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The new Sargent

Cone Drive
STIRRING MOTOR

P A T E N T  AP PLIED  FO R

provides

SILENCE 

FULL POWER 
AT LOW SPEED 

ALL SPEEDS 
F r o m  50-1500 R.P.M. 

CONSTANT SPEED 
AT ALL RATIOS

S ilen t, and providing any speed
from 50 to  1500 R .P.M ...............
identical sm oothness and equal 
pow er o u tp u t  at all speeds includ
ing th e s lo w e s t ....................... and
power m ore than  adequate for the  
wide variety o f laboratory opera
tions.

No. 9571
A B C

110 v. 60 cycle 110 v. D.C. 220 v. 60 cycles
$30.00 §32.00 $31.00

E. H. SARGENT & CO.
Laboratory Supplies 

1 5 5 -1 6 5  E. SUPERIOR STREET, CHICAGO

Published by the American Chemical Society, Publication Office, 20th & N ortham pton Sts., Easton, Pa.
Entered  as second-class m atter a t the Post-Office a t Easton, Pa., under the act of M arch 3, 1879, as 42 times a year. Industrial Edition m onthly on 

the 1st; News Edition on the 10th and 20th; Analytical Edition bim onthly on the 15th. Acceptance for mailing: a t special 
ra te  of postage provided for in Section 1103, A ct of October 3. 1917, authorized Ju ly  13, 191S.
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V I N E L A N D ,  N E W  J E R S E Y .
NEW  Y O R K  • PH ILADELPHIA • BO STON .  CH ICAGO  ■ DETROIT

K IM B L E GLASS C O M P A N Y

The name " E X A X "  on a burette is your assurance of 

quality and accuracy. This Kimble trade-m ark— appear

ing on Kimble G raduated G lassw are— stamps the burette 

as commercially exact and dependable  for all industrial 

scientific control and analyses.

O U T S T A N D IN G  FEATURES

1. M ad e  from autom atic-m achine-m ade tubing o f very uniform bore.

2. Straight, thick-walled, and free from blisters, stones and  striae.

3. Retempered (strain-free) in specia l lehr or oven.

4. Carefu lly  calib rated  at 5 points at 20° C. Lined and  num bered by  

automatic machines.

5. A il lines and  numbers deep ly  acid-etched. Filled with durab le  blue  

g la ss  enamel, fused-in.

6. M a in  division lines com pletely encircle tube.

7. Stopcock barrels sealed  directly to burette tubes for increased  

strength.

8. Delivery stems cannot trap air. Lower end o f stems draw n to 

grad u a l taper. Tip open ings g a u g e d  to deliver liquid accurately.

9. Rubber w asher on end o f stopcock p lug prevents slipp ing, loss 

and b re akage .

10. Stopcocks accurate ly  ground  and  tested a ga in st  vacuum  o f 1 5 "  

of mercury.

11. Every burette is retested to these tolerances: —

10 ml ±0 .04 ml
25 ml 0.06 ml
50 ml 0.10 ml

100 ml 0.20 ml

Exax Burettes— like every other piece of Kimble Labora

tory G lassw are —  are fully guaranteed by  Kimble for 
performance and workmanship. Stocked by  leading 

Laboratory Supp ly  Houses throughout the United States 

and Canada.
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WILEY  
LABORATORY MILL
For the  preparation , w ith o u t  loss of m o is 
tu re  fro m  heatin g, of certa in  com m erc ia l 

m ate ria ls  fo r labora to ry  a n a ly s is

OFFER ING  tim e-saving m ethods to alm ost 

every control laboratory, this Spencer  

A b b e  Refractom eter is the simplest and  most 

rap id  instrument for determ ining the N d  of 

transparent substances within a  ran ge  o f  

1.300 to 1.710. It is accurate to two points 

of the fourth decim al place.

O p tica l instruments are rap id ly  w inn ing a 

place in the chem ical laborato rie s . . . not 

necessarily for research w ork . . . but as  

accurate "tim e-savers” in regu lar routine 

work. Look for the nam e "Sp e n ce r“ when 

buying optical instruments— it is your gu a r 

antee o f precise optics, correct de sign  and  

faithful perform ance.

W rite  today  for com plete description and  

prices o f this Spencer A b b e  Refractometer.

LA BO RATO RY  M ILL , W iley. While originally designed for 
grinding all kinds of fertilizer materials, such as tankage, anim al hair, 
fur, hoofs, horns, etc., i t  is now satisfactorily used for m any other 
m aterials, particu larly  straw , tobacco stalks, licorice roots, grass, 
cotton seed, cotton seed cake, cotton seed meal, wheat, corn, oats, 
corn stalks, chicken feathers, Bakelite, leather, crab shells, dried fish 
scales and for shredding agar and gelatine for m aking culture media.

Gas chemists are using this Mill for grinding shavings coated with a 
mixture of iron oxide, ferrous sulphide and free sulphur as taken  from 
the purification un it which removes IliS  from coke oven and w ater gas.

Four knives on a  revolving shaft work w ith a  shearing action against 
six which are set in the frame. The screen is dovetailed in to  th is frame 
so th a t  none of the m aterial comes out of the grinding cham ber until 
it is fine enough to pass through the mesh. Three sieves with screen 
of l/ j  mm, 1 mm and 2 mm mesh, respectively, are furnished w ith each 
mill. A hinged front perm its easy cleaning.

The mill is 21 inches high and occupies a floor space about 14 X 20 
inches. Grinding cham ber is 8 inches inside diam eter, with knives 3 
inches wide. Drawer for ground sample is 7 X  3 X 2 1/« inches and 
holds 24 oz. liquid measure. Mill should be operated a t from 400 to 
800 r.p.m . and requires from V* to  1 h.p. Pulleys are 6 inches in 
diam eter X 2*/t inches face. Knives should be run  in counter-clock
wise direction. Approximate shipping weight 210 lbs.

See Samuel W. Wiley, Industrial and Engineering Chemistry, March, 
1925, p. 304 and The American Fertilizer, February 7, 1925; K . Mai- 
wald, Die Landwirtschafllichen Versuchs-Stationen des Deulschen Reiches, 
1928, p. 15; I. D. Clarke and R W. Frey, The Journal o f the American 
Leather Chemists Association, Vol. X X I I I ,  No. 9 (September, 1928), 
p. 412; and Carl R. B lomstedt, Paper Trade Journal, Vol. X C II, 
No. 18 {Apr. 30, 1931), p. 43.

4275. L a b o ra to ry  M ill, W iley , as above described, with three sieves.
W ith tigh t and loose pulleys for belt drive, b u t w ithout
m otor...................................................................................... 165.00
Code W ord...........................................................................  Elnfc

For above M ill u  i th  d irec tly  co n n ec ted  elec tric  m o to r , 
an d  fo r  a sm a ller  m odel fo r  very sm a ll q u a n titie s  
o f organic m a teria l fo r  m icro-analysis, see p p . 277-278 

o f  ou r cu rren t cata logue.

^ k e  S p e n c e r  G ^ b b e

R E F R A C T O M E T E R

4275

A R T H U R  H. T H O M A S  CO.
R E T A IL  -  W H O LESALE -  E X P O R T

L A B O R A T O R Y  A P P A R A T U S  A N D  
R E A G E N T S

W E S T W A S H IN G TO N  SQUARE
PHILADELPHIA, PA., U. S . A.

Cable Address: BALANCE, Philadelphia
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In The Bell Telephone Lab ’y
T his fam ous laboratory is sym bolic of all for which science stands. 
Their equipm ent is obviously the finest that m oney can buy. It 
includes m any H oskins Furnaces th at cost relatively little , b u t fill a 
significant place in  th e establishm ent o f fact. And on th is work, 
th e furnaces have proved their worth, as they do in  laboratories 
th ru ou t industry. The features best liked by chem ists are the 
fine durability o f the Chromel elem ents and their ease o f renewal. 
T he im m aculate cleanliness o f the furnace atm osphere and the 
nicety  o f tem perature control m eet the requisites o f all good chem ists. 
We invite you to send your inquiry to  your laboratory dealer. And 
m aybe you’d like to write to  u s for a handy little  gadget, called a 
“ H eating-U nit Calculator” (Form KI). Hoskins M anufacturing Co., 
D etroit, M ichigan.

HOSKINS
Electric

FURNACES
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Designed for Large Capacities

The International Size 2 
Centrifuge is very- 
sturdy in construction 
throughout and equip
ped with a powerful 
motor to permit the 
use of basket heads, 
multiple tube heads and 
cups of large capacity. 
Because of its adapt
ability to  a wide range 
of accessory equipment, 
it is universally chosen 
for use in research 
laboratories.

I N T E R N A T I O N A L
Size 2 Centrifuge with Stand
The International Size 2 is designed for heavy duty in Chemical 
Laboratories where constant or interm ittent work requires a 
centrifuge of large capacity and high speed. When mounted on 
the vibrationless stand, it is easily portable and a self contained 
unit, with protective starting mechanism and flexible speed control.

When equipped with the reinforced all steel guard, the M ultispeed  
A ttachm ent may be added to  the Size 2 to  attain  a speed of approxi
mately 18,000 R.P.M . and develops a Relative Centrifugal Force 
o f 25,000 X gravity for samples of material up to 40 ml. capacity.

Large Capacity Heads

There is an In te rn a tio n a l  for an y  jo b .

INTERNATIONAL EQUIPMENT CO.
352 Western A venue Boston, Mass.

M a k e r « o f  f i n e  C e n t r i f u g e s .

NEW LABORATORY DEVICES 
FOR 

INDUSTRIAL ANALYSIS

No. 6240

H IG H  TEMPERATURE 

CARBON COMBUSTION FURNACE
For Alloy and Stainless Steels

The silicon carbide heating units produce a tem perature 
in the combustion tube of approximately 1400°C (2550°F) 
which is high enough for accurate combustions of alloy and 
stainless steels without the use of fluxes or unusually large 
samples. The units are under the control of a rheostat 
and provision is made for the use of a  pyrometer during 
combustion. E ither A.C. or D.C. a t 110 volts may be 
used. The current demand is 2y2 kw.

N o. 6240 Complete with sillimanite tube and rheostat$102.00 
N o. 6242 Combustion tube, sillimanite, e x tra ...................9 .50

No. 10952

CALORIMETER TABLET PRESS
W ith Illium M etal Mould

This substantial press, for preparing tablets of coal, 
benzoic acid or other materials for calorimetric determina
tions, applies the compressive force on the contents of the 
non-corrodible Illium mould through a lever operated cam, 
to give quick positive packing of the material. The mould 
is adjustable for height for greater ease in compacting 
equally a series of samples.

No. 10952 .......... $28.00

©gUfSSSÊ» SCvIE N T i e l q
L a b o r a t o r y  ffvrri S u p p l i e s

•Apparatus saüis Chemicals 
N'r.w Y o rk -B o s to n -C H IC A G  O -T oronto-LosA ngeles
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T.. h e r e  is a practical w ay  to  reduce excessive labo ra to ry  glassw are breakage. 
Y ou can use w are  th a t  is m ore resistan t to  h ea t and m echanical shock.
C ertain  w ell-know n  and o u ts tand ing  technical characteristics explain  th e  long  life 
o f  “ P y r e x ”  B rand L ab o ra to ry  w are. T he lo w  coefficient o f expansion o f “ P y r e x ”  

W are, for instance, ( th e  low est o f  any  com mercial g lassw are) accounts for its resist
ance to  h ea t and tem perature changes. And ind irectly  th is  p roperty  creates greater 
m echanical s tren g th . W alls m ay be m ade heavier . . . there is no com pulsion to  
sacrifice s tu rd y  w a ll thickness to  gain  h ea t resistance.
C orrect annealing  is im p o rtan t, to o . Every piece o f  “ P y r e x "  W are is p roperly  . . .

sc ien tifica lly .. .  annealed— free from  any invisible strains o r weaknesses. 
Y ou can accom plish m ore, reduce breakage, and prevent m ishaps by  us
ing  “ P y r e x ”  B rand W are throughout your labo ra to ry . Sold th ro u g h  
lead ing  lab o ra to ry  supply  dealers in  the  U nited  States and C anada.

Send for Catalog A-}. Seventy-two pages of illustrations, descriptions and  
prices, with technical data on entire line of “ P Y R E X "  Ware.

“PYREX?’ ii 4 trjdt-rrurk *rtJ inJicjtu m<tnuf*cttiri hj

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

" P Y R E X "  C O N D E N S E R

Water jackets made from mould 
blown blanks, assuring a uniformity 
that cannot be duplicated by fabri
cation from tubing.

Be safe. See that this trade-mark is  
exactly reproduced on every piece of ap
paratus you buy.

LABORATORY
GLASSWARE

PYREX
£

P a t
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NEW  ^Precision7* Time Savers
• For Your Lab

• • •  W. J. GILMORE DRUG CO. • • •
LABORATORY APPARATUS DIVISION 

422 Blvd. of the A l l i e s .............................................................   Pittsburgh, Pa.

AMONG new  “ PRECISION” laboratory devices to help you  
speed up your testing  routine, the new “ PRECISION”  

Triple-Drive Stirrer is easily the m ost notew orthy. Being  
lig h t in  w eight, com pact and powerful, b u ilt for easy han
dling and low costopcration, th is handy u tility  stirrerposses- 
ses several exclusive features conducive to ideal stirrer per
form ance •  Sw itch control gives speeds o f 480, 700 and 830 
R .P.M ., w ith  p lenty o f power to handle three stirring jobs 
a t th e sam e tim e. •  Two spindle sockets transm it pow'er 
through a double worm gear drive to two stirrer rods, run
n ing at th e sam e speed; one rod is usually  driven by an  
auxiliary flexible sh aft (available extra) •  E ither drive socket 
w ill take the standard chuck or the flexible shaft. T he 
stirrer chuck takes rods in  diam eter and includes a tw o- 
step m etal pulley for driving a third stirrer. •  To suspend  
th e stirrer in  either a horizontal or vertical position , it  is 
equipped w ith  a 90° m ou n ting  bracket.

-*• • T h e  h a n d y  
t h r e e - s p e e d  
s ic itch  is b u i l t  
r ig h t in to  th e  
m o to r  h o u s in g  fo r  
accessib le fin g e r 
tip  c o n tro l.

KW IK-SET CLAMP HOLDER
N ew est am o n g  u ti li ty  c lam ps is th is  
K W IK -SET C lam p H older, m ad e  en 
tire ly  o f  e ith e r  M onel M eta l o r S ta in 
less S teel, ideal lab o ra to ry  m e ta ls  
com b in in g  g re a t s t re n g th  w ith  co r
rosion  res is tance . T hey  will n o t  ru s t .  
T h e ir  sp rin g  ac tio n  enab les th is  c lam p  
h o ld er to  exert a firm  g rip  on rods o r 
c lam p  stem s w ith o u t th u m b  screw s of 
a n y  k in d . J u s t  slip  th e  h o ld er over 
th e  su p p o r t ro d  a n d  slide th e  aux ilia ry  
rod  o r c lam p  in to  place. T h e  ro ta tin g  
cam  h as  sep a ra te  n o tch es  fo r ho ld in g  
rods fro m  to  in  d iam ete r .
12718 M onel M eta l. P rice A  Cl 
12749 S ta in less S teel. “

T w o  d r i v e  
so ck e ts  in s te a d  o f  
o n ly  o n e . D oth  
so ck e ts  ta ke  s t ir 
rer p u lle y  iv i th  
c h u c k  or aux ilia ry  
fle x ib le  s h a f t .

N o tice  th e  
p o s i t i v e  d r i v e  
c lu tc h . J u s t  slip  
th e  s h a f t  in to  th e  
s o c k e t— i t  locks  
in s ta n t ly , y e t  is 
easy  to  rem ove .

D oesn’t obscu re  any  
p o rtio n  o f  th e  b u 
r e t t e  m a r k i n g s ,  
since th e  sp rin g  clips 
b ea r a g a in s t th e  
sides o f th e  b u re t te , 
leaving all o f  th e  g ra d u a tio n s  fu lly  visible. No th u m b  
screw's, n o  aux iliary  sp rings o r de lica te  p a r ts . L ig h t in  
w eigh t, s tam p ed  m e ta l c o n s tru c tio n  th ro u g h o u t, w ith  spring« 
grip  ro d  c lam p  a n d  rubber-covered  b u re t te  g rips. G rips exert 
j u s t  th e  r ig h t p ressu re , w ith  no  d an g e r o f b u re t te  b reakage. 
C en te r d is tan ce  betw een  b u re t te s  7-
12771 S ta in less  S te e l.........................................$2.00 djj "I C fA
12775 B ra ss .................................................... ................

“ PRECISION” TRIPLE-DRIVE STIRRER, No. 18324
in c lu d in g  a d ju s ta b le  ch u ck  w ith  a  tw o-s tep  pu lley ; m o u n tin g  b ra c k e t 
fo r fa s ten in g  to  su p p o r t ro d s; a n d  six fee t o f rubber-covered  e lec tric  
cord  w ith  rubber-covcred  p lug . O pera tes o n  e ith e r  s \  f \
A.C. o r  D .C., 110 volts on ly . P r ic e ...............................  HL I  I  11 I
18325 Flexible S h a f t  on ly . P ric e ........................ $4.00

A B O V E — a ty p ic a l tr ip le -d r ive  s t i r 
re r  s e t- u p , u ti l is in g  th e  s ta n d a rd  
c h u c k , fle x ib le  s h a f t  a n d  a u x ilia ry  
stirre r  p u lle y .

m
LE F T — C loseup view  o f  th e  tr ip le -  
drive  s tirre r  u n i t .  F lexib le  s h a f t  
is  extra .

•

FULL-VIEW  
BURETTE  

CLAMP
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Quantitative Spectroscopic Analysis of 
Solutions

W a l l a c e  R. B r o d e  a n d  J a m e s  G. S t e e d ,  D epartm ent of Chem istry, T he Ohio S tate  U niversity, Columbus, Ohio

Th r o u g h  the use of the
logarithmic sector method 
(1-4) data have been ob

tained on the quantitative esti
mation of columbium, beryllium, 
titanium, vanadium, tungsten, 
iron, molybdenum, chromium, 
lead, and cobalt. D ata on a few 
of these elements (chromium, 
lead, and cobalt in particular, 
5) have been prepared by other

Calibration curves have been determined fo r  the 
quantitative spectrographic analysis o f colum
bium, beryllium , titanium , vanadium , tungsten, 
iron, molybdenum, chromium, lead, and cobalt. 
These curves are given in both per cent o f ele
m ent and logarithm o f the per cent o f element 
present. The average deviation in  Ihe deter
m ination o f samples o f know n composition was 
less than 5 per cent o f the known concentration.

Figure 1 -B). A logarithmic sec
tor (3, 3) was used in front of 
the slits of each of these intru- 
ments, actuated by connection 
with the starter knob of a sim
ple alternating current electric 
clock. In  a modification of the 
Twyman and Ilitchen solution 
spark apparatus 2 2 -gagc copper 
electrodes were used for both 
the upper and lower electrodes

workers, but using different line 
pairs from those in the present analyses.

The method of analysis follows in general that described 
by Twyman and Hitchen (.5) with certain modifications in 
the apparatus and manipulation. Two different quartz 
spectrographs were used in this study, a large Hilger (E-185) 
Littrow spectrograph (linear dispersion 7000 to 2000 A. =  100 
cm., Figure 1-/1) and a medium Bausch and Lomb Spectro
graph, No. 2820 (linear dispersion 7000 to 2000 A. =  21 cm.,

in place of the previously rec
ommended carbon and gold electrodes. A Pyrex je t was 
found to be as satisfactory as a quartz jet. The copper 
lines produced in the spectra (Figure 1) were not objectionable 
and may reduce to some extent the slight error due to an ex
cess of a foreign anion in the solution to be tested.

The spark was produced by a 20,000-volt 2-kilovolt-am
pere transformer. The primary (110 volt) circuit had a 
resistance in it, to permit the passage of about 1  ampere.

T a b l e  I .  Q u a n t it a t iv e  S p e c t r o g r a p h ic  A n a l y s is  o f  S o l u t io n s

C ompound U sed  

Columbic anhydride 

Beryllium  sulfate

Beryllium sulfate 

T itanium  dioxide 

Vanadic anhydride

Tungstic anhydride

Ferrous ammonium 
sulfate 

M olybdic anhydride

Chromic anhydride

Lead n itra te

C obalt chloride

M ethod of S olution 

KjCO j fusion plus water 

W ater plus 2%  HiSO<

W ater plus 2%  HjSO<

Sodium pyrosulfate fusion plus 
5%  HTSOi

N aO H  (calculated am ount plus
2 %)

W ater plus 2%  HsSO<

2%)
W ater

W ater plus 2%  HN O j 

W ater plus 2%  HC1

Concentration  
R ange (E lem ent)

Internal 
Standard 

i Used
C oncentration  of 

S tandard

A mount of 
Standard  
A dded  to 
100 CC. OF 
Solution

% Grams/100 cc. water Cc.
0 .0 0 5  to 1 .0 KMnO« 2 .8 7 6 9  (1%  M n) 20

0 .0001  to  0 .1  

0 .0 0 0 5  to 1 .0

Bi(NOa)**
5lIiO

KMnO«

8.6 5 8 0  gram s BiOtCOa- 
*/* HiO dissolved in  
excess conc. HNOa and 
diluted to  100 cc. (3.5*/ 
Bi)

2 .8 7 6 9  (1%  M n)

50

0
10

0 .0 0 5  to 1 .0 CrOi 10 .0000  (5 .2 %  Cr) 1 6 .7

) 0 .0 0 5  to 1 .0 CrOj 19 .2308  (10%  Cr) 20

0 .0 0 5  to 4 .0 KMnO< 2 .8 7 6 9  (1%  M n) 5

0 .0 0 5  to 1 .0 C oC lr
6 H ,0

16.1424 plus 2%  HC1 
(4%  Co)

20

9 0 .0 0 5  to 4 .0 KîCrjO t 2 .2 6 3 0  (0 .8 %  Cr) 50

0 .0 0 5  to  4 .0 NiSO
7H 20

19 .1479  plus 2%  HtSOi 
(4%  Ni)

10

0 .4  to  4 .0 Ni(NO*)2-
611,0

19 .9903  plus 2% HNOa
(4% m

7 .2 0 5 5  plus 2%  HC1 
(2%  M n)

10

0 .0 5  to 4 .0 MnCli*
411*0

157

100

L in e  P air U sed

Cb 2927.82 Â.
M n 2933.06
Be 3131 .32) , ,
He 3131.97 J unra,olve<1 
Bi 3067.73

Be 2651 {6 unresolved lines) 
M n 2939.31
Ti
Cr
V

3383.765 
3368.05 
3093.13 

C r 3118.65 
V 3130.270 
Cr 3132.053 
W 25S9.2 
M n 2593.733 
Fe 2382.039 
Co 2378.62 
M o 2848.21 
Cr 2849.83 
C r 3578.687 
-Vi 3524.543 
l’b 3683.472 
Ni 3619.393 
Co 3453.514 
M n 3441.997
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CO'«* <N CO

f t

t~eot-<N<Ncoco
V

i. M i l  lit

ii l i li ilu

l i i i .  l i i

i ii li l i i i  iíili

i 1.1, lili  lii

i L l i i l j i  iliit

A

F iG u n K  1 .

%  Mo

0.005

0.05

0.25

0.50

0.75

1.0

1.5

7
% Be

0.5

0.25

0.1

0.05

0.005

0.0005

Spectrum  P hotographs

A . V ariation of concentration of molybdenum with chro
mium as internal s tandard.

B. Variation of concentration of beryllium with m an
ganese as internal s tandard .

A condenser (0.005 microfarad) was shunted across the sec
ondary terminals of the transformer.

The solutions were prepared by weighing the quantity  of 
pure material required to make a given volume of the most 
concentrated solutions used and diluting these with distilled 
water or other indicated solvent to yield the required con
centrations. A known amount of the 
solution of the substance selected for 
the internal standard was then added 
to a definite volume of each solution and 
a photograph made of its spark spectrum.
(The photographs were taken on E ast
man 33 plates and developed with the 
Eastm an formula D-76 developer with 
controlled conditions of temperature and 
time of development.) The lengths of 
the selected pair of lines were measured 
with a Bausch and Lomb plate magni
fier containing a 2 0 -mm. scale with 
which the length could be determined 
to within 0.02 mm. The lines selected 
for measurement conformed as nearly 
as possible to the requirements for ho
mologous pairs as described by Gerlach 
and Schweitzer (1). The difference in 
length of two lines will represent the 
ratio of their intensities, since by the 
use of a logarithmic sector the line den
sities vary a t a logarithmic rate. The 
difference between the length of the 
line of the standard and the length of 
the line of the element to be estimated 
was then plotted against the per cent of 
the element to be estimated (and also 
against the logarithm of the per cent

of the element to 
b e  e s t i m a t e d ) .
These data are pre
sented graphically 
in Figures 2, 3, and 
4. Table I  indicates 
the materials used 
for examination, the 
method of solution, 
th e  concentration 
range, and the line 
pairs measured.

The curves in Fig
ures 2 to 4 may be 
used as standard or 
calibration curves in 
the analysis of un
knowns. The pro
cedure in such an 
analysis is to pre
pare a solution as 
indicated in Table 
I  and, if the concen
tration of the ele
m e n t is a p p ro x i
mately known, di
lute the solutions to 
a  concentration of 
approximately tha t 
of the center of the 
c a l ib r a t io n  curve 
and photograph its 
sp a rk  spectra. I f  
the concentration is 
not approximately 
known, solutions should be prepared by tenfold dilution, so 
tha t each solution has one-tenth the concentration of each 
preceding solution. Three or four such solutions will in 
nearly all cases cover the desired concentration range. To 

each solution is then added the indicated 
amount of solution containing the inter
nal standard and the spark spectrum is 
p h o to g ra p h e d .  In  obtaining these 
spectra the most dilute solutions should 
be photographed first and then the more 
concentrated in the order of their in
creasing concentration. This procedure 
reduces the possibility of contamination 
of dilute solutions with the stronger solu
tions. The minimum quantity  of solu
tion upon which the authors have made 
observations is about 2 cc. By the use 
of capillary tubing, however, i t  should 
be possible to use micromethods and 
obtain satisfactory analyses on 0.5 cc. 
or less. The am ount of unknown ele
m ent in the solution is determined by 
measuring the lengths of the standard 
and unknown lines and subtracting the 
standard from the unknown length; from 
the calibration curve it can be seen tha t 
this difference in length will represent a 
definite per cent of the element for which 
the analysis is made.

In  Figure 2, the chromium, lead, and 
cobalt curves are shown together so as 
to indicate variations in the sensitivity 
range of the lines chosen for these ele-

Per Cent
F ig u re  2. C alibration  C urves for 
D eterm ination  o f  P ercentage of 
U nknow n  E lem ent from  D if f e r 
en c e  i n  L ength  o f U nknow n  and 

Standard L in es
D otted  lines are logarithm  of continuous 

curves. Slope of logarithm  lines indicates con
centration  range over which the lino pair 
selected m ay be used.

F ig u re  3. C alibration  C urves  for 
D eterm ination  of P ercentage  of 
U nknow n  E lf.mf.nt from  D iffe r en c e  
in  L ength  of U nknow n  and Stand

ard L in es
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merits. As ■nil! be 
noted, the logarithm 
curves have differ
ent slopes which cor
respond in general 
to the s e n s i t iv i ty  
ra n g e , ch ro m iu m  
h a v in g  a n a rro w  
r a n g e ,  l e a d  a 
medium range, while 
cobalt has the widest 
concentration range 
over w h ic h  t h i s  
s p e c t r o g r a p h i c  
method of analysis 
can  be a p p lie d . 
This range of useful 
c o n c e n tra t io n  for 
s p e c t r o g r a p h i c  
analysis is limited on 
the low concentra
tion side to the in

trinsic intensity of the line and its ability to produce a rea
sonable photographic image, on the upper side by the point 
where the logarithm of the concentration plotted against the

F ig u r e  4. C alibration  C uhves for 
D eterm ination  of P ercentage of 

B eryllium

0.00 to 0.12 per cent in upper curve, 0.0 to 
1.0 per cent in lower curve.

difference in line length ceases to follow the straight line 
obtained for the lower concentrations and begins to approach 
a constant value.

Within this working range of concentration the error of 
observation was less than 5 per cent of the observed value. 
While this is a rather large error where concentrations greater 
than 1  or 2  per cent are concerned, the value of the method 
increases for more dilute solutions where the error in deter
mination of a solution containing 0 . 0 1  or 0 . 0 0 1  per cent of 
the element will still be less than 5 per cent of the observed 
value.

L i t e r a t u r e  C i t e d

(1) Gerlach and Schweitzer, "Chemische Emissionspektralanalyae,”
Leopold Voss, Leipzig, 1931.

(2) Hamburger and Holst, Z. wias. Phot., 17, 205 (1918).
(3) Soheibe, “Spektroskopische Analyse,” Akademische Verlags-

geseUscbaft, Leipzig, 1933.
(4) Twyman et al., Trans. Optical Soc. (London), 31, 169 (1930);

32, 1 (1931).
(5) Twyman and Hitchen, Proc. Roy. Soc. (London), A133, 72

(1931).

R eceived  April 27, 1933. Presented before the Division of Physical and 
Inorganic Chem istry a t the  85th M eeting of the American Chemical So
ciety, W ashington, D. C., M arch 26 to  31, 1933.

Covering Capacity (on Water) of Aluminum 
Bronze Powder

J u n i u s  D . E d w a r d s  a n d  R a l p h  B. M a s o n ,  Aluminum Research Laboratories, New Kensington, Pa.

TH E metallic flakes of aluminum bronze powder are char
acteristically different from the granular particles of 
nonmetallic pigments. They differ so much in shape, 

structure, and composition th a t the methods of examination 
and testing, well developed and standardized for other pig
ments, are in many cases inapplicable to the study of alumi
num bronze powder. Aside from their flake-like shape and 
metallic base, the flakes differ from most granular pigments in 
having a film of polishing agent on their surface. This thin 
film, usually containing stearic acid as the major ingredient, 
modifies the appearance of the flakes and their general behav
ior when dispersed in a paint vehicle. The interfacial rela
tions between powder and vehicle, as well as the size and 
shape of the flakes, play a part in the important phenomenon, 
known as “leafing.”

For commercial purposes, it is customary to grade powders 
according to the approximate mesh size of the largest flakes. 
A standard varnish powder, for example, has all been through 
a 140-mesh screen or its equivalent. While a screen analysis 
may give some idea as to  the major dimensions of the flakes, 
it tells little or nothing about their thickness (or thinness). 
Obviously, the thinner the flakes, the more flakes of any par
ticular size per pound of powder. Furthermore, the th ick 
ness of flake will affect the leafing characteristics of the pow
der. During an investigation of the properties of aluminum 
bronze powder, the authors developed a method for measuring 
the average thickness of bronze powder flakes, which has 
been found very useful over a period of years. An outline of 
this method was first described in 1927 (1). Since then the 
method has been standardized in detail and technic of opera
tion.

The method depends on the assumption tha t if all the flakes 
in a given weight of powder could be spread out in a film one

flake thick and packed close so as to eliminate interstices 
between the flakes as far as possible, the thickness could be 
calculated from the area of the film, its weight, and the den
sity of the powder. A film which approximates these condi
tions can be obtained by proper manipulation of the bronze 
powder on a clean surface of water. A shallow rectangular 
pan with a flat rim is used as the container for the water and 
two flat, rigid strips of glass or metal which act as barriers are 
laid across the width of the pan to define the ends of the film 
of powder whose area is to be measured. When a weighed 
am ount of powder is carefully dusted onto the water surface 
which completely fills the pan, it tends to spread out in a thin 
leafed film. The flat barriers, resting on the rim of the pan near 
each end, perform a very im portant function in “coaxing” 
the powder into a film one flake thick. The results of the- 
measurement are expressed in terms of the area in square 
centimeters covered by a gram of powder and this value is 
termed the covering capacity. I t  should not be confused w ith 
the so-called covering power (square feet per gallon) of a  paint.

Langmuir (2) and others have shown how stearic acid 
alone can be spread out on water in a  film one molecule 
thick, and the dimensions of the molecule estimated in this 
way. In  this experiment the polar molecules of stearic acid 
are uniformly oriented with the carboxyl group directed to
wards the water interface. In the case of the polished alumi
num flakes, the film of stearic acid, many molecules thick, 
appears to be oriented and fixed upon the flakes. The powder 
flakes in the present method are only partly  wet by the water 
and float upon the surface. By moving the metal strips back 
and forth upon the side rims of the pan, the floating film of 
powder between them can be stretched and compressed much 
like a fabric until all the flakes have been brought into the 
water interface. The powder is then compressed by moving
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F ig ure 1. T est  E q uipm en t , S how
in g  M ethod of M an’ip iii.ation'  of 

P late G lass B arriers

one of the  strips until the flakes are all touching, as determined 
by the tendency of the film to  wrinkle with the slightest addi
tional compression. Its  area is then measured.

D e t a il  o f  M e t h o d

I t  has been found most convenient to  use a  shallow rectan
gular aluminum pan about 14 cm. wide, 60 cm. long, and 
1.3 cm. deep. The vertical walls are about 1.3 cm. thick and

are machined and 
finished smooth on 
the upper surface to 
insure good contact 
with the plate glass 
b a r r ie r s .  Tw o 
pieces of heavy plate 
glass about 2.5 cm. 
wide an d  s e v e ra l  
centimeters longer 
than the width of 
the pan are used to  
confine the surface 
film a n d  to  w ork  
th e  p o w d er u n i
formly over the  sur
face of the water.

Before each de
te rm in a t io n  th e  
upper edges of the 
pan and the plate 
g la s s  b a r r i e r s  
should be rubbed 
with a piece of ordi

nary paraffin and the glass plates polished with a  clean cloth. 
W ater is poured into the pan until the surface is appreciably 
above the upper edges of the pan. The paraffined edges of 
the pan prevent the water from overflowing. Reasonable 
care should be taken to  make sure th a t the height of the water 
surface above the edges of the pan is always the same. The 
use of distilled water is preferreid and the temperature should 
remain constant a t about 25° C.

The surface of the water in the pan is swept from end to  end 
with one of the glass plates to remove the major portion of surface 
impurities, such as 
dust or grease. One. 
of the glass plates is 
then laid across the 
pan near one end.
Any surface impuri
ties remaining are 
blown away from the. 
water surface near 
the first, glass barrier 
and the second glass 
plate is laid across 
the pan near the first, 
taking care that, no 
surface impurities g e t . 
b e tw e e n  th e  two 
plates. The second 
barrier is then pushed 
nearly to the other 
end oi the pan,sweep
ing all impurities be
fore it. It is hest- to  
remove these impuri
ties from the surface 
between the barrier 
and the edge of the 
pan by sweeping them over the edge of the pan with a piece of 
filter paper. The reason for doing th is is th a t some of these im
purities might creep under the barrier as it  is moved back and 
forth and cause breaks in the powder film which is to be dis
tributed on the clean water surface between the two barriers.

The two glass barriers are left near the ends of the pan with 
the clean water surface between them. An accurately weighed

F ig ure  2. P hotomicrograph (100 
D iameters) o f  Compressed  F ilm of 
A luminum  B ronze P owder One 

F lake T hick  on  W ater

sample of powder is then carefully distributed upon the clean 
water surface. A small aluminum bottle cap makes a  suitable 
container for weighing the aluminum powder. A piece of cheese
cloth or bolting cloth m ay be fastened over the open end of the 
cap and the powder distributed on th e  w ater surface by gently 
tapping the inverted cap. The container should be held close 
to  th e  clean water surface and moved back and forth to  insure 
uniform distribution. An alternative method, and the one usu
ally employed, is to  pour the powder carefully from the. edge of 
the weighing container directly onto the w ater surface, care 
being taken not to  get too much powder in one place. The above 
operations should be carried out in a  draft-free room.

After the powder has been distributed on the w ater surface, 
one of the glass barriers is pushed towards the other end of the 
pan, sweeping the powder before i t  for about two-thirds the length 
of the pan, and then pulled back again. This pushing and pulling 
operation is repeated until the  powder surface is smooth and free 
from breaks. Leaving the first barrier in its  original position, the 
second barrier is then moved back and  forth in the same manner. 
The two barriers are then adjusted until there are no breaks in 
the metallic film and 
w r in k le s  s t a r t  to  
f o r m  n e a r  e a c h  
barrier because of too 
great pressure. One 
of the barriers is then 
moved back until ail 
the wrinkles a t  both 
ends of the film are 
r e m o v e d .  T h i s  
barrier is then ad
justed by increasing 
the pressure enough 
to form a few wrinkles 
and then decreasing 
the p r e s s u r e  ju s t  
enough to  sm o o th  
o u t  th e  w rin k le s .
The b a r r i e r  a t  the 
other end is then ad
justed slightly. The 
l e n g th  of film- be
tween the  parallel 
barriers is measured.
The barriers are again 
w o rk e d  back and 
forth three or four times, and after adjusting as before the length 
is measured for a second time. This procedure is repeated until 
the length of film remains constant for three consecutive measure
ments. Knowing the weight of sample and the length and width 
of the metallic film, the area which one gram of powder will cover 
can be calculated.

Figure 1 shows the test equipment and illustrates the 
method of manipulating one of the plate glass barriers. The 
film of powder is shown well worked out on the surface of the 
water between the barriers. The small cup used for weighing 
the powder and distributing it  over the water appears on the 
table, just in front of the rectangular pan.

The weight of powder taken will depend on the size of the 
pan and the grade of powder used. For the pan described in 
this paper, a sample of standard varnish powder weighing 
about 0.1 gram is satisfactory. W hen lining powders are 
used, a sample weighing 0.05 gram or less will be sufficient. 
I t  is preferable th a t not more than  about three-fourths of the 
cleaned water surface of the pan be covered with the powder 
film. Experience teaches the operator the size of sample 
necessary for the pan used. About 15 to  20 minutes are 
required for making each covering capacity measurement. 
A skilled operator can make duplicate measurements on the 
standard varnish, grade of powder which will not differ in area 
by more than about 50 sq. cm. for 1 gram of powder. Since 1  

gram of this grade of powder will cover about 4000 sq. cm. of 
surface, the method is reproducible to within about 1  to  2  

per cent.
W hen pressure is applied to  the uniformly distributed pow

der film by moving one of the glass barriers, i t  first wrinkles 
and then folds up as more and more pressure is applied. As 
the pressure is reduced the film unfolds to  a  uniform surface. 
This procedure can be repeated again and again without dis-

F ig u r e  3. P hotomicrograph (100 
D ia m eters) o f  E xpanded  A lu m i
num  B ronze P owder F ilm  a fter  

T ra nsferen ce  t o  G lass Slid e
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m pting the film., f t  appears- aa if only the-lower side o f each 
powder flake was wet with the water. M microscopic ex
am ination of a  wcil-worked^ powder film shows th a t i t  is,, foe 
all' practical purposes, only one flake thick.

in  Figure 2. is shown a  photomicrograph, of th e  aluminum 
powder film while on; the w ater and compressed for measure- 
m eat. T he photomicrograph was taken w ith transm itted 
light a n i  any' voids appear as bright spots in the picture. 
An approximate estimate is th a t less than about 3 o r  4 per 
cen t of the a m t  appears as void» uncovered by powder, 

T he well-worked aluminum powder film oa a, water surface 
gives an ideal w a y o f  obtaining a  slide for examination under 
the microscope. The pressure on the metallic film is reduced 
b y  m oving one of th e  glass barriers towards the end of the 
pan. One end  of a  cleaned microscope slide is dipped into 
th e  water and the slide immersed fo r about three-fourths of its 
length. The slide is then  carefully raised under th e  powder 
film and withdrawn from the pan. A uniform film of powder 
adheres to the glass slide. This film is allowed to dry  on the 
glass slide.. The  size distribution of the powder particles m ay 
then be determined with the aid of a  microscope.

Figure 3 shows a' photomicrograph,, taken by  transm itted 
light,, of a film of powder spread on a  glass slide.. The film 
is no t compressed a n d  shows the individual flakes spread out 
a n d  n o t touching.

The covering capacity of various grades of aluminum: bronze 
powder will rang» from about 3000 to 12,000 sq, cm. per gram 
o f powder, although both higher and lower values are ob
tained. T he low range of values is obtained w ith the so- 
called1 “varnish’’ grades of powder and the- higher values are 
obtained with, gome of the lining powders- Bronze powders 
are usually screened during manufacture in order to limit 
the maximum- size of particle present in any grade. Even 
though a  screen analysis m ay indicate that a  series of powders 
are very  close together- in mesh size, the covering test m ay

demonstrate a  considerable variation in average thickness o f  
flake. In  Table I  are given d a ta  on  a  series of powders ob
tained from, different commercial sources. T hey  are graded 
about the same commercially,, both  on mesh, size and' appear
ance, bu t the maximum covering capacity exhibited is about 
TO' per cent greater than the- minimum.. While high, covering 
capacity Is, in general, a  desirable characteristic;, the conclu
sion does n o t necessarily follow th a t the: highest covering 
power is always the best, as other characteristics m ust be 
considered in the evaluation of a  powder fo r any  particular 
use:
Tabue !.. Comparison: ov  Covaacf» CkM crrv ow W.vrzo. asb  

Musit CitAaAr.TaiiisTics ov A traicirar Bconze Powhehs
-ScnKSÎf A.V.\Hr3IH—

CtiV'dnrxa 0 ru 2 0 0 ' On 323- Through
3ampi.b Capacity me*h screen mesh screen 32-T-mesh scr

%  c.m. fijrwnt- % % or,/ty
t .1040 M m 54
2 .1440 U 29 30
3 3720 32 ¿50
4 4720 ia 22 50
5 5200 17 22 5n

While for most purposes,, the covering, capacity expressed 
in  square centimeters per gram is sufficient, the calculated 
average thickness of flak» is also o f interest. The density of 
aluminum bronze powder is about 2..5 grams per cc. and cover
ing capacities of 3000 to I2;000 sq. cm. per gram correspond 
with a  flake thickness of about 0.0013 to 0.0003 mm, (0.000050 
to 0 . 0 0 0 0 1 2  inch),

LroEnATunffi C ited
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Analysis of Mixtures of Oxalic and Citric Acids 
by Titration with Ceric Sulfate

J . A. W tthtwww  L R , Stpherd, E , L  F cxmeh, and L. M . Ck k e 'eesses* Iowa S ta te  College, Ames, Iowa

T h  production, of chemicals by  the fermentative action 
of molds is becoming: of increasing industrial impor
tance: The present situation has been reviewed by 

M ay and  Herrick {S';.. One of the most important develop
m ents is the production: o f  citric acid, in which oxalic acid is 
likewise produced. In  order to make adeqiiate quantitative 
studies a t  th is fermentation, a  satisfactory analytical method 
of analysis for tiieae acids needs to be developed, for, as 
sta ted  by Currie (J), while the present methods “give fairly 
satisfactory résulta if  used with discretion and patience, a  
really convenient and  accurate method fo r estimating citric 
acid is still wanting.” The present communication describes
a. method: of analyzing citric acid in  the presence of oxalic 
acid.

Oxalic acid is a  very good reducing agent, and when pres
en t alone it m ay be titra ted  easiTy and accurately with any 
standard oxidizing agent such as permanganate. Citric 
acid, however, does not give a  sharp end point with moat 
oxidizing agents, and the firwl products o f these reactions are 
no t definitely known» Various methods for the analysis of 
citric acid have been suggested, some requiring rather elabo
rate manipulation. One of the most common methods, of 
which there are numerous mollifications,, is oxidation, with

potassium permanganate, which; has been studied in different 
phases by  Perdrix (7), Beniges (,?), P ra tt (S), Kunz (5), 
Hartm ann and Hillig ($), Williams, Mueller, am i Niederl 
(Iff) used a  photoelectric eell in  a  colorimetric method, and 
Currie (2) developed a fairly accurate iodometric method,

Willard and Young (.9) described the use of ceric sulfate 
as a  standard oxidizing agent and applied it  to the oxidation 
of organic .matter, including oxalic and other organic acids,, as 
d id  Berry ( f) , This oxidizing agent seemed to  offer possi
bilities for the determination of oxalic and citric acids in  mix
tures,

EXPERTM'E-VTAI.
The method used is essentially differential titra tio n  o f the 

mixture of the two- acids, determining, first the total acidity 
of the mixture b y  titra ting  with standard base using phenol- 
phthalein and then  the total reducing power of the mixture 
b y  titrating with ceric sulfate solution. While oxalic acid 
is oxidized quantitatively to carbon dioxide and water by  
ceric sulfate,, citric acid is not, and  the fraction oxidized is 
dependent upon several factors, including temperature, con
centration of both, sulfuric acid and ceric sulfate,, and the  
time of standing.
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Preparation  of  Solutions

C it r ic  A c id . A  solution of citric acid was prepared by- 
weighing a  sufficient am ount of the recrystallized acid to make 
an approximately 0.02 Ar solution as an acid. This was 
dissolved in carbon dioxide-free water and sterilized in an 
autoclave under atmospheric pressure for 30 minutes. To 
this solution, after cooling, were added 2  drops of chloroform 
to prevent the growth of molds. After titration with stand
ard base, this solution was diluted to  make it  exactly 0.02 N .

F ig u re  I.

The excess of the eerie sulfate was determined by titra ting  
with standard oxalic acid electrometricaUy, heating the solu
tion on a  hot plate during the titra tion . The end point is 
obvious because of the decolorization of the eerie sulfate as 
it is reduced. Twenty-five cubic centim eters of th e  citric 
acid (0.02 N  as an acid) required 22.91 cc. of the 0.1148 Ar 
eerie sulfate. Assuming th a t the citric acid is oxidized com
pletely to carbon dioxide and water according to the equation

2C tH «07 -f- 9O 2 — 12C O i ~~r 8H :0

the tribasic acid is equivalent to  18 valence changes, as a  re
ducing agent, and should therefore have a norm ality six 
times as great as a reducing agent than as an acid. The per
centage oxidation in the above titration is given by the ex
pression

(22.91X0.U48)
(25) (0.02) (6)

0.877 =  87.7 per cent

T itra tio n  o f  0.01 N , 0.02 N , and 0.05 N  Acid 
M ix tu res

Oxalic acid is oxidized quantitatively to carbon dioxide and 
water.

Three series of mixtures of oxalic and citric acids were 
prepared and oxidized in a similar manner. In  Table I  are 
given the cubic centimeters of 0.1074 Ar eerie sulfate required 
to oxidize 25 cc. of these acid mixtures, which were 0.02 N , 
0.01 N , and 0.05 N , respectively, as an acid.

Ox a l ic  A c id . A  solution of 0 . 0 2  N  oxalic acid was pre
pared in a similar manner, except th a t the sterilization was 
omitted. Another oxalic acid solution to be used for back- 
titration was prepared and standardized against the eerie 
sulfate solution.

C e r ic  S u l f a t e . A  eerie sulfate solution, prepared from 
pure ceric oxide according to the method of Willard and 
Young (9), did not give a sharp break when titra ted  elec- 
trometrically against sodium oxalate. When the technical 
oxide was used instead of the pure oxide, the break obtained 
was sharp. Formation of colloidal material in dissolving 
the oxide caused some difficulty, but this was overcome by 
changing the method of preparation. The method used is 
as follows:

Six hundred cubic centimeters of concentrated sulfuric acid 
in a  12-liter balloon flask were placed in a sand bath on an electric 
hot plate. A sturdy glass stirrer, run by a 0.125-horsepower 
motor, was introduced through a three-holed stopper. Through 
a second hole the ceric oxide was added, the third hole serving 
as a vent. Six hundred grams of ceric oxide were added, with 
constant stirring, while the solution was kept a t 135° to  140° C. 
and the reaction allowed to continue for 4 hours, during which 
time the mixture became a paste. Sufficient water was added 
from time to time to maintain it as a paste. After 4 hours it 
was slowly diluted to 8 liters with water and heated a t almost 
a  boiling temperature for 8 hours. After settling, the clear 
reddish amber liquid was siphoned off and filtered while hot. 
The clear liquid was heated to about 90° C., and after adding 
150 cc. of concentrated sulfuric acid was held a t th a t temperature 
for from 24 to 30 hours. After filtering through a Gooch crucible, 
it  was standardized against sodium oxalate. The solution 
should be between 0.1 N  and 0.14 N  if made in this manner. 
The ceric sulfate was standardized against pure sodium oxalate 
by dissolving 0.2 gram of the latter in 20 cc. of water and adding 
2 cc. of 1 to 1 sulfuric acid. This was heated to  80° C. on an 
electric hot plate and titra ted  electrometricaUy with the ceric 
sulfate. An excess of 0.2 cc. of the la tter will turn the solution 
a light yellow color and the potential change a t the end point 
for 0.1 cc. of ceric sulfate is 0.2 volt. The end point is very 
sharp and definite.

A n a l y s is

For the oxidation of citric acid 25 cc. of the 0.02 N  solution 
were treated with 75 cc. of the ceric sulfate solution to which 
2 cc. of 1 to 1 sulfuric acid had been added. This mixture 
was heated in a water bath, the vessel containing the sample 
being immersed in the water a t 90° to 95° C. for 1 hour.

T able I.
0.01 N  A c i d

T itration  of A cid  M ixtures

0.02 N  A c i d 0.05 N  A c i d

0.1074 N 0.1074 N 0.1074 iV
Oxalic Citric ceric Oxalic Citric ceric Oxalic C itric ceric
acid acid sulfate acid acid sulfate acid acid sulfate

% % Cc. % % Cc. % % Cc.
100 0 2 .38 100 0 4 .67 100 0 11.76
92 8 2 .78 96 4 5.10 96 4 13.36
84 16 3.54 92 8 5.74 92 8 15.51
72 28 4 .72 84 16 7.35 88 12 17.60
20 80 10.13 80 20 8.17 80 20 21 .36

0 100 12.18 50 50 14.23 , .

. . » 20 80 20.31 • .  • . . .
0 100 24.40

The data  from Table I  were plotted in Figure 1. W ith 
the exception of the points for the high percentages of oxalic 
acid the curves are straight lines. In  the 0.05 N  solutions, 
the higher concentrations of citric acid do not give a sharp

F ig u re  2. D eterm ina tio n  of Acids after  
P recipita tio n

end point. W ith the 0.01 N  and 0.02 N  solutions it is pos
sible to use only 50 instead of 75 cc. of the ceric sulfate solu
tions and still get complete oxidation, b u t if this is done it is 
better to use but 1  ce. of the 1  to 1  sulfuric acid instead of 2 .

A series of mixtures of the two acids was made by weighing 
out varying amounts of each, dissolving, and titra ting  the  
total acidity with standard sodium hydroxide. Portions of 
these which were equivalent to 25 cc. of 0.02 N  acid were ti
trated with cerium sulfate solution. The data  obtained are 
given in Table II, together with the percentages of the two 
acids as calculated from the titration curve.
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T a b l e  I I .  P e r c e n t a g e s  o f  A c id s  f r o m  0 .0 2  JV C u r v e

0.1074 N
B y W eight CeCSOO* B y T itration

Oxalic Citric U sed Oxalic Citric
% % Cc. % %

9 1 .6 4 8 .3 6 5 .7 7 9 1 .9 8 .1
7 8 .5 8 2 1 .4 2 8 .2 4 7 9 .8 2 0 .2
6 7 .0 0 3 3 .0 0 10 .3 0 6 9 .5 3 0 .5
6 1 .4 1 3 8 .5 9 11.65 6 2 .8 3 7 .2
39 .0 1 6 0 .9 9 16.38 3 9 .6 6 0 .4
2 2 .0 7 7 7 .9 3 19.96 2 2 .2 7 7 .8

Another series was made by weighing different amounts, 
titrating  with standard base, diluting aliquot, portions to 
both 0 . 0 2  N  and 0.01 N , and then titrating 25 cc. of each with 
ceric sulfate. From the titration values the percentages of 
the two acids present were calculated, using the curves. 
The data are given in Table III .

T a b l e  I I I .  P e r c e n t a g e  o f  O x a l ic  a n d  C it r ic  A c id s

0.1074 N
B y  W e i g h t  C e r i c  F r o m  C u r v e

Oxalic Citric S u l f a t e Oxalic Citric
% % Cc. % %

FROM 0.02 ¿V CURVE
8 5 .7 7 14 .2 3 7 .0 3 8 5 .8 14 .2
6 9 .0 8 3 0 .9 2 10.42 6 9 .0 3 1 .0
5 3 .3 4 4 6 .6 6 13 .60 5 3 .5 4 6 .5
3 8 .2 8 6 1 .7 2 16.71 3 8 .1 6 1 .9
2 1 .4 8 7 8 .5 2 19 .9 8 2 1 .8 7 8 .2

FROM 0.01 N  CURVE
8 5 .7 7 14 .23 3 .3 3 8 6 .0 1 4 .0
6 9 .0 3 3 0 .9 2 5 .0 0 6 9 .4 3 0 .6
5 3 .3 4 4 6 .6 6 6 .5 8 5 4 .2 4 5 .8
3 8 .2 8 6 1 .7 2 8 .1 5 3 9 .0 6 1 .0
2 1 .4 8 7 8 .5 2 9 .8 7 2 2 .2 7 7 .8

S e p a r a t io n  from  Ot h e r  Or g a n ic  A c ids

Since in the process of fermentation these acids are pro
duced along with other acids, it is necessary to separate them 
from the mixture before analyzing by the above method.

The first a ttem pt to bring about this separation was by 
precipitating them as the barium salts, washing the precipi
tate until free from acid, and then adding an excess of sulfuric 
acid which precipitated the barium and changed the oxalic 
and citric acids back into the free acids. The excess of 
sulfuric acid was then removed by adding an excess of benzi
dine. This process should leave the free oxalic and citric 
acids with the excess of benzidine and it was hoped th a t they 
could be titra ted  in  this mixture. Two difficulties were en
countered— the benzidine was oxidized by the ceric sulfate 
and the precipitation of the excess of sulfuric acid in this solu
tion by benzidine was not quantitative—and the method was 
therefore abandoned.

The second method was to precipitate the two acids as 
the lead salts, filter and wash free from acid, suspend the 
precipitate in water, and pass in hydrogen sulfide to precipi
tate the lead. The excess of hydrogen sulfide was removed 
from the solution by passing nitrogen gas through the solu
tion until no test was given with lead acetate paper. This 
solution was then titrated  with standard base, diluted to 0 . 0 2  

N  as an acid, and titra ted  with the ceric sulfate solution.

Three solutions of different normalities, all containing 42.6 
per cent of oxalic acid and 57.4 per cent of citric acid, were 
prepared and treated as above. The separated acids were 
titrated with standard base, and amounts equivalent to 25 cc. 
of 0.02 ¿V acid were titra ted  with the ceric sulfate solution. 
Seventy-five cubic centimeters of 0.1148 iV ceric sulfate solution 
were added and the excess titrated  with oxalic acid, 1 cc. of 
which was equal to 2.556 cc. of the ceric sulfate solution. The 
results are given in Table IV, in which the percentages of the 
two acids are obtained from Figure 2, which snows the relation
ship between the amounts of 0.114S N  ceric sulfate solution 
used in titrating 25 cc. of 0.02 iV acid mixture and the per
centages of the acids present. For accurate work this curve 
should be drawn on a  large scale to enable one to read small 
amounts.
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T a b l e  IV. D e t e r m i n a t i o n  o f  A c id s  a f t e r  P r e c i p i t a t i o n
O x a l i c 0.1148 N

N o r m a l i t y S a m p l e A c i d C c (S O O * O x a l i c C i t r i c
o f  A c i d s U s e d U s e d U s e d A c i d A c i d

Cc. Cc. Cc. % %
0 .02318 2 1 .5 7 2 3 .7 1 14 .4 0 4 3 .2 5 6 .8
0 .02571 19 .45 2 3 .7 0 14 .42 4 3 .0 5 7 .0
0 .02457 2 0 .3 5 2 3 .6 3 14 .6 0 4 2 .2 5 7 .8

This shows th a t the percentages of the two acids present 
in a  given mixture may be determined with an error of less 
than 1 per cent of the amounts present. Considering that 
the solutions used are bu t 0.02 N, the total acid present in 
25 cc. would be but (0.02) (25) (0.045) gram of oxalic acid =  
0.0225 and 1 per cent of this or 0.000225 gram is the error in 
weight due to the method.

C o n c l u sio n s

A method has been developed for the analysis of mixtures 
of citric and oxalic acid by a differential titration, first as an 
acid and then by oxidation with ceric sulfate.

The accuracy is about 1 per cent of the to tal acid present.
The two aeids may be separated from mixtures of other 

organic acids obtained in fermentation processes by the insolu
bility of their lead salts. These salts are changed back to 
the free acids by treatm ent of the suspension of the lead salts 
with hydrogen sulfide, and after filtering the excess of hydro
gen sulfide can be removed by passing nitrogen gas through 
the solution.
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I t a l i a n  S p o n g e - P r o c e s s e d  L e m o n  O i l  S i t u a t i o n .  The 
February drop in quotations for Italian sponge-processed lemon 
oil to 4.50 lire per Sicilian pound, from the previous month's 
ruling quotation of 6.00 lire, was considered particularly serious, 
in view of the relatively high cost of the fruit. I t  is estimated 
locally th a t 1000 lemons yield 1.5 Sicilian pounds of oil and 3 kg. 
of citrate of lime, the total value of which a t February quotations 
was not over 12.75 lire. The fruit itself cost about 8 lire per 
thousand. When other expenses were added, the prices men
tioned above resulted in a definite loss. Producers are agitating 
vigorously for some action on the part of the government. Lack 
of demand and lack of ready cash resulted in sales a t any prices

offered. In spite of the striking drop in prices, foreign demand 
was weak, whereas in preceding months, with much higher prices 
prevailing, there was much greater activity. Local well-in
formed sources rejected the supposition th a t foreign oil stocks 
were of sufficient size to account for the lull, and contended that, 
for some years past, no stocks of lemon oil had been created 
abroad. I t  is said th a t the price drop was probably due to a com
bination of factors, which included: the deliberate abstention from 
purchasing, by local exporters, with a  view to further depressing 
the price level; the large stocks remaining from last year (which 
are said, inclusive of machine production, to have exceeded
1,600,000 Sicilian pounds), and the tightness of money.



Choice of Catalysts for the Hydrogen 
Electrode

A r t h u r  E . L o r c h ,  Columbia University, New York, N . Y.

IN S P lfE  of the universal use of the hydrogen electrode, 
the metals available for the purpose have not been very 
systematically investigated. In  a recent paper (2) there 

appeared a study of such catalysts which the writer wishes to 
supplement here, especially with the view of furnishing a prac
tical guide to the laboratory technician.

C o n s i d e r a t i o n s  G o v e r n i n g  C h o i c e  o f  C a t a l y s t s

Hydrogen-electrode catalysts gradually lose their activity 
when exposed to hydrogen. This decay is produced by the 
hydrogen itself, although of course certain impurities when 
present may cause a so-called poisoning of the catalyst dis
tinct from the above effect. In  some cases the poisoning by 
impurities is more pronounced than the deactivation by hy
drogen; in others the reverse is the case. Catalysts retain 
their activity when stored in oxygen or air.

Freshly electroplated platinum or iridium is always highly 
active, whether the deposit is smooth or black. The rate at 
which these deposits become deactivated when in use depends 
on their thickness and on the rate a t which they are plated. 
Thick deposits, especially if plated very slowly, remain active 
for a longer time.

The decay of hydrogen-electrode catalysts is enormously 
accelerated by an increase in the temperature. Because of 
this a dry electrode may become entirely inactive when taken 
from the air into a hydrogen atmosphere, owing to the com
bination of the two gases a t the surface, even if for only a frac
tion of a  second. Previous wetting of the electrode is a nec
essary precaution when making a transfer of this kind.

Deviations from the equilibrium hydrogen potential arc due 
to polarization of the hydrogen electrode by substances ca
pable of oxidizing activated hydrogen or reducing hydrogen 
ion; and to leakage of H + (adsorbed during plating) from the 
electrode and consequent change in the H + concentration a t 
the electrode surface. Polarizing impurities are found both 
in the solution (traces of dissolved oxygen) and in the elec
trode itself (base metals dissolved in the platinum). The 
effect of these impurities on the potential depends on their 
concentration and on the catalytic activity of the electrode, 
being less the greater the catalytic activity. Poisons do not 
directly cause deviations from the equilibrium potential but 
indirectly by affecting the catalytic activity. Because com
mercial gold (foil or wire) is usually much purer than com
mercial platinum, it makes a very desirable base for plating 
the catalysts.

The following recommendations are made as to the choice 
of catalysts:

For decidedly acid or basic solutions or for strongly buffered 
neutral solutions and also for maximum resistance to  the action 
of poisons, platinum black.

For unbuffered neutral or slightly acid solutions, bright thin 
deposits of platinum or iridium. I t  may be desirable to  plate 
these deposits from an alkaline bath in order to minimize the 
adsorption of H + by the metal (1).

For slightly basic, unbuffered solutions, bright thin iridium.

P r e p a r a t i o n  o f  C a t a l y s t s

The quality of the deposits is impaired by evolution of hy
drogen or by the uneven plating resulting when too great a 
portion of the current merely reduces the ions to a lower va

lence without forming metal. For these reasons the concen
tration of the plating bath is specified and stirring is recom
mended in some cases, and not in others. The current den
sities should be as small as possible. The finished electrodes 
may be stored in distilled water with access to air. They 
should never be treated with chromic acid.

P l a t i n o m  B l a c k .  This is plated with slow stirring from a 2 
per cent solution of chloroplatinic acid containing a trace of 
lead acetate, which seems to  promote adhesion of the deposit to  
the base. The current should be about 60 milliamperes per 
sq. cm. for 1 to 2 minutes. Nothing is gained by making the 
deposit very thick or by reversing the current a t intervals. 
I t  is advisable to allow the electrode to  stand a  few hours in 
distilled water before using it.

B r i g h t  P l a t i n u m .  The plating solution is prepared by 
heating chloroplatinic acid on a sand bath  to  about 300° C. 
for an hour. The residue is dissolved in hydrochloric acid to give 
a  2 per cent solution of chloroplatinous acid in 1 M  hydrochloric 
acid. The current density in this bath  should be about 1 
milliamperc per sq. cm. or less for 10 to  30 minutes w ithout 
stirring.

If an alkaline plating bath  is to be used, a 0.5 per cent solution 
of sodium chloroplatinate plus sodium hydroxide is prepared. 
The current density in th is case will have to  be high (10 milli
amperes per sq. cm. or more) and no stirring used. The plating 
is continued until the thickness is 2 to 6 times th a t necessary 
just to  cover the base. Beyond this thickness, increase in the 
objectionable features of the deposit (loss of smoothness) offsets 
any gain in the desirable ones (increased resistance to decay).

B r i g h t  I r i d i u m .  The material for the plating bath  is ob
tainable on the m arket in a  form usually labeled iridium te tra 
chloride. A dilute solution of this (about. 0.1 to 0.5 per cent) 
is used as a bath. The best results are obtained by using be
tween 0.1 and 1.0 milliampere per sq. cm. and allowing enough 
time to give a to tal thickness of from 2 to 6 times th a t which 
will just cover the gold base. This may require 3 or 4 hours. 
The bath should not be stirred.

T a b l e  I .  C a t a l y t ic  A c t iv it y  a n d  D e c a y  o f  E l e c t r o d e s

T i m e  o f  E j c p o s c k e  
t o  H y d r o g e n

11 ours
5

23
48

(In 0.1 AT hydrochloric acid) 
B r i g h t  B r i g h t

P a l l a d i u m  P l a t i n u m

A m peres/ A mperes/
volt/sq. cm. volt/aq. cm.
0.000035 0.019
0.0000041 0.017
0.0000035 0.013

P a l l a d iu m  E l e c t r o d e s

B r i g h t  
I r i d i u m  

Amperes/ 
volt/sq. c-m. 

0 .020  
0.019 
0.010

Many investigators have used palladium electrodes in the  
belief th a t a high capacity for hydrogen absorption neces
sarily implies good hydrogen-electrode properties. There is, 
however, very little connection between the absorption ca
pacity and the catalytic activity of the surface for hydrogen 
activation, which latter is the quality desired in a hydrogen 
electrode. Palladium is not very active in this respect when 
compared to platinum or iridium and, even though palladium 
black may be sufficiently active to  serve (because of sheer ex
tent of area), still it is so far short of platinum black th a t there 
can be no advantage in its use. A comparison of the catalytic 
activity of bright palladium with th a t of bright platinum  and 
bright iridium brings out the tremendous difference very 
clearly. A typical test is shown in Table I. The measure of 
catalytic activity is the slope of the polarization curve a t th e  
equilibrium potential (2).

164
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C h e c k i n g  V a l i d i t y  o f  H y d r o g e n - E l e c t r o d e  
P o t e n t ia l s

I t  is common practice, when determining hydrogen-ion 
activity, to  use two or more electrodes together. I t  is con
sidered th a t the agreement of several electrodes is a satisfac
tory indication th a t they have reached the desired potential. 
W ith identical preparation of the catalysts we may expect 
them to have similar properties and that the effect of polar
izing impurities on all electrodes may be the same— that the 
potentials will show close agreement even though they be far 
from the equilibrium value. The only certainty tha t we are 
reading the true equilibrium potential is by the agreement of 
electrodes of widely different catalytic activities. The prepa

ration of electrodes of low activity is best accomplished by 
allowing bright electrodes to age in hydrogen a few days. 
They should not, however, be allowed to become too inactive, 
as an activity less than 0 . 0 0 1  makes the catalyst impractical 
for the purpose. For most ordinary work such refinement is 
not necessary.
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A Method for Measuring the Dew Point 
of Natural Gases'

A. M i c h e l s  a n d  G. W. N e d e r b r a g t ,  Laboratorium  Bataafsche Petroleum  M y., A m sterdam , Holland

A GREAT quantity of natural gas escapes from the wells 
in oil fields. The greater part of this gas is methane, 
and the remainder is mostly a mixture of saturated 

hydrocarbons up to  hexane, of which the higher-boiling 
constituents are valuable for addition to the low-boiling 
fractions of the natural oil. The separation of the higher 
homologs in the gas is usually carried out by compressing 
to about 2 0  atmospheres a t most, and cooling to about —1 0 ° 
C. The object of the work described here was a  study of the

dew point of a gas mixture with a view' to establishing the 
most efficient conditions for the extraction of the higher 
homologs.

T h e  M e t h o d

When an ideal gas (Boyle gas) is compressed at constant 
temperature, the product, pv, is independent of the pressure. 
In the case of a  real gas, however, the value of pv changes 
with pressure, so th a t if pv is plotted against p, a curve is 
obtained which runs smoothly up to the pressure a t which 
condensation of the gas starts. A t this point there is a break 
and the curve becomes a straight line perpendicular to the p 
axis, as it is impossible to increase the pressure a t constant 
temperature until all the gas has been liquefied. With a 
mixture of gases there is also a break in the curve a t the 
condensation point, but the value of p does not remain 
constant during condensation and therefore the pv-p curve 
does not become perpendicular to the p  axis. The difference 
in the slope of the two parts of the curve on each side of the 
break depends on the composition of the gas and also on the 
temperature. The higher the temperature the smaller the

1 T hirty -fourth  publication of the v. d. W aala fund, Amsterdam , Holland.

change in slope, until it becomes zero a t the critical point 
of the mixture. I t  follows th a t the dew pressure can be 
determined by measuring the isotherm.

T h e  A p p a r a t u s

The use of an ordinary Cailletet piezometer, in which the 
gas is compressed into a narrow glass capillary tube, would 
obviously be unsatisfactory, because, as soon as liquid is 
formed, small drops might stick to the wall of the capillary 
tube and be enclosed by the mercury when this rises.

A diagrammatic sketch of the apparatus used by the authors 
is given in Figure I.

r  Two high-pressure gas cylinders, A  and B (volume about 
600 cc.), are connected with the steel capillary C, which reaches 
the bottom of the gas cylinders. Both cylinders, when in use, 
are partly filled with mercury. The gas under investigation 
fills the upper half of cylinder A . The top of B  can be filled with 
nitrogen from cylinder E. Cylinder A  is placed in a thermostat, 
the temperature of which can be regulated to within 0.01° while
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F i g u r e  3. I s o t h e r m  a t  0a C.

cylinder B  stands 
on one scale pan 
o f  a  b a la n e e .-  
The steel capil
laries D  and C 
(1.2 mm. outer, 
0.8 mm. inner di
ameter) are flex
ible enough to give 
a  balance sensi
tiv ity  of 4 scale 
d iv is io n s  p e r  
gram. To com
p r e s s  t h e  g a s  
under investiga^ 
tion the tap  lead
ing from cylinder 
E  is opened, and 
the pressure of ni
trogen in cylinder 
B  increases, forc
ing th e  mercury 
through capillary 
C i n t o  b o m b
A . The decrease 
in  v o lu m e  of 
the gas in A  is

equal to  the volume of the mercury displaced from B, which 
can be calculated from the loss in weight of! B. For accu
rate measurements of the pressure a pressure balance was used. 
Tube P leads to a leveling gage, O, which is coupled to the 
press, H, and from here to the pressure balance, K . When 
pressure equilibrium is reached, the pressure of the gas in A  can 
be calculated from the load on the pressure balance, corrections 
being applied for the hydrostatic pressures of oil between K  
and the oil level in O, of nitrogen between G and the mercury 
level in B, and of the mercury between the levels in A  and B.

T  F.MPETtATtTRF. CONTROL

The bomb which contains the gas to be examined is placed 
in a well-insulated therm ostat. Above room temperature 
heating control as described by one of the authors (I) is 
used. Between room temperature and 0° the therm ostat 
Is cooled with the help of a cooling coil and the tem perature is 
regulated in the same way. As it is essential for good regula
tion of temperature th a t the am ount of heat removed from 
the therm ostat by the cooling coil shall not fluctuate too 
rapidly, an arrangement was made whereby cooling liquid of 
constant temperature was introduced a t constant rate into 
the cooling coil (Figure 2 ). Kerosene was used as the cooling 
liquid, being precooled in another copper coil, D, placed in a 
second double-walled vessel, B. The kerosene was circulated 
by a piston pump, C, running a t constant speed.

In  practice it is preferable not to place coil D directly in 
ice, but to cool it with water of nearly 0° C. The arrange
ment used is shown in Figure 2. Spiral D was surrounded 
by the tinned copper gauze, E, and the space between E  
and the wall of the vessel filled with chopped ice. The vessel 
was then further filled with water, until level F  was reached. 
An Archimedes screw pump, G, sucked the water past the 
windings of the coil and poured it out again a t H  into tray  I , 
the bottom of which is riddled with small holes, thus giving 
a reasonable distribution of the water over the top of the ice.

M e a s u r e m e n t s  a n d  R e s u l t s

Measurements were carried out on natural gas, obtained 
from the D utch E ast Indies. The gas had been passed 
through a  commercial condensation apparatus and was 
stored in a steel bomb of 50-liter capacity. The measuring 
apparatus was to be filled directly from this bomb and as some 
of the higher homologs might have condensed in the bomb,

it was heated up to 40° C. just before filling. The analysis 
of the gas, as carried out with a Podbielniak rectifying 
apparatus, was as follows:

COi

M o l e  
P e r  C e n t  

0.6
0 , 0 .3
N , 1 .2
CH, 74.9
C ,H . 12.0
C .H , 6 .7
C4H 1B (w o ) 1 .9
C^HlO (n) 1.3
C * H jj ( is o ) O.S
C»Hu (*) 0 .1
C«Hi< 0.2

F ig c is f .  4. Isotherm  at 10° C.

Measurements were carried out a t temperatures of 0°, 
10°, and 21° C. The results are shown in Figures 3, 4, and 5 
in which the values of pv are plotted against p. The values of 
pv were obtained by multiplying the pressure in atmospheres 
by the volume of the gas in an arbitrary unit. By this 
method the normal volume of the gas—i. e., the volume a t 1  

atmosphere and 0 °—was not measured; therefore it was not 
possible to express the figures in standard units. From the 
figures it  can be seen th a t a t 0 ° the gas starts to  condense 
a t a pressure of 15.5 atmospheres and a t 10° C. a t 25.5 atmos
pheres, whereas there is no obvious break in the 2 1 ° C. curve. 
Therefore the critical temperature of the mixture is probably 
below 2 1 ° C.

A c k n o w l e d g m e n t
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A Photronic Colorimeter and Its Application 
to the Determination of Fluoride

L. V. W i l c o x ,  U. S. D epartm ent of Agriculture, B ureau of P lan t Industry , R iverside, Calif.

IN CONNECTION with the study of natural waters, a 
need was felt for a photoelectric colorimeter, and after 
some preliminary experimental work the apparatus here 

described was assembled. I t  uses as its light-measuring 
elements two Weston photronic cells, which are photoelectric 
cells of the type th a t transforms light energy directly into 
electrical energy without the use of an external e. m. f. 
In  the present assembly the cells are electrically opposed 
and the current developed by them is balanced by means of a 
variable resistance. A sensitive galvanometer is used as the 
indicating instrument. The intensity of the light trans
m itted through a colored solution is measured in terms of 
the resistance th a t must be interposed to balance the pho
tronic cells.

The apparatus has been satisfactorily used for the deter
mination of fluoride in natural waters by a modification of 
the acetylacetone method described by Armstrong (1). In 
earlier tests the thiocyanate reagent and method, essentially 
as described by Foster (8), were used, but it has been found 
th a t the acetylacetone reagent is somewhat less susceptible 
to  the effect of sulfate and chloride than the thiocyanate 
reagent.

D e sc r iptio n1 o f  A p p a r a t u s

'A  schematic diagram of the apparatus and circuit is shown 
in Figure 1.

The light, W, is a 50-watt, 110-volt mill-type bulb. The 
plate-brass light housing has a ground-glass covered opening, D,
0.5 inch (1.27 cm.) in diameter in each light path. Heavy, 
seamless brass tubes 2.06 inches (5.2 cm.) inside diameter connect 
the light openings with the solution cabinets, or boxes, B\ and
B ., and like tubes, in turn, connect these with the photronic 
cells, P , P , mounted in the two extremities. The lenses, L, 
between the light and the boxes, render the light rays parallel 
and those beyond the boxes converge them slightly toward the 
faces of the photronic cells. Slit Si has two moving parts and 
can be adjusted from a fully open position to completely closed. 
Slit S i has a  single moving part which, when closed, will cover 
about one-third of the light path.

The Model 594 Weston pho
tronic cells are of photovoltaic 
type and in operation resemble 
o r d in a r y  voltaic c e lls . The 
positive poles are connected di
rectly and the negative poles are 
c o n n e c te d  through the resist
ances. The variable resistance 
is a  decade box of 11,110 ohms 
in steps of 1 ohm. The fixed re
sistance has a value of 1000 
ohms. The galvanometer has a 
sensitivity of 0.025 microam
peres per scale division. The 
resistance of the coil of the gal
vanometer is 1000 ohms. The 
110-volt alternating current cir
c u i t ,  n o t  sh o w n , in c lu d e s  a 
switch and a double outlet for 
the lamps of the colorimeter and 
the galvanometer.

I t  was originally planned to 
compare the reference and un
known solutions. For this pur
pose two boxes, B i and B , of 
Figure 1, were provided in the 
set. To make such a measure
ment, the set is balanced, as in

dicated below, with a cell filled with the reference solution in each 
box. The reference solution in the cell in box S 2 is replaced by 
the unknown solution and the set is balanced by adjusting the 
variable resistance, VR. The change in this resistance from the 
original setting of 1000 ohms to some new value measures the 
difference in light transmission of the two solutions. For the 
present purpose this oilers no advantage, bu t there may be appli
cations where it would be desirable. Likewise, the use of all
glass cells arranged in a horizontal position or Nessler cylinders 
in a vertical position might be indicated. Such modifications 
could be made without changing the electrical circuit.

The general arrangement of the set is shown in Figure 2. 
In the foreground are two glass cells of the type used. They 
are of metal, lacquered inside, with plain glass sides. To the left 
of the cells is an amber-colored glass, the resistance reading 
of which is frequently noted as a measure of the reproduci
bility of the instrument. The resistance required to com
pensate for this glass is 390 ohms, with variation from day to  
day not exceeding =*=3 ohms.

O p e r a t i o n  o p  P h o t r o n i c  C o l o r i m e t e r

Fifteen minutes before use, the lamps of the set and the 
galvanometer are turned on. The variable resistance, VR, of 
Figure 1, is set a t 1000 ohms and the switch, Sw, is left open. 
Ten minutes later, the switch is closed and the slit, Si, is ad
justed until the galvanometer shows no deflection. The set is 
then kept in balance by adjusting the slit until it  remains in 
equilibrium. This requires only a few minutes, after which 
the set is ready for use. The switch is opened and into the box, 
B2, a  reference solution in a glass cell is introduced. The switch 
is closed and the set brought back to balance by means of the 
variable resistance. (The adjustm ent of the slits should not be 
disturbed during the measurements.) The resistance is recorded.

The process is repeated with the unknown solution substituted 
for the reference solution, using the same glass cell.

The ratio of the resistance reading of the unknown solution 
to th a t of the reference solution bears a definite relationship 
to  the concentration of the unknown solution. The method 
of establishing and interpreting this relationship will be dis
cussed below.

Glass light-filters may be 
s u b s t i t u t e d  in place of the 
ground-glass disks, D, Figure 1. 
For the fluoride determination 
green glass filters, having a low 
t r a n s m is s io n  in the red, in
creased the s e n s i t iv i ty  ap
preciably.

Where small differences are 
significant, scrupulous cleanli
ness of the optical parts and 
the cells must be maintained. 
The condition of the appara
tus in this respect can best be 
determined by measuring fre
quently the resistance of the 
ce ll f i l le d  w ith  d is t i l le d  
water.

The switch, Sw, Figure 1, 
should not be closed for any  
length of time when the set is 
far off balance as a condition 
ensues which, in effect, resem

F ig u re  1. D iagram of P hotronic Colorim eter , 
Showing E lectrical C ircuit

VR . Variable resistance 
FR . Fixed resistance 

G. G alvanom eter 
Sw. Double-pole single-throw switch

Si, St. Variable slits
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P. Photronic cells 
L. Lenses 

B\, B-i. Boxes
D. G round glass over openings 
W. Light



bles polarization and from which the photronic cells recover 
rather slowly.

The electrical circuit here presented offers several ad
vantages: a balanced circuit, which largely eliminates effects 
resembling polarization; a “null” measurement, indicated 
by a sensitive galvanometer; recorded values in terms of 
ohms resistance rather than scale divisions; quickly estab
lished equilibrium; and a negligible drift.

D e t e r m i n a t i o n  o p  F l u o r i d e  i n  N a t u r a l  W a t e r s

The procedure described by Armstrong (1) has been 
adapted for use with the photronic colorimeter. Only 
minor changes were found necessary.

R eagents. Ferric nitrate solution, 1 cc. =  0.2 mg. of iron 
in 0.02 N  nitric acid; acetylacetone solution, 0.35 per cent 
aqueous solution; standard fluoride solution, 1 cc. = 0 .1  mg. 
of fluoride; salt solution, 29.2 grams of sodium chloride and
30.1 grams of magnesium sulfate in 1000 cc. of water; 0.1 N  
nitric acid; p-nitrophenol indicator solution, 1 gram in 100 cc. of 
70 per cent ethyl alcohol; approximately 1.0 N  nitric acid; so
dium hydroxide, carbon dioxide-free, approximately 0.5 N.
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F igure 2. P hotograph of P hotronic Colorimeter

P ro c e d u re .  Transfer an aliquot of 100 cc. of the water or an 
aliquot containing not more than 0.5 mg. of fluoride to a 250-cc. 
beaker. Add one drop of p-nitrophenol indicator and 1.0 N  
nitric acid until colorless and 0.5 cc. excess. Bring to  a boil 
and allow to boil 2 minutes, stirring vigorously to expel carbon 
dioxide. Remove from the flame and cool to room temperature.

While the samples are cooling, prepare the ferric-acetylacetone 
reagent, 10 cc. for each determination, as follows: 3 parts of 
acetylacetone solution, 2 parts of salt solution, 5 parts of ferric 
nitrate solution. Mix and allow to stand until ready for use.

When the samples are cool, add carbon dioxide-free 0.5 N  
sodium hydroxide until a  faint yellow color of p-nitrophenol 
develops. Adjust to  colorless with 0.1 N  nitric acid, adding one 
drop in excess.

Make up to  110 cc. Add 10 cc. of the ferric-acetylacetone 
reagent and mix. After 10 minutes, compare in the photronic 
colorimeter as described above. W ith each set of determina
tions, include a sample of distilled water containing all the 
reagents but no fluoride. Calculate the ratio of the resistance 
reading of the unknown to th a t of the fluoride-free sample and 
read the fluoride concentration of the unknown from curves 
worked out in the calibration of the instrument.

Solutions of known fluoride concentration covering the 
range from 0 to 5 p. p. m. were made up with distilled water 
and analyzed by the procedure described above. The re
sults are shown in Table I.

T able I. Analysis op P ure  F luoride Solutions
V a r i a b l e  R e s i s t a n c e  R e a d i n g

F l u o r i d e Fluoride solution Blank® R a t i o  &
P. p .  m . Ohms Ohms

0 523 523 1.000
0 .5 534 523 1.021
1.0 549 523 1.050
2 .0 570 523 1.090
3 .0 591 523 1.130
4 .0 612 523 1.170
5 .0 633 523 1.210

a Resistance required to  balance a  solution of the reagents in  distilled 
water, in this case, the 0 p. p. m. fluoride solution.

& Obtained by dividing the figures of column 2 by  the corresponding 
figures in column 3.

I t  will be seen from these figures tha t for a change of 5 
p. p. m. of fluoride the resistance changed 1 1 0  ohms or an

average of 2 2  ohms per p. p. m. Thus the indicated sensi
tivity for a change of one ohm is 0.05 p. p. m. of fluorine. 
The accuracy of the method is discussed below.

T able II. E ffect  of Sulpate and Chloride on D eterm ina 
tio n  op F luoride

R a t i o s  o f  R e s i s t a n c e  i n  S a l t  
S o l u t i o n s  t o  R e s i s t a n c e  i n  

D i s t i l l e d  W a t e r
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A n i o n C o n c e n t r a t i o n
Fluoride, 
0 p. p. m.

Fluoride, 
5 p. p. m.

Sulfate
M .E./liter*  

0 1.000 1.210
Sulfate 10 1.019 1.210
Sulfate 20 1.025 1.216
Chloride 0 1.000 1.210
Chloride 20 1.000 1.207

[illigram equivalents per liter.

The effect of chloride has been investigated over a greater 
range than is reported in Table II, and it  is believed th a t the 
effect of this ion m ay be neglected in concentrations not 
exceeding 25 milligram equivalents per liter. Silica, borate, 
and phosphate, in amounts normally present in natural 
waters, likewise appear to be without measurable effect. 
Hydrogen ion is controlled sufficiently accurately by the 
procedure indicated above bu t it should be emphasized, in 
this connection, th a t carbonates m ust be expelled.

Sulfate appears to be the only ion commonly found in 
natural 'waters for which a correction must be made in the 
colorimeter readings.

The reagents here differ somewhat from those suggested 
by Armstrong. The salt solution is an addition to the list. 
In  its absence, the bleaching effect of chloride and sulfate is 
much greater. Ferric nitrate in nitric acid is much more 
stable than ferric chloride. Such solutions have been in use 
for several months and appear to be unchanged.

C a l i b r a t i o n

Solutions of known fluoride concentration covering the 
range from 0 to 5 p. p. m. are made up with distilled water 
and analyzed by following the procedure described above. 
On one axis the fluoride concentration in parts per million is 
plotted and of the other the ratio of the resistances of the 
fluoride solutions to th a t of the fluoride-free solution. Such 
a curve is shown in Figure 3.

F ig ure  3. R esistance R atios at Various 
F luoride C oncentrations in  P resen ce  of 

S ulfate

The only ion thus far encountered in the natural waters 
of the West th a t measurably interferes with the fluoride 
determination is sulfate. I t  appears to be very difficult, if 
not impossible, to remove this constituent without a loss of 
fluoride, but, in view of the fact th a t the effect is approxi
mately linear and additive, the correction for it is compara
tively simple.

Prepare a set of pure fluoride solutions, as directed above, to 
which add 20 milligram equivalents of sulfate per liter, assuming



a  100-cc. sample. Complete the determinations and plot the 
curve. I t  will be found to be below but nearly parallel to the 
first, as reference to  Figure 3 will show. In like manner complete 
additional curves to cover the range of sulfate likely to be en
countered. Then, knowing the sulfate concentration of the 
sample, the fluoride concentration can be determined by inter
polation. For example, suppose the determined resistance ratio 
is 1.150. If sulfate is absent, the indicated fluoride concentration 
is 3.5 p. p. m. If there are 10 milligram equivalents of sulfate, 
the corresponding fluoride is 3.4 p. p. in., and for 20 milligram 
equivalents the fluoride is 3.25 p. p. m.

A n a l y t ic a l  R e s u l t s

Fluoride determinations on a series of natural waters are 
reported in Table I II . In  each case the fluoride was de
termined in duplicate.

T a b l e  III . F l u o r i d e  i n  N a t u r a l  W a t e r s

May 15, 1934 I N D U S T R I A L  A N D  E N G

■Du p l i c a t e  D e t e r m i n a t i o n s
L a b . Resist P . p. m. Resist P. p. m.
No. S u l f a t e B l a n k 0 ance Ratio fluoride ance R atio fluoride

M .E ./l. Ohms
7887 10.8 523 539 1.031 0 .40 540 1.033 0.45
7909 12.3 522 537 1.029 0 .40 537 1.029 0.40
8031 3 .2 522 548 1.050 0.95 548 1.050 0.95
8078 3 .0 522 549 1.052 1.0 549 1.052 1.0
8080 2 .5 522 526 1.008 0.10 526 1.008 0.10
8090 0 .5 522 544 1.042 0.85 543 1.040 0 .80
8146 2 .0 522 563 1.079 1.7 564 1.080 1.7
8164 2 .5 521 549 1.054 1.05 549 1.054 1.05

° Resistance, a t  balance, of a  solution of reagents in distilled water.

To test the accuracy of the method, two experiments were 
undertaken. In  the first, the fluoride concentrations of a 
series of natural waters were determined, then to each of 
separate aliquots 2  p. p. m. of fluoride were added and

the determinations were repeated. The determined values 
were within ± 0 .1  p. p. m. of fluoride of the expected value. 
In the second experiment, a large sample of a natural water 
was collected. The sample contained 11.6 milligram equiva
lents per liter of sulfate. Triplicate determinations by the 
method here described showed 0.40, 0.40, and 0.45 p. p. m. 
of fluoride. Duplicate aliquots were concentrated and dis
tilled by the hydrofluosilicic acid procedure described by 
Boruff and Abbott {2). The fluoride in these distillates was 
determined colorimetrically by the procedure here suggested 
and found to be 0.40 and 0.40 p. p. m. Other aliquots were 
distilled as above and the fluoride in the distillate titrated  
with standard thorium nitrate solution following BorufT’s 
procedure (2). The result in this case was 0.45 p. p. m. of 
fluoride. I t  is concluded, therefore, th a t the accuracy of the 
procedure is within ± 0 .1  p. p. m. of fluoride.
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Use of Trichlorobenzene in Analysis of Graphite Greases
F r a n k  M . B i f f e n ,  Foster D. Snell, Inc., 305 W ashington St., Brooklyn, N . Y .

COM M ERCIAL greases frequently contain chemically 
inert materials, particularly graphite, from which it is 

troublesome to separate such ether-insoluble materials as cal
cium stearate. To carry out the separation for gravimetric 
determination of graphite, a number of solvents have been 
compared, some of them differing from the usual types. As 
a  result of this a method for extraction of calcium stearate 
from graphite by trichlorobenzene has been developed. The 
method is also applicable to other heavy metal soaps such 
as aluminum stearate, magnesium stearate, etc., which are 
even more readily soluble than calcium stearate.

There are given in Table I  the series of solvents investi
gated, their boiling points, and other desirable solubility 
data. These data show th a t a number of solvents m il dis
solve this heavy metal soap, but tha t in no case is it highly 
soluble in the cold solvent. The high boiling point of tri
chlorobenzene, combined with the fact th a t it is among the

better solvents, make it a very satisfactory reagent for such 
extraction. The following procedure for determination of 
graphite in greases containing calcium soap is illustrative of its 
use.

P r o c e d u r e

H eat 5 grams of the grease with 75 cc. of trichlorobenzene to 
about 165 C. Centrifugalize while still hot. Decant off the 
bulk of the trichlorobenzene. H eat the residue with a further 
quantity  of solvent and repeat the operation. Shake the residue 
with a hot 50 to 50 alcohol-benzene mixture, filter through a 
tared filter paper, and wash with the same mixture. D ry the 
residue in the oven and weigh.

If very great accuracy is required, after trichlorobenzene ex
traction, shake with hot 50 to 50 alcohol-benzene mixture acidified 
with hydrochloric acid. Filter, and wash well, first w ith the 
mixed solvent, then with alcohol, and finally with hot water. 
¡Dry and weigh. All filtrations are rapid.

R e c e i v e d  February  24, 1934.

T a b l e  I. Q u a l i t a t i v e  S o l u b i l i t y  o f  C a l c iu m  S t e a r a t e
<0.5 gram of calcium stearate  in 10 cc. of solvent)

S o l v e n t

Acetone
Benzene
B utyl alcohol
C arbon tetrachloride
E thy lene glycol monoethyl ether
D iethylene glycol

o-Dichlorobenzene

B o i l i n q  P o i n t  
° C.

56
80

117
76

135
245

179

Isopropyl alcohol 
PropylenePropylene dichloride
Trichlorobenzene
Trichloroethylene
Toluene
Turpentine
Xylene

° Slightly soluble, some had dissolved.

83
97

218
87

111
156
140

At 20°

Insoluble
M oderately
Slightly
Slightly
Insoluble
Insoluble

Slightly

Slightly 
Insoluble 
Slightly 
Slightly 
M oderately 
Slightly 
Slightly

A t 60°

Insoluble
M oderately
Slightly
Slightly
Insoluble
Insoluble

M oderately

Slightly
Insoluble
Slightly
Slightly
M oderately
M oderately
M oderately

S o l u b i l i t y 0 -
At boiling point

Insoluble 
M oderately 
Soluble bu t cloudy

Soluble bu t cloudy 
Calcium s tearate  melts clear 
M oderately soluble 
Soluble b u t cloudy 
Separates rapidly on cooling 
Slightly 
Slightly
Completely soluble and  clear a t 165°
Slightly
M oderately
Soluble b u t cloudy
Soluble b u t cloudy

M oderately soluble, roughly 50 per cent had dissolved.



Determination of Peroxidase Activity
D e a n  A. P a c k ,1 T he Birdseye Laboratories, Gloucester, M ass.

TH E  preservation of fruits and vegetables by freezing and 
subfreezing temperature storage often requires the in
hibition or control of enzyme action. The degree of suc
cess with which these measures are applied determines to some 

extent how well the color, flavor, odor, and other character
istics of the fresh product are retained during storage. A 
study of these problems has required the adaptation or de
velopment of exact methods of determining enzymes appli
cable to  the particular products.

Because of the rather general distribution of peroxidase and 
the need for control of its activity, a quantitative method of 
investigation was required. As the Guthrie (1) method 
seemed simple and required no expensive apparatus, it was 
studied. A preliminary study showed th a t this method did 
not give the maximum peroxidase activity of many products— 
for example, strawberries gave little or no peroxidase ac
tivity. This difficulty was corrected in part by thoroughly ex
tracting the enzyme from all the tissue sample and making the 
determination a t  the optimum hydrogen-ion concentration 
for strawberry peroxidase.

The method as now worked out has the advantage of esti
mating, on a dry-weight basis, the total peroxidase activity 
of the entire sample in the presence or absence of catalase and 
a t  the optimum hydrogen-ion concentration for the peroxidase 
of the particular product examined.

E x p e r i m e n t a l  W o r k

The Guthrie method was changed in the following respects:

(1) An extract of the entire tissue sample replaced the pressed 
juice sample; (2) M cllvaine’s dibasic sodium phosphate and 
citric acid buffer was used instead of sodium hydroxide and citric 
acid buffer; (3) the reaction of the medium was adjusted to  the 
peroxidase optimum for the particular tissue examined; (4) the 
amount of all reagents and extracts was reduced 50 per cent, ex
cept for toluene which was added as required for complete solu
tion of the indophenol; (5) an enzyme sample in which the peroxi
dase had been inactivated was added with each reagent blank; 
and (6) the results were expressed as milligrams of indophenol 
per decigram of dry substance in the enzyme sample.

In  order to obtain maximum peroxidase activity, the samples 
were ground thoroughly with water or buffer solution and fine 
sand in a  mortar, made up to volume with water or buffer solu
tion, and aliquot samples used for representative determinations. 
This method gave a more complete extraction of the enzyme 
than is possible by using only the pressed juice. The point was 
illustrated by the analyses of two samples of similar tissue and 
equal weight taken from an individual pear. The peroxidase 
in samples A was extracted by grinding, while th a t in samples B 
was extracted by freezing, thawing, and 5500 pounds pressure 
per square inch (387 kg. per sq. cm.). The amount of peroxi
dase in each sample was represented by the milligrams of indo
phenol produced per decigram of dry weight of samples A and B.

The results are given in Table I  for determinations made at 
both 6.0 and 6.4 pH.

T a b l e  I. P e r o x i d a s e  A c T m T T  o f  P e a r  T i s s u e

S a m p l e

A
B
A
B

R e a c t i o n  o p  
M i x t u r e , p H

6.0
6 .0
6 .4
6 .4

I n d o p h e n o l  
P r o d u c e d ® 

M g./do. 
2 .76 
0.465 
3.52 
0.604

compounds used to make up each buffer. Seven different 
kinds of buffer mixtures were examined. M cllvaine (2 ) 
and Sorensen (S) buffers were found to be less sensitive to the 
substrate than the other buffers a t  pH  values near the opti
mum for peroxidase. The magnitude of the complete blanks 
varied from 20 to 50 per cent of the total indophenol formed, 
depending upon the kind of enzyme extraction as well as the 
proximity of the solution to neutrality.

The use of the M cllvaine or the Sorensen citrate-sodium  
hydroxide buffer mixture made it possible to determine th e  
peroxidase activity a t a  higher pH  value. This modification 
adds to the usefulness of the method, since it  is no longer 
limited to a reaction of pH  4.5. Table I I  gives the am ount 
of indophenol produced a t the higher and lower pH  values 
by aliquot samples from extracts of various products.

T a b l e  II . E f f e c t  o f  H y d r o g e n - I o n  C o n c e n t r a t i o n  u p o n
P e r o x id a s e  A c t iv it y

C a t a l a s e
R e a c t i o n  a t R e a c t i o n  a t  o k A c t i v i t y
O p t i m u m  p H n e a r  p H  4.5 o f  P e r o x i 

Indo  Indo d a s e  S a m p l e
P r o d u c t S a m p l e pH phenol“ pH phenol i n  O x y g e n

M g./dg. M o./do. Cc.
Straw berry 1 6 .8 1.98 4 .5 0.03*> 0.02
Straw berry 2 6 .8 2.33 4 .5 0.02b 0 .02
Pear 3 6 .2 4 .95 4 .5 0.426 0.00
Pear 4 6 .2 5.01 4 .5 0.45b 0 .00
Asparagus 5 6 .4 113.0 4 .4 2 0 .0° 1.98
Asparagus 6 6.4 112.2 4 .4 21.0° 1.98
P otato 7 7 .0 60.7 4 .4 7 .2 ° 0 .20

a About 83 per cent of the peroxidase was not in the  Juice.

While it was noted tha t the a-naphthol-p-phenylenediamine 
mixture was more sensitive near the neutral point, this sensi
tivity varied with the kind of buffer used and finally with the

1 Present address, General Foods Corp., B attle  Creek, Mich.

a M cllvaine buffer used.
* C itric acid and sodium hydroxide buffer used.

These results show tha t one m ay substitute the M cllvaine 
buffer and increase the pH  value with an increase of th e  
peroxidase activity. The blanks with the M cllvaine buffers 
were lower than those with the citric acid and sodium hydrox
ide buffers.

As the peroxidase of many fruits and vegetables is wholly 
or partly inactive if determined a t pH 4.5, determinations 
should be made a t the optimum pH for the peroxidase being 
examined. This optimum for strawberries, pears, cauliflower, 
asparagus, and potatoes was found to be between 6  and 7  
pH. One may compare the peroxidase activity of these tis
sues a t the optimum pH values with the activity of the same 
extracts buffered to a lower pH value (Tables I I  and I II ) . 
These results show a notable increase of peroxidase activ ity  
a t or near the optimum pH  value. Peroxidase determinations- 
made by the W illstatter and Stoll method also showed th a t 
pear peroxidase was more active a t 6.2 than a t  4.5 pH.

The catalase in the peroxidase sample m ay be inactivated 
a t a suitable low temperature with only a slight loss of peroxi
dase activity. This temperature varies with the product; 
thus, 60° C. was used for asparagus, while 50° C. was suf
ficient for pear extracts.

The following experiment was performed to show th a t pear 
peroxidase was more active a t 6.2 than a t 4.5 pH  in the ab
sence of catalase:

A 1 per cent chloroform-water extract of pear tissue, having a. 
pH  value of 4.56, was heated for 12 minutes a t 50° C. to  inactivate 
the catalase. To determine the absence of catalase, samples- 
five times as large as the peroxidase samples were buffered to 6.2 
pH  and the chloroform was removed from each sample by shaking 
just previous to  the catalase determination. Aliquot samples of 
this extract, which gave no catalase activity, were used for de
termination of its peroxidase activity  a t  6.2 and a t  4.5 pH. T h e  
Mcllvaine buffer was used for the 6,2 pH and the citric acid w ith  
sodium hydroxide buffer for the 4.5 pH  determinations.
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The results given in Table I I I  show th a t pear peroxidase 
was also more active a t the optimum pH  value of 6.2 after 
the catalase had been destroyed.

T a b l e  I I I .  P e r o x id a s e  A c t iv it y  o p  P e a r  T is s u e  a f t e r  
C a t a l a s e  H a d  B e e n  I n a c t iv a t e d  b y  H e a t

P e r o x i d a s e
p H  V a l u e  o f - A c t i v i t y

S a m p l e R e a c t i o n ( I n d o p h e n o l  P r o d u c e d )
Mo.

1 6.2 3.62
2 6.2 3.62
3 6.2 3.69
4 6 .2 3.75
5 4 .5 0.46
6 4.5 0.44
7 4 .5 0.37
8 4.5 0.47

The optimum pH of 6.2 for pear peroxidase was determined 
experimentally by making peroxidase determinations under 
controlled conditions and pH values ranging from 4.4 to 8.4. 
Aside from this, no constant relation has been noted between 
peroxidase and catalase activity, and it is doubtful if the 
presence of catalase interferes directly with the peroxidase 
determination. If this is true, the catalase in peroxidase 
samples need not be inactivated.

The reagents were used in the same relative proportion as 
outlined by Guthrie but halved in amount. To insure com
plete and rapid solution of the indophenol, it seemed best 
to vary the amount of toluene with amount of indophenol to 
be dissolved. The indophenol production is linear with the 
enzyme concentration in dilute solutions. I t  is best to adjust 
the enzyme sample so as to not exceed 3 mg. of indophenol 
per sample.

In  order to make the determination of peroxidase compa
rable, a blank consisting of all reagents and peroxidase-inacti
vated extract was carried along with each test. The peroxi
dase in these blanks was inactivated by boiling for 2 0  minutes 
just previous to the determination.

The only change in the order of procedure was the addi
tion of the substrate to the enzyme extract and finally the 
addition of the buffer with the hydrogen peroxide. To avoid 
part of the sensitivity effect of the reagents, the solutions 
should be held a t a  temperature of 25° C. before mixing.

The results were expressed as milligrams of indophenol 
produced by the peroxidase per decigram of dry substance in 
the enzyme sample. The dry-weight base was used because 
the water content of fresh, frozen, and stored frozen products 
varies considerably.

P r o c e d u r e  R e c o m m e n d e d

The suggested procedure for the determination of peroxi
dase activity is as follows:

Care should be exercised to obtain comparable samples of the 
product for both dry-weight and peroxidase determinations. 
The weighed peroxidase sample should be ground thoroughly with 
fine sana and afterwards made up to  a  definite volume w ith water 
or buffer solution. A measured volume of this enzyme solution 
is boiled for 20 minutes to destroy the peroxidase and then made 
up to the measured volume for peroxidase-free samples and indi
cated as the blank solution. A required volumetric sample of 
the enzyme solution is placed in a  100-cc. flask and to this are 
added 6.25 cc. of the substrate solution containing 0.02975 gram 
of p-phenylenediamine hydrochloride in water with 0.595 cc. 
of 4 per cent a-naphthol in 50 per cent alcohol. (Solutions are 
made up in these proportions for several samples a t one time, 
brought together, and filtered just before using.) The reaction 
is started by the addition of 8.75 ce. of a solution containing 6.25 
cc. of the optimum pH buffer and 2.5 cc. of 0.05 N  hydrogen perox
ide. The reaction progresses a t  25° C. for 10 minutes and is 
stopped by the addition of 2.5 cc. of a  0.1 per cent aqueous solu
tion of potassium cyanide. A blank determination, made up 
from all the reagents and the required volume of the blank solu
tion, is carried along with each peroxidase sample. The indo
phenol produced is dissolved in toluene and separated from the 
aqueous solution by centrifugalizing for 1 minute. The am ount 
of indophenol in the sample is determined by colorimetric com
parison with a standard containing 50 mg. of indophenol per 
liter of toluene. The amount of indophenol produced by the 
sample, less th a t produced by its blank, gives the initial peroxi
dase activity. From the dry-weight determination, the peroxi
dase activity is reported as milligrams of indophenol per deci
gram of dry substance in the peroxidase sample.
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A Stirrer for Solvent Extraction
J o h n  A. P a t t e r s o n ,  J r . ,  U niversity o f  Pennsylvania, Philadelphia, Pa.

IN T H E extraction by means of immiscible solvents, such 
as ether-water or carbon tetrachloride-water, the need 

for intim ate contact between the liquid layers is apparent.
Figure 1 shows two modifications of a stirrer designed 

in this laboratory. When the stirrer is rotated as indicated by 
the arrows, liquid is drawn from one layer and sprayed in fine 
droplets through the second phase. In  this way intimate
contact, with a large interfacial surface, is obtained. This
stirrer is particularly advantageous for continuous extractions, 
since the body of the liquid which is being 
sprayed is practically undisturbed and may 
be drawn off continuously during the extrac
tion.

On the left are shown the details of the 
stirrer used to lift a heavier liquid and spray 
it  through the lighter liquid layer. When the 
stirrer is rapidly rotated counterclockwise, the 
m o v e m e n t of th e  j e t s ,  B-B, through the 
liquid cause a decrease in  p re s s u re  in the 
hollow shaft of the stirrer. The heavier liquid, 
into which the open end of the shaft dips, is 
drawn up into the jets and sprayed through

the upper layer. This type of stirrer was designed and suc
cessfully used for the treatm ent of organic liquids with sul
furic acid, where the ratio of acid to  organic liquid was 
very low and uniform treatm ent was essential.

On the right is shown the modification for downward flow. 
The principle of operation is the same. In  this case the jets, 
B-B, rotate in the heavier liquid, and the lighter solvent is 
drawn through four small openings, A -A , in the upper part 
of the hollow shaft. This stirrer has been used with entire 

satisfaction for continuous ether extractions 
of aqueous solutions. The ether is added con
tinuously below the water surface, the excess 
ether being drawn off through an overflow.

The stirrers used in th i s  l a b o r a to r y  are 
made from 5-mm. inside diameter glass tubing. 
The jets are 1 cm. from the center and have 
about 0.5-mm. openings, turned a t right angles 
to the cross arms (parallel to the direction of 
rotation). In  the down-flow type the open
ings A-A  a re  a p p r o x im a te ly  1  mm. in 
diameter.

FIGURE 1 R e c e i v e d  February  3, 1934.



Microanalysis of Gaseous Mixtures by 
Pressure-Temperature Curves

J . J . S . S e b a s t i a n  a n d  IL  C. H o w a r d  

Coal Research Laboratory, Carnegie In stitu te  of Technology, P ittsburgh , Pa.

IN C O N N E C T IO N  with 
studies of certain gaseous 
reactions in this laboratory 

need was felt for a  method for 
the accurate analysis of small 
amounts of hydrocarbon gases.
Most of the existing methods 
(3, 5, 6, IS, 13, 15, 16, 17, 19,
SO) are based on fractional dis
tillation and hence require much 
larger samples than are avail
able from laboratory e x p e r i
ments. Certain of the existing 
micromethods (1 ,3 ,4 ,8 ,11 , 14) 
have not hitherto been applied 
to the analysis of hydrocarbon 
mixtures.

A method has been developed 
w h ich  r e q u ir e s  a very small 
sample, less than 1  ml. a t nor
mal temperature and pressure, 
and has been applied satisfac
torily to the analysis of synthetic 
and commercial samples of hy
drocarbon gases, as well as to 
gaseous products obtained in 
this laboratory from the thermal 
d e c o m p o s itio n  of coal. The 
sample is not destroyed in the 
p ro c e d u re  and may be reana
lyzed, the time required for an 
analysis is relatively short, and 
the only r e a g e n t  r e q u ir e d  is 
liquid nitrogen of w h ich  a few 
liters suffice. A limitation of 
the method a t the present time 
lies in the fact th a t it has not 
been found possible to determine 
saturated and unsaturated hy
drocarbons of the same number of carbon atoms in the pres
ence of each other.

The method is a physical one based upon the procedure pro
posed by Campbell (JO and depends upon the characteristic 
form of vapor pressure-temperature curves. Since the de
termination of only low-boiling hydrocarbons was desired 
here, the measurements were made over the range 78° to 
298° K. By the use of suitable temperature-control and 
pressure-measuring devices, the method could be applied to 
higher boiling substances.

I t  is usual to plot vapor pressure-temperature curves in 
linear form, log p  =  1/7’. If, however, p  itself is plotted 
against the absolute temperature, a graph of the form shown 
in Figure 1, curve 1, results. From this curve it is evident 
that, for small values of p, p increases only slightly even with 
considerable change in T  (a to b) ; then over a certain range 
there is a rapid change in slope ( 6  to c) ; this is followed by a 
sharply rising, nearly linear portion (c to  d). The tempera
ture range of rapid change in slope ( 6  to c) was designated by

Campbell as “characteristic con
densation tem perature,” bu t it 
is, of course, not a single definite 
temperature. The expression 
“initial vaporization tempera
ture” (I. V. T.) will be used in 
this paper to d e s ig n a te  t h i s  
region. Curve 1 (Figure 1) por
trays the relations in a closed 
system of one component when 
a vapor phase is in equilibrium 
with its liquid or solid phase. If 
the system is sufficiently large so 
th a t ultimately, owing to increas
ing temperature, the condensed 
phase disappears entirely, the 
curve takes the form shown in 
Figure 1, c u rv e  2 . T h e  first 
portions of these curves are iden
tical. If T% is the temperature a t 
which the condensed phase disap- 
p e a r s ,  th e  c u rv e  f ro m  e to /  
represents merely the expansion 
of the vapor (/;=, T), and, because 
of the comparatively small rate 
of change of p with T  under such 
conditions, the change in direc
tion of curve 2 results. If only a 
relatively small portion of the 
system undergoes the tempera
ture change—i. e., if the vapor is 
allowed to expand into a “reser
voir” of relatively large volume, 
m aintained a t some c o n s ta n t ,  
higher temperature— the portion 
of the curve from e to /  will ap
proach the horizontal. Sharp 
corners, such as is shown a t e, 
were not experimentally realized, 

probably owing to adsorption on the walls of the condensing 
bulb a t the relatively low pressures.

If two substances form separate phases in the condensed 
state, and if their I. V. T .’s are sufficiently far apart so th a t 
the more volatile will be relatively completely evaporated 
from the condensed phase before the vapor pressure of the 
second becomes appreciable, it is evident th a t a quantitative 
determination of the amount of each present can be made by 
measurements of p and T, and plotting p  against T. The 
pressure-temperature relations in such a system will be as 
shown in Figure 1, curve 3. The I. V. T .’s, 2* and T4, are 
characteristic of the components, with the exceptions noted 
later, and hence indicate the qualitative composition; the 
ratio of pi to p-< gives the fraction by volume of the more vola
tile component present in the mixture and hence permits cal
culation of its quantitative composition.

If, as has been found to be the case in the hydrocarbon mix
tures worked with in this laboratory, the two substances form 
one phase in the condensed state, a determination is still pos-

A  micromethod fo r  analysis o f gases by pres- 
sure-temperature curves, based upon the proce
dure o f N . R . Campbell, has been developed. 
Less than I  m l. o f sam ple (N . T . P .)  is sufficient 
fo r  an  analysis. The sam ple is not destroyed 
and m a y be reanalyzed. The tim e required fo r  
an analysis is 3 to 5  hours. The only reagent 
required is liquid  nitrogen o f which 1 to 2 liters 
suffice.

The method has been applied  successfully to the 
analysis o f synthetic m ixtures o f pure  hydrocar
bons, commercial gas samples, and  gaseous prod
ucts obtained in  the thermal decomposition o f coal 
in  this laboratory.

I n  those cases where two components fo rm  a 
heterogeneous condensed phase, the determination  
is sim ple; i f  they fo rm  a homogeneous condensed 
phase and have normal boiling po in ts  ly ing  close 
to each other, the determ ination is more difficult 
but still possible.

A  lim itation o f the method as developed at the 
present lime lies in  the im possib ility o f deter
m in ing  saturated and  unsaturated hydrocarbon 
gases o f the same number o f carbon atoms in  a 
m ixture. M ethods o f obviating this difficulty 
are given.

The method depends on a temperature d iffer
ence between the evaporation bulb and  the balance 
of the system, and  hence can be applied  to higher 
boiling m ixtures i f  suitable pressure-m easuring  
and temperature-control devices are used.
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sible in many cases. Now, however, curve ae takes the form 
aei, since it is no longer the vapor pressure curve of the more 
volatile component but is a partial pressure curve of tha t com
ponent, the form of which, in accord with Raoult’s law, will 
be a function not only of the vapor pressure of the more vola
tile component in the pure state, but also of the concentration 
of th a t component in the condensed phase. As a conse-

temperattjre
F ig u r e  1. I dealized  P hessure-T em perature C urves

quence, the values of p  for any given temperature will be much 
lower. I t  is evident th a t in such a system, the fiat portion 
of the curve, the period during which there is merely expan
sion of the vapor of the more volatile component, must be 
less clearly defined, and m ay indeed appear merely as a short 
region of change of slope. I t  follows th a t the definiteness of 
this relatively flat part of the curve, in a system where the 
substances form a single condensed phase, will be a function 
of the relative concentration of the components. If the more 
volatile component is present in great amounts, the flat por
tion m ay entirely disappear; if it constitutes only 
a  small fraction of the total, the fiat portion be
comes more distinct. In  some cases a reduction 
in total pressure was found to be of advantage.
This was probably due to the fact tha t the more 
volatile component was eliminated from the con
densed phase a t a lower temperature and hence 
there was a longer temperature interval for the 
appearance of the definitive flat portion of the 
curve, before the I. V. T. of the less volatile com
ponent was reached.

In  general, I. V. T .’s will be in the same order 
as the normal boiling points of the substances 
present. Their value can be approximately de
termined by plotting p -T  curves from published 
empirical equations, where these cover the neces
sary low range, bu t the best method found in 
this laboratory of fixing these temperatures con
sists in plotting p -T  curves of the pure com
ponents from experimentally determined values.

A p p a r a t u s  a n d  M e th o d  o f  Op e r a t io n

The a p p a r a tu s  shown diagrammatically in 
Figure 2 was constructed of Pyrex glass with no 
stopcocks or rubber c o n n e c t io n s  in th e  main 
system in order to avoid absorption of hydro
carbons by rubber or grease.

The condensation and vaporization of the hydro
carbon gases took place in bulb C enclosed in ther
mostat A  which was filled with liquid nitrogen to 
freeze out the condensable gases. Excess liquid ni
trogen was drained through the vacuum-jacketed 
tube connection a t the bottom of A. I t  was found 
th a t uniformity of temperature in bulb C was of the 
greatest importance in obtaining satisfactory results.
To assure this necessary uniformity of temperature, 
a  layer of copper about 1/3 mm. (0.013 inch) thick 
was deposited electrolytically on the outer surface of 
C, a copper shield was placed around it, and the in
tervening space, as well as the entire Dewar flask, A, 
was filled with copper turnings. The thermocouple,
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B, was copper-constantan and was in direct contact with the 
copper coating of bulb C. The thermocouple was calibrated a t 
the freezing point of mercury, carbon dioxide sublimation tem 
perature, and boiling point of nitrogen. Good agreement was ob
tained with accepted values (18).

The lower Dewar flask, D, was filled with liquid nitrogen and 
provided with an electric heating coil, E, connected in series with 
a  rheostat and an ammeter, which controlled the rate of evapora
tion of liquid nitrogen and thereby the rate of rise of tem perature 
in therm ostat A . If, however, the tem perature did not increase 
sufficiently rapidly, a very slow stream of air was blown through 
the vacuum-jacketed tube connection into A . A tem perature 
rise of 0.4° to 0.6° K. per minute was found to be satisfactory.

During an analysis the mercury was raised to  a  mark on the 
cut-off, / ,  the apparatus to the right serving only for evacuation 
of the system and for introduction of the sample. I t  is essential 
th a t the volume of C, F, and connecting tubing to  the m ark on J  
be maintained constant, bu t it  is not necessary th a t either the 
total volume or the volume of C be determined for an analysis. 
Since almost 95 per cent of the total gas space is not thermostated, 
it is im portant th a t the room temperature be maintained con
stant within 1° K. to  avoid significant errors in the pressure 
readings.

For accurate analyses of mixtures it is im portant th a t the pres
sure be determined for each 2° to 3° K. rise in tem perature of bulb
C, and th a t the time between corresponding pressure and tem
perature readings be a minimum. The pressure was determined 
by means of the McLeod gage F. The range was 3 X 10-1 to 
1 X 10"1 mm. of mercury. In  the first work the McLeod gage 
was supplied with the usual form of reservoir. I t  was later found 
th a t the special type, as shown a t G, contributed greatly to  the 
speed and precision of the pressure readings, since by one turn  
of the control valve, X , communication between F  and G was 
closed, with the result th a t constant readings of the levels of the 
mercury columns were obtained a t once.

To prepare the apparatus for an analysis, the entire system 
was first evacuated a t room tem perature to a t least 10 ~s mm.

/T\

F igure 2. A pparatus for  M icro analysis of G aseous M ix tu res  by  P r e s - 
su re-T em perature  Curves

A . Dewar flask with vacuum -jacketed tube connection
B.  Copper-constantan thermocouple in direct contact w ith freezing bulb
C. Copper-jacketed freezing tube placed in a 2-mra. (0.079-inch) th ick  copper shield
D. Lower Dewar flask containing liquid nitrogen
E.  Electric heating coil in series with rheostat and  am m eter
F. McLeod gage
O, H, I .  M ercury reservoirs
J , K , O. M ercury cut-off tubes with m ark provided on J  
L . Liquid nitrogen trap
M . M ercury-vapor pum p backed by a Cenco H yvac oil pum p 
N . Electric heater
P. Connecting U-tube for introduction of sample 
Q, S. M ercury-filled U -tubes in  connection w ith leveling bottles 
R. Expansion bulb 
T. Sampling reservoir
U, V, Z . Two-way stopcocks for connection with atm osphere or suction 
X .  Screw attachm ent connected with stopper for closing com m unication between reser

voir G and M cLeod gage 
y . Ground-glass stopper provided with cup for holding weights

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
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a t  which complete evaporation of the various components had 
taken place.

T a b l e  I. In itia l  Vaporization  T em pera tu res  of Various 
G ases

B oiling
P oint I. V. T.

B oiling
P oint I. Y. T.

° K . ° K ° K. ° K .
Hydrogen 
Nitrogen 
Carbon 

monoxide 
Oxygen 
M ethane 
E thylene . 
E thane 
Acetylene

20.4 Carbon
77.3

81.1
90.1

111.7 
169.3
184.8 
189.5

85-*95 
85-100 
85-100

dioxide
Propylene
Propane
Isobutane
n-Butylene
n-B utane
W ater

194.6«
226.1
228.6
262.9
268.1
279.1
373.1

110-120
105-125
105-120
120-133
130-145
125-140
200-220

IXCOCES CCNTCRAOe
F ig ure  3. Vapor P ressure- T em perature  C urves 

of I ndividual Saturated  H ydrocarbon G ases

mercury, while the capillary connecting the sampling reservoir, 
T, with expansion bulb R  and cut-off 0  were completely filled 
with mercury, and the level of mercury in the right-hand side of 
P  was raised nearly to  the top by means of the leveling bottle. 
A ground-glass stopper, Y, was provided to prevent the mercury 
from being drawn into the system from T  during evacuation. 
As soon as the level of mercury in 
P  was a p p ro x im a te ly  760 mm. 
above the surface in sampling reser
voir T, the ground-glass stopper 
could be removed from the capillary. '
Before th e  in t r o d u c t io n  of the | «
sample the apparatus was shut off § (
from the pump system by partially f c
filling cut-off K  with mercury. The ' c
sampling tube containing the gas to 5
be analyzed was then slipped over g c
the capillary in T  under the surface jfc
of the mercury. The sampling tube «
was pushed down until the capillary c
end just re a c h e d  the gas sp a c e , 
and the level of mercury in P was 
lowered until a  few milliliters of 
gas w ere  d ra w n  a b o v e  R. The 
sampling tube was then removed 
and s to p p e r  Y  was re p la c e d  in 
position.

In  order to introduce the neces
sary small amount of gas into the evacuated space, the entire 
sample was drawn into R  and expanded to  about ten times its 
volume. As a result the pressure difference in the two sides 
of the trap was reduced to a few centimeters. Under these 
conditions the required amount of gas could be transferred 
to  the evacuated space by careful lowering of the leveling bulb 
in connection with Q. The mercury level was then raised both in 
O and R. The sample could be stored in this space for any 
length of time.

The pressure of the gas introduced into the distillation space 
was usually found to be much higher than th a t desired. The 
connection to the pump system was therefore opened, and evacua
tion continued until the McLeod gage indicated the required 
pressure, usually of the order of 0.1 mm. of mercury. The mer
cury level in J  was then raised to  the mark and kept there 
throughout the entire analysis. A final pressure measurement 
was made and recorded as the total pressure, the entire system 
being a t room temperature. Finally, therm ostat A  was filled 
with liquid nitrogen from the top. As soon as the temperature 
of tube C reached th a t of the liquid nitrogen (78° K .), the pres
sure of the system was again determined. The residual pressure 
was a measure of the noncondensable gases. The liquid nitrogen 
was then drained from the upper therm ostat and the tem perature 
was allowed to increase slowly a t the desired rate. At intervals 
of 2° to 3° K. the temperature was recorded and the correspond
ing pressure measured. In most of the analyses, data  were not 
obtained above 213° K.

If the results of the first analysis do not suffice to indicate 
definitely the pressures at which a given component has evapo
rated completely from the condensed phase, the analysis is 
repeated using slower rates of heating with more frequent 
pressure readings. Duplicate analyses, under such condi
tions, were usually found to establish definitely the pressures

•  Sublim ation tem perature.

S i n g l e - C o m p o n e n t  S y s t e m s

In  order to obtain data for proper interpretation of the 
pressure-temperature curves of the various mixtures, pres- 
sure-temperature curves for individual hydrocarbon gases, 
of the highest purity obtainable commercially, were made. 
Figures 3 and 4 show the curves pertaining to the saturated 
and unsaturated hydrocarbons, respectively. I t  is evident 

th a t such data do not support 
the assumption of Campbell (4) 
of the existence for each gas of a 
“ characteristic condensation tem
perature.” I t  is also clear, how
ever, th a t for all the gases studied 
there is a range of temperature 
over which the rate  of change of 
pressure with temperature is rela
tively rapid. The exact defini
tion of these temperatures is of no 
p r a c t i c a l  significance from the 
standpoint of the method, since, 
if two components have I. V. T .’s 
so close as to render their identity 
uncertain, no separation will be 
obtained; i. e., the c h a r a c t e r 

istic flat portion of the curve indicating complete evaporation 
bf the more volatile component m il never appear. Boiling 
point and I. V. T . for a number of gases are shown in Table I.

80 85 90 » tOO KA »0 tt 1» 8S UO W MO MJ 130 ISJS-*# ItS
ABSOLUTE TEMPERATUREOCCRCI5 CCNTCRAOC

F igure  4. Vapor P ressure- T em perature  
C urves of I ndividual U nsaturated  H ydrocar

bon  Gases

ABSOLUTE TEMPERATUREDCGREE5 CCNTIGRACe
F ig u re  5. G as M ix tu re  3

A n a l y t i c a l
R e s u l t s

C O M PN . On
a s  P r e  As air-free

p a r e d found basis
% % %

C arbon dioxide 46.6 45 .9 46 .5
n-B utane 53.4 52 .8 53 .5
Air 1.3

Total 100.0 100.0 100.0
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shown to be negligible by a comparison of the results obtained 
by the use of this graphical extrapolation with those obtained 
when the extrapolation was made by the use of p T  values for 
such gases as helium and nitrogen, which had been determined 
directly in the apparatus. The value for total p so obtained
is 0.233 mm. Then ^ 2 3 3  X 100 or 47.2 per cent is carbon

dioxide plus air. The butane must be 0.233 -  0.110 
0.233 X 100

or 52.8 per cent. The air is calculated in a  similar way, 

q'2 2 § X 100 and found to be 1.3 per cent.
The combined results are as follows: air 1.3 per cent, car

bon dioxide 45.9, and butane 52.8, which are in satisfactory 
agreement with the composition as prepared. Calculated to 
an air-free basis, there is even better agreement: carbon di
oxide 46.5 per cent, butane 53.5.

I t  is evident th a t with liquid nitrogen as a refrigerant no 
gas with a lower boiling point than ethylene can be condensed 
and analyzed by this method. All gases with lower boiling 
points will be found in the noncondensable fraction. In  this 
paper all such noncondensable gases are designated as air, 
except where methane is known to be present.

T w o - C o m p o n e n t  S y s t e m s

H e t e r o g e n e o u s  C o n d e n s e d  P h a s e .  In  Figure 5 is 
shown the analysis of a synthetic mixture of carbon dioxide 
(46.6 per cent) and n-butane (53.4 per cent). The total 
pressure in the system a t room temperature was 0.2606 mm. 
and, after condensation, 0.0015 mm. These small pressures 
due to noncondensable gases appeared in practically all analy
ses. The curve shows a rapid change in slope starting a t 
108° K. and continuing for approximately 12°. The flat 
portion in the curve, indicating complete evaporation of the 
carbon dioxide from the condensed phase, appears a t a pres
sure of 0.110 mm. This is the pressure exerted by carbon 
dioxide plus noncondensable gas, assumed to be air, a t this 
temperature. The volume percentage of carbon dioxide and 
air in the mixture will be given by the ratio of this pressure to 
the to tal pressure of the sample if i t  could be completely gasi
fied a t this temperature. The value for the total pressure 
w'hich would be exerted by the sample is obtained graphi
cally by a straight-line extrapolation of the p-T  curve from 
the tem perature a t which the sample has completely evapo
rated  down to the tem perature in question. Such a straight- 
line extrapolation is, of course, not exact; however, except at 
low tem peratures the errors introduced by its use have been

CCORCW CCNTtCRACC

F ig ure  8. G as M ix tu r e  4
A n a l y t i c a l

R e s u l t s
C o m p n . On

a s As air-free
P r e p a r e d found basis

% % %
47.4 44.9 47 .6
52.6 49.5 52 .4

5 .6
1 00 .0 ' 100.0 TÔÔ75

F ig u r e  7. D iffe r en tia l  C u rve , G as M ix t u r e  5

E thane
n-B utane
Air

Total

If the classification of this mixture as one in which the con
densed material consists of two phases is correct, the 
value for to tal pressure a t  any tem perature should be equal 
to the sum of the vapor pressures of the pure components a t 
th a t temperature and, since, a t those temperatures where the 
vapor pressure of the carbon dioxide is already considerable, 
th a t of the butane is negligible, the curve of total pressures 
in the system over a certain tem perature range should nearly 
coincide with the vapor pressure of pure carbon dioxide over 
the same range of temperature. T hat this is the case is shown 
by the experimental and calculated values of Figure 5. The 
values for vapor pressure of carbon dioxide, shown as filled- 
in circles, were obtained (5) from the equation:

l o g ? ^  _  0 - 0 5 ^ (26 1 7 9 )+ 9 9 Q 8 2

H o m o g e n e o u s  C o n d e n s e d  P h a s e .  In  Figure 6  is shown 
the -p-T curve for a synthetic mixture consisting of 59.3 per 
cent propane and 40.7 per cent butane. The vapor pressure 
curves of the components from Figure 3 are also included. 
I t  is evident th a t the propane contained an appreciable 
am ount of noncondensable gas. The effect of m utual solu
bility in the condensed phase is clearly shown. The total 
pressure in the system a t any tem perature is markedly lower
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F i g u r e  9. G a s  M i x t u r e  7
C o m p n .

a s
P r e p a r e d

%
E thane 26.7
Ethylene 51.4
A ir 21.9

Total 100.0

F ig u re  10.

M ethane
E thane
Propane
«-B utane

Total

G a s  M i x t u r e  

C o m p n .

P r e p a r e d

%
28.0
17.0
32.6
22.4

100.0

than the vapor pressure of the more volatile component a t 
th a t temperature. The effect of solubility in the condensed 
phase in rendering less evident the flat portion of the curve, 
where the more volatile component has practically evaporated 
from the condensed phase, is also well illustrated.

In  cases where the pressure a t which essentially complete 
evaporation of the more volatile component from the con
densed phase is so poorly defined, recourse may be had to a 
differential plot as in Figure 7, where the same data shown in 
Figure 6  are plotted as rate of change per 2° K  against the 
absolute temperature. The existence of a minimum a t  138° K. 
is clearly evident; hence the choice of 0.0716 mm. as the pres
sure marking complete evaporation of propane is confirmed. 
The total pressure in the system a t 138° K. if both components 
were in the gaseous sta te would be 0.1201 mm. Of this, 
0 0716
0 J 2 0 1  x  *0® or Per cent is propane plus air and 40.4 per
cent butane. The agreement between butane as prepared 
and as  fo u n d  is s a t i s f a c to r y .
There was evidently X  100
=3.4 per cent of a noncondensable 
im p u r i ty  in the p ro p a n e  fro m  
which the sample was prepared.
Orsat analysis proved this to be 
air.

In  Figure 8  is shown the p-T  
curve for a synthetic mixture of 
ethane and b u ta n e .  A lth o u g h  
these two substances also form 
solid solutions, the flat portion is 
much more clearly defined because 
of the much greater difference be
tween their boiling points and, con
sequently, their I. V. T .’s.

I t  has been assumed th a t the 
flat portions of the p-T  curve are 
in d ic a t io n s  of th e  pressures a t 
which the various components are 
eliminated fro m  the co n d e n se d  
phase. By assuming Raoult’s law 
one can calculate the mole fraction 
of the more v o la t i le  c o m p o n e n t 
present, in the condensed phase, a t 
a given temperature. For example,

in Figure 6  the total pressure a t 138° K. is 0.0716 m m .^T h is  
is made up of the pressure of the air, 0.0056 mm., and of the 
partial pressures of the propane and butane, but these la tter 
are given by the products of the vapor pressures of the pure 
gases a t 138° K. and their respective mole fractions in the 
condensed phase. The vapor pressure of propane a t 138° K. 
can be calculated (10) from the equation:

logp = - 0.05223 (19037)
+  7.217

p =  1.03 mm. at 138° K.

The vapor pressure of butane a t  the same temperature is 
found from Figure 3 to be 0.0057 mm. Hence,

: 0.0056 +  1.03 M p +  0.0057 M h 
mole fractions of propane and butane, re-

0.0716 = 
where M p, Mt> = 

spectively
M p +  M b = 

=  0.058
1

In  the original mixture the mole fraction of propane was 
0.559 and th a t of butane 0.407. If 
x  equals the mole fraction of the 
original propane left in the con
densed phase, and if we assume th a t 
none of the butane has evaporated 
(an a p p r o x im a t io n ) ,  th e n  the 
following relation will hold:

0.0580.407 +  x

Solving for x  we find th a t 0.0245 is 
the mole fraction of original pro
p a n e  r e m a in in g  an d  h en c e

X 100 or 95 per
0.559 -  0.0245

ABSOLUTE TEMPERATURE
DEGREES CENTIGRADE

F ig u re  11. Gas M ix tu re  8 
C o m p n .

Noncondensable
Ethylene®
Propylene
Butylene

Total

P r e p a r e d

%
24! 5
54.7
20.8

100.0

R e s u l t s
o f

A n a l y s i s

%
9 .8

15.2
54.4
20.6

100 .0

0  I t  is evident from Figure 4 th a t  this 
component contained considerable 
am ounts of noncondensable im purity , 
probably air.

0.559
cent of the propane has evaporated.

In  the light of the very general 
character of R aoult’s law and the 
assumption involved in the preced
ing calculations, the result is con
sidered to be evidence tha t, even 
in those cases where the flat por
tions of the curve are poorly de
fined, as in the propane-butane 
mixture (Figure 6 ), nevertheless 
th e y  in d ic a te  th e  p re s s u r e s  
a t w h ich  e s s e n t i a l ly  complete
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evaporation of a component from the condensed phase lias 
taken place, and th a t consequently the agreement between 
the composition as prepared and tha t found by analysis is 
not due to compensating factors.

Where the I. V. T .’s overlap or lie close to each other, as 
in the case of two hydrocarbons such as ethane and ethylene, 
detection and determination are not possible. This is well 
illustrated by the curve showing the p-T  relations in such a 
mixture (Figure 9). This interference constitutes a definite 
lim itation of the present procedure. I t  is possible, however, 
to determine the to tal unsaturated hydrocarbons in an Orsat 
apparatus by absorption in bromine water or fuming sulfuric 
acid, and then to examine the residual saturated hydrocarbons 
by the method described. In  case the composition of the un
saturated hydrocarbon portion is desired, it seems probable 
th a t it may be obtained by regeneration of the hydrocarbons 
from their alkyl bromides (7) followed by a separate analysis 
on the regenerated unsaturated gases.

S e v e r a l -C o m p o n e n t  S y s t e m s

Finally, several synthetic gaseous mixtures of three or more 
components were prepared and analyzed. The method of 
calculation is essentially the same as th a t used for two-com
ponent systems. An example for four components is pre
sented in Figure 10. The analysis of a mixture of unsatu
rated hydrocarbon gases is shown in Figure 11.

these analyses the vapor pressure analysis was carried out 
on a residual sample from the Orsat, from which all constitu
ents had been removed except the saturated hydrocarbons 
and nitrogen.

T able II. Analysis of G as Sample 50 Obtained  from  
Carbonization of C oal

By the conventional assum ption 
th a t  the satd . hydrocarbons 
consist of CH« -f CiH# only: 

M ethane, %  27.26
E thane, %  8 .28

35.54
Av. weighted empirical form ula 

of satd . hydrocarbons calcd. 
from the  com bustion data, 
CHi.et

C o m p o s i t i o n  o f  S a t u r a t e d  H y d r o c a r b o n s

Av. of three detns. %
Carbon dioxide 1.82
Unsatd. hydrocarbons 0.88
Oxygen 1.00
Hydrogen 48.00
Carbon monoxide 2.96
Total satd. hydrocarbons 35.54
Nitrogen 9.80

Total 100.00

I II II I Av.
% % % %

M ethane 28.45 28.23 28.39 28.36
E thane 4.36 4.81 4.76 4.64
Propane 1.68 0 .80 0.87 1.12
n-Butane 1.05 1.70 1.52 1.42

Total 35.54 35.54 35.54 35.54
Av. weighted empirical formula calcd. for to ta l satd. hydrocarbons.

CH j.7*.

T a b l e  II I . A n a l y s i s  o f  S a m p le  o f  P i t t s b u b g h  C i t y  G a s
(January  24, 1933)

Av. of three detns. % By the conventional assum ption
Carbon dioxide Nil th a t the  satd . hydrocarbons
U nsatd. hydrocarbons 0 .88 consist of CH< 4- CjH« only:
Oxygen 0.24 M ethane, % 78.63
Hydrogen Nil E thane, % 11.00
Carbon monoxide Nil 8 0  A**
Total satd. hydrocarbons 89.63 Av. weighted empirical form ulaNitrogen 9.25 of satd . hydrocarbons calcd.

Total 100.00 from combustion data , CH». i

C o m p o s i t i o n  o f  S a t u r a t e d  H y d r o c a r b o n s
I II Av.

% % %
M ethane 71.06 70.87 70.97
E thane 12.05 12.52 12.28
Propane 2.94 2.62 2.78
Isobutane 1.37 1.69 1.53
n>Butane 1.25 0.78 1.01
ieri-Pentane 0 .96 1.15 1.06

Total 89.63 89.63 89.63
Av. weighted empirical formula calcd. for to ta l satd . hydrocarbons, C H 3.7»
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Turbidity in Sugar Products
II. Effect of Independent Variation of Suspended and Coloring M atter 

on Transmittancy and Tyndall Beam Intensity
F . W . Z e r b a n ,  L o u i s  S a t t l e r ,  a n d  I r v i n g  L o r g e  

New York Sugar T rade Laboratory, Inc., 80 South S t., New York, N . Y.

TH E first paper of this 
series (8) dealt with the 
transm ittancy and Tyn
dall beam intensity of a raw sugar 

solution a t  varying depthof layer, 
and a t varying concentration ob
tained by dilution with a clear, 
colorless sugar sirup. The pro
portion b e tw e e n  su sp e n d e d  
m atter and molecularly dispersed 
coloring m atter remained always 
the same. Under these circum
stances the ratio between the 
Tyndall beam intensity and the 
transm ittancy is, within a limited 
range, a power function of the 
depth or of the concentration of 
t o ta l  l ig h t - a b s o r b in g  m a 
terial.

The various products of the 
sugar house present a much 
more complicated problem, be
cause here coloring m atter and 
suspended m atter vary inde
pendently of each other. Fur
thermore, the size and shape of 
the suspended particles and their light-absorbing and reflect
ing properties may vary not only from one product to 
another, but also for one and the same product through 
coagulation or peptization produced by mechanical effects or 
by the mere time factor.

Even if the characteristics of the particles and the possi
bilities of change in them be left out of consideration, no gen
eral theory of the transm ittancy and Tyndall beam intensity 
of systems containing both suspended and coloring m atter in 
varying proportions has as yet been developed, previous work 
having been confined principally to suspensions in colorless 
media where absorption is due solely to the suspended m atter. 
Cummins and Badollet (2) have recently reported measure
ments of Tyndall beam intensities in sugar products and other 
colored media; but while they imply th a t the presence of 
coloring m atter affects the readings obtained, they do not 
specify how the necessary corrections may be made.

Formulas covering suspensions in colorless media, and as
suming perfectly diffused light, have been established by 
Wells (7) on the basis of the theory of Channon, Renwick, 
and Storr. Wells shows th a t in such systems the optical 
density (— log T ) is not directly proportional to the depth 
or the concentration (Lambert-Beer law), bu t increases more 
slowly than either, because part of the incident light is lost by 
reflection or scattering. The rigorous equations are rather 
involved, bu t for limited ranges, and well within the limits of 
experimental error, the optical density increases linearly with 
a power function of the depth, the exponent being less than 
unity. The Tyndall beam intensity is an even more complex 
function of the depth or concentration of suspensions in color
less media. Wells gives a complete formula for tha t relation

ship, bu t i t  contains eight con
stants and is too cumbersome 
to  u se  in  p r a c t ic e .  W ithin 
limited ranges the simpler power 
formula, which applies to the 
optical density, affords in this 
case also close approximations to 
the experimental data.

Sauer (5) has derived certain 
formulas which are applicable to 
suspensions in colorless media, 
particularly for the Pulfrich 
photometer. According to him, 
if the absorption is so small as to 
be negligible, the Tyndall in
tensity is directly proportional to 
the thickness. If the absorp
tion is considerable, i t  may be 
corrected for by applying a factor 
based on the optical density. 
Sauer states th a t the absorp
tion due to coloring m atter in 
true solution is usually slight in 
comparison to th a t caused by 
the suspended particles, and 
tha t if the cell thickness is prop

erly chosen so th a t the absorption becomes negligible, the 
observed Tyndall beam intensity will vary directly with 
the total number of suspended particles. Even if the color
ing m atter caused considerable absorption, it should be pos
sible, according to Sauer, to apply a correction factor. The 
writers’ experience has shown, however, th a t such a simple 
procedure cannot be used in the case of systems like sugar 
products, where the absorption due to coloring m atter is 
very high and where multiple reflection is a further disturb
ing factor.

The wide gap existing between the systems which have re
ceived mathematical treatm ent and those with which the 
writers have to deal required bridging. Experiments were 
therefore undertaken to measure the transm ittancy and Tyn
dall beam intensity of turbid, colored solutions of known com
position, in order to ascertain the practical applicability of 
this method for the measurement of turbidity  and of color.

S e r i e s  A. B e n t o n i t e  a n d  C a r a m e l

In  similar investigations Lindfors (4) and Balch (1) used 
bentonite to produce turbidity, and caramel as the coloring 
m atter. The writers adopted these same m aterials in the 
first series of their experiments. Systems of this nature pre
sent great difficulties in technic, because of their instability. 
After considerable preliminary work a sufficiently stable tu r
bid medium was prepared by suspending bentonite in a  solu
tion of gum acacia, which acted as a protective colloid.

The coloring matter was prepared according to Ehrlich’s 
method (3) from Domino tablet sugar, by heating the powdered 
substance in vacuo in an oil bath at 2 0 0 ° C. and holding it at 
that temperature for one hour after all frothing had ceased.

Equations have been derived, and graphs con
structed fo r two systems containing both coloring 
matter and turbidity, by means of which their 
concentration can be derived from  measurements 
of transmittancy and Tyndall beam intensity.

In  the two fa ir ly  closely related systems—  

Filler-Cel p lu s caramel solution, and unfillered 
plus fdlered sugar sirups— the relationships 
between color and turbidity concentration on the 
one hand and transmittancy and Tyndall beam 
intensity on the other have been fou n d  not to be 
identical. Consequently, a  sim plified mathe
m atical treatment of the problem of determining  
turbidity and color in the presence of each other 
must be confined to the particu lar system which 
is being studied, and specific relationships which 
hold fo r one case cannot be applied  indiscrim i
nately to any other system . Photometric deter
minations are undoubtedly to be preferred to 
mere comparisons with em pirical standards.
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One hundred grams of the caramel thus obtained were ground 
to  a fine powder and dissolved in 200 cc. of distilled water. The 
solution was treated with 5 grams of x-ray grade of barium 
sulfate, shaken thoroughly with it, and filtered by suction through 
acid-washed asbestos on a Jena fritted glass funnel. The filtra
tion was repeated ten times through the same pad, and the final 
filtrate was collected in a clean, dry filter flask. This caramel 
solution was found, on subsequent test, to be as free of suspended 
m atter as freshly distilled water.

To prepare the mixtures containing specified quantities of 
turbid and coloring m atter, the stock bottles of bentonite sus
pension and caramel were vigorously shaken and placed in a 
water bath  held a t 20° C. When the contents had reached 
20° C. the caramel solution was placed dropwise in a  series of 
25-ml. volumetric flasks, from a 5-cc. microburct with a ground 
tip. The desired amount of bentonite suspension was then 
added from a graduated pipet, the stock bottle being well shaken 
before each removal. The mixture of bentonite suspension 
and caramel solution was diluted with distilled water nearly 
to the mark, and the volume finally adjusted a t 20° C. *

The photometer readings were taken after less than 2 hours. 
The flasks were slowly rotated for mixing. Even this gentle 
treatm ent seriously affects the Tyndall intensity readings, and 
for this reason the transmittancies were determined first, as 
these are only slightly affected. Thorough mixing is essential 
for the Tyndall measurements, but the suspensions must not 
be agitated vigorously. The cells were rinsed four times with 
the solution in order to  insure complete removal of previously 
contained material. The cover of the cell was put in place, and 
the cell carefully washed with distilled water, dried, and polished. 
Special care must be taken to insure optically perfect cell walls.

Standardization of technic was found to be of paramount 
importance. Equal timing of similar operations, uniform 
rate of mixing, and the most scrupulous maintenance of com
parable experimental conditions are mandatory if any sig
nificance is to  be attached to any of the observed readings.

Thirty-five different mixtures of suspended and coloring 
m atter were prepared, the bentonite concentration being 
varied in five steps and the caramel concentration for each 
of these suspensions in seven steps. The transm ittancy and 
Tyndall beam intensity of all the mixtures were determined 
with the Pulfrich photometer (8) in a 5.09-mm. cell, under 
the green and red filters— that is, a t effective wave lengths 
of 529 and 621 m/i, respectively.

On the basis of these measurements the mathematical re
lationships between the transm ittancy and the Tyndall beam 
intensity on the one hand, and the concentration of coloring 
m atter and turbidity on the other, were formulated, and the 
constants in the formulas evaluated for a  number of typical 
cases. The results proved th a t the particular kind of ben
tonite used had an adsorptive effect on the caramel, and that 
for this reason the concentrations of suspended and coloring 
m atter in the mixtures on which the observations were made, 
were different from those before mixing. Although the find
ings are of considerable interest from the standpoint of ad
sorption equilibria, they do not furnish a solution of the pres
ent problem, and the results are therefore omitted here.

I t  is evident th a t when Lindfors’ method of preparing 
bentonite-caramel standards is used, it must first be ascer
tained whether or not the particular bentonite adsorbs cara
mel; if it does, the standards will be valueless.

S e r ie s  B. F il t e r -C el  a n d  C a r am el

Experiments were next undertaken with Filter-Cel purified 
by acid washing and fractional sedimentation. The Filter- 
Cel suspension and caramel solution were prepared in the same 
manner as the corresponding materials in Series A. The 
transm ittancies and Tyndall beam intensities of these mix
tures were measured as described above, with the results 
shown in Tables I  and II.

The relations between the transm ittancy and Tyndall beam 
intensity on the one hand, and the concentration of tur
bidity and coloring m atter on the other were now analyzed 
separately. The following symbols are used in this discus
sion:
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N  = cc. of bentonite suspension (concentration of turbidity) 
C = drops of caramel solution (concentration of coloring 

matter)
T = per cent transmittancy 
D — optical density ( —log T)
R = Tyndall beam intensity, in per cent of standard block1
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T a b l e  I .  T r a n s m it t a n c ie s  o p  F il t e r -C e l -C a r a m e l  
M ix t u r e s

D r o p s  o r  
C a r a m e l 0 cc. 4 cc.

- F i l t e r  
8 cc.

- C e l  S ue 
12 cc.

^PENSION— 
16 CO. 20 cc. 24 cc.

RED  FIL T E R , 6.09-MM. CELL

0 100.00 98.42 82.18 80.58 76.39 72.70 65.14
4 99.02 88.28 81.78 76.80 68.18 65.72 63.36
8 90.90 84.62 77.96 71.96 67.14 64.58 59.75

12 89.58 79.20 75.02 67.39 63.99 61.07 57.95
16 81.82 74.56 70.64 64.26 60.91 57.11 54.79
20 76.68 73.28 66.76 58.73 58.06 54.18 50.75

OREEN FIL T E R , 6,00-MU. CELL

0 100.00 91.80 78.21 75.04 69.95 65.58 58.60
4 87.62 77.42 68.31 62.87 55.62 52.91 51.10
8 72.68 65.96 58.95 53.24 49.82 46.52 43.28

12 63.28 54.88 49.47 45.73 42.49 39.37 36.90
16 52.17 44.51 42.78 39.29 35.57 33.19 31.38
20 42.92 4 0 .5S 36.16 30.86 29.92 28.75 25.54

T a b l e  I I .  T y n d a l l  I n t e n s i t i e s  o p  F il t e r -C e l -C a r a m e l  
M i x t u r e s

D r o p s  o r  .----------------------------------F i l t e h - C e l  S u s p e n s i o n
C a r a m e l 0 cc. 4 cc. 8 cc. 12 cc. 16 cc. 20 cc. 24 cc.

RED FIL T E R , 6,09-MM. CELL

0 50 1462 3254 4190 4979 5338 7118
4 114 1387 3098 4140 5267 6022 6379
8 103 1256 2842 3862 4807 5692 5972

12 136 1295 2427 3698 4639 5492 5933
16 200 1217 2341 3190 4489 4538 5476
20 122 989 2185 3069 4354 3923 5568

G REEN  F IL T E R , 6.09-MM.. C ELL

0 18 465 1123 1513 1792 1947 2302
4 36 413 962 1284 1562 1701 1877
8 26 305 751 1030 1262 1437 1478

12 32 264 502 842 1131 1182 1284
16 36 188 438 530 913 950 1060
20 24 155 361 448 779 517 1065

T r a n sm it t a n c y . An examination of the transm ittancy 
figures showed tha t when turbidity  is constant and coloring 
m atter varies, the optical density is directly proportional to 
the color concentration—i. e., th a t Beer’s lawr holds for the 
coloring m atter, irrespective of the turbidity present simul
taneously. Expressed in a formula,

—log T = cC, or C = ~ ~ ~ ~  (1)

Under the red filter c =  0.00590, and under the green filter 
0.018075.

Balch had previously found th a t Beer’s law does not apply 
for varying turbidity a t constant color, and the writers 
pointed out (8) th a t Balch’s results satisfy a  power formula. 
This has been confirmed in the present series of experiments. 
The formula is as follows:

For the particular system investigated the numerical value 
of the constants is:

R e d  G r e e n
F i l t e r  F i l t e r

n 1.188 1.232
log k  2.24645 2.17266

* The absolute Tyndall beam  in tensity  of s tandard  block 323, used by  
the writers, is reported by  Zeiss to  equal 0.00282 of the in tensity  of the 
incident light, for the  green screen, under the experim ental conditions of 
the Pulfrich photom eter. Corresponding figures for the  blue and red 
screens have no t been furnished. To calculate the  absolute Tyndall beam 
in tensity  of a solution, 0.01 R  is m ultiplied by the  absolute in tensity  of the 
standard  block for the  sam e screen, and the product m ultiplied by  a  factor 
which varies with the  vessel used as the container for the  solution. For a 
2.5-mm. plane parallel cell this factor is 6.5.
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The absorptions due to the coloring m atter and to the tur
bidity are additive, and the combined formula may therefore 
be written

—log T = cC  +  (J y  (3)

When the values for C, N , c, k, and n are substituted in this 
formula, the transmittancies given in Table III are obtained.

T a b l e  III. C a l c u l a t e d  V a l u e s  o f  T f o r  S t a t e d  V a l u e s  
o f  C a n d  JV

V a l u e s  <------------------------------------------V a l u e s  o r  N ----------------------------------- *
OF C 0 4 8 12 16 20 24

R ED  ]FILTER
0 100 .0 9 0 .9 8 4 .3 7 8 .7 7 3 .7 6 9 .2 6 5 .1
4 9 4 .7 8 6 .1 7 9 .9 7 4 .5 6 9 .8 6 5 .5 6 1 .6
8 8 9 .7 8 1 .6 7 5 .6 7 0 .6 6 6 .1 6 2 .1 5 8 .4

12 8 5 .0 7 7 .2 7 1 .6 6 6 .8 6 2 .6 5 8 .8 5 5 .3
16 8 0 .5 7 3 .2 6 7 .9 6 3 .3 5 9 .3 5 5 .7 5 2 .4
20 7 6 .2 6 9 .3 6 4 .3 6 0 .0 5 6 .1 5 2 .7 4 9 .6

G REEN F IL T E R
0 1 0 0 .0 8 8 .5 8 0 .7 7 4 .2 6 8 .6 6 3 .7 5 9 .2
4 8 4 .7 7 4 .9 6 8 .3 6 2 .8 5 8 .1 5 3 .9 5 0 .2
8 7 1 .7 6 3 .4 5 7 .8 5 3 .2 4 9 .2 4 5 .6 4 2 .5

12 6 0 .7 5 3 .7 4 9 .0 4 5 .0 4 1 .6 3 8 .6 3 6 .0
16 5 1 .4 4 5 .5 4 1 .5 3 8 .1 3 5 .3 3 2 .7 3 0 .4
20 4 3 .5 3 8 .5 3 5 .1 3 2 .3 2 9 .8 2 7 .7 2 5 .8

Considering the experimental difficulties and possibilities 
of shifts in the colloid equilibrium during observations, the 
agreement between found and calculated values is good for 
the green filter. For the red filter the figures do not check so 
well, owing to the disturbing differences in tin t in the two 
halves of the field.

The results show tha t no adsorption of caramel by the 
Filter-Cel took place, because in every case the ratio between 
the transm ittancy of the turbid colored solution and th a t of 
the corresponding colored solution free from turbidity was 
the same as the ratio between the transm ittancy of the turbid 
colorless solution and th a t of water. This is the rule which 
Balch (i) had previously found to hold when there is no 
adsorption.

T y n d a l l  B e a m  I n t e n s i t y . An examination of Table II  
shows th a t the Tyndall beam intensity increases with the 
turbidity a t each color concentration.

With the turbidity constant and color varying, irregular 
figures are obtained a t turbidity 0 , due to  small and unavoid
able admixture of turbidity. A t turbidities above 4, in
creasing color generally causes a decrease in the Tyndall in
tensity. As in the bentonite-earamel series, where the in
tensity first increased and then decreased, a few of the figures 
in Table II, between colors 0 and 4 under the red filter, show 
a tendency to rise, but above color 4 the maximum of the 
curve has evidently been passed.

Between the limits of turbidity from 4 up to 24 and of 
color from 4 up to 20, the Tyndall beam intensity is, a t con
stant color concentration, an approximately linear function 
of the log of the turbidity concentration, according to  the 
formula

R -  a log N  — k (4)

The values of the constants a and k were found to be

C o l o r G r e e n  F i l t e r R e d  F i l t e r

a k a k
4 18S0 725 61S9 2291
8 1488 573 5649 2101

12 1178 453 5156 1926
16 932 358 4706 1766
20 738 283 4295 1619

Both o and k  are functions of the color concentration C:

o  =  b d ~ °  
k = c f~ c, or 

log o =  log 6 — (log d ) C 
log A; =  log e -  (log/) C

The equation for R, as a function of C and N , may thus be 
written

R = bd~c log N  -  ef~c (5)

The numerical values for log b, log d, log e, and log /  in 
this particular system are

G r e e n  F i l t e r  R e d  F i l t e r

log 6 3 .3 7 5 6 9  3 .8 3 1 3 0
log d 0 .02 5 3 8 2  0 .0 0 9 9 1 5
log e 2 .9 6 2 4 8  3 .3 9 6 7 3
log /  0 .0 2 5 5 3 5  0 .0 0 9 1 7 5

The.values of a and k cannot be extrapolated to  zero color. 
W ith no coloring m atter present, the values of log a and log 
k  are

G r e e n  F i l t e r  R e d  F i l t e r

lo g o  3 .3 3 7 8 8  3 .79302
lo g *  2 .9 2 8 4 0  3 .3 7 5 6 0

If the values of o and k  shown above are substituted in 
formula 4, the figures given in Table IV are obtained.

T a b l e  IV. C a l c u l a t e d  V a l u e s  o f  R, f o b  S t a t e d  V a l u e s
OF C AND N

V a l u e s  
o f  C 4 8 12

g r e e n  f i l t e r

16 20 24

0 463 1118 1501 1773 1980 2157
4 407 973 1314 1539 1721 1870
8 323 771 1033 1219 1363 1481

12 256 611 818 965 1079 1173
16 203 484 648 765 853 929
20 161 383 513 

r e d  f i l t e r
606 677 736

0 1363 3232 4326 5101 5703 6195
4 1435 3298 4388 5161 6761 6251
8 1300 3001 3995 4701 5248 5696

12 1178 2730 3638 4280 4782 5190
16 1067 2484 3313 3900 4356 4729
20 967 2260 3016 3553 3969 4309

Under the green filter, the agreement between calculated 
and found values is satisfactory, except where the experimen
ta l values are obviously out of line as shown by a direct com
parison of found values with those adjacent in different di
rections. Under the red filter, the agreement is not nearly 
as good as under the green, for the same reason as given in 
the discussion of the transm ittancy figures. In  both spectral 
regions the agreement is less good a t high turbidity  and 
high color. Here multiple reflection appears to become more 
pronounced, and this is probably one reason for the observed 
deviations.

By means of formulas 3 and 5 above, C and N  in unknown 
mixtures of the caramel and Filter-Cel used in this series may 
be calculated after T  and R  have been determined, bu t the 
result may be ascertained more quickly and easily by means 
of a graph.

S e r i e s  C. M i x t u r e s  o f  S u g a r  S i r u p s

The next step in this investigation was to ascertain whether 
the relationships found for the Filter-Cel and caramel mix
tures would also hold in the case of actual sugar products.

This problem was attacked by selecting a very dark raw sugar 
containing a large quantity of suspended m atter, dissolving it 
to a  sirup of 60° Brix, and removing coarse suspended m atter 
by vacuum filtration through 250-mesh bronze gauze. P art of 
this sirup was carefully filtered through purified Filter-Cel and 
asbestos to free it as far as possible of suspended m atter. A 
white sugar sirup was prepared from Domino sugar tablets, 
decolorized with Suchar, and filtered like the raw sugar sirup. 
All three sirups were finally adjusted again to 60° Brix by re- 
fractometer. Solutions containing varying proportions of 
coloring m atter and turbidity  were then made by weighing and 
mixing the three sirups in proportions of 0 to 5 parts of each.

If one part of unfiltered raw sugar sirup represents one unit 
of coloring m atter (Q  and one unit of turbidity  (N), then



one p art of filtered raw sugar sirup equals one unit of coloring 
m atter plus a small amount of residual turbidity not removed 
by filtration, and one part of filtered white sirup represents 
zero color plus a small amount of residual turbidity.

The transm ittancy and Tyndall beam intensity of all the 
mixtures were determined under three color screens, blue 
(449 in/n), green (529 m/i), and red (621 mp.), in a 2.5-mm. cell. 
The results of these measurements are shown in Table V, 
where U indicates one part of unfiltered raw sugar sirup, F 
one part of filtered raw sugar sirup, and W  one part of filtered 
white sirup.
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T a b l e  V . T r a n s m it t a n c ib s  a n d  T y n d a l l  B e a m  I n t e n s it ie s  
o p  S i r u p  M ix t u r e s

M ix tu r es T ransm ittancy T yndall B eam I ntensity
5 C units Blue Green Red Blue Green Red

5 U, O F , 0 IF 2 .15 11.40 29.25 59.34 913.3 5914
4 U, 1 F , 0 IF 3 .27 13.97 33.53 52.38 799.1 5117
3 U, 2 F, 0 IF 4.23 17.17 40.50 35.95 492.9 3765
2 U, 3 F, 0 IF 5.97 22.17 46.35 29.15 367.8 2376
1 u . 4 F, 0 IF 7.87 26.87 54.25 19.04 194.5 1345
0 U, 5 F, 0 IF 10.37 35.22 66.27 5.67 51.24 260.4

4 C units
4 U, O F , 1 W 4.77 17.10 36.70 75.12 898.5 4925
3 U, 1 F, 1 IF 5.93 21.40 42.92 59.12 600.8 3961
2 U, 2 F, 1 w 8 .18 26.37 50.73 44.72 441.2 2816
1 u , 3 F, 1 if 11.93 33.08 60.47 30.03 274.4 1444
0 U, 4 F, 1 IF 10.00 43.30 72.37 7.32 60.51 210.1

3 C units
3 U, O F , 2 IF 9.80 26.42 47.30 106.7 917.1 4187
2 U, 1 F, 2 w 13.33 33.92 55.30 81.2 592.9 3259
1 u . 2 F, 2 if 17.70 42.07 65.28 51.4 330.9 1708
0 U, 3 F, 2 w 24.45 52.17 77.85 12.9 90.3 333.8

2 C units
2 U , O F , 3 w 21.07 42.33 60.62 128.9 863.8 3340
1 u% 1 F, 3 if 27.43 49.03 71.93 74.13 396.8 1641
0 Ut 2 F, 3 if 40.23 64.87 83.05 10.91 55.08 208.5

1 C un it
1 u, O F , 4 if 44.90 64.35 78.45 124.4 480.6 1737
0  u, I F ,  4 if 62.03 80.50 90.62 14.03 54.15 160.7

0 C un it
0 u, O F , 5 if 100.00 100.00 100.00 6.83 21.55 74.61

A preliminary examination of the transm ittancy figures 
in Table V showed th a t a t constant F  each unit of U-W  in
creases —log T  by a constant amount, within the limits of 
error, and th a t the same is true for each unit of F-W  a t con
stan t U. In  other words, Beer’s law appears to hold for both 
color and turbidity. The —log T  increment for U-W  is due 
to 1 C plus 1 N  minus the residual turbidity in the filtered 
white sirup, while th a t for F-W  represents 1 C plus the re
sidual turbidity in the filtered raw sugar sirup minus the 
residual turbidity in the filtered white sirup.

In  order to find the transmittancies for 1 C and 1 N , it is 
necessary to apply corrections for the residual turbidity in 
both filtered sirups. These corrections cannot be found from 
the transm ittancy figures, because in the filtered raw sugar 
sirup the absorption effect of suspended and of coloring mat
ter cannot be separately determined by this means, and be
cause the white sugar sirup showed zero turbidity  by the 
transm ittancy method although the Tyndall beam method 
revealed measurable turbidity. Therefore the necessary 
corrections had to be derived from the Tyndall beam in
tensities.

T y n d a l l  B e a m  I n t e n s it y . A glance a t  Table V shows 
th a t a t constant color concentration there is an approximately 
linear relationship between parts of turbid sirup (¡7 =  N) 
and the Tyndall beam intensity under the green and red 
screens, but this relationship is obscured by the effect of the 
residual turbidity in the other two sirups, and more so under 
the blue screen.

In order to test this hypothesis of linear relationship between 
R  and N, the values of R corresponding to one unit each of U, 
F, and W  were calculated by the method of least squares from 
the experimental data given in Table V. In the series with 5 
color units there are 6  equations, with two unknowns; in the 
series with 4, 3, and 2 color units there are 5, 4, and 3 equations, 
respectively, with three unknowns, but since the quantity of 
filtered white sirup was constant at each individual color con

centration, a value for IF, known to be small, had to be assumed 
as a first approximation. Two sets of equations were therefore 
set up, in one of which the turbidity in W was assumed to be 
zero, and in the other equivalent to one-third of that in F. The 
results of these two sets of equations showed that within these 
limits the value for W  had little effect on the values of R corre
sponding to U and of F, which came out very nearly the same.

From these data formula 6  was derived, and this made it 
possible to calculate the values of R  corresponding to 1 IF at 
color concentrations 1, 2, 3, and 4, from th a t found experi
mentally a t zero color concentration. W ith R  for 1 IF 
known, the R  values of U and F  a t each color concentration 
could now be readjusted, and the final results of the calcula
tions are shown in Table VI.

N E E R I N G  C H E M I S T R Y  181

T a b l e  V I .  V a l u e s  o f  R, f o r  O n e  U n i t  o f  U, F, a n d  W
B lue G r een R ed

C units
U 11.94 183.2 1211
F 1.75 4 .7 40 .6
IF 0 0 0

C units
U 19.05 213.9 1265
F 2.60 13.64 70.4
IF 0.14 1.68 10.7

C units
U 36.57 298.0 1446
F 5.45 23.8 135
IF 0.25 2.13 11.64

C units
U 65.1 421.4 1672
F 6 .15 17.0 81 .7
IF 0.43 2 .69 12.64

C un it
U 121.3 467.0 1682
F 10.95 40.5 105.7
IF 0.77 3.41 13.74

C unit
IF 1.37 4.31 14.92

Simple addition of the R  values for U, F, and IF shown 
in Table VI results in the R  figures given in Table VII, repre
senting the adjusted values of the Tyndall beam intensities 
for the sirup mixtures. The corresponding values of N  are 
also presented, calculated by dividing the R  values for the 
mixtures by the corresponding R  values for 1 U (equivalent 
to 1 N), as given in Table VI.

T a b l e  V I I .  A d j u s t e d  T y n d a l l  B e a m  I n t e n s it y  a n d  T u r 
b id it y  C o n c e n t r a t io n  V a l u e s  o f  M i x t u r e s  L i s t e d  i n  

T a b l e  V
T yndall B eam T u rbidity

M ix tu r es I n t e n s i t y  (R ) Concentration  CAT)
5 C units Blue Green Red Blue Green Red

5U  +  OF +  0 IF 59.7 916 6055 5.000 5.000 5.000
4(7 +  IF  +  OIF 49 .5 738 4S85 4.147 4.026 4.034
3C7 +  2F  +  OIF 39.3 559 3714 3.293 3.051 3.067
2U  +  3F  +  OIF 29.2 381 2544 2.440 2.077 2.101
\U  +  4F +  0IP 18.9 202 1374 1.586 1.103 1.134
0U  - f  5F +  OIF 8 .8 23.5 203 0.733 0.128 0.168

4 C units
AU  +  OF +  1IF 76 .3 857 5071 4.007 4.008 4.009
ZU  +  IF  -f 1IF 59.9 657 3876 3.144 3.071 3.065
2U  +  2F +  1IF 43.4 457 2692 2.280 2.133 2.120
I t /  +  3F +  IFF 27 .0 257 14S7 1.417 1.196 1.176
0 U  +  4F  +  1IF 10.5 69.9 293 0.553 0.258 0.232

3 C units
3U  +  OF +  2TF 110.2 898 4350 3.013 3.013 3.016
2U  -f- IF  -f* 2 IF 79.1 624 3039 2.163 2.094 2.109
1U  +  2F  +  2 IF 48 .0 350 1728 1.312 1.174 1.203
0U  +  3F  +  2 IF 16.9 75.7 417 0.461 0.254 0.296

2 C units
2U  +  OF +  3 IF 131.5 851 3382 2.020 2.019 2.023
I U  +  IF  +  3 IF 72.6 447 1692 1.114 1.060 1.072
0 U +  2 F  +  3 IF 13.6 42.1 201 0.209 0.100 0.120

1 C unit
1 U  +  OF +  4 IF 124.4 481 1737 1.026 1.029 1.033
0 U  +  IF  +  4 IF 14.1 54.1 161 0.128 0.116 0.096

0 C un it
0U  +  OF - f  5 IF 6.85 21.6 74 .6 0.033 0.036 0.040

A comparison of the R  values given in Table V II with those 
found experimentally (Table V) shows th a t the assumed 
linear relationship between N  and R, a t constant color concen
tration, actually holds. The deviations are partly  due to 
experimental error, because it  is very difficult to  prepare
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/og R
F ig u r e  1 .  N e g a t iv e  L o g  o p  T r a n s m it t a n c y  a n d  L o g  o f  T y n d a l l  B e a m  
I n t e n s it y , C o r r e s p o n d in g  t o  V a r y in g  C o n c e n t r a t io n s  o f  C o l o r in g  
M a t t e r  a n d  T d r b id it y  E x p r e s s e d  a s  N e g a t iv e  L o g s  o f  T r a n s m it t a n c y

homogeneous mixtures of these heavy sirups. Another rea
son is that the suspended particles remaining after filtration 
are probably different in size from those filtered out. The 
error due to this cause is smaller the more efficient the 
filtration.

The relationship between R  and N  may be written 

R =  bN

where 6  is a  constant.
The effect of the coloring m atter on the Tyndall beam in

tensity may also be ascertained from Table VI. A t constant 
turbidity the Tyndall beam intensity increases as the color 
decreases. When the logs of R  for JJ =  1 , N  =  1 are plotted 
against C, a straight line is obtained. This relationship is 
expressed by

b = ak~c

where k is a constant.
Combination of the two formulas above gives

R  =  aN k-c  (6 )

This formula is similar to the one found previously for the 
Filter-Cel-caramel series, but it is simpler because within the 
range investigated R  is proportional to  N  itself, not to log N . 
The values of the logs of the constants a and k  in the above 
formula are

B i.cz  G i e o  R ed
log a 2.32117 2.7928S 3.27S35
lo g *  0.25256 0.10687 0.03982

Upon substituting these constants and the known values 
of C and N  in formula 6 , the data presented in Table V III 
are obtained. These show good agreement with the experi
mental values of Table V II in most cases.

T r a n s m it t a n c y . T he corrections for the 
residual tu rb id ity  in the tw o filtered sirups, 
shown in  Tables V I and  V II, were now applied 
to  the transm ittancies also, and  i t  was found 
th a t B eer’s law  holds for th e  range studied 
experim entally and  well w ith in  th e  lim its of 
error for both  color and  tu rb id ity . T he rela
tionship m ay  be expressed by  the form ula

—log T — m N  +  nC  (7)

T he values of th e  constants m  and  n  a re
B l u e  G r e e n  R e d

m  0 .1 5 5 1 0  0 .1 0 4 0 8  0 .07461
n 0 .1 7 7 1 8  0 .0 8 6 6 9  0 .0 3 4 1 6

Upon substitu ting  these values and  those 
for C and  N  in  form ula 7, th e  transm ittancies 
shown in T able V III  are  obtained. These 
agree satisfactorily  w ith experim ental values 
shown in T able V.

Since B eer’s law  holds for th e  tran sm it
tancies in respect to  bo th  C and  N , these m ay  
be expressed d irectly  in term s of —log T, as 
previously proposed by B alch:

-  log T = C +  N  (8)

In  th is  case the constants in form ula 6 as
sum e the following values:

Blu e  G r een  R ed

log a  3.13056 3.77531 4.40555
log k  1.42545 1.23280 1.1656S

C and  N  m ay  then  be calculated from 
form ulas 6 and  S:

log R =  log a +  log A" — ( — log T — N ) log k

, log N  log R log a , , ^
w hence IT +  ^  -  j— g -  ^  +  ( -  log T)

T he values of N  corresponding to  those of N  +  log N / log k
m ust be found from specially p repared  tab les or graphs, and 
C is th en  found from  form ula 8. O r the  entire solution m ay 
be found from  a  graph, as shown in Figure 1.

T a b l e  V III. C a l c u l a t e d  T y n d a l l  B e a m  I n t e n s i t i e s  a n d  
T r a n s m t t t e n c ie s  o f  M ix t u r e s  L i s t e d  i n  T a b l e  V I I

M i x t u r e s T t n d a l l  B e a m  I n t e n s i t i e s T r a n s m i t t  a n c t

5 C unita Blue Green Red Blue Green Red
5 U, O F, 0 W 57.19 906.8 6001 2 .1 8 11.12 28.59
4 U, I F ,  0 IF 47.44 730.1 4842 2.96 14.04 33.75
3 U, 2 F, 0 IF 37.67 553.3 3681 4.01 17.74 39.85
2 U, 3 F, 0 IF 27.91 376.7 2522 5.44 22.41 47.04
1 Ü . 4 F t 0 TF 18.14 200.0 1361 7.38 28.30 55.54
0 U, 5 F , 0 IF 8 .38 23.21 201.6 10.01 35.75 65.56

4 C unita
4 U. O F , 1 IF 81.99 929.7 5274 4.68 17.22 36.66
3 U, I F ,  1 IF 64.33 712.3 4020 6.36 21.56 43.19
2 Ut 2 F . 1 IF 46.65 495.4 2787 8.66 26.97 5 0 .13
1 u , 3 F , 1 IF 28.99 278.1 1546 11.89 33.76 59.66
0 U, 4 F , 1 IF 11.32 59.84 305.2 16.05 42.31 70.15

3 C unita
3 Ü, O F , 2 IF 110.3 893.9 4348 10.03 26.69 47.04
2 U, 1 Ft 2 IF 79.17 621.2 3041 1 3 .5S 33.27 54.99
1 u \ 2 F, 2 IF 48.02 34S.3 1734 IS .41 41.47 64.23
0 U, 3 F, 2 IF 16.87 75.4 427 24.94 51 .70 75.06

2 C unita
2 U, O F , 3 TF 132.3 766.1 3197 21.50 41 .35 60.36
1 IK I F ,  3 IF 72.94 402.2 1694 29.71 52 .03 7 1 .OS
0 U. 2 F. 3 IF 13 .6S 37.94 190 41.04 65 .50 83.71

1 C u n it
1 Ü. O F , 4 IF 117.4 499.4 17S9 46.10 64 .00 77.40
0 Ut I F ,  4 IF 14.99 56.29 166.3 63.53 79.66 90.92

0 C unit
0 Ut O F , 5 TF 6.91 22.34 75.93 93.83 99.14 99 .32

The —log T ’s may finally be converted into —log t’s by 
reducing them  to the basis of 1  gram of dry substance in 1  cc. 
of solution and 1  cm. thickness.
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Further research will have to show whether or not the re
lationships found for the particular raw sugar used in this 
investigation are applicable to color and turbidity determina
tions in other raw sugars. I t  is already known tha t the 
nature of the coloring m atter varies from case to case, and 
this may be expected to  be true for the turbidity also, espe
cially as to particle size. Teorell (ff) has found tha t the 
particle size of suspensions in colorless media may be deter
mined by measuring either transm ittancy or Tyndall beam 
intensity a t several wave lengths, and it is possible th a t this 
observation may help to solve the present problem. Com
plete measurements with three color screens on about sixty 
different raw sugars have already been made, and turbidity 
has been determined in the same sugars by Balch’s method. 
The data are being correlated in two different ways: First, 
the color and turbidity of each sugar are calculated by formu

las 6  and 8 , and correlation is attem pted on the basis of Teo- 
rell’s observations. The second method consists in a statis
tical analysis of the data, with the results by Balch’s method 
as the criteria.
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Determination of Viscosity of Dilute Solu
tions of Cassava Flour and Other Starches

FROM the standpoint of 
l a b o r a to r y  te s t in g  the 
v is c o s i ty  of s ta r c h  is 

probably its most im p o r ta n t  
v a r ia b le  characteristic. Cer
tainly this is true among starches 
of the same kind. When starch 
solutions having the same con
centration show the same vis
cosity, they will also with few ex
ceptions have the same adhesive or sizing value. Further
more, among starches of the same kind, uniformity with re
spect to viscosity frequently means uniformity with respect 
to other seemingly unrelated characteristics. Color, clarity, 
cleanness, resistance to fermentation, and fiber content can 
be suitably determined in the laboratory, but in general these 
characteristics have substantially less significance than vis
cosity. Broadly speaking, viscosity is the property which 
most largely distinguishes the various grades in any one kind 
of colloidal material. The direct determination of strength 
or sizing value on a laboratory scale is so complicated and dif
ficult as frequently to give highly erroneous indications, even 
in the hands of experts.

Terms commonly used in the trade to describe the con
sistency of gelatinized starch solutions are viscosity, body, 
fluidity, plasticity, paste strength, and jelly strength. Vis
cosity, as it is commonly understood, has a meaning suffi
ciently correct and descriptive for all practical purposes when 
hot dilute solutions are referred to, and will be generally used 
in this article.

The testing of starch for viscosity has been considered a 
rather hopeless proposition. Although a number of en
lightening articles (1, 2, 5, 6) have recently appeared, there is 
still much misunderstanding and lack of agreement on the 
subject. Each laboratory has had an individual and usually 
somewhat original method for testing, by which the results 
were reported in some arbitrary unit. This difficulty, how
ever, has been well recognized and has caused little confusion. 
The real difficulties hindering the proper appreciation and 
common understanding of viscosity determinations have been 
far more obscure. Experienced laboratories have rarely been

able to agree on th e  r e la t iv e  
viscosities shown by a number of 
sa m p le s  unless the differences 
were pronounced.

S u b s ta n t i a l  benefit should 
result to all if the general prin
c ip le s  a n d  d i f f i c u l t ie s  in 
volved in viscosity determina
tion were more clearly under
stood.

In  spite of general misapprehension regarding the starch 
viscosity test, it is becoming more generally realized th a t when 
all the conditions are known and properly controlled and the 
results properly interpreted, the values so obtained are as 
significant and as easy to duplicate as the average physical 
or chemical test used for industrial control.

V is c o s it y  o p  C a s s a v a  F l o u r

The two great uses of cassava flour by industry are for glue, 
which usually requires a cold concentrated alkaline solution, 
and for sizing, which usually requires a hot dilute neutral 
solution.

This paper is principally concerned with the testing of dilute 
solutions of untreated cassava flour. The testing of concen
trated alkaline solutions requires different methods and con
ditions and should be considered as a separate field. Fre
quently a starch having a relatively high viscosity in concen
trated solution will show a relatively low viscosity in dilute 
solution. Even among dilute solutions, concentrations can
not be changed substantially without the possibility of bring
ing about a drastic shift in their relative viscosities.

The results recorded in Tables I  and II  were all obtained in 
a like manner by using the methods and apparatus described 
below. The “P arts of W ater” shown in these tables is the 
ratio of water to one part of starch or flour (containing 1 2  per 
cent moisture), which was present a t the time the first test was 
made. The data presented show tha t the viscosity of colloidal 
solutions produced by gelatinizing starch in water is largely 
dependent upon the conditions surrounding the preparation 
of the solutions.

G o r d o n  G. P ie r s o n , 720 W est M ain St., L a n sd a le , P a .

After describing certain viscosity characteristics 
of some of the commonly known and widely 
used brands of cassava flour and other starches, 
various methods of testing are discussed and a 
new method and apparatus fo r preparing and 
testing dilute hot solutions are offered as standard  
for a large portion of the trade.
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T able I. E ffect  of C ooking on V iscosity  of Cassava F lours

K i n d  o r P a r t s  o r --------- V i s c o s iT T  i n  C e n t IP O I8E S A rT E R  C o<iKING---------------------
T e s t S a m p l e W a t e r W a t e r 2 min. min. 12 min 15 min. 25 min. 35 min. 45 min. 55 min. 75 min.

1 A Distilled 16.5 to  1 1980 1120 459 332 234 140 102 78 54
2 B Distilled 16.5 to  1 166 140 127 102 78 54 54 27 27
3 C Distilled 16.5 to  1 538 747 1220 1470 570 386 251 204 127
4 E Distilled 16.5 to 1 870 676 580 465 371 262 224 166 78
5 F Distilled 16.5 to 1 610 1020 1090 1160 665 305 166
6 F Well 16.5 to 1 443 470 371 332 194 127 78
7 G Distilled 16.5 to 1 550 482 472 305 166 78 27
8 G Well 16.5 to 1 550 482 443 332 179 102 27
9 H Distilled 16.5 to 1 1980 665 332

10 H Distilled 18.5 to  1 1220 465 234
11 II Distilled 22 to  1 371 270 127
12 H Distilled 33 to 1 140 90 50
13 I Distilled 16.5 to 1 1780 570 300
14 I

K i n d  o r

Distilled 33 to 1 194 . .  140 . .  54

T a b l e  II. E f f e c t  o f  C o o k in g  o n  V i s c o s i t y  o f  C o m m e r c i a l  S t a r c h e s

.----------------------- V is c o s i t t  w  C e n t ip o is e s  a f t f . i i  C o o k in g ----------------------- .
P arts of 3 10 15 20 25 35 45 55 75

A p t e r  S t a n d i n o  
i n  C o l d

24 H o u r s

T e s t S t a r c h W a t e r ® min. min. min. min. min. min. min. min. min. CONSISTENCY c l a r i t y

15 Corn (Pearl) 12.5 to  1 708 747 . 890 635 482 340 214 Very firm jelly Cloudy
16 W heat 11.5 to  1 375 375 390 332 262 194 166 Firm  jelly Cloudy
17 Rice 11.5 to  1 498 260 243 204 179 140 78 Firm  jelly Cloudy
IS Po ta to  (German) 21 .5  to  1 2500 1660 1330 515 243 166 127 54 Liquid Clear
19 Po ta to  (M aine) 21 .5  t o i 2400 1520 1200 580 247 140 127 54 Liquid Clear
20 Sago 13.5 to  1 665 255 78 27 27 Soft jelly Cloudy
21 Arrowroot 19.5 to  1 432 650 224 102 54 *27 *27 Liquid Clear
22 Cassava 16.5 to  1 
° Distilled w ater used.

1800 810 277 194 140 54 27 Liquid Clear

Table I shows the effects of cooking on the viscosity of a num
ber of samples of cassava flour, representing brands imported 
from Java and more or less regularly appearing on the market 
in this country and which so far as is known had not been treated 
in any manner for the purpose of modifying their viscosities.

Table II  shows the effect of cooking on the viscosity of samples 
of a variety of starches consumed in large quantities by many 
industries, and known to the trade as first-quality raw or thick- 
boiling. In these tests the parts of water have been varied 
substantially for the different starches in order to give viscosities 
somewhere near the same order for each starch during a portion 
of the cooking period; also to give bodies of sufficient thickness 
to be sensitive to the cooking operation. Each starch can be 
diluted so th a t the resulting viscosity is very little affected by 
heat and agitation; for example, if the sago starch had been 
cooked with 21.5 parts of water, as was done with the potato 
starch, the sago solution would have shown a very low viscosity 
which would hardly have been affected by the cooking operation, 
whereas a t the higher concentration used a  rapid change in vis
cosity was shown.

Figure 1 shows graphically the results of tests 1, 2, 3, and 4 of 
Table I. These flours were all cooked with the same amount 
of water and were selected to  illustrate the wide differences in 
viscosity frequently found among raw or unmodified cassava 
flours; also to show the necessity of measuring the viscosity a t 
more than one point in the cooking operation.

Figure 2 shows graphi
cally the results of tests 9, 
10, 11, 12, 13, and 14 of 
Table I. Tests 9, 10, 11, 
and 12 can be considered 
as a group illustrating the 
effect of dilution on the 
viscosity curve of cassava 
flour H. The nature of the 
viscosity curve for flour H 
a t the lower concentrations 
is e n t i r e ly  different from 
th a t shown a t the higher 
concentrations. Tests 13 
and 14 show the same order 
of change for cassava flour 
I. Another interesting fact 
is shown by comparing the 
curves for tests 9 and 13 
with 12 and 14. Test 9 is 
the curve for flour H  a t 16.5 
to  1 and 13 is the curve for 
flour I, also a t 16.5 to 1, 
H  showing a r e l a t i v e ly  
higher v is c o s i ty  th a n  I 
throughout. Tests 12 and 

14 show the relative position of the viscosity curves for I I  and I  
a t 33 to 1; the positions of these flours is reversed with respect 
to viscosity, sample I showing the highest viscosity for this con
centration.

Figure 3 presents graphically the results of the tests in Table 
II. Some care must be exercised in drawing conclusions from

25 5 0  75
TIME COOKING- MINUTES

F igure 1. E ffect  of Cooking 
on V iscosity of Selected  Sam

ples  of  Cassava F lour

Sample A, 16.5 to  1 
Sample B, 16.5 to  1 
Sample C, 16.5 to  1 
Sample E , 16.5 to 1

a group of curves of this kind. The samples used for these tests 
are typical of the average for each starch, bu t it  should not be 
assumed th a t all samples of any one kind of starch would con
form to the type show'n here. However, the curves clearly indi
cate th a t potato, cassava, sago, and arrowroot solutions arc more 
drastically affected by heat and agitation than  those of wheat, 
corn, and rice; also th a t potato solutions cover the greatest vis
cosity range, while wheat covers the least.

E ff e c t  o f  H e a t  a n d  A gi
t a t io n . Viscosity is usually 
rapidly reduced by continued 
application of either heat or 
a g i t a t io n ,  particularly when 
heat and agitation are com
bined. C a s s a v a  flour a n d  
several other starches have a 
large percentage of their vis
c o s ity  w h ich  is easily de
stroyed, provided the solutions 
are sufficiently concentrated, 
this percentage varying greatly 
among different brands of the 
sam e k in d  of s t a r c h .  In 
g e n e ra l,  h o w e v e r, th o se  
starches which show the high
est initial viscosity also have 
the largest percentage of easily 
destroyed viscosity, so tha t 
when s ta r c h  s o lu t io n s  are
subjected to a prolonged period of heat and agitation the 
solutions of initially high viscosity are liquefied more rapidly. 
Flours which give solutions of initially high viscosity may 
after a prolonged or severe cooking period show a viscosity 
which does not differ substantially from th a t shown by the 
so-called low-viscosity flours, when both are subjected to the 
same treatm ent.

All kinds of cassava flour as well as other starches develop 
a maximum viscosity a t some point in the cooking operation, 
bu t the amount of cooking required to develop this maximum 
viscosity varies greatly. Curve 3, sample C, in Figure 1 
shows th a t in order to develop the maximum viscosity for 
this sample, about 1 0  minutes’ more cooking is required than 
for the other samples of cassava flour. This delayed develop
m ent of the maximum viscosity is not frequently shown by 
samples of cassava flour, although other starches— corn, 
arrowroot, and wheat (Figure 3)— usually show this charac
teristic.

10 20 30
TIME GOOKING-MINUTES

F ig u re  2. E f f e c t  o f  C o n 
c e n t r a t i o n  o n  V isc o sity  

o f  C a ssa v a  F l o u r

10.
11.
12.
13.
14.

Sample H , 16.5 to  1 
Sample H , 18.5 to  1 
Sample H , 22 to  1 
Sample H , 33 to  1 
Sample I, 16.5 to 1 
Sample I, 33 to  1
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Two flours may develop similar maximum viscosities a t the 
same point in the cooking cycle, but one flour may show 
greater resistance to the thinning action of further heat and 
agitation and therefore a t some later point in the cooking 
cycle be substantially thicker than the other. (Compare 
curves 1 and 4, Figure 1.)

E f f e c t  o f  S m all  C h e m ic a l  C h a n g e s . I t  is becoming 
fairly well recognized th a t the viscosity of starch solutions 
can be greatly affected by very small concentration of elec
trolytes. Ripperton (5) has shown the effect of some chemi
cal additions and also th a t equal additions to different sam
ples of the same variety of starch do not always produce the 
same relative change. Wiegel (7) states tha t viscosity 
changes were different in Thuringer glass from those in Jena 
glass. A ttention is called to tests 5, 6 , 7, and 8  of Table I. 
Cassava flour F  was used for tests 5 and 6  and a very large 
reduction in the viscosity was produced by substituting first- 
class well water in 6  for the distilled water of 5. Cassava 
flour G was used for tests 7 and 8 . No practical change in 
viscosity was produced when the well water of 8  was substi
tu ted  for the distilled water of 7. These tests clearly indicate 
the importance of small quantities of electrolytes and show 
th a t all flours do not react in the same manner; also tha t 
gross errors might result when an attem pt is made to antici
pate the viscosity of pure water solutions from data obtained 
from chemical solutions or vice versa.

E f f e c t  o f  C o n c e n t r a t io n . Viscosity determinations 
and curves can be decidedly confusing unless the concentra
tion is stated and the possible effect of varying the concentra
tion is clearly understood. Significant viscosity studies and 
practical accurate testing have been hindered because water 
concentrations far below commercial requirements have been 
used, frequently between 30 and 100 to 1. Viscosity tests 
a t  these very low concentrations (Figure 2) are easier to make 
and to duplicate, bu t unfortunately the results so obtained 
lack significance. A number of samples of flour will usually 
show roughly similar relative viscosities a t substantially dif
ferent concentrations, but there are many exceptions. I t  is 
also obvious, on account of the very sensitive nature of the 
more viscous solutions, tha t the relative divergence in vis
cosities of flours increases with concentration.

G e n e r a l  M e t h o d s  o f  T e st in g

In  recent years many methods of preparing starch solutions 
for viscosity determinations have been suggested. Harvey 
(3) passed live steam through a water-starch suspension and 
regularly drew off portions to be tested until he obtained a 
relatively constant value. The viscosity curve so obtained 
was considered an index of the viscosity of the starch and he 
therefore became one of the first to suggest the curve or the 
necessity of more than a one-point test. His apparatus and 
methods, however, lacked standardization and the means for 
delicate control. Wolff (8) brought starch into solution on a 
water bath, then boiled and stirred the mixture for 2.5 min
utes. His test was apparently a one-point method and the 
extremely im portant factors of heat and agitation must have 
been difficult to control accurately. Ripperton (5), recog
nizing the paramount importance of the methods used to pre
pare solutions of starch and especially the effect of heat and 
agitation, devised a refined method in which he carefully con
trolled heat, and completely eliminated agitation. His 
method was apparently adapted for a one-point determina
tion and because he eliminated agitation, which actively en
ters into all commercial uses of gelatinized starch, appears 
lacking in practical value.

Grimshaw (2) has presented a number of methods used by 
different starch manufacturers, differing widely in the man
ner in which the solutions are prepared. In  general the 
methods used to provide heat and agitation are meagerly de

scribed and do not offer adequate means for either control or 
standardization. I t  would seem difficult for laboratories em
ploying any of them consistently to obtain a practical degree 
of agreement. Furthermore, the methods are not conven
ient for the determination of the viscosity curve. Caesar 
(1), with an excellent discussion of the principles involved in 
viscosity determinations of starch pastes, described a new 
apparatus and method for obtaining a complete picture of 
the changes which occur during the cooking and cooling pe
riods. The method, however, does not appear suitable for

F igure 3. E ffect of C ooking on Viscosity of C ommercial 
Starches

15. Corn, 12.5 to 1 20. Sago, 13.5 to  1
16. W heat, 11.5 to 1 21. Arrowroot, 19.5 to  1
17. Rice, 11.5 to 1 22. Cassava, 16.5 to 1
19. Potato , 19.5 to 1

ordinary control work because of its complicated nature, the 
length of time required to make the test, and the lack of sen
sitivity in the boiling range. Mangels and Bailey (4) in a 
study of the relative viscosities of wheat starches used cold 
solutions of chemicals as gelatinizing agents and found tha t 
different reagents showed different relationships between the 
starches. Obviously the values obtained by using chemical 
gelatinizing agents cannot be used with certainty to predict 
values when water and heat are used as the gelatinizing 
agents.

The writer has observed a number of viscosity methods 
used by the laboratories of the starch-consuming industries, 
rather than by starch manufacturers as described by Grim
shaw (2), and has found laboratory methods also decidedly 
different in both principle and technic. The manner in which 
starch solutions were prepared for testing frequently has had 
no apparent relation to the manner in which the solutions 
were prepared for plant consumption. I t  has been suggested 
that the different requirements of the consuming industries 
would eliminate the possibility of adopting a standard method 
of viscosity determinations, but it appears th a t the great 
majority of plants using starch as a  size prepare their starch 
by boiling it with from 1 0  to 2 0  parts of water and use it a t  a 
temperature a t or near the boiling point.

The large number of methods for viscosity testing now used 
by the trade can be roughly divided into four general classes:

1. The starch is gelatinized in water by heat supplied from 
a hot water bath. The tem perature employed, the time of 
cooking, and the agitation vary enormously. W hen the cooking 
period is comparatively short, no indication is given as to how 
much cooking is required to  develop the maximum viscosity or 
what resistance the starch may have to  longer cooking and agi
tation. When the cooking period is comparatively long, all 
starch solutions tend to be reduced to the same viscosity level 
and all indications of the body developed by a limited amount 
of cooking, as well as the point where the starch develops its 
maximum viscosity, are obscured. Accurately controlled heat 
and agitation seem difficult to  obtain and duplicate, especially
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F ig ure  4. D iagram o r  Viscositt-T esting  A pparatus

Steam  entry 
W ater separator
Boiling can, copper-lined, well-insulated walls and bottom , 12 

inches (30.5 cm.) deep, inside diam eter 6.75 inches (14.8 cm.) 
Viscometer orifice. Standard brass spray tip  (M onarch M anu

facturing Works, Inc.) Type 631, size 0.25 inch (0.635 cm.). 
The 0.125-inch (0.317-cm.) diam eter orifice tip, weighing 8.1 
grams, and the 0.22-inch (0.556-cm.) diam eter orifice tip, 
weighing 7.1 grams, were selected as most suitable.

Pressure gape
Brass reducing plug, tapped for 0.25-inch (0.635-cm.) steam  

orifice
Steam orifice. S tandard  brass spray  tip. M onarch type 631, 

0.25 inch (0.635 cm.), with orifice hole 0.04 inch (0.102 cm.) 
diam eter, made by No. 60 drill 

Unrestricted steam  pipe, sire 0.25 inch (0.635 cm.)
Orificed steam  pipe, size 0.25 inch above orifice and 0.125 inch 

(0.317 cm.) below. Extending to depth  of 1 inch (2.54 cm.) 
above center and bottom  of boiling can 

Pressure regulator, to  m aintain constant steam  pressure of 25 
pounds.

Strainer, size 0.5 inch (1.27 cm.), made by Trym e M anufacturing 
Co., Westfield, Mass.

Therm ometer, detachable. M ercury bulb suspended 4 inches 
(10.2 cm.) from bottom  and 2 inches (5.1 cm.) from side of 
boiling can.

Globe valves, size, 0.25 inch (0.635 cm.)
Viscometer cup. Brass, outside diam eter 3 inches (7.6 cm .); 

outside height 5.875 inches (14,9 cm.). Walls made of No. 18 
S t u b B  gage S tar B rand seamless brass t u b i n g ,  bottom  thick
ness 0.187 inch (0.47 cm.), tapped in center of bottom  for 
insertion of 0.25-inch (0.635-cm.) orifice; weight of cup with
out orifice, 530 grams.

A .
B.
C.

D.

G.
N.

O.

P.
PP.

R.

T.

V.
X .

in different laboratories, when heat is applied by means of a  water 
bath and agitation is supplied by some other "means.

2. Frequently the starch is cooked for a short or long period, 
then allowed to cool by standing several hours. The firmness of 
the jelly so formed is measured either by some jelly-strength 
apparatus or more frequently by comparing the feel of the jelly 
with th a t of a standard sample. Starches so tested are usually 
used by the factory operation in a hot liquid state. Since the 
consistency of a cold starch solution which has stood for several 
hours without agitation is only very poorly related to its con
sistency while hot and agitated, this method quite frequently 
gives erroneous results. Furthermore, the consistency of a cold 
starch jelly is very difficult to measure or estimate accurately.

3. Starch is often gelatinized in cold or hot water by means of
caustic soda, and then tested. Since dilute solutions of starch
are rarely gelatinized by caustic for practical application and
since such a method of gelatinization will not reliably indicate the
consistency of starch during or after cooking with water alone, 
this method seems to have limited practical value.

4. Starch is cooked by running live steam directly into the 
solution. The temperature rises to near the boiling point of 
water and remains steadily a t tha t point during the operation, 
the agitation of the solution during the cooking being controlled 
by the amount of steam released. This method is employed by 
the great majority of large starch consumers in their plant opera
tions and for th a t reason has especial significance when adapted 
to  a laboratory method for indicating the practical value of a 
sample of starch. So far as is known, however, this method has 
not been generally used w’ith  success in the laboratory because 
its action is rapid and requires a very definite control. The new 
apparatus described below makes use of this method of cooking 
and discloses means for accurate control.

Many different kinds of instruments are used in measuring 
the consistency of starch. Most of them are satisfactory for 
practical purposes, but some are better adapted to the testing 
of hot dilute solutions than others. The stationary orifice 
type, including the Saybolt, the Engler, the Scott, and the 
ordinary glass funnel, are widely used. These instruments 
usually require some sort of temperature control to keep solu
tions from cooling too much during the test. The orifice is 
also subject to stoppage if clots or lumps of cooled starch 
solution collect, and the solution to be tested must be re
moved from the cooking container in order to pass it through 
the orifice. The frictional and torsional types, such as the 
Stormer and the MacMichael, also require removal of the 
solution from the cooking container as well as temperature 
control to prevent cooling of the solution in the viscome
ter. The readings, however, are not appreciably affected by 
small lumps or clots.

The Bingham-Greene plastometer, where the solution is 
extruded through a capillary under pressure, has also been 
used but is best adapted to thick pastes lacking the viscous 
nature of hot dilute starch solutions.

Nivling has developed an automatic continuous recording 
viscometer for large-scale industrial uses where the pressure 
required to deliver a  given volume of liquid a t a constant rate 
is used as a measure of viscosity.

P r o po se d  V isc o sit y  T e st

Having in mind the general lack of confidence and agree
ment in  the results of viscosity testing and the great variety 
of methods used, a new method was developed which it is be
lieved provides controlled conditions which can be easily dupli
cated. Boiling with live steam is the method of cooking 
employed, because it is widely used by the p lant operations of 
large consumers. H eat and agitation are definitely controlled 
by a constant flow of dry steam through a standard orifice. 
I t  has previously been shown th a t a sample of starch fre
quently has a peculiarly individual as well as a rapidly chang
ing viscosity, so th a t for many purposes a single-point deter
mination during the cooking operation has little or no practi
cal significance. This new method, because it  easily permits 
a continuous testing of the solution during the cooking pe
riod, is suited for the determination of the viscosity curve.

An im portant feature of this method is the viscometer, 
which is a modification of the original Perkins viscometer 
described in U. S. Reissue P aten t 13,436. The modified vis
cometer is a  metal cup with an orifice screwed into its bottom. 
The cup is simply placed in the solution to be tested and the 
time required for its submergence is measured by a stop watch. 
This viscometer eliminates many of the objectionable features 
of the viscometers now7 in common use. The solution is not 
removed from the cooking can during the test. No special 
temperature control of the viscometer or solution is necessary 
during the measurement, since the viscometer passes through 
a large quantity of solution contained in the insulated cooking 
can rather than a comparatively small amount of solution 
passing through a rather large viscometer. This viscometer 
is easy to make, inexpensive, practically unbreakable, and
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very easy to clean. Its accuracy as well as the ease and time 
required for its manipulation have been highly satisfactory. 
I t  has been developed to measure the degree of thickness or 
thinness of dilute solutions of starch in terms having practical 
utility and not to determine whether the consistency is truly 
viscous or whether a set of readings follows some mathemati
cal equation. A good viscometer for practical purposes 
should indicate only differences which are apparent to the 
skilled practical man.

M e t h o d  o p  T e s t i n g .  Place 3000 cc. of distilled water a t 
about 75° F. (23.89° C.) in the boiling can and stir in the proper 
am ount of starch. Open valve pipes P  and PP  to drain con
densation and heat them ; then close the valves, attach the boil
ing can to hook II, and open wide the valves or pipes P  and PP. 
After 20 seconds the mixture will gelatinize and the flow of steam 
through P  must be reduced immediately, so tha t the force of the 
steam will not blow the paste out of the can. Continue to 
manipulate the valve for P, so th a t the temperature is brought 
steadily up to 190° F. (87.78° C.) in exactly 1.5 minutes. There
upon, immediately close the valve for P  but allow the constant 
flow of steam through P P  and the constant agitation caused 
thereby to continue as long as desired. The temperature of the 
solution rises rapidly to  the boiling point, where it remains. 
I t  has been the custom of this laboratory when testing cassava 
flour for ordinary control purposes to use 200 grams and to 
remove the can for testing 3 minutes after opening valve pipe P. 
At this point the viscometer cup with a 0.22-inch (0.556-cm.) 
orifice is placed in the solution; the time required for the cup to 
submerge is the viscosity measure. Exactly 2 minutes after 
the removal of the can it is replaced and boiling is continued until 
the total time elapsed has reached 17 minutes, whereupon the can 
is again removed and tested with a 0.125-inch (0.317-cm.) 
orifice in the viscometer. The first reading with the 0.22-inch 
(0.556-cm.) orifice can be converted into equivalent readings for

the 0.125-inch (0.317-cm.) orifice by means of a  predetermined 
set of values, and these viscosity readings in seconds can be con
verted into centipoises after standardizing the 0.125-inch (0.317- 
cm.) orifice against solutions having a  known viscosity in centi
poises. For ordinary purposes readings in seconds are preferred.

S t a n d a r d i z i n g  A p p a r a t u s .  To standardize the cooking ap
paratus, open wide the valve for pipe P P  and allow steam to flow 
until the pipe is hot; then put 4000 cc. of water a t a tem perature 
of about 70° F. (21.1° C .) into the cooking can and place it  on 
the hook. The time required to raise the temperature from 75° 
to 100° F. (23.89° to 37.78° C .) should be approximately 3 min
utes and 13 seconds.

The viscometer cup is standardized by measuring the time 
required for it to sink in water a t approximately 75° F. (23.89°
C.). The cup with an 0.125-inch (0.317-cm.) orifice sinks in
19.3 seconds and with the 0.22-inch (0.556-cm.) orifice the time is
7.1 seconds.

With this apparatus and method of cooking the condensation 
should be very close to 350 cc. after 3 minutes of cooking and 
30 cc. for every additional 10 minutes when a  test is made using 
3000 cc. of water and 200 grams of starch. For ordinary testing 
the condensation after the first 3 minutes is not an im portant 
factor.
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R e c e i v e d  November 7, 1933.

Determination of Dielectric Constants 
by Means of Radio

M. M . O tto  a n d  H. H. W e n z k e , U niversity o f  N otre Dame, lNotre Dame, Ind.

IN CONNECTION with research work, a method of deter
mining dielectric constants accurately with an inexpen
sive apparatus was desired. The heterodyne beat 

method was the most convenient one to use, but a source of 
constant radio frequency was needed to obtain good results. 
Broadcasting stations should serve for this purpose, as they 
are required by federal regulations to keep within twelve 
cycles of their assigned carrier frequency to guard against 
interference with stations operating in adjacent channels.

If the frequency of the carrier was varied by the audio fre
quency superimposed upon it, a  composite of which is trans
m itted by the sending station, the radio could not be used as 
a source of constant oscillations. There is, however, no shift 
in carrier frequency but audio modulation adds what are 
called side bands on each side of the carrier wave and re
moved from it  a number of cycles equal to the modulating 
frequency. Another oscillator coupled to a radio receiving 
the modulated carrier wave of the broadcasting station can be 
made to form an audible beat note which has a frequency 
equal to the difference in cycles between carrier and the oscil
lator, This beat note, together with a jumble of distorted 
music, is given out by the radio. By slowly tuning the 
variable oscillator the beat note can be made to become lower 
in frequency and the music less distorted until, a t what is 
called zero beat, the music is undistorted and can be heard 
exactly as if the second oscillator were not in operation.

Having a method of setting a variable oscillator to constant 
frequency, the usual procedure of the heterodyne beat method

for determining dielectric constants was then followed. As is 
known, the dielectric constant may be taken as the ratio of the 
capacity of a given condenser filled with the medium to be 
measured, divided by the capacity of the same condenser 
evacuated or, for most practical purposes, filled with air. 
By connecting the measuring condenser in parallel with a 
condenser previously calibrated, the capacities are added, and 
if the standard condenser had been set for zero beat with the 
broadcast station it must be detuned an am ount equal to the 
capacity of the measuring cell again to have zero beat. Repe
tition of the process with air and an unknown substance in the 
measuring cell makes it possible to calculate the dielectric 
constant.

A p p a r a t u s

Figure 1 is a diagram of an ordinary variable oscillator. 
The measuring cell is similar to tha t used by Smyth and 
Morgan (8), except th a t the plates are insulated by beads of 
glass fused to stiff platinum wires which are welded to the 
cylindrical plates (5). The standard capacity is a General 
Radio Type 222-L condenser. The condenser system was 
constructed outside of the oscillator proper, and joined to it 
by means of the binding posts, P, P '.

A Stewart-W amer Model 102-A superheterodyne radio was 
used to obtain the radio frequency from the broadcasting 
station. The coupling between the radio set and the variable 
oscillator was adjusted until the error involved in detecting ■
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zero beat was less than th a t in reading the scale on the stand
ard condenser.

In order to correct for parasitic capacity, the cell was cali
brated by filling it with pure, dried benzene, as is done in the 
ordinary procedure.

6 r t  V O LT S

F ig u r e  1. D ia g r a m  o f  V a r ia b l e  O s c il l a t o r

Station WGN, Chicago, operating on 720 kilocycles, was 
used as a source of constant frequency. Their schedule is 
continuous throughout the day, and the signal in this locality 
is of sufficient intensity for the work. Other stations may be 
used, and for purposes of comparison, WBBM, on 770 kilo
cycles, and WMAQ, on 670 kilocycles, were also used, with 
no variation in results. With wave lengths near the long 
wave limit of the broadcast band, the point of zero beat was 
not sharp, while with shorter wave lengths than tha t of 
WBBM, the condenser had too large capacity for the coil 
used.

M e a s u r e m e n t s  o f  D i e l e c t r i c  C o n s t a n t s

In  order to test the accuracy of the method, dielectric con
stants of some known substances were determined. The re
sults of these measurements together with those obtained by 
other workers are listed in Table I. The agreement is good.

T a b l e  I. D ie l e c t r ic  C o n s t a n t s  o p  m -X y l e n b , C a r b o n  
T e t r a c h l o r id e , a n d  E t h y l  A c e t a t e  in  B e n z e n e

m-XYLENE

t , ° C .
<

O tto and Wenzke
e

Pyle (7)
36 2.349 2.353
31 2.354 2.359
28 2.360 2.365
26 2.363 2.370
20 2.369 2.374

ETHYL ACETATE IN BENZENE AT 25° C.
O tto  and Wenzke Sm yth and Walls (9)

Cï e Cl c
0 .0 4 0 2 0 2 .4 3 5 0 .0 3 1 0 2 .4 1 0
0 .0 5 6 5 6 2 .5 0 5 0 .0 4 7 5 2 .4 7 7
0 .1 1 8 8 2 .7 5 4 0 .0 6 1 4 2 .5 3 2
0 .1 4 2 0 2 .8 4 9 0 .1 0 6 0 2 .7 0 8

0 .1 5 7 5 2 .9 1 2

CARBON TETRACHLORIDE

/, °C .
« «

O tto  and Wenzke S trana than  (10)
2 0 2 .2 1 9 2 .2 2 1
30 2 .1 9 6 2 .2 0 0
40 2 .1 8 2 2 .1 8 0
50 2 .1 5 0 2 .1 5 9

Dielectric constant data on organic compounds are obtained 
primarily for the purpose of calculating their electric moments. 
As a further check on this method dipole moments of a num
ber of compounds were determined. The dala on this work 
are given in Table II.

T a b l e  II. D a t a  f o r  D e t e r m in a t io n  o f  D ip o l e  M o m e n t s  o f  
B r o m o b e n z e n e , p - N it r o t o l u e n e , a n d  E t h y l  B r o m id e  in  

B e n z e n e  a t  2 5 °  C .
Cl d « P u Pi

BROMOBENZENE“
0.02104 0.8860 2.347 27.88 S3.62
0.03134 0.S936 2.385 28.46 83.48
0.0366S 0.8974 2.401 28.72 83.16
0.05633 0.9130 2.469 29.85 82.88
0.07708 0.9279 2.547 30.85 80.74

P-NITROTOLUENE b
0.007925 0.8736 2 .495 29.89 432.1
0.01086 0.8747 2.563 30.82 407.4
0.02064 0.8783 2.841 34.32 396.9
0.02094 0.8785 2.845 34.38 394.2
0.02769 0.8809 3.024 36.44 379.2
0.03984 0.8855 3.345 39.84 356.9
0.0-1877 0.8887 3.583 42.13 343.4

ETHYL BROMIDE c
0.01084 0.8759 2.324 27.40 93.1
0.02984 0.8848 2.413 2 8 .5S 90.2
0.03604 0.8878 2.441 28.93 89.1
0.04497 0.8920 2.482 29.45 88.2
0.05801 0.8983 2.544 30.20 86.3

« P m «  83.9: P e -  33.92; u «= 1.55 X  10“ 18.
b P m »  448; P e  »  37.9: u «  4.44 X 1 0 ” » .
« Pa> -  94.2; P e -  18.5; P a  -  11; n -  1.77 X 10-» .

The electronic polarization of bromobenzene was obtained 
from the refractive index for the sodium D line, and the 
density of the pure liquid. T hat of p-nitrotoluene was ob
tained from the same measurements oil solutions in benzene, 
and for ethyl bromide the electronic polarization was taken 
from the literature. Atomic polarization was neglected in the 
case of broinobenzene and p-nitrotoluene, bu t the value for 
ethyl bromide was taken from Smyth and Morgan (8). The 
values obtained— 1.55 X 10~ 18 for bromobenzene, 4.44 X 
10~1S for p-nitrotoluene, and 1.77 X 10- 1 8  for ethyl bromide— 
compare favorably with the values in the literature, as listed 
in Table III .

T a b l e  III. E l e c t r ic  M o m e n t  V a l u e s

M oment X  101*
BRO M OBENZENE

Bergm ann ( / )  1.49
Williams (12) 1.50
M ailer and Sack (G) 1.52
Das (2) 1.53
K. Hojendahl (3) 1.56
Tiganik (11) 1.53

p-N IT R O T O L U E N E
Tiganik (11) 4.44
K. Hojendahl (3) 4.31
Williams (12) 4 .50

ETHY L BROMIDE 
Sm yth and M organ (3) 1.86
M ahanti (4) 1.79

The fact th a t the values obtained by the use of the radio are 
within the experimental deviations of other investigators 
shows clearly th a t this method is useful and accurate for 
measuring dipole moments.

L it e r a t u r e  C it e d
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R e c e i v e d  Novem ber 10, 1933.

J a p a n e s e  D y e  P r o d u c t io n  a n d  F o r e ig n  T r a d e , 1933. 
I t  is conservatively estimated th a t the production of synthetic 
dyestuffs in Japan during 1933 increased by approximately 40 
per cent in volume over the output during 1932. The increase 
in production of cotton textiles and rayon during 1933 probably 
increased the demand for dyestuffs by a t least one-third.



Estimation of Small Amounts of Bismuth, 
Antimony, Tin, and Molybdenum 

in Copper
B a r th o l o a v  P a r k ,  M ichigan College of M ining and Technology, Houghton, M ich.

A NUM BER of methods for separating small amounts of 
bismuth from large amounts of copper have been pro
posed. Those generally used depend upon separation 

of the bismuth as a basic salt, which may be nitrate, sulfate, 
chloride, or bromide in a slightly acid solution, or upon the 
formation of an insoluble carbonate or phosphate in ammonia
cal solution. In  the latter case iron is usually added to help 
collect the precipitated bismuth. M ost of these methods 
work satisfactorily for comparatively large amounts of bis
m uth bu t are not sufficiently sensitive for extremely small 
amounts.

In  a previous paper (5) i t  was shown th a t antimony may 
be separated from copper by precipitating manganese dioxide 
in the slightly acid solution. During this work it  was noticed 
th a t some bismuth accompanied the antimony and manga
nese dkrade, bu t recent experiments have shown th a t its pre
cipitation is not quantitative. Bismuth was found spectro- 
graphically in each of three consecutive manganese dioxide 
precipitates thrown out of 1  liter of copper nitrate solution 
to which had been added 2  mg. of bismuth.

Moser and Maxymowicz (1) have shown tha t the precipita
tion of bismuth oxybromide by means of potassium brom ate- 
potassium bromide mixtures is capable of de
tecting about 0.3 mg. of bismuth in 100 cc. of 
solution. They also have succeeded in separat
ing 13 mg. of bism uth from about 13 grams of 
copper, although their error was large (13 mg. 
added, 2 0  mg. found).

By combining the precipitation as oxybro
mide with a simultaneous precipitation of manga
nese dioxide it is possible to separate less than one 
part of bism uth from a million parts of copper.

One hundred grams of copper were boiled with 
concentrated hydrochloric acid, washed with distilled 
water, and dissolved in 400 cc. of concentrated nitric 
acid. The solution was evaporated to dryness on a 
steam bath, diluted with 1 liter of water, heated 
to boiling, and treated with 1 N  sodium carbonate solution until 
a slight permanent precipitate formed. This was dissolved by 
the addition of 1 cc. of concentrated nitric acid. To the clear 
boiling solution were added 10 cc. of 20 per cent potassium bro
mide solution (a precipitate of silver bromide usually formed a t this 
point), and 10 cc. of 3 per cent potassium permanganate solution. 
At this point manganese dioxide precipitated and bromine was 
liberated. The solution was boiled until free from bromine

(about 30 minutes), allowed to stand until the precipitate settled 
out, and then filtered through a No. 4 Jena glass filter. The pre
cipitate was washed with a  little water, and the combined filtrate 
and washings were treated with potassium bromide and perman
ganate as before. After settling, the solution was filtered and the 
combined precipitates were dissolved with 50 cc. of hot concen
trated hydrochloric acid. The pH of the filtrates varied between
2.0 and 2.6.

The hydrochloric acid solution was concentrated to about 30 
cc., neutralized with ammonium hydroxide, acidified with 1 cc. 
of concentrated hydrochloric acid, diluted to 100 cc., heated to 
boiling, and treated with hydrogen sulfide until precipitation was 
complete. The sulfides were filtered out on a glass filter, washed 
with water, and dissolved with 25 cc. of hot concentrated nitric 

acid, followed by 10 cc. of hot concentrated hy
drochloric acid. The solution of sulfides was 
evaporated to  about 5 cc., 10 cc. of hydrochloric 
acia were added, and the solution was evaporated 
to 3 or 4 cc. I t  was diluted to exactly 5 cc., and 
portions of this concentrate were used to impreg
nate graphite electrodes which were dried in an 
oven a t 100° C. and subsequently arced to  give 
spectrograms. These spectrograms were com
pared with others made from solutions contain
ing known amounts of bismuth, tin, antimony, 
and molybdenum, according to the procedure 
described by Nitchie (£).

Tin, antimony, and molybdenum are quan
titatively precipitated along with the bismuth. 

This was proved in the following manner:
\

Three consecutive precipitations of manganese dioxide were 
made in a solution of 100 grams of refined copper. Practically 
all the antimony, tin; and bismuth were found in the first precipi
tate. Traces of antimony, tin, and bismuth were found in the 
second precipitate, but the third precipitate was spectroscopically 
free from all three elements. To the filtrate from the third pre
cipitation was added 0.1 mg. of each of the four impurities, and 
three more consecutive precipitations were then made. The first 
precipitate contained all four elements. The second contained a 
trace of tin bu t no trace of the other three. The third was spectro
scopically free from all four.

F ig u r e  2. S p e c t b o g r a m s  f r o m  S a m p i .e s  a n d  B l a n k

This procedure was repeated with the addition of 2 mg. of each 
impurity. The results were practically the same. All the im 
purities were found in the first and second precipitates, bu t none 
in the third.

Silver and arsenic precipitate along with the other elements, 
bu t no experiments were performed to ascertain whether or not 
the precipitation is complete. A little lead also was found in th e  
final concentrate but experiments showed th a t precipitation was
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not quantitative. Lead was found in each of three consecutive 
precipitations brought down in the manner described above.

A number of samples of refined copper from various sources 
were analyzed, with the results shown in Table I.

T a b l e  I. A n a l y s i s  o f  R e f i n e d  C o p p e r
S a m p l e A n t im o n y T i n B i s m u t h M o l y b d e n u m

% % % %
1 0.00013 0.00017 0.0045 None
2 0.002 0.0015 0.0005 None
3 0.0013 0.0012 0.00016 None
4 0.0004 0.00007 0.00015 None
5 0.0002 0.0003 0.00002 None
6a 0.0001S 0.00018 <  0.00001 0.00015
7a 0.00017 0.00004 <  0.00001 0.0005
8 0.00005 0.0001S 0.000025 None
9 None 0.00005 <  0.00001 None

10 0.00008 0.0001 <  0.00001 None
11 0.00005 0.00015 <  0.00001 None

Blank None 0.00001 None None
° An unmolted cathode deposited from a  leached solution.

Figure 1 shows a number of spectrograms of the standard 
solutions, using 0.1 cc. for each exposure. Concentrations 
are given in milligrams per 5 cc. Figure 2  shows spectro

grams made from the samples tested and the blank obtained 
by electrolyzing the filtrate from sample 9, dissolving the de
posit in nitric acid, and treating as a sample. Some platinum 
was dissolved from the electrode in the process, as may be 
seen.

The section of the spectrum shown in the figures extends 
from about 2590 A. on the left to 3200 A. on the right, and in
cludes- the most persistent lines of all of the elements sought.

A c k n o w l e d g m e n t

The author wishes to thank for their cooperation the Cop
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Determination of the Acids of Plant Tissue
III. Determination of Citric Acid

G e o r g e  W. P u c h e r , H u b e r t  B r a d fo r d  V ic k e r y , a n d  C h a r l e s  S. L e a v e n w o r t h  

Connecticut Agricultural Experim ent Station, New Haven, Conn.

C ITR IC  acid, when treated 
with potassium perman
ganate and p o ta s s iu m  

bromide under the proper con
ditions, is converted into the 
insoluble substance pentabromo- 
a c e to n e . T h is  reaction was 
originally employed by Stahre 
(6) for the qualitative r e c o g 
n i t io n  of citric acid, but was 
placed upon a quantitative basis 
by the work of Kunz (4 ), and of 
Hartmann and Hillig (if); it is 
now widely used for the deter
mination of citric acid in plant 
tissues. In order to obtain trust
worthy results with the method 
as described by Hartm ann and 
Hillig, i t  is desirable to subject 
a t least 50 mg. of citric acid 
to the oxidation; furthermore, 
the transfer of the precipitate

Citric acid is oxidized to pentabromoacelone 
by potassium  permanganate in the presence of 
potassium  bromide. The oxidation product is 
extracted by petroleum ether, dehalogenated by 
sodium sulfide, and the bromide ion produced is 
titrated with silver nitrate. Quantities of citric 
acid of the order of 1 to 20 mg. can be determined 
in this manner with an accuracy of ± 5  per cent. 
M alic acid alone of the common organic acids 
interferes in any w ay with the determination, 
and the error introduced by the presence of this 
substance is ordinarily so sm all as to be negligible. 
Inasmuch as the conversion of citric acid to 
pentabromoacelone is not quantitative, although 
in constant proportion under the conditions 
described, it is necessary to employ a correction 
factor in the calculation of the results. This 
factor is approxim ately 1.12.

to th e  filter, a n d  th e  su b se 
quent washing and drying, require the most careful attention 
to details of technic.

Although of great value for many types of analytical 
studies, Hartmann and Hillig’s method is seriously limited in 
usefulness for the investigation of citric acid metabolism 
owing to the large amount of citric acid required for accurate 
results. Nevertheless the specificity of the oxidation re
action upon which it is founded makes it the method of 
choice for the determination of citric acid. The authors 
have therefore sought to improve the pentabromoacetone 
method so th a t the filtration, with its attendant and necessary 
solubility correction, may be avoided and trustworthy results 
may be secured on relatively small quantities of citric acid.

I t  was obvious th a t a volu
metric method to d e te rm in e  
pentabromoacetone w o u ld  be 
n e c e s s a ry .  Accordingly, the 
authors have studied s e v e ra l  
procedures w h e re b y  this sub
stance can be dehalogenated 
and the h a lo g e n  determined. 
Kometiani (2) has described a 
method for the dehalogenation 
of pentabromoacetone by warm 
alcoholic sodium iodide in the 
presence of acetic acid. A care
ful investigation of this reaction 
showed th a t quantitative results 
could be obtained only under the 
most r ig id ly  controlled condi
tions; in the authors’ hands the 
conditions described by Kometi
ani invariably yielded results 
from 30 to 40 per cent too high. 
Furtherm ore it was observed 
th a t p e n ta b r o m o a c e to n e  is 

unstable in ethyl alcohol solution. The reaction was not in
vestigated in detail, but within 3 hours a t least 15 per cent of 
the pentabromoacetone in a 0.035 per cent solution of this 
substance in alcohol had been converted to a product th a t 
was no longer dehalogenated by sodium iodide; after 72 
hours the conversion wTas greater than 75 per cent. Inci
dentally it  was noted th a t pentabromoacetone is unstable in 
ether solution also, bu t it appears to be stable when dissolved 
in chloroform or in petroleum ether.

If a freshly prepared solution of pentabromoacetone in 
alcohol is treated with silver nitrate, a precipitate of silver 
bromide separates in a few minutes a t room temperature. 
A study of this reaction showed th a t it was entirely unsuited



for quantitative work: dilate (0 . 0 2  N ) alcoholic silver nitrate 
liberated bromine equivalent to only 32 per cent of the sub
stance (2 atoms =  35.25 per cent) when the solution was 
boiled under a reflux condenser for 45 minutes, whereas 
more concentrated silver nitrate solutions liberated from 
60 to  70 per cent (4 atoms =  70.63 per cent) under similar 
conditions.

The authors have therefore turned to a reaction described 
by Kretov, Panchenko, and Savich (8), according to whom 
aliphatic halogen compounds are completely dehalogenated 
on being heated for a short time with alcoholic sodium 
sulfide solution. I t  was found th a t pentabromoacetone 
reacts quantitatively even with aqueous sodium sulfide in 
the cold; after acidification with sulfuric acid and removal 
of the hydrogen sulfide by boiling, the bromide can be con
veniently determined by titration with silver nitrate in the 
usual way. Advantage was therefore taken of this modifica
tion of the reaction described by the Russian authors for the 
development of an accurate volumetric method to determine 
citric acid in small quantities.

R e a g e n t s

Sulfuric acid, 50 per cent: a  mixture of equal volumes of 
concentrated acid and water.

Potassium bromide, 1.0 M : 11.9 grams diluted to 100 cc.
Potassium permanganate, 1.5 N: 47.4 grams diluted to 1000 

cc.
Bromine water: saturated aqueous solution.
Ferrous sulfate: 20 grams of crystalline salt, 1 cc. of concen

trated  sulfuric acid diluted to 100 cc.
Sulfuric acid, 2 N: 28 cc. of concentrated acid diluted to 500

CC.
Petroleum ether: b. p., 35° to 50° C.
Sodium sulfide, 4 per cent: 4 grams of crystalline sodium

sulfide diluted to  100 cc.. prepared fresh every 2 to 3 days.
Hydrogen peroxide (halogen-free): 4 grams of sodium per

oxide dissolved in 50 cc. of water with careful cooling and faintly 
acidified to Congo red with 50 per cent sulfuric acid (7 to 8 cc. 
required); prepared fresh every week.

Silver nitrate, 0.05207 N :  8.8462 grams of pure silver nitrate 
diluted to 1000 cc. 1 cc. =  2.00 mg. of citric acid or 4.714 mg. of 
pentabromoacetone or 4.162 mg. of bromine.

Ammonium thiocyanate, 0.05207 N : 3.96 grams diluted to 
1000 cc. and standardized against the silver nitrate.

Ferric ammonium sulfate (ferric alum): 100 grams dissolved 
by warming with 100 cc. of water. Warm slightly to dissolve 
crystals before using.

P r e p a r a t i o n  o f  S o l u t i o n  a n d  O x i d a t i o n  o f  C i t r i c  A c id

The organic acids are extracted by ether from a 2 -gram 
sample of dried and powdered tissue according to the technic 
described by Pucher, Vickery, and Wakeman (5). The 
procedure is designed for the determination of from 1  to 2 0  

mg. of citric acid.
An aliquot part of the organic acid solution tha t will contain a 

suitable quantity (usually 10 cc.) is diluted with water to 25 cc., 
and 3 cc. of 50 per cent sulfuric acid are added. The mixture is 
boiled gently for a few minutes to expel traces of ether, is cooled, 
and 3 cc. of bromine water are added. After being allowed to 
stand 5 to 10 minutes, the solution is filtered with gentle suction 
through asbestos in a Gooch crucible into a 150-cc. beaker 
marked a t  40 cc.; a  suitable apparatus for this filtration is 
readily devised from a desiccator. The precipitate is washed 
with small quantities of water until the 40-cc. mark is reached 
and 2 cc. of potassium bromide are added, followed by 10 cc. of 
potassium permanganate. The oxidation is allowed to proceed 
a t room temperature for 10 minutes, the solution is then chilled 
to  10° to 15° C. in an ice bath, and ferrous sulfate solution (20 
to  30 cc. usually) is added until the manganese dioxide is dis
solved.

E x t r a c t i o n  o f  P e n t a b r o m o a c e t o n e

The oxidation mixture is transferred to a  125-cc. pear-shaped 
separatory funnel previously cleaned with chromic-sulfuric 
acid, and the beaker is carefully rinsed into the funnel with 25 cc. 
of petroleum ether, used in small portions. The funnel is shaken 
vigorously and the aqueous layer is drawn off. The ether is
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transferred to a second funnel. The aqueous solution is shaken 
again with 20 cc. of petroleum ether ana is then discarded. The 
two ether extracts are combined and washed four times w ith 3- 
to 4-cc. quantities of water to remove traces of inorganic halides. 
A 5-cc. quantity of 4 per cent sodium sulfide is added, and the 
mixture is thoroughly shaken; if pentabromoacetone is present 
the aqueous solution becomes red, the intensity of the color being 
very closely proportional to the amount of citric acid originally 
present. (This color reaction can be used to determine from 0.05 
to 1.0 mg. of citric acid photometrically; the details of the method 
are a t present being studied.) The aqueous layer is drawn off 
into a 125-cc. Erlenmeyer flask, and the petroleum ether is 
shaken with a second 5-cc. quantity of sodium sulfide, and then 
three times successively with 3 to  4 cc. of water, each extract 
being added to the flask; 20 cc. of water, 3 cc. of 2 N  sulfuric 
acid, and a few small angular quartz pebbles are added, and 
the solution is boiled gently for 10 minutes to expel hydrogen 
sulfide. I t  is then cooled and 1.5 N  potassium permanganate 
solution is added (1 to 3 cc. usually) until a red color perm anent 
for 15 to 20 seconds is obtained. The color is discharged by  the 
addition of an excess of halogen-free hydrogen peroxide; 5 cc. 
of concentrated nitric acid and 10 cc. of standard silver n itrate  
are added, the solution is cooled and stirred to coagulate th e  
silver bromide (a few drops of ether assist a t this point), 2 cc. of 
ferric alum are added, and the solution is titra ted  with standard 
thiocyanate to a faint salmon-pink color. The end point can be 
duplicated to 0.02 cc. with experience. Multiplication of the 
number of cubic centimeters of standard silver nitrate used by 
the factor 2 X 1.12 gives the quantity of citric acid in the aliquot 
of the organic acid solution taken.

D is c u s s io n

The oxidation of citric acid to pentabromoacetone is as 
complete a t room temperature as a t 45° to 48° C., the tem
perature recommended by Hartm ann and Hillig. A series of 
experiments in which the oxidation was conducted a t 1 0 °, 
25°, and 45° to 48° C. gave recoveries of citric acid tha t 
varied less than 0.2 per cent. Oxidation a t room temperature 
was therefore adopted as being more convenient.

No conditions for the oxidation could be devised in which 
the yield of pentabromoacetone, calculated as citric acid, 
was greater than 90 per cent. The reaction does, however, 
yield a constant proportion of pentabromoacetone under 
rather widely varied conditions. H artm ann and Hillig 
likewise noted tha t the yield was not quantitative and sug
gested tha t a correction factor of 1.05 be used, in addition to 
a weight correction for the solubility of pentabromoacetone.

The petroleum ether extraction technic described entirely 
eliminates this solubility correction; this is the more de
sirable inasmuch as the solubility of pentabromoacetone was 
found to be appreciably greater in solutions derived from 
plant extracts than in solutions obtained by oxidation of the 
pure acid. In  eight determinations of the pentabromo
acetone th a t remained in solution, after filtration of the 
crystalline product obtained essentially as described by H art
mann and Hillig, the quantity  found varied from 1.1 to 2.1 
mg. per 100 cc. w ith an average value of 1.56 mg. per 100 cc. 
This average is in close agreement with H artm ann and 
Hillig’s figure of 1.7 mg. per 100 cc. Four solutions derived 
from the oxidation of extracts from tobacco leaf contained
2.3 to 3.3 mg. per 100 cc., the average being 2.53 mg. I t  
must be emphasized, however, tha t these determinations 
were made on solutions obtained in the course of a routine 
procedure; there was no assurance th a t equilibrium had 
been attained, nor was the salt content of the solutions 
controlled; under these circumstances somewhat wide varia
tions of the solubility might be expected.

The choice of solvent for the extraction of pentabromo
acetone from the reaction mixture is of great importance. 
Ordinary ether gave fairly satisfactory results when pure 
citric acid was employed, and when the procedure was 
carried through promptly, although it  was somewhat more 
difficult to wash this solvent free from inorganic halides. 
When ordinary ether was used for the extraction of oxidation 
mixtures obtained from tobacco leaf extracts, however, the
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presence of an interfering halogen compound derived from 
the oxidation of malic acid was detected in the extract. 
Furthermore, ether solutions of pentabromoacetone are not 
stable on standing. The brominated oxidation product of 
malic acid is not extracted from the reaction mixture by 
petroleum ether, and pentabromoacetone is stable a t room 
temperature in this solvent; its use is therefore essential 
to the success of the present method.

The removal of the pentabromoacetone from the petroleum 
ether by aqueous sodium sulfide and its simultaneous de- 
halogenation are quantitative. The average recovery of 
pentabromoacetone, calculated as citric acid, in eight experi
ments in which the equivalent of quantities of from 5 to 19 
mg. of citric acid were taken was 99.2 per cent. The error 
in the determination of quantities as small as 1.3 mg. was not 
greater than ± 8  per cent; the variation with the larger 
amounts was = *= 2 per cent.

The sodium sulfide extract must be acidified and freed 
from hydrogen sulfide before titration with silver nitrate. 
Nitric acid, if used for this purpose, may give rise to small 
losses of halogen, consequently sulfuric acid must be em
ployed. The solution, after being boiled for 10 minutes, is 
usually yellow or brown in color, and silver nitrate is promptly 
reduced if added; the interfering impurities are, however, 
easily removed by oxidation with potassium permanganate. 
I t  is best to add the permanganate rapidly until a red-brown 
color persists after 10 to 15 seconds agitation, and then 
add the hydrogen peroxide until the solution becomes color
less. Some difficulty may be experienced a t this point, as 
it is not easy to  distinguish the color of the excess of per
manganate. I t  is essential, however, th a t an excess be 
present, as otherwise the silver bromide subsequently 
precipitated will be contaminated with reduced silver. The 
solution is frequently slightly turbid owing to the presence 
of sulfur and, when large amounts of citric acid have been 
taken, may be faintly yellow.

The factor employed in the calculation of the results de
pends upon a series of analyses of known quantities of citric 
acid, both alone and in the presence of malic acid. The 
effect of the presence of from 25 to 30 mg. each of fumaric, 
maleic, succinic, pyruvic, oxalic, and tartaric acids on the 
recovery of from 1  to 16 mg. of citric acid was tested in 
separate experiments. No interference was detected. Malic 
acid, however, was found to exercise a small effect and was 
therefore given especial attention.

The quantities of pentabromoacetone found by titration after 
the oxidation of from 0.6 to 1.9 mg. of citric acid corresponded to
90.3 — 4.8 per cent in six experiments. When 6.4 mg. of citric 
acid were taken, the recovery was 87.5 *  1.5 per cent in eight 
experiments. When from 12.8 to 16 mg. were taken, the re
covery was S9.0 *  0.6 per cent in seven experiments. The 
average recovery over the range 0.6 to 16.0 mg. was therefore 
88.9 per cent or, if the smallest quantities are not taken into 
consideration, 88.3 per cent. This value leads to a  factor of 
1.133.

Analyses of mixtures of from 3 to 16 mg. of citric acid with 
30 mg. of malic acid gave an average recovery of 90.8 per cent 
in seven experiments; analyses of mixtures of 16 mg. of citric 
acid with from 6 to 12 mg. of malic acid gave a recovery of 89.1 
per cent in seven experiments. The average figure o f '90.0 per 
cent recovery may therefore be taken as the most probable value 
of the recovery of quantities of citric acid in the range of 3 to  16 
mg. in the presence of from 6 to 30 mg. of malic acid. This leads 
to  a factor of 1.111.

I t  therefore seems justifiable to take the average of these 
factors—namely, 1 .1 2 —as an empirical factor to employ 
for the calculation of the citric acid from the titration value 
of the pentabromoacetone derived from the oxidation of 
mixtures which may or may not contain malic acid. The 
accuracy of the results so obtained is certainly well within 
*  5 per cent.

D ata are presented in Table I which illustrate the re
producibility of the results obtained by the present method 
when applied to an extract from tobacco leaf tissue. The 
solution analyzed represented a mixture of the organic acid 
fractions obtained by extraction with ether from a number of 
different samples, and was of such a concentration th a t a 
1 0 -cc. aliquot part represented 0 . 2 0 0  gram of the dried leaf. 
For purposes of comparison, analyses by the gravimetric 
method of Hartm ann and Hillig are also shown. In  column 6  

are given the solubility corrections, determined by the 
present method in the filtrates, to be added to the weight of 
the pentabromoacetone found. In  column 7 are the solu
bility corrections calculated from H artm ann and Hillig’s 
correction factor. In the last two columns these two correc
tions are respectively applied to calculate the proportion of 
citric acid in the tissue.

T able I. C itric Acid D eterm ined  in  T obacco L eaf  T issu e  
by th e  P entabromoacetone M ethod

G r a v i m e t r i c  M e t h o d  
s o l u b i l i t y

CORRECTION
S o d iu m  S u l f i d e  M e t h o d  c i t r i c  Calcu-

ALIQUOT C ITRIC  ACID ALIQUOT ACID Found lated C ITRIC  ACID
Cc. Mg. % Cc. Mg. M g.a Mg.b % C

25.0 13.96 2 .79 25 .0 10.93 3 .0 1.9 2 .79 2 .57
25.0 14.40 2 .88 25 .0 11.02 2 .6 1.9 2 .72 2.58
20.0 11.97 2.99 25.0 11.91 2.6 1 .9 2 .90 2 .76
20 .0 11.97 2 .99 50 .0 25.99 3 .9 2.1 2.99 2.81
20 .0 11.74 2.94 50.0 26.20 2 .7 2 .1 2 .89 2.83
20 .0 11.00 2 .90
10.0 5.68 2 .84
10.0 5.66 2.83
10.0 5.76 2 .88
5 .0 2.68 2 .68
5 .0 2 .70 2.70

Av. 2.84
± 0 .1 5

Av. 2.86
± 0 .1 4

2.71
± 0 .1 4

° Determ ined by analysis of filtra te  a fter filtration of the  pentabrom o- 
acetone.

& Calculated from H artm ann  and Hillig’s factor of 1.7 mg. per 100 cc. o 
reaction fluid.

e From  d a ta  in column 6.
<* From  d a ta  in column 7.

The results in the table have not been corrected by the 
factor 1 .1 2 ; when this is applied the average result by the 
sodium sulfide method is 3.18 per cent. When H artm ann 
and Hillig’s factor of 1.05 is applied to the data obtained by 
the gravimetric method, the average result is 3.00 per cent 
from the data in column 8 , or 2.84 per cent from the data  in 
column 9. I t  would therefore appear th a t the sodium 
sulfide method gives slightly higher results than the gravi
metric method. The difference, however, m ay be more 
apparent than real, inasmuch as i t  is largely a  m atter of the 
choice of factors.
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C orrection . In  the paper, “ Acidity T itration of Low-Grade 
Rosins," I nd . E ng . C hem ., Anal. Ed., 6, 122 (1934), references 
were not made to the work of Tingle, J . Am. Chem. Soc., 40, 
873 (1918), showing results obtained w ith the use of a pocket 
spectroscope in titrating sulfuric acid solutions colored by copper 
sulfate and by extracts of tea and stick licorice, or to  the work of 
Macmillan and Tingle, J. I nd . E n g . C hem ., 12, 274 (1920), 
on determining the acidity of red wines and fruit juices. The 
omission of these references was inadvertent and the w riter wishes 
to call attention to the work of these authors. W. C. Smith



Double-Acid Method of Optical Analysis of 
Beet Products

S. J . O sb o r n  a n d  J. H . Z is c h , G reat W estern Sugar Company, Denver, Colo.

T H E inadequacy of meth
ods for the determination 
of sucrose and raffinose 

in beet products has been recog
nized for some time. The vari
ous modifications of the Clerget 
inversion are known to give ques
tionable and inaccurate results, 
the errors being of unknown and 
varying magnitudes. Various 
procedures have been proposed 
to eliminate some of the sources 
of error, bu t the beet-sugar chem
ist has apparently found them 
wanting, as is evidenced by their 
failure to receive general accept
ance.

The double-acid method de
scribed in this paper has been 
found both accurate and prac
tical.

All beet-sugar products con
tain optically active substances 
of three classifications—sucrose, 
raffinose, and a group of polariz
ing nonsugars. In  addition, 
small quantities of invert sugar, 
usually of negligible influence on 
the polarizations, are sometimes 
present. I t  is then self-evident 
th a t any single inversion method 
giving only two polarizations, the 
direct and inverted, and there
fore only two equations, is inade
quate. The beet chemist almost 
universally ignores the polariz
ing value of these nonsugars and 
therefore seldom, if ever, ob
tains accurate results. I t  will be shown th a t the magnitude 
of these errors is such th a t they cannot be rightfully ignored.

Another fault in the generally accepted methods is the use 
of various clarifiers or decolorizing agents in the inverted 
polarization. Even the best of these introduce no small dis
crepancies in the final results.

Appreciating the importance of the errors involved in the 
current single-acid inversion methods, Paine and Balch de
veloped the double-enzyme method (1, 0, 10) which permits 
the evaluation of the three unknowns. This is admittedly 
the most basic and accurate method yet devised. Though 
this enzyme method filled a long recognized need in beet- 
sugar chemistry, i t  has not been accepted for general use be
cause, if properly conducted, the enzyme inversions require 
more time than is usually available and the cost is prohibitive. 
The cost of the purchased enzymes used in the work reported 
in  this paper was about SI per determination and it is doubt
ful th a t enzymes of as satisfactory quality can be prepared 
more cheaply. Anyone who has worked with enzymes is also 
familiar with the difficulty occasionally experienced of secur
ing satisfactory enzyme preparations and of being sure of the 
completeness of the melibiase inversions.

W hat the beet-sugar chemist 
needs is a method th a t will give 
the actual sucrose and raffinose 
in a product a t no great expendi
ture of time or money. The 
method offered here was de
veloped with these thoughts in 
mind.

T h e o r y  o p  D o u b l e - A c i d  
M e t h o d

I t  has often been noted th a t 
the polarizing effect of the op
tically active nonsugars becomes 
zero in a strongly acid solution, 
such as the 0.634 N  hydrochloric 
acid of a Clerget inversion. This 
has been observed in the R e
search Laboratory of the Great 
W estern Sugar Company, and 
has also been confirmed by Paine 
and Balch (9) and by  Zerban 
(15). This does not necessarily 
hold true for raw beet juice, bu t 
has frequently been demon
strated to hold in all beet-factory 
products following carbonation, 
and it is with such products th a t 
the beet-sugar chemist is gener
ally concerned when determining 
true sugar or raffinose. For 
the present the chemist should 
confine himself to the double
enzyme method with cossettes or 
diffusion juice, b u t further work 
as to the adaptability of this new 
method to  these materials is an 
ticipated. As offered here, the 

new' method is developed primarily for the accurate analy
sis of molasses, raw massecuite, and all other products fol
lowing carbonation.

If it is tentatively accepted th a t the optical activity of the 
nonsugars becomes zero in a strongly acid solution and is re
stored upon neutralizing, it is possible to determine the polar
izing effect of these substances. This can be done by making 
two acid inversions, polarizing the one in the acid and the 
other in its neutralized solution. The nonsugar effect is zero 
in the acid polarization, but has its full normal value in the 
neutralized solution. The difference between these two in
vert polarizations will then be the polarization of the non
sugars, after correcting for the effect involved in the neutrali
zation itself. Hereafter the polarizing effect of these non
sugars, designated in a previous paper (16) as Z, will be termed 
the N  value. The direct polarization may then be corrected 
for this contained N  value, leaving only two unknowns, su
crose and raffinose, which can be calculated from the two equa
tions. This is the basic principle of the double-acid method.

This method requires very little more time or expense than 
the single-acid inversion methods now in general use, and the 
results obtained are comparable to  those by the double-

A melhod previously proposed lias been further 
developed fo r the determination of sucrose and  
raffinose in beet products which cannot be 
analyzed accurately by any single-acid inversion 
melhod. Advantage is taken of the fact that 
the optically active nonsugars become inactive 
in strongly acid solutions, as in a  Clerget in
version, by making two acid inversions and  
polarizing one in its neutralized solution. The 
polarizing effects of this ammoniacal neutraliza
tion have been established, as well as the effects 
of leading and deleading upon the inversion con
stants. Analyses of molasses from  widely sepa
rated districts, comparing the results by the es
tablished single-acid inversion methods, the 
double-enzyme melhod, and the newly proposed  
melhod, show the double-acid method to be 
comparable to the double-enzyme inversion 
melhod, whereas the single-acid inversion methods 
in general use give results that are seriously in 
error. Analyses of synthetic sirups by the 
double-acid melhod account satisfactorily for  
known amounts of sucrose added to beet molasses. 
The effect of molasses impurities upon inversion 
constants is considered in a prelim inary manner.

The method has been developed and used at 
the Johnstown molasses refinery during the 
past 6 years, and is now offered as a substitute 
fo r the admittedly basic but impractical double
enzyme melhod.
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T able I . Analyses of M olasses, C omparing D ouble-Acid and D ouble-E nzyme M ethods

No. SO U R C E
S t e f f e n  o r

N o n - S t e f f e n  C a m p a i g n
Double

acid

S u c r o s e
Double
enzyme

R a f f i n o s e  
Double Double

acid enzyme

N  V a l u e  
Double Double

acid enzym e
%

45.82
48.70

%
3.68
3.93

%
3.61
4.02

- 1 .7 8
- 1 .9 6

- 1 .8 4
- 2 .1 51 Gering, Nebr. S 1932-33

%
45.54

2 Gering, Nebr. 
Scottsbluff, Nebr.

S 1932-33 48.68
3 s 1932-33 49.12
4 Lym an, Nebr. NS 1932-33 50.96
5 B ayard, Nebr. NS 1932-33 49.63
6 M inatare, Nebr. S 1932-33 47.44
7 Gering, Nebr. s 1932-33 48.95
8 Mitchell, Nebr. NS 1932-33 48.49
9 Gering, Nebr. S 1932-33 48.10

10 Lyman, Nebr. NS 1932-33 51.30
11 Greeley, Colo. NS 1932-33 52.64
12 W indsor, Colo. NS 1932-33 48.80
13 Longmont, Colo. S * 1932-33 48.52
14 Sterling, Colo. s 1932-33 48.41
15 Johnstown, Colo. s 1932-33 47.00
16 Grand Je t., Colo. s 48.31
17 Windsor, Colo. NS 1929-30 47.02
18 Fort Collins, Colo. s 1929-30 48.90
19 W indsor, Colo. NS 1929-30 47.92
20 Fort Colli ns, Colo. s 1929-30 47.40
21 B illings-M ont. 

Lovell, Wyo. 
W orland, Wyo.

s 1932-33 48.74
22 NS 1932-33 49.48
23 S 1932-33 49.38
24 Paul, Idaho S 1932-33 49.14
25 Idaho Falls, Idaho S 1931-32 50.00
26 Garland, Utah S 1931-32 49.74
27 M t. Pleasant, Mich. NS 1932-33 50.71
28 Caro, Mich. S 1932-33 47.67

Averages
Differences

48.86

enzyme method, in almost all instances. As Lundell (7) has 
recently suggested, it is well to mention a t this time the cases 
where the proposed method will not work.

If a molasses contains a large percentage of invert sugar or 
its decomposition products, dependable analyses cannot be 
obtained by the double-acid method. Examples of this will 
be shown later where California beet molasses were analyzed. 
However, the failure of the proposed procedure on such mate
rials holds true also with any acid inversion method. The 
chemist must in this case resort to the double-enzyme inver
sions if definitely accurate results are desired, but the double
acid method will give more accurate results on such materials 
than will any of the single-acid methods in present use.

When first presented (16), the double-acid method was in 
more or less of an empirical stage, bu t during the past year 
considerable work has been done on the factors and constants 
involved, and the method has been applied to the analysis of 
a large variety of molasses and synthetic products with satis
factory results.

In the analyses reported herein, carefully standardized 
apparatus was used. The polariscope used was a Bausch and 
Lomb, double-field, single quartz wedge compensating, Bates 
and Jackson scale type. The polarizations reported are the 
averages of no less than ten observations after being corrected 
to Bureau of Standards tested quartz plates of the same or 
nearly the same optical value.

E x p e r i m e n t a l  A p p l i c a t io n s

The logical procedure for testing the accuracy of this 
double-acid method in a practical way was to apply it  to the 
analysis of a variety of actual samples of known composition. 
The most severe test of any such method is with molasses in 
which the impurities, raffinose and optically active nonsugars, 
are concentrated to the highest degree. A large number of 
beet-molasses samples from widely separated districts cover
ing the entire sugar-producing area of the United States were 
gathered for this purpose. Samples were obtained from many 
of the beet-sugar companies representing both Steffen and 
non-Steffen process houses, mostly from the 1932-33 cam
paign, but a  few of earlier production. Such a variety should 
be representative of different beet-growing conditions and 
areas, as well as operating conditions.

All these samples were analyzed by the double-enzyme 
and double-acid methods. In  the enzyme method the official
A. 0 . A. C. procedure (1) was followed, with a few modifica

49.32 3.03 3.06 - 1 .6 1 - 1 .8 7
50.98 1.25 1.42 - 1 .5 4 - 1 .8 9
49.56 1.38 1.47 - 1 .7 4 - 1 .8 3
47.31 2.65 2.87 - 1 .4 6 - 1 .7 2
49.02 3.49 3 .43 - 2 .0 7 - 2 .0 4
48.52 1.30 1.29 - 1 .6 9 - 1 .7 2
48.38 4 . IS 4.09 - 1 .9 9 - 2 .1 0
51.48 1.20 1.25 - 1 .5 6 - 1 .8 4
52.61 1.17 1.31 - 1 .6 1 - 1 .8 4
48.59 0.81 0 .90 - 1 .6 2 - 1 .5 8
48.46 2.71 3.03 - 1 .5 2 - 2 .0 5
48.43 2.76 2 .89 - 1 .5 9 - 1 .8 6
46.82 3.11 3 .22 - 1 .1 0 - 1 .1 2
48.30 3 .20 3.26 - 1 .1 2 - 1 .3 2
46.91 1.52 1.70 - 1 .4 2 - 1 .6 1
49.07 3 .57 3.43 - 1 .6 5 - 1 .5 7
47.71 1.54 1.55 - 1 .6 9 - 1 . 5 0
47.34 3.56 3 .35 - 1 .9 6 - 1 . 5 0
48.81 3.49 .3.43 - 1 .1 8 - 1 .1 3
49.38 1.57 1.75 - 1 .1 7 - 1 .4 1
49.43 3.59 3.57 - 1 .2 3 - 1 .2 6
49.04 3 .45 3.44 - 1 .4 9 - 1 .4 0
50.02 3.27 3.24 - 1 .2 8 - 1 .2 5
49.52 2 .94 3 .10 - 1 .2 5 - 1 .4 2
50.75 1.21 1.30 - 2 .9 5 - 3 .1 4
47.38 2.72 2.87 - 2 .0 0 - 1 .9 8
48 85 2.58 2.64 - 1 .6 2 - 1 .7 1

0.01 0 .03  o .oo

tions. The enzyme inversions were made a t room tempera
ture and were allowed to stand for 24 hours to insure complete 
inversion. They were then made to volume, were covered 
with a few drops of toluene, and were left another 24 hours 
to eliminate m utarotation.

In  both methods the original solution was made up a t 1.0 Ar 
concentration (26 grams of molasses per 1 0 0  ml.), and the in
vert readings were made a t 0.5 N  concentration in a 400-mm. 
jacketed tube. Before completing the leaded solution to 
volume, it was well deaerated under vacuum; experience has 
shown th a t the neglect of this precaution m ay in extreme cases 
cause an error of as much as 0 .2 ° in the direct polarization of 
a molasses containing much entrained air. From the final 
values of both methods a deduction of 1 . 0  per cent was made 
to allow for the volume of the lead precipitates. This deduc
tion, whether made or not, obviously affects both methods 
alike.

The acid inversions were made by the Walker procedure 
(14), slightly modified. The Browne and Gamble (4) inver
sion constants of —33.00 and 0.514 for sucrose and raffinose, 
respectively, were used in the calculation of the double-acid 
analyses. The negative constituent of the divisor was cor
rected in each case by the formula: —(32.1 +  0.07g) where? 
is the grams of sucrose taken for the inversion. Some claim 
th a t the negative constituent varies with the total sugar or 
dry substance concentration in accordance with Vosburgh’s 
rule (13) rather than with the sucrose concentration. How
ever, since the official double-enzyme method (1), as used 
here, corrects the divisor on a sucrose basis, the divisors in 
the acid analyses were also based on sucrose to permit true 
comparisons. The neutralization correction in the double
acid analyses was obtained as later described.

The results by enzyme analysis were taken as the basic or 
true compositions of the various samples. The percentages 
of sucrose, raffinose, and the N  values found by the two 
methods are shown in Table I.

In  comparison with the enzyme values, the results in Table 
I  leave little to be desired as to  the dependability of the 
double-acid procedure. If Lundell's ap t and logical sugges
tions (7) were followed, all such results would be recorded to 
only one decimal and the differences on individual samples 
would appear even smaller. However, even considering the 
unreasonable second decimal, the two methods check very 
closely, certainly well within analytical error limits.

The average raffinose by the two methods agrees within
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less than 0.1. Previously (16) it was found necessary to apply 
a correction factor of 1.18 to the raffinose percentage found by 
double-acid inversion. The explanation of this discrepancy 
is uncertain bu t i t  is possible tha t in the former work proper 
consideration was not given m utarotation in either the acid 
or enzyme analyses. Slight changes and improvements have 
also been made in the general procedure of the new method. 
A t any rate the double-acid method is now shown to give ac
curate raffinose values without the application of any arbi
trary  correction factor.

T hat the basic premise of this double-acid method is sound, 
is shown by the agreement between the N  values determined 
by the double-acid and double-enzyme methods in Table I, 
the average difference again being less than one-tenth. The 
range of N  values by both methods is about —1.0° to —2.0° 
(in one case, sample 27, —3.0°). In this connection it is in
teresting to compare the values of K indt (6), who found, after 
complete fermentation of the sugars in molasses, residual AT 
values of a range of —1 .6 ° to —2.7°.

The double-acid, as well as any single-acid inversion, is not 
dependable when applied to a product containing an un
usually high percentage of invert sugar or its decomposition 
products. Tlus probably explains the fact th a t the double
acid and double-enzyme analyses of six California molasses 
do not check each other, as shown in Table II. I t  has not 
been definitely proved, however, whether the discrepancies 
are entirely due to this cause or whether the behavior of the 
optically active nonsugars in these molasses is partly respon
sible. These samples contained considerable invert sugar 
and were of such low pH th a t the presence of appreciable 
quantities of decomposition products was apparent. Even 
though the double-acid results on such materials are not very 
comparable to those by enzymes, they are more so than are 
the single-acid inversions. Any acid inversion method will 
not even approximate the true raffinose percentage in such 
materials if the enzyme figures are accepted as correct. 
Evidently, the chemist working with such products has a 
problem peculiarly his own and must resort to enzyme inver
sions if the true compositions of his materials are required.

Too much attention must not be given the N  values in 
Table I I  because, as determined by enzymes, they are too 
high. Invert sugar, and probably its decomposition prod

ucts, cause the N  value as calculated from enzyme inversions 
to be falsely large.

In  Table I I I  are shown the sucrose percentages in fifteen 
molasses samples as determined by three modifications of the 
commonly used single-acid methods compared to  the double
acid and the basic double-enzyme results. The beet-sugar 
chemist has generally been reporting the sucrose in molas
ses from 1 to 3 per cent too low, as the result of the inadequacy 
of the methods used. In  fact, when these results are ex
pressed in terms of true purity, his results have been as much 
as 4.3 points too low and seldom within 1 point of the true 
value. Such discrepancies are too great to be continually 
ignored, either by the chemist or by the industry as a whole.

Unfortunately the methods now in common use do not 
give results th a t are low by any consistent amount. As shown 
in Table III, a result may be within 0.1 of the tru th  with one 
molasses, yet on another low by over 3.0 points. To make 
the case against the methods now in general use even more 
serious, they are not low by any consistent value a t a given 
factory during one campaign. I t  has been found th a t the 
true purity of molasses wras reported from 0.77 to 2.62 low a t 
one factory during the past campaign and from 0.98 to 3.10 
low a t another. As a result of these errors it is difficult, if 
possible a t all, to compare operating results from one time to 
another. This very likely explains why extraction does not 
always coincide with reported changes in molasses purities.

Though the predominating cause of the errors in the single
acid inversion methods lies in ignoring the N  value, the re
agents used for decolorizing the inversions cause appreciable 
and variable errors. The double-acid method inverts the 
same leaded and deleaded solution th a t is used for the direct 
polarization, as is the case with the enzyme inversion. How
ever, even if the single-acid inversions were also commonly 
made on the leaded and deleaded solution, the results would 
be low by very inconsistent amounts, due to the variations in 
the N  values. As shown in Table I, the N  value varies in 
molasses from different districts from —1.12 to —3.14 and 
even greater variations have been found. Again, this N  
value is not consistent for a given factory or district. During 
one campaign a t  one factory the polarizing effect of these non
sugars varied from —1.17 to —2.67 and a t  another from 
-0 .8 7  to -2 .3 7 °  S.

No. S ource

Stef fe n  
or N on- 
St e ffen

C am
paign

29 S anta  Ana 8 1932
30 Alvarado NS 1932
31 Oxnard s 1932
32 S anta  Ana s 1933
33 A lvarado NS 1933
34 Tracy s 1933

S a m p l e

2
3
4
5
6
7
8 
9

10
11
12
13
14 
21 
22

D o u b l e  A c i d  
Sucrose Difference®
4 8 .6 8
4 9 .1 2
5 0 .9 6
4 9 .6 3  
4 7 .4 4  
4 8 .9 5  
4 8 .4 9  
4 8 .1 0  
5 1 .3 0
5 2 .6 4  
4 8 .8 0  
4 8 .5 2  
48 .41  
48 .7 4  
4 9 .4 8

- 0 .02
- 0 .20
- 0.02

0 .0 7
0 .1 3

- 0 . 0 1
- 0 . 0 3
- 0 . 2 8
- 0 . 1 8

0 .0 3
0 .21
0 .0 6

- 0 .0 2
- 0 . 0 7

0 .1 0

T a b l e  II. A n a l y s e s  o f  C a l i f o r n i a  M o l a s s e s
(Double-acid, double-enzyme, and  single-acid inversion)

Double
acid

%
4 7 .6 2
5 0 .1 9
48 .5 3
5 3 .7 7
51 .9 4
5 2 .4 2

_____V  V i r  rtw _____
I n v e r t  
S UO AR'SU C R O SE 1

Double Single Double Double Single Double Double o n  D r y

enzyme
%

acid
%

acid
%

enzyme
%

acid
%

acid enzyme p FI S u b s t a n c e

4 6 .4 8 47 .1 6 - 0 . 3 7 0 .6 1 - 0 . 5 1 - 1 . 5 5 - 2 . 2 4 6 .0 2 .9 3
49 .4 9 4 7 .5 4 - 0 . 5 1 0 .3 0 - 0 . 2 9 - 2 . 0 9 - 2 . 8 5 6 .9 0 .6 1
48 .3 9 45 .72 0 .3 9 1 .1 0 1 .36 - 1 . 9 6 - 3 . 1 5 6 .9 1 .2 0
51 .4 9 4 8 .2 4 - 0 . 5 5 0 .8 4 1 .14 - 2 . 1 3 - 2 . 4 6 7 .1 1 .8 8
51 .1 2 49 .9 0 - 0 . 0 8 0 .5 6 -o.os - 2 . 0 4 - 2 . 4 4 7 .6 0 .6 8
52 .1 8 0 .5 0 0 .8 4 - 1 . 6 2 - 1 . 9 8 7 .0 0 .6 4

E HI. P e r  C e n t  S u c r o s e i n  M o l a s s e s

(Double-acid, single-acid, and double-enzyme methods)

D a r c o  C a r b o n  & 
Sucrose Difference®

4 5 .2 6
4 6 .4 0
4 9 .6 7
4 7 .8 4  
4 5 .1 0  
4 5 .7 6  
4 6 .9 5  
4 5 .0 2  
5 0 .5 0  
5 1 .2 0
4 6 .8 9  
46 .0 6
4 5 .9 0  
46 .4 6
4 6 .8 5

- 3 . 4 4
- 2 . 9 2
- 1 .3 1
- 1 . 7 2
- 2 .21
- 3 . 2 0
- 1 .5 7
- 3 . 3 6
- 0 . 9 8
- 1 .4 1
- 1 . 7 0
- 2 .4 0
- 2 .5 3
- 2 . 3 5
- 2 .5 3

--------------S i n g l e  A c i d -----------------
H y d r o s u l f i t e  & Z i n c *»

D o u b l e
E n z y m e

Sucrose Difference® Sucrose Difference® S u c r o s e

4 8 .7 0
4 9 .3 2

50*63 -0 * 3 5 5 0 180 —Ó. Í8 5 0 .9 8
4 8 .8 5 - 0 .7 1 48 .9 1 - 0 . 6 5 4 9 .5 6
45 .8 1 - 1 . 5 0 4 5 .8 6 - 1 . 4 5 4 7 .3 1
4 6 .9 9 - 1 . 9 7 4 7 .1 2 - 1 . 8 4 4 8 .9 6

4 7 .9 2 - 0 . 6 0 4 8 .5 2
46 .’30 - 2 .  OS 4 8 .3 8
51 .4 6 - 0 . 0 2 5 1 .4 8
5 1 .8 8 - 0 . 7 3 52Í 29 -Ó  .32 5 2 .6 1
4 7 .6 0 - 0 . 9 9 4 7 .8 2 - 0 . 7 7 4 8 .5 9
4 7 .2 6 - 1 . 2 0 47 .1 4 - 1 . 3 2 4 8 .4 6
4 6 .6 3 - 1 . 8 0 4 6 .8 0 - 1 . 6 3 48 .4 3
47-47 - 1 . 3 4 4 7 .6 4 - 1 . 1 7 4 8 .8 1

4 7 .9 4 - 1 . 4 4 4 9 .3 8

a Difference from the enzyme results. 
& Decolorizers used on the inversions. Sample numbers agree with those in  Table I.



The results in Table I I I  strongly indicate the need of a 
change in methods by th e  beet-sugar chemist, and the same 
results, along with those of Table I, show the superiority of 
the double-acid method over those in common use.

A n a l y s is  o f  S y n t h e t i c  M i x t u r e s

One of the prime requisites of a method is tha t it will 
truthfully tell how much sugar has been crystallized out and 
removed when a sirup of a given high purity has been reduced 
to a molasses of definite purity. The simplest way to test a 
method for this purpose is to reverse this condition by adding 
a known am ount of sucrose to a given amount of molasses 
and then to analyze the molasses and the resulting synthetic 
sirup of enriched purity. This was done with three different 
molasses and the sucrose was determined by the double-acid 
method. As a m atter of interest the enzyme analyses were 
also determined on two of these samples. The percentages of 
sucrose, raffinose, and N  values found by analysis as com
pared to the actual compositions, calculated from the original 
molasses and sugar added, are given in Table IV.
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T a b l e  IV. S d g a u  A d d i t i o n  T e s t s
E xperim ent

E xperim en t  1 E x perim ent  2 3
D ouble D ouble D ouble D ouble D ouble

M ethod acid enzym e acid enzym e acid
Original m olasses, per cent

sucrose 48 .7 6 4 8 .8 4 4 9 .8 2 4 9 .8 4 4 7 .5 8
Original m olasses, per cent

raffinose 1 .2 9 1 .2 6 1 .1 0 1 .2 6 3 .0 0
Original m olasses, N  value - 1 . 6 6 - 1 .7 4 - 1 . 4 0 - 1 . 7 0 - 1 . 3 2
M ixture, gram s m olasses 30 .0 0 0 3 0 .0 0 0 30 .0 0 0 3 0 .0 0 0 30 .000
M ixture, grams sucrose 100 .048 100 .048 100.075 100 .075 9 9 .9 9 0
Per cent sucrose found 8 8 .1 4 8 8 .1 7 8 8 .4 4 8 8 .4 4 87 .8 3
Per cent sucrose calcu

lated 8 8 .1 8 8 8 .2 0 8 8 .4 3 8 8 .4 3 8 7 .9 0
Difference - 0 . 0 4 - 0 . 0 3 - 0 .0 1 - 0 . 0 1 - 0 .0 7

Per cent raffinose found 0 .3 9 0 .3 0 0 .3 7 0 .3 2 0 .7 7
Per cent raffinose calcu

lated 0 .3 0 0 .2 9 0 .2 5 0 .2 9 0 .6 9
Difference 0 .0 9 0 .0 1 0 .1 2 0 .0 3 O.OS

AT value found - 0 . 4 2 - 0 . 1 8 - 0 . 3 4 - 0 . 2 4 - 0 . 3 5
N  va lue calculated - 0 . 3 8 - 0 . 4 0 - 0 . 3 2 - 0 . 3 9 - 0 . 3 0

Difference - 0 . 0 4 0 .2 2 - 0 .0 2 0 .1 5 - 0 . 0 5

At first it was planned to purify the sucrose used in these 
sugar addition tests, b u t a highly refined AA sugar from a 
west coast refinery was obtained of such quality th a t it was 
deemed unnecessary. This sugar gave an ash of only 0.003 
per cent by incineration and had a specific conductance of 
0.26 which corresponds to about 0 . 0 0 1  per cent soluble ash. 
The invert sugar content was found to be less than 0.003 per 
cent as determined by Schoorl’s method using Luff’s solu
tion (11, 12). The sugar polarized 100.0 when tested against 
a Bureau of Standards quartz plate of 100.75° S. This sugar 
was therefore used as sucrose in this and all following work, 
after making the proper corrections for the small amount 
of contained moisture.

The results in Table IV show the double acid to be thor
oughly dependable from one purity to another because the 
quantity of sugar added to, or removed from, a sirup can be 
accurately determined by its use. The original molasses 
used in these tests were of about 60 purity  and the enriched 
molasses, or synthetic sirups, were of about 93 purity, a 
range in purities which covers those usually encountered in 
actual practice.

The double-acid method also permits the accurate deter
mination of raffinose and N  value as well as sucrose, upon 
diluting these substances with a large amount of sugar. 
Table IV indicates th a t under such a test the double-acid 
method is as reliable a procedure as the double-enzyme in
version.

A g r e e m e n t  o f  D i f f e r e n t  A n a l y s t s

Experience has shown th a t different analysts, working in
dependently, can check their own and one another’s results 
within satisfactory limits by the double-acid method. Table

V indicates just as satisfactory an agreement by the double
acid as by the double-enzyme method.
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T a b l e  V. C h e c k  A n a l y s e s  b y  T w o  A n a l y s t s ,  P e r  C e n t  
S u c r o s e  i n  M o l a s s e s

D o u b l e  A c i d D o u b l e  E n z y m e
S a m p l e Jones Kingsley Difference Jones Kingsley Difference

1 4 5 .5 4 4 5 .5 3 0 .0 1 4 5 .8 4 4 5 .7 9 0 .0 5
2 4 8 .7 0 4 8 .6 7 0 .0 3 4 8 .7 3 4 8 .6 6 0 .0 7
3 4 9 .1 3 4 9 .1 0 0 .0 3 4 9 .2 6 4 9 .3 7 0.11
4 51 .0 4 5 0 .8 9 0 .1 5 5 0 .9 4 5 1 .0 1 0 .0 7
9 4 8 .0 6 4 8 .1 4 0 .0 8 4 8 .3 6 4 8 .4 0 0 .0 4

10 5 1 .2 8 5 1 .3 2 0 .0 4 5 1 .5 8 5 1 .3 7 0 .2 1
11 5 2 .6 6 5 2 .6 3 0 .0 3 5 2 .5 6 5 2 .6 6 0 .1 0
15 4 7 .0 0 4 6 .9 9 0 .0 1 4 6 .8 1 4 6 .8 2 0 .0 1
16 4 8 .1 4 4 8 .4 7 0 .3 3 4 8 .1 5 4 8 .4 4 0 .2 9
21 48 .7 3 4 8 .7 5 0 .0 2 4 8 .7 4 4 8 .8 8 0 .1 4
23 48.41 4 9 .3 4 0 .0 7 4 9 .4 9 4 9 .3 7 0 .1 2
24 4 9 .3 5 4 8 .9 4 0 .4 1 4 9 .2 0 4 8 .8 7 0 .3 3
25 50 .0 4 4 9 .9 5 0 .0 9 4 9 .9 8 5 0 .0 5 0 .0 7
26 4 9 .7 6 4 9 .7 2 0 .0 4 4 9 .5 8 4 9 .4 6 0 .1 2
27 50 .7 6 5 0 .6 5 0.11 5 0 .7 9 50 .7 1 0 .0 8
28 4 7 .6 5 4 7 .6 4 0 .0 1 4 7 .2 0 4 7 .5 6 0 .3 6

For further information two molasses samples were sent to 
each of nineteen laboratories and were analyzed by the 
double-acid procedure. Although few of the chemists had had 
any experience with the new method, the results showed a 
very satisfactory agreement.

N e u t r a l i z a t i o n  C o r r e c t i o n

The double-acid method requires the neutralization of one 
of the acid inversions before polarization, and the effect of the 
neutralization on the rotation of invert sugar has to be estab
lished and taken into consideration. Jackson and Gillis (6) 
have shown the advantages of neutralizing the hydrochloric 
acid with ammonia rather than sodium hydroxide. They 
also determined the effect of neutralizing an acid inverted 
solution, containing 10 ml. of 6.34 N  hydrochloric acid, with 
10 ml. of 6.34 N  ammonium hydroxide.

While Jackson and Gillis employed a constant sucrose con
centration, Brown (2) afterwards pointed out th a t the effect 
of salts on polarization could be expressed in a general formula 
in which the effect is made proportional to both sucrose and 
salt concentration. On this basis the Jackson and Gillis 
values indicate th a t in the neutralized inversion the presence 
of the ammonium chloride and the absence of the hydro
chloric acid should increase the numerical value of the acid 
polarization by 0.0066 S, where S  is the percentage sucrose 
concentration. When first offered, this method used a neu
tralization correction of 0.33 for molasses of 50 per cent aver
age sucrose concentration.

Jackson and Gillis did their work on pure aqueous solutions 
of sucrose, bu t in the double-acid method the inversions and 
neutralizations are made upon solutions th a t have been pre
viously leaded with basic lead acetate and deleaded with 
ammonium dihydrogen phosphate. I t  seemed reasonable 
th a t the presence of the resulting ammonium acetate and 
acetic acid would have some effect upon this neutralization 
correction.

To establish the neutralization effect a t various sucrose 
concentrations, with different amounts of basic lead acetate 
(55° Brix) followed by deleading with ammonium phosphate, 
three curves were determined as shown in Figure 1.

A  represents the neutralization effect, as sugar degrees, a t 
different sucrose concentration when 20 ml. of lead acetate 
were added to  each 100 ml. of a solution, 50 ml. of which were 
used for inversion after deleading. This is the amount of lead 
reagent ordinarily used in the analysis of molasses. The re
sulting straight-line curve gives the neutralization correction as
0.0081 <S.

B  is plotted from the results found a t various sucrose concen
trations when no lead acetate was used. The correction under 
these conditions is 0.0047 S. Although this does not coincide 
with the value of 0.0066 S  calculated from Jackson and Gillis’ 
data, it represents the necessary correction as found by the 
authors when the neutralization is made under the specified 
conditions.

A N A L Y T I C A L  E D I T I O N
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I t  is evident from Figure 1  tha t the ammonium acetate and 
acetic acid resulting from leading and deleading increase the 
polarizing value of the neutralization correction. A t 100 
sucrose concentration, 2 0  ml. of lead increase the correction 
by  0.34° S, or the difference between 0.47 and 0.81. This 
difference decreases as the sucrose concentration approaches 
zero, a t  which point the correction becomes zero regardless of 
the am ount of lead used.

C was determined and plotted with the use of 4.6 ml. of lead 
acetate per 1 0 0  ml., to prove the neutralization correction to be 
proportional to the lead acetate used at any given concentration 
of sucrose. This rather odd amount of lead was used because 
it was that used in the enriched molasses sirups of about 8 8  per 
cent sugar given in Table IV.

In  all the experiments plotted in Figure 1, the neutraliza
tions were made by slowly adding 6.34 N  ammonium hydrox
ide to the cooled acid invert with methyl red as the internal 
indicator. The solution was whirled while adding the am
monia, to avoid destruction of invert sugar by localized con
centration of the ammonia. In  all tests exactly 1 ml. of ex
cess ammonia was added. This is specified to assure polari
zation of the neutralized invert in alkaline solution in which 
the nonsugars have their full optical value. This excess has 
been found not to change the polarization by any determin
able amount.

Figure 1 shows this neutralization correction to be propor
tional to the two variables, sucrose concentration and milli
liters of lead acetate used. From A  and B  the correction for 
5  per cent sucrose concentration intervals and 2  ml. lead ace
ta te  intervals were calculated, as given in Table VI. C, de
termined experimentally, coincides with such a line calcu
lated from the differences between A  and B.

Raffinose concentration apparently has little, if any, effect 
upon this neutralization correction. A solution containing 
17 per cent raffinose gave a neutralization effect of only
0.08° S when 2 0  ml. of lead acetate were used and a 32 per 
cent solution gave a correction of only 0.12° S. Mixtures 
of sucrose w ith as much as 2 0  per cent raffinose were found to 
give neutralization corrections within less than 0.10° S of 
th a t for the sucrose alone. Therefore in the practical ap
plications of this method it is necessary to consider only the 
sucrose concentration when using Table VI.

I t  is somewhat inconvenient to estimate the sucrose con
centration for the factors from which sucrose is to be calcu
lated. For all general purposes no appreciable error will be 
introduced into the calculation if the direct polarization P  is 
used instead of S,  when taking the neutralization correction 
from Table VI. P  is generally greater than S  on account of 
the raffinose present, b u t unless the raffinose percentage is

much greater than is generally encountered, the difference is 
negligible when applying the neutralization correction.

While the neutralization correction has been worked out in 
considerable detail to cover all conditions, it m ay be simpli
fied for practical purposes by using a constant value for any 
particular product. Thus, for molasses clarified with 20 ml. 
of lead subacetate per 26 grams, the value of 0.40 may be
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used, which corresponds to 49 per cent sucrose and will not 
vary essentially within the ordinary range of sucrose percent
age in molasses.

I n v e r s i o n  C o n s t a n t s

The method of inversion used in all this work was th a t 
suggested by Walker (14), slightly modified. Walker pro
posed heating the solution to 65° C., then adding the hydro
chloric acid, and allowing to cool spontaneously for a t  least 
15 minutes. However, in the la tte r part of his paper he sug
gests heating to 67° C. W ith low-grade products, such as 
beet molasses, a little difficulty has been found in obtaining 
complete inversion when the solution is heated to only 65° 
C., and for this reason the solutions in this method are heated 
to 6 8 ° to 69° C. Upon adding the 10 ml. of hydrochloric acid 
(d* 0  1.029) the temperature a t the s ta rt of inversion was 
found to be 64° C., dropping a t the rate of about 1  ° per min
ute to 53° C. a t  the end of 15 minutes. This tem perature 
is therefore somewhat comparable to th a t suggested by Jack
son and Gillis (5). This modification of Walker’s procedure 
was used in preference to th a t of Jackson and Gillis, because

T a b l e  VI. N e u t r a l i z a t i o n  C o r r e c t i o n

C o n c e n 
t r a t i o n “ 

P e r  C e n t  
S u c r o s e

-Le a d

0 2 4 6 8

5 0 . 0 2 0 . 0 3 0 . 0 3 0 . 0 3 0 . 0 3
10 0 . 0 5 0 . 0 5 0 . 0 5 0 . 0 6 0 . 0 6
15 0 . 0 7 0 . 0 8 0 . 0 8 0 . 0 9 0 . 0 9
20 0 . 0 9 0 . 1 0 0 . 1 1 0 . 1 1 0 . 1 2
2 5 0 . 1 2 0 . 1 3 0 . 1 3 0 . 1 4 0 . 1 5

30 0 . 1 4 0 . 1 5 0 . 1 6 0 . 1 7 0 . 1 8
35 0 . 1 6 0 . 1 8 0 . 1 9 0 . 2 0 0 . 2 1
40 0 . 1 9 0 . 2 0 0 . 2 2 0 . 2 3 0 . 2 4
45 0 . 2 1 0 . 2 3 0 . 2 4 0 . 2 6 0 . 2 7
50 0 . 2 4 0 . 2 5 0 . 2 7 0 . 2 9 0 . 3 0

55 0 . 2 6 0 . 2 8 0 . 3 0 0 . 3 1 0 . 3 3
60 0 . 2 8 0 . 3 0 0 . 3 2 0 . 3 4 0 . 3 6
65 0 . 3 1 0 . 3 3 0 . 3 5 0 . 3 7 0 . 3 9
70 0 . 3 3 0 . 3 5 0 . 3 8 0 . 4 0 0 . 4 2
75 0 . 3 5 0 . 3 8 0 . 4 0 0 . 4 3 0 . 4 5

8 0 0 . 3 8 0 . 4 0 0 . 4 3 0 . 4 6 0 . 4 8
85 0 . 4 0 0 . 4 3 0 . 4 6 0 . 4 9 0 . 5 2
90 0 . 4 2 0 . 4 5 0 . 4 8 0 . 5 1 0 . 5 5
95 0 . 4 5 0 . 4 8 0 . 5 1 0 . 5 4 0 . 5 8

100 0 . 4 7 0 . 5 0 0 . 5 4 0 . 5 7 0 . 6 1

■Le a d  S u b a c e t a t e  ( 5 5 °  B rix )  -

10
Xfl /  1 no ml

12 14 16 18 20
- All./luv mi.

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

a D irect polarization P  m ay be used instead of per cent sucrose.
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it  is more convenient for a large number of determinations 
a t  one time and the manipulation is somewhat more fool
proof.

The inversions were all allowed to stand 2  hours before 
cooling and making to volume. Two hours were taken to 
assure complete inversion and allow as much time for the 
destruction of mutarotation as would generally be permissible 
in actual practice.

In  the work reported in this paper the inversion coefficient 
of 0.514 for raffinose was used. The negative constituent of 
the Clerget divisor was taken as:

-(32.1 +  0.07 g)

in which g is the grams of sucrose in the 0.5 N  weight of 
sample taken for inversion, which is based on the negative 
inversion value of —33.00 for 100 per cent sucrose. Both 
constants are according to Browne and Gamble (4).

The negative constituent of the Clerget divisor was checked 
on solutions of pure sucrose, using the modified Walker method 
of inversion, as shown in Table VII. The agreement between 
the values found and those calculated from Browne and 
Gamble’s formula for the given concentrations was considered 
satisfactory proof th a t the Browne and Gamble constants 
for the Herzfeld inversion procedure hold true when the in
version is made by the modified Walker method.

BLE VII. I n v e r s io n C o n s t a n t o p- S u c r o s e ( M o d if ie d
W a l k e r  M e t h o d )

(No lead acetate added)
S u c r o s e O b s e r v e d C a l c u l a t e d B r o w n e
U s e d  i n i n  400-mm. t o  100 AND

S u c r o s e I n v e r s i o n T u b e S u c r o s e G a m b l e

% Grams
50.000 6.500 -1 6 .2 7 -3 2 .5 4 -3 2 .5 6
88.089 11.451 -2 8 .8 1 -3 2 .7 1 -3 2 .9 0
24.872 3.233 -  S .10 -3 2 .5 7 -3 2 .3 3
69.492 9.034 - 2 3 .7 5 -3 2 .7 4 -3 2 .7 3
50.098 6.513 -1 6 .2 8 -3 2 .5 0 -3 2 .5 6
50.098 6.513 -1 6 .2 4 -3 2 .4 2 -3 2 .5 6
88.493 11.504 -2 9 .2 1 -3 3 .0 1 -3 2 .9 1
SS.742 11.536 -2 9 .2 0 - 3 2 .9 0 -3 2 .9 1

Ay. -3 2 .6 7 -3 2 .6 8

This basic negative constituent of —33.00 was determined 
by Browne and Gamble on pure sugar solutions, bu t the in
versions in the double-acid method are made in the presence 
of the ammonium acetate and acetic acid resulting from the 
leading and deleading of the sample before inversion. This 
salt and acid were found to have a slight effect upon the in
version constant.

Sugar solutions of various concentrations were leaded and 
deleaded with the amounts of lead corresponding to the purity 
of a beet product of such sugar contents. For 50 per cent 
sugar, 2 0  ml. of lead acetate were used as in a molasses, pro
portionally less a t higher sugar concentrations. The invert 
polarizations found are given in Table V II. The differences 
between the values found and those of Browne and Gamble 
for the given concentrations are also shown.

I t  would appear tha t the inversion constant, when made 
on leaded and deleaded solutions, is about 0 . 2 1  numerically 
less than when determined with pure aqueous solutions. The 
higher differences found with the 96 per cent solutions indi
cate tha t the inversion value becomes less as the sucrose con
centration approaches 1 0 0 .

If the results given in Table V II are accepted, the basic 
negative constituent becomes —32.79 instead of —33.00. 
Such a change in the Clerget divisor would lower a  determined 
sucrose percentage by about 0.10. Since the adoption or 
rejection of this change in the inversion constant involves 
such a small difference in the analytical results, Browne and 
Gamble’s —33.00 is used in the double-acid method. How
ever, it is hoped that other data as to the effect of leading and 
deleading upon the inversion constants will be presented, for

such data would be of general value and would probably 
apply to the enzyme as well as the acid formulas.

The raffinose inversion coefficient for the modified Walker 
inversion method was determined with the use of a very pure 
raffinose prepared by Hungerford and Nees. The results 
showed some variation and the average was a little lower 
than the Browne and Gamble value of 0.514. Fortunately, 
however, the structure of the Creydt formula is such th a t 
small variations in the raffinose coefficient have little effect 
upon the calculated sucrose or raffinose percentages. The 
value of 0.514 has been accepted and used in this work.

In  the double-acid method the Clerget divisor is taken as 
proportional to the concentration of sucrose rather than dry 
substance. Several investigators have confirmed Vosburgh's 
rule (13) tha t the divisor is proportional to total sugar con
centration and some prefer to make it proportional to dry 
substance in the analysis of an impure product. The authors 
have not been able to find any definite evidence in the litera
ture th a t this divisor varies with the total dry substance of 
such materials as molasses. As the am ount of raffinose in 
beet products is relatively small, i t  makes little difference 
whether i t  is considered in evaluating the divisor.

As is the case with the neutralization correction, for all 
general purposes the Clerget divisor may be taken as being 
proportional to  the direct polarization P  rather than S. 
However, dry substance may be used by those who prefer 
this basis.

The acid inversions from some molasses are so dark th a t it 
is difficult to read them with any reasonable degree of accu
racy in the ordinary polariscope. Several methods of over
coming this are open to the analyst, such as using shorter 
polariscope tubes, more dilute solutions, or some decolorizer. 
The last mentioned has been chosen as introducing the least 
chance of error.

To insure inverted solutions of light enough color to permit 
accurate polarizations, 0 . 1  gram of sodium hydrosulfite is 
added when necessary to the invert solution just before add
ing the Clerget acid. This small am ount of hydrosulfite has 
been found sufficient to decolorize the deleaded solution of 
even the darkest molasses without introducing any determin
able error. Browne (S) mentions the objection to the use of 
this salt as a decolorizer, but he is speaking of greater amounts 
than the 0.1 gram used in this method. I t  has been found 
in a great many tests th a t this small am ount of sodium hydro
sulfite does not affect the invert polarization to any amount 
readable in the polariscope. In  Table V III some of the in
versions were made with and some w ithout this hydrosulfite, 
yet no different invert values were found.

T a b l e  VIII. I n v e r s i o n  C o n s t a n t  o f  S u c r o s e  ( M o d i f i e d  
W a l k e r  M e t h o d )  a f t e r  L e a d i n g  a n d  D e l e a d i n g

N e g a t i v e  P o l a r i z a t i o n
S u c r o s e O b s e r v e d Calculated Browne
U s e d  f o r i n  400-mm. to  100 and

S u c r o s e I n v e r s i o n T u b e sucrose Gambio D i f f e r e n c e

% Grama
50.383 6.549 -1 6 .3 0 -3 2 .3 4 -3 2 .5 6 - 0 .2 3
49.634 6.452 -1 6 .0 5 -3 2 .3 4 - 3 2 .5 5 - 0 .2 1
49.634 6.452 -1 6 .0 5 - 3 2 .3 4 -3 2 .5 5 - 0 .2 1
88.660 11.526 -2 8 .9 9 -3 2 .7 0 -3 2 .9 1 -0 .2 1
88.677 11.528 - 2 8 .9 8 - 3 2 .6 8 -3 2 .9 1 - 0 .2 3
49.995 6.499 -1 6 .2 2 -3 2 .4 4 -3 2 .5 6 - 0 .1 2
49.995 6.499 - 1 6 .2 0 -3 2 .4 0 -3 2 .5 6 - 0 .1 6
96.139 12.498 -3 1 .5 3 -3 2 .7 9 -3 2 .9 7 - 0 .1 8
96.139 12.49S —31.38 -3 2 .6 3 -3 2 .9 7 - 0 .3 4
96.256 12.513 - 3 1 .3 8 -3 2 .6 0 -3 2 .9 8 - 0 .3 8
96.256 12.513 -3 1 .4 3 -3 2 .6 5 -3 2 .9 8 - 0 .3 3
49.950 6.494 - 1 6 .1 5 -3 2 .3 3 -3 2 .5 5 - 0 .2 2
49.950° 6.494 -1 6 .1 6 -3 2 .3 5 -3 2 .5 5 - 0 .2 0
49.950 6.494 -1 6 .1 5 -3 2 .3 3 - 3 2 .5 5 - 0 .2 2
49.950* 6.494 - 1 6 .1 8 -3 2 .3 9 -3 2 .5 5 - 0 .1 6
49.992 6.499 -1 6 .1 8 -3 2 .3 7 -3 2 .5 5 - 0 .1 8
49.992° 6.499 - 1 6 .2 0 -3 2 .4 0 - 3 2 .5 5 - 0 .1 5
49.992 6.499 -1 6 .2 1 - 3 2 .4 2 -3 2 .5 5 - 0 .1 3
49.992° 6.499 - 1 6 .1 8 -3 2 .3 7 - 3 2 .5 5 - 0 .1 8

Av. - 0 .2 1

W ith 0.1 gram  of sodium hydrosulfite in  the  inversion;



L e a d  P r e c i p i t a t e  V o l u m e

As in any accurate analysis of an impure product, the 
double-acid method requires a correction for the volume of 
the lead precipitate. W ith most beet-sugar products, espe
cially molasses, the error caused by this precipitate volume 
cannot be avoided by the use of dry  lead acetate, as is the 
case with comparatively high-grade raw sugars which require 
a j very small lead addition. With beet molasses it  is cus
tomary to  add 2 0  ml. of lead subacetate per normal weight 
of sample. The addition of an equivalent amount of dry lead 
would cause appreciable volume changes of which it would 
be impossible to take account.

Brown has found in numerous determinations by his cen- 
trifugalization method (8) an average value of 1  ml. for the 
precipitate volume of a normal weight of molasses clarified 
with 20 ml. of lead subacetate (55° Brix) and made to 100 
ml. There is some variation in different molasses, but this 
is relatively small. Therefore in the analysis of molasses, 1 
per cent of the sucrose and raffinose is deducted from the 
calculated percentages to correct for the concentration error 
resulting from this precipitate volume. Similar corrections 
should be made for other products according to the purity 
and am ount of lead subacetate added. Corrections of the 
same kind should also apply in the double-enzyme method.

I m p u r i t y  E f f e c t s

The impurities, other than the optically active nonsugars 
represented by the N  value, may be termed the molasses im
purities. Although presumably themselves optically inac
tive, they do affect the polarizations, both direct and inverted. 
This is what is sometimes called the salt or concentration 
effect. The literature presents very little information on 
this subject, yet i t  is fundamental. In the analysis of beet 
products by the double-enzyme method, Brown (2) has 
pointed out the desirability of attem pting to eliminate the 
salt effect by always making the direct polarization a t twice 
the concentration a t which the invert polarization is made, 
because the Jackson and Gillis data (5) show tha t the effect 
of inorganic salts on the polarization of invert sugar is about 
twice th a t on the polarization of sucrose.

To obtain data  on the magnitude of these effects, a Steffenized 
molasses was leaded and deleaded in the usual manner with basic 
lead acetate and ammonium phosphate, and all the raffinose 
and sucrose were then fermented off by repeated inoculations 
with bottom  yeast, the alcohol being distilled off a t reduced 
temperatures between fermentations. After four fermentations, 
the absence of sucrose and raffinose was confirmed by both 
invertase and melibiase inversions.

From this im purity solution and pure sucrose, a synthetic sirup 
of 60 purity containing approximately 50 per cent sucrose was 
prepared and analyzed. The results were surprising.

The analysis of the synthetic mixture gave the following re
sults as compared with the calculated values for the sucrose 
alone. The acid invert value was arithmetically decreased by
0.95° S. The observed direct polarization was lowered 0.83° S. 
When corrected for the determined N  value, the direct polariza
tion was increased 1.09° S.

The impurities evidently move both the invert and cor
rected direct polarizations to the right by approximately 
equivalent amounts. However, when the raffinose formula 
is applied, the calculated percentage of sucrose is decreased 
by about 0.46. The net effect therefore tends to give sucrose 
results th a t are falsely low.

Paine and Balch (9) found the direct polarization to be de
creased by the addition of nonsugar molasses impurities to a 
smaller extent than the invert is increased. This appears 
to be in contradiction to the writers’ observations, but is not 
necessarily so. Paine and Balch were considering the total 
effect of the impurities, including the depressing influence of 
the optically active nonsugars or N  value, which was doubt
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less a negative value. The authors also found the total effect 
to decrease the direct polarization, but after correcting for 
the determined N  value the net effect was to increase the 
polarization. I t  is probable tha t the same actually held true 
with the impurities used by Paine and Balch. The effects 
upon the inversions cannot very well be compared, because 
Paine and Balch used enzymes while the authors’ results were 
on acid inversions. If the enzyme inversion values are 
shifted to the right to the same extent as the direct, no error 
is introduced in the resulting sucrose by the enzyme formula, 
because this is dependent upon the difference between the 
direct and invert polarizations. Further investigation is 
needed to determine the net effect of the molasses impurities 
upon the enzyme method.

Since all the single-acid inversion methods give lower 
sucrose percentages than the double-acid method, the fact 
tha t the double-acid apparently gives results th a t are slightly 
low on low-purity products makes the case against the meth
ods in common use even more pronounced.

This work on molasses impurities has not progressed to the 
point where any change in the acid inversion constants is 
suggested. Further work is now in progress. For the time 
being this salt or concentration effect of the molasses impuri
ties is therefore ignored in the double-acid method, which is 
also true of all acid inversion methods.

D e t a i l s  o f  D o u b l e - A c id  M e t h o d

The double-acid method gives three determined polariza
tions, the direct (P), the invert read in the acid solution (/), 
and the neutralized invert (/')• After applying the proper 
neutralization correction to the algebraic difference be
tween I  and the corrected I '  is the polarizing effect of the non
sugars, or N.  This is generally a negative value and when 
subtracted algebraically from P  gives what the direct polari
zation would have been if it had not been affected by the N  
value. This corrected direct polarization, designated P ',  is 
then the polarization of the sucrose plus raffinose and may be 
used in the usual Clerget formula in conjunction with /  to 
calculate the sucrose and raffinose percentages.

Several different formulas may be set up on this basis to 
calculate a double-acid analysis. As presented here, the 
Clerget divisor is taken to vary with the sucrose concentra
tion, or with the direct polarization as approximately repre
sentative of the total sugars present. If desired, it may be 
taken as proportional to dry substance. The same may be 
said of the neutralization correction K  in the formulas as 
taken from Table VI.

The double-acid method in detail may be given as:

Transfer 130 grams of the sample, or its equivalent, to a 500- 
ml. Kohlrausch flask, add the necessary basic lead acetate, and 
make to 400 to 450 ml. w ith water. Deaerate under vacuum 
until all visible gas bubbles are removed, using a  few drops of 
ether or amyl alcohol to  break the foam if necessary. Make to 
500 ml. a t 20° C., mix, and filter. Delead the filtrate with the 
minimum of powdered ammonium dihydroeen phosphate, and 
filter, using a  little filter aid if desired. Polarize in a  200-mm. 
tube to  obtain the direct polarization P.

Pipet 50 ml, of the deleaded filtrate into each of two 100-ml. 
Kohlrausch flasks. Add 15 ml. of water and heat to  68° to 
69° C. in a  70° C. water bath. Remove from bath and immedi
ately add 10 ml. of hydrochloric acid (dj° 1.029). Allow to 
cool spontaneously for 2 hours and then cool to 20° C. Make 
the one invert to  100 ml. a t 20° C., mix, filter if necessary, and 
polarize a t 20° C. in a 400-mm tube, the reading being the invert 
polarization I . To the second invert add 1 or 2 drops of 0.2 per 
cent methyl red indicator solution and neutralize with G.34 N  
ammonium hydroxide, adding the ammonia very slowly from a 
buret while constantly whirling the flask. Then add exactly 
1 ml. in excess. Make to 100 ml. a t 20° C., filter if necessary, and 
polarize in a 400-mm. tube, to obtain the neutralized invert 
polarization

The N  value, sucrose, and raffinose are then calculated by the 
formulas:
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N
P '

S  -

R

I '  -  I  +  K  
P  -  N

0.514 P '  -  I  
0.514 +  (0.321 + 0 .0 0 0 0 9  5)

0.514 P '  -  I ________
° r 0 .5 1 4 - f  (0.321 +  0.00009 P) 
«  0 .54  (P '  -  S )

0.514 P ' -  I  
0.835 +  0.00009 S  

0 .514 P '  -  I  
0.835 +  0.00009 P

where N  *» polarizing effect of the optically active nonsugars
P '  *=» true direct polarization of the raffinose and sucrose
S  *= per cent sucrose
R  *= per cent raffinose
K  =  neutralization correction, to  be obtained from Table VI aa 

proportional to  either S  or P  and milliliters of lead used per 
100 ml. of leaded solution

The following notes on the technie of the method may be of 
value:

1. If amyl alcohol is used to break the foam while deairing, 
do not use more than 3 or 4 drops, because this alcohol is optically 
active and is not volatile a t room temperatures.

2. Make all filtrations under wetted bell jars resting on 
wetted rubber mats, or with the filters covered with large cover 
glasses. Discard the first 10 to 15 ml. of each filtrate.

3. The amount of ammonium phosphate necessary to delead 
may be determined by adding small incremental amounts and 
testing for complete precipitation by testing a drop with a  solu
tion of potassium iodide or with a further crystal of ammonium 
phosphate. An undue excess of phosphate must be avoided, 
lor each 1 gram excess per 100 ml. depresses the direct polariza
tion 0.35° S.

4. As much as 0.1 gram of sodium hydrosulfite may be added 
with the inverting acid if the solution is dark.

5. The calculated percentages of sucrose and raffinose should 
be corrected for the volume of the lead precipitate. In molasses 
this may bo done by deducting 1 per cent of the calculated per
centage from itself. This correction will be proportionately 
less on higher purity products, varying with the decrease in im
purities and amount of lead acetate used.
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Determination of Minute Quantities 
of Sulfide Sulfur

C. E . L a c h e l e ,  N ational Canners Association, San Francisco, Calif.

T HE method developed in the western branch laboratory 
of the National Canners Association for the determina
tion of small quantities of volatile sulfide sulfur is a 

modification of th a t described by Drushel and Elston (S). 
The principal differences are in the method of evolution and 
the type of apparatus used in collecting the stain on the lead 
acetate paper. The sulfide gas upon evolution from an acid 
solution is continuously carried along and through a lead 
acetate-impregnated paper diaphragm by a stream of an inert 
gas such as nitrogen. The nitrogen, by intimately diluting 
the sulfide gas, permits a uniform coating of lead sulfide and 
sweeps the reaction flask free from residual sulfide gas. A 
uniform deposition of the stain is further aided by means of a 
1- to 2-inch (2.5- to 5-cm.) bed of small glass beads or standard 
Ottawa sand. The impregnated paper disk is closely fitted 
between two ground-glass joints of thick-walled glass tubing 
which are held together by a band of Gooch rubber tubing 
so tha t all gas leaving the reaction flask must pass through the 
paper.

Under the conditions of the experiment sulfur dioxide does 
not interfere and only the sulfide which is evolved by acid is 
determined. The diameter of the chamber tube employed is 
governed by the amount of sulfide present. For amounts of 
volatile sulfide sulfur between 0.008 and 0.0S0 mg. a 32-mm. 
tube was found to be satisfactory, and under these conditions 
an accuracy of =*=0.002 mg. of sulfur is possible. The deli
cacy of the test is increased by using chamber tubes of smaller 
diameter.

S t a n d a r d s

The paper found to give good results was Schleicher and 
Schull No. 589 black ribbon filter paper. I t  is sensitized by 
soaking for one hour in a saturated neutral lead acetate solu
tion and air-dried by vigorous waving, followed by an air 
blast. The paper may then be cut in disks to fit the appro
priate chamber tube. Indications are th a t impregnated paper 
will retain its sensitivity for several months if kept protected 
in a closed container.

Standard stains are prepared by evolving the sulfur from 
weighed samples of Bureau of Standards steels such as No. 
14b basic open hearth steel containing 0.031 per cent of vola
tile sulfur. This method of standardization was found 
preferable to  the usual practice of diluting strong standard 
sodium sulfide solutions, as the dilution necessary to obtain 
small amounts of the standard resulted in immediate oxidation 
of some of the sulfur.

After deposition of the lead sulfide stain the disks are thor
oughly washed in distilled water and dried between sheets of 
white blotting paper. They are preserved by keeping them 
in the dark while not in use, as oxidation to colorless lead sul
fate occurs when exposed to sunlight, particularly in the case 
of very faint stains.

M e t h o d

The sample is placed in a 1000-cc. Erlenmeycr flask with about 
100 cc. of distilled water and the system swept with nitrogen to 
remove excess air, after which 50 cc. of 1 to 1 hydrochloric acid
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(special arsenic-free hydrochloric acid gives a perfect blank for 
this work) are added by means of a dropping funnel. Some op
erators may prefer to use 1 0 0  cc. of 1 to 1 phosphoric or sulfuric 
acid to eliminate the necessity for a moist cotton plug for absorb
ing any escaping hydrochloric acid fumes. The contents of the 
flask are heated to boiling and a stream of nitrogen (about 5 mm. 
of pressure) is continually passed through the system until all 
sulfide has been evolved. The residual gas is washed out of the 
flask by increasing the nitrogen stream (to about 30 mm. pres-

Moist co tto n  
fo r absorbing  
HC1 fumes

Rubber
tubing'--

Bed o f - S '  
sm all g la ss  
beads or 
Ottawa 
sand

F i g u r e  1. D ia g r a m  o f  A p p a r a t u s

sure) during the last 2 minutes of the determination. The disk 
is then removed, washed in distilled water, dried, and compared 
with the standards. For small quantities direct comparisons of 
color can be made, bu t with the heavier deposits it is necessary 
to  compare with standards by holding them in front of a  source of 
light.

A p p l i c a t io n s  o p  M e t h o d

This method has been found useful in this laboratory in the 
analysis of foodstuffs, including raw and canned products, and 
for the determination of very small quantities of sulfide sulfur 
in water. In  the case of water i t  is capable of estimating 
minute amounts by acidifying a large volume of the sample 
and passing the evolved gas through a chamber tube of small 
diameter. When samples cannot be examined a t the source,

the method cited by Collins (2), using crystalline cadmium 
chloride to preserve the sulfur from oxidation, can be used. 
The resulting precipitate may thus be examined for sulfide 
content a t the convenience of the analyst by acidifying the 
precipitate in the reaction flask and proceeding as in the 
preparation of standards.

During a recent investigational study this laboratory had 
occasion to determine the amount of sulfide stain imparted to  
the inside of tinned containers by different food products. 
As the tin itself contains an appreciable amount of sulfide sul
fur, a stripping solution was developed tha t would remove 
only the stain and not extract sulfur from either the tin or the 
base plate. The sample was immersed for 2 minutes in 25 
cc. of a boiling solution consisting of 2 0  cc. of 1  per cent so
dium hydroxide solution and 5 cc. of 40° Be. sodium silicate, 
followed by washing with distilled water. The alkaline solu
tion of sulfide was then transferred to the 1 0 0 0 -cc. flask, swept 
with nitrogen, acidified, and the sulfur determined as in stand
ards.

The sulfur content of tin coatings can be determined by the 
disk method to a fair degree of accuracy by the use of large 
disk chambers. The stream of nitrogen should be greatly 
increased to insure intimate dilution of the hydrogen sulfide 
generated. The depth of the filter (Ottawa sand or small 
glass beads) should also be increased to about 3 inches (7.5 
cm.) in order to insure an even deposition of stain on the 
larger disk. Instead of using the lead plumbite method of 
stripping tin from tin plate, a  method developed by Bohart (i)  
is used in this laboratory. In  this method a tin-plate disk 
(area 4 sq. in., 25.8 sq. cm.) is placed in a beaker containing 
about 25 cc. of 1 per cent sodium hydroxide solution, the sur
face of the disk being sprinkled with pieces of cupric oxide 
wire. Solution of the tin, excluding tha t in the alloy layer, 
is effected in about 2  hours a t room temperature, whereas a 
hot solution accomplishes this reaction within a few minutes. 
The action may be accelerated a t both temperatures if de
sired, by increasing the concentration of sodium hydroxide. 
After thoroughly rinsing the disk, the solution is filtered and 
transferred to the generating flask, where the sulfide is evolved 
and estimated.
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A Micro Hot-Plate for Protein Hydrolysis
A. R . P a t t o n , U niversity of M innesota, St. Paul, M inn.

SMALL samples (0.1 gram) are hy
drolyzed in 6  X 0.75 inch (15.2 

X 1.9 cm.) test tubes. A micro hot
plate supplies heat to each test tube. 
The reflux condensers are 3 X 0.375 
inch (7.6 X 0.95 cm.) test tubes, a 
bulb blown on the end of each, rest
ing inverted in the large test tubes. 
The method results in efficient con
densation in an all-glass system, uni
form heating, and fool-proof sim
plicity. W ith it tryptophane w as 
determined in sixty samples with a 
probable error of 0.05 per cent. S e t - u p  o p  A p p a r a t u s

Each test tube rests upon a flat spiral of 6  inches (15.2 cm.) 
of 30-gage Chromel wire. The spirals are bolted to an as

bestos board, in series with a 
r h e o s ta t  or suitable resist
ance. The test tubes are 
held upright by the cross
piece from a test tube rack, 
the six holes being directly 
over the six hot spirals. The 
c ro ss  p ie c e , the asbestos 
board, and the resistance 
a re  s u p p o r te d  on a ring 
stand by three buret clamps.

D i a g r a m  OF H o t - P l a t e  R e c e i v e d  M arch 2, 1934.
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Rapid Centrifugal Estimation of Small 
Amounts of Sodium

E a r l e  R. C a le y ,  C . T . B r o w n ,  a n d  H . P . P r i c e  

Frick Chemical Laboratory, Princeton U niversity, Princeton, N . J .

S EVERAL workers have shown that small amounts of 
sodium can be determined with fair rapidity through 
precipitation as a triple uranyl acetate, either by weigh

ing the precipitate or by dissolving it and applying suitable 
volumetric or colorimetric procedures. However, where a 
large number of samples must be examined in a short period, 
as in biochemical investigations, a very rapid method for esti
mating small amounts of sodium would seem desirable, even 
though it involved some loss in accuracy. I t  has been found 
tha t measuring the amount of a precipitate by collecting it 
in a capillary tube under centrifugal force and reading the 
volume leads to a satisfactory solution of the problem, since 
triple acetate precipitates are not only voluminous but, under 
proper conditions, can be obtained in minute uniform particles 
tha t pack in capillary tubes in a readily reproducible manner.

A p p a r a t u s

The centrifuge made by the International Equipment Co., 
designated as Size 1, Type C, was used throughout the experi
ments. I t  was provided with a standard head having places 
for two carriers designed to hold Goetz phosphorus tubes. 
A special tube was also used, provided with a capillary of 
similar length but of smaller internal diameter for experi
ments with precipitates too small in amount to permit ac
curate reading of their volumes in the 0 .2 0 -cc. capillaries of 
the Goetz tubes. This special tube was made by removing 
the capillary from a Goetz tube and attaching one with a uni
form internal diameter of approximately 1 . 5  mm. and a length 
of 35 mm. The lower end of this capillary was sealed off 
squarely to avoid reading errors th a t might originate from a 
rounded or tapering bottom, for instead of graduating and 
calibrating the tube in the usual manner it was found simpler, 
and just as satisfactory, to measure the lengths of the columns 
of collected precipitate by means of a millimeter scale. The 
Goetz tubes, however, were calibrated for each etched 0.01-cc. 
interval with mercury. A simple and convenient tool for 
removing packed precipitates from the capillaries was made 
by giving a screw-shaped twist to the flattened end of a short 
length of stiff wire. Thin pipets made by drawing out glass 
tubing were also found convenient in cleaning the capillary 
tubes. The more usual apparatus used in the experiments 
requires no special description.

R e a g e n t  a n d  S o l u t i o n s

An aqueous reagent was not found practical for these de
terminations, since comparatively large crystals varying 
somewhat in size are formed by precipitation in an aqueous 
system, and these fail to pack in a sufficiently consistent and 
reproducible manner in capillary tubes. On the other hand, 
an alcoholic reagent produces minute and uniform crystals, 
probably because of the more rapid precipitation of the triple 
acetate in a medium that markedly decreases its solubility. 
By slightly modifying an alcoholic magnesium uranyl acetate 
reagent recommended by Kahane (S), a satisfactory precipi
tan t was produced.

For the preparation of a liter the following quantities are re
quired: uranyl acetate (2H20 ), 30 grams; magnesium acetate 
(4HjO), 150 grams; acetic acid (99 per cent), 20 cc.; and ethyl 
alcohol (95 per cent), 500 cc.

These chemicals are weighed into a flask and sufficient water 
is added to make the total volume slightly less than a liter. The 
mixture is then heated on a steam bath until practically all salts 
are in solution. On cooling to room tem perature the volume is 
adjusted to  1 liter, and the solution allowed to stand a t the sub
sequent working temperature for several hours. The tem pera
ture is controlled, if necessary, by placing the flask in a vessel of 
water. During the standing period the solution should be stirred 
or shaken a t intervals to facilitate the complete precipitation of 
excess salts. The reagent is finally filtered into a reagent bottle 
of brown glass.

The sodium, potassium, and lithium solutions employed in the 
experiments were prepared by dissolving given amounts of the 
pure chlorides in water and adjusting to the proper volumes in 
volumetric flasks.

P r e l i m i n a r y  E x p e r i m e n t s

A number of experiments were made to  determine the effects 
of different conditions during precipitation on constancy of 
precipitate volume. The factors considered were tempera
ture, relative volumes of sodium solution and reagent, the 
order and method of mixing solution and reagent, agitation 
and nonagitation during precipitation, and time allowed for 
precipitation. Likewise the effects of different speeds and 
times of centrifugalizing on the final volumes occupied by 
precipitates were studied, together with the rates a t which 
these volumes were attained.

P r o c e d u r e

M ount a clean dry centrifuge tube of suitable type in an up
right position under a motor stirrer fitted with a th in  stirring rod, 
and if necessary provide for approximate tem perature control 
by partly  immersing the tube in a beaker of water maintained 
a t tne desired temperature. Place 10.0 cc. of reagent in the tube 
by means of a  pipet, followed by 2.00 cc. of the unknown solu
tion, containing not more than about 2 mg. of sodium, likewise 
added with a  pipet. Immediately mix the two solutions and 
stir for 10 minutes a t such a rate th a t little or no precipitate 
settles out. W ithout rinsing off the stirring rod, remove the tube, 
stopper it, and place it in a previously counterbalanced centri
fuge tube carrier. Centrifugalize immediately a t  some definite 
speed between 1600 and 2000 r. p. m. for 10 minutes, and then for 
a few successive 3-minute periods until a constant precipitate 
volume is reached. Standardize the tube with known amounts 
of sodium in the form of a standard sodium chloride solution, us
ing the same procedure.

Unless the centrifuge vessel is thoroughly cleaned before 
use the precipitate adhering to the upper walls of the tube 
may cause difficulty. The precipitate will be completely 
thrown into the capillary, however, if the vessel is cleaned 
with dichromate mixture, washed with water, rinsed with al
cohol, and finally dried in an oven a t 100° to 110° C. to remove 
the alcohol from the capillar}'. In  cleaning the capillary 
the successive liquids are best introduced by thin pipets, 
after removing any previous precipitate by means of the 
wire tool described above.

While precipitations made with an aqueous magnesium 
uranyl acetate reagent require rather close temperature con
trol, this is not so essential with a reagent of the type used in 
this procedure, largely because of the much decreased solu
bility of the triple acetate in strong alcoholic solutions. Ap
proximate temperature control is required only when the 
room temperature is more than 4° to 5° C. from the tempera
ture a t which the reagent was prepared, for only in this
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case is there danger of erratic results from increased or de
creased precipitation.

I t  is essential th a t the reagent be added to the centrifuge 
vessel first, for a reversal of this order may lead to erroneous 
results due to trapping of sodium solution in the capillary 
where it can escape precipitation during stirring. The recom
mended volumes of reagent and solution were chosen on 
the basis of a series of experiments as being most generally 
suitable for the practically complete precipitation in a short 
time of the small amounts of sodium covered by the range of 
the procedure. The sodium solution is to be added ordinarily 
as an aliquot portion of some known volume prepared in a 
small volumetric flask or graduated tube.

Immediate mixing of solution and reagent is necessary in 
order to avoid erratic variations in precipitate volumes which 
may be caused, under conditions of relatively low alcohol and 
salt concentrations, by the formation of larger particles than 
those formed rapidly in the thoroughly mixed solutions where 
concentrations are uniformly high. Precipitation by simply 
allowing the mixed solutions to stand, or combinations of 
standing and stirring, were found to lead to unsatisfactory 
results, both because of the increased time needed for com
plete precipitation and because less reproducible precipitate 
volumes were obtained. The latter effect was ascribed to the 
formation of larger, less uniform precipitate particles than 
those produced by immediate rapid stirring. The nonset- 
tling of the precipitate during stirring serves as an index of a 
stirring rate  sufficient to bring about practically complete 
precipitation in the stated time. Furthermore, less uni
formly packed precipitates are obtained on centrifugalizing 
if more than a small fraction of the precipitate is allowed to 
settle in the capillary during stirring. By the use of a suf
ficiently thin stirring rod a negligible portion of the precipi
ta te  is left on it  upon removal from solution; no time need 
be lost in cleaning off the stirrer, and errors tha t might be 
introduced by the use of wash liquids are avoided. A rod 
about 1.5 to 2.0 mm. in diameter provided with a short 45° 
bend a t the tip, to  be immersed below the surface during stir
ring, is satisfactory, and also provides efficient stirring without 
danger of loss from splashing.

I t  is im portant to employ the same centrifuge speed for all 
standardizations and determinations, in order to obtain the 
same degree of packing in all individual precipitates. With 
the type of centrifuge and head used in the experiments, 
speeds of 1600 r. p. m. or above are preferable, in th a t the 
triple acetate precipitates then pack to a constant volume 
in a very short time as compared with available lower speeds. 
W ith tubes and carriers of the usual type speeds above 2000 
r. p. m. are not advisable by reason of the danger of breakage.

Frequently, the upper surface of a packed precipitate is 
not quite level after the first period of centrifugalizing. This 
source of difficulty in reading the volume may be remedied 
by stirring the high part of the surface layer of the precipitate 
with a stiff wire before recentrifugalizing.

W ith the usual two- or four-place centrifuge head and a 
corresponding number of calibrated tubes, it is possible to 
make a like number of determinations a t the same time, pro
vided enough motor stirrers are available to make precipita
tions simultaneously prior to  centrifugalizing. This is 
nccessary in order th a t the individual samples may be sub
jected to  identical treatm ent, which is one of the chief re
quirements in this type of analysis.

R e s u l t s  w i t h  S o d iu m  S o l u t i o n s

Typical results obtained by the above procedure, using a 
Goetz tube and sodium chloride solutions of known value, 
are shown in Table I. The tube was standardized by using 
the average precipitate volume found in the case of the six 
2.00-mg. samples. Expressed on a unit basis, a quantity of

triple acetate precipitate corresponding to 1 . 0 0  mg. of sodium 
thus occupies an average volume of 0.078 cc. This value was 
then used to convert the volume readings of all the individual 
trials into milligrams of sodium. The results are, in general, 
satisfactory from the viewpoint of the difference errors, espe
cially if the averages are considered. The percentage errors 
are more than could be tolerated with larger amounts of 
sodium, but with the quantities involved here these deviations 
are not serious, inasmuch as the procedure is not intended for 
a micromethod; in fact, the results compare favorably with 
those obtainable gravimetrically on similar amounts. With 
the Goetz tube, about 2.5 mg. of sodium are the maximum 
tha t can be determined. Somewhat larger amounts could 
be estimated by means of a longer or wider capillary, but 
upward extension of the range would probably incur a corre
sponding loss of accuracy. Because of the rounded lower end 
of the capillary on the standard Goetz tube and its diameter, 
the estimation of amounts of sodium below 0 . 2  mg. involves 
considerable uncertainty due to reading errors. .

T a b l e  I .  E s t im a t io n s  o p  S o d iu m  w it h  G o e t z  T u b e

S o d iu m F i n a l  V o l u m e SODIOM D i f f e r e n c e
T a k e n o f  P r e c i p i t a t e F o u n d E r r o r

Mg. Cc. Mg. Mg.
2.00 0.162 2.08 + 0 .0 8
2.00 0.160 2.05 + 0 .0 5
2.00 0.155 1.99 -0 .0 1
2.00 0.161 2.06 + 0 .0 6
2.00 0.148 1.90 - 0 .1 0
2.00 0.150 1.92 - 0 .0 8

1.00 0.080 1.03 + 0 .0 3
1.00 0.079 1.01 + 0 .0 1
1.00 0.081 1.04 +  0.04
1.00 0.080 1.03 + 0 .0 3
1.00 0.076 0.97 - 0 .0 3
1.00 0.078 1.00 ± 0 .0 0

0.50 0.042 0.54 + 0 .0 4
0.50 0.042 0.54 + 0 .0 4
0 .50 0.039 0 .50 ± 0 .0 0
0 .50 0.042 0.54 + 0 .0 4

0 .20 0.016 0.21 + 0 .0 1
0 .20 0.013 0.17 - 0 .0 3
0 .20 0.015 0.19 - 0 .0 1
0 .20 0.013 0.17 - 0 .0 3

T a b l e  I I .  E s t i m a t i o n s  o f  S o d iu m  w i t h  S p e c i a l  C e n t r i f u g e  
T t jb e

S o d iu m
F i n a l  L e n g t h  

o f  P r e c i p i t a t e S o d iu m D i f f e r e n c e
T a k e n C o l u m n F o u n d E r r o r

Mg. Mm. Mg. Mg.
0.50 26.0 0.52 + 0 .0 2
0 .50 24.0 0.48 - 0 .0 2
0.50 23 .5 0.47 - 0 .0 3
0 .50 26.5 0 .53 + 0 .0 3

0 .20 9 .0 0 .18 -0 .0 2
0 .20 9 .0 0.18 - 0 .0 2
0 .20 8 .7 0.17 - 0 .0 3
0 .20 10.0 0 .20 ± 0 .0 0

0 .10 4 .0 0 .08 -0 .0 2
0.10 3 .5 0.07 - 0 .0 3

0.05 1.0 0.02 - 0 .0 3
0.05 1.3 0 .03 - 0 .0 2

0.10° 5 .0 0 .10 ± 0 .0 0
0.10® 5.3 0.11 +  0.01

0 .0 5 a 2.5 0 .05 ± 0 .0 0
0 .0 5 “ 2 .0 0.04 - 0 .0 1

ih e s e  c a s e s  t h e  s o d i u m  s o l u t i o n s  w e r e  r e d u c e d  t o  a  v o l u m e  o f

In  order to  examine more closely the degree of accuracy 
obtainable by this centrifugal method when dealing with 
only a few tenths of a milligram of sodium, a number of 
determinations were also made by means of a special tube, 
the construction of which has been described above. These 
results are shown in Table II. In  this series the average of 
the readings obtained with the 0.50-mg. quantities was used 
to  standardize the tube, so th a t 1 . 0  mm. in length of precipi
ta te  column was considered as representing 0 . 0 2  mg. of so
dium in all the individual trials. When the am ount of so
dium being estimated is about 0 . 1  mg. or less, incomplete



precipitation due to the solubility of the precipitate becomes 
appreciable. This can be remedied either by using a lesser 
volume of sodium solution, as shown in the last four deter
minations, or by standardizing the tube a t intervals with like 
small amounts of sodium instead of on the basis of a single 
larger quantity. W ith the procedure given, 0.05 mg. of 
sodium appears to be about the smallest amount th a t can 
be precipitated successfully. In  general, in the case of 
samples containing only a few tenths of a milligram of sodium 
the use of a centrifuge vessel with a somewhat narrower capil
lary than th a t of the Goetz tube leads to more satisfactory 
results.

I n f l u e n c e  o f  O t h e r  I o n s

Owing to the lack of quantitative data in the literature con
cerning interference effects with a reagent of the type required 
in this method, experiments were also made to determine the 
permissible limits of elements like potassium and lithium tha t 
normally accompany sodium. Instead of determining these 
limits by the more usual methods the centrifugal method was 
considered more suitable for the immediate purpose, since 
by this means not only could the usual co-precipitation ef
fects be studied, but also any possible influence of foreign 
ions on the volumes of precipitates due merely to changes in 
particle size. The above procedure was applied, therefore, 
to  2 .0 0 -cc. samples of chloride solutions containing varying 
amounts of foreign ion alone, or with added fixed amounts 
of sodium. The results are set forth in Tables I I I  and IV. I t 
is apparent th a t potassium and lithium interfere seriously 
when present in sufficiently high concentration, probably 
because of the formation of the corresponding double uranyl 
acetates, with resultant increase in precipitate volume over 
the normal value. Lower concentrations of potassium or 
lithium apparently do not change the particle size or volume 
of the sodium precipitate. Contamination of the sodium pre
cipitate increases with rise in amount of sodium being pre
cipitated, in accordance with the usual co-precipitation effect. 
Somewhat more than 5 mg. of potassium may be present if 
the amount of sodium being determined lies in the lower part 
of the range covered by the method, but not when higher 
amounts of sodium are being precipitated. In general the 
use of an alcoholic instead of an aqueous reagent for direct 
sodium determinations results in considerably increased in
terference from potassium (1,2).  This is not serious enough, 
however, to prevent the use of this centrifugal method for 
most samples of natural products, since the potassium-sodium 
ratio in such materials is not often high.
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T a b l e  III. E f f e c t  o f  P r e s e n c e  o f  P o ta s s iu m

P 0TA8SIUM S odium A mount of
A pparent  

A mount of D ifference
P resent T aken P recipitate S odium  F ound E rror

Mo. Mg. M m. Mo. Mo.
5.0 0 .00 0 .0 0.00 ± 0 .0 0

10.0 0.00 0 .0 0 .00 ± 0 .0 0
15.0 0.00 0 .5 0.02 + 0 .0 2
20 .0 0.00 3 .0 0.08 + 0 .0 8

5.0 0.10 3 .7 0.09 -0 .0 1
5.0 0.10 4 .3 0.11 + 0 .0 1
7 .5 0.10 4 .5 0.11 + 0 .0 1
7 .5 0 .10 4 .0 0 .10 ± 0 .0 0

10.0 0.10 6 .0 0 .15 + 0 .0 5
10.0 0 .10 5 .5 0.14 + 0 .0 4

3 .0 1.00
Cc.

0.078 1.00 ± 0 .0 0
3 .0 1.00 0.076 0.97 - 0 .0 3
5 .0 1.00 0.0S5 1.09 +  0.09
5 .0 1.00 0.0S8 1.13 + 0 .1 3

10.0 1.00 0.097 1.24 + 0 .2 4
10.0 1.00 0.092 1.18 + 0 .1 8

Lithium interferes only slightly more than potassium. 
There is much less discrepancy between interference ef
fects with the alcoholic and aqueous types of reagent in the 
case of lithium. With other ions the alcoholic reagent was

found to react in essentially the same manner as the aqueous 
type, bu t it may sometimes cause difficulty in the presence of 
substances readily precipitated by dilute alcohol. This 
source of interference may obviously be circumvented by 
treating the sample solutions with alcohol and filtering before 
further preparing them for the addition of the reagent, pro
vided th a t sodium is not removed by such an operation.
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T a b l e  IV. E f f e c t  o f  P r e s e n c e  o f  L i t h i u m

L ithium Sodium A mount of
A ppa rent  

A mount of D if f er en c e
P résent T ak en P recipitate S odium  F ound E rror

Mg. Mo. M m. Mo. Mo.
5 .0 0.00 0 .0 0 .00 ± 0 .0 0

10.0 0.00 1.0 0.04 + 0 .0 4
15.0 0.00 4 .5 0.11 + 0 .1 1
20.0 0.00 5 .5 0 .14 + 0 .1 4

5 .0 0.10 4 .0 0 .10 ± 0 .0 0
5 .0 0.10 3 .5 0.09 - 0 .0 1
7 .5 0 .10 5 .0 0 .13 + 0 .0 3
7 .5 0.10 5.7 0 .14 + 0 .0 4

10.0 0 .10 6 .0 0 .15 + 0 .0 5
10.0 0 .10 7 .0 0.18 + 0 .0 8

3 .0 1.00
Cc.

0.078 1.00 ± 0 .0 0
3 .0 1.00 0.080 1.03 + 0 .0 3
5.0 1.00 0.088 1.13 + 0 .1 3
5 .0 1.00 0.094 1.21 + 0 .2 1

T a b l e  V. T e s t  A n a l y s e s  o f  W a t e r s

S odium D eter T ube S odium
S ample Content mination R eadings F ound E rrors

P . p. m. M m. P . p. m. P . p. m.
A 10.0 1 10.0 10.0 ± 0 .0

2 10.3 10.3 + 0 .3
3 10.0 10.0 + 0 .0
4 9 .3 9 .3 - 0 . 7

Av. 9 .9 9 .9 - 0 . 1

B 18.8 1 22.3 17.8 - 1 . 0
2 24.0 19.2 + 0 .4
3 23 .5 18.8 ± 0 .0
4 23 .0 18.4 - 0 . 4

Av. 23.2 IS .6 - 0 . 2

Sample A, synthetic  w ater m ade from pure salts, contained the  following 
ions in pa rts  per million: Ca, 50; Mg, 20; Na, 10; K , 5; Li, 5; N H 4, 1;
Fe, 1; Cl, 120; SO«, 21.

Sample B, artesian  well water from Princeton, N . J . The sodium  con
ten t was determ ined gravim etrically by evaporation of a 250-cc. portion and 
application of the usual magnesium uranyl ace ta te  m ethod.

T e s t  A n a l y s e s

In  order to  test its practicality this centrifugal procedure 
was also applied to several complex samples of known sodium 
content. Among these were two waters, the one a synthetic 
mineral water with a purposely exaggerated potassium and 
lithium content, the other a natural water in which the so
dium had been carefully determined gravimetrically. The 
results are shown in Table V. For the analysis of sample A, 
500 cc. of the water, acidified with hydrochloric acid, were 
first evaporated to dryness in a platinum dish. The residue 
was then dissolved in distilled water and the resulting solution 
adjusted to a volume of 50.0 cc. in a volumetric flask. Ali
quot portions of 2 . 0 0  cc. were withdrawn for each determina
tion, which was performed with the special centrifuge tube. 
This method of reducing the volume was used in order tha t 
each millimeter of precipitate column might represent 1  p. p.m . 
of sodium in the original water on the basis of the previous 
calibration of this tube. The results are satisfactory, al
though there is a certain compensating error involved in this 
good agreement, since the volumes of the precipitates are 
slightly larger than they should be for the calculated 0 . 2 0  mg. 
of sodium present in each sample. Table I I  shows th a t this 
amount, when precipitated from pure sodium solutions, pro
duced precipitate columns with an average length of 9.2 mm. 
The small average additional volume obtained in the case of 
the water samples was found to be due to a  slight contamina
tion of the sodium precipitate with calcium sulfate precipi
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tated  by the alcoholic reagent. However, this source of error 
does not appear serious. In  the analysis of sample B sepa
rate volumes of the water were concentrated in platinum for 
the individual determinations, and each 2 .0 0 -cc. sample 
used in the procedure represented 25.0 cc. of the original 
water. The results agree satisfactorily with the gravimetric 
value, which is itself probably close to the tru th .

Trial determinations on samples of milk indicated tha t the 
method could also be applied with success to biological ma
terial after suitable preliminary treatm ent to remove organic 
m atter and phosphates. Oxidation with hot concentrated 
nitric acid in a quartz vessel was used to  eliminate organic 
m atter, while the addition of a slight excess of uranyl acetate 
reagent to a dilute solution of the ash, previously made slightly 
acid with acetic acid, served to remove the phosphate. The 
filtrate from the uranyl phosphate was then adjusted to a

suitable volume and aliquot portions were used for the deter
minations.

C o n c l u sio n s

The centrifugal method appears well adapted to the rapid 
estimation of small amounts of sodium in a variety of ma
terials, especially for routine use on a long series of samples 
of a similar nature. Results can be rapidly obtained, espe
cially when sets of tubes and carriers are used for two or more 
simultaneous determinations.

L i t e r a t u r e  C i t e d

(1) Caley, J. Am. Chem. S o c 54, 432 (1932).
(2) Caley and Foulk, Ibid., 51, 1664 (1929).
(3) Kahane, Bull. soc. chitn., 47, 382 (1930)*

R e c e i v e d  Novem ber 7, 1933.

Determination of Pentosans in Vegetable 
Materials Containing Tannins

A. P . S a k o s t s c h i k o f f , W. T. I w a n o w a , a n d  A. M . K u r e n n o w a , M o sc o w , U. S. S. R .

When the pentosan content of cottonseed hulls 
or burrs is estimated according to the usual Tollens 
method, low results are obtained. The decrease in 
pentosan yie ld  ranges from  2.50 to h7.0 per cent, 
depending upon the amount of tannins contained 
in the material to be tested, as well as its condition. 
The influence of tannins on the determination of 
pentosans is particu larly important in the case of 
hulls damaged in storage.

In  addition to the effect of tannins on the furfural

yield  during distillation according to Tollens, lignin 
probably also exerts an influence, but it fa iled  to be 
proved by experiment.

To gain a correct idea of pentosans in cottonseed 
hulls, in addition to the determination of xylose 
from  hulls by means of acid hydrolysis according 
to Tollens, determination of pentosans in the hull 
residue should be carried out. The total o f both de
terminations gives a more accurate idea of the 
pentosan content in the original material.

T H E pentosan content of vegetable materials is usually 
determined by the Tollens method. However, it 
is necessary to follow the standard procedure strictly, 

any deviation leading to erroneous results (2, 3).
The principal defects of the method are:

1. The impossibility of distinguishing among individual 
pentosans, all forming furfural with hydrochloric acid.

2. Furfural m ay also be formed from substances such as 
galactan and galacturonic or glucuronic acids, which are compo
nents of pectin substances.

3. Should the substance to be tested contain sugars other 
than  pentosans, methylfurfural would be formed from methyl 
pentosans (fucose, ramnose). w-Oxymethylfurfural is obtained 
from a number of hexoses—glucose, mannose, galactose, fnic- 
tose—hence also from starch, cellulose, and other polysaccharides 
from which these sugars are formed by hydrolysis. Because 
furfural derivatives—methylfurfural and a.'-oxymethylfurfural— 
are also obtained, the determination is very difficult.

Other defects of the method are the variable composition of the 
condensation product of furfural with phloroglucinol, its solu
bility in acid solution, etc.

No data were found in the literature concerning the in
fluence on the yield of furfural, and hence on the results of 
the determination of pentosans of components of plant tis
sue, which under no conditions form furfural by themselves. 
The aim of the present work is to ascertain the influence of 
such components, using cottonseed hulls and burrs.

S o u r c e s  o p  F u r f u r a l  L o ss

Attention was first drawn to the fact th a t cottonseed hulls 
contain tannins. When tannins are boiled with furfural and 
hydrochloric acid, insoluble condensation products are ob
tained. This is the basis of the method used in the analysis 
of tannins, or the so-called Lauffmann’s furfural precipi
tation numbers, whereby the highest figures are obtained 
for pyrocatechol tanning substances, which include the tannin 
of cottonseed hulls. In  fact, when an aqueous extract of 
cottonseed hulls was heated with furfural under the conditions 
of Lauffmann’s reaction, insoluble condensation products of 
furfural with tannin were readily formed. I t  is more than 
probable tha t such condensation takes place when furfural 
is obtained from materials containing tannins, which ob
viously leads to a considerable decrease in the yield of furfural.

The second source of losses in the yields of furfural m ay be 
another condensation reaction, occurring under conditions 
similar to those tha t take place when pentosans are de
termined according to Tollens—the condensation of furfural 
with lignin (4). Hulls contain 30 per cent of lignin. When 
furfural is boiled with lignin and hydrochloric acid, chemically 
inert resinous substances are formed. I t  is possible th a t 
tannins and lignin cause the decrease in yield of furfural when 
analytically determined. This suggestion agrees with the 
data obtained by Freudenberg and Harden (1), which show
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that, when lignin is treated with hydrochloric acid, form
aldehyde is formed, is precipitated in the distillate by 
phloroglucinol, and forms the precipitate which by its re
lation to alcohol resembles methylfurfuralphloroglucide and 
oxymethylfurfuralphloroglucide; because of this the de
termination of pentosans in wood should give too high 
results.

Freudenberg and Harden, however, obtained only 0.6 
to 0 . 8  per cent as phloroglucide, instead of 2  per cent of form
aldehyde. The remainder, in their opinion, is fixed by 
protocatechuic acid liberated during the reaction.

Under the authors’ experimental conditions no increase in 
the phloroglucide yield was caused by the formation of 
formaldehyde. This may be accounted for by the presence 
of tannins and related insoluble phlobaphenes. On the other 
hand, the alcohol-soluble fraction was in no case present in 
the precipitate in appreciable amount. This leads to the 
conclusion th a t the influence of lignin on the determination lies 
mostly in the formation of insoluble condensation products 
with furfural. Freudenberg and Harden, however, worked 
with pure lignin, containing no pentosans.

E x p e r i m e n t a l

The first problem was to prove experimentally the existence 
of such an influence. For this purpose hulls from one oil 
mill (1929) stored in the laboratory were used. Table I  
shows the chemical analysis of these hulls.

T a b l e  I. C h e m i c a l  A n a l y s i s  o f  H u l l s
D e t e r m i n a t i o n  

Pure cellulose 
Pentosans in hulls 
M ethyl pentosans 
Lignin
E ther extract

%  D e t e r m i n a t i o n

45.82 Alcohol extract
12.02 W ater ex tract

Traces Ta&nins in water extract
23.71 Nitrogen general

0 .65  Ash

%
0.54
8.54
3.94
0.63
1.79

D e t e r m i n a t i o n  
Loss in weight of hulls when first boiled in water 
Solid residue of water extract 
Tannins in water extract 
Sugars according to Bertrand

to Tollens, is found remaining in the extracted hulls. If 
computed to the weight of hulls before treatm ent with water, 
19.51 per cent is found. In  determining pentosans in the 
original hulls, the method of Tollens did not detect 7.49 
per cent of pentosans (19.51 — 12.02), which is of course a 
defect of the method. After water extraction, the hulls 
were exposed to a second heating for 2  hours in an autoclave 
with 4 per cent sulfuric acid solution a t 2 atmospheres’ 
pressure. During th a t time hydrolysis of pentosans to xylose 
took place. The acid extract, as well as hulls obtained after 
the second heating with acid, were again analyzed (Tables 
IV and V). Table IV shows th a t the acid extract contains 
22.47 per cent of pentosans compared to  the weight of hulls 
used, or 20.47 per cent compared to the weight of hulls be
fore heating in water and acids. Moreover, 1.81 per cent of 
the initial weight remains in the hulls after both extractions.

T a b l e  III. A n a l y s i s  o f  H u l l s  a f t e r  W a t e r  E x t r a c t i o n
P e r  C e n t  o f  B o n e - D r y  H u l l s  

Before w ater A fter w ater 
extraction extraction

46.63  51.25
19.51 21.42
Traces Traces
17.50 19.21
0 .76  0 .83

D e t e r m i n a t i o n  
Pure cellulose (free from pentosans) 
Pentosans according to  Tollens 
M ethyl pentosans 
Lignin 
Ash

As will be noted, the determination according to Tollens 
showed tha t pentosans formed 1 2 . 0 2  per cent of the weight 
of hulls. In comparing these results with other data their 
correctness seemed doubtful, because it is known tha t 26 
per cent of xylose can be obtained from cottonseed hulls 
which contain 29.9 per cent of pentosans. There are also 
indications that hulls may contain up to 37.9 per cent of 
pentosans.

I t  was decided first to check the contents of pentosans in 
the sample in an indirect way. I t  was necessary to remove 
the tannins from the hulls and see how the yield of furfural 
according to Tollens was changed, also to obtain xylose from 
the hulls by means of acid hydrolysis, determine the yield 
of xylose according to Tollens, and then determine the pento
sans remaining in the hulls.

For the removal of tannins the hulls were heated with distilled 
water in an autoclave for 2 hours under 1.5 atmospheres’ pres
sure. During the heating the hulls lost 8.9 per cent of their dry 
weight. An analysis of the water extract obtained and of water- 
extracted hulls was made (Tables II and III). Tannins were 
determined according to the official standard method with 
powdered leather, sugar according to Bertrand, pentosans or 
xylose according to Tollens, cellulose according to Cross and 
Bevan, and lignin according to König (with 72 per cent sulfuric 
acid).

T a b l e  II. A n a l y s i s  o f  W a t e r  E x t r a c t

Thus the experiments for obtaining xylose directly from 
cottonseed hulls show their pentosan contents to be 20.47 +  
1.81 =  22.28 per cent. This is considerably more than the 
1 2 . 0 2  per cent as determined in the initial hulls (Table I), 
and also more than the 19.51 per cent found in hulls extracted 
with water. I t  is obvious tha t the lower results of the two 
latter determinations are due to the influence on furfural of. 
hull components extraneous to pentosans—in the first case 
the influence of the tannins and in the second possibly also 
tha t of the lignin of hulls.

Estim ating the pentosan content to be 22.28 per cent, this 
yield can by no means be considered as the highest possible, 
because the authors have not determined the pentosans tha t 
passed into the water extract with the tannins. Moreover, 
when the residue of hulls was analyzed after the second boil
ing with acid, the possibility of the influence of lignin on the 
yield of furfural when pentosans are determined is not ex
cluded.

T a b l e  IV. A n a l y s i s  o f  A c id  E x t r a c t
W e i g h t  o p  D r y  H u l l s  

Before w ater Before acid 
D e t e r m i n a t i o n  extraction  extraction

% %
Loss in weight of hulls in second boiling # 33 .19  . . .
Loss in weight of hulls in first and second boilings 42.09 . . .
Sugars in boiling liquid, according to B ertrand  . . .  26 .30
Pentosans in acid extract, according to  Tollens 20.47 22.47

T a b l e  V. A n a l y s i s  o f  H u l l s  a f t e r  E x t r a c t i o n  w i t h  4 P e r  
C e n t  S u l f u r i c  A e ro

D e t e r m i n a t i o n

Pure cellulose (free from pentosans)
Pentosans according to Tollens
M ethyl pentosans
Lignin
Ash

Before water 
extraction 

%  
40.39 

1.81 
Traces

12.63 
0.072

D r y  H u l l s
A fter acid 
extraction  * 

% 
69.75  

3 .02 
Traces 

21.81 
0.133

P e r  C e n t  o f  W e i g h t  
o f  I n i t i a l  D r y  H u l l s  

8 .90 
7.11 
6.92 
0 .24

The authors’ assumption about the influence of tannins 
on the yield of furfural when determined according to Tollens 
is confirmed by the experiment. During the extraction with 
water nearly all the tannins are removed from the hulls. 
And 21.42 per cent of pentosans, when determined according

In  further experiments i t  was decided to use samples of 
hulls obtained from mills a t various ages and also samples 
of burrs, the so-called Chingalak, and to determine more 
accurately the influence of lignin on the yield of furfural 
when pentosans are determined according to Tollens. For 
this purpose samples were prepared of hulls and burrs from 
which tannins were partly removed and then, by further 
treatm ent, lignin was removed by chlorination. Chloro- 
lignin is removed from the hulls by treatm ent with a 3 per
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T a b l e  VI. D e t e r m i n a t i o n  o f  P e n t o s a n s  in’ H u l l s  a n d  B u r k s

Y ield  of F urfural Ch ang es o f
L oss IN T o bone- F urfural
W eight dry sub  Y ield  to
during To bone- stance S ubstance

E xpt .
M aterial for D eterm ining P reliminary dry sub before before

P entosan  C ontent T reatment stance treatm ent T reatm ent

% % % %
1 M ill hulls (fresh) 13 .3452 Sam e hulls after water extraction  (100° C.) 7iÔ5 15 .485 l4 !3 9 2 -f4 !0 4 7
3 Sam e hulla after water extraction and chlorination 2 6 .2 5 14.657 10 .754 - 2 .5 9 1
4 Sam e hulls after water extraction and first and sec

ond chlorinations 38 .9 9 13 .159 7 .9 3 7 - 5 .3 4 8
5 Ginnery burrs 7 .7 2 66 Sam e burrs after water extraction 35! 06 10 .584 7 \ Ï I S “ Ô! 408
7 Sam e burrs after water extraction  and chlorination 52 .29 11 .734 5 .8 7 6 - 1 .8 5 0

cent solution of sodium sulfite. I t  is probable that part of 
the pentosans are removed a t the same time, which makes it 
exceedingly difficult to show experimentally the influence of 
lignin on the yield of furfural.

In  Table VI results of the determination of pentosans in 
hulls and burrs after various treatments arc shown, as well 
as losses in weight because of these treatments.

Experiment 2  shows th a t here, also, the removal of tannins 
from the hulls resulted in an increase of 1.047 per cent of 
furfural yield as compared to the yield from hulls before 
extraction. This increase is in accordance with the increase 
of 1.789 per cent of the weight of initial hulls in the de
termination of pentosan content. The error in determination 
is equal to

1.789 X 100 
22.76 7.86%

where the denom inator 22.76 is the amount of pentosans 
corresponding to the furfural content in experiment 1 (13.345 
per cent). This quantity of furfural was held by the tannins 
of the hulls during' the distillation of furfural according to 
Tollens. Here the increase in furfural yield after treatment 
with water is not so large as it was for hulls in the first 
determination. This is no doubt due to the difference in the 
properties of the hulls (those stored for a long time and those 
which are fresh).

tains substances which supply furfural, when heated with 
acid, the influence of burr tannins on the furfural yield is 
also apparent. Substances forming furfural in burrs are 
different from those in cottonseed hulls, since in the case of 
burrs some components of pectin substances play a consider
able part. The water extract prepared for chemical analysis 
contained 2.097 per cent of pentosans compared to the weight 
of burrs, which corresponds to the theoretical yield of 1.23 
per cent of furfural. If we add 1.23 per cent of furfural from 
substances passed into the water extract to the yield of fur
fural calculated on the weight of initial burrs (experiment 6  

in Table VI), or 7.318 per cent, we shall have 1.23 +  7.318 =  
8.548 per cent of furfural from burrs after water extraction. 
The difference—8.548 — 7.415 =  1.133 per cent of furfural, 
or 1.93 per cent of pentosans when its yield is determined 
from untreated burrs—is obviously concealed during the 
determination on account of the influence of tannins. The 
error of the determination is

1.133 X 100 
7.415 = 15.2%

Table VII shows results of further experiments which were 
carried out on materials of different age before and after a 
slight treatm ent with water. These experiments were made 
to determine how the content of pentosans and other com
pounds capable of reducing furfural changed with variation

T a b l e  V II. E x p e r i m e n t s  w i t h  M a t e r i a l s  o f  D i f f e r e n t  A g e s

E x p t .

10
11
12
13
14
15
16
17
18
19
20 
21 
22 
23

M a t e r i a l  f o r  D e t e r m i n a t i o n  
o f  P e n t o s a n s

Mill hulls (sample 3) fresh
Same hulls a fter trea tm en t with water
Mill hulls (sample 4) with moldy odor
Same hulls a fte r trea tm en t with water
Hulls from seeds 35 days old
Same hulls a fte r trea tm en t with water
Hulls from seed 60 days old
Same hulls a fter trea tm en t with water
Hulls from seed 80 days old
Same hulls after trea tm en t with water
Burrs from opened bolls
Same burrs after trea tm en t with water
B urrs from bolls 20 to  30 days old
Same burrs after trea tm en t with water

Loss i n  W e i g h t Y i e l d  o r

B e f o r e  T r e a t m e n t  
Furfural 

yield
calculated Changes of

o f  M a t e r i a l F u r f u r a l to weight furfural
T r e a t e d  w i t h t o  D ry of d ry  sub yield to

W a t e r S u b s t a n c e stance substance
% % % %

14.442
6.325 16.170 15Ü47 +  Ô!7Ô5

14.408
¿.‘255 15.758 14 !769 + 6 .3 6 1

13.395
2Ü452 17.690 l à ! 895 -fÔ!5Ô0

12.010
1-Ü899 14.656 12 .’47 2 + 0ÂQ2

12.181
4.‘¿¿4 12.754 1 2 !204 -hÔ’Ô23

10.658
25 .8 Ï4 13.627 1ÓÜÍ0 -CL548

9.991
28*. 530 12.430 8'. 883 -0 .0 0 8

Experiments 3 and 4 (Table VT) show tha t pentosans are 
very firmly combined with the cellulose of the hulls and the 
greater part is not removed even by repeated chlorination. 
When yields are compared to the initial weight of hulls used 
for treatm ent, the increase in yield of furfural in hulls is not 
shown. Apparently a large part of the pentosans, not con
sidered by the authors quantitatively, disappears from the 
hulls during chlorination and sulfite treatment. Thus the 
attem pt to prove by experiment the influence of lignin on 
the yield of furfural remains unsuccessful.

From experiments 6  to 7 it is evident th a t treatm ent of 
burrs with water does not result in an increase of furfural 
yield. Inasmuch as the water extract of burrs always con-

in the age of the raw material, and to verify the influence of 
tannins on the process of determining pentosans.

As seen from experiments 11, 13, 15, 17, and 19, treatm ent 
of all the samples of hulls with water resulted in an increase 
of furfural yield. Using the calculation for initial substance 
(before treatm ent with water) we have an increase of furfural 
yield from 0.023 for collected hulls and 0.705 per cent for 
mill hulls (or 0.039 and 1.21 per cent pentosans).

For samples of hulls 35 days old this increase is larger than 
for hulls from ripe seeds. This is in full conformity with the 
known fact that, with increased age of seeds the tannin con
tent is diminished and its character is changed. While the 
tannins of unripe seeds readily pass into a water extract,
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forming a colorless solution, for the most part tannins from 
ripe seeds are converted into more complicated compounds 
(lignin), and the remaining tannins become colored substances 
with a phlobaphene character, passing with more difficulty 
into the water extract than the tannins of hulls from unripe 
seeds.

Burrs (experiments 21 and 23) did not show any increase 
in furfural yield over their weight before treatm ent with 
water, but taking into consideration tha t a considerable part 
of the substances ap t to form furfural have passed into the 
water extract one has to admit the influence of tannins on 
the yield of furfural here.

Where tannins are present in a substance to be examined, 
it is necessary to consider the possibility of decrease in yield 
of furfural, and hence a decrease in pentosan content, deter
mined according to Tollens. The influence of tannins is shown 
by experiments to determine furfural yield from a sample 
after removing tannin extract with water and comparing the 
furfural yield to the weight of substance before extraction. 
If there is an increase in furfural yield after removal of tannins 
their influence on the determination of pentosans according 
to Tollens becomes apparent. If the yield of furfural is 
lower after extraction with water, i t  is possible tha t sub
stances forming furfural (as with burrs) belong to the group 
of substances readily soluble in water. In  this case it would 
prove useful to determine the furfural yield from a water 
extract after precipitating the tannins.

The determination of pentosans according to  Tollens is 
quite insufficient for accurate work with substances con
taining tannins (and perhaps also lignin) and m ust be sup
plemented by the extraction of tannins from the substance 
and by direct hydrolysis of pentosans to xylose. The pento
san content (furfural-forming substances in general) is to be 
determined as a total of three determinations—in water ex
tract (after precipitation of tannins), in acid extract, and in 
the residue after hydrolysis with acid.

The influence of lignin on the determination of pentosans 
according to Tollens can as yet be only supposition, bu t a t  
the first opportunity the authors plan to investigate by ex
periment the existence of such an influence. The importance 
of tannins in the determination of pentosan content is of 
greater influence than all the other known errors of the Tollens 
method; it leads to lowered results, whereas the other de
fects of the method give exaggerated results.
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R e c e i v e d  January  12, 1933.

Filtering F ruit Juices and Plant Extracts
J .  A l f r e d  H a l l 1 a n d  W i l l a r d  E. B a i e r , California F ru it Growers Exchange, O ntario, Calif.

TH E large-scale laboratory filtration of fruit juices and 
aqueous extracts of plant material is often a very trouble

some operation when suction flasks and Buchner funnels only 
are to be used. Some years ago the authors in the Research 
Laboratory of the California Fruit Growers Exchange de
veloped a method for orange juice th a t has since been success
fully applied in many instances. In  effect, the operation com
bines ordinary laboratory suction filtration with the principles 
of industrial filtration. The filter is prepared as follows:

A piece of filter cloth if available, or a fairly heavy piece of mus
lin, is cut to fit loosely into the bottom of a Buchner funnel of suit
able size. A slurry of paper pulp of a type commercially avail
able for filter mass is prepared in water. A thin layer of the 
pulp slurry is poured onto the filter and distributed evenly, and 
then suction is applied to drain the mass thoroughly, care being

taken, however, that the pulp does not become compressed too 
tightly. Now a dilute suspension of a commercial filter aid, such 
as Filter-Cel, is prepared and, without disturbing the pulp mat, a 
thin layer of the diatomaceous earth is allowed to spread out on 
the pulp. Moderate suction is then applied to pull this down on 
the pulp. These operations may be repeated several times, build
ing up alternate layers of pulp and filter aid until the funnel is 
about half full, if a large quantity of liquid is to be filtered.

1 Present address, Forest Products Laboratory, M adison, Wis.

There are two objects of the alternate layers of paper pulp 
and filter aid. Extremely fine particles are easily retained 
by the filter, so th a t brilliantly clear filtrates result. By 
using and removing successively the paper-pulp filter mats, a 
large quantity of liquid may be filtered with the minimum of 
dilution or loss in starting the filtering operation.

F i l t r a t io n '

The liquid to be filtered is agitated with an am ount of filter 
aid appropriate to the material. About 250 cc. were found 
sufficient for a liter of orange juice. In  pouring the mixture 
of liquid and filter aid onto the filter, olare m ust be taken not 
to disturb the m at. I t  is advisable to place a small watch 
glass in the center and to pour upon it. F iltration is begun 
with only as much vacuum as is required to m aintain a flow 
through the m at. Suction is increased gradually as the m at 
clogs.

A cake of diatomaceous earth will build up in the funnel. 
When this becomes too thick for convenience, the filter may 
be sucked fairly dry without raising the vacuum, and, with 
suction off, the built-up cake and the top layer of pulp m ay be 
removed from the next thin layer of filter aid. F iltration may 
be continued as before.

Operating in this maimer, the authors were able to filter 
with an 8 -inch (20-cm.) Buchner funnel as much as 20 liters 
of orange juice through one prepared filter mass a t a rate of 
about 15 liters per hour. The method has since been applied 
to a variety of products, such as pectin solutions and tannin 
extracts, without difficulty.

Various grades of natural and calcined diatomaceous earth 
filter aids are available. The use of higher grades of material 
may be desirable in some cases.
R e c e i v e d  January  22, 1934.



Determination of Small Quantities of 
Sodium Carbonate

Warder’s Method with Improved Technic
J o h n  E. S. H a n ,  155/3 R oute Stanislas Chevalier, Shanghai, China

F OR the determination of sodium carbonate in commer
cial caustic soda, there is no satisfactory direct volu
metric method, and usually a determination of carbon 

dioxide is resorted to (5). Winkler’s method yields higher 
results, owing to the precipitation of barium silicate (S¡ 4), 
and to the precipitation of basic barium carbonate (6), when 
carried out according to the usual procedure.

Theoretically W arder’s (8) method is suitable for mixtures 
containing much hydroxide and little carbonate (2), like com
mercial caustic soda, but the usual procedure is far from pre
cise. Slight errors in the two end points affect the result 
seriously. If 45 cc. of a standard acid are used for the com
plete titration  and an error of 0.04 cc. is made a t each end 
point, the result for carbonate would be affected by 0.36 per 
cent when the errors are cumulative in nature.

H an and Chao (1) have devised a procedure for precisely 
measuring the difference between the two end points and have 
used it  for determining the carbonate content of volumetric 
sodium hydroxide solutions. The result checked within 
0.02 per cent against the gravimetric evolution method. This 
procedure, however, is not suitable for caustic soda th a t con
tains an appreciable quantity  of acid-consuming impurities.

Im purities th a t might occur in appreciable quantities in 
commercial caustic soda are sodium silicate, sodium alumi- 
nate, iron, lime, and magnesia. Sodium silicate behaves like 
sodium hydroxide during the titration and offers no inter
ference in  the carbonate determination. Sodium alumínate 
is decomposed with the separation of aluminum hydroxide 
a t  the first end point (7). Aluminum hydroxide as well as 
ferric hydroxide, lime, and magnesia consume part of the acid 
for the second end point and, when present in appreciable 
quantities, cause a positive error in the carbonate determina
tion.

The author has recently further modified the procedure. 
The error due to acid-consuming impurities was prevented 
by filtering the solution after reaching the first end point, but 
before adding any acid for the second end point. From the 
data obtained not only the quantity of sodium carbonate can 
be accurately calculated, b u t also th a t of sodium hydroxide. 
Although carbon dioxide determination yields accurate re
sults for sodium carbonate, yet the sodium hydroxide content 
of the sample when calculated from to tal alkali and carbonate 
is slightly high unless due correction is made for the acid- 
consuming impurities present. Certain details of Han and 
Chao’s procedure have also been simplified so th a t i t  can be 
more conveniently used for commercial work.

P r o c e d u r e

The procedure differed from th a t of H an and Chao (1) in 
the following points:

1. No carbon dioxide-free air was used for sweeping the 
Erlenmeyer flask during all titrations.

2. The long nozzle of the buret for N  hydrochloric acid was 
inserted into a two-holed rubber stopper, the other hole of which 
carried a  soda-lime guard tube. .

3. Instead of 0.01 N  solutions, 0.02 N  hydrochloric acid and 
0.02 N  sodium hydroxide were used for the precise measurement 
of the difference between the two end points. During the addi
tion of 0.02 N  solutions, the Erlenmeyer flask was not protected

from atmospheric carbon dioxide, but the titration was quickly 
performed.

4. The solution was filtered through a 9-cm. filter and washed 
with 35 cc. of ordinary distilled water if appreciably turbid a t  the 
first end point.

D i s c u s s i o n

Table I  gives typical results expressed in per cent of sodium 
carbonate calculated on the weight of the solid sample. The 
results were slightly higher than the gravimetric method, but 
close agreement was obtained by applying a correction of 
—0.03. The procedure has been successfully used in summer 
as well as in winter, with room temperatures ranging from 
10° to 31° C. W ith samples high in carbonate and iron con
tent, the location of the first end point was somewhat difficult. 
In  such an event, the titration  was continued until the pink
ish tin t of the indicator was completely discharged.

T a b l e  I. C o m p a r i s o n  o f  G r a v i m e t r i c  a n d  V o l u m e t r i c  
M e t h o d s

VOLUM ETRIC
D e t e r m i n a t i o n s

S a m p l e , W e i g h t G r a v i m e t r i c NOT FILTER ED FILTER ED
i n  3450 cc. o f D e t e r m i n a t i o n s 0.02066JV 0.02066#

S o l u t i o n ® CO, NaiCO, HC1* NatCOa* HC1* Na*COi°
Oram % Cc. % Cc. %

Lime Process, A 0.0521 0.61 5.49 0.62 5 .48 0.62
Bottom  of 0.0520 0.61 5.55 0.63 5.54 0.62

drum 0.0520 0.61 5.38 0.61 5 .48 0.62
142.18 grams (0.61) (0.62) (0.62)

Lime Process, B 0.0698 0 .80 7.64 0.85 7.21 0 .8 0
Bottom  of 0.0699 0 .80 7 .52 0.84 7.20 0 .80

drum 0.0705 0.81 7 .37 0.82 7.18 0 .80
145.44 grams (0.80) (0.84) (0.80)

Electrolytic 0.0852 1.02 8.56 1.00
Av. sample 0.0845 1.01 8.69 1.02
139.31 grams 0.0844 1.01 8.77 1.03

(1.01) (1.02)
Ldwig Process 0.1269 1.43 12.63 1.41

Top of drum  
147.49 grams

0.1267 1.43 12.87 1.43
0.1265 1.43 12.64 1.41

(1.43) (1.42)
Lfiwig Process 0.1132 1.32 11.45 1.32

M iddle of 0.1124 1.31 11.54 1.33
drum 0.1130 1.32 11.61 1.34

142.58 grams (1.32) (1.33)
L5wig Process 0.1682 1.93 17.25 1.97 16.80 1.92

Bottom  of 0.1678 1.93 17.83 2.04 17.10 1.95
drum 0.1673 1.92 17.32 1.98 17.05 1.95

144.62 grams (1.93) (2.00) (1.94)
° For gravim etric determ ination 500 cc. and for volum etric determ ination

45 cc. of solution were used.
J> Volume used for the second end point. 
e A correction of —0.03 has been applied.

W ith extremely impure caustic, the sample solution can 
be allowed to settle and a clear portion used for the titration. 
Any aluminum hydroxide formed a t  the first end point is re
moved by filtration. The boiling can be om itted if methyl 
orange or bromophenol blue is used as indicator for the second 
end point. The color change, however, is not sharp with 
0.02 N  acid.

L it e r a t u r e  C it e d
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Quantitative Determination of Coumarin 
in Plant Material

I r a  J. D u n c a n  a n d  R . B. D u s t m a n , W est Virginia A gricultural Experim ent S tation, M organtow n, W. Va.

C OUMARIN is widespread in the plant kingdom. In 
certain species of forage plants it is present in sufficient 
quantity to impart a disagreeable taste, disliked by 

farm animals. An investigation of the coumarin content of 
various strains of sweet clover developed by the Department 
of Agronomy a t the West Virginia Agricultural Experiment 
Station necessitated the quantitative determination of this 
substance. Methods for the determination of coumarin in 
vanilla extract are not well suited to the removal and deter
mination of coumarin in plant tissues, and a search of the 
literature showed only the method of Obermayer (2) avail
able for this purpose.

E x p e r im e n t a l

In Obermayer’s method, 10 grams of air-dry sweet clover 
meal are extracted with ether, the extract is transferred to a 
500-cc. distilling flask, and the ether evaporated a t room tem
perature. After removal of the ether, 300 cc. of a  25 per cent 
solution of calcium chloride are added and the coumarin is dis
tilled from this solution. The temperature a t the end of the 
distillation should be 179° to 180° C. An aliquot part of the 
distillate is then titrated with 0.1 N  potassium permanganate 
in a special manner described by the author.

Since the method does not state how long the extraction 
with ether should be continued, the first problem was to de
termine the extraction period necessary for the complete re
moval of the coumarin. To accomplish this a battery of ten 
Soxhlet extractors was set up and duplicate determinations 
were run on five varying periods of extraction of the same 
material. Ten-gram samples of sweet clover were extracted 
for periods of 24, 30, 37, 49, and 72 hours, respectively.

The results showed that the titration value of the sample 
increased up to 30 hours of extraction, after which it de
creased. Just why extracting 37 to 72 hours gave lower re
sults than 30 hours was not clear. However, it was thought 
that the long-continued heating of the extract in the receiving 
flask might affect its titration value. Next a series of samples 
were extracted in quadruplicate for periods of 2, 4, 8 , and 12 
hours, the receiving flask being replaced by a  new flask a t the 
end of each period. This made a total of 26 hours’ extrac
tion.

Titration of 1 0 0 -ml. aliquots of the distillates a t  the end of 
2 hours and after an additional 4, 8 , and 12 hours of extrac
tion required 18.99,8.34, 7.66, and 6.81 ml. of 0.1 N  potassium 
permanganate, respectively, or a  total of 41.80 ml. for the 
total 26 hours. These values are the mean of four distilla
tions. Since the titration value for the final extraction pe
riod was so large (6.81 ml.), the extractions were continued 
for additional periods of 24, 40, and 2 0  hours. The mean 
titration values for 1 0 0 -ml. aliquots of these extracts were 
5.50, 4.78, and 4.00 ml, of 0.1 N  potassium permanganate, 
respectively, or a grand total of 56.08 ml. for 110 hours.

These values are considerably higher than those secured 
from continuous extraction over similar periods without 
change of receiving flasks, indicating that long-continued 
heating of the ether extract in the receiving flask does reduce 
the titration value. The final 2 0 -hour extract gave a rela
tively high titration and a positive Wichmann-Dean (1) test 
for coumarin, indicating that the coumarin is not completely 
removed even after 90 hours of extraction.

Three additional series, in which 5-gram samples of the same 
material were employed, were extracted in triplicate by varying 
periods for a total of 26 hours. The extracts were combined 
and the composite extract was distilled and titra ted  as before. 
The samples were then subjected to further extraction for periods 
of 70 and 24 hours.

In  series 1 the flasks were replaced a t intervals of 2, 5, 7, and
12 hours, and the 100-ml. aliquot required 20.87 ml. of 0.1 N  
potassium permanganate. Additional 70- and 24-hour periods 
of extraction gave permanganate requirements of 4.16 and 0.82 
ml., respectively, or a to ta l of 25.85 ml. for 120 hours.

In series 2 the flasks were replaced a t  intervals of 4, 9, and
13 hours, and the 100-ml. aliquot required 17.73 ml. of 0.1 jV 
potassium permanganate. Additional 70- and 24^hour periods 
of extraction gave permanganate requirements of 3.95 and 0.94 
ml., respectively, or a to tal of 22.62 ml. for 120 hours.

In  series 3 the sample was extracted continuously for 26 hours 
without replacement of the receiving flask, and the 100-ml. 
aliquot required 14.25 ml. of 0.1 N  potassium permanganate. 
Additional 70- and 24-hour periods of extraction gave per
manganate requirements of 3.62 and 0.95 ml., respectively, or a 
total of 18.82 ml. for 120 hours.

Examination of the values for the  26-hour extraction pe
riods in series 1, 2, and 3 shows beyond question tha t the 
longer the sample is extracted before the flask is replaced, the 
lower the titration secured. In  addition to  this disturbing 
factor of loss on continued extraction the difficulty of com
plete removal of coumarin is a serious problem. The final
24-hour extraction period in all three series gave a positive 
Wichmann-Dean (1) test for coumarin but required 1  ml. or 
less of the potassium permanganate solution for titration, 
indicating th a t 1 2 0  hours of extraction is sufficient, although 
impractical, for its complete removal. Results secured from 
more finely ground material, to pass a 0.5-mm. sieve, were 
almost identical with those previously given.

E x t r a c t i o n  b y  S t e a m  D i s t i l l a t i o n

Since the ether-extraction method for removing coumarin 
from the sweet clover samples was found both difficult and 
variable as to  results, some other method for its removal was 
sought. Inasmuch as coumarin is known to be volatile with 
steam, the possibility of its removal from the samples by 
steam distillation under reduced pressure was considered.

The procedure described below was finally adopted, al
though various modifications were tried as successive step« 
in the development of the method seemed to  warrant.

A 5-gram sample ground to pass a 1-mm. sieve is placed in a 
1-liter, long-neck, round-bottom Pyrex flask, and 80 cc. of 
water are added and mixed with the sample. The flask is fitted 
with a 2-hole rubber stopper carrying a  Kjeldahl distillation 
bulb and a  steam inlet tube which extends to the bottom of the 
flask. The distilling flask is joined through the connecting bulb 
to a 25-inch (63-cm.) Allihn condenser and the flask immersed 
in a boiling water bath. A 4-liter Pyrex beaker serves as a 
transparent bath through which the steam distillation can be 
observed and controlled. A 1-liter suction flask is fitted to the 
condenser to collect the distillate. The entire system is then 
connected to a water suction pump by rubber tubing attached to 
the side tube of the receiving flask. A mercury manometer is 
inserted in the line for measuring the pressure."

I t  is convenient to run the distillations in duplicate by attach
ing two seta of apparatus to the same steam je t and to the same 
suction pump. Screw clamps a t suitable points in the line 
assist in controlling the ra te  a t which the steam is adm itted and 
distributed to the flasks and the pressure reduced. A stream 
of dry steam is passed into the flasks for 1 to 2 minutes until the 
contents reach a vigorous boil and the distillate begins to drip
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from the condenser. At this time the pressure is reduced as 
rapidly as possible but a t such a rate as to prevent boiling over, 
until the pressure in the system is 140 mm. of mercury. The 
distillation is continued a t 140 mm. until the flasks are dry, after 
which they are disconnected and removed from the water baths. 
The connecting bulb, steam inlet tube, and inside of the distilling 
flask are rinsed down with an additional 80 cc. of water and the 
contents redistilled as before.

This procedure is repeated until six distillations have been 
made, after which the condenser is rinsed down into the receiving 
flask and the distillate transferred to a 1-liter volumetric flask. 
The flask is made up to volume, and 50-ml. aliquots of distillate 
are treated with 4-ml. of 0.25 M  lead acetate, stirred, covered, 
and allowed to stand several hours or overnight. I h e  excess 
lead is then precipitated by adding 0.17 M  disodium phosphate 
in a  quantity  just equivalent to the 4-ml. of lead acetate used 
(this amount having been determined previously by titration) 
plus 0.5 ml. additional. The precipitate of lead phosphate is 
allowed to settle for 30 minutes and 25 ml. of zinc sulfate .solu
tion,1 made by dissolving 200 grams of zinc sulfate in 1 liter of 
water, are added and mixed. The whole is permitted to stand 
a t least 4 hours, after which the combined precipitates of lead 
tannate, lead phosphate, and zinc phosphate are removed by 
centrifugalizing in a 100-cc. centrifuge tube. The supernatant 
liquid is poured off into a 500-cc. Érlenmeyer flask, the pre
cipitate washed twice with 25 cc. of water, and the washings are 
combined with the original décantation. This solution is then 
titra ted  indirectly with 0.1 JV potassium permanganate accord
ing to the method of Obermayer (2) as follows:

A measured quantity of potassium permanganate solution 
is added in excess (usually 25 ml.), the total volume diluted to 
approximately 150 cc., and heated on an asbestos board for 10 
minutes. The hot solution is filtered through an asbestos m at 
in a  Gooch crucible, the m at washed, and the excess permanganate 
decomposed with a  known amount of 0.1 N  oxalic acid solution 
added in excess. The resulting solution is acidified immediately 
with 25 cc. of 2 JV sulfuric acid and the excess oxalic acid titrated 
with 0.1 N  potassium permanganate, during which the tem
perature is maintained a t 70° to 80° C.

The permanganate titration  accounts for only about 93 
per cent of the total coumarin where pure coumarin is used, 
which necessitates the use of a titration factor. Blank titra
tion values on reagents should be subtracted from the total 
titration values. The equation for the reaction as qualified 
m ay be written as follows :

3C9Hs02 +  3SKMnO(— >-3SMn02 +  19K20  +  27C02 4- 911,0

P r e l i m i n a r y  T r ia l s

Preliminary work indicated th a t steam distillation might 
be utilized for the removal of coumarin. I t  soon became ap
parent th a t several distillations were necessary to remove 
the coumarin completely from a given sample and tha t in this 
procedure a small but unknown quantity of noncoumarin 
reducing material was carried over into the distillate along 
with the coumarin. Since it was desired to  determine the 
coumarin removed by titration with 0.1 N  potassium per
manganate, the presence of reducing substances other than 
coumarin presented a serious objection to  the proposed 
method unless these substances could be either eliminated or 
evaluated in satisfactory manner and proper correction made.

In  a typical preliminary trial, duplicate 5-gram samples were 
distilled four times, and each distillate was made up to  500 ml. 
A 30-minute period of distillation a t atmospheric pressure was 
carried on before the pressure in the system was reduced and 
60 cc. of water were added instead of SO as in the final method. 
Fifty-milliliter aliquots from each of the four distillates required 
10.50, 4.05, 1.75, and 0.51 ml. of 0.1 Ar potassium permanganate, 
respectively, or a  total of 16.81 ml. for the four distillations. 
Wichmann-Dean tests for coumarin in the distillates indicated 
th a t most of the permanganate requirement was due to coumarin.

The next factor to receive consideration was the effect of 
using different degrees of reduced pressure, and consequently

1 The num ber of milliliters of asinc sulfate solution used should be the same 
as th a t of the 0.1 N  potassium  perm anganate added in the  next step. If less 
than  25 ml. of potassium  perm anganate are added .the  zinc sulfate may be 
correspondingly reduced.

different temperatures, in the distillation flasks. Thermome
ters were placed in the distillation flasks and a mercury ma
nometer was inserted in the line. Three different degrees of 
temperature and pressure were tried with 5-gram samples 
in duplicate and the distillation procedure last described. 
The temperatures and pressures used and the mean values 
secured are shown in Table I.

T a b l e  I. E f f e c t  o f  D i f f e r e n t  D e g r e e s  o f  T e m p e r a t u r e  
a n d  P r e s s u r e  o n  t h e  S t e a m  D i s t i l l a t i o n  o f  S w e e t  C ix iv e r

D i s t i l l a t i o n
N u m b e r

.'I lU£i JL/iOlllJiiAUyrt V V Ml
0.1 N  KMnO* R e q u i r e d  f o r  50 m l . o f  D i s t i l l a t e  

150 mm. of 270 mm. of 390 mm. of
m ercury and  ’ ’

60° C.
Ml.

m ercury and 
73° C.

Total

12.23
2.80
1.05
0.53

16.61

Ml.
13.05
3.46
1.31
0 .60

18.42

m ercury and 
82° C.

M l. 
14.30 
2.83 
1.13 
0 .60  

18.86

The results show a considerable effect of tem perature and 
pressure on the total titration value. The fourth distillation 
was uniformly low in each case, which may be taken to in
dicate tha t most of the coumarin is removed by four distilla
tions. Qualitative tests for coumarin on equal volumes of 
distillates from the lowest and highest tem peratures tried 
showed tha t the distillates from the 60° distillation con
tained as much coumarin as those from the 82° distillation 
and indicated a greater removal of noncoumarin reducing 
material a t the higher temperatures and pressures. This 
point was confirmed by direct test for tannin derivatives.

I t  seemed desirable also to secure additional data on the 
effect of time of distilling a t atmospheric pressure, before 
reducing the pressure for distillation to dryness.

Consequently quadruplicate sets of four distillations each 
were carried out, the time of distillation a t atmospheric pressure 
being varied from 5 to 30 minutes. The reduced pressure used 
was 140 mm. of mercury, which gave a distillation temperature 
of 59° C. Pressures lower than 140 mm. were tried bu t were 
found to be less satisfactory in manipulation. Five-gram samples 
were used, the distillates made up to 500 ml., and 50-ml. aliquots 
were titrated. Total titration values secured by adding the 
values for each set of four distillations are given. The 5-, 10-, 
15-, 20-, and 30-minute distillation periods required 14.24, 
14.63, 14.82, 15.05, and 15.28 ml. of 0.1 N  potassium perman
ganate, respectively, these values being the mean of four de
terminations.

The results show somewhat higher values for the longer 
periods of heating; qualitative tests for noncoumarin reduc
ing substances in the first distillates in each set also indicated 
a higher content of this material in the distillates from the 
longer periods of heating. Determinations of the vapor 
pressure curve for coumarin above and below its melting 
point in the range of the distillation temperatures being em
ployed gave unexpected results, and the question arose as to 
whether the preliminary period of distillation a t atmospheric 
pressure might not be dispensed with entirely. Several trial 
runs showed th a t this could be done to  advantage, in th a t 
the quantity of noncoumarin reducing substances was di
minished and the time required to complete a distillation was 
shortened without affecting the removal of coumarin. The 
effect of maintaining the water bath a t 63° to 6 6 ° C. was also 
tried, but the lower temperature required a longer period for 
distillation, wrhich again resulted in an increased quantity of 
noncoumarin material.

For these reasons the procedure was modified in th a t 80 cc. 
of water were added instead of the 60 cc. originally used, and 
as soon as the contents of the flask reached a rolling boil, 
usually requiring 1  to 2  minutes, the pressure was reduced. 
The time required to  reduce the pressure in the distillation 
flask to  140 mm. of mercury was 3 to 4 minutes, and the total 
period of distillation about 8  minutes for each 80-cc. portion
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of water added. I t  was found also tha t moderate variations 
in the amount of water added (75 to 100 cc.), in the reduced 
pressure utilized (135 to 145 mm.), and in the fineness of the 
sample (passing a 0.5 to  1 mm. sieve), were without appre
ciable effect upon the results secured.

N o n c o u m a r in  R e d u c i n g  S u b s t a n c e s

Prior to this time, efforts had been made to learn the gen
eral nature of the compounds other than coumarin affecting 
the permanganate titration. Behavior toward Fehling’s 
solution and ferric chloride, qualitative tests for lignin, sapo-

F ig u r e  1. D is t il l a t io n  C u r v e s  f o r  S w e e t  
C l o v e r  A l o n e  a n d  R e e n f o r c e d  w it h  P u r e  

C o u m a r in

nins, formaldehyde, and tannins and their derivatives had 
been run on numerous distillates. Of the various tests made, 
only tha t for pyrogallol and related substances, resulting in 
a brownish precipitate with Nessler’s reagent, was positive. 
D ilute solutions of pure pyrogallol and Nessler’s reagent gave 
a test very similar to the test obtained with sweet clover dis
tillates and Nessler’s reagent.

In  order to ascertain the effect of steam distillation on 
material of high tannin content, a 5-gram sample of tea was 
distilled four times and each distillate made up to 500 ml. 
Fifty-milliliter aliquots required 0.30, 0.20, 0.17, and 0.10 ml. 
of 0.1 N  potassium permanganate, respectively. Even 
though tea is high in tannins, only relatively small amounts 
are removed by the steam-distillation method.

Further information was now desired relative to the be
havior of samples of varying coumarin content under steam 
distillation. Accordingly, sweet clover samples having a 
high and a low coumarin content were distilled over and over 
until the distillates gave little or no permanganate titration. 
Along with these samples, similar samples were reinforced 
with varying amounts of a solution of pure coumarin, and 
distilled repeatedly. The amounts of coumarin added were 
of sufficient quantity to increase tha t naturally present by 
approximately 50 and 100 per cent, respectively. The titra
tion values of a  representative sample with and without added 
coumarin are shown graphically in Figure 1 . The points on 
the curves are all means of four determinations.

Irrespective of their coumarin content, the samples behave 
similarly under steam distillation. They also show essen
tially equal titration values for the seventh distillation. I t  
appears clear, therefore, th a t all the coumarin is removed 
from the sample in six distillations and th a t the titration  
values beyond the sixth are due to noncoumarin reducing 
substances. The test for tannin materials and also th a t for 
coumarin support this view. I t  was not possible to secure a 
Wichmann-Dean test for coumarin beyond the fifth distillate.

In  an effort to eliminate the noncoumarin material dis
tilled over during the removal of coumarin, samples of sweet 
clover were distilled repeatedly and the distillates treated 
with a solution of neutral lead acetate. The distillates al
ways gave a distinct precipitate with lead acetate additions, 
and the deleaded solutions gave lower titration values than 
the untreated distillates. Further, solutions of pure cou
marin when treated with lead acetate gave quantitative 
values for the coumarin added, showing it to  be unaffected 
by the treatm ent. Somewhat contrary to expectation, trials 
with sweet clover distillates showed th a t i t  is immaterial 
whether the precipitates of lead tannate, lead phosphate, and 
zinc phosphate are removed separately, or all together, pro
vided time for complete precipitation is allowed in each case. 
Filtration through asbestos mats on Gooch crucibles can be 
substituted for centrifugalizing with equally good results. 
The centrifuge method is preferred because it is more rapid 
and convenient.

In a typical example showing the effect of treatment with lead 
acetate, duplicate 5-gram samples were distilled eight times and 
the distillates made up to 500 ml. Fifty-milliliter aliquots were 
taken for direct titration and for titration after treatment with 
lead acetate. When titrated directly the eight aliquots required 
6.60, 3.16, 1.54, 0.70, 0.44, 0.39, 0.16, and 0.12 ml. of 0.1 N  
potassium permanganate, respectively. After leading and de- 
leading the corresponding requirements were 6.46, 3.08, 1.37, 
0.54, 0.31, 0.22, 0.02, and —0.01 ml., respectively. The two 
series differ by an almost constant amount and the potassium 
permanganate requirement of the treated distillates approxi
mates zero for the seventh and eighth distillations.

P lant materials containing only small amounts of coumarin 
and considerable amounts of volatile reducing substances 
not precipitated by lead acetate could not be determined 
accurately by this method. However, it has been applied to 
soy-bean hay, cowpea hay, alfalfa hay, tonka beans, privet 
leaves, and other plant tissues in less extensive trials than 
with sweet clover but with satisfactory results.

A p p r o x i m a t e  M e t h o d  f o r  C o m p a r a t iv e  P u r p o s e s

Although six distillations are required to  remove all the 
coumarin from a sample of sweet clover, nevertheless a close 
approximation to this value may be secured by discontinuing 
the distillations a t the end of the fourth and omitting the lead 
acetate treatm ent of the distillates. About 95 per cent of the 
to tal coumarin present in the sample is removed in the first 
four distillations. On the other hand, when calculated as 
coumarin the noncoumarin reducing material in these same 
four distillations varies from 3 to  5 per cent. By this proce
dure the small amount of coumarin left in the sample is ap
proximately equal to, and offset by, the noncoumarin titra t- 
able material which distills over.

This shorter method has been shown to be sufficiently ac
curate for sorting different strains of sweet clover of varying 
coumarin content and is being utilized for th a t purpose in this 
laboratory. I t  greatly reduces the am ount of tim e and labor 
required where large numbers of samples are handled. Where 
greater accuracy is desired, the longer procedure, involving 
a larger number of distillations and treatm ent with lead ace
tate, is used.
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S u m m a r y

The steam distillation method for removing coumarin from 
plant tissues has certain decided advantages over the ether 
extraction method. I t  gives excellent results with sweet 
clover and seems to apply successfully to other species also. 
For comparative purposes where a high degree of accuracy is 
unnecessary, the number of distillations may be reduced and 
the distillates titra ted  directly without further treatment.

For more accurate results the number of distillations is in
creased, and the noncoumarin reducing substances are re
moved by precipitation with lead acetate.

L i t e r a t u r e  C i t e d

(1) Dean, J. R ., J. Ind. Enq. C h e m ., 7, 519 (1915).
(2) Obermayer, E ., Z. anal. Chem., 52, 172-91 (1913).

R e c e i v e d  September 21, 1933. Published with the  approval of the  D irector 
of the W est Virginia Agricultural Experim ent S tation  as Scientific Paper 130.

Determination of Bromide in the Presence 
of Large Excess of Chloride

R oy F. N e w t o n  a n d  E d it h  R. N e w t o n , Purdue University, Lafayette, Ind.

D U RIN G  a study of the metabolism of brominated 
compounds, a number of the methods previously re
ported for the determination of bromides in the pres

ence of large excess of chlorides proved unsatisfactory. Most 
of them depend upon the oxidation of the bromide to bromine 
under conditions so regulated as to avoid the simultaneous 
production of chlorine. When the concentration of bromide 
is small and th a t of chloride is high, this is impossible; to 
overcome this difficulty the bromine first obtained is fre
quently converted to bromide and is then reoxidized in a 
similar manner. In  some processes even a third oxidation 
is used. Usually the bromine finally obtained is determined 
iodometrically. Each oxidation introduces the possibility of 
loss of bromine, and if any chlorine is carried over in the last 
oxidation it  will be reported as bromine. The procedure of 
Behr, Palmer, and Clark (1) gave the most satisfactory 
results, bu t even with very careful manipulation it was 
accurate to only about 2 per cent. Since this was not 
sufficient for the authors’ purposes, the following procedure 
was worked out: The bromine is liberated by means of 
moderate excess of chlorine water, collected in sodium sulfite 
solution, and titra ted  potentiometrically in sulfuric acid solu
tion with potassium bromate. This procedure has been 
satisfactorily used by one of the authors in collaboration with 
R. C. Corley for the analysis of about fifty urine samples in a 
study of the excretion of bromides following the ingestion 
of brominated compounds.

M a t e r i a l s  a n d  A p p a r a t u s

Potassium bromide for use in making known solutions had 
to be synthesized, since the best obtainable potassium 
bromide contained “ not more than 0.75 per cent potassium 
chloride.” Bromine was freed of chlorine by shaking with 
three successive portions of aqueous sodium sulfite and sepa
rating. The purified bromine was then reduced by sulfur 
dioxide and water, and the resulting hydrobromic acid 
solution was redistilled until free of sulfuric acid, and neu
tralized with c. p . potassium hydroxide. The potassium 
bromide obtained in this manner was recrystallized twice and 
dried a t about 110° C.

Chlorine water was made by absorbing in water the chlo
rine obtained by electrolysis of hydrochloric acid. To re
move any traces of bromine from the hydrochloric acid, it 
was diluted to about constant boiling strength, treated with 
chlorine, and boiled. The strength of the chlorine water 
was checked iodometrically from two to three times a week.

The potassium bromate was a c. p. product recrystallized 
and dried a t about 110° C.

Sulfuric acid, potassium hydroxide, copper sulfate, and

sodium chloride of c . P. or reagent quality grade were used 
without further purification. The sodium chloride was 
found to contain 0.001 per cent of bromide. The chloride 
in the other chemicals was reported from 0.001 to 0.005 per 
cent, and undoubtedly the bromide was only a small frac
tion of this. W ith the exception of the chlorine water, all 
solutions were made by weighing the appropriate substance 
and making up to volume in calibrated volumetric flasks.

The apparatus for liberating the bromine from the solution 
of halides consisted of a 50-ml. flask with an inlet tube ex
tending from top to 
b o t to m , a n d  a de
livery tube leading to 
an absorption train of 
two test tubes, illus
t r a t e d  in  Figure 1.
Suction is applied a t 
F. A,  C, and D are 
u n g re a s e d  ground- 
glass joints. A rub
ber stopper was used 
a t  E,  s in c e  th e  a ir 
passing it  no longer 
c o n ta in s  b ro m in e  
vapor. This appara
tus was designed for 
samples not exceeding 
25 ml. A larger flask 
would be desirable for 
larger samples, and if 
the bromine content is high, the absorption system should 
also be enlarged.

A Leeds & Northrup student potentiometer with a port
able, enclosed lamp and scale galvanometer was used to meas
ure the potentials.

P r o c e d u r e

The bromine in the sample to  be analyzed should be presen t  
as bromide ion. For materials in which the bromine is in or
ganic combination, or when organic m aterial is mixed with 
the bromide, the ashing method of Behr, Palmer, and Clark 
(.1) was found to be very satisfactory.

Sodium sulfite amounting to about 2 0  mg. plus three to five 
times the estimated weight of bromine in the sample is weighed 
out, dissolved in water, and put into the absorption tubes, with 
about 80 per cent of the sulfite in the first tube. The rapid oxida
tion of sulfite by air makes the large excess necessary. While a 
slow stream of air is sucked through the apparatus, the sample 
is introduced through the inlet tube, rinsed down, made acid with 
sulfuric acid, and chlorine water estimated to be in slight excess

F iG u n E  1. A p p a r a t u s  f o r  L i b e r a t 
in g  B r o m in e
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of the bromine content is introduced. The flask is heated to 
about 100° C. for 10 to 15 minutes and cooled. Two or three 
further additions of chlorine water are made, heating the iiask 
after each addition. Unless the bromine content is very small 
it is desirable to use a  total of not more than three times the 
theoretical amount of chlorine water, and the later additions are 
made smaller than the first one unless the development of color 
on the second addition shows th a t the first was too small.

The air stream is then stopped, and the contents of the ab
sorption tubes are rinsed into a  .“mall beaker suitable for the 
titration, made alkaline, and evaporated on a steam bath. A 
drop of 1 per cent copper sulfate is added before evaporation to 
catalyze the oxidation of the excess sulfite by air. After evapora
tion the sides of the beaker are rinsed down and the sample is 
again evaporated to  insure the oxidation of all of the sulfite, 
made up to suitable volume with about 7.5 N  sulfuric acid, and 
titrated  potentiometrically with standard potassium bromate, 
using a platinum wire elcetrode as indicator, and a 0.1 N  calomel 
electrode as reference. The solution is stirred by a  small me
chanically driven glass stirrer throughout the course of the 
titration. The titration vessel is surrounded by ice to minimize 
the loss of bromine.

Before addition of any bromate the potential is erratic and 
of no significance. The potential after the addition of a small 
quantity of potassium bromate (0 . 0 2  ml. was usually used) 
is a very useful indicator of sulfite; if sulfite is still present, 
the potential remains low, below 0.3 volt, but if it has been 
completely oxidized, the potential goes to 0.57 to 0.61 volt. 
The end point is taken as the point of maximum rate of change 
of potential with added potassium bromate. The authors 
have used Fenwick’s (8) formula for calculating the end point. 
The end-point potential varies from case to case, from 0.78 to 
0.83 volt, probably because of the variation in the concentra
tion of dissolved bromine. When no bromide is initially 
present in the solution to be titrated, the end-point potential 
is exceeded upon the first addition of bromate.

D i s c u s s io n

In  order to test the reliability of the potentiometric titra
tion of bromide in the presence of chloride, a series of titra
tions was carried out under various conditions, with the re
sults shown in Table I. The ratio of chloride to bromide was 
kept small and the preliminary oxidation with chlorine water 
was omitted. Known quantities of chloride and of bromide 
were mixed, made alkaline and evaporated, made to suitable 
volume with sulfuric acid and titrated. Series 1 shows that 
if the concentration of chloride does not exceed two to three 
times the equivalent concentration of bromide present, the 
amount of bromate required is independent of the chloride 
content. W ith larger relative amounts of chloride the end 
point is not sharp and the results are high. For this reason a 
controlled amount of chlorine water is employed in the first 
oxidation.

Series 4 and 5 show tha t an increase in final volume, with 
corresponding decrease in acid concentration, decreases the 
amount of bromate used toward the stoichiometric value. 
With appropriate adjustment of acid concentration and of 
volume a t the end point, the stoichiometric ratio of bromate 
to bromide may be obtained, but when the concentration of 
bromide is very small, such adjustm ent makes the titration 
very tedious, for under these conditions the potentials are 
slow to reach steady values. For this reason it is recom
mended that in the determination of small quantities of 
bromides, the volume of solution a t the end point be kept 
small, the final acid concentration be from 6  Ar to 7 N,  and tha t 
known samples be run under the same conditions and the 
corresponding correction factor be applied. In effect the 
bromate is standardized by the known bromide solution.

Table I I  gives some results of the complete procedure. 
From 0.3 to 1.0 gram of sodium chloride was added to the 
samples containing more than 1  mg. of bromide, and approxi
mately 30 mg. of sodium chloride to those containing less 
than 1 mg. Very great excesses of sodium chloride were

avoided to obviate large corrections for the bromide in the 
sodium chloride. There is no reason to believe th a t larger 
amounts of chloride would in any way interfere with the 
liberation of bromine. The “Bromine Present” of Table I I  
is the sum of the bromine added as potassium bromide and 
tha t present as impurity in the sodium chloride. When the 
conditions of titration  were such th a t a stoichiometric ratio 
was not expected, the appropriate factor obtained from Table
I was applied. The calculations for experiment 7 of Table
II  are given for illustration.

Bromine added: as potassium bromide, 0.8035 mg.; as im
purity in 117 mg. of sodium chloride, 0.0012 mg.; total, 0.S047 
mg. Approximately 0.75 ml. of 0.04 N  chlorine water was used 
to liberate the bromine, which was absorbed in about 25 mg. of 
sodium sulfite. Near the end point the potassium bromate was 
added in 0.04-ml. portions. Fenwick’s (S) formula indicated 
the end point a t 1.688 ml. of 0.0598 N  potassium bromate, corre
sponding to 0.8068 mg. of bromine. However, an examination 
of series 6 of Table I shows th a t the titration  under these condi
tions gives results which average 0.8 per cent too high; sub
tracting 0.8 per cent or 0.0064 mg., a  final corrected value of 
0.8004 mg. is obtained.

T a b l e  I. T i t r a t i o n  o p  B r o m id e  i n  t h e  P r e s e n c e  o f  
M o d e r a t e  Q u a n t i t i e s  o f  C h l o r i d e

M o l e V o l u m e
R a t io a t  E n d B r o m i n e B r o m i n e

S e r i e s Cl t o  Br P o i n t A c i d i t y P r e s e n t F o u n d R e c o v e r y

M l. N M q. Mg. %
1 0 .0 121 6 .2 199.3 200.5 100.6

1.0 121 6 .2 199.3 200.7 100.7
2 .0 121 6 .2 199.3 200.8 100.7
3 .0 121 6 .2 199.3 200.6 100.6
4 .0 121 6 .2 199.3 200.5 100.6

2 2 .0 166 6 .3 199.3 199.7 100.2
2 .0 160 6 .3 199.3 199.7 100.2
2 .0 166 6 .3 199.3 199.8 100.2

3 0 .5 24 6 .3 39.94 39.91 99.9
0 .5 24 6 .3 39.94 39.99 100.1
1.0 24 6 .3 39.94 39.99 100.1
1.0 24 6.3 39.94 39.89 99.9

4 0 .5 9 6 .7 3.991 4.022 100.8
1.0 9 6 .7 3.991 4.009 100.5
1.0 9 6 .7 3.991 4.015 100.7
2 .0 9 6 .7 3.991 4.015 100.7

5 1.0 14 5 .4 3.991 3.991 100.0
2 .0 14 5 .4 3.991 3.991 100.0
2 .0 14 5 .4 3.991 3.994 100.1
2 .0 14 5 .4 3.991 3.988 99.9
2 .0 14 5 .4 3.991 3.996 100.1

6 1.0 4 .7 6 .4 0.8035 0.8079 100.6
1.0 4 .7 6 .4 0.8035 0.8114 101.0
1.0 4.7 6 .4 0.8035 0.8066 100.5
2 .0 4.7 6 .4 0.8035 0.8119 101.0
2 .0 4 .7 6 .4 0.8035 0.8119 101.0

7 1 .0 3 .3 6 .8 0.4006 0.4031 100.6
2 .0 3 .3 6 .8 0.4008 0.4059 101.3
2 .0 3 .3 6 .8 0.4006 0.4035 100.7
2 .0 3 .3 6 .8 0.4006 0.4050 101.1

T a b l e  I I .  D e t e r m in a t io n o f  B r o m id e  i n  L a r g e
E x c e s s  o f  C h l o r id e

B r o m i n e B r o m i n e
E x p t . P r e s e n t F o u n d R e c o v e r y

Mo. Mo. %
1 39.94 39.96 100.1
2 39.94 39.88 99 .8
3 3.994 3.985 99.8
4 3.994 3.997 100.1
5 3.994 3.995 100.0
6 0.8064 0.8088 100.3
7 0.8047 0.8004 99.5
8 0.803S 0.8018 99.8
9 0.4009 0.3998 99.7

10 0.4009 0.4026 100.4
11 0.4009 0.4017 100.2
12 0.4009 0.4012 100.1

E f f e c t s  o f  I o d i d e s

When the iodide content is small relative to the bromide 
content, no care is necessary to insure its removal. Some 
experiments were performed in which iodide equivalent to the 
bromide present was added. By adding a t least six equiva
lents of chlorine water for each equivalent of iodide present, 
the iodide was completely oxidized to iodic acid and retained 
in the flask. The subsequent titration showed no evidence 
of iodide, and gave normal results for the bromide.
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D ata upon the application of this method to the analysis of 
urine samples appear in Table III .

T a b l e  III. D e t e r m i n a t i o n  o f  B r o m id e s  i n  N o r m a l  
U r i n e  (2 )

2 4 -H o u r  U r in e  B rom in e F ou n d  R e m a r k sS ubject

Cc. Mg.
A 1300 13.18

A 1300 9.32

B 1313 5.50

B 1010 6.60

C 1800 14.70

Usual diet 
Table salt 
Usual diet 
c. p. salt 
Usual diet 
c. p, salt 
Usual diet 
c. p. salt 
Usual diet 
Table salt

S u m m a r y

A method for the determination of bromides in the presence 
of large excess of chlorides has been developed. The bromide

is liberated by chlorine water in moderate excess, collected 
in sodium sulfite solution, and titrated potentiometrically 
after air oxidation of the excess sulfite. For 4 mg. ,or more of 
bromine present as bromide the maximum error is about 0 . 2  

per cent, and for a bromine content of from 0.5 to 1 mg. the 
error is about 0.5 per cent. Moderate quantities of iodides do 
not interfere.
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Improved Apparatus for Quantitative 
Estimation of Helium in Gases

F r a n k  E. E . G e r m a n n , K .  A. G a g o s , a n d  G . A. N e i l s o n  

D epartm ent of Chemistry, University of Colorado, Boulder, Colo.

T H ERE are two general methods in use for determining 
the rare gas content of natural gases. Cady and 
M cFarland (8) determined only the helium content, 

whereas Moureu and Lepape (18) estimated the total rare gas 
content and then further separated it into helium and neon, 
argon with small amounts of krypton and xenon, and krypton 
and xenon with small amounts of argon. In both methods 
use is made of the ability of charcoal, discovered by Dewar
(7), to adsorb all gases except helium, neon, and hydrogen 
when cooled in liquid air. I t  was the experience of Cady and 
M cFarland th a t hydrogen was freely adsorbed under these 
conditions, neon much less than hydrogen, and helium very 
slightly. Their apparatus consisted of a preliminary tube 
for condensing methane and other hydrocarbons, two tubes 
filled with charcoal, and two U-dips to condense moisture and 
mercury vapor, all immersed in liquid air. In addition there 
were two Pliicker tubes, an automatic Sprengel pump, and a 
tube in which the helium wras collected and measured. The 
purity  of the gas was tested by observing its spectrum, and if 
any nitrogen was found present, the gas was again passed 
through the charcoal. This is essentially the apparatus which 
has been used by the U. S. Bureau of Mines and described 
by Seibel (16). Other workers who have used essentially 
the method of Cady and McFarland are Czako (6), McLennan
(12), Yamada (18), Yamaguti and Kano (19), Chlopin and 
Lukasuk (5), and Butescu and Atanasiu (2). Erdmann
(8) mixed oxygen with the hydrocarbons and hydrogen and 
exploded the mixture. Moureu and Lepape burned hydro
gen, carbon monoxide, and the hydrocarbons to carbon di
oxide and water over heated copper oxide. Carbon dioxide was 
then absorbed by potassium hydroxide, water by phosphorus 
pentoxide, and the nitrogen and oxygen were combined with 
heated calcium or magnesium. When no further pressure 
drop could be noticed and only the noble gases were distin
guishable spectroscopically, the volume of gas was measured. 
Argon, krypton, and xenon were adsorbed by charcoal cooled 
with liquid air and the volume of the remaining helium and 
neon was measured. Through partial vaporization, argon 
with slight amounts of krypton and xenon is sometimes esti
mated, or xenon and krypton with slight amounts of argon.

Many authors have used a t least the principle of the method 
of Moureu and Lepape. Bamberger (1) as well as Ewers (9) 
removed the last traces of nitrogen from the residual gas mix
ture with oxygen by sparking over potassium hydroxide. 
Other workers removed the total nitrogen content, after adding 
oxygen, by sparking over potassium hydroxide and removing 
the excess oxygen with pyrogallol.

Paneth (14, 15) and his students have developed a micro
method by means of which they claim to be able to estimate 
10~ 7 cc. of helium with an accuracy of 2 per cent. Sokolov 
(17) has constructed a balance for measuring the density of 
the unadsorbed helium and neon for use with gases containing 
a t least a helium and neon concentration totaling 0 . 1  to 0 . 2  

per cent. A method for the continuous separation of helium 
from a gas mixture by the adsorption of the other gases by 
charcoal a t liquid air temperatures has been described by 
Cherepennikov (4). He also claims to have accomplished the 
removal of all gases except helium by circulating the gas 
through charcoal cooled with solid carbon dioxide, regenerat
ing the charcoal after each cycle.

The volume of gas sample used by different workers varies 
widely. Cady and McFarland used 13 to 15 liters, McLennan 
about 6  liters, Moureu and Lepape 200 cc., and Paneth, Gehlen, 
and Peters only 10 cc. With the exception of Chlopin and 
Lukasuk, who used a modification of an apparatus described 
by Guye and Germann (10), all workers cited have used a 
complex apparatus. The essential part of the simplification 
introduced by the latter authors lay in the combination of a 
vacuum pump, McLeod gage, and storage reservoir. The 
apparatus described in the present communication is a  further 
adaptation of the apparatus of Guye and Germann to the 
analysis of helium.

D e s c r i p t i o n  o f  A p p a r a t u s

A diagram of the apparatus is given in Figure 1.

The tube C containing 30 grams of charcoal serves, when cooled 
with liquid air, to adsorb all the gases contained in the sample 
except helium (and some neon). The combination mercury pump 
and modified McLeod gage E  serve to create a high vacuum, to 
measure the volume and pressure of the original sample, to cir
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culate the residual gas over the charcoal, and to collect and meas
ure the residual helium under various reduced pressures. The 
distance between 1 and the mercury level in D must be less than 
barometric height. Between 1 and the lower end of E  it has a 
v o lu m e  of 142.G cc. The gage and pump also serve as one arm of 
a manometer to measure the gas pressure. A capillary tube B 
inserted in the main line and provided with platinum terminals 

serves as a Pliicker tube, but does 
not have the usual disadvantage of 
increasing the volume of the appara
tus. A and II are filled with fused 
calcium chloride to keep the air in 
the manometer tubes clean and dry.

By means of the three-way stop
cock 1 th e  a p p a ra tu s  m ay be 
evacuated, the gas recirculated over 
the charcoal, or the system B, C, E  
evacuated, leaving gas stored in the 
tube between 1 and 2. By the use 
of stopcock 2 , gas may be pumped 
from C and connecting tubes and 
stored in the calibrated tube be
tween cocks 1  and 2  until succeeding 
strokes of the pump can no longer 
co llec t a p p re c ia b le  quantities. 
Then by leaving cock 1 closed and 
2  open the volume and p ressu re  
may be d e term in ed . The upper 
part of this tube is c a lib ra te d  in 
0 . 0 1  cc. and the lower part in 0 . 1 0  cc. 
The side tube S  of the same bore as 
the upper part of the gage tube may 
be inserted so as to correct for capil
lary depression when reading on the 
upper tube. The right side opening 
of cock 3 connects to the water 
pump, serving to make the mercury 
enter D. The left side is made of 
a small capillary tube so that if the 
cock is opened wide to the air, the 
air enters D slowly and the mercury 
is prevented from rushing into E  too 
rapidly. At 4 there is a ground 
joint float which obviates having 
the mercury rise to a b a ro m e tr ic  
height. I t might equally well have 
been constructed of a porous dia
phragm, but evacuation through a 

porous diaphragm is somewhat slower. Stopcock 5 serves to keep 
the mercury in G from falling when D is evacuated. An electric 
heater is conveniently fastened to the metal framework so that 
it can be placed over the charcoal during preliminary activation. 
The same support serves to hold the liquid air flask in position. 
The entire apparatus is mounted on a board surrounded by a mold
ing so as to hold any spilled mercury, and is compact, portable, 
and easily adaptable to field work.

E x p e r i m e n t a l  P r o c e d u r e

The apparatus is prepared for an experiment by turning 
stopcocks 1 and 3 so as to connect with the water aspirator. 
Stopcock 2  is left open, but 5 is closed. The electric heater 
is placed over C and is maintained a t 360° C. for 1.5 hours. 
Under these conditions the mercury level is as indicated in the 
diagram, and the gases liberated in C have a free passage by 
way of 4, 2 , and 1  to the aspirator. By reversing stopcock 3 
air is admitted to  D and the mercury rises in E.  When the 
mercury reaches stopcock 1, it is closed and compartment D 
is again evacuated. The valve a t 4 closes as the mercury 
rises, and falls again as soon as the mercury falls in E.  The 
pressure in C is now greater than in E,  so th a t gases pass from 
C to E.  Stopcock 1 is kept closed until, after the next stroke 
of the pump, the mercury again has almost reached it, when 
it is opened and the entrapped gas discharged. This is con
tinued after short intervals of time to permit the establish
m ent of pressure equilibrium until no appreciable additional 
amounts of gas can be removed. The discharge through the 
Pliicker tube B  serves as a very convenient indication of the 
vacuum within. After evacuation with the mercury pump, 
the discharge is still visible but is usually very weak.

F ig u r e  1. D ia g r a m  o f  
A p p a r a t u s

The heater is now removed and the charcoal tube allowed 
to cool to room temperature. If there is no leak in the ap
paratus, this cooling brings about sufficient adsorption of the 
residual gases to prevent any further discharge through the 
Pliicker tube. If the apparatus stands thus overnight with
out sufficient gas entering to permit a discharge, it m ay be 
considered to be free of leaks.

The gas sample is now dried by passing it through concen
trated sulfuric acid before it is adm itted a t stopcock 1. Prior 
to opening 1, air is allowed to enter a t D  and the mercury 
rises to 1. The sample is now adm itted through 1, 3 being 
opened carefully in the direction of the aspirator, and stop
cock 5 is opened. A simple calculation will now give the re
duced volume of the sample a t the particular temperature. 
Stopcock 5 is now closed and 1 is carefully turned to  admit the 
sample through B  to C, which has been previously immersed 
in liquid air. Stopcock 3 m ay be opened to the atmosphere, 
as all the gases except helium and neon are adsorbed in C. 
The mercury is now allowed to pass stopcock 1 . As the gases 
enter C the liquid air begins to boil vigorously. The residual 
gases are allowed to remain in contact with the charcoal for 
1 0  minutes to insure complete condensation of all adsorbable 
gases. If there is any helium present, it is now made evident 
by the discharge through the Pliicker tube. I t  is convenient 
to have a tube filled with a sample known to contain helium 
as a comparison standard mounted close to  the apparatus so 
th a t both may be viewed with the pocket spectroscope. Some 
mercury lines will usually be found, but in the authors’ case, 
no neon was visible.

W ith stopcock 1 still closed, the mercury in E  is lowered 
by evacuating D.  As the mercury falls away valve 4 opens, 
and when the Y passage is cleared the helium residue expands 
into E.  Using the apparatus now as a  mercury pump, the 
gas in E  is compressed into the tube between 1 and 2. Stop
cock 2 is then closed and the operation repeated. W ith each 
stroke of the pump more helium is confined between 1  and 2 . 
After six or eight strokes, there is again no discharge in B. 
This pumping to a low; pressure is necessary to avoid adsorp
tion, since it has been shown by  Dewar and later by Homfray 
(II)  th a t 2.5 cc. of helium are adsorbed by 1 gram of charcoal 
a t liquid air temperatures, a t  atmospheric pressure. Stop
cock 5  is opened and the gas volume is measured a t various 
points between 1  and 2  a t pressures indicated by the difference 
in mercury levels in tubes G and E.  The actual pressure on 
the gas is found by subtracting this difference from the baro
metric pressure. If greater volumes of the gas sample are 
desired, i t  is only necessary to pass the helium into C, then 
pass additional volumes into E.

Experiments were run on gases containing from 0.23 to 
0.52 volume per cent of helium. Analyses using all the way 
from one charge (142.6 cc.) to seven charges (1000 cc., approxi
mately) were made, showing tha t no increase in accuracy was 
obtained by using larger samples than 142.6 cc. Results 
checked each other consistently to  0 . 0 1  volume per cent.
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Continuous Determination of Carbonate- 
Caustic Ratio in a Carbon Dioxide 

Absorption System
Conductance Apparatus Used in the Bureau of Mines Helium Plant

A l l e n  S. S m ith , U. S. Bureau of Mines, Amarillo, Tex.

R EMOVAL of carbon di
oxide from helium-bear
in g  n a t u r a l  g as  by  

s c ru b b in g  with a solution of 
caustic soda is the initial opera
tion a t  th e  A m a r il lo  Helium 
Plant. The spent caustic solu
tion is treated with lime in a 
recausticizing system and then 
recycled (7). F o r  o p tim u m  
e c o n o m y  in o p e ra t io n  it is 
essential th a t when the predeter
m in e d  ratio o f c a r b o n a te  to 
caustic a t which the solution is 
c o n s id e re d  to  be s p e n t is 
reached, i t  will be a c c u r a te ly  
known by a method free from 
personal error and continuous in 
performance.

An apparatus, operating on

A n  apparalus based on the variation in elec
trical conductivity accompanying a change in the 
hydroxide content of a caustic solution, has been 
installed at the Bureau of M ines Am arillo Helium  
Plant to give a continuous record of the sodium  
hydroxide content, or the ratio of sodium car
bonate to sodium hydroxide, in a solution used 
fo r  removing carbon dioxide from natural gas. 
The instrument indicates the rale at which the 
hydroxide is reading with carbon dioxide to 
form  the carbonate, and is adaptable to automatic 
control of the system fo r removal of carbon dioxide 
or to an alarm for indicating a spent solution. 
I t has proved to be sufficiently accurate fo r  plant 
purposes, to be reliable, and to require but a m ini
mum of attention.

the change in e le c tr ic a l  con
ductivity accompanying the decrease in free hydroxide con
ten t of the caustic solution, has been developed for continuous 
determination of the composition of the solution. Satis
factory results are possible only when the total sodium-ion 
concentration of the caustic solution remains essentially the 
same for different batches. The apparatus may be cali
brated to read in terms of free caustic, carbonate, or ratio of 
carbonate to caustic. The rate of conversion of the caustic 
is also indicated. The apparatus, as described below, has 
operated satisfactorily for several months and has proved of 
value.

T h e o r e t i c a l  D e v e l o p m e n t

An early application of the method of analysis, which 
has been used for the apparatus, was made by Cain and Max
well (2) to determine carbon in steel. Later, Hirsch (S) 
proposed to call such a method “conductance analysis.” 
T he method has general application, but special consideration 
m ust be given each problem.

When two electrolytic solutions are mixed, the conductivity 
of the resulting mixture cannot, in general, be calculated 
from the conductivities of the components by the law of simple 
mixtures, because each component affects the dissociation of 
the other and changes the total number of ions present. In 
mixtures containing weak electrolytes it is sufficiently exact, 
for most purposes, to assume th a t such electrolytes obey the 
law of mass action. If the mixture contains only one strong

electrolyte its degree of dissocia
tion may be assumed to be prac
tically unchanged by the pres
ence of a  weak electrolyte. If 
there are two or more strong 
electrolytes present the ioniza
tion equilibrium of each com
ponent will be influenced by the 
presence of the ions of the other 
electrolytes, and calculation of 
the degree of dissociation is dif
ficult. Arrhenius (9) was the 
first to investigate the relation 
tha t must exist between solutions 
of two e le c t r o ly te s  having a 
common ion, in order tha t they 
m ay not exert any m utual influ
ence when mixed in any propor
t io n s .  He demonstrated th e  
isohydric principle showing tha t 

— when the concentration of the 
common ion in each of two solutions is the same before mix
ing no alteration in the degree of ionization occurs after mixing.

Mixtures of hydroxide and carbonate resulting from partial 
neutralization become isohydric a t equivalent ionic concentra
tions. White (10) states a principle, introduced by Arrhenius, 
which concerns intermediate mixtures: “In  a mixture of 
two salts with a common ion each salt has a degree of ioniza
tion equal to th a t which it would have when present alone in a 
solution in w'hich its ions have a concentration equivalent 
to th a t of the common ion in the mixture.” W hite points 
out th a t Bray and H unt (1) have tested this principle and 
have found, in mixtures of sodium chloride and hydrochloric 
acid, th a t the measured values of the specific conductance 
agreed closely with the values calculated on the assumption 
tha t the degree of ionization, and therefore the equivalent 
conductance, of each compound depended on the total con
centration.

In the present case, the total alkali concentration, C 'n » o h  

+  C i / , n » , c o „  remains unchanged throughout the absorption 
cycle, except for a maximum dilution of 0.9 per cent per mole 
of sodium hydroxide converted, and the specific conductance 
k of any mixture may be calculated, for all practical purposes, 
from

where
A
C

k  — A Cm »oh +  A C i/ihh coi

i equivalent conductance a t total alkali concentration 
concentration in gram equivalents per cc.
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The conductance range for use in designing the electrical 
circuit may be calculated by means of this equation.

The fresh caustic solutions contain approximately 70 grams 
per liter of sodium hydroxide and 9 grams per liter of sodium 
carbonate, which is equivalent to a solution containing 76.8 
grams per liter of sodium hydroxide, or 1.92 N.  The spent 
solution has an approximate concentration of 9 grams per liter 
of sodium hydroxide and 90 of sodium carbonate. Since the 
total alkali concentration remains the same, the equivalent 
conductance of each compound does not change from its 
value a t 1.92 N.  The specific conductance of the two solu
tions have been calculated by substituting the appropriate 
values (4 ) in the above equation.

Fresh solution:

k ir  -  131.8 X
70

40.0 X 1000 
0.237 ohm -1

Spent solution :

*** 131.8 X 40.0 X 1000 
0.089 ohm -1

+  35.0 X

+  35.0 X

9
53.0 X 1000

90
53.0 X 1000

The change in specific conductance, corresponding to a 
change in the specific resistance of

0089 “  0237 =  '•Oohms

is ample for accurate measurements with an instrument suit
able for plant installation.

This method of analysis postulates a constant sodium-ion 
content. Owing to dilution from the reaction, the normality 
of the caustic solution with respect to sodium ions decreases 
as the conversion to carbonate proceeds. The error resulting 
from dilution may be practically eliminated by an empirical 
calibration since the effect remains essentially the same for 
different batches. I t  is desirable to evaluate the error intro
duced both by a change in sodium-ion content during the reac
tion and also by different initial concentrations to determine 
the applicability of an apparatus for continuous analysis.

The normality of the caustic solution with respect to sodium 
is changed from 1.92 to 1.89, through a theoretical dilution of 
0.9 per cent per mole of sodium hydroxide converted. This 
corresponds to a change in specific resistance of from 7 . 0  to 
6.9 ohms, which is equivalent to a 2.16 per cent change in the 
weight per cent ratio of sodium carbonate to sodium hy
droxide. A change of normality of 1 per cent during con
version, therefore, causes an error of 1.3 per cent in the ratio. 
The effect of different initial concentrations may be cal
culated in the same manner by determining the change in 
ratio corresponding to an assumed change in concentration. 
It is calculated tha t a change in normality of 1  per cent from 
the value on which the calibration of an apparatus is based 
will cause an error of 0.9 per cent in the measured ratio.

G e n e r a l  D e s i g n  o p  A p p a r a t u s

Electrical methods in analytical work are becoming more 
commonly used because of their rapidity, accuracy, and 
adaptation to control. The design of the apparatus follows 
the standard practice for industrial application, as exemplified 
in numerous commercial instruments using the Wheatstone- 
bridge method for measurement of resistance—for example, 
in instruments for measuring condenser leakage and boiler- 
water concentration.

Measurements of conductivity are subject to a positive 
error due to polarization of the electrodes. This error may be 
minimized and made practically negligible by a combined

use of properly prepared electrodes, large electrode area, a  
high-frequency current, and a high-resistance cell. Jones and 
Josephs (5) recommend the use of cells having high cell con
stants (length divided by cross section) so th a t the resistance 
to be measured will be large, thereby reducing polarization 
and heating effects in the cells. Convenient installation a t  
the Amarillo Helium Plant requires the use of 60-cycle cur
rent, and the high conductivity of the solution makes it 
necessary to reduce the electrode area and increase the spacing 
to increase the cell constant. Constructional difficulties 
limit the size of the cell, so th a t while the cell constant is as 
large as practicable the resistance is yet small. The elec
trodes are platinized to reduce the polarization error.

By using a balanced W heatstone bridge a detecting instru
ment of high sensitivity may be employed with the small 
current required. Readings are also practically independent 
of variation in line voltage, and the accuracy of measurement 
is not influenced by changes in the characteristics of the 
indicating instrument, since the latter indicates only the null 
point.

The caustic solution contains impurities such as calcium, 
silicon, magnesium, iron, and aluminum compounds in small 
amounts, bu t probably in sufficient quantity  to affect the 
agreement between the calculated and the measured resist
ance of the solution. To exclude as many variables as pos
sible it would be desirable, if practicable, to eliminate the 
effect of impurities by making relative measurements using 
two cells, one containing the fresh solution and the other con
taining the solution as it is cycled. I t  is not possible to  do 
this in the installation described because measurements of the 
relative change in resistance would require the same ratio of 
sodium hydroxide to sodium carbonate in each batch oí 
fresh solution to  be cycled. I t  is impracticable to obtain 

this in p la n t  o p e r a t io n .  A fixed 
resistor having a resistance equiva
lent to the average of th a t of the Iresh 
solutions is used in place of a second 
cell. The error introduced by using 
only one cell is small and decreases as 
the solution becomes spent. Although 
the initial content of sodium hydroxide 
m ay differ in the various batches, the 
total alkali content is approximately 
the same in each case, and the ratio of 
c a rb o n a te  to caustic a t which the 
solution is considered to be spent is 
fixed a t a definite value. To protect 
the electrodes in the cell and prevent a  
change in surface area, a solution filter 
is placed before the cell.

The circulating caustic solution is 
a t temperatures ranging from 65° to  
35° C. Temperature compensation 
cannot be accomplished by the usual 
method of manual or automatic ad
justm ent of a resistance in the bridge 
circuit because of the variable com- 

Jj position of the solution. For th a t
y  reason the conductivity cell is ther

m o s ta te d .  The solution, however, 
m u s t  be precooled before final ad
justm ent of the temperature in the 
therm ostat.

I t  has been proved experimentally (5) th a t under some 
conditions the use of water in the therm ostat and the ground
ing of the therm ostat may result in serious errors due to three 
causes: (1 ) Capacitance is introduced by the grounded 
conducting liquid in the thermostat, (2 ) the walls of the glass 
cell may act as a dielectric in a condenser, allowing alternating

F ig u r e  1. D ia 
g r a m  o f  A p p a r a 

t u s
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F ig u r e  2 .  E l e c t r ic a l  C ir c u it

current to flow outside the cell and thus decrease the measured 
resistance of the cell, and (3) the alternating current in the 
cell may induce eddy currents in the water outside the cell, 
having the effect of increasing the apparent resistance. The 
errors from these causes are directly proportional to the cell 
resistance and to the frequency and may amount to 0.5 per 
cent in extreme cases.

Under conditions where errors resulting from use of water 
would be serious, oil may be used as the thermostat liquid.

However, in the in
s ta l la t io n  a t  th e  
A m arillo  Helium 
Plant the error in
troduced in to  th e  
measurements by  
the use of water as 
th e  t h e r m o s t a t  
liquid is considered 
to be less than 0 . 1  

per cent because of 
th e  relatively low  
resistance of the cell 
an d  th e  compara

tively low frequency of the current. Consequently, advantage 
has been taken of some of the more desirable physical proper
ties of water as a therm ostat liquid in using it rather than 
oil w ithout introducing an appreciable error.

C o n s t r u c t i o n  o f  A p p a r a t u s

Figure 1 indicates the arrangement of the conductivity ap
paratus as finally constructed.

A regulated flow of solution through the cell is obtained with 
the constant-head device a. The solution is filtered through the 
alundum tube b, and its temperature is equalized in the coil c, 
which is immersed in the thermostat with the cell d. The solution 
is discharged into the drain at e. The conductivity cell contains 
the two electrodes, which are platinum wires fused into soda- 
glass tubes. The electrode spacing is adjustable. Electrical 
connection is made through mercury which fills the tubes. The 
thermostat is a large Dewar tube filled with water, the tem
perature of which is controlled at 30° C. by a toluene-mercury 
thermoregulator operating an immersion heater. The water is 
stirred by a slow stream of air.

The electrical circuit is shown in Figure 2. Since no resistance- 
recording instrument was available, a Leeds & Northrup po
tentiometer recorder was adapted for use as a conductance- 
measuring instrument. This was done by replacing the gal
vanometer assembly with one designed for alternating current 
and by replacing the potentiometer circuit with a Wheatstone- 
bridge arrangement. The 1 1 0 -volt source of alternating current 
was supplied to the galvanometer field coil and the bridge through 
a 1  to 1  insulating transformer because it was difficult to prevent 
current leakage from the immersion heater. To insure the cur
rents through the galvanometer and through the bridge circuit 
being in phase the potential of 4 volts for the bridge was taken 
from the galvanometer-field coil circuit by means of a potential 
divider. (This arrangement of the recorder and electrical 
circuit follows standard practice in commercial conductivity 
recorders.)

C a l i b r a t i o n  o f  A p p a r a t u s

Four solutions were made up from the spent and the fresh 
caustic for preliminary calibration, their compositions being 
determined by the method of Winkler (§). D ata for calibra
tion were also calculated for the solutions, bu t the agreement 
was not close, probably because the effect of the impurities 
in the solution had not been taken into account and because 
of inaccuracies in obtaining a cell constant (apparatus for 
precise conductivity measurements was not available). The 
preliminary results served only to establish the trend of the 
calibration curve. Since the apparatus was designed for use 
under plant conditions it was essential th a t its calibration 
should agree well with routine analytical results. Final cali

bration was made w'hile the instrument was in operation. 
Recorder readings were taken, a t the times the periodic analy
ses of the solution were made, over a period of several weeks. 
The data obtained are plotted in Figure 3. The curves are 
drawTi only for the range of the instrument, although their 
courses have been determined by calculation and extrapola
tion to zero sodium hydroxide and sodium carbonate contents.

O p e r a t i o n  a n d  R e l i a b i l i t y  o f  A p p a r a t u s

As installed in the Amarillo Helium Plant, the apparatus 
has required attention only in cleaning the filter daily and the 
electrodes occasionally. The alundum filter used must be 
porous enough to filter rapidly and yet must retain the ex
tremely fine suspended material in the caustic solution which 
seems to collect first upon the electrodes. Alundum tubes 
made of mixture RA - 6 8  (Norton Co.) have proved satis
factory for the filter. W ith the filter cleaned daily, the 
surfaces of the electrodes remain apparently unchanged for 
several weeks. As frequently as experience shows it to be 
necessary the electrodes should be cleaned, rinsed in distilled 
water, and plated w’ith platinum black deposited from a 1 0  

per cent platinic chloride solution containing 0.025 per cent of 
lead acetate. Current for the plating m ay be supplied from 
one or two dry cells, reversing the polarity of the electrodes 
every 30 seconds.

The lag in the apparatus is largely determined by the rate 
of overflow a t the filter. In the installation described this 
may be as rapid as desired, since the overflow is returned to the 
system. The rate of flow through the cell should be slow 
enough to insure equalization of the temperature, and may be 
adjusted by changing the liquid head or by using a capillary 
in  the line after the filter. The normal rate of flow through 
the cell is about 1 0  cc. per minute.
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F ig u r e  3 . C a l ib r a t io n  C u r v e s

In estimating the accuracy of the apparatus, variations in 
frequency, impurities, dilution, and total alkali content must 
be considered, as well as the sensitivity of the recorder. 
With a frequency of about 1000 cycles, the error due to polari
zation, which is always present when current passes through 
an electrolyte and which causes a discrepancy between the 
true and apparent resistance, is small with platinized elec
trodes if the resistance is above a critical value. I t  has been 
empirically determined (6) th a t the error introduced by 
reducing the frequency below 1 0 0 0  cycles varies, approxi
mately, inversely as the square root of the frequency within 
the range 60 to 1000 cycles. If the error in measurement is 
0.1 per cent a t  1000 cycles, about 0.4 per cent error will be 
introduced a t 60 cycles. If the cell is calibrated a t 60 cycles 
this error may be considered negligible.
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In  the installation described calibration is made a t 60 
cycles, and discrepancies caused by variation in line fre
quency need not be considered in the relative measurements. 
The most serious source of error is expected to be tha t due to 
variations in total alkali content. Based on results obtained 
with the apparatus in use under plant conditions, the preci
sion of the instrument may be given as ± 2  per cent of the 
ratio of carbonate to caustic.

L i t e r a t u r e  C i t e d

(1) Bray, W. C„ and Hunt, F. L., J. Am. Chem. Soc., 33, 781 (1911).
(2) Cain, J. R., and Maxwell, L. C., J. I n d . E n d . C h e m ., 11, 852

(1919).

(3) Hirsoh, Paul, Z. anal. Chem., 68, 160 (1926).
(4) International Critical Tables, Vol. VI, pp. 247, 248, and 254,

McGraw-Hill, 1929.
(5) Jones, Grinncll, and Josephs, R. C., J. Am. Chem. Soc., 50, 1049

(1928).
(6) Leeds & Northrup, Catalog, 48 (1930).
(7) Seibel, C. W., Chem. & Met. Eng., 37, 550 (1930).
(8) Suchier, A., Z. angcw. Chem., 44, 534 (1931).
(9) Taylor, H. S., “Treatise on Physical Chemistry,” 2nd ed., Vol.

I, p. 692, Van Nostrand, 1930.
(10) White, E. C., J. Am. Chem. Soc., 50, 2148 (1928).

R eceived  Novem ber 23, 1933. Published by  permission of the D irector, 
U. 8. B ureau of M ines. (N ot subject to  copyright.)

Determination of Inorganic Salts in 
Sulfonated Oils

R a l p h  H a r t ,  H a rt P roducts

I N T H E committee discussion prior to the adoption of 
Commercial Standard CS43-32 of the Bureau of S tand
ards for the grading of sulfonated (sulfated) oils, a simple 

method was abandoned because of the lack of an adequate 
method for determining alkali sulfates and chlorides in such 
products. A new method is here outlined th a t determines 
these salts readily and accurately. I t  depends upon the fact 
th a t dehydrated sulfonated oils become miscible with carbon 
tetrachloride in the presence of oleic acid and the inorganic 
salts are insoluble in the mixed solvent. The addition of oleic 
acid directly to the oil also prevents the sample from jellying 
upon being dehydrated. Moreover, by this method the salts 
are determined in the combination in which they actually 
exist in the original oil.

New titration methods for sodium carbonate and acetate 
are also described, since these salts react with oleic acid and 
cannot be determined by the previous method. The titra
tion methods are based on the following findings:

Total fa tty  m atter in a sulfonated oil may be extracted quanti
tatively and without decomposition with ether over an acidified 
solution of salt.

Acetic acid dissolved in ether may be extracted practically 
completely by proper washing with salt solution.

Sodium acetate may be quantitatively decomposed, liberating 
acetic acid, by heating with excess oleic acid a t 123° to 125° C.

Sulfonated oil containing soap may be heated for 30 minutes 
a t 123° to 125° C. with practically no decomposition of the or
ganically combined sulfate group.

Incidental to manufacture or through admixture, com
mercial sulfonated oils may contain various amounts of inor
ganic salts, such as alkali chlorides, sulfates, and less fre
quently acetates, carbonates, etc. The determination of in
organic sulfate in sulfonated oils is part of the regular pro
cedure for finding organically combined sulfuric anhydride 
by the barium sulfate methods, but the other inorganic salts 
are practically always included with the “undetermined,” 
largely because no satisfactory direct method of analysis for 
inorganic salts has been described. A satisfactory method 
would not only round out the analysis of a  sulfonated oil but 
would also be of great assistance in grading or classifying such 
products. Thus, in connection with Commercial Standard 
CS43-32 of the Bureau of Standards (3), the committee was 
in favor of grading sulfonated oils by subtracting from 1 0 0  

per cent the sum of the moisture and inorganic salts, but this 
method had to be abandoned because the methods for deter
mining inorganic salts were unsatisfactory.

C orporation, New York, N . Y.

Herbig (8) determines inorganic sulfate by dissolving the sam
ple in ether, washing with a  saturated solution of sodium chlo
ride, and precipitating the sulfate in the wash water with barium 
chloride. To overcome troublesome emulsions, which highly 
sulfonated oils tend to  form, he replaces one th ird  of the ether 
with benzene. If emulsions still persist, Herbig dissolves the 
oil in absolute alcohol, filters, dissolves the residue in hot water 
and determines the inorganic sulfate in the filtrate. Nishizawa
(10) attributes these emulsions to the comparatively easy solu
bility of the normal or disodium salt of sulfonated oils in concen
trated sodium chloride solution, and further states th a t the com
pound is salted out with considerable difficulty even in the 
presence of solid sodium chloride. On the other hand, the mono
sodium salt is practically insoluble in saturated sodium chloride 
solution. Accordingly he modifies the Herbig method by first 
converting the compound to the monosodium salt with hydro
chloric acid, using methyl orange as the indicator.

In_ the official method of the Wissenschaftliche Zentralstelle 
fiir 01- und Fettforschung (IS) a mixture of 40 per cent ether 
and 60 per cent amyl alcohol is used as solvent for the oil; other
wise the procedure is the same as the Herbig benzene-ether 
method (8). Burton and Robertshaw (8) determine total in
organic salts by digesting the dehydrated sample with alcohol 
or alcohol-ether, filtering, dissolving the residue in  hot water, and 
determining the solids in the filtrate by evaporation. The inor
ganic salts, they state, are not completely precipitated with alco
hol in the case of many sulfated oils. Some tests made in this 
laboratory indicate th a t the Burton and Robertshaw method may 
yield good results with sodium sulfate but is not satisfactory with 
sodium chloride using 95 per cent alcohol as one of the solvents. 
The results on a sample, in which the inorganic salts contained 
about 90 per cent sodium chloride and the rest sodium sulfate, 
were as follows:

I norganic  S alts 
S o lvent  Added Found

% %
2 parte  ethyl e ther and 1 p a rt 95 per cent alcohol 7 .84  6.32
2  parts  ethyl e ther and 1 p a rt absolute alcohol 7 .84  7.52

Difficulties may also be experienced with the alcohol-ether sol
vent in the case of dehydrated oils containing a t the same time 
large amounts of fa tty  glycerides or mineral oils, and neutral soap. 
The former are sparsely soluble in alcohol and the latter in ether.

Another method for total inorganic salts is th a t of H art (4, 6). 
According to  this method, to tal nonvolatile inorganic salts are 
determined indirectly from the ash, fixed alkalinity, and organi
cally combined sulfuric anhydride in the sample. This procedure 
is also the official method of the American Leather Chemists 
Association (1). I t  yields reliable and accurate results, except 
in the presence of ammonium salts and sodium acetate; the former 
is volatilized during the ignition and the latter changed to  the 
carbonate. Moreover the formulas are calculated for sodium 
salts and in the presence of potassium it becomes necessary to 
determine the metallic elements.

McBain and McClutchie (9) state tha t soda soaps dissolve and 
form jellies in nonpolar solvents, such as benzene, xylene, etc..



and also that sodium oleate and stearate exhibit no signs of gela
tion in acetone or chloroform.

The writer finds th a t sulfonated oils, particularly when neu
tralized and dehydrated, dissolve in ethyl ether or carbon 
tetrachloride with great difficulty, giving practically non- 
filterable solutions. However, the dehydrated oil becomes 
miscible with these solvents upon the addition of oleic acid. 
Taking advantage of this fact and also of the practically 
negligible solubility of sodium chloride and sulfate in ether 
or carbon tetrachloride, a method for determining these 
salts in sulfonated oils has been developed. I t  consists essen
tially of dehydrating the sample in the presence of oleic acid, 
dissolving in ether or carbon tetrachloride, and filtering off 
the residue. The use of oleic acid as a  coupling agent and for 
liquefying soap-solvent gels is well known (7). Oleic acid or 
its equivalent is invariably used in the determination of water 
in soap by the distillation method (6) to prevent foaming and 
to keep the solvents liquid. Carbon tetrachloride, suggested 
by R. A. Pingree, was found to be the best of several solvents 
tested. This method was developed as a part of an investiga
tion being carried out by a subcommittee on sulfonated oils, 
appointed by the American Association of Textile Chemists 
and Colorists.

P r o c e d u r e  f o r  A l k a l i  S u l f a t e s  a n d  C h l o r i d e s

Weigh 3 to 5 grams of the sample into a 250-cc. beaker, add 
an approximately equal amount of oleic acid and about 0.5 cc. 
of 1 N  caustic soda, and heat in an oil bath to 105-110° C. until 
practically water-free. Then raise the temperature to 118-120° 
C., keeping it there for about 5 minutes. The dehydrated sample 
should remain liquid and homogeneous upon cooling, otherwise 
more oleic acid is required. Dissolve the dehydrated sample in 100 
cc. of carbon tetrachloride (50° to 55° C.) and filter through a 
Gooch crucible or through a counterpoised filter paper. The last 
traces of the residue may readily be transferred by allowing the 
solvent to evaporate, when the salt is easily detached from the 
glass wall. Wash the residue with three 15-cc. portions of a 2 per 
cent solution of oleic acid in carbon tetrachloride, warmed to 50-55° 
C., and then with six 15-cc. portions of hot carbon tetrachloride and 
two 15-cc. portions of ether, or until free from oil, care being taken 
that the top of the filter is thoroughly washed. Dry at 125° to 
130° C. for 45 minutes, and repeat drying until constant weight 
is obtained. The residue is finally ignited and again heated to 
constant weight. The last weight is taken as the final result. 
Any appreciable difference between the “dried” and “ignited” 
residues indicates either volatile salts or fatty matter. Obviously 
in the presence of ammonium or other volatile salts, the “dried” 
residue should be taken as the final result.

The ordinary sulfonated oil was found to be stable when 
heated as outlined as long as there was some soap present, 
even as little as 2 . 0  per cent on the weight of the sample. 
There was also no reaction between the salt and the free fatty 
acids upon heating. This was shown by the fact that the 
alkalinities of a sample containing salt were identical before 
and after heating. If a reaction did occur, soap would form 
and the alkalinity of the sample would be correspondingly in
creased. Evidently alkali added to stabilize the oil will not 
affect the result, provided it is all converted into soap. Oleic 
acid is added to the carbon tetrachloride in the first washings 
in order to prevent precipitation of soap on the residue. The 
determination of the dried as well as the ignited residue is 
suggested in order to  detect the presence of insoluble fatty 
m atter or ammonium salts, or incomplete washing. The 
residue, of course, m ay be analyzed for its constituents by the 
usual methods for inorganic analysis. I t  is to be noted that 
this method yields the alkali salts in the form actually present 
in the original oil, including chlorides which are not deter
mined by the barium sulfate method.

In  Table I  are listed sulfonated products, containing sodium 
or ammonium sulfate or sodium chloride, th a t were analyzed 
for their salt content by the solvent method and, in a few
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cases, also by the Herbig or barium sulfate method. The 
figures represent the averages of several analyses. The differ
ences in the amount of sodium sulfate by the two methods for 
samples 1 and 2, given in the last column, were 0.04 and 0.0S 
per cent, respectively, and for sample 3 containing ammonium 
sulfate the difference was 0.21 per cent. Sample 4 showed 
4.93 per cent of sodium chloride by the solvent method, com
pared with 4.91 per cent added. In all cases the residues upon 
ignition, with the exception of sample 8 , showed a slight loss. 
Sample 8  is a special product, brought on the m arket within 
the past few years as a detergent, and is supposedly a con
densation product of a fatty  acid and a sulfonated amino com
pound. Ignition of the dried residues was accompanied by 
slight charring, apparently due to adsorbed fa tty  m atter. 
In  the remaining samples listed in Table I, the reliability of 
the solvent method is indicated by the small differences in 
weight between the “dried” and “ignited” residues. T hat 
soaps of saturated fatty  acids do not interfere 'with the method 
is shown by sample 6 , representing a neutralized sulfonated 
tallow, which upon ignition lost only 0 . 1 2  per cent.
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T a b l e  I. I n o r g a n i c  S u l f a t e s  a n d  C h l o r i d e s  i n  S u l f o n a t e d
O il s

— I nobIOAN1C Sa l t----
BA

SOLVENT METHOD RIUM
Dif SUL DIF

Sam N ature of Ig  fer FATE FER
PLE D escription Salt Dried nited ence METHOD ENCE

% % % % %
1 Sulfonated castor oil NajSO* 0.92 0.83 0 .09 0.79 0 .04
2 Sulfonated castor oil NatSO« 6.72 6.64 0 .08 6.56 0 .08
3 Sulfonated castor oil (NH«),SO«

NaCl
8.52 8.73 0 .21

4 Sulfonated castor oil 5 .00 4.936 0.07 ,,
NajSO<

5 Highly sulfonated oila 
Sulfonated tallow

NatSO* 2.92 2.84 0.03 ,,
6 NatSO« 6.41 6.29 0 .12
7 Sulfonated mineral oil NatSO« 0.25 0 .22 0.03 .. ,,
S Sulfonated detergent® NaCl 18.52 17.75 0 .77

NatSO«
° 93 per cent sulfonated.
* Added 4.91 per cent.
e Commercial sample of a  condensation product of a  fa tty  acid and a  su l

fonated amino compound.

T a b l e  II. S o d iu m  S u l f a t e  i n  S u l f o n a t e d  C a s t o r  O i l s
— S o d iu m S u l f a t e --------

SAM PLE c
Barium

SAMPLE C -l
Barium

Solvent sulfate Solvent sulfate
A n a l y s t m ethod m ethod method m ethod

% % % %
1 0.74 0.75 6.74 6 .22
2 0.83 0.79 6.64 6.56
3 0.78 0.76 6 .68 6.55
4 0.81 0.76 6.64 6.03
5 0.81 0.85 6 .55 6.90
6 0.95 0.71 6 .86 7 .16

Grand av. 0.82 0.77 6.68 6.57
Greatest difference 0.21 0.14 0.31 1.13
Av. deviation from mean 0.05 0.03 0 .08 0.31

To determine the possibility of agreement among different 
analysts using the solvent method, members of the American 
Association of Textile Chemists and Colorist3  subcommittee 
on sulfonated oils were asked to analyze by the new method 
two samples of sulfonated castor oil, samples C and C -l, con
taining various amounts of sodium sulfate. For purpose of 
comparison, the samples were also analyzed by the barium 
sulfate method. The results, which represent the averages 
of check analyses, are given in Table II. I t  will be observed 
th a t for sample C the average was 0.82 per cent by the solvent 
method and 0.77 per cent by the gravimetric method, or a 
difference of only 0.05 per cent; and for sample C -l the re
sults were 6 . 6 8  and 6.57 per cent, respectively, or a difference 
of 0.11 per ccnt. The agreement in results for sample C -l, 
as shown by the greatest difference and the average deviation 
from the mean, was considerably better for the solvent method 
than the gravimetric method—namely, 0.31 and 0.08 per cent 
compared with 1.13 and 0.31 per cent, respectively.



D e t e r m i n a t i o n  o f  S o d iu m  A c e t a t e  a n d  S o d iu m

C a r b o n a t e

The solvent method unfortunately cannot be used in the 
presence of sodium acetate or carbonate, since these salts re
act with the free fatty  acids to form soap when the oil is de
hydrated. I t  has also been found tha t solid sodium acetate, 
thrown out of the neutralized oil during dehydration, reacts 
quantitatively with the excess oleic acid added to the solvent 
to effect solution of the oil. This reaction takes place even 
a t temperatures below the boiling point of the solvent. Trot- 
man (11) made experiments to determine whether different 
proportions of oleic acid are able to decompose sodium ace
tate completely when distilled with steam. When only small 
quantities were used, decomposition was practically complete, 
the acetic acid in the distillate corresponding to the whole of 
oleic acid taken. When larger quantities of oleic acid were 
taken, only a portion was recovered as acetic acid.

A method available for acetate is to determine the acetic 
acid by steam distillation with phosphoric acid. However, 
the volatility of fatty  acids (11) with steam and the presence 
of carbonate may interfere with the accuracy of this method. 
Alkali carbonates may be determined as in soap analysis, by 
taking advantage of their insolubility in alcohol. The de
hydrated sample is digested in absolute alcohol or with a 
mixture of ether, and the residue after filtration is washed 
free of titratable salts, such as sodium acetate, etc. The 
residue is then dissolved in hot water and the carbonate de
termined in the filtrate by titration.

More rapid and convenient titration methods for both al
kali carbonates and acetates have been developed in this 
laboratory and seem to be accurate within 0 . 2  per cent. 
Since sodium acetate cannot be accurately titrated  with the 
usual indicators because of free acetic acid, it becomes neces
sary to remove the acid either by volatilization or by washing. 
The titration methods are based on the following findings: 
Total fatty  m atter in a sulfonated oil may be extracted quan
titatively without decomposition with ether over an acidified 
solution of salt; acetic acid dissolved in ether may be ex
tracted practically completely by proper washing with salt 
solution; sodium acetate may be quantitatively decomposed, 
liberating acetic acid, by heating with excess oleic acid at 
123° to 125° C.; and a sulfonated oil containing soap may be 
heated for 30 minutes a t 123° to 125° C. with practically no 
decomposition of the organically combined sulfate group. 
The titration method is varied somewhat, depending upon 
whether or not the sample contains carbonates, acetates, or 
both.

P r o c e d u r e  i n  P r e s e n c e  o p  C a r b o n a t e s  O n l y

A l k a l i n i t y  a s  S o a p  (A,). Dissolve 5 grams of the sample in 
100 cc. of water contained in a separatory funnel and add 25 
grams of sodium chloride, 5 drops of 0.1 per cent solution of 
methyl orange, and 60 cc. of ether. T itrate with 0.5 N  sulfuric 
acid until distinctly acid (about 2 cc. excess), shake well, and 
allow the layers to separate. Wash the ether layer with two
25-cc. portions of saturated salt solution and the combined 
water layers with 30 cc. of ether. Retain the water layers for the 
following determination. Combine the ether layers, add 0.5 cc. 
of 0.5 N  caustic soda, evaporate the bulk of the ether, add 100 cc. 
of neutral alcohol, and titrate with 0.5 N  sodium hydroxide until 
neutral to phenolphthalein. The result (as well as all other 
alkalinities) is expressed in milligrams of potassium hydroxide 
per gram of sample and represents the alkalinity corresponding to 
the soap (A,).

T o t a l  A l k a l i n i t y  (.-1,). This test is similar to the deter
mination of to tal alkali in soaps. The combined water layers 
from the previous analysis are boiled to expel carbon dioxide and 
the titration is completed. The result equals the sum of the 
alkalinities corresponding to the soap (A.) and carbonate (A c), 
or

A t  Ba A t  "f* A c
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Hence,

%  sodium carbonate =» ~  “  0.09447 (A t — A t)

P r o c e d u r e  i n  P r e s e n c e  o p  A c e t a t e s  O n l y

A l k a l i n i t y  a s  F r e e  F a t t y  A c id s  (A/). Follow the usual 
procedure for free fatty  acids—namely, dissolve 5 to 10 grams of 
the sample in 100 cc. of neutral alcohol, warm if necessary, and 
titrate with 0.5 N  sodium hydroxide until neutral to  phenol
phthalein. Calculate the result as milligrams of potassium hy
droxide per gram of sample.

C o m b in e d  A l k a l i n i t y  a s  S o a p  ( / I ,)  a n d  a s  F r e e  F a t t y  
A c id s  (At), Dissolve 5 grams of the sample in 100 cc. of water 
contained in a separatory funnel and add 25 grams of sodium 
chloride, 5 drops of 0.1 per cent methyl orange solution, and 60 
cc. of ether. Add an excess of approximately 0.5 N  sulfuric 
acid (about 2 cc. excess), shake well and allow to separate. Wash 
the ether layer with three 100-cc. portions of concentrated salt 
solution or until neutral to  phenolphthalein. Discard the water 
layers. The ether layer is then treated and titrated  as under 
"alkalinity as soap” above. The result in this case represents 
the combined alkalinities of the soap (/!,) and of the free fa tty  
acids (Af). The alkalinity of the soap is evidently the difference 
between this determination and the alkalinity of the free fatty  
acids.

T o t a l  A l k a l i n i t y  (/I,). H eat with constant stirring 5 grams 
of the sample with approximately twice its W'eight of oleic acid in 
a 250-cc. beaker, immersed in an oil bath, for 30 minutes a t 123° 
to 125° C . Dissolve in 50 cc. of water, add 5 drops of methyl 
orange solution, and titra te  with 0.5 N  sulfuric acid until dis
tinctly acid (about 2 cc. excess). Transfer to a separatory funnel, 
add sodium chloride to  make a 25 per cent solution, and extract 
with four 75-cc. portions of ether or until the ether layer is prac
tically neutral to phenolphthalein. Discard the ether layers, 
rinse the funnel with water, and complete the titration in the 
combined water layers. The titration represents the combined 
alkalinities of the soap and the acetate (.At), or

A t  =“ A t -f* Ah

Hence, sodium acetate may be calculated from the following 
formula:

% sodium acetate (A t — As) “■ 0.1462 (A t — A*)

P r o c e d u r e  i n  P r e s e n c e  o p  S o d i u m  C a r b o n a t e  a n d  
S o d iu m  A c e t a t e

A l k a l i n i t y  a s  S o a p  (A,). The fat is extracted, washed, and 
titrated  as in “combined alkalinity as soap and as free fa tty  
acids” above. The wash waters, however, are retained for the 
following test. Evidently in the presence of carbonates there 
can be no free fatty  acids present; hence, the result represents 
the alkalinity corresponding to total soap (A,).

A l k a l i n i t y  a s  S o a p  (A ,)  a n d  a s  C a r b o n a t e  ( /le). The 
combined water layers from the previous determination are 
heated under an air condenser to expel carbon dioxide. The 
condenser is then washed down with water and the titration of 
the contents completed until neutral to phenolphthalein. The 
titration obviously represents the combined alkalinities of the 
soap and carbonate. Hence, the difference between the last two 
determinations represents the alkalinity of the carbonate (A c), 
from w'hich the per cent of sodium carbonate may be calculated as 
follow's:

%  sodium  carbonate *» ™ 0.09447 Ac

T o t a l  A l k a l i n i t y  (A£). This is determined exactly as in the 
presence of acetates only. The result represents the combined 
alkalinities of soap, carbonate, and acetate, or

A< -  (A . +  Ac) +  Ah

The alkalinity of the acetate may now be determined since all the 
other terms are knowrn. The per cent of sodium acetate may then 
be calculated from the corresponding alkalinity by the following 
formula:

% sodium acetate *■ r 7 7 7 7 7 7  (Ah) ' 0.1462 (Aa)

Three samples of oil, containing known amounts of sodium 
carbonate, sodium acetate, and a mixture of the two, were 
analyzed according to the titration methods and the results
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T a b l e  III. A l k a l i  C a r b o n a t e s  a n d  A c e t a t e s  in  S u l f o n a t e d  
O il s  b y  N e w  T it r a t io n  M e t h o d s

S a m p l e  A S a m p l e  B S a m p l e  C
Mg. Mg. Mo.

K O ll/g . KOH /g. KOH /g.

0.00 4 .5 0.00
0.00 4.4 0 .00

34 .0 28.4 34.2
33.4 29.0 33.4

59.2 49.9 56.9
59.8 49.6 56.9

45.9
46.6

* % % %
2.38 1.11
2.49 1.25
0.11 0.14

3.14 1.61
3.01 1.51
0.13 0.10

A lkalinity  as free fa tty  acids (Af) 
Found 
Calculated 

A lkalinity as soap (A*)
Found 
Calculated 

T o tal a lkalinity  (A  <)
Found 
Calculated 

A lkalinity as soap (A t)  and as car
bonate (A c)

Found
Calculated

Sodium carbonate 
Found 
Calculated 

Difference 
Sodium acetate 

Found 
Calculated 

Difference

are given in Table III . Sample A was made by mixing a ti
trated solution of sodium carbonate with an equal amount of 
a  neutralized sulfonated oil of known alkalinity. Sample B 
was a mixture of a titrated solution of acetic acid exactly 
neutralized with caustic soda, and an equal amount of a sul
fonated oil with known alkalinity and acidity. Sample C 
was a mixture of 25 per cent each of the carbonate and acetate 
solutions, and 50 per cent of the neutralized sulfonated oil. 
The results in Table I I I  are the averages of several deter
minations in each case. I t  will be noted that the amount of 
sodium carbonate found in sample A differed from the calcu
lated value by 0 . 1 1  per cent, th a t the difference in sodium 
acetate for sample B was 0.13 per cent, and the differences in 
sodium carbonate and sodium acetate for sample C were 0.14

and 0 .1 0  per cent, respectively. The accuracy of these re
sults is well within the experimental error and is considered 
satisfactory for the analysis of sulfonated oils.

A c k n o w l e d g m e n t

The writer is greatly indebted to R. A. Pingree of the 
U. S. Finishing Company, Providence, R. I., for helpful sug
gestions and to M. B. H art of this laboratory, who did most of 
the analytical work.
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Determination of Alpha-Cellulose
C. K il b o u r n e  B u m p , 870 Longmeadow St., Longmeadow, Mass.

T HE test for alpha-cellulose has long been a m atter of 
controversy. In 1911 Jentgen (I) suggested a test 
for resistant cellulose and advised its use in determin

ing the suitability of fibers for viscose manufacture. Since 
th a t time so many other suggestions have been made, most of 
them mere variations of Jentgen’s original test, tha t tests have 
been drawn up by a committee of the Division of Cellulose 
Chemistry of the A m e r i c a n  C h e m i c a l  S o c i e t y  (3) and by 
the German Chemical Society {4). In both cases, however, 
the methods are purely empirical, the determination having 
been chosen which gives the most consistent results. This is 
adm itted to be true and everyone recognizes the limitations in 
using the determination.

The concentration of the alkali used in the treatment of 
cellulose by these two methods is of importance. In the 
present research a sample of paper was treated with sodium 
hydroxide of strength varying from 1 to 17.5 per cent for 45 
minutes and for 24 hours a t room temperature following the 
procedure prescribed by the A m e r i c a n  C h e m i c a l  S o c i e t y ’s  
committee. The data are offered in Table I and are plotted 
in Figure 1.
T a b l e  I. E f f e c t  o f  T im e  a n d  C o n c e n t r a t i o n  o f  A l k a l i

A l f h a - C e l l c l o s e
S o d iu m  H y d r o x i d e 45 minutes 24 hours

% % %
1 96.27 95.78
2 93.22 91.94
4 91.48 90.73

10 88.74 87.41
17.5 87.94 86.40

I t will be seen tha t the effect of the concentration of the- 
alkali is much greater than the effect of time, after some- 
period less than 45 minutes. For this reason, runs were made- 
with 17.5 per cent sodium hydroxide on a sample of pulp for 
5, 10, 30, and 45 minutes, and on a sample of absorbent 
cotton for 1, 2, 5, 10, and 50 minutes. The method proposed 
by the divisional committee of the A m e r i c a n  C h e m i c a l .  
S o c i e t y  was followed as far as possible. The period afte r 
maceration was changed as required for runs down to 15- 
minutes' total mercerization. Runs of 10 minutes’ duration 
were treated with the alkali in four parts, 2.5 minutes apart, 
and were macerated continuously. Runs of 5 minutes or less; 
were treated with the total volume of alkali all a t once and 
were macerated for the full time. The results of durations, 
less than one minute were variable and showed tha t the solu
tion failed to wet the sample completely or to have sufficient 
contact to act uniformly on the sample. The data are: 
given in Table I I  and are plotted in Figure 2.

T a b l e  II. E f f e c t  o f  Ti*me

(17.5 per cent sodium hydroxide used)
A l f h a - C e l l u l o s e  

C otton Pulp
% %

98.9
98 .8  88 .2
98 .7  87 .5
98 .7  86 .5  

86.4 
86 .1

T i m e

M in.
1
2
5

10
30
45
50



224 A N A L Y T I C A L  E D I T I O N Vol. 6, No. 3

% inmi-caiuLCsc:
F i g u r e  1. E f f e c t  o f  T im e  a n d  Con

c e n t r a t i o n  o f  A l k a l i

In both cases, 
there is a great loss 
su ffe re d  by the 
c e llu lo se  in  th e  
first few minutes 
of r e a c t io n ,  and 
this rate of loss 
s u d d e n ly  d e 
creases until the 
cellulose becomes 
nearly n o n r e a c 
tive. Apparently 
the time b e fo re  
this break occurs 
and the sharpness 
of the b re a k  de
p en d  u p o n  th e  
source of the cellu
lose used.

If the a lp h a -  
c e llu lo se  is a t 
tacked much more

slowly than the non-alpha-cellulosic part of the material, we 
can easily explain the forms of these curves. The non-alpha- 
cellulosic part is peptized more rapidly until it is almost gone, 
the loss of alpha-cellulose during this interval being very small. 
This is represented by the horizontal portion of the curves. 
When this part is nearly all peptized, the rate of loss immedi
ately falls off because the attack on the alpha-cellulose is 
very slow. The nearly vertical rise in the curves brings this 
out clearly. The position and form of the break in the curve 
will, of course, depend on the sample used. If it is almost 
pure alpha-cellulose, as in the case of cotton, the amount of 
impurities will be small and will be removed quickly. The 
break in the curve '«'ill be sharp. If there is much material 
in addition to  the alpha-cellulose in the sample, it will take 
longer to remove it, and the change from the period when the 
main reaction is the taking out of impurities, to  the period 
when there is only a slow attack on the alpha-cellulose, will be 
more gradual.

A second series of runs was made using 10 instead of 17.5 
per cent sodium hydroxide. The pulp was the same as tha t 
used with the stronger alkali, in the preceding experiment. 
The results of this treatm ent are given in Table I I I  and 
plotted in Figure 2.

Although the 10 
per cent a lk a l i  is 
more effective in the 
shorter times, both 
10 and 17.5 per cent 
solutions give the 
same values after 45 
minutes of reaction. 
From this one sam
ple it would appear 
tha t the 1 0  per cent 
alkali changes the 
shape of the curve 
a t the break some
what.

From the data of 
Neale (£) we can cal
culate roughly the 
end concentration 
of the sodium hy
d ro x id e  solutions. 
He gives the follow
ing figures obtained

100

f t

10

by the change in titer method: initial concentration, 5.17 
equivalents per liter; adsorption, 0.486 to 0.493 equivalents 
per mole of cellulose. By taking the adsorption of the cotton 
in the 17.5 per cent sodium hydroxide (5.25 equivalents per 
liter) to be 0.490, one is able to  determine approximately the 
reduction of the concentration in the solutions during the 
treatment. W ith a 3-gram sample using 75 cc. of 17.5 per 
cent sodium hydroxide, the concentration will fall only 0.4 
per cent, so tha t the end concentration will be 17.1 per cent. 
A 4-gram sample will reduce the concentration to  17.0 per cent 
and a 2-gram sample to 17.2 per cent. The size of the sample 
therefore need not always be exactly 3 grams.

At least one author (5) offers the suggestion th a t the losses 
in alpha-cellulose suffered during the aging of alkali pulps in 
the viscose process 
are due to oxida
tio n  b y  th e  air.
However, the ac
tion must be very 
slow. I d e n t i c a l  
samples of absorb
ent cotton w ore 
treated with 17.5 
per cent so d iu m  
hydroxide a t room 
temperature for 50 
hours. Both were 
in stoppered flasks.
Through one, air 
was bubbled which 
h a d  p a s s e d  
through 17.5 per 
cent so d iu m  hy
d ro x id e  p r e v i 
ously. The resi
d u es  r e c o v e re d  
w e re : a i r - f r e e ,
98.7 per cent; air-
saturated, 98.6 per cent. The effect of oxygen in the air, 
then, for any alkali treatm ent using cold 17.5 per cent sodium 
•hydroxide can be neglected.

T a b l e  III. E f f e c t  o f  T im e

(10 per cent sodium hydroxide used)

PUP fi O 

PULP 3 X 
-----------------------^

PUiP C Q 

hJLP D&
>----- -------------- <

PWJ*
pulp r  •

> ------------------ - <------- - i , -------- — -— ,

<■------------— ___;

............- <

T/ME //V fi/HUTLÔ

F ig u r e  3 . D e t e r m in a t io n  o f  A l p h a -  
C e l l u l o s e  i n  C o m m e r c ia l  P u l p s

T i m e A l p h a - C e l l u l o s e

M in. %
2 86.88

86.90
5 86.78

86.56
10 86.54

86.65
30 86.34

86.32
45 86.04

85.72

F ig u r e  2 .  E f f e c t  o f  T im e  a n d  
C o n c e n t r a t io n  o n  A l p h a - C e l l u -  

l o s e  f r o m  C o t t o n  a n d  P u l p

P r o p o s e d  M e t h o d

In  view of these facts, the author proposes for the present 
a method for the determination of alpha-cellulose which is 
based on the stability of the cellulose to attack  by sodium 
hydroxide. Samples are run according to  the method pro
posed by the A m e r i c a n  C h e m i c a l  S o c i e t y ’s  committee for 
two or three different times, say, 15, 30, and 45 minutes. 
These times should be sufficient to cause the points to fall on 
the vertical flat of a curve similar to  those in Figure 2. By 
extrapolation back to zero time, the alpha-cellulose content 
of the original sample should be given.

I t  is claimed as an advantage of this method over any 
other, th a t the time factor is eliminated. No standard time 
is necessary; in fact, as long as the points lie well beyond the 
break, the times may be chosen to suit the sample or con
venience. Since the attack  on the alpha-cellulose is slow,
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extreme accuracy in measuring the time of reaction is not 
necessary. Slight error in time will result in practically no 
error in the ultimate alpha-cellulose result. The ratio of the 
sample to the reagent need not be exact, provided it  is within 
certain limits (1 to 4 grams in 75 cc. of solution). The main 
precaution seems to be the use of carbonate-free alkali 
throughout the treatment.

The suggested method has been tested on six commercial 
paper pulps, the alpha-cellulose content of which had been 
determined previously by the manufacturer, and the results 
are shown in Table IV and in Figure 3.

T a b l e  IV. D e t e r m i n a t i o n  o p  A l p h a - C e l l u l o s e  i n  C om 
m e r c i a l  P u l p s

P u l p

M a n u 
f a c t u r e r ’s

V a l u e
P e r  C e n t  R e s i d u e  a f t e r : 

15 min. 30 min. 45 rain.

V a l u e  ç t : 
Calcula

tion Curve
A 84.02 83.03

83.75
84.02

82.95
83.36
83.14

83.57
82.97
83.50

83.60 83.75

B 87.63 87.44
87.35

87.08
87.07

86.88 87.69 87.50

C 91.20 91.01
91.15
91.06

91.10
90.76
90.67

90.75
90.80
90.74

91.21 91.25

D 94.90 94.54 94.44 94.46 94.56 94.60

E 98.54 97.87 97.70 97.63 97.89 97.97

F 98.42 97.33 96.97 96.94 97.28 97.10

I t  was found more convenient and perhaps a  little more 
accurate to  calculate the percentage of alpha-cellulose back to 
zero time than to plot the data and estimate the value from 
the extrapolated curve. This was done by determining the 
loss for the 15-minute periods, 15 to 30 minutes’ reaction and 
30 to  45 minutes’ reaction. The average of these two is 
designated A % /A T.  Using the 15-, 30-, and 45-minute 
values as bases, the alpha-cellulose a t zero time can be 
calculated by adding to these values A % /AT,  2 A % /  AT,  and 
3A % /A T,  respectively. For example, using the data from 
pulp F :

A l p h a - C e l l u l o s e
D i f f e r e n c e  i n  Loss f r o m : C a l c u l a t e d  f r o m :

15 to 30 min. 30 to  45 min. % /T  15 30 45 A v e r a g e

% % % %
17 7 12 97.99 97.94 97.99 97.97

The average of these zero values is taken as the calculated 
result. The method of calculating gets rid of any errors in 
plotting and drawing the curve and in estimating the extrapo
lated value.

S u m m a r y

A  preliminary study of the effect of concentration of alkali 
on the tentative standard method proposed by the Division of 
Cellulose Chemistry of the A m e r ic a n  C h e m ic a l  S o c i e t y  
determination of alpha-cellulose was made.

In  studying the effect of time on the treatm ent of cellulose 
with 17.5 per cent sodium hydroxide a characteristic curve 
was found which showed rapid losses in weight of cellulose at 
first and soon approached a nearly constant value. A curve 
of the same type giving the same nearly constant value was 
found for 1 0  per cent sodium hydroxide.

A method for the determination of alpha-cellulose has been 
proposed temporarily which eliminates exact specifications of 
tim e and sample-reagent ratio. The suggested method has 
been tested on six commercial pulps.

A c k n o w l e d g m e n t

The six pulp samples used in testing the method suggested 
above were furnished, together with the manufacturer’s data, 
through the kindness of G. A. Richter of the Brown Company. 
O ther pulp stock was furnished by the Strathmore Paper 
Company.

The author is indebted to Professor Bancroft for sugges
tions and criticism in this work.

L i t e r a t u r e  C i t e d

(1) Jentgen, Kunstatoffe, 1, 165 (1911).
(2) Neale, J. Textile Inst., 22, T320 (1931).
(3) Ritter et al., In d .  E nto. Chem., Anal. Ed., 1, 52 (1929).
(4) Schwalbe, Papier-Fab., 23, 477, 697 (1925) [Chem. Abs., 20, 2S3,

502 (1926)].
(5) Waentig: Papier-Fab., 25, 112 (1921) [Chem. Abs., 22, 4974

(1928)1; 26, 64 (1928) [Brit. Chem. Abs., B47, 564 (1928)1-

R e c e i v e d  January  15, 1934. This work was done by the au thor in  p a rtia l 
fulfilment of the requirem ents for the degree of doctor of philosophy a t 
Cornell University.

Determination of Sulfur in 
Benzene or Gasoline

Modification of A. S. T. M. Lamp

H . 0 .  E r v in  

Portland Gas & Coke Company, Portland, Ore.

IN  A REC EN T article, Gillis (2) describes a modification of 
the standard A. S. T . M. lamp which provides for better 

control of the flame. A similar lamp of somewhat simpler 
construction has been in use in the author’s laboratory for 
about three years, and has been particularly successful with 
benzene and its blends, which ordinarily give more trouble 
than gasoline itself.

The modified lamp is sketched in Figure 1. The glass 
tube A,  which carries the wick as in the standard A. S. T . M. 
lamp, is made somewhat longer than usual to accommodate 
the sleeve B, which is a glass tube of slightly larger diameter. 
Because of the variation in tubing diameters, it has been found 
advisable to make the sleeve of tubing sufficiently larger than 
A  to require some sort of flexible pack
ing which provides the necessary fric
tion to hold the sleeve in place. If a 
glass-to-glass friction be used, sticking 
is likely to occur a t a  most inopportune 
moment, with disastrous results. Even 
a smooth-sliding sleeve as made up may 
bind in use, because of expansion of 
the inner tube when heated by the com
bustion of the material under test. A 
small piece of cotton wicking in the 
annular space serves as a satisfactory 
packing material.

In  operation the sleeve is simply 
moved up and down on the tube carry
ing the wick. If the flame is too high, 
the sleeve is pushed up, and vice versa.
Very close adjustment may be made by 
rotating the sleeve slightly as it is 
moved up or down.

The principle of flame control in this lamp is apparently 
the same as th a t employed in one of the lamps proposed by 
Edgar and Calingaert (i) who used a movable bras3  outer 
tube, but its construction is simpler, and the control, in  the 
author’s experience, more satisfactory.
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Improved Analyzer for Carbon Monoxide 
in Air

H. W . F r e v e b t  a n d  E. H . F r a n c i s , H olland Tunnel Offices, New York, N . Y.

A  CONTINUOUS carbon monoxide recorder for small 
concentrations in air has been described by Fieldner, 
Katz, and Meiter (7), and by Katz and others (8). 

In  this apparatus the oxidation of the carbon monoxide as it 
comes in contact with a granular catalyst results in a tem
perature rise in the air stream within the catalyst cell, which 
is transm itted to a recording potentiometer through a series 
of differential thermocouples. The cell potential is directly 
proportional to the carbon monoxide concentration in the 
absence of readily oxidizable or inhibiting impurities which 
affect the catalyst.

To remove moisture and other condensable constituents 
the air sample is passed through a train of concentrated 
sulfuric acid, soda-lime and charcoal, and calcium chloride, 
previous to passing through the hopcalite catalyst. Fourteen 
instruments of this type were installed at the Holland Tunnel 
(2) where they record carbon monoxide in the seven exhaust 
air ducts leading from each of the two tubes for vehicular 
traffic between New Jersey and M anhattan. In practice 
the use of sulfuric acid as an air drier is objectionable because 
of its corrosive nature and the difficulties of frequent re
newal and disposal. This led to the development of a modified 
form of the analyzer, which is here described. The acid train 
whose chief function is the removal of moisture has been 
replaced by duplicate adsorbers using either silica gel or 
activated alumina. Alumina of 1.2 to 2.4 mm. size was used 
in tests on this apparatus and in the preliminary tests re
ported in this paper.

D e s c r i p t i o n  o f  A p p a r a t u s

Continuous drying is obtained 
by alternating the adsorbers and 
activating the adsorbent between 
periods of use by means of a heater 
inside each cylinder. Interchange 
of c y l in d e rs  is effected by syn
chronized four-way cocks which 
determine the direction of air flow 
in each cylinder. The other parts 
of the original Katz analyzer have 
been rearranged and modified for 
suction flow supplied by a rotary 
blower, whereby the air sample 
enters the apparatus directly in
stead of first passing through the 
blower and then to the apparatus.
This arrangement eliminates the 
possibility of contamination of the 
adsorbent or the catalyst by oil 
spray from the blower.

The adsorbers A  and B  in Figures 
1 and 2 have an inner a d s o r b e n t  
cylinder of 8.9-cm. (3.5-inch) brass 
tubing, 40 cm. long, filled with 1.2- 
mm. to 2.4-mm. (S- to 14-mesh) 
alumina to  within 10 cm. of the top.
This tube is surrounded by a 2.5-cm. 
jacket through which cooling water 
flows during the cooling p e r i o d

following activation of the adsorbent and throughout the suc
ceeding 8-hour period in which the adsorbent is drying air. 
This is surrounded by a 2.5-cm. jacket of loose asbestos to  im
prove the conservation and distribution of heat in the adsorbent 
during the activation, when the jacket is empty and contributing 
to the insulation of the adsorbent. The unit a, Figure 2, for 
supplying the activating heat to the passing air stream is a 
200-watt element from a reflector heater- suspended from a cover 
plate through which two spark plugs, b, are screwed for terminal 
connections. The heater circuits are connected to limit, switches, 
W, shown in Figure 1, which control the sequence of heating through 
contact with fingers on the cooling water cocks, c and d.

The analyzer is connected to the 110-volt alternating current 
electrical supply through the 2-pole fused switch, t, Figure 1, to  
which the three-heat immersion heater inside boiler C is connected 
directly. The supply to the motor and activating heaters passes 
through an overload relay magnetic switch, u, which cuts off 
the supply to the heaters when the motor stops. A push button , 
v, starts and stops the motor and heaters independent of the 
boiler supply.

Below the adsorbers are water tube air coolers, c, Figure 2, 
surrounded by water in the cooling reservoir D, which cool the 
moisture-laden air from each adsorber when it  is being activated 
by the downward passage of hot air. The coolers communicate 
with catch bulbs below and with the four-way cock, / .  This 
cock turns simultaneously through a vertical connecting bar 
with the upper four-way cock, g, communicating with the top of 
the adsorbers.

The three-way cock, h, is connected to  the inlet side of cock g 
and is the means of providing additional air while activating to  
insure a  more even heat distribution in the adsorbent. Following 
activation this air, since it contains moisture, is not allowed to  
enter the cooling adsorbent bu t is diverted through by-pass i  
to the blower, r, by a turn  of the cock. The quantity  of a ir 
passing into this three-way cock is regulated by plug cocks 
j  to give a tem perature not greater than 340° C. a t the top of the 
alumina and not less than 150° C. a t the bottom.

Cooling water enters a t  both ends 
of reservoir D  through valves k, 
and passes through the tubes of the 
coolers to the center. Three-way 
cocks c and d adm it water from the 
reservoir to the cooling jackets of 
the adsorbers or empty them as re
quired.

Precautions were taken to insure a  
proper operating sequence by the use 
of the blocking cross bars, s, Figure 1, 
attached to the vertical connecting 
bar, which synchronize the move
ment of water cocks c and d with the 
position of the four-way air cocks.

The water when flowing through 
the jackets passes through the outlet 
tubes, I, whose ends are water-sealed 
in adjoining overflow compartments 
in trap m, from which the water passes 
to the steam bath condenser of the 
cell assembly, C. The water trap  
compartments are joined by a small 
hole which allows water to pass from 
either side to seal both tubes against 
entrance of air when one adsorber 
jacket has been emptied. A jacket 
is drained previous to  activating the 
adsorbent through the t h r e e - w a y  
cocks c or d by which process a ir 
enters to displace the water through 
the overflow compartment in  t h e  
water trap, to.

A cylinder of 330 cc. of charcoal, 
n, removes quantities of hydrocarbon 
vapors from the air sample which

F ig u r e  1 . C o n t in u o u s  A n a l y z e r  f o r  C a r b o n  
M o n o x id e  i n  A i r

226
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might affect the accuracy of the analyzing cell. This has a 
screw cap a t one end for periodical replacement of the activated 
charcoal.

Operation

The air sample is continuously drawn into the apparatus 
a t o. T hat in excess of 12 liters per minute to the flowmeter, 
Pi by-passes through the regulating valve, q, and through the 
flow compensator, E, directly to the blower, r.

At the point of sequence illustrated in Figure 2, the regu
lated flow from the flowmeter passes into cock /  and upward 
through adsorber A , through charcoal cylinder n, and into 
the preheating coil inside the steam bath a t C, from which it 
passes through the catalyst chamber also enclosed by the 
steam bath. The return air from the catalyst chamber 
reenters the four-way cock, g, together with additional air 
from the room for activating purposes through three-way 
cock h. The increased flow of about 30 liters per minute 
enters adsorber B  and passes downward over the heater and 
through the adsorbent which a t the end of 4 to 6  hours^ac- 
quires a temperature of about 320° C. a t the top and 180 C. 
a t  the bottom. The air leaves the adsorber through the 
after-cooler, e, from which it reenters the four-way cock, /, and 
joins the previously by-passed air to the blower, r.

A t the end of the 4 - to 6 -hour activating period the water 
cock, d, is turned 90° to fill the water jacket of the activated 
adsorber, and the auxiliary air entering cock h is diverted 
to the blower by a 90° turn of the cock. A finger on the 
water cock has contacted a limit switch which shuts off the 
activating heater. Adsorber A continues to dry the air 
sample and adsorber B  receives the dry return air from the 
cell until the end of the 8 -hour period.

At the end of the 8 -hour period the four-way cocks, the 
water cock below adsorber A, and the three-way air cock, h, 
are turned 90°, whereby the path of the air sample is trans
ferred from A to B, water is drained from the cooling jacket of 
A , the limit switch is actuated to start the heater, and 
room air is diverted into A  for activation of the adsorbent. 
The operations mentioned before are repeated in succeeding 
cycles, commencing with the turning of cocks c and h a t 
the end of 4  to 6  hours to cool the activated adsorbent in A.

A drying period of 8  hours per adsorber was selected be- 
cause it allows a convenient time for reactivating and cooling 
and because it coincides with the working hours of operators 
who would operate the analyzer when in service. The rate 
of flow of 1 2  liters per minute produced the best sensitivity

in  th e  c a ta ly s t  cell with a 
minimum of variation for small 
changes in air velocity.

A ir-D rying  T ests

Preliminary tests a t a flow 
rate of 15 liters per minute, 
using adsorbers roughly similar 
in form to these described, were 
used as a basis for determin
ing the cylinder size required 
for the 8 -hour period.

These adsorbers were con
structed of 2 2 -gage sheet iron, 
were 51 cm. long, and con
tained an in n e r  a d s o rb e n t  
cylinder 1 0 . 2  cm. in diameter 
which was surrounded by a 
concentric 2.5-cm. air jacket. 
One of the cylinders was further 
jacketed with a 2.5-cm. layer 
of asbestos over the air jacket. 

The 8 - to 14-mesh alumina, obtained in 1931, was reac
tivated downward with heaters suspended above the ad
sorbent as in the analyzer described. Thermocouples placed 
in the top and bottom of the adsorbent beds indicated tem
peratures of activation and adsorption.

In tests made with these adsorbers and with the analyzer 
later constructed, air saturated by bubbling through a bottle 
of water a t room temperature and precooling a t 1 2 .8 ° to 
2 1 .7 ° C. was passed through the activated alumina and the 
effluent air was tested a t intervals for moisture with a weighed 
tube of phosphorus pentoxide. The air dryness determina
tions for these tests appear in Figure 3, which shows the 
relation between grams of moisture per cubic meter of air 
and the time from 
s t a r t  of th e  ru n  
w hen  th e  dryness 
tests were made.

Other data in con
n e c tio n  w ith  th e  
tests are g iv e n  in  
Table I. The quan
tity  of moisture ad
sorbed is calculated 
from  the moisture 
e n te r in g  in  th e  
saturated air a t the 
temperature stated, 
corrected for mois
ture which passed 
through the adsorb
ent.

The object of tests 
1  and 2  was to de
termine the effective drying period of the activated alumina 
adsorbent with and without water-cooling. In test 1, 2.2 
kg. of the alumina were activated and tested for adsorp
tion in check runs la  and lb  in the asbestos-insulated air- 
jacketed cylinder. In  test 2 an equal quantity  of alumina 
was similarly tested in a cylinder of the same size with water 
passing through the jacket during adsorption. The relative 
efficiencies of the adsorbent under these two conditions are 
indicated in Figure 3.

A laboratory test on adsorbers A  and B  of the assembled 
analyzer is reported in test 3 of Table I. The apparatus 
was run as for the continuous analysis of air, with one ad
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sorber being activated as the other dried the air. I t  was 
shut down overnight and the activated alumina was allowed 
to cool with water flowing through the jacket. These tests 
were not continued to the break point in efficiency of the 
adsorbent.

T a b l e  I. A d s o r p t i o n  T e s t s  w i t h  A c t i v a t e d  A lu m in a  U s i n g
S a t u r a t e d  A ir

Activation tem peratures, ° 
N ear top of alumina 
N ear bottom  of alumina

T e s t
l a a

C.
279
254

T e s t
lb °

310
266

T e s t  
2a b

260
232

T e s t  
2b b

254
229

T e s t  3 c 
Adsorber Adsorber 

A D

316 332 
149 204

Adsorption tem peratures, ° 
Near top of alumina 
Near bottom  of alum ina

C J
66 67

60
38
39 32 35

Entering air
S aturation tem peratures, 

° C .
Flow, liters per min. 
M oisture, grams per cu. 

meter

18.1
15

15.6

19.4 
15

16.5

21.1
15

18.2

21.7 12.8 
15 to 16 12

19.0 11.2

12.8
12

11. 2

Period of complete drying, 
hours 

Flow of air, cu. meters
6 .0
5 .4

6 .0
5.4

15.0
13.5

15.0
13.5

8.1*
5 .8

13.5* 
9.7

Estim ated  m oisture ad
sorbed 

Grams
Per cent of activated 

alumina

84

3 .8

89

4 .0

245

11.1

255

11.6

65

4 .6

108

7 .8
Cooling water

Approximate flow, liters 
per hour 

Tem perature, ° C.
90
21.1

90
21.7

90
12.8

135
12.8

1 22-gage sheet-iron adsorber; adsorbent cylinder, 10.2 X 51 cm., 0.08- 
cm. wall; air jacket and asbestos covering; 2.2 kg. of alumina.

s n e e t - i  • •— * •-
cm.

c
cm.

b 22-gage sheet-iron adsorber; adsorbent cylinder, 10.2 X 51 cm., 0.08-

40 cm., 0.13-
l. wall; water jacket; 2.2 kg. of alumina. 
c 16-gage, 3.5-mch brass tube; adsorbent cylinder, 8.9 X 
l. wall; water jacket; 1.4 kg. of alumina.
* As indicated when adsorDtion zone reached level of if As indicated when adsorption zone reached level of thermocouple 

junctions.
• T est discontinued before break in adsorbent efficiency.

Following these tests the experimental analyzer was con
nected to an air-sampling line in parallel with the analyzer 
regularly in service on this line and continuous carbon 
monoxide records were obtained from both analyzers for 
several months ending in June, 1932. The air sampled came 
from an upgrade section of the south tube of the Holland 
Tunnel. The agreement of the parallel records was satis
factory and the hopcalite cell sensitivity remained normal 
throughout the period.

D i s c u s s io n

The curve of test 1 in Figure 3 indicates a break point in 
adsorption in the insulated adsorber a t 6  hours from the 
sta rt of the test, a t which point moisture in the effluent 
increased rapidly. Before this break in drying efficiency 
the effluent contained less than 0.14 gram of moisture per 
kilogram of air ( 1  grain per pound) or less than 0.18 gram per 
cubic meter. Test 2  curve indicates a similar break point 
a t 15 hours for the same quantity of alumina in the same 
size cylinder when water-cooled. P art of the moisture found 
in the effluent in test 2 a apparently came from moisture 
adsorbed a t the top of the bed before the test began and again 
a t 7.5 hours from the sta rt of the test when the run was 
stopped overnight. The adsorptive capacity of the alumina 
was multiplied three times by the 2 1 ° to 29° C. of cooling 
effected by the water. The dry alumina had adsorbed 3 . 9  

per cent of its weight of moisture in test 1 and 11.4 per cent 
in test 2  when moisture broke through.

No gain of moisture in the effluent air from adsorbers A 
and B  was found for the periods of test. The average moisture 
content of the air coming from adsorber A  was 0.07 gram per 
cubic meter of air and from adsorber B, 0.04 gram.

The effective adsorptive capacities remaining in adsorbers 
A  and B  when the runs were stopped are estimated a t 60

and 30 per cent, respectively, based on the 11.4 per cent 
capacity of activated alumina shown in test 2. The probable 
effective drying period of the 1.4 kg. of alumina in each of 
these adsorbers with saturated air flowing a t 1 2  liters per 
minute and a t a temperature of 2 1 .1 ° C. (70° F.) is 11.9 
hours. This estimate is based on the results obtained in test 
2 with 2.2 kg. of alumina and a rate of flow of 15 liters per 
minute.

Since the cooling water temperature limits the quantity  of 
moisture which the air sample may carry through the pre- 
cooler, the maximum quantity  of adsorbent required for a  
definite period of air-drying with cooling water may then 
be fairly accurately known. I t  is desirable in a  carbon 
monoxide recorder to reduce to a minimum the tim e of 
passage of air from the point of sampling to the analyzing 
cell, and some advantage is therefore gained by having 
the internal volume of the adsorber as small as the volume 
of adsorbent will permit. The added efficiency gained by 
the use of cooling water as shown in tests 1  and 2  permits 
considerable reduction in the size of the adsorber. In  th is 
case the quantity of alumina actually required for 60 liters 
of saturated air ( 1  liter per minute for 1  hour) with cooling; 
water a t 21.1° C. (70° F.) was 10 grams or 1 2  cc.

Summary

The carbon monoxide recorder is an im portant control 
instrument in the ventilation of the Holland Vehicular 
Tunnel. Special maintenance and some hazard are involved 
in the use of sulfuric acid in the air-drying and purifying 
train of the original design. For this reason a substitute 
drier was developed which consists of duplicate cylinders 
containing granular adsorbent. This is reactivated in place- 
as the analyzer continues to operate by a heater inside the- 
cylinder, assisted in part by the recirculation of the dry 
return air from the analyzing unit of the recorder.

Since preliminary tests indicated the desirability of cooling 
the adsorbent during use to increase drying capacity, the 
adsorbers are jacketed for cooling with water. The water is 
drained from the jacket during the activating period, bu t the 
activating air stream passes through a cooler as it leaves the 
adsorbent.

The maintenance required for the operation of the analyzer 
consists of valve manipulation twice in every 8  hours or 
other drying period selected, and removal of water from the 
condensation trap  below the adsorbers as required. Al
though the possibility of simplification of valve arrange
m ent and other parts of the apparatus has become apparent 
its operation was satisfactorily carried on by the operators in 
charge of ventilating equipment in the building.
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R e c e i v e d  December 23, 1933.

C o r r e c t i o n .  O u t  attention has been called to a minor in
accuracy in our article “Extraction of Triethanolamine Oleate 
from Aqueous Solution,” appearing in I n d .  E n g .  C h e m .,  Anal. 
Ed., <5, 7S (1934). The statement was made, referring to extrac
tion of fatty acid from triethanolamine soaps, “Normally, soaps 
other than those of abietic acid are not decomposed by extraction 
of an aqueous solution with ethyl ether.” We should have added 
“by recognized methods,” since small amounts of fatty acid are 
extracted from aqueous solutions of neutral soap by ethyl ether. 
This is adequately provided for in the usual methods.

This in no way invalidates our conclusions, since the extraction 
of oleic acid was high in experiments 2 and 5, in which 0.05 M  
triethanolamine, the alkali of the soap under discussion, w as. 
present in’excess. F r a n k  M. B i f f e n  a n d  F o s t e r  D e e  S n e l l



Mixed Perchloric and Sulfuric Acids
I. Simultaneous Oxidizing and Reducing Properties of Hot Concentrated 

Perchloric Acid

G. F r e d e r ic k  S m it h , U niversity of Illinois, U rbana, 111.

T HE oxidation reactions of hot, concentrated perchloric 
acid are the basis of important reactions of quantita
tive analysis (8, 6). The intensity of these oxidations 

is greatly influenced by the extent to which the acid has been 
dehydrated. W ith hot acid of strength greater than th a t cor
responding to the formula 0 2HSC1 0 4  (4), simultaneous reduc
ing properties are in evidence. These reducing properties 
are accounted for if either hydrogen peroxide or ozone is 
present in traces as a result of the decomposition. Reactions 
corresponding with this explanation can easily be demon
strated. The acid strength of 70 to 72 per cent perchloric 
acid is conveniently increased to 85 per cent or higher by the 
addition of sufficient 96 per cent sulfuric acid or fuming sul
furic acid. For many reactions of analytical importance, 
these principles require a close study of conditions. I t  is
the purpose of this paper to describe the general aspects of
this subject.

D e c o m p o s i t i o n  i n  P r e s e n c e  a n d  A b s e n c e  o f  M il d  R e 
d u c in g  A g e n t s

By concentrated perchloric acid, this paper refers to that 
strength between 70 and 85 per cent HC10< by weight (roughly, 
th a t concentration between dioxonium perchlorate and 
oxonium perchlorate, OjHsClO« and 0 H 3C10<). Hot, con
centrated perchloric acid decomposes mainly according to 
reaction 1. A secondary reaction, 2, is also possible to a 
slight extent.

4 HCIO4 — >  2Clj +  70, +  2H,0 (1)
2HC10i — >  Cl, +  30, +  H,0, (2)

Both reactions are intensified in proportion as the concentra
tion increases. Reaction 3 indicates the formation of oxo
nium perchlorate using concentrated or fuming sulfuric acid.

OjHsClO, +  H,SO, — OH,CIO. +  H,S04 (hydrated) (3)

An im portant example of a reaction using hot concentrated 
perchloric acid as an oxidizing agent is the oxidation of tri- 
valent chromium to the hexavalent state in the process of 
Willard and Gibson (6) for the quantitative estimation of 
chromium in chromite, ferrochrome, and stainless steel. In 
a study of this method, Lundell, Hoffman, and Bright {2) 
state th a t the oxidation is never quite complete. The follow
ing reaction is shown to be quantitative only to the extent of 
99.5 per cent completion:

C r , 0 ,  +  2 H C IO , — >  2 C rO , +  H , 0  +  C l,  +  2 0 ,  (4)

If chlorine and oxygen are the only decomposition products, 
i t  is difficult to offer a  reason for this. In  the presence of a 
small am ount of hydrogen peroxide the following reaction ex
plains the fact:

2CrO, +  6HC10, +  3H ,0 ,— >-2Cr(C10,), +  30, +  6H,0 (5)

Reactions 1 and 4 are much more intense than 2 and 5. 
The difference accounts for the 0.5 per cent reversal of re
action 4. Reactions 2 and 4 are intensified by increasing the 
strength of perchloric acid. By properly regulating condi
tions of time, temperature, and acidity, the Willard and 
Gibson method (6) can be made to give more accurate results,

as will be shown in a subsequent paper. The influence of 
hydrogen peroxide as described may easily be duplicated by 
the addition of a  trace of it to a hot, dilute solution of chromic 
acid in perchloric acid. The chromium is instantly reduced 
to green chromic ion.

O x i d a t i o n  o f  C h r o m ic  O x i d e  t o  C h r o m ic  A c id

Two hundred milligrams of chromic oxide were treated with 
50 ml. of oxonium perchlorate (84.79 per cent IICIO 4) and 
heated to 168° C. The reaction mixture was allowed to cool. 
Red crystals of chromic oxide, insoluble in concentrated per
chloric acid, formed and the acid was colorless. Upon stand
ing 12 hours a t room temperature, the acid became colored 
owing to the presence of green chromic perchlorate. Repeat
ing the heating of the acid and oxidation of chromium, the 
results are duplicated (reactions 4 and 5).

The oxidation of chromic oxide was tested with increasing 
strengths of perchloric acid produced from various propor
tions of 15 per cent fuming sulfuric acid and 72 per cent 
perchloric acid (Table I). Parallel experiments were made 
replacing chromic oxide by small amounts of manganese 
perchlorate, M n(ClO0,‘6H,O. The manganese was momen
tarily oxidized to permanganate and the reaction rapidly re
versed as shown by the immediate decolorization due to hy
drogen peroxide formed simultaneously. The reaction is 
intensified in the presence of a little phosphoric acid.

T a b l e  I .  O x id a t io n  o f  C h r o m iu m  a n d  M a n g a n e s e  b y  C o n 
c e n t r a t e d  P e r c h l o r ic  a n d  S t jl f u r ic  A c id s

S u l f u r i c  A c i d P e r c h l o r i c T e m p e r a t u r e Cr*Oa M n + +
15 per cent A c i d a f t e r  M i x i n g O x i d a t i o n O x i d a t i o n

fuming 72 per cent From  25° C. to t o  CrjOi t o  M nO i"
M l. M l. 0 C. °C . °C .

10 10 82 .0 136 150
12 8 84 .4 128 137
13.3 6 .6 86 .5 120 128
15 5 88.4 119 125
10 (95 %) 10 40 .0 168

The heat attained upon mixing the acids of Table I  is an 
indication of the extent to  which the perchloric acid has been 
dehydrated. By using 75 per cent sulfuric aeid, a mixture 
with 72 per cent perchloric acid results in no appreciable 
evolution of heat. The temperature after mixing was ob
served in a 30-ml. Dewar test tube, evacuated but not silvered, 
and the temperature maximum found using a small Anschutz 
thermometer.

I t  will be seen th a t the dehydration of perchloric acid by 
the sulfuric acid in all cases was equivalent, a t least, to the 
formation of oxonium perchlorate, since the temperature a t 
which the chromium was oxidized is equal to  or less than th a t 
required by the 84.79 per cent perchloric acid as previously 
described. The greater the dehydration of perchloric acid, 
the lower is the temperature of oxidation. In  all cases in 
Table I  the oxidation of chromium was clearly reversed to 
an obvious extent, as shown by the color change resulting 
upon allowing the solutions to cool and stand. In  the case 
of the higher concentrations of perchloric acid, the reduction 
was complete in a few hours. This indicates the magnitude 
of hydrogen peroxide formation as governed by perchloric 
acid concentration.

229
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O x i d a t i o n  o f  T r i v a l e n t  C e r i u m  t o  T e t r a v a l e n t  
S t a t e

Solutions of cerous perchlorate in hot, concentrated per
chloric acid are not oxidized to eerie perchlorate a t 168° to 
200° C. Mixtures of equal parts of 96 per cent sulfuric acid 
and 72 per cent perchloric acid oxidize cerous sulfate readily 
to eerie sulfate a t approximately 140° C. The reaction is as 
follows:
VCejCSO,), +  2H C 104 +  7 H 2S O ,— >

14Ce(S04)2 +  Cl2 +  8Hs0  (6)

Ceric sulfate is insoluble in 75 to 95 per cent sulfuric acid 
and in the reaction mixture of acids outlined above. The 
substitution of 75 for 96 per cent sulfuric acid is found to re
sult in more complete oxidation of cerium a t 185° C. In 
accordance with the principles previously described, this is 
accounted for through the practical elimination of hydrogen 
peroxide as a minor decomposition product of hot, concen
trated perchloric acid.

The principle of reaction 0 has been applied to the prepara
tion of ceric sulfate, both in the form of the anhydrous salt 
and in its addition compounds with ammonium sulfate. The 
data are included in a subsequent paper. Ceric perchlorate 
has been prepared in solution by the electrolytic oxidation of 
cerous perchlorate in a perchloric acid solution by Fichter 
and Jenny (1). I t  is possible tha t a mixture of perchloric 
and sulfuric acids may be found desirable in the quantitative 
determination of cerium. A preliminary study has been made 
with favorable results.

U s e s  f o r  M i x e d  A c id s  i n  A n a l y t ic a l  S t u d i e s

The many advantages found in the determination of chro
mium following perchloric acid oxidation (6) make the method 
popular in routine plant control analyses. W ith technical 
grades of 68 to 70 per cent perchloric acid (free from chromium) 
the method is less costly. By employing mixtures of per
chloric and sulfuric acids, the method can be cheapened 
further and a t the same time other advantages besides 
economy in the cost of perchloric acid can be shown.

Mixed perchloric and sulfuric acids have been used satis
factorily in the oxidation of potassium ferro- and ferricya- 
nides to liberate the ferric ion as a standard procedure in the 
evaluation of titanous solutions. Perchloric acid alone can 
be used in this case, but the method is cheaper using the mixed 
acids.

The addition of perchloric acid to 96 per cent sulfuric acid 
for the destruction of organic m atter in the familiar Kjeldahl 
nitrogen determination has been proposed. Attempts to 
diminish the time of digestion following this process have 
proved highly successful. Unfortunately, the process in 
certain applications gives low results, presumably due to loss 
of nitrogen in the digestion period. If the concentration of 
sulfuric acid is lowered to 75 per cent and the 72 per cent per
chloric acid is then added to the hot sulfuric acid, the oxidiz
ing power is not materially diminished and there is little tend
ency toward the formation of hydrogen peroxide as a de
composition product. The change thus proposed may elimi
nate the disturbing reactions previously mentioned. The 
problem is being investigated in these laboratories.

The dehydration of silica by hot, concentrated perchloric 
acid in the method of Willard and Cake (5) has become an 
important analytical procedure. With a mixture of 96 per 
cent sulfuric acid and 72 per cent perchloric acid, the inten
sity of the dehydration may be sufficiently high without show
ing a tendency to convert the perchlorates present to sulfates.

Such an application would result in the obvious advantage 
of economy in cost of perchloric acid where it is applicable. 
The subject is being investigated.

If the dehydration of perchloric acid by sulfuric acid is 
objectionable, other methods are available. Anhydrous 
magnesium perchlorate in various proportions can be dis
solved iu 72 per cent perchloric acid. Phosphoric anhydride 
or acetic anhydride may be substituted for the anhydrous 
magnesium perchlorate.

S i g n i f i c a n c e  o f  H y d r o g e n  P e r o x i d e  D e c o m p o s i t i o n  o f  
P e r c h l o r i c  A c id

I t  is difficult to demonstrate experimentally the formation 
of hydrogen peroxide by the decomposition of hot, concen
trated perchloric acid according to reaction 2, except by 
interpretation of the resulting effects as shown. A ttem pts 
to distill out hydrogen peroxide a t a low temperature by pass
ing air through a mixture of 96 per cent sulfuric acid and 72 
per cent perchloric acid were not successful. Such an ex
periment using anhydrous perchloric acid might be more 
successful. If the decomposition products of hot, concen
trated perchloric acid do not include hydrogen peroxide, the 
reactions obtained are exactly analogous to those th a t would 
be obtained if hydrogen peroxide or ozone were formed. The 
odor of ozone was never apparent. The simultaneous forma
tion of hydrogen peroxide and chlorine as decomposition prod
ucts would be expected to result in side reactions destroying 
the hydrogen peroxide.

If hydrogen peroxide can be shown to be formed in the re
actions of hot, concentrated perchloric acid, or is conceded 
to have been shown by the studies of the present series of 
papers, then perchloric acid must be classified as a true per- 
acid. Present interpretations of the molecular structure of 
anhydrous perchloric acid and its lower hydrates do not in
clude the assumption of oxygen to oxygen linkages as would be 
the case if it had true per-acid properties. This question is 
of far less importance than is the knowledge of the practical 
influence of the formation of hydrogen peroxide upon the ana
lytical applications.

No violent reactions were encountered in connection with 
this work.

S u m m a r y

Hot, concentrated perchloric acid has been shown to have 
reducing as well as oxidizing properties. The oxidation re
actions result from the decomposition to form chlorine and 
oxygen. The reducing properties are assumed to result from 
the simultaneous formation of hydrogen peroxide. An ex
perimental demonstration of its reducing properties has been 
made.

The reducing reactions of hot, concentrated perchloric acid 
increase directly with the concentration and temperature. 
The conditions can be adjusted over a wide range by the use 
of mixtures of sulfuric acid and perchloric acid and by work
ing a t different temperatures. A proper balance between 
oxidation and reduction relationships can then be obtained.
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Merck’s
Merck's

Merck’s

Merck's

CHEMICAL CONTAINERS

Merck'.*

Merck's

MER C K  Laboratory Chemicals—recognized as standards 
o f  purity and uniform ity—are packaged in containers 

specially designed to  provide these im portant advantages:

A m b er G lass B ottles— afford maximum protection against 
light and other deteriorating agents.

N on-m eta llic  Screw  C a p s— designed to  overcome corro
sion due to  unfavorable atmospheric conditions and vapors 
present in the laboratory.

Easy to O p en  — because o f  the large facets on the side 
o f  the cap.

A ir-tigh t s e a l in g — ensured by a special liner in the cap, 
impervious to the chemical.

D ust-p roof—.due to the extension o f  the cap over the lip 
o f the bottle, thus preventing an accumulation o f  dust.

A ttractive a p p e a r a n c e — the am ber glass bottles w ith their 
black caps and blue and white labels add to  the attractive 
appearance o f  your laboratory or stock room .

Your wholesaler is ready to supply you.

M E R C K  & C O .  Inc.  • R A H W A Y ,  N.  J. 

M a n u f a c t u r i n g  C h e m i s t s

★ M E R C K  L A B O R A T O R Y  C H E M I C A L S  *
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RUBBER CAPS (n o . 3742A) 
of PURE PARA RUBBER

Actual photograph of 
Flask Cap on storage

T HE outstanding advantage of this new type 
cap over rubber stoppers is that the mouth 
of the flask is always kept clean.

The handy caps can be quickly snapped over the 
mouth of flasks with one hand, thus sealing the 
contents from all outside comtamination.
They are packed 12 of one size in a box.

M ade in Three Sises
Size 1.— 114' O.D. For 500 ml. Florence or 250 ml.

Erlenmeyer Flasks 
Size 2.—1 Yi O.D. For 1000 ml. Florence or 500 ml.

Erlenmeyer Flasks 
Size 3.—1 % 'O .D . For 2000 ml. Florence or 1000 ml. 

Erlenmeyer Flasks
Price 0.15 each 1.25 dozen

A .  D A I G G E R  & CO.
L aboratory S upplies and Chem icals

5Z ^ l t r on 159 W. KINZIE STREET, C H IC A G O

MANUFACTURE o f  SODA
In which the author —  Te-Pang Hou —  describes 
both the Ammonia Soda and Electrolytic Processes

A. C. S. Monograph No. 65

T he i: first book of its kind in the Eng
lish language covering this particular 
industry in such manner since Lunge's 
Monumental work on "Sulfuric Acid 
and A lkali." It covers much of the 
operating detail, such as is not found 
in ordinary text-books and reference 
works, and emphasizes both the practi
cal operation as well as the theoreti
cal principles underlying each step of 
operation. It touches many sides of 
the industry from chemistry to engi
neering and from the chemical proc
ess and manufacture to the trade re
quirements, etc.

The Chapter Titles will give an idea of the scope of the work
P r e f a c e

I n t r o d u c t i o n — H i s t o r i c a l  S u r v e y  o f  
t h e  A l k a l i  I n d u s t r y  a n d  t h e  
R e l a t i o n  o f  t h e  L e B l a n c  S o d a  
I n d u s t r y  t o  t h e  D e v e l o p m e n t  o f  
O t h e r  C h e m i c a l  I n d u s t r i e s .

N a t u r a l  S o d a .
H i s t o r y  o f  A m m o n ia  S o d a  P r o c e s s .
P r e p a r a t i o n  o f  B r i n e — R o c k  S a l t  

— S e a  S a l t .
T h e  B u r n i n g  o f  L i m e s t o n e .
T h e  A m m o n ia t i o n  o f  S a t u r a t e d  

B r i n e .

T h e  C a r r o n a t i o n  o f  A m m o n ia t e d  
B r i n e .

T h e  W o r k i n g  o f  t h e  C a r b o n a t i n g  
T o w e r s  o r  “ C o l u m n s . "

F i l t r a t i o n  o f  t h e  C r u d e  S o d iu m  
B i c a r b o n a t e — C o m p o s i t i o n  o f  t h e  
B i c a r b o n a t e .

C o m p o s i t i o n  o f  M o t h e r  L i q u o r  f r o m  
C a r b o n a t i n g  T o w e r s .

T o w e r  R e a c t i o n s  f r o m  t h e  P o i n t  
o f  V i e w  o f  t h e  P h a s e  R u l e .

T h e  D e c o m p o s i t i o n  o f  S o d iu m  B i 
c a r b o n a t e  b y  C a l c i n a t i o n .

T h e  R e c o v e r y  o f  A m m o n ia — E f f i 
c i e n c y  o f  t h e  A m m o n ia  S t i l l .

B y - P r o d u c t s  f r o m  t h e  D i s t i l l e r  
W a s t e .

T h e  M a n u f a c t u r e  o f  R e f i n e d  S o
d i u m  B i c a r b o n a t e .

T h e  M a n u f a c t u r e  o f  C a u s t i c  S o d a —  
C h e m i c a l  P r o c e s s .

T h e  M a n u f a c t u r e  o f  E l e c t r o l y t i c  
C a u s t i c , C h l o r i n e , a n d  C h l o r i n e  
P r o d u c t s .

A l k a l i  P r o d u c t s  o f  A m m o n ia  S o d a  
I n d u s t r y .

T h e  G e n e r a t i o n  o f  P o w e r  f o r  
A m m o n ia  S o d a  P l a n t s .

S p e c i a l  R e q u i r e m e n t s  o f  t h e  A m 
m o n ia  S o d a  I n d u s t r y .

C o n t r o l  i n  t h e  A m m o n ia  S o d a  
P r o c e s s .

L o s s e s  a n d  C o n s u m p t i o n  o f  R a w  
M a t e r i a l s  i n  t h e  A m m o n ia  S o d a  
P r o c e s s .

P o s i t i o n  o f  A m m o n ia  S o d a  I n d u s t r y .
C h e m i c a l  A n a l y s e s  a n d  T e s t s  i n  t h e  

A l k a l i  I n d u s t r y .
B e h a v i o r  o f  S o d a  A s h  i n  S t o r a g e .
L a y o u t  a n d  D e s i g n  o f  t h e  A m m o n ia  

S o d a  P l a n t — S e l e c t i o n  o f  t h e  
S i t e .

I n d e x .
A p p e n d i x .

370 Pages 129 Tables 72 Illustrations Price $8.00

THE CHEM ICAL C A TA LO G  CO M PAN Y, INC.,
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SMALL AMOUNTS of LEAD
Detected Colorimetrically with 

DIPHENYLTHIOCARBAZONE

.HE sensitive color reactions of 
diphenylthiocarbazone make it an 
interesting and valuable reagent for 
estimating traces of heavy metals. 
It is particularly useful in determin
ing the small amounts of residual 
lead on fruits which have been 
sprayed. The green reagent and the 
cherry-red lead complex yield a 
series of intermediate colors which 
can readily be compared with 
known standards. An ammoniacal

cyanide solution prevents interfer
ence from other heavy metals. This 
procedure is described in detail in 
J. Assn. Off. Agr. Ch., Feb. 1934.

Diphenylthiocarbazone has 
recently been added to the list 
of Eastman Organic Chemicals as 
chemical No. 3092, price 10 grams 
—$3.00. Details concerning its use 
will be furnished upon request. 
Eastman Ivodak Co., Chemical Sales 
Division, Rochester, N. Y.

EASTMAN ORGANIC CHEMICALS

TEST ASPHALTIC PAVING MIXTURES WITH THE

DULIN ROTAREX SEPARATOR
Thoroughly separates Bitumen from Aggregates 
in Asphaltic Paving Mixtures within 10 minutes.

A  vitally important test quickly and accurately made
Adapted to Bitulithic, Macadam and ordinary surface mixtures.

I t  is the m ost efficient means yet devised for an engineer to  
determ ine how closely his specifications are being followed as to 
bitum en content and the character and relative proportions of 
the aggregates in the asphaltic mixture.

The test consists of weighing the sample, then heating it slightly 
in a separate container to s ta rt it crumbling. A fter cooling, it is 
placed in the bowl of the Rotarex and the solvent added.

T he centrifugal action forces all the liquid through the filter paper gasket a t  the periphery of the
bowl, effectively drying the samples. Comparing the weight o f the aggregates w ith the original
weight of the sample determ ines the percentage content.

N o . 11160. Dulin Rotarex, Motor Driven 110 volt, capacity 100 grams ea. $ 95 .00  
N o . 11170. Dulin Rotarex, Motor Driven 110 volt, capacity 1000 grams ea. 175.00

Hand operated models also available.
Prices / .  o. b. factory Lot Angel*»

B R A U N  C O R P O R A T IO N , I T aS ! * c L f S
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WHATMAN
Filter Paper 

No. 3
fo r  Buchner Funnels

Chemists working with Dyes, 
Organic Preparations, Biologi- 
cals, etc., find W HATM AN No. 
3 excellent for use in  Buchner 
Funnels.

No. 3 is a thick paper; there
for, does not disintegrate 
quickly in contact with alkalies. 
I t  is strong enough to w ithstand 
high vacuum, retains m ost pre
cipitates, filters fairly rapidly 
and has enough body to  be 
handled while wet w ithout tear
ing.

The standard sizes lit modern 
Buchner Funnels bu t if you 
have old funnels we m ay be able 
to  cut the paper especially to  fit 
them.

S a m p le s  are ch eer fu lly  su p p lied

H. REEVE ANGEL &  CO 
INC.

7-11 Spruce Street 
New York, N. Y.

Hevi-Duty apparatus carried in stock by leading 
Jobbers handling Laboratory Supplies. Your 
Jobber, or Dealer, will supply Hevi-Duty 
Catalog N o. 30  upon request.

H e v i D uty E lectric C o m p a n y
MILWAUKEE ~  WISCONSIN

------------- M A N U F A C T U R E R S OF--------------
% I n d u s tr ia l  H e a t T re a tin g  a n d  L a b o ra to ry  F u rn aces 0

M U L T I P L E  UNIT" :

ELECTRIC FURNACES A N D  H O T  PLATES

HOT PLATES
for

Evaporating, Precipitating, Ex
tracting, Distilling, Boiling, etc.

ORGANIC COMBUSTION FURNACES
for

Combustion processes with exact and easily controlled heat.

MUFFLE FURNACES

Laboratory Operations, such as, 
Ash Determinations, ignitions, 
Hardening, Annealing, etc.

COMBUSTION TUBE 
FURNACES

(or

Carbon Determinations, etc.
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A L O E

N E U T R  A G L  A S S
OIL SAMPLE BOTTLES

M ade of highly polished glass, plane bottom. Free from all
imperfections.

P R I C E S
Corked, 2 oz. p e rd o z .................................  S0.95

4 oz. per doz................................. $1.50
8 oz. p e rd o z .................................  $2.25

Aluminum screw capped, 4 oz. per doz........................  $1.60
Discount— In lots of 1 gross, 20% . In lots of 

5 gross, 3 3 H % .  In lots of 10  gross, 40% .

A. S. ALOE CO.
L A B O R A T O R Y  EQUIPMENT and CH EM ICALS  
1819 OLIVE ST. ST. LOUIS, MO.

COORS
U.S.A.

CHEMICAL 

A N D  SCIENTIFIC  
PORCELAIN  

Coors Porcelain Co.
G O LDEN, COLORADO

New  
Freas Ovens

TH E  new Freas Ovens have been entirely re
designed. They are distinguished by durable 

construction, a ttrac tive  appearance, and efficient 
operation.

The interior and the exterior of these ovens are 
of polished stainless steel. The improved differ
ential expansion therm o regulator is positive in 
action, sensitive to  +  or — 34 degree C, and has 
externally adjustable regulator with glass scale. 
T he therm om eter is dial type.

The results of modern heat engineering research 
have been applied to  the new Freas Ovens to  pro
vide the most efficient heat transfer.

Prices for Nos. 100 and 104 are the same as for 
previous Freas Ovens while those for other sizes 
are even lower.

13402—New Freas E lectric  Ovens. Tem perature range 
35-150 degrees C, for 110 volts.

Type No...............  100 110 120 140
W idth, in s id e . . . .  12" 12". 18" 36"
Depth, inside. . .  . 12’ 24" 24" 24"
Height, inside . . .  12 ' 12" 18" 24"
W attage.....................  600 1200 1200 1800
E a c h ......................  135.00 190.00 220.00 325.00

13412—New Freas E lectric Ovens. H igh T em p era tu re .
Range 145-260 degrees C, for 110 volts.

Type No. 104 114 124 144
W idth, in s id e . . . .  12" 12" 18" 36"
Depth, inside. . . .  12" 24" 24" 24"
Heieht, inside . .  . 12" 12" 18" 24'
W attage.. 1200 1800 2400 3000
E a c h ................... 165.00 220.00 250.00 350.00

These ovens can be supplied Jor 220 volt operation 
at the same prices.

W i5 T C o r p o r a t io n
Products for Every Laboratory 
Guaranteed ‘Without Reservation

R o c h e s t e r ,  , Js{.Y
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Wares of every de- 
s e r i p t i o n  a r e  
shown in  Catalog 
F-16. Your in 
quiries for our 
Catalog and prices 
are invited.

THE AMERICAN PLATINUM WORKS
N.J.R.R. A V E N U E  AT  O L IV E R  STREET N EW A R K , N J .

A FEW MORE GRAMS ,
FOR MUCH MORE DURABILITY '  ™  V

It is a real economy to get platinum wares somewhat heavier than usual, a few grams 
added to the bottom of a platinum crucible or dish often adds years to its life. At today’s 
low price there is only a slight extra cost.

An added reinforcement is the offset rim, an A.P.W. feature for which no extra charge 
is made. We will furnish heavier wares or offset rims if you so specify.

After several years of deferred buying many laboratories could well consider buying 
new A.P.W. wares, either outright or against old wares in exchange.

An added inducement is the relatively low market on platinum and the nominal cost 
of exchange.

IM PROVED
A  Complete Line of Plant and 

Laboratory  W ate r  S t i l l s

D U R I E U X
S a v es 3 0  to  40%

IMPROVE YOUR FILTERING
Chemists prefer Durieux filter paper be
cause tests have proved that better filter 
papers are not made and papers of equal 
quality are not obtainable at lower prices.
There is a grade for every purpose.

Write for price-list and Bulletin DI.

T > A IQ .*M Y E R S inc.
81 Reade St., New York, N. Y.

In these im proved stills  several unique fea
tures safeguard the exceptional p u rity  of the  
d istillate— see analysis below — and increase  
convenience and au tom atic operation.

FEATURES
P yrex glass cover (on sm aller m odels). 
T rip le vapor baffle (prevents en trainm ent). 
‘‘Bleeder" dev ice  (reduces concentration  of 

im purities in boiling cham ber); v ita l in  
hard w ater d istricts.

J  * Typical A nalysis of Distillate V
P a r ts  p e r  100,000 ^

T otal Solids 0 .28
Volatile Solids 0 .16
Inorganic Solids 0 .12
N itrogen as

Free Ammonia 0.0035
Albuminoid Ammonia 0.0000
N itrites  0.0000
N itrates 0 .00

Chlorine 0 .00
Dissolved Oxygen 0.06
Free Carbon Dioxide 0.12

^  pH  Value a t 20° C. 5 .7
A  T otal Bacteria per cc. none r

in c lu d in g  th e
NEW STOKES
o n e  g a l l o n  
Model No. 171

F or d e sc r ip tio n  o f  m a n y  o th e r  a d v a n ta g e s  a sk  for sp e c ia l  
fo ld er  d e sc r ib in g  c o m p le te  lin e  o f  s in g le  a n d  m u l t ip le  

effec t s t i l l s .  S to c k  s ize s  Vi g a l. to  100 g a ls  p e r  h r .

FJStdkes MACHINE CD.
Process Equipment Since 1895 

5944 T ab o r R oad  O lney P . O. P h ilad e lp h ia , Pa.


