No. 9 
rubber stopper at the lower end. The clearance between the 
drawn end of the tube and the moving plunger rod should be 
about 1 mm. I t  is important that the drawn end be carefully 
fire-polished.

In  a study of the mobilometer, one is impressed by a simi
larity between it  and an instrument described by Clarvoe
(3), which was designed for measuring the consistency of 
roofing putties and fibrous roof coatings, and was developed 
without knowledge of the existence of the mobilometer. In 
construction, the Clarvoe instrument varies essentially only 
in tha t the diameter of the cylinder is greater and no disk is 
used on the end of the plunger rod when measuring stiff 
putties. Materials of lower consistency are measured with a 
ball on the end of the rod. The perforated disks of the 
Gardner instrument are not suitable for use with fibrous 
materials, but it has been suggested th a t the ball tip principle 
be borrowed from the Clarvoe instrument, for this purpose.

P roced u re

A standard procedure has been employed in all calibrations 
and observations. All work was performed in a constant- 
temperature room held a t 22 ±  0.5° C., although an effort was 
made to keep the temperature of the material being measured 
more closely adjusted. This eliminated the necessity of a 
water bath, but decreased the accuracy of calibration and ob
servation in varying degrees, depending on the temperature 
coefficient of the material.

The sample was brought to temperature and poured into the 
cylinder of the mobilometer to a height of within 2 cm. from the 
top. In the case of a viscous liquid the air bubbles were expelled 
by merely allowing the cylinder to stand undisturbed for a time. 
In the case of highly plastic materials, the entrapped air was 
eliminated by gently and steadily tapping the bottom of the 
cylinder on a resilient surface for several minutes. The cylinder 
was screwed into the base and the rod-guide was clamped in 
place. The top of the guide clamp in contact with the cylinder 
was kept at approximately the same height as the level of the 
contents of the cylinder. In adjusting the weights producing 
the flow (the weight of disk, rod, and weight pan plus the added 
weight) no attempt was made to keep the minimum weight of the 
system 100 grams, as is usually done. In fact, an effort was made 
to have available a lower minimum shearing weight in some cases, 
so that the instrument could be applied to more fluid materials. 
This was done by removing the weight shot from the hollow rod 
(the shot is placed in the rod by the maker in order to standardize 
the weight of disk, rod, and weight pan, so that this combination 
will weigh 100 grams). In this manner, a shearing weight of less 
than 50 grams was available. At a chosen shearing weight, the 
time for several plunges was recorded, having the plunger in a 
different position radially for each determination. At certain 
positions, the frictional forces of the instrument appear to be 
at a minimum. Reference is made below to means of minimizing 
the effects of friction due to the crudity of construction. The 
position of minimum time was chosen and an effort was made 
to keep this same radial position in subsequent calibration and



M arch 15, 1941 A N A L Y T I C A L  E D I T I O N 179

observation. The time was recorded for a fall of 10 cm., this 10 
cm. being chosen so that the disk will fall through that volume 
of material in approximately the middle section of the cylinder, 
in order to minimize any end effects which might be inherent.

In the case of true liquids, after each plunge the rod was not 
wiped clean of adhering material, but at least 2 minutes’ draining 
time was allowed, so that the material could flow from the rod 
before the next plunge was made. This practice was adopted 
because the use of the glass air current shield in certain cases made 
wiping after each plunge impractical. The amount of liquid ad
hering to the rod after 2 minutes’ draining time was usually less 
than 1 gram for 10 cm. of exposed rod. In the case of plastic 
soft solid materials of considerable yield value, frequent wiping 
was necessary, as layers of the material tended to build up with 
successive plunges and withdrawals. This point of procedure 
was not particularly desirable but seemed practical. An average 
time for at least three falls for each shearing weight was used in 
the calculations.

T h eo r e tic a l
The Gardner mobilometer in its operation applies the 

multiple orifice extrusion principle. Each hole in the disk 
may be considered to be a short tube of large diameter. The 
clearance between the disk and the cylinder wall is wholly 
operative in flow in the case of the blank disk and only 
partially operative in the cases of the disks in which there are 
holes. We may consider the operation of the blank disk, as 
applying flow between cylinders. Observation shows that 
the disk, however, does not travel coaxially to the cylinder, 
but rather travels so tha t the disk is closer to the cylinder at 
one point. The flat face surfaces of the disk will also offer 
resistance to flow. The rod may be considered to apply 
approximately the coaxial cylinder type of fall. The re
sistance offered by the passage of the rod is negligible, how
ever, as will be noted if we try  to time the fall of the rod on 
which there is no disk. Unless we are dealing with materials 
of very heavy consistency, the time is so small tha t it is not 
measurable by means of ordinary stop-watch technique.

I t  can be seen tha t in the mobilometer the types of flow 
are complicated, and the results of calculations based purely 
on the dimensions of the instrument would probably mean 
very little.

Newton’s fundamental law of viscous flow states that when 
two parallel planes separated by distance s are sheared by a 
force, F, per unit area, the velocity, v, which one plane travels 
with respect to the other will be proportional to the coefficient 
of viscosity, jj, of the material separating the planes.

Thus,

or

Fs

= Fsl

( 1)

(2)

Here svwhere t =  time for constant amount of shear
may be considered to be an instrumental constant, K, since 
the value of s depends only on an instrumental adjustment. 
K, in this case, cafi be evaluated either by calibration against 
a liquid of known viscosity or from the dimensions of the 
instrument. The general expression

v = KFt
or

KF
v

(3)

(4)

may be derived. Equation 3 is a general expression into 
which the more complicated formulas of all instruments may 
be transformed.

Thus in the case of the more complicated type of flow, the 
flow through a capillary tube, Poiseuille has given the law

V
t

vPR' 
8Ji? (5)

where V =  volume of flow, t => time of flow, P  =  pressure, 
R  = radius of capillary, and I ~  length of capillary, which 
yields

;  = —  or n -  KFl (4) or (3)
t v

where

and

F =

K

R P  
21

7rR 3 
4V

(6)

(7)

All the terms of K  depend on dimensions of the instru
ment, so here again K  may be regarded as an instrumental 
constant. Dimensional analysis shows the value of K F  to be 
dynes per sq. cm., in both examples. Here again, the value 
of K  can be obtained either by calibration against a liquid of 
known viscosity or from the dimensions of the instrument.

In  the case of the mobilometer where the type of flow is 
much more complicated than in parallel plate or capillary 
flow, the expression

KF or tj =  KFt (4) or (3)

also applies, although the value of K  cannot be obtained from 
dimensions of the instrument but m ust be evaluated by 
calibration against a standard liquid. Here again, however, 
the dimensions of KF  are dynes per sq. cm.

The mobilometer has been designed to measure the flow 
properties of materials which do not behave as true liquids—
i. e., those materials which behave as plastic soft solids or non- 
Newtonian liquids. In  the case of plastic solids, Bingham 
(%) has given an equation which expresses their behavior.

ttR ‘ia 
81 CP - P ) (8)

where m =  mobility (sq. cm. per dyne-second) and p — 
yield value due to structure (dynes per sq. cm.). The values 
of M and p are, respectively, the slope and intercept a t the 
abscissa of the straight line asymptotic to the curve obtained 
when the rate of shear, V/t,  is plotted as the ordinate against 
the shearing stress, P, as the abscissa. The yield value, p, has 
the same dimensions as P.  The mobilometer gives curves such 
tha t the points measured, for the most part, fall on the section 
of the curve which is coincident with the asymptote. In  fact, 
it  is impossible in most cases to  detect curvature graphically 
in this section of the curve, so it  may be considered to be a 
straight line.

Equation 8 may be given the same treatm ent as Equation 5 
to give

»(.KF -  Kf) (9)

Equation 4 is specific for application in the measurement of 
the viscosity of a liquid. Equation 9 is for application to the 
mobilometer in the case of a plastic solid. The value of K  
for the mobilometer, obtained from calibration with a  standard 
liquid, is an instrumental constant and it  can, therefore, be 
used in Equation 9. The actual values of K  obtained in the 
cases of the different instruments (parallel plates, capillary 
tube, or mobilometer), of course, will not be equal.

The values of ¡x and Kf,  necessary as physical constants to 
express the flow characteristics of a  plastic solid, can be calcu
lated by the method of averages {10) using values of 1/i and 
KF  obtained experimentally. Only those values which occur
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F i g u r e  1 . C u r v e  o p  T a b l e  I
V iscosity  s ta n d a rd  0, v 10 35.74 poises a t  22.0° C ., N  cy linder, and  

0 -4  disk

need of which is attributed mainly to the buoyant effect; 
and A = straight line equation constant.

I t will be noted that

( 1 2 )

The value of C can be approximated by calculation from the 
dimensions of the submerged parts and the specific gravity of 
the material under measurement.

The above statement has not taken into consideration any 
frictional forces due to contact of the moving disk and the 
inside of the cylinder, which are in opposition to the weight 
and are therefore in the same direction as the buoyant force. 
These frictional forces cannot be calculated from dimensions 
of the instrument and may be disregarded in the cases of 
well-machined disks and cylinders where the friction, if 
effective a t all, is very small. The frictional forces arise from 
poorly machined working parts; those disks and cylinder 
walls which appeared to be rough had higher values of C than 
the smoother appearing ones. If accurate results are desired, 
the moving parts should be accurately machined and care
fully finished. I t  was noted tha t those disks which had been 
used for some time had lower values of C than the newer ones. 
If careful technique is practiced, it is logical to conclude that 
any gross discrepancies in measurement or low precision may 
be accredited to large values of frictional forces.

on the linear portion of the curve should be used in the 
calculations.

C a lib ra tio n
A Bureau of Standards calibrated viscosity standard liquid 

having a viscosity of 35.74 poises at 22.0° C. was used to calibrate 
the instrument and thus obtain the instrumental constants for 
various combinations of disks and cylinders. Two sets of three 
disks—i. e., one blank, one 51-hole, and one 4-hole disk in each 
set—were calibrated. One set had been in use for some time 
and one set was recently purchased from the Gardner laboratory; 
the former set is identified by the prefix O- and the latter, by N-. 
Five cylinders were calibrated, four old and one recently obtained, 
identified by the symbols I, II, III, IV, and N. The practice 
followed has been outlined above under the heading of Procedure.

C o rrec tio n s
In Table I are given the times necessary for a 10-cm. fall 

of the plunger rod fitted with a four-hole disk, using various 
weights to produce the shear. I t  was found th a t the straight 
line obtained when the rates of fall—i. e., the values of 1/i— 
were plotted against the shearing weights in grams, did not 
go through the origin, but instead had an intercept a t a small 
value on the abscissa. Inspection shows th a t the total weight 
producing the shear is not just overcoming the viscous re
sistance of the liquid, but a portion of the weight is being used 
to overcome the buoyant force of the submerged disk and rod. 
In order to have the shearing weight corrected so tha t it will 
equal the weight producing shear, the buoyant effect cor
rection must be subtracted from the shearing weight. Equa
tion 3 can be expressed

(10)n «  K(IF -  C)t

where F — W

Figure 1 shows the curve obtained when the values given 
in Table I  are plotted. Constants A  and C of the equation 
representing the curve were calculated by the method of 
averages.

IF a } +  c (1 1 )

T a b l e  I. C a l i b r a t i o n  w i t h  B u r e a u  o f  S t a n d a r d s  V i s c o s i t y
S t a n d a r d

(ii “  35.74 poises a t  22° C .; t =  tim e  of fall of 10 cm . w ith  w eigh t W ,
using  a  4-hole d isk)

A -  1.645, C  - 5 .4 , K  -  0.02173

W t 1/i F  -  W  - C C alcd . E rro r
Gram Sec. %

4 9 .3 3 7 .3 0.026S1 4 3 .9 3 5 .5 8 0 .4
6 5 .9 2 7 .2 0 .03676 6 0 .5 3 5 .7 6 0.1
8 5 .9 2 0 .5 0 .04878 8 0 .5 3 5 .8 6 0 .3

115 .9 1 4 .8 0 .06757 11 0 .5 3 5 .5 4 0.6
135 .9 12.6 0 .07937 13 0 .5 35 .7 3 0.0
165 .9 10 .3 0 .09709 160 .5 3 5 .9 2 0 .5

A v. 35 .7 3 0 .3

T a b l e  I I . V a l u e s  o f  I n s t r u m e n t a l  C o n s t a n t s

C ylinder D isk K  ** — A verage
N o. N o. A C A A D ev ia tio n

%
N N -B  220,600 1 6 .6 0 .0001620i 0 .01925 1 .9
N N-51 16,120 1 6 .7 0 .002217 0 .2 6 3 4 1.0
N N -4 1,931 6 .4 0 .01851 2.200 1 .5
N O-B 57,820 - 0 .2 0 .0006181 0 .07345 0 .4
N 0-51 14,600 2.1 0 .002448 0 .2 9 0 9 0 .3
N 0 -4 1,645 5 .4 0 .02173 2 .5 8 3 0 .3
I 0 -4 1,702 2 .9 0.02100 2 .4 9 5 0 .5

I I 0 -4 1,705 3 .3 0 .02096 2 .4 9 1 0 .9
I I I 0 -4 1,639 4 .7 0 .02180 2 .591 0 .4
IV 0 -4 1,691 3 .0 0 .02113 2 .5 1 1 0.1

A verage 0 -4  D isk  1,676 3 .9 0 .02132 2 .5 3 4 0 .4

where IF =  shearing weight—i. e., the weight of disk, rod, and 
weight pan plus added weights; C — correction constant, the

The error introduced by not wiping the rod clean of adher
ing liquid between determinations is not large if sufficient 
time is allowed for drainage. In the case of the calibrating 
liquid less than 1 gram of material adhered after 2 minutes’ 
draining time. As plastic soft solids do not drain properly and 
consequently add considerably more weight, they should be 
wiped after each determination if high precision is desired. 
The percentage error introduced by not removing the adher
ing film, however, in the case of these plastic materials, may 
not be very large, since the weights necessary to produce flow 
in these materials are usually rather high.

There is a different value of the instrumental constant for 
each combination of disk and cylinder. Table I I  gives the 
values of the instrumental constants, K, along with the value
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of A  from Equation 11 which is used in calculating K  and k. 
In order to calculate k it is necessary to know the value of V, 
the volume of flow. This value, calculated from the dimen
sions of the instrument, is 118.8 cc. for 10-cm. fall.

The constants are given for the combination of one cylinder 
and different disks and for one disk and several cylinders. 
The wide variation in the values of K,  for the disks which are 
supposed to be interchangeable, makes the necessity of 
calibration of the various disks immediately apparent, if 
results of measurement of flow properties with one mobil- 
ometer arc to be compared with those of another. The values 
of K  obtained when the different cylinders are used inter
changeably do not vary so widely as do the values of K  using 
the “interchangeable” disks.

The average value of the buoyant force correction, C, for 
disk 0-4 in combination with the various cylinders is 3.9 
grams. This value compares veiy well with the value calcu-

F i g u i i e  2 . M a n i l a  C o p a l  R e s i n  S o l u t io n  in  
A l c o h o l

58 .4%  b y  w eigh t

T a b l e  III. G a r d n e r  M o b i l o m e t e r  D a t a  f o r  5 8 .4  P e r  C e n t  
A l c o h o l i c  S o l u t i o n  o p  M a n i l a  C o p a l  R e s i n

(0 -4 , 0 -5 1 , an d  0 -B  disks w ith  N  cy linder. T e m p era tu re , 22° C . C, 5.7)
D ev ia tion  

from  M ean
TV

Grams

t

Sec.

F  K F  
D ynes/  
sq. cm.

D isk 0 -4 , K  -

1 / i

0.02173

V alue of n

%

4 9 .3 2 4 .3 4 3 .6 0 .9 4 7 0 .041 2 3 .0 0 .0
7 4 .2 15 .2 6 8 .5 1 .489 0 .0 6 6 2 2 .6 1 .8
7 9 .2 14,1 7 3 .5 1.597 0 .071 2 2 .5 2 .2
8 9 .2 12.4 8 3 .5  1 .814 

D isk  0 -5 1 , K  «

0 .0S1

0.002448

2 2 .5
Av.

2 .2
1 .5

39 .1 286 .7 3 3 .4 0 .0 8 1 8 0.00349 2 3 .4 1 .7
6 4 .0 164.1 5 8 .3 0 .1 4 3 0.00609 2 3 .4 1 .7
8 4 .0 123.2 7 8 .3 0 .1 9 2 0.00812 2 3 .6 2 .5

10 0 .0 101 .2 9 8 .3 0 .241 0 .0099 2 4 .3 5 .3
150 .0 6 4 .6 148 .3 0 .3 6 3 0 .0 1 5 5 2 3 .4 1 .7
2 0 0 .0 4 7 .9 198 .3 0 .4 8 5 0 .0209 2 3 .2 0 .9
25 0 .0 3 7 .5 2 4 8 .3  0 .6 0 8  

D isk  0 -B , K  -

0 .0 2 6 7

0.0006181

2 2 .8
A v.

0 .9
2 .1

150 .2 26 2 .8 144 .5 0 .0893 0 .00380 2 3 .5 2 .1
20 0 .2 188.1 194 .5 0 .1 2 0 2 0.00531 2 2 .6 1 .8
2 5 0 .2 148.3 2 4 4 .5 0 .1511 0 .00674 2 2 .4 2 .7
300 .2 122 .2 29 4 .5 0 .1 8 2 0 0 .00818  

M ean  value

2 2 .2

2 3 .0
poises

A v.
3 .6
2 .5
2 .0

F ig u r e  3 . M a n il a  C o p a l  R e s i n  S o l u t io n  i n  
A l c o h o l

58.4%  by  w eight, p lo t te d  in  ab so lu te  sy stem  un its

lated from the dimensions of the submerged parts, the mean 
volume of the submerged parts being 5.7 cc. This would give 
4.9 grams’ buoyant force, since the specific gravity of the 
calibrating liquid is 0.86. The 1.0-gram difference between 
average C and buoyant force calculated from the dimensions 
is attributed to the weight of calibrating liquid adhering to 
the rod.

The frictional force is negligible in the case of disk 0-4, 
as it is with the other older, smoother-surfaced disks 0-B  
and 0-51. Higher frictional force is, of course, associated 
with rougher working surfaces. Also, as summarized in Table 
II, the average percentage deviations between the known 
viscosity of the calibration liquid and the values of viscosity, 
calculated using Equation 3, are higher for the new disks than 
for the smooth ones. I t  will be noted th a t the value of C for 
disk 0-B is —0.2. This out-of-line value is attributable to 
calibration inaccuracy, but since the shearing weights used in 
this case were in the range of 350 to 1100 grams, the resulting 
percentage deviation between —0.2 and 3.9 values of C was 
not excessive. The percentage deviation in this case was of 
the same order as for the other O-set disks.

D e te rm in a tio n s

The viscosity of a clean, concentrated solution of Manila 
copal resin in denatured alcohol (Special Denatured Formula 
No. 1) was measured. The solution was prepared by dissolv
ing the CNE grade of this natural resin in the alcohol, allow
ing the d irt and other insoluble material to settle, and using 
the clear supernatant liquid. Analysis of this solution 
showed its concentration to be 58.4 per cent by weight. 
Table I I I  presents the data obtained when the viscosity 
was measured using 0-4, 0-51, and 0-B disks and N  cylinder. 
In Figure 2, the reciprocal of the time required for 10-cm. 
fall of the plunger is plotted against the weight producing 
the fall. Each numerical value of t is an average of the times 
of a t least three falls a t the same weight. In  order to calculate 
the viscosity from the data, i t  is necessary to subtract from 
the shearing weight a correction for the buoyant force. For 
purposes of calculation, the average submerged volume will be 
taken as 6 cc. To calculate the shearing force—i. e., the 
weight overcoming viscous resistance—from the shearing 
weight, Equation 13 is used.
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F =  W  -  6p (13)

where p =  specific gravity of the material being measured. 
In the case of this solution where the specific gravity equals
0.95, the buoyant force correction is equal to 5.7. After calcu
lating the force, F, necessary to shear the liquid, the calibra
tion constant, K,  may be used to calculate the absolute vis
cosity by use of Equation 3.

From the shearing force, F, and the calibration, constant 
K,  the shearing stress in dynes per square centimeter can be 
obtained. In  Figure 3 the rate of 10-em. fall (or rate of flow 
of the liquid) is plotted against this shearing stress, KF. 
The data represented in Figure 2 by three curves can be now 
represented by one curve. In Table I I I  are also presented the 
calculated values of the viscosity of this solution a t various 
rates of flow, along with the per cent deviation from the mean 
calculated value of viscosity. The average deviation is
2.0 per cent. I t  will be noted th a t those values of viscosity 
corresponding to low rates of flow tend to have a greater 
deviation than the higher rate values; tha t those viscosities 
obtained using the O-B disk have higher deviation than those 
obtained with 0-51 and 0-4; and similarly 0-51 has higher 
values than 0^4. The explanation of this is th a t probably the 
incalculable frictional forces are present and are exerting a 
greater influence a t the lower rates of fall.

If to this Manila copal resin solution is added some con
siderable quantity of a mineral filler, the flow properties will 
change from those of a  viscous liquid to those of a plastic soft 
solid and the rate of shear will no longer be proportional to 
the shearing stress.

To 100 parts by weight of this 58.4 per cent resin solution 
SO parts of kaolin were added. This resulted in a mixture 
which was 21.8 per cent by volume of filler. Table IV con
tains the data collected using the three types of disk. The 
specific gravity of this mixture is 1.33, making the calculated 
buoyant force correction, C, equal to 8.0. Figure 4 shows 
curves resulting when the rate of 10-cm. fall is plotted against 
the shearing weight. If by using the calibration constants we 
calculate the shearing stress and plot this against the rate of 
fall, we obtain the curves shown in Figure 5.

T a b l e  IV. G a r d n e r  M o b i l o m e t e r  D a t a  f o r  K a o l i n -  
M a n i l a  C o p a l .  R e s i n  S o l u t i o n  

(21 .8%  kao lin  b y  vol., 0 -4 , 0 -5 1 , an d  O-B d isks w ith  N  cy linder. C, 8.0)

w
Grams

t
Sec.

F K F  
D y n e s /  
sq. cm.

1 /i
K F

(C alcd .)
D ev ia 

tion

%

D isk  0 -4 , K  -  0.02173
4 9 .3
7 4 .2
8 4 .2
9 4 .2

104 .2
124 .2
144 .2
174 .2

22 2 .2
139 .9
121 .5
106 .5
9 5 .4  
7 7 .9
6 5 .4  
5 2 .7

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

116 .2
136 .2
166 .2

(0 .897)
1 .438
1 .6 5 6
1.873
2 .0 9 0
2 .5 2 5
2 .9 6 0
3 .6 1 2

0 .00450
0 .00715
0 .00823
0 .00939
0 .0 1 0 5
0 .0 1 2 8
0 .0 1 5 3
0 .0 1 9 0

(0 .967 )
1 .457
1 .6 5 6
1 .870
2 .0 7 4
2 .4 9 8
2 .9 5 9
3 .6 4 0

Av.

(8 .1 )
1 .3
0 .0
0 .2
0 .8
1 .0
0 .1
0 .8
0 .7

D isk  0 -5 1 , K  -  0.002448
114 .0
4 1 4 .0  
5G4.0
7 6 4 .0

77 5 .4
174 .2
123.1
8 7 .7

10 6 .0
4 0 6 .0
55 6 .0
7 5 6 .0

(0 .259 )
0 .9 9 4
1.361
1.851

0 .00129
0 .00574
0 .00812
0 .01140

(0 .327 )
0 .9 9 8
1 .3 5 7
1.851

A v.

(2 6 .3 )
0 .4
0 .3
0 .0
0 .2

D isk  O -B, K  -  0.0006181
3 7 6 .2
57 6 .2
7 7 6 .2  

1076.2

73 4 .5
4 4 8 .8
31 9 .0
216 .1

36 8 .2
56 8 .2
768 .2  

1068.2

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

0 .0 0 1 3 6
0 .00223
0 .00313
0.00463

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

A v.

1 .3  
1.1  
1 .7  
1 .1
1 .3

F i g u r e  4 . M i x t u r e  o f  K a o l in  a n d  M a n il a  
C o p a l  R e s i n  S o l u t io n -

21.8%  kao lin  b y  volum e

F i g u r e  5 . M i x t u r e  o f  K a o l in  a n d  M a n i l a  C o p a l  
R e s i n  S o l u t io n

21.8%  kao lin  b y  vo lum e, p lo tte d  in  ab so lu te  sy stem  u n its

The curves for the three disks, while apparently straight 
lines, do not coincide as with the resin solution without 
filler. The explanation of this phenomenon is that the rate of 
fall of the plunger rod (or rate of flow of the material) and the 
rate of increase of shear of the material are the same only in 
the case of true liquids. In  the plastic soft solids, “plug flow” 
is exhibited. Plug flow is an extrusion mechanism with a  high 
shear rate in the region near the wall of a  tube, but little or no 
shear in the central section of the material being forced 
through the tube. The structure of the material near the 
wall is being violently disturbed while the center or “plug” 
suffers little change. The layer in a high rate of shear acts as 
a lubricant for the central plug. The larger the diameter of
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F i g u r e  6 .  M i x t u r e  o p  K a o l i n  a n d  M a n i l a  C o p a l  
R e s i n  S o l u t i o n

2 6 .8%  kao lin  b y  vo lum e

T a b l e  VI. G a r d n e r  M o b i l o m e t e r  D a t a  f o r  K a o u n - M a n i l a  
C o p a l  R e s i n  S o l u t i o n  

(31.2%  kaolin  b y  volum e, 0 -4  d isk  w ith  N  cy linder. C, 9 .0 . A', 0.02173)
K F D ev ia w t F K F

D yn es /
1 n (C alcd .) tio n

Grams Sec. aç. cm. %
4 0 0 .0 21 0 .8 3 9 1 .0 8 .5 0 0 .0 0 4 7 8 .6 6 1 .8
600 .0 122.1 5 9 1 .0 12 .87 0 .0 0 8 2 12 .77 0 .8
800 .0 8 4 .4 7 9 1 .0 17 .19 0 .0 1 1 8 1 7 .1 3 0 .3

1000.0 6 4 .8 99 1 .0 2 1 .5 3 0 .0 1 5 4 21 .3 9 0 .6
2 000 .0 2 9 .5 1 991 .0 4 3 .2 6 0 .0 3 3 9 43 .3 9

A v.
0 .3
0 .8

Equation 14 can be used to calculate the constants of the 
straight lines shown in Figure 5.

KF  -  R  ( i )  +  KJ (1 4 )

The low shear rate values, which are represented by points 
th a t do not fall on the straight line, were not used in the 
calculation of the constants of the straight line. From the 
calculated constants R  and Kf,  the calculated values of KF  
can be obtained. These data are given in Table IV, with the 
values of deviation between observed and calculated values of 
KF. The average value of the deviation is 0.7 per cent,

the tube through which the plastic material 
is flowing, the less the cross-sectional area 
of the layers of breakdown on application 
of a given shearing stress, and, therefore, 
the greater the tendency for this plug 
flow effect. Hall (0) has experienced this 
phenomenon of flow rates, higher than should 
be the case, from calculations using the 
Bingham equation, in capillaries in his meas
urements of the plasticity of clays. Ob
viously this phenomenon will be a source of 
disagreement between results obtained with 
various types of disks of the mobilometer, 
but the discrepancy is attributable to the 
structural properties of the material and 
lack of complete applicability of the Bingham 
equation, and not necessarily to any cor
rectable instrumental deficiencies.

RE3 IN
SOLUTI ON

1 ft 6

2 6 .6 % /

I 2 i . >
3 1 .2 % ,

Y. °n K F

o 0 - 4  DISK 
■ 0 *5 1  D ISK  
•  O -B  D ISK

S H E A R I N G  S T R E S S  -  D Y N E S / C M . '

F ig u r e  7 . C a l i b r a t e d  G a r d n e r  M o b il o m e t e r  R e s u l t s

M an ila  copal res in  so lu tion  and  kao lin  resin  so lu tion  m ix tu res , p lo tte d  in  ab so lu te  sy stem
u n its

T a b l e  V. G a r d n e r  M o b i l o m e t e r  D a t a  f o r  K a o l i n - M a n i l a  
C o p a l  R e s i n  S o l u t i o n

(20 .8%  kao lin  b y  vo lum e, 0 -4 , 0 -5 1 , a n d  O -B  d isks w ith  N  cy linder 
C, 8.5)

K F D ev ia 
W t F K F 1 /< (C alcd .) tio n

D y n e s /
Grams Sec. sg. cm . %

D isk  0 -4 , K  -  0.02173
2 0 0 .0 129 .4 191 .5 (4 .1 6 ) 0 .0 0 7 7 (4 .5 8 ) (1 0 .1 )
4 0 0 .0 5 4 .5 3 9 1 .5 8 .51 0 .0 1 8 3 8 .5 0 0 .1
6 0 0 .0 3 3 .4 59 1 .5 12 .85 0 .0299 12 .7 8 0 .5
8 0 0 .0 2 3 .7 79 1 .5 17 .2 0 0 .0421 17 .28 0 .5

1000 .0 1 8 .7 9 9 1 .5 2 1 .5 5 0 .0 5 3 5 21 .4 9 0 .3
1250 .0 1 4 .6 1241 .5 2 6 .9 8 0 .0 6 8 6 2 7 .0 6 0 .3
1500 .0 1 2 .0 1491 .5 32 .41 0 .0 8 3 0 3 2 .3 8 0 .1

A v. 0 .3

D isk  0 -5 1 , K  -  0.002448
1 189 .8 1 4 3 .7 1181 .3 2 .8 9 0 .0069 3 .0 0 3 .8
1 4 8 9 .8 118 .1 1481.3 3 .6 3 0 .0084 3 .5 2 3 .0
1789 .8 9 3 .7 1781.3 4 .3 6 0 .0107 4 .3 1 1 .1
1 989 .8 8 0 .6 1 981 .3 4 .8 5 0 .0124 4 .9 0 1 .0

A v. 2 .2

D isk  O -B , K  -  0.0006181
2 0 0 0 .2 4 3 5 .0 1993 .5 1 .232 0 .0 0 2 3 . .  •

not, of course, including in the deviation the nonlinear, low- 
shear rate, calculated value of KF, enclosed in parenthesis in 
Table IV.

Table V gives the data obtained when a mixture of 100 
parts of the 58.4 per cent resin solution and 105 parts of 
kaolin, to give a 26.8 per cent by volume mixture (specific 
gravity =  1.42), is measured with the three disks. This 
material could be handled with the 0-4 and 0-51 disks; 
with the O-B disk the material was apparently too heavy in 
consistency to handle practically. The curves for rate of fall 
vs. shearing weight and rate of fall vs. shearing stress are 
given, respectively, in Figures 6 and 7. The calculated values 
of K F  and the per cent deviation of these calculated values 
from the observed values are given in Table V, the average 
being 1.1 per cent. Here again, the low shear rate results ob
tained with the 0-51 disk have a greater average deviation 
than those obtained with the 0-4 disk; also, as shown in 
Figure 7, the curve obtained with the 0-51 disk does not 
coincide with tha t obtained with the 0-4 disk.

Table VI contains the data for a mixture of 100 parts of the 
58.4 per cent resin solution and 130 parts of kaolin, 31.2 per 
cent by volume (specific gravity =  1.50), measured with the
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T a b l e  VII. G a r d n e r  M o b i l o m e t e r  D a t a  f o r  76.8 P e r  C e n t  
A l c o h o l i c  S o l u t i o n  o f  M a n i l a  C o p a l  R e s i n

(0 -4  d isk  w ith  N  cy lin d er. C, 6 .0 . K , 0.02173)

w t F K F 1/ i
V "
K F t

D e v ia tio n  
from  

M ean  
V alue  of 17

G ram s Sec.
D y n e s /  
sq. cm . %

8 0 0 .0
1100.0
21 2 8 .1

149 .1
110 .2  

5 3 .5

7 9 4 .0
1 0 9 4 .0
2 12 2 .1

1 7 .2 8
2 3 .7 7
46 .1 1

0 .0 0 6 7 0  
0 .0 0 9 0 8  
0 .0 1 8 6 9  

M e a n  v a lu e  =

2573
2619
2467
2553

poises

0.8
2 .5
3 .5  
2 .3

mobilometer. Here it  was practical to use only the 0-4  disk, 
the m aterial being too heavy to  be accommodated by the 
0-51 and O-B disks. Figure 7 also shows the curve of this 
material. The average deviation for this m aterial is 0.8 
per cent.

A more viscous solution of M anila copal resin was prepared 
by allowing some of the alcohol of the 58.4 per cent solution 
to  evaporate. Analysis of the resulting solution showed its 
concentration to  be 76.8 per cent solids. Table V II gives the 
mobilometer data  and the calculated viscosity, the average 
value being 2553 poises, with an average deviation of 2.3 
per cent.

In  order to  ascertain whether the instrum ental constant is 
applicable to  the higher viscosities in calculating viscosity, 
with the same precision as in the case of viscosities of the 
order of magnitude of the calibrating liquid, a  solution of 
hydrogenated rosin (28.5 per cent by weight) in methyl 
abietate was measured in  the calibrated mobilometer. The 
viscosity was determined to be 840 poises a t 22° C. A t the 
same tem perature, the viscosity of this solution was found 
to be 830 poises by a falling ball method.

Table V III summarizes the constants of the straight lines

T a b l e  V I I I .  S u m m a r y  o f  V a l u e s  o f  C o n s t a n t s

R  of
B in g h am

Y ield

D e v ia 
tio n

th ro u g h
C om p o sitio n

D isk
E q u a tio n M o b ility , V alue, U se of

of M a te r ia l 14 K f  
D y n e s /  
sq. cm .

C o n s ta n ts

%
5 8 .4 %  alcoholic 0 -4 22.6 0 .0 4 4 1 5 1 .5

so lu tio n  of m a n ila 0 -5 1 2 3 .4 0 .0 4 2 6 6 2 .1
copa l res in O-B 2 2 .7 0 .04411 2 .5

M ean  va lue 2 3 .0 “ 0 .0 4 3 4 8 0 .0 0 2 .0

A bo v e  so lu tio n  p lu s 0 -4 18 4 .2 0 .0 0 5 4 3 0 .1 4 0 .7
kao lin  (2 1 .8%  b y 0 -5 1 1 5 0 .7 0 .0 0 6 6 4 0 .1 3 0.2
volum e) O-B 13 3 .3 0 .0 0 7 5 0 0 .0 5 1 .3

A v. 15 6 .1 0 .00641 0 .0 9 0.8
S o lu tio n  p lu s  kao lin 0 -4 3 6 9 .2 0 .00271 1 .7 4 0 .3

(26 .8%  b y  vol 0 -5 1 3 4 4 .9 0 .0 0 2 9 0 0 .6 2 2 .2
um e)

S o lu tio n  p lu s  kao lin  
(31 .2%  b y  v o l

A v. 3 5 7 .0 0 .0 0 2 8 0 1 .1 8 1 .1

um e) 0 -4 11 9 1 .0 0 .0 0 0 8 4 3 .0 1 0.8
76 .8 %  alcoholic  

so lu tio n  of m a n ila  
co p a l res in

0 -4 2 5 5 3 .0 ° 0 .0 0 0 3 9 “ 0 .0 0 2 .3

° I n  case of t r u e  liq u id  w here  K f  =  O, R  =  17, a n d  m o b ility  (ji) is expressed  
as  th e  f lu id ity , <t>.

represented by Equation 14, which were used in calculating 
the value of KF.  The values of n  and K f  obtained with the 
three disks do not show good agreement in the case of the 
plastic soft solids, for reasons given above. The average of 
the values obtained with various disks can, however, be con
sidered valuable for their order of magnitude indications.

R a n g e  o f  A p p lic a t io n  o f  M o b ilo m e te r

I t  is helpful to  know the range of viscosity measurement 
possible to  obtain w ith any instrum ent. Table IX  is based on 
50 grams as the minimum shearing weight with 2000 grams as 
the maximum weight. Care should be exercised when using 
more than 1000 grams, because greater weight may cause the 
rod to bend unless the weight is properly centered on the pan. 
In  the calculations, 10 seconds is assumed to be the minimum 
length of time and 10 minutes the maximum practical, allow
able time. Turbulence and inaccuracy of tim ing m ay be 
introduced a t lower times.

S u m m a r y  a n d  C o n c lu s io n s

The Gardner mobilometer is a control instrum ent which 
can be used in industrial research, since in its operation it 
employs the varying rate of shear principle, it is precise 
enough for industrial work, i t  is adaptable to a wide range of 
consistencies, it is easily manipulated, sturdy in construction, 
and easily cleaned, and the necessary data can be collected 
with an economy of time.

The range of application in determining the viscosity of 
true liquids w ith the mobilometer is 10-1 to 104 poises.

Precision of the order of magnitude of 2 per cent can be 
obtained, if proper precautions are exercised and certain 
necessary corrections are employed.

The most urgent precaution to be exercised in use of the 
mobilometer is to  be sure th a t the working parts are well 
machined. The surfaces of the disk and of the inside of the 
cylinder should be smooth and well polished, so as to  minimize 
any effects of the friction set up when the surfaces of these 
parts come in contact.

In  order to  obtain the true value of the force overcoming 
the viscous or plastic resistance of the material, a buoyant 
force correction m ust be subtracted from the weight produc
ing the shear. This correction is especially im portant where 
the shearing weight is relatively small.

The instrum ent can be calibrated with a standard liquid, 
so th a t the results can be given in absolute units by the 
equations:

ij =  K (W  — 6p)t, for a true liquid 

^ =  n(KF — Kf),  for a plastic soft solid

A c k n o w le d g m e n t
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T a b l e  I X .  R a n g e  o f  A p p l i c a t i o n  o f  G a r d n e r  M o b i l o m e t e r  U s i n g  T h r e e  S t a n d a r d  D i s k s .

(L im its  of t im e  of 10-cm .f fa l l  of p lu n g e r  ro d  =  10 seconds to  10 m in u te s , lim its  of sh e a r in g  w e ig h t =  50 to  2000 g ram s. A p p lic a tio n  is to  t r u e  liq u id .)

D isk
K

(A pprox .)
W , 50 
g ram s

=  10 Secoi 
W , 100 
g ram s

ad s----------*
W , 2000 
g ram s

W , 50 
g ram s

=  60 Seconds 
W , 100 
g ram s

W , 2000 
g ram s

W , 50 
g ram s

t =  180 Secoi 
W , 100 
g ram s

tids---------- *
W , 2000 
gram s

.---------- i
W , 50 
g ram s

! =  600 Seco 
W , 100 
g ram s

n d s -----------
W , 2000 

g ram s

4 0.02 10 20 400 60 120 2400 180 360 7200 600 1200 24,000
51 0.002 1 2 40 6 12 240 18 36 720 60 120 2,400
B 0.0002 0 .1 0 .2 4 0.6 1 .2 24 1 .8 3 .6 72 6 12 240

4. D isk  ra n g e  =  10 to  2 4 ,0 0 0 ) ( 10 l to  10* poises
51 . D isk  ra n g e  =  1 to  2400 !■ o r ■( 10° to  103 poises
B . D isk  ra n g e  =  0 .1  to  240 J ( 1 0 -1  to  102 poises
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Determination of Blood Magnesium
Quantitative Spectrochem ical Method

FRAN CES W . L A M B1, Ilarpcr H osp ita l, D etro it, M ich .

A sp e c tr o c h e m ic a l m e th o d  for th e  d e
te r m in a t io n  o f  m a g n e s iu m  in  b lo o d  w h ich  
is  a c c u r a te , ra p id , a n d  s im p le  to  p erform  
a n d  req u ires  o n ly  1 m l.  o f  sa m p le  is  d e 
scr ib ed . T h e  b lo o d  sa m p le s  arc first d i
lu te d  w ith  a p o ta s s iu m  a lu m  so lu t io n  
w h ic h  a c ts  b o th  as a sp ec tr o sco p ic  b uffer  
a n d  in te r n a l s ta n d a rd  an d  th e n  a to m iz e d  
in to  a  sp ark  b e tw e e n  g ra p h ite  e lec tr o d e s . 
A n a ly sis  is  m a d e  b y  m e a su r e m e n t  o f  re la 
t iv e  in te n s it ie s .  T h e  average error o b 
ta in e d  b y  t l i is  m e th o d  is  le s s  th a n  3 per  
c e n t .

IN GENERAL clinical practice biological fluids are only 
occasionally analyzed for magnesium. However, during 

recent years it has become desirable to be able to determine 
accurately the magnesium content of blood as well as of other 
biological fluids in order to ascertain its possible relationship 
to certain pathological conditions. A comprehensive review 
of the work reported in this field, including the most reliable 
values for blood magnesium, is given by Myers and Munt- 
wyler (10). As stated in the original articles (5, 6, 14, 15), 
the magnesium determinations were made by chemical meth
ods of analysis. However, because of the limited amount of 
sample available, it is necessary to have a method requiring 
only a few milliliters for the analysis. For this reason the 
possibilities of a spectrochemical method embodying speed, 
accuracy, and minimum sample requirement have been in
vestigated.

A number of methods for the spectrochemical analysis of 
biological fluids for various elements have been reported in 
the literature. Among these are the methods described by 
Hess, Owens, and Reinhardt (7) and by Thomson and Lee 
(12), both of which make use of the well-known internal 
standard method of Gerlach (4), intensity calibration of each 
plate, and photometric measurement of the relative intensi
ties of spectral lines as described by Duffendack, Wolfe, and 
Smith (2). Both methods require wet-ashing of the sample, a 
time-consuming step which the method here described suc
cessfully eliminates.

The method used is tha t of atomizing a solution into a
1 P re se n t add ress, B ohn  A lum inum  & B rass  C o rp o ra tio n , D e tro it, M ich.

spark between graphite electrodes, the atomizer being similar 
to the one employed by Lundeg&rdh (9) in his flame method. 
Several other methods have been described for introducing 
solutions into a spark: the Hitchen (13) sparking tube for 
solutions, the source used by Thomson and Lee (12) in which 
the spark passes between two horizontal quartz jets from 
which the solution drips, and the more simple method em
ployed by Keirs and Englis (S) in which the spark is formed 
between carbon electrodes, the upper one being hollow to per
mit inserting a glass capillary from which the solution drips. 
While each of these methods has a number of good points, 
the manipulations required to clean and refill the apparatus 
are more involved than is desirable for a method which is to be 
used for the routine analysis of a large number of samples.

The preliminary work on this method has been reported by 
Cassen (1). However, a number of changes and refinements 
in technique have been introduced in order to obtain the 
necessary accuracy. The three features which combine to 
make the method accurate, rapid, and simple to perform are 
use of a spectroscopic buffer which also acts as an internal 
standard, use of electrodes of special design, and photometric 
measurement of relative intensities of spectral lines.

The blood is diluted with a solution of potassium aluminum 
sulfate which serves both as a  spectroscopic buffer and as an 
internal standard. I t  has been established by experiment 
tha t when aluminum is present in a concentration correspond
ing to 47 grains of AW SO^j.KySO^ilLO per liter of solu
tion (using the conditions of exposure standardized upon and 
described under procedure for analysis) the densities of the 
aluminum line a t 2816 A. and the magnesium line a t 2795 A .  
are equal for a solution containing 0.35 mg. of magnesium per 
100 ml. and also fall near the center of the straight-line por
tion of the characteristic curve of the photograpliic emulsion. 
Both conditions are ideal for obtaining reproducible results, 
and are especially desirable since this figure corresponds to 
3.50 mg. of magnesium per 100 ml. of blood, which is about 
the average value reported for normal whole blood, the range 
being 2.75 to 5.00 mg. of magnesium per 100 ml. (6). The 
compound containing this internal standard, in the concen
tration used, is also a very effective spectroscopic buffer. 
The advantages of the use of spectroscopic buffers in analyz
ing biological materials are fully discussed elsewhere (3, 7). 
Briefly, in this case, the problem is reduced to the determina
tion of small amounts of magnesium in a potassium alumi
num sulfate base solution; and any effects which might be 
introduced by the comparatively small amount of organic 
material present in blood or other biological fluids have been



found by experiment to be negligible. Proof of this state
ment is shown by the experimental results given in Table I. 
Thus it is possible to analyze the samples directly after proper 
dilution with the internal standard stock solution. This re
sults in a marked saving of time as compared with the time 
required for wet-ashing of samples and also makes it  possible 
to adapt the method easily to the analysis of other biological 
fluids.
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The electrodes used are shaped as shown in Figure 1. 
These were found greatly to increase the uniformity of expo
sure since, as the electrodes bum  away, the cross-sectional 
area (6.25 X 2.5 mm., 0.25 X 0.10 inch) remains constant, 
making it  possible to use the same pair of electrodes for a large 
number of samples. This narrow rectangular electrode also 
prevents wandering of the spark, for the source of illumina
tion is a t all times in optical alignment with the slit of the 
spectrograph. Further, it has been established experimen
tally th a t by sparking the electrodes in a spray of distilled 
water for 60 seconds after each sample all traces of aluminum 
and magnesium are removed. This fact, together with the 
shape of the electrode, makes it possible to use one pair of 
electrodes for all the exposures on one plate. This greatly 
reduces the number of manipulations required and is a great 
saving in time.

The method of measuring relative intensities of spectral 
lines (2) has been used in order to obtain more reproducible 
results and to eliminate the necessity of repeating standard 
solutions on each plate. While it is necessary to place a cali
bration pattern on each plate, which is accomplished by 
means of a step sector, yet it is possible to run sixteen sepa
rate or eight samples in duplicate on a single plate.

A p p a ra tu s
For this work a Zeiss quartz spectrograph (chemist’s model) 

was used. A rotating step sector (ratio 1.5) was placed directly 
in front of the slit for obtaining the plate calibration patterns. 
The atomizing unit (Figure 1) was placed 1 meter from the slit 
with no intervening lens system. A Hilger nonrecording micro- 
photometer was used for making the photometric measurements, 
i’he spark source used was a condensed spark with synchronous 
interrupter.

M e th o d  o f  A n a ly s is
P r e p a r a t i o n  o f  S o l u t i o n s .  Standard solutions containing 

47 grams of Al1(SO))a.KjSO(.24HiO per liter and 1.0, 2.0, 3.0, 
•1.0, 5.0, 6.0, and 7.0 mg. of magnesium as magnesium sulfate 
heptahydrate per liter are prepared. An internal standard stock 
solution for dilution of blood samples containing 52.22 grams of 
potassium aluminum sulfate per liter is prepared.

D e t e r m i n a t i o n  o f  A n a l y t i c a l  C u r v e .  A  number of plates 
were made from the standard solutions using the technique de
scribed below. The blackenings of the aluminum line at 2816 A . 
and the magnesium line at 2795 A . were measured photometri
cally. The logarithms of the ratios of the intensities of these two 
lines, obtained by application of the measured blackenings to

the charatcristic curve drawn for each plate, were plotted against 
the logarithms of the corresponding concentrations of mag
nesium. Figure 2 gives the resulting analytical curve for the 
determination of magnesium in a potassium aluminum sulfate 
base solution.

P r o c e d u r e  f o r  A n a l y s i s .  The atomizer is adjusted to a rate 
of 15 ml. per 120 seconds. Before the first exposure and after 
each succeeding exposure the electrodes are cleaned by a pre
liminary sparking for 1 minute in a spray of distilled water. 
The distance between the electrodes is set at 2.35 mm. (0.094 
inch) by a spacer. The blood sample is diluted by pipetting 
1 ml. of blood into 9 ml. of the internal standard stock solution, 
and then carefully mixed until a stable uniform suspension re
sults. The diluted blood sample or a standard magnesium solu
tion, as the case may be, is placed in the atomizer, the stop 
watch being started at once; after the solution has atomized for 
a period of 30 seconds, the spark is started and a 30-second ex
posure made. The graphite electrodes are then cleaned by spark
ing in distilled water for 60 seconds and the procedure is repeated 
for a series of samples. For producing a calibration pattern on 
each plate (Eastman process) the step sector is rotated in front of 
the slit and a solution of ferrous sulfate is sprayed into the sjmrk 
in order to produce lines of suitable blackening for determining 
the characteristic curve of the plate. The plates are rapidly 
processed by the procedure described by Sawyer (11) except that 
Eastman developer D-19 is substituted for D-8. The blackening 
of the spectral lines is then measured and the ratios of the relative 
log intensities of the selected pair of aluminum and magnesium 
lines are determined. By referring to the analytical curve the 
amount of magnesium present is quickly obtained.

R e su lt s  a n d  D isc u ss io n

In order to determine the accuracy of the method a number 
of magnesium determinations were made on whole blood, 
followed by redeterminations after known amounts of mag
nesium ■were added. Two different samples of blood were run 
in triplicate. Sample 1 was found to contain 3.10 mg. of 
magnesium per 100 ml. and sample 2, 3.51 mg. of magnesium 
per 100 ml. of whole blood. To each sample I mg. of magne
sium as magnesium sulfate heptahydrate was added per 100
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F ig u r e  2 . A n a l y t ic a l  C u r v e  f o r  D e t e r m in a 
t i o n  o f  M a g n e s iu m

ml. of blood. These additions were made on three separate 
portions of each sample, and the total magnesiums re
determined spectrographically. In a similar manner 2 mg. 
of magnesium were added per 100 ml. to three separate 
portions of each sample and again the total magnesium 
contents redetermined. The results of these determinations 
are given in Table I. I t  is noted th a t the maximum error 
in these twelve determinations is 2.44 per cent, with an 
average error of 1.5 per cent.
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T a b l e  I. T e s t  D a t a  f o h  A c c u r a c y  o f  A n a l y s i s  o f  B l o o d  f o r

F o u n d  
per 100 M l. of 
O rig inal B lood

M a g n e s iu m

F o u n d  
per 100 M l. of 

O rig inal B lood +
1 M g. of M g per

100 M l. E rror«

F o u n d  
per 100 M l. of 

O rig inal B lood +  
2 M g. of M g per 

100 M l. Error«
M g. M g. % M g. %

3.106 4 .0 0 2 .4 4 5 .0 0 1 .96
3 .1 0 4 .1 0 0.00 5 .0 5 0 .9 8
3 .1 0 4 .2 0 2 .4 4 5 .2 0 1.96

3.51« 4 .4 8 0 .6 6 5 .6 0 1 .63
3 .51 4 .4 0 2 .4 4 5 .5 0 0 .1 8
3 .5 1 4 .6 0 1 .99 5 .6 0 1 .63

o P e r  c e n t e rro r based  upon  to ta l  am o u n t of m agnesium  p resen t in  mg. per 
100 ml.

b 3 .10 is average  v a lu e  of th re e  d e te rm in a tio n s  of o rig inal blood sam ple  1. 
c 3.51 is av e rag e  v alue  of th re e  d e te rm in a tio n s  of o rig inal blood sam ple 2.

T a b l e  II. M a g n e s i u m  D e t e r m i n a t i o n  i n  N o r m a l  B l o o d

S am ple A v. D ev ia tion
—  M g. per 100 m l.— % %

1 2 .9 0 2 .7 5 2 .8 5 2 .8 3 + 2 .4 - 2 . 9
2 3 .2 0 3 .2 0 3 .3 5 3 .2 5 + 3 .1 - 1 . 5
3 3 .1 5 3 .2 0 2 .9 5 3 .1 0 +  3 .2 - 4 . 8
4 2 .8 0 2 .8 5 2 .8 3 + 0 .7 - 1 . 0
5 3 .2 5 3 .3 5 3 ’.35 3 .3 2 + 0 .9 - 2 . 2
6 3 .5 5 3 .6 5 3 .7 5 3 .6 5 +  2 .7 - 2 . 7
7 3 .6 5 3 .9 0 3 .8 0 3 .7 8 +  3 .2 - 3 . 4
8 4 .2 5 4 .3 0 4 .2 8 +  0 .5 - 0 . 7
9 4 .5 5 4 .6 5 4 .6 0 +  1 .1 - 1 . 1

10 3 .3 0 3 .1 5 3 .2 3 +  2 .2 - 2 . 5
11 4 .8 0 4 .4 0 4! 55 4 .5 8 + 4 . 8 - 4 . 0
12 4 .1 5 3 .7 5 3 .9 0 3 .9 3 +  5 .5 - 4 . 6
13 3 .1 0 3 .0 0 3 .2 5 3 .1 2 +  4 .2 - 3 . 8
14 3 .1 0 3 .4 0 3 .4 0 3 .3 0 +  3 .0 - 6 . 1
15 3 .5 0 3 .6 0 3 .5 5 3 .5 5 +  1 .4 - 1 . 4
16 3 .2 5 3 .4 0 3 .1 0 3 .2 5 +  4 .6 - 4 . 6

Table I I  presents the individual values, average values, and 
per cent deviation obtained on 16 normal blood samples 
run in regular routine practice. The values range from 2.83 
to 4.60 mg. of magnesium per 100 ml. of whole blood, which 
agrees very well with the most reliable values reported in the 
literature.

Work is now in progress on the analysis of a large number 
of blood samples from patients having malignant diseases to 
determine whether or not there is a correlation between the 
amount of magnesium present in the blood and the progress
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of the disease which would be of diagnostic importance. A 
similar study on a variety of diseases was undertaken by 
Zimmer (16), in which no correlation was obtained. How
ever, this lack of correlation may be due to the fact tha t con
sistently high results with an average precision of ±13  per 
cent were obtained by the spectrographic method which she 
used.
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Determination of Ammoniaeal and Nitrate 
Nitrogen in Decomposed Plant Material

J . G. SH M K IIA N D E 1, R o th a m sted  E xperim enta l S ta tio n , lla r p c n d en , E nglan d

IN STUDIES on the preferential utilization of different 
forms of nitrogen during the decomposition of plant ma

terials (6) the inadequacy of existing methods was apparent. 
This aspect of the problem of decomposition arises in connec
tion with the practice of incorporating into the soil fresh un
decomposed farmyard manure saturated with urine, or, less 
frequently, straw supplemented by a dressing of ammonium 
sulfate. In  such circumstances, in addition to the ammonia, 
nitrogen may also be available in the form of soil nitrate. 
Subsequent changes in the amounts of the various forms of 
nitrogen were hard to follow, especially when the quantities 
involved were small, because of inaccuracies in existing pro
cedures when applied to decomposing or decomposed residues 
and manures.

1 P re se n t address, T e a  R esearch  In s t i tu te  of C ey lon , T a law akelle , C eylon .

The common method of estimating ammoniaeal and nitrate 
nitrogen in decomposed vegetable material is tha t of distilla
tion in presence of magnesium oxide for ammonia, and 
subsequent reduction of the residue with Devarda’s alloy for 
nitrate. The conditions under which such estimations are 
made are drastic and some of the ammonia, which is liberated 
a t  the abnormally high pH of 10 to 11 produced by the use of 
magnesia, comes from the plant amides. The results thus 
obtained are apparently higher than the true ammonia or 
nitrate content of the samples under examination. Another 
method which is sometimes employed is the extraction of the 
residues or manure with sodium chloride solution, thus liberat
ing the ammonium ion by the process of base exchange, and 
subsequent distillation of this extract with magnesia. This 
method, being laborious and time-consuming, is still unsatis
factory, as some of the organic nitrogen may be dissolved out



by the salt solution and hydrolyzed to ammonia a t the high 
pH, giving higher quantities of ammonia and nitrate than are 
actually present. I t  thus is evident th a t the chief defect of 
the distillation method lies essentially in the use of magnesium 
oxide, which produces a highly alkaline reaction conducive 
to the hydrolysis of some of the organic nitrogen. The am
monia so liberated increases the apparent ammonia content 
of the sample.

E x p er im en ta l

A m m o n ia .  Nichols and Foote ( 3 )  showed tha t ammonia 
determinations in sewage and nitrogenous trade wastes were 
unsatisfactory if carried out by distillation with magnesia or 
10 per cent sodium carbonate, because of the high alkalinity, 
and proposed the use of a phosphate buffer of pH 7.4 which 
causes no liberation of ammonia from such organic compounds 
as asparagine, acetamide, glycine, and arginine. Decompos
ing straw was accordingly distilled in the presence of amounts 
of phosphate buffers, giving four different reactions. The 
straw had been allowed to decompose without additional
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T a b l e  I. R e c o v e r y  o p  A m m o n ia  A d d e d  t o  D e c o m p o s e d  
S t r a w

(10 m g. supp lied  in  each  case)
pH NHj

M g.
7 .0  (p h o sp h a te  buffer) 9 .5 0
7 .4  (pho sp h a te  buffer) 10 .11
8 .0  (pho sp h a te  buffer) 10 .84
8 .5  (pho sp h a te  buffer) 11 .6 5

10 (m agnesia) 11 .96

T a b l e  II. E f f e c t  o p  C o n c e n t r a t i o n  o f  D i s t i l l i n g  R e 
a g e n t s  o n  H y d r o l y s i s  o f  N i t r o g e n o u s  C o n s t i t u e n t s  

o f  A i r - D r i e d  P a d d y  S t r a w
P h o sp h a te

Buffer N H i M gO N H j

Cc. M g ./5  g. Grams M g ./5 g.
40 0 .0 0 4 0 .7 0
50 0 .0 0 6 0 .8 4
60 0 .0 0 8 0 .9 8
70 0 .0 0 10 1.01

nitrogen having been supplied, and the high positive “nitro
gen factor” of the straw (4) therefore precluded any possibility 
of ammonia accumulation in the decomposing residue. To 
this were added in each case 10 mg. of ammonia just prior to 
distillation (Table I). These results leave no doubt tha t the 
high alkalinity of the magnesia causes high ammonia figures 
to be obtained, and tha t by the use of a phosphate buffer 
a t pH 7.4 this disturbing factor can be largely eliminated. 
Additional proof was provided by examining the effect of 
distilling 5 grams of undecomposed paddy straw (0.78 per 
cent nitrogen) with similar amounts of phosphate buffer and 
magnesia. Progressively increasing amounts of ammonia 
were obtained as the alkalinity was increased, no doubt as a 
result of hydrolytic deamination of organic nitrogenous con
stituents (Table II).

The procedure finally adopted consists of distilling about 10 
grams of moist residue or manure with 30 ml. of phosphate buffer 
in 300 ml. of distilled water. The buffer solution is prepared as 
described by Nichols and Foote (S) by dissolving 14.3 grams of 
KHjPO< and 91 grams of KiHPOt in 1 liter of distilled water. 
In this way distillation is accomplished at pH 7.4 and the only 
precautions necessary are those to prevent undue frothing.

N i t r a t e .  The cause of an apparently high yield of am
monia by the magnesia method is also operative in the nitrate 
determination, and accordingly a modification of the Bengts- 
son (1) procedure was employed.
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T a b l e  III. R e c o v e r y  o f  N i t r a t e  N i t r o g e n  A d d e d  t o
M a n u r e

N itra te  N itrogen N itra te  N itrogen
A dded R ecovered R ecovery

M g. M g. %
5 5 .01 100 .2

10 10 .0 6 100 .6
15 15.15 101 .0
20 2 0 .2 5 101 .3

T a b l e  IV. R e c o v e r y  o f  A m m o n ia  a n d  N i t r a t e  N i t r o g e n  
f r o m  D e c o m p o s i n g  S t r a w

(C om parison  of old an d  new  m ethods. G ram s of n itro g en  p e r  100 
g ram s of o rig inal s traw )

A m m oniacal N itrogen
,— N itra te  N itro g e n — * 

O ld M odified
D ays M gO  Buffer m e thod m e thod

0
N  A dded  a s  A m m onium  N itra te  

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

15 0 .2 8  0 .0 3 0 .3 1 0 .0 4
30 0 .1 9  0 .0 2 0 .2 1 0 .0 1
56 0 .1 3  0 .0 5 a 0 .1 9 0 .0 3

N  A dded  as A m m onium  C arb o n a te  a n d  S od ium N itra te
0 0 .5 7  0 .5 7 0 .5 7 0 .5 7
3 0 .4 5  0 .3 6 0 .4 8 0 .4 8
7 0 .2 5  0 .0 4 0 .3 5 0 .1 2

15 0 .2 8  0 .0 3 0 .3 0 0 .0 3
30 0 .2 1  0 .0 2 0 .2 2 0 .0 1
56 0 .1 4  0 .0 4 ° 0 .1 7 0 .0 2

°  In c rease  du e  to  am m on ifica tion  of funga l p ro te in  w hich  se ts  in  a f te r  a b o u t 
6 w eeks’ decom position .

Ten crams of the fresh sample are extracted with 300 ml. of 
distilled water in 50-ml. portions. Each fraction remains in 
contact with the sample for about 10 minutes prior to filtration 
through a cotton plug. Extraction is continued until no blue 
coloration is obtained with diphenyl benzidine, a test sensitive 
to one part in a million (2). Suspended colloids are then pre
cipitated by the addition of a few drops of sulfuric acid (20 ml. 
to 100 ml. of water). The solution is warmed and coagulated 
matter is removed by suction. By addition of caustic soda the 
filtrate is made alkaline, and boiled down to 30 ml. A little 
more caustic soda is added and the volume is made up to 200 
ml. before concentrating again to 30 ml. In this way ammonia 
initially present as such, or capable of being liberated from the 
small amount of organic nitrogenous material present, is removed. 
The residue is finally distilled with Dcvarda’s alloy after dilution 
to 300 ml.

The effect of this improved procedure on the recovery of 
nitrate nitrogen added to manure is shown in Tables I I I  and 
IV.

S u m m a r y

The magnesia distillation method is unsuitable for the de
termination of ammonia in decomposed plant residues or 
manure, because high results are obtained through the con
current liberation of ammonia from organic nitrogenous sub
stances. The substitution of a phosphate buffer giving a 
reaction of pH 7 .4  is recommended.

N itrate nitrogen can be determined on the aqueous extract 
of such materials by the Devarda reduction method after 
removing free or liberated ammonia by boiling under alkaline 
conditions.
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Machine and Methods for Testing Mechanical 
Stability of Latex

F i g u r e  2 . C o n s t a n t - S p e e d  S t i r r e r
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F ig u r e  1 . B e n e d i c t  S t x r h e r

M e th o d s  U sed

M ethod 1A is carried ou t on th e  B enedict m ixer. A 50-cc. 
sam ple of the latex  is obtained from th e drum and is stirred at  
25° C. in a 118-ml. (4-ounce) square bottle  w ith  a  high-speed  
stirrer until com pletely coagulated. T h e stirrer is equipped w ith  
a  hexagonal, slotted  propeller, 
as shown in Figure 3.

M ethod IB  is exactly  the  
sam e as 1A, except th a t the  
test is carried out on th e  eon- 
stant-speed stirrer, which is 
a l s o  equipped w ith the hex
agonal slotted  propeller.

M ethod 2A  is a m odifica
tion wherein an 80-cc. sam ple  
of latex w ith  50 per cent total 
solids and 0 .5  per cen t am 
m onia is held a t 35° C. and is 
stirred in a 250-cc. round 
bottle w ith the  B enedict
mixer. |_____________________________

M e th o d  2 B  is  t h e  s a m e  a s  
2 A , e x c e p t  t h a t  t h e  c o n s t a n t -  F ig u r e  3 .  P r o p e l l e r
s p e e d  s t ir r e r  is  u s e d .

M e t h o d  3 A  i s  a s l i g h t  
m odification of M ethod 1A,
using a  sam ple diluted w ith  distilled water to  a to ta l solids 
content o f 50 per cent and 0.5 per cent am m onia. T h e  B enedict 
mixer is used in this case.

M ethod 3B  is th e  sam e as 3A, except th a t th e  constant-speed  
stirrer is em ployed.

M e th o d s  an d  m a c h in e s  h a v e  b een  s tu d ie d  
for m a k in g  m e c h a n ic a l s ta b ility  te s ts  on  
la t ic e s . T h e  r e su lts  in d ic a te  th a t  a c o n 
s ta n t -s p e e d  m a c h in e  w ill  g ive  rep rod u cib le  
r e su lts  a t  w id e ly  sep a ra ted  lab ora tories  
w h e n  te s t  sa m p le s  o f  fixed so lid s c o n te n t  are 
u sed .

TH E mechanical stability of a sample is one of the im
portant factors in processing latex-. Therefore it is neces
sary to have a testing method which is simple and reasonably 

rapid yet gives accurate and reproducible results.
The various methods of testing mechanical stability where 

latex is used and tested result in a different standard a t each 
place and create confusion when it is necessary to compare 
results obtained by different procedures.

This paper gives the results obtained with the original 
standard test and modifications which were introduced in an 
attem pt to establish a universal and more accurate test for 

, determining the mechanical stability. In this work three dif
ferent methods were used and in each one two different types 
of stirrers were tried (Figures 1 and 2).

One m achine, used as a  high-speed stirrer, was a B enedict 
Indestructo m ixer, N o . 53, Serial N o. 23270, 105 to 120 volts, 
70 w atts, and 25 to  60 cycles. T he other m achine was a constant-

speed stirrer built a t the F irestone Laboratories. I t  consists of a 
vertically m ounted Bodine synchronous m otor of 1800 r. p. m ., 
110 volts, 7.4 amperes, 0 .2  horsepower, and GO cycles, w ith  a 
20.15-cm . (8.06-inch) wooden pulley m ounted on the m otor  
shaft, and a rubber fiber belt connecting the  pulley to  a  stainless  
steel shaft 2.5 cm . (1 inch) in diameter, m ounted vertically  in a  
steel tripod. T he steel shaft is furnished w ith  a m etal propeller 
attached to  the lower end, and th is m akes up  the stirring elem ent. 
T he m otor support and steel tripod are perm anently m ounted on  
a wooden base plate. T h is construction is n ot to  be considered  
the best equipm ent that could be built, but it did serve its pur
pose for th is work. P lans are being drawn up for a sim pler and  
more perm anent piece o f apparatus.
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S p eed  M e a su r e m e n ts
The shaft speed in r. p. m. of each 

stirrer was measured by the use of an 
Edgerton stroboscope under various 
operating conditions. This stroboscope 
was capable of measuring speeds di
rectly, as shown on the scale, up to 
3000 r. p. m. Beyond this point, factors 
had to be used when perfect synchroni
zation was obtained, to calculate the 
shaft speed.

The constant-speed stirrer was oper
ated in media of different viscosities.
When running free, the stirring element 
of this machine ran at 13,420 r. p. m.
On checking the same shaft in such 
media as water, concentrated latex, 
glycerol, and Karo sirup that had been 
cooled to 10° C. in order to make a very 
viscous medium, this speed remained 
constant without varying over 15-minute 
periods. In view of these results, there 
is no question as to the constant speed 
of this stirrer during any test.

The new Benedict mixer was tested 
with various latex samples of high total 
solids content for constancy of speed by 
means of the stroboscope. This machine 
was strongly affected by the loads under 
which it was running. Under load of a 
sample of latex of 60 per cent total 
solids, the speed varied from 17,000 to
20.000 r. p. m. during the actual test; 
after coagulation took place, the speed was reduced to a much 
lower value. In samples of total solids contents of 40 and 50 per 
cent, the speed variations were not very' great. Although there 
was a considerable variation in the speed of the Benedict mixer 
under load, the variation over actual testing periods tended to 
average itself, and in some cases the speed was very close to
19.000 r. p. m. during the test. In the samples of latex having 
40 and 50 per cent solids, the average was very good under what 
might be termed normal operating conditions. However, in many 
cases conditions were not normal, and in these cases the speed of 
the machine varied considerably and gave different results.

The above results indicate th a t the constant-speed stirrer 
is very reliable, and tha t results on the Benedict mixer aver
aged fairly well over a run, but in a good many tests the results 
were changed by the inability of the mixer to keep a constant

T a b l e  II. M e c h a n i c a l  S t a b i l i t y  T e s t s  o n  L a t e x

Sam ple
1250
1661
1729
2349
3190

C o n s tan t-S p e ed  M ixer 
P la n t  1 P la n t  2 P la n t  3

160 160 150
520 530 530
450 435 480
480 480 460
315 325 375

-M e th o d s  2B an d  2 A -
B en e d ic t M ixer 

P la n t 1 P la n t 2 P la n t  3 . 
165 145 120
540 475 240
440 355 240
550 440 255
325 280 140

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

D rum T o ta l M eth o d  1A M eth o d  IB
N o. Solids

%
R u n  1 R u n  2 Av. R u n  1 R u n  2 A v.

1250 6 1 .2 5 92 102 97 130 128 129
1318 60.91 175 166 171 306 295 301
1508 60 .9 2 130 143 137 249 233 241
1661 6 0 .8 2 128 155 142 253 274 264
1729 5 9 .7 8 176 170 173 317 326 322
1736 61 .4 2 180 1S6 183 357 360 359
2349 61 . S7 208 215 212 436 463 450
2510 6 2 .8 6 170 159 165 425 390 4 OS
2550 62 .81 ISO 161 171 423 419 421
3190 6 0 .7 2 110 114 112 217 165 191

M eth o d  2 A M eth o d  2B
1250 151 135 143 260 251 256
1318 355 374 365 698 694 696
1508 352 337 345 646 640 643
1661 369 374 372 701 695 698
1729 529 522 526 1021 1017 1019
1736 710 687 699 1350 1339 1345
2349 728 760 744 1380 1352 1366
2510 627 645 636 1160 1176 1168
2550 625 639 632 13S0 1358 1369
3190 343 355 349 585 583 584

M eth o d  3 A M eth o d  3B
1250 73 72 73 163 167 165
1318 249 210 230 457 442 450
1508 163 170 167 389 375 382
1661 185 196 191 413 401 407
1729 297 300 299 660 672 66 6
1736 313 300 307 704 713 709
2349 375 361 368 770 782 776
2510 331 326 329 632 626 629
2550 333 309 321 755 73S 747
3190 129 123 126 393 343 36S

r. p. m. This was due to change in operating conditions 
which must be expected when handling such materials as latex 
where coagulum is introduced during the test. If the coagu- 
lum comes into contact with the shaft in any way so as to 
create high friction and thereby a braking action, it upsets the 
value for this particular test.

E x p er im en ta l D a ta
Ten samples of latices, selected over a period of one year to 

give as wide a range as possible, were taken for these tests. 
Each sample was run a t least twice according to the methods 
described above, and the data obtained are given in Table I. 
The constant-speed stirrer gives the most accurate results in 
all cases. In  this present setup, the constant-speed stirrer 
requires a longer time for end points in the test. Methods 
1A and IB give extremely rapid results; because of this, it is 
impossible to bring out small differences in stability between 
two samples. Methods 2A and 2B correct this somewhat, but 
still do not give the desired differentiation between samples. 
If, however, we consider methods 3A and 3B, there are larger 
differences between samples.

The results presented in Figure 4 and Table I in many cases 
hardly seem to show the necessity for using a constant-speed 
stirrer. However, in some cases it was necessary to run a third 
sample when using a Benedict stirrer because the original re
sults were too far apart to average.

The following data are very' convincing as to the need of a 
constant-speed stirrer in the latex industry. The Firestone 
Tire & Rubber Company has need for determining the me
chanical stabilities of latices a t four widely separated points. 
Even though the specifications for test were drawn up a t the 
home office and equipment was purchased in each case from 
the same company under specifications and checked at the



March 15, 1941 A N A L Y T I C A L  E D I T I O N 191

home laboratories with the determination of factors if neces
sary, there was a good deal of confusion and inconsistency in 
the results obtained a t the various places. These discrepan
cies brought about the work which is presented in this paper. 
The following results indicate difficulties which are very apt 
to be encountered with the use of the malted milk (Benedict) 
type of mixer.

The test results (Table II) were first obtained a t the home 
laboratories with samples selected and prepared a t  that 
point. These results were not furnished to the subsidiary 
plants, but they in turn determined the stabilities, on both the 
Benedict mixer and the constant-speed instrument, of the 
samples which had been prepared a t the home plant. Table 
I I  shows the wide discrepancies which can be encountered 
with what a t first might seem to be a very reliable and ac
curate method of determining mechanical stabilities, but with 
which it seems practically impossible to duplicate results in 
different laboratories. Here the constant-speed stirrer has 
shown its reliability.

There probably will be need for further standardization of 
this test, bu t it can readily be seen tha t it merits adoption.

Tachometers or other speed-determining instruments may 
be attached to the Benedict mixer. In this way a record may 
be kept of the speed from time to time, an average may be 
made over a period of time, and a factor may be introduced 
for correcting the result in seconds. But the observation of 
the end point in any mechanical stability test requires the 
attention of the operator a t all times. Also, any instrument 
which must be attached to the malted milk mixer for recording 
speed, etc., immediately removes its only advantage over the

constant-speed mixer: cheapness. The cost of the constant- 
speed stirrer is slightly higher, but will be less than th a t of a 
Benedict mixer with all other instruments attached. The 
constant-speed stirrer is much simpler to operate and the 
test in itself is simpler, inasmuch as the operator has only the 
sample under test to consider.

A point which has not been studied in any detail in this in
vestigation has been the type of propeller used on the stirring 
element. This should be given some consideration, as the 
propeller itself can affect the result if it is not readily self
cleaning when pieces of coagulum are picked up on the edges 
which cause the major portion of the agitation. A propeller 
should be adopted which can be easily reproduced in any 
machine shop and not have to be stamped out with a die.

The type of container, the quantity of latex, specifications 
as to solids content, and ammonia content are all very im
portant in this test. However, the two factors of solids con
tent and ammonia content need not be introduced into a 
standard specification if the equipment itself is standardized 
sufficiently to give reproducible results a t different labora
tories. If such specifications are followed, an ammonia con
tent can be decided by the laboratories using this type of test.
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Silica and Pyrex Glass Stills with Automatic 
Constant-Pressure Feeds
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INVESTIGATIONS on the importance of small quantities 
of the heavy metals for plant growth and animal health . 

have necessitated the production of water of greater purity 
than is usually required for analytical work. In the usual 
types of laboratory still significant amounts of some of the 
heavy metals may be carried over with the steam or derived 
from the materials used in the construction of the boiling 
chamber and the condenser. The ordinary distilled water 
available in these laboratories, although otherwise of very 
high quality, contains 13 to 40 micrograms of zinc and 20 to 
70 micrograms of copper per liter. To obtain water with a 
lower content of heavy metals redistillation from silica or 
Pyrex glass is essential, and the production of small quanti
ties presents no difficulties. When larger amounts are re
quired, as for water culture experiments, some form of con
tinuous distillation is necessary. Several stills for continuous 
operation have been described bu t judging by the
relatively complicated arrangements employed, it would seem 
th a t the very simple form of continuous feed from a constant- 
pressure M ariotte’s bottle has been overlooked.

Three types of stills for continuous operation which have 
been used extensively in these laboratories are described be
low. These stills have been designed to yield from 1 to 2 
liters of redistilled water per hour, and have been operated 
continuously for long periods. One still produced nearly 
1000 liters of water per month for 4 months.

In all three stills a M ariotte’s bottle maintains a  constant 
level of water in the still. The aspirator bottle may be re
filled, and the boiling flask drained, washed, and refilled, 
merely by the operation of the appropriate stopcocks. No 
dismantling of any part of the apparatus is necessary.

T he supply o f  ordinary distilled w ater in th e  M ariotte’s bottle  
is  replenished b y  connecting the large-bore tube, E  (11 m m . in 
diam eter), in Figure 1, to  a  source o f distilled  water. Stopcocks  
B  and C  are closed, and stopcock A  is connected to  a  slow ly oper
ating filter pum p, g iving a  reduction of pressure in the bottle  n ot  
greater than 25 to  30 cm . (10 to  12 inches) o f m ercury. W hen 
the bottle  is  full, stopcock A  is closed and B  is  opened. A tm os
pheric pressure is thus established a t the lower end of tube B . 
W hen stopcock C  is  opened th e  level o f th e  w ater in the boiling  
flask, a t  atm ospheric pressure, rises u ntil it reaches th e  level of 
the lower end of tube B , also a t atm ospheric pressure. Air flows 
in to  the  b ottle  through tube B . So long as the end of tube E , 
w ithin the bottle, is  lower than  the ou tle t o f tube B , no stopcock  
is required on it. (In  laboratories where the supply o f distilled  
w ater is under pressure, the  m ethod of refilling the M ariotte’s 
b ottle  is essentia lly  th e  sam e.) T he boiling flask is drained and 
washed by operating stopcocks C  and D.

Figure 1 (left) show s a still w ith  double surface condenser con
structed of Pyrex g lass and arranged for gas heating. T h e flask 
has a capacity of 3 liters and all ground jo ints are interchangeable 
(standard size T 2 9 /4 2  w ith  m inim um  inside diam eter o f 20 m m .). 
There is no constriction o f bore a t  the  jo ints or in the condenser. 
T he m inim um  bore of 18 m m . prevents appreciable back pressure 
being developed in  the flask and the level o f the w ater is n ot low
ered on vigorous boiling. W hile this arrangem ent is desirable, a
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small back pressure in no way affects the constancy of the auto
matic feed, once equilibrium is reached. I t is only necessary to 
raise the level of the lower end of tube B to compensate for this 
back pressure.

Rubber comes into contact only with the cold water being fed 
into the still. The feed through the bottom of the flask has been 
found very satisfactory, since hot water cannot flow downward 
into this tube and no air locks are formed. Boiling is very even 
and free from bumping. The double splash head ensures freedom 
from spray even at high rates of distillation. This still will pro
duce 2 liters of high-grade redistilled water per hour, but it is usu
ally operated at 1.3 to 1.6 liters per hour. A trace of copper and 
other heavy metals can often be detected in the first 50 ml. of dis
tillate each time the still is started, and it is therefore usual to re
ject the first 200 ml. of distillate. The redistilled water, as col
lected, contains not more than 0.2 to 0.3 microgram of copper 
per liter.

Figure 1 (lower right) shows a similar type of still, the unique 
feature being the immersion type of electric heater, x, y. A heat
ing element constructed of a helix of Nichrome wire enclosed in a 
spiral of snugly fitting thin-walled Pyrex glass tubing combines 
the high efficiency of an immersion heater with freedom from me
tallic contamination. The spiral heating element is sealed into 
the flask after the latter has been cut near its maximum circum
ference. Heavy-gage copper wire is welded to the ends of the 
Nichrome wire to form cold leads to the terminals, which are 
mounted firmly, but not tightly, on the ends of the glass tubes 
projecting through the neck of the flask. Since the heating ele
ment is immersed in water, the Nichrome wire will carry a large 
current without a big rise in temperature. In the still as con
structed 20 B & S gage Nichrome wire is used, and with a cur
rent of 6.3 amperes (202 volts, 1270 watts) the temperature of the 
wire is well below dull red heat. (Calculations show that the in
side surface of the tubing is at a temperature of about 105° C. 
with the outside surface at 100° C.) To ensure a low tempera
ture for the wire, the coils should fit closely against the inside 
surface of the glass tubing. The wall thickness of the tubing is of 
minor importance. The low temperature of the wire gives a 
practically indefinite life for the heating element. This type of 
immersion heater is suitable only for reaistillation of water, since 
any scale formation, from ordinary water, would lead to over
heating the glass tubing.

The high efficiency of the still, w ithout any external ther
mal insulation, can be appreciated from the following figures: 
room temperature (temperature of feed water), 17.5° C.; 
power required for operation, 1270 w atts; output of redis
tilled water, 1560 ml. per hour.

As 0.73 kilowatt-hour is required to raise the temperature 
of 1 liter of water from 17.5° to 100° C. and to vaporize it, 
the efficiency of the still is about 90 per cent. A higher room 
temperature gives a greater efficiency, due mainly to smaller 
radiation losses from boiling flask and splash trap. Redis
tilled water from this still has been found to contain total 
heavy metals of the order of 1 microgram per liter.

The presence of boron in Pyrex glass renders it unsuitable 
for some work and where freedom from this element is re
quired stills can be constructed of fused silica.

Figure 1 (upper right) shows such a still, the boiling flask being 
made of translucent Vitreosil, while the splash head and double 
surface condenser are made of transparent fused silica. A stopper 
in the body of the flask allows the introduction of a siphon tube 
for draining the residue from the flask without dismantling. The 
cold-water feed into the flask is through a capillary tube of suit
able bore connecting the feed chamber to the flask. This still is 
designed for gas or electrical heating. With a 1500-watt radiant 
type of heater and good thermal insulation, distillation is at the 
rate of 1.2 to 1.3 liters per hour.

A ck n o w le d g m en t
Acknowledgment is made to V. A. Stephen, technician a t 

the Waite Institute, who constructed the immersion heater 
(lower right) and sealed it into the boiling flask.
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A Gelometer for Starch Pastes
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SH EPPARD (8) and Bogue (2) have reviewed the meth
ods for measuring jelly strength. These fall generally 

into two classes—those in which the jelly is broken, as in the 
Delaware jelly strength tester (1,11), and those in which it is 
deformed only a specified amount, as exemplified by the Bloom 
gelometer (4). Neither type of measurement is entirely satis
factory because the breaking strength of a  gel is not always an 
indication of its resistance to deformation (7).

Consequently, there has come into favor a third class of 
instrument which takes both these properties into considera
tion. Thus, the methods of Sheppard (8) and of Saxl (5, 6, 7) 
give a more complete picture of the rheological properties of a 
gel than was possible by the older methods. The apparatus 
described in this paper was designed especially for use with 
6 to 9 per cent starch pastes, and will measure on them the 
same properties th a t Saxl’s gelometer measures on more re
sistant materials.

D esc r ip t io n  o f  A p p ara tu s
The gelometer shown in Figure 1 consists of a regulator, B, 

to give constant head of suction; expansion chamber, C; screw 
clamp, D, to regulate rate of flow of air through the system;

in suction are convenient and allow ample time to make accurate 
readings. When plotted (Figure 2) the readings of cm. suction 
vs. ml. deformation show a straight-line relationship in the range 
where the gel is elastic. The breaking point of the gel is indicated 
by a fairly sharp break in this line.

In order to obtain hysteresis curves, the three-way stopcock 
below II is opened before suction has reached the elastic limit, 
and readings are made as the force on the gel is gradually re
duced. From these three quantities—elasticity, breaking point, 
and hysteresis—may be calculated the gel factor, Bloom point, 
elastic recovery, and other values which have been used as ex
pressions of gel strength (6).

The slope of the suction-deformation line (indicative of 
elasticity) is roughly proportional to the area of the hole 
over which the gel is placed. The amount of suction (centi
meters of water) necessary to break the gel, since it is exerted 
equally on each unit area, is relatively independent of hole 
size except in cases where the gel is deformed by its own 
weight.

Starch pastes are extremely sensitive to variations in the 
method of preparation; before starting routine measurements 
on this instrument, it is essential th a t the method of prepara
tion be checked as to duplicability of the product.

P rin c ip les

The combination of principles which dif
ferentiates this gelometer from others de
scribed in the literature may be summarized 
as follows:

1. Suction is used to deform the gel (9). 
The force is thus transmitted uniformly to all 
parts of the gel exposed to it. Since the de
formed portion is in contact only with water, 
such factors as abrasion due to mechanical 
plungers and inconveniences due to the use of 
elastic membranes are eliminated.

2. The volume of deformation is measured 
by hydrostatic means (10). Using a hole size 
of 2.6-cm. diameter and a 2-ml. pipet, this 
volume may easily be measured to 0.02 ml., 
corresponding to a deformation of 0.04 mm. by 
instruments which measure depth directly.

3. The deforming force changes slowly, uni
formly, and at a constant rate. Having started 
the flow of water from K, the operator may

water manometer, E, to read the amount of suction applied to 
the paste as determined by the height of water column in H; 
brass platform, J, with hole in center over which starch paste is

Elaced; graduated pipet, F, for reading volume of water displaced 
y the gel as it is deformed by suction; and constant-head capil
lary-overflow, K,  to provide constant rate of increase in suction 

applied to the paste.

P roced u re
The weighed sample mixed with 150 ml. of water is pasted by 

heating at 99° C. for 0.5 hour in a water bath. In order to pre
vent excessive evaporation, the tubes are covered by rubber stop
pers containing a hole in which a stirring rod is placed. The 
pastes are stirred by hand from time to time to allow for uni
formity in heating. Violent mechanical agitation is avoided, 
since it increases evaporation losses and may injure the granules. 
The paste is poured into a 400-ml. beaker, covered with a watch 
glass, and allowed to stand for 15 hours at room temperature. 
The gel may then be removed from the beaker and placed bottom 
down on the brass platform, J.

Water is turned on at K  and suction applied. As water drips 
from the capillary into the funnel, the level in H rises at a con
stant rate. During this time, readings are taken on the manom
eter, E, and pipet, F. Rates of 1 to 4 cm. per minute increase
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T a b l e  I. C o m p a r is o n  o p  B r e a k i n g  S t r e n g t h  a n d  E l a s t i c i t y  
o p  6 .5  P e r  C e n t  S t a r c h  G e l s

S ta rch B reak ing  P o in t S lope R ig id ity  X
Cm . mo C m ./m l. D ynes/sq .

Y ellow  C reole 1 8 .8 1 5 .0 COO
P o p co rn 1 7 .5 1 3 .8 590
M an d a n 12 .5 1 0 .7 440
C om m ercia l corn 10 .5 11 .0 370
I le g a r i so rghum 7 .8 10 .3 378
M odified  A 9 .5 9 .5 320
M odified B 7 .0 9 .0 270
M odified C 4 .5 7 .5 205
C o u n try  G en tlem an 3 .5 7 .5 175

concentrate on reading the manometer and pipet with no further 
attention to the mechanics of increasing the load. This uni
form change of applied force is especially valuable in measuring 
properties where the time factor is important and stepwise 
addition of load would be likely to introduce error.

4. Skin efTects and the influence of the walls of the containing 
vessel are eliminated by removing the mold from the beaker ana 
placing it bottom down on the brass platform. The dimensions 
of the gel in relation to the area to which suction is applied should 
be large enough so that deformation occurs chiefly in the part 
adjacent to the hole without causing the rest of the mold to 
change its shape appreciably.

A p p lica  t io n s

Figure 2 indicates the type of information which may be 
obtained on this apparatus. Curve 1 is typical for starch 
pastes. The amount of deformation proceeds in direct pro
portion to the increasing suction up to the point where the 
gel breaks, with a corresponding sharp break in the straight 
line (a t 23.5 cm. in this case). Such behavior tends to show 
th a t starch gels of this concentration (7 per cent) are almost 
perfectly elastic, since they do not undergo a period of yield 
before actual shearing; otherwise the straight-line rela
tionship would not hold a t pressures close to the breaking 
point. The fact th a t the gel is broken may further be con
firmed by direct observation upon removing the mold from 
the platform. A circular cut is usually produced; sometimes 
a hemispherical piece is torn from the center.

The dotted portion of curve 1, representing gradual reduc
tion of suction, has no significance since the gel has been 
broken. I t  is included for comparison with curve 2 where 
suction on the paste was increased up to 20 cm. (just below 
the breaking point) and then reduced to its original value.

The difference between the ascending and descending por
tions of curve 2 (0.05 ml.) indicates th a t hysteresis is present 
to only a limited extent, about 2 per cent of the total deforma
tion. Further evidence supporting this view was obtained by 
subjecting a starch paste with breaking point a t 18 cm. to a 
constant suction of 16 cm. for 3 hours. The paste yielded only
0.01 ml. (or 0.002 cm.) per hour, which is probably beyond the 
range of accuracy of the apparatus.

Typical results obtained on starch pastes using this instru
m ent are listed in Table I. The figures in the Last column 
represent rigidities determined by the method described in a 
previous publication (3).

Both rigidity and slope are a measure of the force required 
to deform or stretch the gel a given amount. This relationship 
is evident from Figure 3. Rigidity values show greater dif
ferentiation, and when the concentration of paste can be kept 
below 6.5 per cent the rigidometer method is to be preferred. 
However, with concentrations of 6.5 to S.5 per cent, rigidity 
determinations present difficulty because of the high consist
ency of the paste. I t  is in this range tha t the gelometer is 
useful, not only for values of slope, but for breaking point 
data.

This paper deals primarily with raw starches and slightly 
modified products. With more highly converted starches,

the method of preparation would have to be altered by in
creasing the concentration and time of setting. Such gels 
would be expected to exhibit plasticity and hysteresis as the 
ratio of gelling to nongelling components becomes increasingly 
large.

SLOPE (C M ./C O  

F i g u r e  3

S u m m a r y

A gelometer for measuring elasticity and breaking strength 
of starch gels embodies the following principles: Suction is 
used to deform the gel, the volume of deformation being 
measured by hydrostatic means. The deforming force 
changes uniformly and a t a constant rate. Skin effects and 
the influence of containing walls are eliminated. This ap
paratus is suited to starch concentrations of 6.5 to 8.5 per cent. 
For lower concentrations, the rigidometer described previ
ously (3) gives greater differentiation with respect to elas
ticity.
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An Improved Thixotrometer
R . W .  K E W IS II , T h e  L o w e B r o th e r s  C o m p a n y , D a y to n , O h io

THIS thixotrometer is an improved design of one that was 
described in connection with a study of the leveling of 

paints (2). Apparatus of somewhat similar construction has 
been used by Schofield and Scott Blair (3) and by Freundlich 
and Roder (/).

To obtain better insulation from building vibration, the thixo
trometer is now mounted on a pair of slings (Figure 1). Rubber 
bands suspend it so that the base just touches four rubber balls, 
placed under the comers of the base and flattened on one side to 
prevent their rolling. The balls furnish a damping effect and pre
vent swaying of the thixotrometer. The insulation from building 
vibration is very satisfactory.

To reduce to a minimum the stirring which resulted from the 
insertion of the sphere (2) into the material being examined, 
several changes were made (Figure 2). The torsion wire assembly 
was mounted on a precision rack and pinion (Pillor rack and pin
ion unit, Spencer Lens Company), the sphere was replaced by a 
steel disk of the same diameter, an electromagnetic clamp to hold 
the disk prior to release was constructed, and extension arms were 
made to permit operation of the micrometer (2) and the rack and 
pinion without jarring the thixotrometer. (Two mechanical 
clamps which were tried before resorting to the electromagnetic 
clamp were unsatisfactory. A wooden core is used in the electro
magnet, since an iron core becomes permanently magnetized. 
Because alternating current causes a stirring action, direct current 
must be used in the electromagnet.)

To overcome any irregularities which might result from varia
tions in filling the container (#), a funnel was constructed to per
mit filling while the container was in position in the water bath 
(£), and a vertical tube was mounted at the end of the container 
so that the source of filling would always be at the same point. 
This method of filling can De used only with thin materials, and 
so far no advantage in its use has been demonstrated.

To use the thixotrometer, the torsion wire assembly is raised, 
the torsion setting is made, and the disk is clamped in position by 
turning on the electromagnet. A stop watch is started the 
moment that the pouring of the material into the container is 
started. The disk is lowered into the material at the end of 1 
minute and the disk is released at exactly 10 minutes. The dis
tance traveled by the disk in 5 minutes is recorded.

The true zero position of the disk is that at which buoyant effects 
do not alter its position. The zero torsion setting is that which 
gives the true zero position of the disk. In order to keep the disk 
clear of the clamp, the clamped position is chosen 0.015 inch 
(0.04 cm.) behind the true zero position. If the distance traveled 
by the disk is less than 0.015 inch, the distance is determined by 
noting the initial and final positions on the eyepiece micrometer 
scale of the microscope. For greater distances of travel the disk 
is brought back to the true zero position by means of the mi
crometer and the correction of 0.015 inch is added to the mi
crometer reading.

The data  in Table I  were obtained in a series of consecutive 
measurements on a typical paint. D0u. is the distance

traveled by the disk in 5 minutes for a torsion setting of 50 “• 
.Dcaic. is the corresponding value obtained from a line fitted 
to the data by the method of least squares. (In fitting the 
line the number of the observation was chosen as the abscissa 
and the corresponding distance of travel as the ordinate for 
the plotted points.) In  the last column the per cent differences 
of the calculated from the observed values are given.

T a b l e  I. M e a s u r e m e n t  o f  P a i n t

100(j)ob>- —
N o. Dob«. Dc&le. Dcnlo.

1 0 .1229 0 .1 1 2 0 + 9 .7 5
2 0 .1 0 7 6 0 .1 1 4 0 - 5 .6 1
3 0 .1 0 7 5 0 .1161 - 7 . 4 0
4 0 .1 1 7 3 0 .1181 - 0 . 0 8
5 0 .1 2 1 5 0 .1 2 0 2 +  1 .0 8
6 0 .1 2 4 2 0 .1 2 2 2 +  1.61
7 0 .1 2 4 7 0 .1243 +  0 .3 2
8 0 .1 2 7 6 0 .1263 +  1 .32

F ig u r e  2 . R a c k  a n d  P i n i o n , 
a n d  E l e c t r o m a g n e t ic  C l a m p

F ig u r e  1 . T h ix o t r o m e t e r  i n  P o s it i o n  o n  S l in g s

From the differences in per cent the probable error of’ a 
single observation is found to be 3.49 per cent. The probable 
error of a single observation calculated from the results of 55 
pairs of observations on various paints was found to be 3.55 
per cent, which is in good agreement with the above value. 
These values seem large, bu t since variations of the order of a 
hundredfold are frequently encountered in comparing one 
paint with another, the precision of measurement is believed 
to be satisfactory.
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Application of the Grating Microspectrograph
To the Problem  o f  Identifying O rganic Com pounds

E D W IN  E . J E L L E Y  

K o d a k  R e s e a r c h  L a b o r a to r ie s , R o c h e s te r , N . Y .

TH E study of the optical properties of crystals has rela
tively greater importance in microscopic methods of 
identifying organic compounds than in the identification of 

inorganic ones. This is partly because with inorganic com
pounds chemical reactions of both cation and anion may usu
ally be carried out under the microscope, whereas with or
ganic compounds chemical tests are restricted to detecting 
the presence of certain reactive groups. However, in general, 
it is not possible to use optical crystaOographic methods as 
the sole means of identification of organic compounds, because 
the optical constants have been determined for relatively few 
of the vast number of such known compounds. When, how
ever, the optical data of organic compounds are used in con
junction with other physical and chemical data, they may be 
of considerable use to the microchemist, particularly where the 
problem may be reduced to th a t of finding out if an unknown 
substance is identical with one of a group of known substances.

The relative usefulness of various optical properties of or
ganic compounds for such comparison purposes may be 
judged from the following considerations.

P r in c ip a l R efra c tiv e  In d ic es

I t  is convenient to follow the classification given by Woos
ter (8) and to  divide molecular crystals into three main 
classes:

1. Almost spherical molecules, such as pentaerythritol and 
some of its esters. Crystals of this class have refractive indices 
well within the range of organic immersion media. Mixtures of 
Nujol with a-bromonaphthalene or a-iodonaphthalene have a 
sufficiently low solvent action to be used as immersion media.

2. Rod-shaped molecules. This classification includes the 
majority of long-chained aliphatic compounds. Usually the 
refractive indices of crystals of this class are low, unless the 
molecule contains substituents of high refractivity, such as bro
mine, iodine, sulfur, etc. The crystals may have an appreciable 
solubility in immersion media, so that refractive index measure
ments are not as a rule easy to make. Increasing the length of 
carbon chain by one or two carbon atoms does not greatly affect 
the refractive indices, and as the limit of accuracy of determining 
these refractive indices is about ±0.002, it follows that the meas
urements may have but little analytical value.

3. Planar molecules. This classification includes the majority 
of aromatic compounds. Unless the molecules are grouped in 
nonparallel directions, ny and often tip are beyond the range of 
known immersion media. Solubility of the crystal in immersion 
media may render it impossible to determine its refractive in
dices. The position and nature of weakly polar or nonpolar sub
stituents usually have little effect on the refractive indices.

W ith all three classes of molecular crystal, na is usually low 
enough to be determined by the immersion method, using the 
light from a sodium vapor lamp for the final adjustm ent of the 
refractive index of the immersion liquid. The temperature 
variation method is not often applicable to organic com
pounds on account of their solubility in liquids having a suit
ably high thermal variation of refractive index. The author 
prefers to use the method of mixing two liquids of very low 
volatility and widely different refractive index on the micro
scope slide until the lowest refractive index of the crystal 
under test is matched. The immersion liquid is then trans
ferred to  a  microrefractometer or an Abbe refractometer. 
Mixtures of tri-iV-butyl citrate and n-butyl phthalate cover 
the range 1.447 to 1.492, and of Nujol and a-iodonaphthalene, 
cover the range 1.484 to 1.701 (£). Kunz and Spulnik have 
suggested the use of mixtures of heptylic acid and a-bromo- 
naphthalene to cover the range 1.423 to 1.658 (6).

B ire fr in g e n c e

The birefringence of a doubly refracting crystal may have 
any value between the limits of zero for rays traveling along 
an optic axis, and nT — na (or tu, ~  ru in the case of uniaxial 
crystals) for rays traveling normal to the plane of the optic 
axis or axes. Consequently it  is usual to restrict the term to 
the three constants ny — n$, np — na, and ru, — na of bi
axial crystals, and ru, ~  n, of uniaxial ones.

The birefringence of organic compounds is due to two fac
tors, molecular anisotropy and structural anisotropy, and in 
general ny — na is large for rod-shaped or planar molecules 
which are oriented in the same direction, and is small for 
roughly spherical molecules and for planar molecules which 
have several orientations in the crystal. I t  may also be small 
for crystals containing solvent of crystallization, particularly 
when the solvent of crystallization also has planar molecules.

Methods of measuring birefringence with the aid of com
pensators entail measuring the thickness of the crystal, and 
as such thickness measurements can be made only with a low 
order of accuracy, the birefringences so determined are not 
very accurate.

D isp ersio n  o f  B ire fr in g e n c e

The dispersion of refraction, dn/d \,  of a crystal is usually 
different for each of its principal refractive indices, and as 
birefringence is the numerical difference between two such

196
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indices, it follows th a t birefringence varies considerably with 
wave length. So-called “anomalous” interference colors are 
caused by extreme dispersion of birefringence, but in no 
known case does the scale of interference colors given by a 
crystal exactly correspond to Newton’s scale of colors given 
by an air film. Crystals which are pleochroic in the violet or 
near ultraviolet show marked differences between the dis
persions of the principal refractive indices, and consequently 
have a strong dispersion of the birefringence, particularly 
along the acute bisectrix when the optic axial angle is small. 
By way of an example, the values of n? — np of ammonium 
picrate and o-dihydroxybenzene are compared for various 
wave lengths.

The measurement of dispersion of the principal birefrin
gences is complicated in the case of monoclinic and triclinic 
crystals which possess an appreciable degree of dispersion of 
the axes of the optical ellipsoid. In  such cases the author 
prefers to measure the dispersion of birefringence presented by 
a fixed orientation of the crystal, and to take care that an 
identical orientation is used in comparisons with other crys
tals. Whenever possible, dispersion of the maximum bi
refringence, %  — is chosen for comparison purposes, as er
rors of up to 10° in orientation of the crystal do not seriously 
affect the accuracy of the results. The measurements have 
considerable practical interest, as it is not necessary to know 
the thickness of a crystal in order to determine its dispersion of 
birefringence.

T a b l e  I. (n-, — np) o f  a  C o l o r l e s s  a n d  a  Y e l l o w  C r y s t a l

X, m/i o -D ihyd roxybenzene A m m onium  P ic ra te

513
541
589
656

0.0100
0 .0104
0 .0099
0 .0093

0 .0 4 4  
0.000 

- 0 .0 3 7 «  
— 0 .071°

a V ib ra tio n  d ire c tio n s  of n y  a n d  riß in te rch an g e  a t  541 in/t.

O p tic  A xial A n g le
Observations of the interference figure given by a crystal in 

convergent polarized light have a well-recognized value in 
determining whether a crystal is uniaxial or biaxial, and, in 
the latter case, it is sometimes possible to measure the optic 
axial angle. Observation of the type of dispersion of the optic 
axes, when it can be made, renders possible differentiation 
among rhombic, monoclinic, and triclinic crystal symmetry.

P r in c ip a l A b so rp tio n s
Observations of the principal absorptions of strongly col

ored crystals are usually qualitative and are confined to the 
study of dichroism or trichroism. This is understandable, as 
a  great many strongly absorbing organic compounds form 
monoclinic or triclinic crystals which often have extreme dis
persion of the axes of the optical ellipsoid, so tha t the optical 
properties of the crystals are not easy to interpret. Neverthe
less, it is this complication of optical properties of absorbing 
crystals which makes them all the more specific and useful 
for comparison purposes.

The above considerations show the importance, from a de
terminative standpoint, of studying the optical properties of 
organic crystals for as wide a region of the spectrum as pos
sible. I t  is obviously not practicable to repeat a complicated 
series of observations for many wave lengths, particularly as 
the eye is neither very sensitive nor very well focused for the 
extreme blue end of the spectrum.

G r a tin g  M icro sp ectro g ra p h
I t  was in order to simplify the study of crystal optics 

throughout the visible region of the spectrum that the author 
turned to the aid of photography and developed a transmis-

sion grating microspectrograph for use with the petrographic 
microscope. The first model of the apparatus used 8.125 X 
10.625 cm. (3.25 X 4.25 inch) panchromatic cut film (5); 
the second model was much more compact and used 35-mm. 
Panatomic film (S). In neither of these instruments was the 
light collimated before its passage through the grating. The 
achromatic lens which projected the image of the slit onto the 
film had a very small diameter relative to the projection dis
tance; the astigmatism thereby introduced into the spectrum 
was not a t first considered serious. As experience in applying 
the apparatus to specific problems was accumulated, i t  be
came evident th a t it would be advantageous to have a spec
trum completely free from astigmatism.

The generous gift of a plane metal grating from II. D. Bab
cock of M t. Wilson Observatory made it possible for the 
author to construct a  reflection-grating microspectrograph 
working on a somewhat different principle, which incorporated 
the improvements suggested by the earlier work. The general 
principle of the new apparatus is shown in Figure 1.

A Steinheil lens is used to focus the microscope image on the 
slit. The microscope, which is used with an eyepiece not fitted 
with cross webs, is focused for an image distance at infinity, so 
that the Steinheil lens is used at its principal focus from the slit. 
I t  is provided with centering screws, in order to bring the center 
of rotation of the image on the center of the slit. The collimating 
lens is a cemented achromat which collects light from the slit and 
gives a collimated beam which is then reflected by a silvered 
right-angled prism on the plane grating. A Wollaston prism, 
which is provided with a fine adjustment to its rotation, may be 
swung into the beam for studies of dichroism. Over half the light 
incident on the grating is diffracted in one of the first-order spec
tra, which is collected by a cemented achromatic camera lens and 
is brought to a focus in the image plane of a reflex camera which 
uses 35-mm. Panatomic film. It was found that much less coma 
was obtained when the plane side of the camera lens faced the 
grating and that all the spectrum was sharply in focus at the same 
time.

The grating is mounted in a heavily built holder which rotates 
on spindles fitted with Hoffmann ball bearings. The grating is 
rotated by a micrometer fitted with an accurately worked face 
plate of sapphire which presses against a steel ball fixed in the 
grating housing. In the center of the reflex ground glass, there is 
a clear patch fitted with adjustable cross webs. Ih e  spectrum 
can be focused on these cross webs which are viewed with a 
X 12 Ramsden ocular. Wave lengths of emission lines may thus 
be determined to 0.2 m/i. Spectra of very low intensity are ob
served through a telescope fitted with a reflecting prism which 
intercepts the light from the grating before it reaches the camera 
lens.

SCREEN W ITH 
CROSS WEBS

LEX MIRROR

SILVERED 
CAMERA LENS PRISM

&
I

MICROM ETER

'P l a n e  c r a t in o

s l i t

CO LLE C TIN G
LE N S

F i g u r e  1. D ia g r a m  o f  A p p a r a t u s

Compared with the transmission grating apparatus de
scribed by Chamot and Mason (1), the new apparatus is con
siderably easier to manipulate, as it is merely necessary to 
place the microscope under the microspectrograph. Accurate 
centration is not necessary; the microscope is moved on the 
baseboard until the spectrum is evenly illuminated, a m atter 
of a few seconds’ adjustment.
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The reflection-grating microspectrograph is shown in Fig
ure 2j and the complete setup, with a Leitz universal polariz
ing microscope constructed to the author’s specification, is 
shown in Figure 3. A silvered right-angled prism is used over 
the eyepiece to deflect an image of the crystal onto a screen. 
When the spectra are to be recorded photographically, the 
prism is thrown out of the optical axis of the system. There 
is, however, a disadvantage attendant on the use of a metal 
reflection grating; the violet end of the spectrum is rela
tively weaker than tha t obtained with a transmission grating. 
This is because the speculum metal on which the grating is 
ruled has a lower reflectivity in the violet, whereas the violet 
end of the spectrum is accentuated with a transmission grating 
by virtue of the higher refractive index in this region of the 
cellulose nitrate from which it is made.

A p p lic a tio n s  o f  G r a tin g  M icro sp ectro g ra p h
In the author’s first publication on the microspectrograph

(5), its use in the determination of optic axial angles of ortho- 
rhombic crystals for the -visible spectrum was discussed. I t  
was proposed to use a calcite plate cut perpendicular to the 
optic axis for calibration purposes. This plate was calibrated 
with sodium light (X =  589.3) by means of a universal stage. 
In  the second publication (3), a spectrogram was gi ven which 
showed the dispersion of the optic axes of o-nitroacetanilide. 
The use of the microspectrograph in conjunction with a uni
versal stage in determining the dispersion of a single axis of 
praseodymium sulfate octahydrate was also discussed. These 
publications also dealt with the “wedge-crystal” method of 
determining dispersion of birefringence.

Three microspectrographic methods of measuring bire
fringence and its dispersion as a function of wave length have 
been worked out.

D is p e i is io n  o f  B i r e f r i n g e n c e  o f  W e d g e  C r y s t a l s .  
This is applicable to substances having a melting point (with
out decomposition!) below 300° C .

On an optically worked microscope, slide of fused quartz is 
placed a square of No. 2 or No. 3 cover glass. Another 
square is placed so that one edge rests on the first square, 
with the opposite edge resting on the microscope slide. Some 
crystals of the substance to be studied are placed near the second 
cover slip, and the preparation is heated over a microburner until 
the substance melts and is drawn under the sloping cover glass 
to form a wedge of liquid. On cooling, the substance crystal
lizes to form wedge-shaped crystals. Refusion may be necessary 
to get satisfactory results, and the preparation may need to he 
seeded by touching it with a needle which has been charged with 
crystals of the substance. Such a wedge preparation shows as
cending orders of birefringence when examined with a Iow-power 
objective between crossed nicols. The image of the wedge- 
shaped crystals, which have a slope of about 2 , is thrown on the 
slit of the microspectrograph and is so oriented that the slit cuts

through the ascending orders. Spectrograms 
are then made on Panatomic-X film, exposures 
of 1 to 20 seconds being given, according to the 
width of the slit.

A Philips tungsten arc lamp is used as a light 
source, as it gives, in addition to the continuous 
spectrum, neon lines which serve to locate the 
wave-length calibration. A ribbon-filament 
lamp can also be used, but in this case an addi
tional exposure is made with the microscope 
illuminated by a sodium vapor lamp. The sim
plest way of studying the spectrograms is to 
enlarge them so that 20 mm on the wave-length 
scale is 10 mm. on the bromide enlargement. It 
is not necessary to use nonshrinking bromide 
paper, as uniform shrinkage in no way affects 
the accuracy of computations made from the 
enlargements.

If the wedge-crystal spectrogram shows several 
interference bands, it is best to proceed accord
ing to Figure 4. A line is nded through the 
spectrum in a position corresponding to the 
thick end of the wedge crystal. Irregularities 
in the crystal cause many lines to run through 
the spectrum, and one of these should be chosen 

as a guide for the ruled line, thereby avoiding errors due to 
distortion introduced by the camera lens. A wave-length 
scale is then attached to the enlargement, and the wave lengths
Xn, Xn+l, Xn+2  at which the nth (n +  l)th, (« +  2)th ..........
interference bands cross the line are recorded. The value of n 
is readily counted if the extreme tip of the wedge appears in the 
spectrogram. The value of the birefringence for any wave 
length, Xn, at which an interference band of the nth order inter
sects the line, is nX„/d, where d is the undetermined thickness of 
the wedge at the point corresponding to the ruled line. I t is con
venient to consider the birefringence at different wave lengths 
as multiples of the value for sodium light, a procedure whiche limi- 
nates the necessity of determining the thickness, d, of the crystal. 
The calculations arc simplified if the line is ruled through the 
spectrogram at an ordinate where an interference band occurs 
at X = 589 mjt. In the diagram, this is the seventh band, which
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corresponds to a  retardation of 589 m/x X  7 =  4.125m- Sim ilarly, 
the retardation a t  Xt  is  647 m/i X  6 =  3.922, and at Xg is 500 mu X  
9 =  4.5/i (retardation =  birefringence X  thickness o f crystal). 
T he va lues of the  relative birefringence are, therefore, 0.95 for 
647 mM, 1.00 for 589 mjj, 1.09 for 500 m/*, and so on. These  
values are p lo tted  against w ave length.

Some typical curves are given in Figure 5, in which New
ton’s color scale for an air film is represented by a horizontal 
line. This method of computing the dispersion of birefrin
gence utilizes the light from a single point on the wedge crystal, 
and no assumptions are made as to the uniformity of slope of 
the wedge.

When, however, only a few bands are present, it is neces
sary to measure the average distance apart of the birefrin
gence bands on the photographic enlargement a t a number of 
wave lengths.

L et the average distance betw een bands a t w ave lengths Xi,
X!( Xj be d h (i2, ds   T he birefringence at these wave
lengths is then represented b y  cXi/di; c \t /d t;  cXj/dj where
c is a constant depending on  the slope of the  crystal wedge and 
the m agnification o f  its  im age on  the bromide enlargem ent. If 
Xi is 589 mu, the relative birefringence at Xj is di.X i/d iM , and so  
on. T hese values are p lotted  against w ave length, as above.

T h e value o f the birefringence for sodium  light m ay be de
term ined w ith  a m oderate degree of accuracy b y  measuring  
the  slope of the w edge on a goniom eter or universal stage and  
m easuring the  d istance along the  w edge betw een th e  2nd and 12th 
(or higher) interference bands when the m icroscope is illuminated  
w ith  a  sodium  vapor lam p. I f  th e  distance betw een the 2nd and 
12th bands, m easured w ith  a  screw m icrom eter eyepiece, is dmm. 
and th e  slope 0, the  birefringence is 0 .00589/d  tan 9. T he value

of the birefringence for any other w ave length is obtained b y  m ul
tiplying the value for sodium  light b y  the dispersion factor as ob
tained above.

B i r e f r i n g e n c e  a n d  D i s p e r s i o n  o f  B i r e f r i n g e n c e  o f  

L e n s - C r y s t a l s .  An elegant way of determining both bire
fringence and dispersion of birefringence may often be ap
plied to readily fusible organic compounds.

A sm all plano-convex lens, preferably of fused silica, and an  
optically  worked m icroscope slide o f fused silica are required. 
T he substance to  be exam ined is fused on the silica slide, and the  
curved side of the  lens is brought in contact w ith  liquid, w hich is 
then allowed to cool and crystallize. S light pressure is applied  
to the top  of the lens to ensure contact w ith  the slide. I f  the opera
tion has been successful, a n egative lens o f crystal is formed, 
which has zero thickness at the point o f contact o f the  silica lens 
and silica slide, and which show s circles o f increasing birefringence 
betw een crossed nicols.

The appearance with sodium light between crossed nicola 
of a lens-crystal of a-nitronaphthalcne is shown in Figure 6 
(left). When crystals of more than one orientation are pres-

400 4*>0
WAiVE LENGTH

F i g u r e  5 . T y p i c a l  C u r v e s

ent, birefringence rings corresponding to the different orienta
tions are produced, as in the case of piperonal (Figure 6, 
right) where the rings of small diameter correspond to tip  — 
?ia, and the larger ones to %  — ng.

In  actual practice, it  is usually  necessary to  recrystallize the  
substance b y  fusion a  few  tim es in order to  obtain  satisfactory  
lens-crystals*. In  order to  obtain  su itable interference figures, it 
is desirable to  have a lens w ith  a  relatively  large radius o f curva
ture for use w ith  substances o f high birefringence, and one of

F i g u r e  6 . B i r e f r i n g e n c e  R in g s  o f  h - N it r o n a p h t h a l e n e  a n d  P i p e r o n a l
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smaller radius of curvature for those of smaller birefringence. 
Those at present in use have radii of 83 and 31 mm., respectively.

Birefringence spectrograms of lens-crystals are obtained at 
low magnifications, a No. 1 objective and a X 5 eyepiece being 
used. The diaphragm of the substage condenser is restricted to 
a numerical aperture of 0.05 in order that the direction of rays of 
light within the crystal shall not deviate too far from the axis of 
the lens, particularly when measurements of birefringence are 
being made for the acute bisectrix. The image of the center of 
the lens may be thrown to one side of the spectrogram in order 
to photograph as many interference bands as possible on the 
other side, but, as it is not easy to mark the exact center of the 
rings, both first-order interference bands should always be in
cluded.

Birefringence spectrograms obtained in this way are shown 
in Figure 7 (loft), which is tha t of p-nitrophenol, and Figure 
7 (right), which is tha t of benzil.

Calibration of the thickness of crystal corresponding to any 
interference band is best carried out by photographing Newton’s 
rings given in sodium light by the lens in contact with the silica 
slide. In order to make the rings clearly visible by transmitted 
light, it is necessary to increase the reflectivity of the lens and 
slide. The standard way is to half-silver the surfaces, but the 
author has now found a much simpler method. This consists in 
applying a drop of a 1 per cent solution of 1,1 '-diethyl-^-cyanine 
chloride in methanol to each surface and allowing it to evaporate. 
The resulting film of dye has an intense narrow absorption band 
at 578 mp and, in consequence, a very high refractive index for 
sodium light. The Newton’s rings produced by such treated sur
faces are quite as good as those given by half-silvered surfaces, 
and the dye films are very easily applied and removed, operations 
which take but a second or so. The Newton’s rings are photo
graphed on the same length of 35-mm. Panatomic-X film as is 
used to record the birefringence spectrograms of the lens-crystals. 
In order to do this, the slit of the microspectrograph is opened 
wide, and the grating is rotated to bring either the normally re
flected image or the first-order diffracted image to the center of 
the ground-glass screen. By using the same microscope setup 
for both the Newton’s rings and the lens-crystals, the magnifica
tion is unchanged, so that the thickness of crystal necessary to 
produce any interference band is directly measured in terms of 
the wave length of sodium light.

A photograph of the Newton’s rings is given in Figure 8. 
As they are produced by transmission, the center is bright, 
and the air gap corresponding to the nth bright ring has a 
thickness of n /2  X 589.3 m/i.

Measurements of photographs of both Newton’s rings and 
interference bands produced by the lens-crystals have shown 
th a t their diameters vary according to the square root of their 
order within an accuracy of 1 in 2000, so tha t it is obvious that 
the microscopic and spectrographic optical systems are not 
introducing any appreciable distortion.

In practice, these measurements can be made with adequate 
accuracy from bromide enlargements. The center of the New
ton’s rings is found by bisecting the diameter of one of the lower- 
order rings, and the radius of a high-order bright ring is meas
ured. Let the order of the ring be M, and the radius be X. 
Measurements are then made from the center of the birefringence 
spectrogram (obtained by bisecting the distance between the two 
first-order bands) to the Nth order interference band, for some 

particular wave length, X. Let this 
distance be y. The birefringence of 
the crystal for this particular wave 
length is then given by the formula rii — 
nj = 5S9My,/2 N \x t, where ni and 
nj are the refractive indices of the crys
tal for this wave length. Measure
ments of y are made for various values 
of X in order to obtain birefringences 
for the whole spectrum, and these may 
be plotted in terms of the value for 
sodium light in order to obtain disper
sion curves corresponding to those 
obtained by the first method.

D i s p e r s i o n  o f  B i r e f r i n g e n c e  o f  
D r o p l e t  C r y s t a l s .  Fragments of 
the substance, weighing between 0.1 
and 10 mg. are fused on a micro
sc o p e  s l id e , p r e f e r a b l y  one o 
optically worked fused silica. On 
cooling, the droplets crystallize to 
yield wedge-shaped crystals. As with 

F i g u r e  8. N e w -  the first two methods, it is necessary
t o n ’s  R i n g s  to check the optical orientation of

the crystals by conoscopic observa
tion. In  order to determine the dis

persion of birefringence, a spectrogram is made of the rising 
orders of interference of one of the wedge-shaped crystals a t a 
suitable magnification. A droplet crystal of ochloroacetani- 
lide gave the spectrogram shown in Figure 9. The method of 
computing the birefringence-wave-length graph is identical 
with th a t of the first method.

One or other of the above methods will work with a great 
many fusible organic compounds. Failure to obtain satisfac
tory crystals may be due to one or more of the following 
causes:

1. The substance is impure. Two or three recrystallizations 
from a suitable solvent will often put this right.

2. Conditions of cooling the fused substance are not correct. 
In general, excessive supercooling should be avoided. A defec
tive wedge- or lens-crystal is cautiously heated so that some of 
the substance remains unfused and is then slowly cooled. This 
treatment often yields satisfactory crystals.
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T a b l e  II. C o l o r s  o f  P l a t i n o c y a n i d e  C r y s t a l s

(N E M iP tC yt.H sO  C olorless w ith  b lue  reflection
(N H «)iP tC y4.2H jO  Y ellow  w ith  b lue  reflection
B aP tC y4 .4H iO  G reen  an d  yellow  dichroic
M gPtC y« .5H *0  D eep  yellow
M gPtC y«.7H jO  R ed  w ith  b lue an d  green reflections
K ,P tC y4 .3H iO  Y ellow
Y j(P tC y < )j.2 lH iO  R ed , yellow , green, an d  colorless p leochroic w ith  blue 

an d  green  reflections 
A gjPtCy« C olorless
H gP tC y«  Colorless

3. The fused substance on cooling forms a mass of small 
crystals of random orientation. Modifying the conditions of 
cooling should be tried, and if this fails the method for non- 
fusible substances should be tried.

D i s p e r s i o n  o f  B i r e f r i n g e n c e  o f  N o n f u s i b l e  C r y s t a l s .  
The method of computing the birefringence-wave-length 
graph described under the first method is readily applied to 
crystals which possess either a crystallographically or an 
artificially produced wedge-shaped edge. Such a crystal 
usually needs to be mounted in some medium having a re
fractive index reasonably close to that of the crystal in order 
tha t the ascending order of interference colors may be seen 
in the wedge-shaped edge. The mounting medium should be 
viscous and have as little solvent action on the crystal as 
possible.

The most generally useful mounting media for crystals of or
ganic compounds are glycerol, glycerol jelly, and “Plasticizer E, 
47.7% Cl , supplied by the Hooker Electrochemical Company. 
The last-named substance has a refractive index, n’°, of 1.5148. 
The birefringence spectrogram of the crystal is made to include 
the wedge-shaped edge, so that the orders of the interference 
bands Riven by the thick parallel part of the crystal are readily 
counted. I t often happens that the crystals as grown do not 
have a wedge-shaped edge and have such strongly defined cleav
age planes that they will not give a wedge-shaped fracture. 
Under such circumstances, a useful procedure is to attack one 
end of the crystal with a suitable solvent in order to round off the 
edges. After mounting in glycerol jelly or Plasticizer E, the 
rounded part of the crystal serves the same purpose as a wedge.

T h e  C olor o f  C rysta ls

An extensive study of colored crystals has been made by 
means of the microspectrograph. This work has shown that 
the spectral absorptions of a crystal depend on both its 
chemical composition and its crystallographic structure. 
As a result of this study, it is now proposed to classify the 
various possible causes of color as follows:

1. Rare-earth elements (Atomic Nos. 57 to 71) give line ab
sorption spectra. Spedding (7) has shown that the grouping of 
lines given by crystals of a rare-earth compound is primarily de
pendent on the nature of the crystal symmetry. The author
(4) found that neodymium and praseodymium sulfate octahy- 
drates possess an extraordinary type of pleochroism, charac
terized by the fact that certain of the absorption bands disappear 
for specific ray and vibration directions. These directions are dif
ferent for each absorption band and do not coincide with the 
axes of the optical ellipsoid.

2. Colored inorganic ions contribute to the color of the crys
tal. Thus, potassium ferricyanide crystals have a color charac
teristic of the ferricyanide ion, cupric sulfate pentahydrate crys
tals have the blue color of hydrated cupric ions, and so on.

When both the anion and cation are colored, their relative 
contributions may be different for each of the principal absorp
tion spectra, so that the pleochroism of the crystal becomes com
plicated. In the case of complex cations, it is the arrangement 
of the coordinating groups, rather than the specific metal atom, 
which governs the color of the salts. Thus, crystals of the two 
compounds [Co(NHj)sH20]C1j and [Cr(NHj)iHsO]Clj are almost 
indistinguishable, and both exhibit the same orange and pink 
dichroism. In the case of rare-earth compounds light is absorbed 
by electron transitions in the N shell of the rare-earth ion, which 
is screened by eight electrons of the O shell; hence, the influence 
of the anion on the absorption is not great.

However, with absorbing anions and cations, the influence of 
electric fields in the crystal is great, so that the nature of the 
other ion and of the crystal symmetry may greatly modify the 
pleochroism of the crystal.

3. The color of the crystal may be characteristic of the mole
cule as a whole. Under this heading are included inorganic com
plexes such as 2KNOj.Cu(NOj)2.Pb(NOj)j; metallic coordina
tion compounds such as nickel dimethylglyoxime and the metallic 
phthalocyanines; organic compounds such as the nitrophenols, 
nitroanilines, azobenzene, etc. (Iodides, oxides, and sulfides of 
many metals have a very high absorption over most of the spec
trum and may be looked upon as extreme cases of molecular ab
sorption.)

4. Although basic and acidic organic dyes may be considered 
as colored ions, it is by no means certain that ions exist in crystals 
of the dye. Organic acids and bases which are colored in solution 
usually form colored crystals, which means that the absorption- 
producing mechanism of the dye molecule can contribute to the 
color of the crystal. The principal absorption spectra of a dye 
crystal, however, are often unrelated to the absorption spectrum 
of its solution.

5. Water of crystallization can modify the absorption of a 
crystal. Sometimes the effect is explainable on the assumption 
that the water coordinates with a colored ion to yield a complex 
ion having a different spectral absorption. This, for example, 
is the case with cobalt chloride; crystals of CoClj are blue, and 
those of CoCl2.6H20  are red, the hexahydrate formula probably 
being more accurately represented by [Co(HsO)j ]C12. This 
theory receives support from the fact that a saturated solution of 
cobalt chloride in water is red at room temperature, but becomes 
blue when the temperature is raised. Furthermore, solutions of 
CoClj in anhydrous organic solvents are blue.

Such an explanation will not account for the extraordinary 
colors of crystals of platinocyanides which are colorless in solu
tion. That the presence of water of crystallization is responsible 
in some way for the production of a light-absorbing mechanism is 
obvious from a study of Table II.

It will be noted that the two anhydrous platinocyanides, 
those of silver and mercury, are colorless. The ammonium salt 
with one molecule of water has a strong absorption in the near 
ultraviolet and has, in consequence, an abnormally high refrac
tive index in the violet which, in turn, is responsible for the 
selective surface reflection of the extreme blue end of the spec
trum. I t appears to be a general rule that the greater the molec
ular proportion of water in a platinocyanide crystal, the lower 
the vibration frequency of the absorbed light, and it is interesting 
to note that both the red magnesium and yttrium salts have seven 
molecules of water to each platinocyanide ion.

The effcct of water of crystallization in crystals of basic dyes 
is usually great, the hydrated crystal being different from the 
anhydrous crystal in crystal form, birefringence, and principal 
absorptions. Curiously enough, the color of the nonhydrated 
crystals often bears most resemblance to the color of the solu
tion, which is an indication that water of crystallizatien in basic 
dyes may become part of a new absorption mechanism.
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6. The degree and nature of the optical anisotropy of a 
crystal influence both the intensity and position of the absorption 
bands. The author has studied anhydrous crystals of 26 different 
salts of the basic dye 1,1 '-diethyl-^-cyanine and has found that 
those of high birefringence have strong absorption and pleo
chroism, whereas those of low birefringence have not only weak 
pleochroism but also a very weak depth of color. Crystals of the 
iodide, 20/t thick, are very deep red in color, whereas a similar



thickness of the trithionate is only very faintly yellowish orange. 
The dithionate and tetrathionate are rather more birefringent 
and have slightly more color. The p-toluenesulfonate ana (3- 
naphthalenesulfonate come next in the list and are orange in 
color. All these crystals give the same magenta-colored solution 
in methanol. Solvent of crystallization (other than water, 
which has specific properties discussed above) may increase or 
decrease the anisotropy and depth of color of the crystal. Thus 
in the study of the l,l'-diethyl-^-cyanine salts it was found that, 
whereas crystals of anhydrous chloride had nearly the same 
depth of color as the iodide, crystals of chloride containing 
phenol of crystallization had a much lower birefringence and 
were relatively weak brownish orange in color. I t appears to be 
a general rule that a decrease in anisotropy is associated with a 
shift of the absorption band towards the snorter wave lengths.

These six factors often operate in combination, particularly 
with crystals of salts in which both anion and cation are dyes. 
For example, the chrysophenine salt of l,l'-diethyl-^-cya- 
nine forms yellowish-orange crystals having a relatively weak 
birefringence. The predominant color is, therefore, th a t of 
chrysophenine. A similar effect has been observed with 
crystals of picrates of basic dyes; the strong yellow of the 
picrate ion is not much affected by the cation, whereas the 
light-absorption of the dye cation may be greatly changed in 
wave length and intensity.

I t  is evident th a t considerable care must be exercised in 
examining unknown dyes and comparing their optical charac
teristics with those of known dyes, but the above considera
tions do a t least indicate some general rules. Thus both 
known and unknown should be converted to the same salt, 
and both should be recrystallized three or four times from the 
same solvent. So far as basic dyes are concerned, the perchlo
rates are the most satisfactory salts on account of their low 
solubility, lack of tendency to take up solvent of crystalliza
tion, and freedom from color of the perchlorate ion. As an 
example, methylene blue perchlorate is precipitated when an 
excess of sodium perchlorate is added to an aqueous solution 
of methylene blue chloride. The precipitate is washed and 
then recrystallized from methanol. Very few technical acid 
dyes can be induced to form crystals suitable for microscopic 
examination, but some degree of purification can usually be 
obtained by precipitation as the free acid and re-solution in 
ammonia, repeating the cycle several times.

Crystals of dyes must be extremely thin for microscopic 
examination. The appearance of a colored crystal in ordi
nary light, with one nicol, and with crossed nicols, may vary 
very considerably with change of thickness, so it is necessary 
to study a range of thicknesses. Evaporation of thin films of 
very concentrated dye solution is one of the easiest ways of 
preparing crystals for study, suitable solvents for this method 
being pyridine and benzyl alcohol.

a-Bromonaphthalene and a-chloronaphthalene have useful 
solvent properties. A t room temperature they are poor 
solvents, but at temperatures of 100° to 300° C. they become 
powerful ones. Consequently, it is possible to perform re
c r y s t a l l i z a t i o n s  on microscope slide preparations by heating 
some finely ground dye under a cover slip with a-bromo- 
naphthalene or a-chloronaphthalene and then allowing the 
preparation to cool very slowly. The high index of refraction 
of these solvents is of particular advantage, as most dyes have 
very high values of rip and ny.

I t  has been found tha t there is only one certain way of 
studying the pleochroism of strongly absorbing crystals. This 
consists in confining the area of illumination to within the 
boundaries of the crystal. If the illuminated area is greater 
than the size of the crystal, the color is degraded in two ways; 
intersurface reflections in objective and eyepiece dilute the 
color of the crystal with white light, and light reflected back
wards by the objective is reflected by the surface of the crys
tal to such an extent th a t the surface color is often the only 
one seen in the microscope. A striking example of this effect
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is shown by crystals of l,l'-diethyl-i/'-cyanine perchlorate. 
Examined in the ordinary way, with the microscope slide 
illuminated with polarized light filling the entire field of 
view of the microscope, the crystals appear to be colorless 
and pale brown dichroic, but when the illumination is re
stricted to the crystal, the dichroism is colorless and very 
deep crimson.

The swing-out type of condenser, which is usually fitted to 
petrographic microscopes, is not well adapted for work on 
very small colored crystals, as it is difficult to illuminate a 
small enough area of the slide. The author now uses either 
an achromatic condenser or a 4-mm. achromatic objective 
(N. A. =  0.65) as a  condenser, by means of which the image of 
a distant tungsten arc lamp or ribbon-fllament lamp is focused 
on the crystal under observation. Double reflections from the 
microscope mirror have been overcome by having it alumi- 
nized. For visual work the dichroism of the crystal is studied 
by inserting the analyzer in the path of light, no polarizing 
prism being used. Neither the polarizer nor the analyzer is 
used for microspectrographic work; instead, the image of the 
crystal or its conoscopic image is projected on the slit of the 
microspectrograph, and the Wollaston prism is used to pro
duce two adjacent spectra corresponding to the vibration 
planes of the crystal. In  order to set the crystal so that 
its vibration planes agree with the vibration planes of the 
Wollaston prism, the microscope polarizer is temporarily 
inserted and rotated until it extinguishes one of the images 
given by the Wollaston prism, and the crystal is set a t  ex
tinction. The polarizer is then withdrawn and the spectra 
are photographed.

I t  was mentioned above th a t strongly absorbing monoclinic 
and triclinic crystals may have strong dispersion of the axes 
of the optical ellipsoid. When this is the case it  becomes im
possible to make dichroism spectrograms which represent 
principal absorption spectra. The use of a sodium vapor 
lamp for the preliminary study of interference figures of 
colored crystals is strongly recommended, as this greatly 
simplifies the task of interpreting the usually highly compli
cated interference figures obtained with white light. Sodium 
illumination is also of considerable service in studying figures • 
presented by the obtuse bisectrix and normal to the optic 
axial plane, as even thick crystals give clearly defined “hy
perbolic” figures under these conditions.

S u r f a c e  C o l o r .  Colored crystals which possess a strong 
absorption in some region of the spectrum often have a strong 
surface color in consequence. If the strong absorption is con
fined to one vibration direction of the crystal, the selectively 
reflected light is polarized, and consequently, trichroic crystals 
may reflect different colored light from different faces and ex
hibit a “reflection dichroism” . The refractive index of an 
absorbing crystal is abnormally high on the red side of the 
absorption band and abnormally low on the blue side. In di
chroic crystals these abnormalities in refractive index occur 
only for the ray which is absorbed, and the other ray does not 
show them. Consequently, the sign of the birefringence may 
be reversed twice in the visible spectrum. The color of the 
surface reflection is on the red side of the absorption band for 
crystals mounted in air, but on the blue side for crystals 
mounted in a medium of high refractive index, such as a-iodo- 
naphthalene; consequently, it is necessary to mount crystals 
for comparison in the same mounting medium. The surface 
colors of many basic cyanine dyes have been examined with 
the microspectrograph. Well-formed faces of the crystals were 
illuminated with a cover-glass illuminator between the objec
tive and crystal. Reflected light from the crystal was analyzed 
with the Wollaston prism. No sharp maxima or minima were 
observed.

The surface reflection of very small crystals is best studied 
by means of a prism vertical illuminator equipped with a 2-
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mm. oil-immersion fluorite objective in a short (metallo- 
graphic) mount. The objective must be specially selected for 
freedom from birefringence. An analyzer is used in the micro
scope for visual examination, and the stage is rotated in order 
to observe reflection dichroism. For microspectrographic 
work, the Wollaston prism serves as an analyzer. The verti
cal illuminator is used without a polarizer for this work. This 
particular aspect of the optics of strongly absorbing crystals 
is worthy of further study by the chemical microscopist, as 
the surface color of such crystals is independent of their thick
ness.
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An Electric Heating Mortar
For Use in Carbon and Hydrogen M icrocom bustions

G . F R E D E R IC K  S M IT H  a n d  T O .  H . T A Y L O R  

U n iv e r s ity  o f  I l l in o is ,  U r b a n a , 111.

T H E heating m ortar usually employed in carbon and 
hydrogen microcombustion analyses has not proved 

entirely satisfactory, as this glass heating device containing 
boiling cymene with an air-cooled reflux condenser and gas 
microburner is both fragile and cumbersome. Another dis
advantage is insufficient variability of temperature adjust
ment. This type of heating m ortar has been improved upon 
by Schneider and Van M ater (2), who use electrical heating 
with therm ostatic control. A second improved electrically 
heated and thermostatically controlled heating mortar, 
known as the “micro thermostatic sleeve” , is now commer
cially available (1).

The present discussion has for its object the description of 
an electric heating mortar, thermostatically controlled, 
which is compact, simple in construction and operation, and
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a t the same time provides constant temperature control over 
a comparatively wide range of temperatures. For the most 
part standard units of laboratory equipment are used. The 
construction of the remaining parts involves simple machine 
tool manipulations.

In Figure 1 the heating mortar with thermometer well, thermom
eter, and a section of standard combustion tubing is shown at C. 
The electrical thermostatic control switch (“Anyheat control”, 
Silex Corporation, Hartford, Conn.) is shown at B. The voltage 
control (Variac Type 200-C, General Radio Corporation, Cam
bridge, Mass.), shown at D, may be replaced by a suitable lamp- 
bank voltage control. The adjustable support for the heating 
mortar is mounted on the tripod base, A. By its use the heating 
chamber may be raised or lowered.

The quarter-sectioned diagram (Figure 2) shows details of the 
construction of the heating mortar. The shaded portion with 
alternate solid and dotted lines indicates brass. The criss-cross 
shaded areas indicate Transite. The close-spaced diagonal lines 
indicate graphite. The circles with diagonals indicate Nichrome.

The barrel of the heating mortar is 8 cm. long with the screw 
cap shown at the left fully extended and is 48 mm. in outsido 
diameter. The holes at each end and through the graphite disks 
are 11 mm. in diameter. The electrical contacts for attachment 
of the thermostatic control switch are 4.5 mm. in diameter and 
extend approximately 15 mm. from the body of the heating mor
tar, with a 1-cm. space between.

The casing of the heating mortar serves as one electrical con
tact, and the brass shoulder at the left of the Transite disk insu
lating ring at the exit end serves as the other electric contact. 
The side walla of the barrel of the heating mortar are insulated by 
use of a Transite tube as shown. The electrical circuit is thus 
through the easing (using the right-hand lug which is insulated 
from the casing) into the resistors and out through the right-hand 
“Anyheat control” lug.

(According to the assembly as described, if the electrical con
tacts of B are not checked a short circuit may result between the 
operator and a ground connection. This point should be checked, 
using a voltmeter, and reversing the contacts either at the power 
supply line or the thermostatic control switch from the trans
former, so that no short circuit will be possible.)

The carbon disks (Figure 2) are 37.5 mm. in diameter and 1.5 
mm. thick (Allen-Bradley Co., Milwaukee, Wis., Type E-2910 
rheostat graphite disks). A sufficient number are slotted as 
shown, to provide for an opening below the thermometer tube. 
The Nichrome resistors are 37.5 mm. in diameter and are made 
from 3-mm. wire cut from a suitable wound helix.
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The thermometer tube is 18 mm. long, 1 cm. in outside di
ameter, and of 6-mm. bore. The tripod upright is 55 mm. long, 
and of 6-mm. diameter to provide a slip joint with 55 mm. of the 
same tubing as that used for the insertion of the thermometer. 
The heating mortar is supported in contact with it by means of a

setscrew as shown, for adjustments in height. All soldered con
nections are made with silver.

The carbon disk resistors in the middle portion of the mortar 
provide for the production of less heat energy than that from the 
Nichrome rings at either end, which brings about an equal heat 
distribution not attainable if all heating elements are either 
graphite or Nichrome. The resistance of the whole mortar is 
diminished or increased in proportion to the tension applied by 
adjustment of the screw cap. The “make” and “break” of B 
may be adjusted by altering the position of the adjusting knob 
to higher or lower temperatures. The Variac control is powered 
by the regular 110-volt laboratory power source. I t is used over 
the voltage range 5 to 15 volts and supplies the third heat control.

The thermometer is an Anschutz type having a range of 150° to 
220° C. Temperatures at the thermometer well in the middle of 
the heating mortar can be readily adjusted at any point between 
150° and 220° C. and maintained constant within 1° to 2°. The 
variation from center to extreme ends can be kept below 5° 
temperature gradient.

The heating m ortar described has been used for 6 months 
in the authors’ microchemical laboratory a t the University 
of Illinois with perfectly satisfactory results and its life span 
should be practically endless, w ithout need for further ad
justments. The temperature a t which it is operated does not 
alter the carbon-to-Nichrome resistance contact in a measur
able degree. The heating m ortar has been operated con
tinuously for 30 days with no change required in its three 
temperature-adjusting variables; during this period there 
was no change in temperature th a t could not be attributed to 
changes in room temperature.
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V olum etric Flasks for M icroanalysis
EARLE R. CALEY 

Frick Chcm ical Laboratory, P rinceton University, P rinceton, N. J .

W H EN  solutions are mixed in small volumetric flasks of the 
usual design, the error caused by the trapping of pure 

solvent or partly mixed solution in the ground glass a t the 
stoppered end of the flask is proportionately much greater 
than th a t caused by the same source of error in large 
flasks.

Moreover, thorough mixing of solutions in conventional 
flasks of 5- or 10-ml. capacity is difficult to accomplish rapidly. 
Both this source of error and this lack of convenience in 
mixing are avoided by the use of flasks of the design shown 
in the figure.

In such a flask the upper part has a capacity about five 
times th a t of the calibrated part, so th a t after the solution is 
made up to the mark it may be passed into the upper part by 
tipping the flask on its side. Then by righting the flask and 
a t the same time giving it a slight circular motion the liquid 
is caused to swirl as it passes back into the lower part. By 
repeating this about three times the solution is thoroughly 
mixed.

The sides of the calibrated lower part should slope more 
than in flasks of the usual design, in order th a t the liquid may 
be entirely, or almost entirely, transferred to  the upper part 
w ithout coming into contact with the upper neck. The neck 
of the calibrated part may be made slightly smaller in diame
ter than the neck of conventional flasks, with a correspond
ing gain in accuracy of measurement. For use with aqueous

solutions and micropipets of the usual outside diameter, the 
internal diameter of the neck cannot, however, be less than

about 8 mm. When these flasks 
are to be used with aqueous 
solutions there is no need for 
a ground-glass stopper, bu t with 
solutions containing volatile sol
vents this is, of course, almost 
necessary.

Though these flasks are con
siderably taller than conven
tional flasks of corresponding 
capacity, they may be com
pletely emptied by micropipets 
of the bulbless capillary type. 
The chief disadvantage is the 
tendency to  tip over easily. 
This disadvantage is of no signifi
cance if such a flask is habitu
ally placed while in use in a 
suitable support such as a small 
iron ring or the opening in a 
wooden funnel rack.

Small flasks of this design 
may be blown without much 
difficulty from glass tubing.



New Science Building at Kansas State College
G . N A T H A N  R E E D , K a n sa s  S ta t e  C o lle g e , M a n h a t t a n ,  K a n .

T H E Chemistry Department of the Kansas State College 
of Agriculture and Applied Science is enjoying the use of 

a new Science Building, after having occupied very cramped 
quarters since the old building burned in July, 1934. The 
new building has been named Willard Hall in honor of J. T. 
Willard, who served as head of the department for many 
years.

Willard Hall is built of native limestone and trimmed with 
Bedford limestone. The building is 305 feet long by 65 feet 
wide with wings measuring 92 by 66 feet placed a t each end, 
giving it the shape of a large E  with the center bar missing. 
The interior is of fireproof steel and reinforced concrete con
struction; only the doors and furniture are of wood. The 
floors are of concrete except for the classrooms and offices in 
which a wood floor has been laid on top of the concrete base. 
A WPA grant was obtained to aid in the construction and 
equipment of the building, the total cost of which was about 
$725,000.

The four floors were carefully planned to make maximum use 
of the floor space available. An 11-foot corridor runs length

wise of each floor, dividing it into a  25-foot section toward the 
front of the building which is used for student work and an 
18-foot section toward the rear, in which are placed the re
mainder of the student laboratories, the service rooms, and 
the offices and research laboratories of the teaching staff. 
Stairways are located a t each end of the building and in the 
center rear. Short connecting corridors lead from the center 
corridor of the main or second floor to the main entrance a t 
the center of the building and to flanking front entrances lo
cated toward each end. Other entrances a t ground level are 
located a t each end of the building and opposite the main 
entrance a t the rear. The intersection of corridors a t the main 
entrance has been made into a small rotunda, on the floor 
of which is a mosaic made up by working brass inlays of some 
of the more important alchemical symbols into a terrazzo 
background. Large glass-front display cases are recessed into 
each wall of the short corridor leading to the main entrance.

The Department of Chemistry occupies about two thirds 
of all four floors, while the remainder of the building is given 
over to the Physics Department.

C h e m i s t r y  L e c t u r e  R o o m , S h o w i n g  L ig h t i n g  S y s t e m  a n d  G r i l l  f o r  V e n t i l a t i n g  S y s t e m  o v e r
L e c t u r e  T a b l e

P re p a ra t io n  room  is show n th ro u g h  door on  le ft. R ig h t end  of le c tu re  ta b le  has been  d e tach ed ; le ft en d  is of sam e co n s tru c 
tio n , b o th  ends m ay  be  ro lled  in to  p rep a ra tio n  room s. W h ite  s tr ip  on ta b le  is il lu m in a te d  pan e l. L oud  speakers  for sound

m otion  p ic tu res  a re  on b o th  sides of period ic ch a rt.
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C h e m istr y  D e p a r tm e n t

F i r s t  F l o o r . The first floor houses the laboratories of the 
Agricultural Experiment Station. In  this is included research 
on starch and other chemurgic problems, soils, animal nutri
tion, meat, dairy, and poultry, each occupying separate rooms 
designed and equipped to meet special needs. A suite of two 
large laboratories, weighing room, and sample grinding and 
storage room is set aside for the analytical laboratories of the 
Experiment Station. Here also is done analytical work for 
the State Board of Agriculture. In  another laboratory the 
analytical work for the S tate Board of Health is done. A 
special laboratory which has no gas connections—all heating 
is done with steam or electricity—is available for work with 
and the recovery of inflammable solvents. A small animal 
room; a well-equipped shop with facilities for glass, metal, 
or wood working; the electrical control panel with its ac
companying bank of storage batteries and motor-generator 
equipment; the compressor and vacuum pumps; the receiv
ing room; and a washroom with shower facilities are all on 
this floor.

One of the most interesting features is a battery of five 
constant-temperature and constant-humidity rooms. Each 
room is separately controlled and the temperature range avail
able is from —30° to 50° C. Any relative humidity between 
10 per cent and saturation can be maintained. Another con
stant-tem perature room is connected to the laboratory for 
soil research. Four laboratories housing special research 
equipment for physical chemistry, and the Experiment 
Station Office, with a fireproof vault for the storage of rec
ords, complete the facilities on this floor.

Included in the special equipment are several large centri
fuges, a supercentrifuge, high-pressure hydrogenation equip
ment, two large Carver presses, a Kjeldahl digestion rack of 
60-flask capacity and a distillation rack capable of handling 
36 flasks, a vacuum oven, a large therm ostat, a liquid air 
machine, complete x-ray equipment, a large spectrograph 
with both glass and quartz prisms and capable of giving a 30- 
inch spectrum, complete equipment for spectrographic and 
spectrophotometric work, a photoelectric colorimeter, and a 
fluorophotometer for absorption in the ultraviolet region. 
An office desk, desk chair, and filing case have been placed in 
each research laboratory.

S e c o n d  F l o o r . The department offices, located on the 
second or main floor, consist of a suite of four rooms made up 
of the business office, with another fireproof vault for records; 
the general office; and a  private office and research laboratory 
for the head of the department. A two-way buzzer system 
connects the general office with all the offices for the staff 
and with the laboratories, both student and research. Com
munication is further aided by a telephone (intercommuni
cating and outside) located on each floor. The department 
library is across the hall from the general offices.

T o p .  T y p i c a l  O f f i c e - R e s e a r c h  L a b o r a t o r y  f o r  T e a c h 
i n g  S t a f f .  L e f t  H a l f  o f  R o o m  Is S i m i l a r  t o  S e c t i o n  

S h o w n  i n  P h o t o g r a p h

S e c o n d , f r o m  T o p . L a b o r a t o r y  o f  t h e  A g r i c u l t u r a l  E x 
p e r i m e n t  S t a t i o n , U s e d  a s  a n  E x t r a c t i o n  R o o m  f o r  W o r k  

w i t h  V o l a t i l e  S o l v e n t s

T h i r d  f r o m  T o p . W a t e r  S t i l l  a n d  1 0 0 0 -G a llo n  P u r e  
A l u m i n u m  S t o r a g e  T a n k  i n  A t t i c . B y  U s i n g  P u r e  A l u m i 
n u m  i n  T a n k  a n d  D i s t r i b u t i n g  P i p e s , w i t h  A l u m i n u m  a n d  
S i l v e r  F a u c e t s , a  P l e n t i f u l  S u p p l y  o f  D i s t i l l e d  W a t e r  
w i t h  a  C o n d u c t i v i t y  o f  10~* R e c i p r o c a l  O h m  I s  A v a i l a b l e  

t h r o u g h o u t  t h e  B u i l d i n g

L o w e r . T y p i c a l  D e s k  A r r a n g e m e n t  i n  Q u a n t i t a t i v e  
L a b o r a t o r y , S h o w i n g  B a l a n c e  R o o m  a t  R i g h t
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T y p i c a l  F r e s h m a n  L a b o r a t o r y , S h o w in g  C o m b in a t io n  B l a c k b o a r d  
a n d  C l o t h e s  L o c k e r . E a c h  S t u d e n t  I s  A s s i g n e d  a  D r a w e r . C u p b o a r d  

H o l d s  E q u i p m e n t  U s e d  i n  C o m m o n  b y  S i x  S e c t io n s

classroom seating 40, and two offices and re
search laboratories for staff members.

T h i r d  F l o o r .  On the third floor are 
laboratories for organic chemistry. Two 
laboratories, used by the elementary courses, 
will accommodate 416 students working in 
four sections. A third laboratory, for stu
dents majoring in chemistry, can be used by 
three sections or a total of 111 students. The 
physiological chemistry laboratory will also 
accommodate 111 students in three sections. 
A small laboratory with desks for eight stu
dents may be used for organic analysis and 
organic preparations.

The physical chemistry laboratory will 
accommodate two sections of 24 students 
each. Adjoining it are a special supply room 
and a smaller laboratory in which the more 
elaborate pieces of apparatus may be set up.

The lecture room occupies the entire wing, 
with 233 seats arranged in amphitheater 
fashion. I t  has indirect lighting and a sepa
rate ventilating system. A long, thoroughly 
modern lecture table occupies the front of 
this room. The end sections of this table 
may be detached and rolled into the prepara
tion rooms a t each side. These lecture prepa
ration rooms are completely equipped and 
each m ay be reached by a spiral stair from 
the first floor. The lecture table is equipped 
with hot, cold, and distilled water, gas, air, 
vacuum, 220-volt alternating current, and 
variable direct current. The large sink may 
also be used as a pneumatic trough, and a dis
play plate, made by mounting a ground- 
glass plate in the top of the table and 
illuminating it from below, is an aid in mak
ing the details of lecture demonstrations 
plainly visible. A small but powerful table 
hood removes obnoxious gases. The light
ing system of the room, as well as the 
mechanical shades covering the window’s, 
may be controlled from the lecture table. 
A 70-slide automatic Baloptican (also con
trolled from the lecture table) and a motion 
picture machine for both sound and silent 
pictures are available for visual education. 
The sound equipment is so arranged th a t the 
lecturer may, if he chooses, operate either the 
motion picture machine or the projector from 
the back of the room; yet, by speaking into 
a small microphone, his voice will reach his 
hearers from the front of the room.

The facilities for quantitative analysis in
clude a laboratory capable of accommodating 
two sections of 40 students each. Attached 
to this laboratory but separated from it by 
glass partitions are a balance room and a sam
ple preparation room. The advanced inor
ganic preparations laboratory may be used by 
two sections of 24 students each, while an 
electrochemical laboratory with 16 desks and 
a graduate research laboratory with 32 desks 
complete the arrangement for student labora
tory work on this floor. Here also are a

T o p . O n e  o f  t h e  R e s e a r c h  L a b o r a t o r i e s  f o r  P h y s i c a l  C h e m i s t r y , 
S h o w i n g  S p e c t r o g r a p h  P l a c e d  o n  C o n c r e t e  P i e r

B o t t o m . O n e  o f  t h e  O r g a n ic  L a b o r a t o r i e s . B e c a u s e  T h i s  L a b o r a t o r y  
I s  L o c a t e d  o v e r  t h e  L e c t u r e  R o o m , t h e  S e r v i c e s  A r e  D e l i v e r e d  t o  
D e s k s  f r o m  C e i l i n g  M a i n s . In' O t h e r  L a b o r a t o r i e s , t h e  S e r v i c e s  

C o m e  f r o m  B e l o w



2 0 8 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. 13, No. 3

V e n t i l a t i n g  S y s t e m  i n  A t t i c

In  th e  b ac k g ro u n d , b eh in d  n e tw ork  of p ipes, is one o i th e  cages fo r s to rag e  of chem icals  an d  eq u ip m en t.

A classroom seating 40 persons completes the facilities for 
student work on this floor. Three combination offices and 
research laboratories and two offices with research labora
tories attached are assigned to the nine staff members who 
work principally with organic, physiological, or physical 
chemistry.

F o u r t h  F l o o r .  On the fourth floor are five inorganic 
chemistry laboratories which will accommodate a total of 
1308 students working in six sections. Three combination 
offices and research laboratories and one office with research 
laboratory attached are used by the nine staff members whose 
work is with the freshman chemistry.

The laboratory desks are built of oak and were designed to 
meet the requirements of the classes or individual using them. 
The desk tops are of a new cement-asbestos composition and are 
almost impervious to ordinary laboratory reagents. An open 
drain lined with heavy lead sheeting runs through the middle 
of each table and empties into a Knight-ware sink at the end. 
Distilled water is delivered through aluminum pipes to a faucet 
at the end of each laboratory table. A water-steam mixing bulb 
is placed over each sink, so that either hot or cold water is always 
available. Each working place is provided with outlets for water, 
gas, compressed air, and vacuum. In the organic and physio
logical laboratories a steam cone is placed at each working place. 
The laboratories used by upperclassmen have available also a 
220-volt alternating current outlet and a variable direct current 
outlet. Reagent shelves are placed conveniently along the 
walls of the laboratories. In the freshman laboratories two triple- 
beam balances with 111-gram capacity are placed at the end of 
each table opposite the sink. In the other laboratories a triple
beam balance with 1100-gram capacity is mounted on each re
agent shelf. Each student laboratory has a large clothes locker 
occupying one whole end of the room. Blackboards are mounted 
on the doors of this locker space.

The variable direct current originates with a bank of stor
age batteries on the first floor, and the necessary motor- 
generator set is available to keep these batteries charged.

From a master control panel board the current selected, 
which may be anything from 2 to 110 volts, is distributed 
to subpanel boards located on each floor and from there to  the 
individual laboratories. In  the larger student laboratories 
there are a t least two circuits available, so th a t two widely 
different experiments may be in progress a t the same time.

The laboratory hoods are arranged in vertical banks 
throughout the four floors, each with its own motor and ex
haust fan in the attic. These fans continue to function as 
long as any hood of a bank is turned on. The individual units 
are controlled by a system of dampers operated by the motor 
switch; hence, the exhaust fan is effective only on those hoods 
which are turned on. In  the large student laboratories are 
placed Univent ventilators which operate simultaneously 
with the hood fans and in this manner compensate for the 
air removed through the hoods. Each hood is provided with 
gas cocks, an electrical power outlet, water, and drain. The 
larger hoods have electric lights installed toward the top of 
the hood.

The main storeroom for the department is in the attic. 
All incoming supplies are unloaded into a receiving room on 
the first floor, where they are unpacked and entered on stock 
records. The distribution may be to the service rooms, one 
on each floor, or to the attic for storage. A freight elevator 
connects this system of storerooms. The attic also houses a 
50-gallon-per-hour Barnstead water still and a 1000-gallon 
aluminum storage tank for distilled water. The hydrogen 
sulfide for the qualitative analysis laboratories is bought in 
commercial cylinders. The pressure is regulated by an oil- 
filled gasometer, placed in the attic, and from there the dry 
gas passes through cast-iron pipes to jets located in the lab
oratory hoods. All volatile and inflammable solvents are 
stored separately in an underground vault which is reached 
directly from the receiving room.
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fy În rw M M < y i/n a

A M E R I C A N

M O D E L  X I

★  THIS INSTRUMENT, formerly m anufactured in Prague, is now being produced by 
E. H. Sargent & Company. Deliveries, which for some time had been suspended 
because of the impossibility of obtaining instrum ents from abroad, are being resum ed 
with the completion of the first lo t of domestic instrum ents. Since the steadily 
accum ulating volume of orders for the Heyrovsky Polarograph promises to absorb all 
instrum ents produced w ithin the next few m onths, it is recommended th a t any 
organization anticipating the purchase of a Heyrovsky Polarograph, place the ir order 
as soon as it is practical to do so as shipm ents of instrum ents will be made according 
to the dates on which orders are received.

The cost of the Polarograph has been reduced from $750.00, which was the price 
for the former model, to $550.00 for the new Model XI.

Two publications pertaining to polarography will be available for d istribution 
within the next few weeks. One explains in detail the principles of applied polaro- 
graphic analysis, essential instrum entation , care and m aintenance of the instrum ent, 
its operation and the technique of the dropping m ercury electrode and cell. The other 
is a bibliography of more than 700 papers dealing with polarographic analysis. Both 
publications are available w ithout charge on w ritten request.

S -2 9 3 0 1  P O L A R O G R A P H — H E Y R O V S K Y , A M E R I C A N  M O D E L  X I  
I N D I C A T I N G - R E C O R D I N G .  Operates from  110 volt A.C. 60 cycle circuits. 
W ith accessories.....................................................................................................................  550.00

H E Y R O V S K Y P O L A R O G R A P H

S  R B G E n  T
L R B O R H T O R V  S U P P L I E S
E.H.Sargent & Co. * 1 5 5 - 1 6 5  E a st  5u p er io r  5 t . ,  Chicago
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Rapid Pretesting for Heavy Metals
REAGENT —  D iphenylth iocarbazone 

METHOD —  Colorimetric 

REFERENCE —  Fischer and Leopoldi, Chem. Ztg., 64, 2 3 1  ( 1940)

P r e l i m i n a r y  i n v e s t i g a t i o x  of a solution to determine whether it con
tains any of the heavy metals may be quickly carried out by the use of 

diphenylthiocarbazone. Characteristic color changes, depending upon the 
conditions of the test, indicate the metals tha t are present.

The sensitivity of the test is within a few hundredths of a milligram. 
Time-consuming filtrations and re-solution of precipitates are obviated. 
The method is especially valuable for testing for metals previous to quan
titative analysis. The reagent is available as a stock compound, as Eastman 
3092 Diphenylthiocarbazone—10 grams. $2.50.

Write for an abstract of the article in  which rapid pretesting for the 
heavy metals, with diphenylthiocarbazone, is described. . . . Eastman 
Kodak Company, Chemical Sales Division, Rochester, N . Y.

T h e r e  a r e  m o r e  t h a n  3 3 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

THE KLETT FLUORIMETER
This instrum ent was designed for the rapid and 

accurate determ ination of thiam in, riboflavin, and 
other substances which fluoresce in solution. The  
sensitivity and stab ility  are such that it  has been 
found particularly useful in determining very  
small am ounts o f these substances.

The Fluorimeter can also be used as ail abridged 
spectrophotom eter -with either a mercury or an in
candescent lamp as light source.

T o further increase its adaptability a separate 
circuit and scale is provided for colorimetric de
terminations.

T he following accessories are ava ilab le:
T est Tubes
Choice of highly selective color filters 
K lett-M ade glass absorption cells

Literature Sent upon Request

KLETT MANUFACTURING COMPANY
179 E ast 87th Street N ew  York C ity

Eti
K O D A K .
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(Above) Reflux condensers mounted on specia l table for 
crude fiber determinations. Shown at right in above photo—  
G oldfisch Fat Extractor for rapid, accurate ether extractions.

(Above) Bacteriology Laboratory. Stainless steel sink and 3  
utility work tables, all steel, sturdy, and with tops of h ighly  
com pressed lam inated asbestos.

■ / CATALOG an d  COMPLETE INFORMATION ON REQUEST—W rite \  
n ow  for your personal copy of catalog illustrating and g iv in g  important 
facts con cern in g  Kjeldahl Nitrogen Apparatus and A ssociated  Apparatus 

%  and Laboratory Equipment.

M a n u fa c tu re d  a n d  S o ld  D ire c t ly  to  User b y

L A B O R A T O R Y  C O N S T R U C T I O N  C O M P A N Y ,  I NC .
1 1 1 3 - 1 1 1 5  H O L M E S  S T R E E T K A N S A S  C I T Y ,  M I S S O U R I

P r o d u c t i o n
D e m a n d s
Control ...

P r e s e n t  Speed-up  
Demands C a r e f u l  L a b o r a t o r y  
Cont rol  +  C o n s t a n t  Research

(Above) Kjeldahl Nitrogen Apparatus, 6  flask 
capacity com bination unit, distillation decked over 
digestion and with electric 3  heat control. Shown 
also (at left) individual section fume hood.

Modernize with M ^Equ ipm en t
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The American Platinum Works 

$
R E I N F O R C E D  P L A T I N U M  E L E C T R O D E  —  2/3 A C T U A L  S I Z E  —  F I G .  1 5 0  I N  O U R  C A T A L O G  E 1 7

Newark

E»l.

N e w  Jersey 

1875

A b r i d g e d

SPECTROPHOTOMETERS
Ideal for the 

Precise Determination of:
N um erous O rganic a n d  Ino rg an ic  S ubstances, Inc lu d in g  :

A m m onia
Arsenic
B ism u th
C arbon  D ioxide
C hlorine
C h lorophy ll
C opper
C rea tin ine
C yan ide
C ystine
D am age to  W ool 

F ibers  
D ex trose

F luorescence
F luorine
F u rfu ra l
H ydrogen

S ulphide
Indo le
Iro n
L actic  A cid 
L acto flav in  
Lead
M anganese
M ercu ry
M eth an o l

M olybdenum  
N ickel 
N itr ic  O xide 
N itr i te
Oxy haem oglobin
P h o sp h o ru s
Selenium
S ulfan ilam ide
T ita n iu m
T u rb id ity
V anad ium
V itam ins
X a n th o p h y ll

C olor of Oil, W a te r , W hiskey , B everages, E tc .

★ C alibrations are p erm a n en t. . .  save tim e . . .  
re-preparation of standards is  unnecessary.

★ O perate on spectrophotom etric principle . . . 
accurate spectrophotom etric curves m ay be 
obtained for a lm ost any colored solution.

■^Several readings per m inute can be m ade  
w ith an accuracy of 1 per cent.

★ Q u an tities from 0.05 to 50 m l. m ay be used .

★ L iquid film th ick n esses from  I to 100 m m . 
can be m easured .

P h o to  E le c tr ic  T y p e
(B rig h tn ess  M a tch ing )

F o r w aveleng ths from  313 to  650 m  m u. 
T w o  pho tocells  a re  used in  a  b a lanced  c ircu it. 
E m p lo y s  p recise fused  abso rp tio n  cells a n d /o r  
te s t  tu b e s . D ia l read s  d ire c tly  in  per cen t 
transm ission .

N e u tr a l  W ed g e  T y p e  
( V isual B r ig h tn ess  M a tch in g )

W ith  p recise g lass color filters from  424 
to  720 m  m u. E m ploys p e rm a n e n t glass 
w edges an d  m ost p recise fused  glass ab so rp 
tio n  cells.

A  Few of Their Many Users
U. S. N a v y . . .U ,  S. D e p t. A g r ic u l tu re .. .  U . S. T re a su ry  D e p t . . . .  A llegheny -L ud lum  S tee l
C o  A m erican  C a n  C o . . . .A m erican  C y an a m id  C o  C a rp e n te r  S tee l C o . . . .  C a r te r  Oil
C o . . . .D u P o n t  C o .. . .  E a s tm a n  K od ak  C o .. . .  E lec trica l T e stin g  L a b s . . . .G en e ra l M o to rs  
C o rp . (D elco-R em y D i v . ) . . .U n d e rw rite rs ' L abo ra to rie s, I n c . . . .B a ltim o re  B u rea u  of L a b o ra 
to r ie s . . .N u m ero u s  C o lle g e s .. .a n d  m an y  o thers.

Fully Described in 
NEW BULLETIN P-2080

A M E R I C A N  I N S T R U M E N T  CO.
¡Olt GEORGIA AVENUE • SILVER SPRING, MARYLAND
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HOSKINS MFG. CO.
DETROIT, MICH.

H O S K I N S  P R O D U C T S
ELECTRIC HEAT TREATING FURNACES • • H E AT IN G  ELEMENT ALLO YS • •  THERMOCOUPLE AND 

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

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

•  These d a y s ,  break-d ow n s are w o rse  than a nui

san ce .  N o w , w e  d o n ’t claim that Hoskins Laboratory 

Furnaces never h a v e  a  burn-out. But there is am ple 

e v id e n c e  in laboratories all around the country, that 

these furnaces w ithstand a lot of hard, v e ry  hard, 

u s e — a s  the process industry drives along at top 

speed  on the defen se  program.

and cJleAeh
I

THE REASON . . .
Hoskins Furnaces are designed with 

a strong fac to r o f safety. They do 

much more than merely “ get hot.”  

The furnace shown here has 4 1A # o f 

insulation a ll around. You won’t blister 

your hand if  it brushes against the 

furnace case. You won't damn it on 

a summer day.

A given furnace is designed fo r  only 

one vo ltage, to  perm it the use o f 

the heaviest possible Chromel w ire 

in the heating element. For exam ple, 

the 110-V w ire is .072 d ia .; fo r  the 

some furnace to  opera te  also on 

220-V , the w ire would be .0 4 5 *  

d ia ., a t a sacrifice o f abou t 60%  in 

cross-sectional a rea . Hence, Hoskins 

Furnaces give you uninterrupted serv

ice, month on end, and more. W rite  

to  your dea le r o r to  us.
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T H E CAPAC ITRO L serves a double  
purpose; it both indicates the fur

nace temperature and provides entirely  
automatic on-off control to any prede
term ined settings.

It con sists o f  an  accurately  ca librated  h ig h  re
sistan ce p yrom eter c o n n ec te d  to a vacu u m  
tub e relay  c ircu it. T h e  d ia l is 6 in c h e s  w id e  
w ith  sca le at top  an d  b ottom . A  co n tro l in d ex  
p o in ter  m ay  b e set at a n y  p o in t o n  th e  b ottom  
tem perature sca le. T h e  tem perature in d ica tin g  
p o in ter  o n  th e  u p p er scale ch an ges th e  in d u c 
tan ce o f  a vacu u m  tub e c ircu it w h e n  it reach es  
th e  co n tro l in d e x  an d  cuts o ff th e  cu rren t to  th e  
furnace b y  a relay-operated  sw itch . A  m o tio n  
o f but .002" o f  th e  in d ica tin g  p o in ter  prod uces  
co n tro l action .

T he Capacitrol has a m in im um  of 
working parts and no com plicated m e
chanical equipm ent. Scale ranges up 
to 0 to 1400° C. are available.

W rite for descriptive literature and  cttr- 
rent prices, specifying voltage, cycle, and  

scale range desired.

WILL C O R P O R A T IO N ,  R O C H E S T E R ,  N E W  Y O R K

Offices and Warehouses 
B u f f a l o  A p p a r a t u s  C o r p . ,  Buffalo, N. Y.

W i l l  C o r p o r a t io n , 596 Broadway, New York City

W h e t h e r  you  want it for e tch in g  and frost
in g  e lec tr ic  lig h t b u lb s or o ther g lass p rod u cts, or 
for p ic k lin g  sta in less stee ls  or o ther m eta ls, or for 
b leach in g  straw . . .  or for any o ther o f  m any in d u s
trial u ses  . . . you ’ll  find that it pays to sp ecify  h ydro
fluoric acid  m ade by P en n sy lvan ia  Salt.

T h is  hydroflu oric acid  w ill m eet your m ost exact
in g  req u irem en ts. It is  ava ilab le in  five strengths for 
d o m estic  u sers — 30% , 48% , 52% , 60%  and  80%. 
For exp ort, there is  71-75%  acid . S h ip m en t is  in  13  
ga llo n  rubber drum s for strengths up  to and in c lu d 
in g  52% . 71%  to 80%  are p ack ed  in  2 0  and 5 5  ga l
lon  stee l con ta in ers. 60%  is packed  in  both rubber  
an d  stee l con ta iners.

For fu ll in form ation  as to p o ss ib le  ap p lica tion s in  
you r p lan t, w rite to P en n sy lvan ia  Salt M anufacturing  
Co., W id en er B ld g ., P h ila d e lp h ia , P a .— — 7
New Y ork  • C hicago • St. L ou is • P itts- 
burgh  • W yandotte - T acom a.

PENNSYLVANIA SALT
M A N  i m / f c  T U R I N G  C 0 /n \ P A N Y

AUTOMATIC 
TEMPERATURE CONTROL

fa *

LABORATORY FURNACES
m \

etching
CLE&NI*1 6
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“Spectrophotelom eter
12315 "SPECTROPHOTELOMETER," C enco-Sheard, a precision  photoelectric spectrophotom eter  

for research  in  spectral transmission of solid and liquid  m edia and for routine p recision  c lin ica l and

ch em ica l analysis. The range of the instrument 

is  from approxim ately 3 2 5  m** to 7 5 0  mu, the 

low er lim it d ep en d in g  upon the characteristics 

of the light sou rce u sed  for illumination.

(W rite for full particulars.)

C om plete w ith two slit p lates for 2 .5 , 5, 10, 

and 20 m#i bands, two glass light filters and two 

absorption cells , but without illuminator, bench, 

transformer, con d en sin g  len s or galvanom -

eter ..............................................................Each $ 3 4 0 .0 0 T ra n s m is s io n  cu rv e  m a d e  w i th  t h e  " S p e c t r o p h o te lo m e te r ’* s h o w in g  
h ig h  re s o lv in g  p o w er

C H I C A G O  

1 7 0 0  Irving Pk. Blvd. 
Lakeview 

Station

S C I E N T I F I C  
INSTRUMENTS

LA B O R A T O R Y  
A P P A  R A T U S

B O S T O N  

79  Am herst St. 
Cambridge A  

Station

New York • Boston • C H IC A G O  • Toronto • San Francisco
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U.S.A. StandduJthsL W&aL

C o o rs P o r celain  
C o m p a n y

GOLDEN. COLORADO

W A N T E D /
R evised to  Jan. 1, 1941

Back Journals of the 
American Chemical Society 

JOURNAL OF THE AMERICAN 
CHEMICAL SOCIETY

Vol. 61, N o. 3 @  .50 each

CHEMICAL ABSTRACTS
Vol. 33, N o. 5 @ .50 each

INDUSTRIAL AND ENGINEERING 
CHEMISTRY 

Industrial Edition
Vol. 1, N o. 1 @ .75 each 

1, N os. 2, 7 @  .50 each

Address all packages to the American Chemical Society, 
20th and Northampton Streets, Easton, Pa., and pay trans
portation charges. Express collect packages will be refused. 
Be certain that your name and address appear thereon. 
Also send memorandum to Charles L. Parsons, Business 
Manager, Mills Building, Washington, D. C. Journals 
must be received in good condition. This offer supersedes 
all previous ones and is subject to withdrawal without notice.

ClJ  hen it co m es to  sm o o th , exact co n tro l in  elec- 
tro -ch em ica l an alysis , d ep en d  o n  O h m ite  R esistan ce  
U n its . Y o u ’l l  find them  w id e ly  used  in  P h o to m ete rs, 
p H  In d ica tors, E lectrical T itra tio n  In d ica to rs and  
oth er  laboratory apparatus. O h m ite  R h eosta ts, for  
in stan ce, are used  to  co n tro l th e  sp eed  o f  cen tr ifu ges, 
the  heat o f  e lec tr ic  o v en s, the in ten sity  o f  lig h t, and  
th e  p otentia ls in  e lec tro -ch em ica l rea ctio n s. T h e y ’re 
an in teg ra l part o f  laboratory eq u ip m en t m ade by 
lea d in g  m anufacturers. O h m ite  R es isto rs  are 
availab le in  regu lar, n o n -in d u ctive  and p rec is io n  types  
—  in  a w id e  ran ge o f  sizes and resista n ces. O h m ite  
R h eosta ts are availab le in  sizes from  2 5  w atts to  1 0 0 0  
w atts in  m any res istan ces.

Write today fo r 96-page Industrial cata
log and Engineering Manual No. 40.

O H M I T E  M A N U F A C T U R I N G  C O M P A N Y  
4912 Flournoy Street, Chicago, I l l inois,  U .S .A .
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PARR I N S T R U M E N T S

PARR 
OXYGEN BOMB 
CALORIMETER

For FLUORESCENCE Alone ...
Coleman FLUORESCENCE M eter. A  single purpose 
instrument fo r fluorescent readings only. Combines a 
mercury illuminator, barrier layer photocell and elec
tronic amplifier in one integral unit! Should be speci

fied when the SOLE interest 
is the Thiamine or Riboflavin 
determination by the Fluores
cence method, particularly in 
biological materials where 
small volumes are encountered.

Lists at $200.

Authorized

Colem an

Distributor

A sk  for

Bulletin

2 0 4 - IE

L A B O R A T O R Y  S U P P L I E S  AN D - C H E M I C A L S

CANAL ST LL

product is on ly as good as the control 
which goes into it. Realistically enough, 
profit and loss statements often reflect costly 
mistakes out of all proportion to the expense of 
maintaining accurate control.

Sheldon can provide you  with Laboratory 
Furniture planned and adapted to your par
ticular control requirements. Write today 
for our catalog of w ood and metal laboratory 
furniture, or. better still, ask us to have a Sales 
Engineer call.

E. H . S H E L D O N  & C O .
M U S K E G O N  718  N im s St. M I C H I G A N

F O R  L A B O R A T O R Y  F U R N I T U R E

For d e te rm in in g  th e  h ea t  
of c o m b u stio n  of a n y  solid  
or liq u id  m a ter ia l th a t  can  
be co m p lete ly  bu rn ed  in  an  
oxygen co m b u stio n  bom b, 
in c lu d in g  coals, p e tro leu m  
prod u cts, food stu ffs, or
ga n ic  co m p o u n d s an d  n u 
m erou s o th er  carb onaceou s  
m a ter ia ls . T h is  app aratu s  
is  availab le  w ith  e ith er  th e  
sin g le  valve m a n u a lly  sealed  
b om b or th e  dou b le  valve  
se lf sea lin g  b om b . T he  
ja ck e t is  o f  th e  co n sta n t  
tem p era tu re  typ e , u tiliz in g  
a dead air space to  ob ta in  its  
h ig h  in su la tin g  effic iency. 
A ccuracy is  w ell w ith in  th e  
p erm issib le  to leran ce  sp eci
fied for stan dard  calorific  
te s ts .

W rite for n ew  B u lle tin  E-63; or 
get your copy from  a n y  au th o r
ized dealer in  Parr A pparatus.

TRANSMITTANCY
The Coleman UNIVERSAL Spectrophotometer uses a 
spectrum grating and barrier layer photocell . . . w ith  
the range from 300 to 800 millimicrons. Transmission 
readings, for quantitative measure o f substance in solu
tion, may be made in any band required . . .  by a 
simple setting o f one knob! Base price $285.

COLOR
C o lo r Curves of liquids are obtained through Trans
mission readings over the entire spectrum.

FLUORESCENCE
For Fluorescent w ork, such as the determination o f 
Thiamine C hloride, Riboflavin, and others, a M ercury 
Lamp Accessory is available at $93.50.

A Sfbectnajdtoiasneiesi

P A R R  iNSTRU]^EN-TCOMPANY • Moline, 111.
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Laboratory Furniture that meets every need
For a half century Peterson Laboratory 
Furniture has m aintained leadersh ip  
through ad vanced  d esign , faultless m a
terials and u n excelled  workmanship.
Every buyer of Laboratory Furniture should  
have a copy of the Peterson Furniture C ata
log . It is an authentic hand-book on all 
that is m od em  in  laboratory furniture, 
b esid es it contains m uch valuable in 
formation regarding efficient and e c o 
nom ic installation. W rite for this helpful 
book today.

L E O N A R D  P E T E R S O N  & CO .,  INC.
1222-34 FULLERTON AVENUE CHICAGO, U. S. A.

SUPPLY AND 
APPARATUS 

CASE 
NO. 8040

FUME HOOD 
NO. 1060

INDUSTRIAL LABORATORY 
TABLE. NO. 6600

We will g lad ly  help 
you solve your labo
r a t o r y  f u r n i t u r e  

problems
O ur staff of experts is at your 
com m and for p lann in g m ore  
efficient laboratory arrangem ent. 
This assistance is provided  w ith
out ch arge or obligation.

Spencer
Polarizing Microscope

Spencer No. 41 Polarizing 
Microscope is ideally suited for 
research or routine inspection In 
the manufacture of ceramics, 
abrasives, chemicals, petroleum, 
food, pharmaceuticals, textiles 
and paper. A built-in analyzer 
in combination with large di
ameter eyepieces provide a very 
large field of view. Interference 
figures may be observed by 
means of the focusable Betrand 
lens. Graduated circular stage, 
with verniers, permit readings 
to 3 minutes of arc.

Detailed information about 
this or other Spencer instru
ments will be supplied upon 
request. Write Dept. Q-18.

Spencer Lens C om pany
BUFFALO,  N E W  Y O R K  

Scientific Insir//w ent Division oj /tT A
« S S S s i1 A M E R IC A N  O P T I C A L  C O M P A N Y  \ C /

Sal«» Offic«*! N«w York, Chicago, San Fiancivro. Washington. Boston, Lo* A ng « lc i, 
Dallas. Columbui, S t Lov ii. Philadelphia, Atlanta

N o w !  A

H O M O G E N I Z E ! ) !
. . .  Perfect Emulsions 

Instantly!
N o eraulsion-failures w ith  the  
H and  H om ogenizer— no tim e 

w asted re-doing —  provided  the  ingred ien t ra tio  
is sound. O ne easy stro k e  of the  hand-lever 
applies pressure up  to  600 lb s .; in s ta n tly  ejects 
a  j e t  o f com pletely em ulsified liquid. Provides 
perm anen t suspension. N ote  in  pho tos a t  left, 
line degree o f dispersion secured (above) com
pared  w ith  coarseness o f sam e m ixture em ulsi
fied w ith  m o rta r an d  pestle  (below). H un- 

Above—with Hand Homogenizer d reds of laboratories find the  H and  H om o- 
Below— with mortar and petlle genizer nn invaluable convenience an d  tirne- 

saver. P ortab le , easy to  opera te  an d  clean, 
strongly  b u ilt of m olded alum inum , w ith  s ta in 
less steel p iston . 101/* *n * high, 12 oz. bowl. 
O nly $-1.95 com plete—order d irec t o r from  your 
labo ra to ry  supply  house (satisfaction  g uaran 
te e !)  — or w rite  for fu rth e r details.

International Emulsifier*, Inc. 
y *  -  Dept. C8# 2409 Surrey Court, Chicago, HI.

h a n d  H o m o g e n i z e d


