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c lc °.

T he O rig inators and  D esigners 
of th e  Com pact C om bina

tion  U nit and  th e  C losed 
E jector F um e Dispo- 

s a l  S y s t e m  
(P a ten ted ).

KJELDAHL NITROGEN APPARATUS
and

A ssociated  Apparatus and Laboratory Tables

ßettesi Jßcduvuitosiif, ̂ auip^meni
A HIGHLY EFFIC IEN T  AND PATENTED FUM E DISPOSAL SYSTEM 
ALONG W ITH DURABILITY AND CLEANLINESS IS AN EXCLUSIVE 
FEATURE OF OUR KJELDAHL NITROGEN APPARATUS.

EACH COMPONENT PART OF GAS OR ELECTRICALLY EQUIP
PED UNITS IS DESIGNED AND BUILT INTO OUR MODERN EQUIP
M ENT TO OBTAIN TH E EFFICIEN CY, DURABILITY AND EASE 
OF OPERATION SO NECESSARY IN  APPARATUS THAT RECEIVES 
HARD USAGE.

WE KNOW OF NO BETTER RECOM MENDATION OF SU P E R IO R IT Y  
A N D  VALU E  THAN OUR PREDOM INANT LIST OF USERS COVER
ING A DIVERSIFIED FIELD  OF INDUSTRY.

Combination units in capacities 6 to 24.
Separate digestion units in capacities 6 to 96.
Separate distillation units in capacities 6 to 45.

MANY UNIQUE ARRANGEMENTS ARE AVAILABLE AND WE 
OFFER FULL COOPERATION ON OUR D IFFER EN T ARRANGE
MENTS AND CAPACITIES AS THEY APPLY TO YOUR USE AND 
SPACE ALLOTTED.

4  4  a  F u r th e r  inform ation  is availab le  in  ou r ♦  ♦  ♦
+T+ +T+ catalog. D e ta iled  specifications on your

♦  ♦  ♦  specific req u irem en ts  will be sen t w ith - ♦  ♦  ♦
out obligation to you.

Fat and Fiber Apparatus

Y o u r in q u iry  is in v ite d . N o  tro u b le  to  s u b m it p ro p o sa ls  on 
y o u r  re q u ire m e n ts  a n d , o f  cou rse , w ith o u t o b lig a tio n  to  y o u .

Catalog on Request  

M A N U F A C T U R E D  A N D  S O L D  D I R E C T  T O  T H E  U S E R  B Y

LABORATORY CONSTRUCTION COMPANY, INC.
1 1 1 3 -1 1 1 5  H olm es S t r e e t ..................K ansas City, M issouri, U.S.A.

“GOLDFISCH”
EXTRACTOR

A radically improved 
ether extraction appa
ratus th a t permits a 
material saving of time 
on control work and 
will be found most 
flexible for research 
work.

CRUDE FIB ER  
CONDENSER

An apparatus tha t will 
maintain a constant 
volume of solution and 
reduce frothing to a 
minimum. No metal 
parts are in contact 
with the solution. Rub
ber hose connections 
are eliminated.

Shown w ith  3 I lc a t Sw itches
12 flask capacity combination u n it electrically equipped with 
three-heat switches, arranged distillation decked over digestion . 
T h ree -h e a t sw itches a t a m odera te  inc rease  in  cost a re  
available w ith w attages to su it your p articu lar d e te rm ina tions.
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SODIUM OXALATE
P r i m a r y  S t a n d a r d  

Na,C,0«

ANALYTICAL R E A « * *

PO ISO N
« c h r o d t  C h e m ic a l  y;y mqwi«cal rwi*eu22̂e

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

St. Louis •  Chicago •  Philadelphia •  New York

PRECISION —̂
. . . . i n  t h e  L A B O R A T O R Y

Accurately measuring laboratory apparatus is of little value in 
analytical procedure unless the chemicals employed are free from 
impurities giving rise to erroneous results. M allinckrodt Analytical 
Reagents—each scrupulously refined to meet predetermined stand
ards of purity—are especially designed to facilitate analytical pre
cision. Chemists can depend upon M allinckrodt A. R. Chemicals 
because they conform to  A. C. S. specifications.

S en d  for new catalogue o f  a n a ly tic a l  re a g e n ts  a n d  o th e r  c h e m 

icals fo r la b o ra to ry  use . I t  c o n ta in s  d e sc r ip tio n s  o f  c h e m i

cals su ita b le  for e v e ry  ty p e  o f  a n a ly tic a l w o rk  . . . g ra v i

m e tr ic , g aso m etric , c o lo rim e tr ic  o r  t i t r im e tr ic .
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WHICH WAX WOULD YOU USE?

Diffraction pattern of wax ‘'X ” Diffraction pattern of paper prepared with wax “ X ”

Wax “X ” and wax “Y” seemed to have the 
same characteristics. Yet, when these two 
waxes were used in the manufacture of wax 
paper—using the same paper stock—the re
sulting product was acceptable with wax “X ” 
and sub-standard with wax “Y” .

This is only one of the many wax problems 
tha t can be solved by an x-ray crystal analy
sis with the G-E XRD Unit. You, too, may 
have a problem which can best be solved by 
x-ray diffraction. One good way to be sure 
is to consult with our diffraction laboratory

staff, and write for your copy of the interesting 
catalog which describes and illustrates the 
G-E X-Ray Diffraction Unit. I t  also in
cludes much valuable information about the 
applications of this modern, time-saving, fact
finding method. Address your request to 
Department 195.

GENERAL @  ELECTRIC 
X-RAY CORPORATION
2 0 1 2  J A C K S O N  B LV D . CH ICAG O , ILL., U. S. A.

Diffraction pattern of wax “Y” Diffraction pattern of paper prepared with wax “ Y ”
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No. 28010

KIMBLE GLASS COMPANY • • • • v i n e l a n d , n . j .
N E W  Y O R K  • • C H I C A G O  • •  P H I L A D E L P H I A  • •  D E T R O I T  • •  B O S T O N

No.  20040-ST

No. 20030
No. 28015-ST \  - fÂ ËNo. 37000

No. 17030- S T

K i m e i E

O F
A C C U R A C Y

Every p iece o f  B lu e  L ine < e x a x >  G lassw are is IND I
VIDUALLY RETESTED to rigid to leran ces — o n e  o f  
th e  o u tsta n d in g  reasons for th e  BLUE LINE’S p o 
s it io n  as th e  laboratory stand ard  FOR ASSURANCE.

B L U E  T H E  P I O N E E R  O F  
L I N E

97ze V i s i b l e  G u a r a n t e e  o f

C O L O R E D  C A L I B R A T I O N S

STOCKED BY LEADING LABORATORY SUPPLY HOUSES 
THROUGHOUT THE UNITED STATES A N D  C A N A D A

©  1940, KIMBLE GUSS CO.

I n v i s i b l e  Q u a l i t y  ♦ • »
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Low first cost, economy of operation, simplicity of control, wide range 
of temperature settings, beauty and utility combine to make the new 
Cenco-deKhotinsky Oven a desirable and inexpensive addition to the 
equipment of any laboratory requiring a space in which accurate tem
perature control is achieved.

Its temperature range is from that of the room to approximately 210 
degrees centigrade above surrounding temperature. I t can therefore 
be used as an incubator, a drying oven, a sterilizer, or as a baking oven 
for varnishes, lacquers and japans, as well as for curing synthetic

Temperature constancy and uniformity in the oven chamber are ex
cellent. Departure from average temperature at any point in the 
operating range is within one degree centigrade. The temperature 
control unit, which is of utmost simplicity, is independent, both struc

turally and functionally, of the oven chamber; but the expansible 
element is located wholly within the chamber, with the result that it 
responds quickly to temperature changes. No relay is employed. 
The heating current is turned on and off automatically by means of a 
snap-action control switch.

The oven chamber is so well insulated that at maximum temperature 
the input is only 400 watts—about 40% less than that required for an 
electric toaster or flatiron. The heating units operate considerably 
below incandescence, and are not exposed to the air in the oven cham
ber; and the switching and control mechanisms are entirely removed 
from the chamber. Without change in heating units, the oven may be 
operated on either 115 or 230 volts A.C., merely by throwing a switch. 
The external housing is made of metal and finished with aluminum 
“shrivel” finish. The design is modern, with chromium-plated hinges 
and latch.

★  95050 A  C E N C O - d e K H O T I N S K Y  C Y L IN D R IC A L  C H A M B E R  D R Y I N G  O V E N  $85 .00

C H IC A G O  

1700 Irving Pk. Blvd. 

Lakeview 

Station

S C I E N T I F I C  
INSTRUMENTS

New York •  Boston •
*

C H I C A G O

L AB OR A T OR Y  
A P P A R A T U S

•  Toronto •  San Francisco

B O STO N  

79 Amherst St. 

Cambridge A  

Station

(Hue IN A NEW CONSTANT TEMPERATURE DRYING OVEN



MAY 15, 1940 ANALYTICAL EDITION 9

means 
Research in Glass

On the Silver/Miniversary of "PYREX" Laboratory Ware

T H E  N E W E S T  A C H I E V E M E N T  I N  G L A S S  M A K I N G

“P Y R E X  VYCOR” Laboratory Glassware is an impor
ta n t supplem ent to the “P Y R E X ” line. I t  in no way dis
places laboratory ware fabricated from standard  P Y R E X  
brand Chemical Glass (coefficient of expansion .0000032) 
which, over the past quarter of a century has proved 
em inently satisfactory for most laboratory usage.

A limited num ber of laboratory items in the new High 
Silica glass will soon be available through your regular 
laboratory supply dealer. These items, together w ith a 
statem ent of the properties of the glass, will be described 
in a catalog supplem ent now in preparation.

K indly use coupon below.

1  w e n t y - f i v e  y e a r s  after the introduction of P Y R E X  
brand Chemical Glass, Corning Research is able to 
a n n o u n c e  an  even  g re a te r  d ev e lo p m e n t— “ P Y R E X  
V YCO R” High Silica Glass, No. 790.

This new ultra-low-expansion glass has a linear coeffi
cient of .0000008— the lowest of any commercial glass 
other than  fused silica. I ts  development necessitated a 
new and revolutionary technique in glass making—the 
first real departure from th a t ancient a r t in 4000 years.

T he distinguishing properties of this new glass—excep
tional stability, high softening point and very low therm al 
expansion—make laboratory ware fabricated from it ideal 
for m any applications. For high tem perature reactions, 
rapid chemical analyses or any exceptionally accurate 
work, this new High Silica glassware will be most useful.

P Y R E X " is a registered trade-mark and indicates manufacture by

C O R N IN G  G L A S S  W O R K S  • C o r n i n g ,  N . Y,

CORNING GLASS WORKS * C orning, N. Y ., D ep t. LW -7
Please send complete inform ation on the new “ P Y R E X  V Y CO R’ 
Laboratory Glassware.

T H E  ÎYEW  W A ItE  C A N  B E  
I D E N T IF IE D  B Y  

T H IS  M A R K

Name.
P L E A S E  P R IN T

Address.
‘VYCOR” is a trade-mark of 

Corning Glass W'orks
Laboratory 
.Supply Dealer.Position

i
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K LE TT-S U M M E R S O N

PHOTOELECTRIC COLORIMETERS
TEST TU B E M O DEL and NEW , GLASS CELL M O DEL

3788-A 3790-A

C O L O R IM E T E R , P H O T O E L E C T R IC  (P h o to e le c tr ic  P h o to m e te r ) ,  K le t t - S u m m e r s o n .  D esig n ed  
b y  D r. W . H . S u m m erson , of C ornell U n iv e rs ity  M e d ica l C ollege. See T he  J o u rn a l  o f  Biological Chem
istry, Vol. 130, N o .  1 (September, 1939), p. 149.

A self-contained, portable instrument of simple and rugged construction, with built-in galvanometer. Measurements can 
be made with ease and rapidity, all necessary adjustments being controlled by a single knob, with only a few seconds re
quired for each measurement. The zero point does not shift and results are unfailingly reproducible.

The compensated electrical circuit is based on the double photoelectric cell null-point principle, giving colorimetric meas
urements in terms of the graduations on a precision potentiometer. The light source consists of a 100-watt lamp which 
can be operated from any convenient electric outlet, a.c or d.c., no constant current device being required since ordinary 
fluctuation in the line voltage or light intensity does not affect the readings.

The instrument is provided with a logarithmic scale, reading from 0 to 1000, so graduated tha t concentration of unknown 
solutions is obtained directly by multiplying the scale reading by the proper factor, predetermined from a standard. 
Plotting of calibration curves or the use of logarithm tables is therefore unnecessary for solutions obeying Beer’s law.

The inherent precision of measurements is approximately 1/ s of 1 % of a full linear scale length.
T es t T ube  M odel. S tandardized  te a t tu b es  12.5 m m  d iam eter are used  as con tainers  for th e  solu tions, only 5 ml of w hich is required  for 

a  reading. M icro tu b e  for 1 m l of fluid is also availab le . T e s t tubes are inexpensive, conven ien t to  use. easy to  clean, and  perm it 
rap id  readings w hen th e  unknow n solu tions are p laced  in  sep a ra te  tubes. T h ey  can be cen trifuged  or h eated , if necessary.

G lass Cell M odel. M easurem ents a rc  m ade in  fused glass cells w ith  so lu tion  dep th s  of 2.5, 10, 20 or 40 m m , pe rm ittin g  photoelectric  
m easurem ents over a wide range of colored or tu rb id  solu tions. A n ad ap ter , for insertion  in  th e  cell cham ber, provides fo r th e  use 
of s ta n d a rd  12.5 mm  te s t tubes.

A filter frame, which takes any standard light filter 2 inches square, is offered as an accessory for use with either Model. 
This Colorimeter is suitable for practically any procedure which has been devised for the visual colorimeter.

Code
3788-A. Colorimeter, Photoelectric, Klett-Summerson Test Tube Model, as above described, complete with two Word 

color filters in separate holders, i.e. 5400A and 4200A, built-in galvanometer, heat filter, two standardized 
test tubes, 100-watt lamp, and booklet of instructions for use and methods for fourteen standard bio
chemical procedures. For 110 volts, a.c. or d.c......................................................................................  148.00 Dyjac

3788-D5. M icro T ube, for 1 ml of fluid; for insertion  in spring  holder in  place of 12.5 ram  s tan d a rd  tu b e ...............................1.20 D yjahm

3790-A. Colorimeter, Photoelectric, Klett-Summerson Glass Cell Model, with two color filters, i.e. 5400A and
4200A, built-in galvanometer, heat filter, 100-watt lamp, and fused glass cell for 20 mm and 40 mm
solution depth, but without test tube adapter. For 110 volts, a.c. or d.c................................ 183.00 Dyjbe

3790-J . A dapter, for insertion  in the  cell cham ber of 3790-A to  a d a p t i t  for use w ith  s ta n d a rd  12.5 m m  te s t tu b e s ..................................... 8.00 D yjbt

3788-1. F ilte r F ram e, only, for holding any  s tan d a rd  lig h t filter 2 inches square. F o r use w ith e ither M o d el.............................................. 2.80 D yjal

3790-F. G lass Cell, w ith  p lane, paralle l sides fused toge ther, for 20 m m  so lu tion  d ep th  or, w hen used  endwise, fo r 40 mm  so lu tion  d ep th
......................................................    5.80 Dyjbo

ARTHUR H. THO M AS COMPANY
RETA l L— W H O LESALE— E X PO R T

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

C a b le  A ddress, "B a la n c e ,”  P h ila d e lp h ia
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A N A L Y T I C A L  E D I T I O N

P U B L I S H E D  BY T H E  A M E R I C A N  C H E M I C A L  S O C I E T Y  •  H A R R I S O N  E. H O W E ,  E D I T O R

Determination of Methylpropene
By Means o f a Modified D eniges Reagent

A . NEWTON AND E. J .  BUCKLER, T rin id ad  Leaseholds, L td ., P o in tc-a -P ierre , T rin id ad , B. W. I.

T h e  d e te r m in a tio n  o f  m e th y lp r o p e n e  by  
m e a n s  o f  D en ig es  r e a g e n t is  co m p lica ted  
b y  th e  so lu b ility  o f  th e  p rec ip ita te  in  n itr ic  
a c id  a n d  th e  c h a n g e  in  w e ig h t  a n d  c o m p o 
s it io n  o f  th e  p r e c ip ita te  o n  w a sh in g  w ith  
w a ter . T h e  fir st so u rce  o f  error is e l im i
n a te d  b y  u s in g  a n e u tra lized  D en ig es re
a g e n t . T h e  seco n d  is  avoided  b y  u s in g  as 
th e  m e a su r e  o f  m e th y lp r o p e n e  absorbed  
n o t  th e  w e ig h t  o f  th e  p r e c ip ita te  b u t  th e  
w e ig h t o f  m ercu ry  in  th e  p r e c ip ita te ,  
w h ic h  is  c o n s ta n t  u n d er  th e  c o n d itio n s  o f  
th e  d e te r m in a t io n  a n d  a m o u n ts  to  seven  
a to m s  for  ea ch  m o le c u le  o f  m eth y lp ro p en e  
u se d . U n d er  th e se  c o n d it io n s  th e  m e th o d  
is  a c c u r a te  a n d  rea so n a b ly  rap id .

T W O  m ethods are a t  present available for the determ ina
tion of methylpropene, using sulfuric acid (4) and hy

drogen chloride (3), respectively.
L ittle  a tten tion  appears to have been paid to  the ability 

of m ethylpropene to form a precipitate w ith solutions of 
mercuric n itra te  as originally reported by Deniges (J), 
possibly because the scanty inform ation in the literature im
plies th a t the precipitate is of variable composition.

Deniges used a solution prepared by adding 20 grams of mer
curic oxide to 100 ml. of water and 40 ml. of 75 per cent nitric 
acid, heating to dissolve the mercuric oxide, and then diluting 
with 400 ml. of water. After methylpropene was absorbed in this 
solution the product was boiled and an orange precipitate ob
tained which was stated to have the composition HgNOj.GiH».- 
Hg,NOa, corresponding to a content of 76.96 per cent of mercury 
and 7.18 per cent of C JIj. Hurd and Goldsby (£), using the same 
solution, obtained 2.90 and 2.52 grams of precipitate from 0.13 
and 0.115 gram of methylpropene, corresponding to a content 
of 4.48 and 4.56 per cent of methylpropene, respectively.

E x p erim en ta l
In  prelim inary tests to  examine the possibility of using 

the reaction w ith mercuric n itra te  for the estim ation of 
methylpropene, samples of the addition compound were pre
pared from  the  pure gas by the procedure specified by Deniges. 
In  four determ inations the results corresponded to  4.62, 3.65,

4.02, and 3.47 per cent by weight of m ethylpropene in the 
precipitate. I t  was observed, however, th a t  the filtrates often 
deposited additional solid on standing or on dilution w ith 
water, and it  was suspected th a t the variation in results was 
due to  incomplete precipitation in the presence of nitric acid. 
When the precipitate was stirred w ith dilute nitric acid, no 
apparent decomposition occurred a t  room tem peratures b u t 
opalescent solutions were formed from  which solid could be 
reprecipitated by dilution or neutralization. T he solubility 
of the addition compound in different strengths of nitric acid 
was determined by preparing suitable mixtures, filtering, and 
titra ting  m ercury in the filtrates w ith standard  potassium 
thiocyanate. The results are recorded in Figure 1.

Deniges reagent contains about 80 grams of nitric acid per 
liter and, as will be shown later, th is concentration increases 
during reaction w ith methylpropene. T hus the reagent will 
retain in solution a t  least 0.11 gram of the precipitate per liter 
and, taking into consideration the nitric acid formed in  the 
reaction, the am ount retained will be dependent on the ratio 
of the volume of m ethylpropene to  the volume of reagent used.

F i g u r e  1. S o l u b i l i t y  o f  P r e c i p i t a t e  i n  N i t r i c  A c id
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F ig u r e  2. A p p a r a t u s  f o r  D e t e r m in a t io n  o f  M e r c u r y - M e t h y l p r o p e n e
R a t io

T he authors believe th a t this circumstance accounts in p art 
for the apparen t differences in  the composition of the pre
cipitate as calculated from the results of previous workers.

In  view of the above results the possibility of using a 
neutralized Denig&s reagent, prepared by adding caustic soda 
solution to the acid reagent until basic mercuric n itra te  began 
to  precipitate, was investigated. This solution was found to  
absorb m ethylpropene rapidly b u t in contrast to  the acid 
reagent no precipitate was formed in the cold. P recipitation 
took place on warming to  tem peratures above 70° C. or could 
be induced by adding a few drops of 75 per cent nitric acid to 
the cold solution and was accompanied by an appreciable fall 
in pH . No precipitation took place, even on boiling in a solu
tion buffered to pH  5.4 w ith sodium acetate-acetic acid.

I t  appears th a t the reaction between m ethylpropene and 
mercuric n itra te  solutions takes place in two stages. In  the 
first stage m ethylpropene is absorbed w ith  form ation of a  solu
ble complex and liberation of hydrogen ions. In  the second 
stage, which does n o t take place above a critical pH  value, 
the insoluble complex is formed.

C o m p o sitio n  o f  P r e c ip ita te
Methylpropene, prepared by the dehydration of pure trimethyl 

carbinol and fractionation of the product, was absorbed in the 
neutralized mercuric nitrate reagent. The precipitate was 
filtered, washed with distilled water, and dried in  vacuo over cal
cium chloride. Mercury was determined in this precipitate by 
dissolving in hot 70 per cent nitric acid, titrating with thiocya- 
nate solution ((?), and precipitating as mercuric sulfide (7) or 
by the pyridine-dichromate method (5).

T a b l e  I .  E f f e c t  o f  W a t e r -W a s h in g  o n  M e t h y l p r o p e n e -  
M e r c u r ic  N it r a t e  P r e c ip it a t e

No. of W eight of H g  C on ten t

W eight of 
M ercury  in 

R esidue from
P p t. T aken W ashes Residue of R esidue 100-G ram  P p t.

Qrams Grams % Grams

3 7 7 .6 7 7 .6
4 .’8903 8 4!8023 7 8 .9 7 7 .5
4 .0216 18 3 .9050 79 .9 7 7 .6
3.0S37 28 2.9789 80.1 77 A

D eterm inations of the m ercury content of the  precipitate 
gave concordant results by  the three methods, b u t specimens 
of the precipitate prepared a t  different tim es showed m ercury 
contents varying from about 78 to  82 per cent. This variation 
was traced to  the water-washing of the precipitate. As shown 
in Table I, washing the precipitate w ith  successive 20-ml. 
portions of w ater a t  room tem perature (30° C.) decreased the

weight of the precipitate b u t did not affect the 
weight of m ercury in it. N itra te  could be de
tected in the wash w ater after all soluble mer
cury had been removed.

The change in weight appears to be due to  a 
replacement of n itra te  groups in the precipitate 
by hydroxyl or possibly w ater. I t  also appears 
th a t this replacem ent is reversible.

Combustion and gravim etric analysis showed 
th a t a product prepared, using the neutralized 
reagent w ith the minimum of water-washing 
and containing 78.3 per cent of mercury, had a 
composition corresponding closely to  1 C^Ha 
(3.13 per cent by  weight), 7 Hg, 3 N 0 3, 2 H, and 
by difference 9 0 , the apparent molecular weight 
being 1793.

W hen a sample of the precipitate was boiled 
for 30 m inutes w ith a large quan tity  of distilled 
water, a  loss in weight of 7.8 per cent resulted 
and the recovered precipitate contained 80.8 
per cent of m ercury corresponding to  74.4 
grams of m ercury per 100 grams of original 

precipitate. This appreciable loss of m ercury was accom
panied by a change in color of the precipitate from orange to 
deep red, and unlike the products obtained by water-washing 
a t  room tem perature, the color did no t revert to light orange 
in contact w ith nitric acid.

I t  is concluded from these results th a t the to ta l weight of 
precipitate obtained is no t a satisfactory measure of th e  
am ount of m ethylpropene used. I t  appears, however, th a t  
the ratio of m ethylpropene used to m ercury in the precipitate 
is constant.
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T a b l e  I I .  R a t io  o f  M e r c u r y  in  P r e c ip it a t e  to  
M e t h y l p r o p e n e  U s e d

Volume of 
M ethy l
propene Tem p. Pressure

W eight of 
M ethy l
propene

W eight of 
M ercury

A tom s of 
H g per 
M ole of 
M ethy l
propene

M l. 0  C. M m . Ho Gram Gram
12.52 29 .5 758.3 0.02823 0.7004 6.94
12.52 3 1 .0 758 .5 0.02811 0.6952 6 .92
12.52 30 .0 758 .0 0 .02818 0.7011 6 .96

M e r c u r y - M e t h y l p r o p e n e  R a t i o .  The apparatus shown 
in Figure 2 was used for determ ining the ratio of m ercury to  
m ethylpropene in the precipitate.

A sample of pure methylpropene was passed from reservoir D 
through stopcock W  and drying tube C, containing calcium chlo
ride, into bulb P, fitted with mercury leveling bulb A. I ts  pres
sure was adjusted to atmospheric by escape of excess gas through 
W  and water seal B. After its temperature and pressure had 
been recorded, the sample was transferred from P  to reaction 
bulb R, which had previously been charged with a suitable volume 
of neutralized reagent and evacuated. R  was detached a t F and 
shaken vigorously for 10 minutes, air being adm itted through F 
to sweep methylpropene from the capillary tubing. Finally, R  
was detached at H, and the solution was washed into a beaker, 
heated to boiling, cooled to room temperature, and filtered 
through a sinterea-glass crucible. After being washed with cold 
distilled water until the filtrate gave a negative test for mercury 
with ammonium sulfide, the precipitate was dissolved in 70  per 
cent nitric acid, and the mercury was determined with thiocya- 
nate.

T he d a ta  for three such determ inations given in Table I I  
indicate th a t  seven atom s of m ercury are present for each 
molecule of m ethylpropene in  the precipitate.

R ea g en ts
M e r c u r ic  N it r a t e  R e a g e n t . One hundred grams of pure 

mercuric oxide are mixed to a paste with about 100 ml. of distilled 
water and then dissolved in the minimum quantity of 70  per cent
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F ig u r e  3. A p p a r a t u s  f o r  R o u t in e  
D e t e r m in a t io n  o f  M e t h y l p r o p e n e  in  

G a se s

nitric acid (about 90 ml.). About 10 grams of pure sodium 
hydroxide are dissolved in 15 ml. of water and the solution is 
added drop by drop to the mercuric nitrate solution until a faint 
but permanent white cloud of basic mercuric nitrate is produced. 
Great care must be taken not to add any appreciable excess of 
sodium hydroxide. The solution is diluted to 2 liters with distilled 
water, filtered, and stored in a dark, glass-stoppered bottle.

P o t a s s iu m  T h io c y a n a t e . I t  is convenient to use a solution 
about 0.07 N  in potassium thiocyanate, which is prepared by 
dissolving 15 grams of the pure salt in distilled water and diluting 
to 2 liters. The solution is standardized against 0.2 to 0.3 gram 
of pure mercury dissolved in 5 ml. of 70 per cent nitric acid.

A p p aratu s an d  P rocedure
A p p a r a t u s . A  convenient form of apparatus for the routine 

determination of methylpropene in refinery gases is shown in 
Figure 3 and consists of a water-jacketed gas buret, B, a com
pensator, L, and an absorption tube, S.

P r o c e d u r e . About 1 ml. of water is drawn into the buret. 
The gas sample, varying from 35 ml. for 20 per cent methylpro
pene to 150 ml. for 1 per cent methylpropene, is drawn into the 
buret, and after standing for about 30 seconds its volume and 
pressure are recorded. Into the absorption tube, S, are drawn 
about 50 ml. of neutralized reagent and the tube is then evacuated 
by a good water pump, closed, and attached to the apparatus. 
The gas sample is transferred to the absorption tube, using the 
water to drive the gas through the connecting capillary tube, and 
taking care th a t no mercury is allowed to pass into the absorp
tion tube. After closing the upper stopcock, R, the absorption 
tube is detached from the apparatus and shaken for 5 minutes 
and for a further 2 minutes after admitting air.

The liquid in the absorption tube is allowed to run into a 
250-ml. beaker and the tube is washed out two or three times. 
T he beaker is heated gently to 100° C. (but not boiled), and

allowed to cool almost to room temperature, and the liquid is 
filtered through a No. 4 sintered-glass crucible. (A No. 3 crucible 
is more rapid and usually satisfactory but occasionally allows 
some precipitate to pass.) Washing of the beaker and the crucible 
is carried out with cold distilled water until the filtrate gives 
no precipitate with ammonium sulfide, after which the crucible 
is returned to the beaker and the precipitate dissolved by heating 
gently with about 10 ml. of 70 per cent nitric acid. When solu
tion is complete, the crucible is washed and removed.

The solution in the beaker is oxidized to convert Hg+ to H g++ 
by the dropwise addition of saturated permanganate until the pink 
color persists and the excess of permanganate is destroyed by the 
addition of a very slight excess of 10 per cent oxalic acid solution. 
After diluting to 100 to 150 ml., 2 ml. of saturated iron alum solu
tion in 50 per cent nitric acid are added and the solution is titrated 
with standard potassium thiocyanate solution. One milliliter of 
0.1 N  potassium thiocyanate is equivalent to 0.01003 gram of 
mercury or 0.1C01 ml. of methylpropene a t 0° C. and 760 mm.

T i m e  R e q u i r e d  f o r  A b s o r p t i o n .  To determ ine the tim e 
required for the absorption of methylpropene, a num ber of 
analyses were carried out on a refinery Cj fraction containing 
0.67 per cent of m ethylpropene, using approxim ately the same 
volume of gas and the same volume (50 ml.) of reagent b u t 
different times of shaking. The results are given in Table I I I .

T a b l e  III . E f f e c t  o f  T im e  o f  S h a k in g  o n  A b s o r p t io n  o f  
M e t h y l p r o p e n e

Volume of D ry Tim e of M ethy lpropene
Gas (S. T . P.) Shaking H g  in  P p t. E x trac ted

M l. M in . Gram %
1G5.1 7 0.0696 100
146.7 1 0.0608 98 .2
161.4 0 .5 0.0642 94 .2
151.9 0 .5 ° 0 .0583 90 .4

° Gas adm itted  to  absorp tion  vessel and  then  rem oved. N o shaking.

All b u t the last traces of m ethylpropene are removed after 
shaking for 1 m inute and 5 m inutes are adequate for complete 
extraction.

V o l u m e  o f  R e a g e n t .  A refinery C< fraction containing 
19.73 per cent of methylpropene was used in each of a num ber 
of determ inations w ith different volumes of reagent and a 
constant shaking tim e of 5 m inutes. The results are recorded 
in Table IV.

T a b l e  IV . E f f e c t  o f  V o l u m e  o f  R e a g e n t  o n  A b s o r p t io n  o f  
M e t h y l p r o p e n e

Volume of D ry 
Gas (S. T . P .)

Volume of 
R eagen t H g in  P p t.

M ethy lpropene
E x tracted

M l. M l. Gram %
41.9 10 0 .2070 4 0 .0
39 .6 25 0.4483 91 .5
41 .9 50 0.4981 96 .4
40 .4 100 0.4992 9 9 .9
3 9 .8 200 0.4927 100.0

The m ethylpropene present in the volume of gas taken was 
sufficient to combine w ith all the m ercury in 10 ml. of reagent. 
Good results are obtained by using a volume of reagent equal 
to about ten  times the volume of m ethylpropene to  be ab
sorbed.

O t h e r  G a s e s .  Ethene, propene, and 1,3-butadiene were 
slowly absorbed by the  reagent b u t gave no precipitate when 
the solution was boiled.

A m ixture of 1- and 2-butenes prepared by the dehydration 
of sec-butanol was slowly absorbed by the reagent and on 
warming a fain t yellow turb id ity  was produced, the mercury 
content of the precipitate corresponding to  0.37 per cent of 
methylpropene in the gas. The gas was shaken w ith 67 per 
cent sulfuric acid until one th ird  of its volume had been 
absorbed, when the residue gave a barely detectable opales
cence w ith  mercuric n itra te  reagent, corresponding to  less 
than  0.006 per cent of methylpropene. A fter a second trea t
m ent w ith sulfuric acid the gas was slowly absorbed by the 
reagent b u t gave no precipitate.

H urd and Goldsby (2) report th a t 2-methyl-2-butene gives 
no precipitate w ith the acid Denig^s reagent. W ith th e
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neutralized reagent, the m ixture of pentenes obtained by de
hydrating  2-m ethyl-2-butanol gives a  heavy precipitate under 
the conditions for m ethylpropene determ ination, as also does 
a Cs cu t fractionated from debutanized cracked gasoline. 
This is probably due to  the presence of 2-m ethyl-l-butene 
in these two samples. The possibility of applying this m ethod 
to  the pentenes is being studied.

Q uantitative tests of the effect of 1- and 2-butenes on the 
estim ation of m ethylpropene were carried out by preparing 
synthetic m ixtures and subm itting them  to  the determ ination. 
The results are given in Table V.

Thus 1- and 2-butenes neither give a precipitate w ith the 
reagent nor interfere w ith the determ ination of m ethylpro
pene. The m ethod is entirely satisfactory in presence of C2, 
Ca, and C4 olefins, b u t pentenes m ust be absent. To te st the 
effect of air which is norm ally present during a determ ina
tion, a  m ixture of m ethylpropene and air containing 5.90 per 
cent of the former constituent was analyzed and gave results 
of 5.96 and 5.93 per cent of methylpropene.

T a b l e  V. A n a l y s i s  o f  S y n t h e t i c  M i x t u r e s  o f  M e t h y l 
p r o p e n e  WITH 1- AND 2-BUTENES

Sam ple Volum e of D ry  
G as (S. T . P.)

M ethy lpropene  C on ten t
No. H g in P p t. Calcd. Found

M l. Oram % %
1 9 .3 0.5815 100.0 100.1
2 16.9 0 .2257 21 .3 21 .3

17.4 0 .2345 21 .3 21 .4
3 27 .0 0 .0715 4 .1 4 4 .23

3 3 .3 0 .0847 4 .1 4 4 .0 7

Table VI compares a num ber of determ inations of m ethyl
propene in refinery C* fractions by the present m ethod and by 
a standardized form  of the sulfuric absorption m ethod. In 
the la tte r  m ethod the gas sample (100 ml.) is given two passes 
into a special bead-packed absorption pipet containing 64 
per cent sulfuric acid and on each pass is left in contact with 
the  acid for exactly 3 m inutes.

T he am ount of 1- and 2-butenes present in the samples of 
Table V I ranges from about 28 per cent for the samples with 
20 per cent of m ethylpropene to about 12 per cent for the 
samples w ith 1 per cent or less of methylpropene. T he sul
furic acid m ethod gives high results, the percentage error in
creasing w ith increase in the ratio of 1- and 2-butenes to

methylpropene and, even in the hands of a  well-trained 
operator, is far less precise than  the present method.

A single determ ination requires about 2 hours, of which 40 
to 45 m inutes are ac tual working time. In  carrying ou t a 
num ber of determ inations the tim e required averages 40 
m inutes for each analysis.

T a b l e  VI. M e t h y l p r o p e n e  D e t e r m i n a t i o n  b y  M e r c u r i c  
N i t r a t e  R e a g e n t  a n d  b y  64 P e r  C e n t  S u l f u r i c  

A c id
-----------M ethylpropene C on ten t------- —>

Sam ple Sulfuric aeid M ercuric  n itra te
No. m ethod m ethod

% %
1 1.9 0 .6 7

1 .6 0 .67
2 3 .1 2 .72

2 .8 2 .73
4 .4
3 .3

3 8 .8 7 .0 8
7 .2
8 .7
7 .4

4 12.5 12 .8
12.5

5 21.1 2 1 .2
2 1 .2 2 1 .2

If  desired, m ercury can be very easily recovered from the 
filtrates from  the determ inations by  adding an  excess of caustic 
soda solution, washing the yellow precipitate by  decantation, 
filtering, drying, and redissolving the necessary quan tity  of 
the dry  mercuric oxide in nitric acid.
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Filter Aids
ALLEN L. OLSEN 

K ansas S ta te  College, M a n h a tta n , K ans.

KA F IR  fa t a t  room tem peratures is a  pasty  solid, and in 
recent investigations considerable difficulty was en

countered in  the usual procedure of purification. Even ex
cessive am ounts of ho t solvents did little to  relieve the diffi
culty  because the m a t of adsorbent, the small pores of the 
filter paper, and the small holes of the Büchner funnel pro
longed the filtration time. Moreover, oily constituents sepa
rated  from the fa tty  solids of higher m elting point, so th a t the 
product of extraction was no longer representative.

Several different designs were tried before the following was 
chosen as m ost inexpensive and efficient. F or a Büchner 
funnel 127 mm. in  outside diam eter, an ordinary 3.785-liter 
(1-gallon) bucket was cu t to  a  10-cm. (4-inch) wall and an  air 
inlet and a dispensing ou tlet wrere soldered to the bottom . 
The former served to introduce air from the pressure line and 
bring about a more uniform tem perature. The remaining

parts  of the device are self-explanatory. The weight of the 
un it rests securely on the suction flask and an  attached  buret

clamp serves to  stabilize the 
apparatus.

In  actual operation, hot 
w ater is poured into the can, 
air is adm itted, and a small 
flame is directed tow ard the 
side of the can. A fter 20 or 
30 m inutes the tem perature 
of the Büchner funnel has 
reached working conditions 
and the treated  fat-solvent 
m ixture is poured through. 
G reat quantities of th e  mix
tu re  m ay be filtered w ithout 
difficulty.

C o n t r i b u t i o n  No. 2 3 9 ,  D e p a r t
m en t of C hem istry , K ansas S ta te  
College, M an h a tta n , K ans.



Determination of Cellulose in Fibrous 
Agricultural Wastes

A Rapid Method Using M onoethanolam ine

J .  DAVID REID, G. H . NELSON, a n d  S. I. ARONOVSKY 
A gricu ltu ra l B y-P roducts L aboratory , Ames, Iowa

IN  A R E C E N T  article (19) Wise, Peterson, and Harlow de
scribed a  prelim inary experiment in which they obtained 

from beechwood a cellulose fraction very similar to  Cross and 
B evan cellulose. They extracted the sawdust for 5.25 hours 
w ith h o t (170° C.) monoethanolamine, bleached the residue 
for 20 m inutes w ith sa tura ted  chlorine water, and then treated  
i t  w ith ho t 3 per cent sodium sulfite solution for 0.5 hour. 
O ther investigators have used dilute alcoholic solutions of 
monoethanolamine in the isolation of holocellulose from 
woods, following chlorination (5, 17, 18). This laboratory is 
interested in  a rapid method for the determ ination of cellu
lose. The procedure should cause b u t little degradation of 
the cellulose and should be suitable for use on fibrous agri
cultural wastes such as straws, stalks, etc., or the residue left 
after the bacterial ferm entation of such wastes. Previously 
a  critical investigation has been reported by this laboratory 
(16) on a num ber of such m aterials (and sprucewood), in 
which the results obtained by  the Cross and Bevan (8), 
N orm an-Jenkins (14), and Kurschner-Hoffer (5) m ethods of 
cellulose analysis are compared. Sufficient quantities of the 
original samples (with the exception of w heat straw) were still 
available for com parative analysis.
T he present paper is, therefore, 
concerned w ith the development of 
a m ethod using monoethanolamine 
as a reagent for cellulose analysis and 
comparison of the results w ith those 
obtained by  the m ethods of analysis 
m entioned above (16).

Approximately 300 cellulose de
t e r m i n a t i o n s  w e re  m a d e  u s in g  
m onoethanolamine on the various 
materials, after which the result
ing “crude celluloses” were analyzed 
for alpha-cellulose, pentosans, lignin, 
and ash. I t  was found from pre
lim inary results th a t monoethanol
am ine is particularly suitable for 
the analysis of fibrous agricultural 
wastes. The cellulose fraction ob
tained is very similar to  Cross and 
Bevan cellulose, except th a t the 
pentosan content is usually a little 
higher. The m anipulation tim e is 
from 45 to  60 m inutes per deter
m ination, or less than  half of th a t 
required for the usual Cross and 
Bevan m ethod. The cellulose analy
sis of 8 to 10 samples of straws or 
stalks m ay be completed (except for 
drying and weighing) in an 8-hour 
day.

R ea g en t

W hile technical monoethanol
am ine m ay be used for the de
t e r m i n a t i o n  o f c e l lu lo s e ,  th e

redistilled reagent was found to be more satisfactory for this 
purpose. One sample of the technical grade, which gave 
erratic results, was found to  have corroded its m etal con
tainer. T he monoethanolamine was distilled, using a frac
tionating column, and th a t portion distilling between 167° 
and 172° C. was retained for use. The technical mono
ethanolam ine costs about 30 cents per pound, am ounting to  
about 5 cents for each cellulose determ ination. A bout two 
thirds of the used reagent m ay be recovered by distillation, 
thus reducing this cost materially.

S a m p les
The samples, with the exception of w heat straw , were those 

previously described (16) consisting of ground bagasse, rye 
straw , cornstalks of 40- to  60-mesh, and sprucewood of 40- 
to  60- and 60- to  80-mesh. These samples were homogeneous 
b u t not necessarily representative of the whole p lan t m aterial 
from which they were prepared (16). W ashed w heat straw  
was ground in a chopping mill and the portion passing a 40- 
mesh sieve b u t retained on 60-mesh was used for analysis. 
A sample of the same washed w heat straw  was fermented and
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the  residue, after washing and grinding, was also analyzed, as 
indicated in Table II.

A p p aratu s
The apparatus used in the determination is shown in Figure 1.
The refluxing flask, A, of about 200-ec. capacity, was similar 

to th a t used for Kiirschner-Hoffer cellulose determinations (16), 
and was made by sealing off the lower part of a 50/50 interchange
able ground-glass joint. The upper portion of the joint, about 
12 cm. above the ground-glass portion, was sealed to a Pyrex 
tube (40 cm. long, 1 cm. in inside diameter). This large part in 
the upper portion served to condense most of the monoethanol
amine and thus continuously to wash clown the sides of the lower 
portion.

A paraffin oil bath was used to heat the samples. The bath, 
as shown in Figure 1 (40 cm. long, 9 cm. wide, and 11 cm. deep), 
was made from a single piece of thin sheet iron with welded 
corners (soldering was considered unsatisfactory), and was large 
enough for four to five simultaneous determinations. A small 
air-driven stirrer, B, a t one end circulated the bath liquid through 
a pipe, C, which directed its flow over the heating coils. The 
bath was heated by a 600-watt Nichrome coil, D, mounted on 
and insulated by an asbestos board, E. Copper leads were 
brought to the surface through bent glass tubes, F. The coil 
must always be completely submerged in the oil to eliminate 
fire hazard.

The temperature was controlled thermostatically as follows: 
The leads to the heating element of a thermostatic hot plate, G, 
were removed and replaced by the leads of the Nichrome coil, 
D. When the surface of the hot plate was held against the bot
tom of the bath a t a point directly below the stirrer, the thermo
stat, controlled by the plate surface temperature, served to keep 
the bath temperature within =*=10° of the 190° C. desired, al
though there was some lag during the first half hour of operation.

A second 600-watt Nichrome coil (not shown in the drawing) 
was mounted independently on the asbestos board, E. This was 
connected directly to the power line and used only for auxiliary 
heating to bring the bath up to the desired temperature. Gas 
burners should not be used on account of fire hazard and the 
tendency of the concentrated heat to carbonize the paraffin. 
Several glass rods were placed vertically in the bath before the 
paraffin solidified. Removal of these rods from the solid mass 
provided vents for expansion of the melted paraffin around the 
wires when the bath was used again.

The flasks were held in the bath by three-pronged clamps, on 
ring stands, so arranged tha t the depth of immersion of the 
flask could be varied to maintain the heating a t the point of 
gentle refluxing.

Pyrex fiber-glass filtering crucibles (210-2-C) were used in 
filtering some of the samples, and Jena fritted-glass filtering 
crucibles (l-G-2) were used in filtering other samples. They 
proved equally satisfactory. After formation of a m at the first 
portion of the filtrate was refiltered. The recommended crucibles 
are of such porosity as to permit rapid filtration. The coarse 
size (210-1-B or 1-G-l) may be used but is not recommended, 
while the finer filter (210-3-D or l-G-3) is almost certain to be
come clogged.

M eth o d s o f  A n a ly sis  o f  C rude C e llu lo se  S a m p les

The pentosan content was determ ined by the official A. 0 . 
A. C. 12 per cent hydrochloric acid m ethod (1). A recheck of 
the pentosan contents first reported on the original m aterials 
(16) showed th a t some of these were low, probably because 
an insufficient am ount of phloroglucinol was used; these have 
been corrected. Asli was determined a t  low red heat. Lignin 
determ inations were made by the 72 per cent sulfuric acid 
m ethod (15). Alpha-cellulose determ inations were made 
using 17.5 per cent sodium hydroxide solutions a t  20° C. (2). 
T he results reported are, w ith  the exception of the d a ta  in 
Table I, the m ean of two or more check determ inations. 
(The term s used in this paper are defined as follows: “ Crude 
cellulose” is the residue remaining after trea tm en t by  the 
given m ethod for the isolation of cellulose. “Pure cellulose” 
is the crude cellulose after correction for its ash, pentosan, 
and lignin content. “Alpha-cellulose” is th a t  portion of the 
"crude cellulose” remaining after trea tm en t in the prescribed 
m anner w ith  17.5 per cent sodium hydroxide solution and cor
recting for ash content.)

P r e l i m i n a r y  P r o c e d u r e .  Prelim inary runs were m ade 
for the purpose of determ ining approxim ately the optim um  
conditions. (These data  are not included in  th is paper.) 
Samples were refluxed for different lengths of tim e in  the ap 
paratus described above. They were then allowed to  cool for 
30 minutes, filtered, washed, dried, and weighed, and the 
residues were analyzed for lignin. Some samples were 
bleached and the bleached residues analyzed for alpha-cellulose 
and pentosan contents.

R esults w ith sprucewood were disappointing. T he un
bleached spruce sample retained 7.5 per cent of lignin even 
after 6.5 hours of refluxing w ith monoethanolamine. (Wise 
et al., 19, succeeded in reducing the lignin content of aspen- 
wood to  2.62 per cent w ith  5.25 hours’ refluxing.) On the 
other hand, monoethanolamine reduced the lignin content of 
bagasse to  approxim ately 1 per cent in 2 hours. Furtherm ore, 
the sample was very light in color and required only a mild 
afterbleach to give a cellulose which compared favorably in  
yield and alpha-cellulose content w ith th a t obtained by the 
Cross and Bevan method. A careful exam ination was then 
made of the factors influencing the method, as well as of the 
effect of monoethanolamine on the p lan t constituents as de
tailed below.

F a cto rs  In flu e n c in g  M eth o d
L i q u o r - S o l i d  R a t i o .  Identical yields of crude cellulose 

were obtained when 2-gram samples of bagasse were refluxed 
for 2 hours w ith  50-, 75-, and 100-cc. portions of monoethanol
amine. D ilution w ith 50, 75, and 100 cc. of w ater, respec
tively, before filtration had no effect upon the yields b u t 
facilitated the filtration. As a compromise between ease of 
handling and economy of reagent, 75 cc. of reagent were used 
on approxim ately 2 grams of sample and, after a 30-minute 
cooling period (to avoid sudden effervescence), the m ixture 
was diluted w ith an equal quan tity  of w ater before filtration.

T a b l e  I. E f f e c t  o f  T i m e  o f  R e f l u x i n g  w i t h  M o n o e t h a n o l 
a m i n e  o n  Y i e l d  a n d  C o m p o s i t i o n  o f  U n b l e a c h e d  P u l p s  

f r o m  B a g a s s e  a n d  S p r u c e w o o d 0 
Bagasse 40- to  60-M esh & Spruce 40- to  60-M eshd

Yield Lignin Lignin P en to  Yield L ignin Lignin
of in re sans in of in re

Tim e pulp pu lp moved® pulp pulp pu lp m oved6
Hours % % % % % % %

0 .5 7 0 .7 2 .0 3 9 4 .2 2 8 .9 7 0 .5 25 .9 36 .5
1 69 .4 1.49 9 5 .8 2 8 .2 66 .6 2 3 .0 4 6 .9
2 67 .3 0 .83 9 7 .5 30 .0 6 1 .2 17 .3 63 .5
3 66 .7 0 .5 7 98 .3 2 9 .2 56 .0 12.1 7 6 .4
4 .5 66.1 0 .30 9 9 .2 2 9 .5 5 5 .8 8 .4 83 .7
6 .5 5 5 .6 7 .5 85 .4

° All results given on m oisture-free basis.
& O riginal m ateria l contained  24.0 per cen t lignin and  31.3 per cent p en to 

sans.
c Basis original lignin.
d Original m ateria l contained  28.8 per cen t lignin.

E f f e c t  o f  T i m e  o f  R e f l u x i n g .  Samples of 40- to  60- 
mesh bagasse and sprucewood were refluxed vigorously for 
varying periods and the lignin content was determ ined. The 
results are shown in F igure 2 and Table I. Lignin is extracted 
very rapidly from bagasse b u t rather slowly from sprucewood. 
In  the series of runs on bagasse it  was found th a t, afte r the 
first sharp drop, the yields of residue decreased slowly and this 
decrease could no t be ascribed entirely to  th e  reduction in 
lignin nor to  loss of pentosan (Table I). The la tte r  rem ained 
nearly constant and ra ther high (compared to  Cross and 
Bevan pulps) after the first hour. The slight loss m ay be 
due to  the effect of long-continued heating on the carbohy
drates. In  the interests of precision, a  2-hour reflux period, 
w ith a 0.5-hour cooling period, was selected for w ork on 
straws, stalks, etc. (A 3-hour reflux was used for wood.) 
L ittle change occurred in the sample after dilution and equally 
good results were obtained from samples filtered im m ediately,
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w ith and w ithout dilution, and from those filtered 30 to 90 
m inutes after dilution.

E f f e c t  o f  M o i s t u r e  i n  t h e  S a m p l e .  Two-gram samples 
of bagasse containing 0, 5, 33, and 72 per cent of moisture were 
refluxed in 75 cc. of monoethanolamine. The boiling points 
of the first two were approxim ately 170°, and for the la tter 
two 160° and 146° C. The lignin contents of the unbleached 
residues were 1.2, 1.2, 1.9, and 2.3 per cent and the pentosan 
contents were 29.6, 30.5, 31.4, and 32.4 per cent, respectively. 
Therefore, either air-dry or oven-dry samples are more satis
factory than  those containing a considerable am ount of 
moisture.

F ig u r e  2. E f f e c t  o f  T im e  o f  R e f l u x in g  o n  
L ig n in  R e m o v a l

E f f e c t  o f  B l e a c h i n g  o n  M o n o e t h a n o l a m i n e  R e s i 
d u e s .  Commercial 5 per cent sodium hypochlorite solution 
was used for bleaching the pulp samples (16). Removal of the 
small am ount of lignin remaining in bagasse after 2 hours 
of refluxing (Table I) should be possible by mild bleaching. 
Therefore, bleaching tests were made using 1-, 5-, and 10-cc. 
portions of sodium hypochlorite in 100 cc. of m ixture for 20 
m inutes a t  room tem perature. Although the chlorine was 
no t exhausted, color tests showed lignin remaining in the sam
ples. B ette r lignin removal was obtained by  holding the 
samples a t  40° for 20 minutes, b u t the two stronger bleach 
solutions had a tendency to degrade the alpha-cellulose a t  this 
tem perature. Bleaching w ith dilute acidified solutions of 
hypochlorite, followed by heating w ith 3 per cent sodium 
sulfite solution proved more satisfactory. Two cubic centi
m eters of the 5 per cent sodium hypochlorite solution plus 3 cc. 
of 10 per cent sulfuric acid in 100 cc. of m ixture served to 
bleach bagasse to  a  good white in 5 minutes. For sprucewood 
a stronger bleach was necessary because about 12 per cent of 
lignin remained in the sample after 3 hours of refluxing. The 
best results on the 40- to  60-mesh spruce were obtained by us
ing 10 cc. of sodium hypochlorite w ith 12 cc. of acid, followed, 
after boiling w ith  sodium sulfite, by a second bleach of 5 cc. 
of sodium hypochlorite and 6 cc. of acid. T he 60- to  80- 
mesh spruce was easier to  bleach and two 5-cc. bleaches 
gave satisfactory results.

E ffect o f  M o n o e th a n o la m in e
On A l p h a - C e l l u l o s e .  I t  has been stated  th a t cellulose 

suffers some decomposition when i t  is heated above 140° C.,

although there is some question as to  w hether this m ay be 
due entirely to oxidation (4, 9). Therefore, a  commercial 
sample of nitric acid high-alpha bagasse pulp (alpha-cellulose 
content, 96.6 per cent) was refluxed for 1-, 2-, and 4.5-hour 
periods w ith monoethanolamine (about 170°). T he yields 
were 99.7, 99.7, and 99.4 per cent, respectively, and the corre
sponding alpha-cellulose contents were 96.0,95.6, and 95.2 per 
cent. From  these figures, i t  appears th a t boiling m onoethanol
amine (a reducing agent) has only a slight effect on alpha- 
cellulose.

O n  L i g n i n .  H ot monoethanolamine does no t merely dis
solve lignin b u t also acts upon it  to change its properties. The 
nearly complete removal of the lignin from the bagasse induced 
the hope th a t lignin m ight be recovered quantitatively  from the 
filtrate. However, upon acidification of the filtrate no lignin 
was recovered. Six hours of refluxing w ith 150 cc. of mono
ethanolamine dissolved 25 grams of an isolated alkali corncob 
lignin. A fter removal of m ost of the monoethanolamine by 
steam  distillation from alkaline solution and subsequent 
acidification of the residual liquor, a very  small am ount of 
m aterial was recovered which was resistant to 72 per cent sul
furic acid. Although monoethanolamine, like m ost other 
strong alkalies, will dissolve isolated lignin in the cold and 
return  a precipitate on acidification, refluxing a t  170° renders 
a t  least p a rt of the lignin soluble in both acid and alkaline 
solutions. This change is no t due wholly to therm al de
composition, since the alkali lignin heated a t  170° either alone 
or in an inert liquid (paraffin) did no t become soluble in acid 
solution. The change m ight be due to the strong reducing 
action of monoethanolamine (6, 7, 10-12) or possibly to  the 
addition of amino nitrogen to  give an am photeric compound.

Chloroform precipitated a  gelatinous m aterial from un
diluted used monoethanolamine. An a ttem p t to  separate the 
lignin from the used monoethanolamine by diazotizing the 
la tte r gave a yellowish precipitate which m ay have been due 
to  a decomposition product of lignin. Ferric salts as well as 
bromine w ater precipitated small am ounts of substances from 
an acidified solution. W hen steam -distillation from alkaline 
solution was used to  remove m ost of the monoethanolamine, 
a  thick brown liquid residue was left and a small am ount of an 
unidentified white solid was found in the distillate. The 
action of monoethanolamine on the lignin of agricultural 
wastes is being studied further.

P rop osed  M eth o d  o f  A n a lysis

On the basis of the above data, the following m ethod was 
adopted:

Approximately 2 grams of dry or air-dry sample are accurately 
weighed into the flask (A, Figure 1) and 75 cc. of monoethanol
amine are added. The flask is immersed in the oil bath, which 
is maintained a t 190° C.,' to such a depth th a t the mixture will 
come to boiling in about 10 minutes. The mixture is refluxed 
gently for exactly 2 hours, removed from the bath, allowed to 
cool 0.5 hour, and is then diluted with approximately 75 cc. of 
water. About 100 cc. of the supernatant liquor are decanted into 
a 150-cc. beaker and the remainder of the mixture is poured rapidly 
into a 250-cc. beaker.

This thick mixture is filtered through a weighed glass filtering 
crucible with suction and the filtrate is refiltered through the 
mat. The decanted portion is then filtered through the crucible. 
(If the monoethanolamine is to be recovered by distillation, this 
filtrate is set aside without dilution by the subsequent washings.) 
The sample is then transferred completely to the crucible by 
means of water and the residue in the crucible is washed with 
about 200 cc. of hot water. The wash water, is added in small 
portions and the crucible is sucked dry after each addition, but 
the m at must not be disturbed.

The sample is then transferred to the 250-cc. beaker by a nar
row spatula and water from a wash bottle. (An excellent spatula 
for this use may be made from a Nichrome rod 0.4 cm. in diameter 
and 17 cm. long by hammering the end into a blade 0.9 cm. wide 
and 5 cm. long.) The mixture is made up to about 95 cc. with
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water and acidified with 3 cc. of 10 per cent sulfuric acid, and 
then 2 cc. of 5 per cent sodium hypochlorite are added. The final 
volume should be approximately 100 cc. and is conveniently 
gaged by a mark previously made on the side of the beaker. The 
material is bleached for exactly 5 minutes a t room temperature 
(about 25“).

After 5 minutes, the mixture is decanted as above, and filtered, 
forming a m at as before. The small beaker is rinsed with about 
15 cc. of water into the 250-cc. beaker containing an equal volume 
of approximately 0.25 N  sulfurous acid solution. The sample is 
washed with this 30 cc. of dilute sulfurous acid, followed by a 
little cold water and then with about 15 cc. of 3 per cent sodium 
sulfite solution. The sample is transferred to the 250-cc. beaker, 
as before, using not more than 50 cc. of wash water. To this, 
50 cc. of 6 per cent sodium sulfite solution are added, so that the 
final concentration is 3 per cent sodium sulfite, the liquid level 
being gaged by the 100-cc. mark as before. The beaker is then 
covered with a watch glass and set in a boiling water bath for 
20 minutes. The entire filtering, washing, and transference 
should take less than 5 minutes. I t  is therefore convenient to 
start each sample bleaching just before the preceding one is 
filtered.

The residue is then filtered as before and washed successively 
with 150 cc. of boiling water, a little cold water, about 25 cc. of 
cold 10 per cent acetic acid (rapidly), cold water, 150 cc. of 
boiling water, about 75 cc. of cold water containing 1 to 2 drops 
of concentrated ammonium hydroxide (to remove any trace of 
acid), and finally 150 to 200 cc. of boiling water. The bleached 
residue (designated “crude cellulose”) is dried in the crucible at 
105° and weighed in a weighing bottle.

With samples of sprucewood, the initial bleaching is carried 
out with 5 to 10 cc. of 5 per cent sodium hypochlorite solution and 
6 to 12 cc. of 10 per cent sulfuric acid. After boiling with 3 per

cent sulfite, the whole process is repeated, using 5 cc. of bleach 
and 6 cc. of acid.

I f  th e  conditions outlined in the  proposed procedure are 
closely followed, the  precision of the m ethod is very good, 
duplicate samples checking w ithin abou t 0.2 per cent cellulose 
for the above m aterials as compared to  0.1, 0.2 and 0.3 per 
cent for the N orm an-Jenkins, Cross and Bevan, and Kürsch- 
ner-Hoffer methods, respectively. Excessive refluxing of the 
sample m ay cause the  precision to be less, a  variation  due 
principally to  change in hemicellulose content.

R e su lts  a n d  D isc u ss io n
T he results of the analyses are given in T able I I .  F or 

convenience in comparisons, the d a ta  previously obtained (16) 
are reproduced. An examination of the values for “ crude 
cellulose corrected for ash” shows th a t  in general the mono
ethanolam ine m ethod gives results which are com parable to  
those obtained by either the N orm an-Jenkins or Cross and 
Bevan methods. T he monoethanolamine values are slightly 
higher in all cases except the w heat straws, which are slightly 
lower. Visual inspection of th e  pulp samples showed grains 
of sand in the  w heat straw  and cornstalks, and these residues 
were particularly high in  ash. A pparently, the single sodium 
sulfite trea tm en t of the monoethanolamine m ethod removes 
less silica ash than  the repeated alkaline treatm ents of the 
Cross and Bevan and N orm an-Jenkins methods, an  effect

T a b l e  II. C o m p a r a t i v e  A n a l y s e s  o f  P l a n t  M a t e r i a l s
(M onoethanolam ine, Cross and  B evan, N orm an-Jenkins, and  K lirschner-H offer m ethods, respectively0)

M oisture
P en tosan
Ash
Lignin

C rude  cellulose
Ash in  crude cellulose
C rude cellulose corrected for ash
P en tosan  in crude cellulose
L ignin in  crude cellulose
P u re  cellulose in  original m ateria l
A lpha-cellulose in crude cellulose
Alpha-cellulose calcd. on original m ateria l

C rude cellulose
Ash in  crude cellulose
C rude cellulose corrected for ash
P en tosan  in  crude cellulose
L ignin in  crude cellulose
P ure  cellulose in original m ateria l
A lpha-cellulose in  crude cellulose
A lpha-cellulose calcd. on original m ateria l

C rude cellulose
Ash in crude cellulose
C rude cellulose corrected for ash
Pen tosan  in crude cellulose
Lignin in  crude cellulose
P ure  cellulose in  original m ateria l
Alpha-cellulose in  crude cellulose
A lpha-cellulose calcd. on original m ateria l

C rude cellulose
Ash in crude cellulose
C rude cellulose corrected for ash
P en tosan  in  crude cellulose
Lignin in  crude cellulose
P ure  cellulose in  original m ateria l
A lpha-cellulose in  crude cellulose
A lpha-cellulose calcd. on original m ateria l

R ye C orn W heat F er Spruce Spruce
Bagasse Straw stalks Straw m ented wood wood

40- to  60- 40- to  60- 40- to  60- 40- to  60- W heat 40- to  60- 6 0 - to  80
M esh M esh M esh M esh Straw M esh M esh

% % % % % % %

Original M ate ria l
4 .4 5 6 .33 7 .64 N il! Nil¡> N il ' N il '

31 .3 29.1 2 5 .5 2 8 .7 29 .3 12.1 12.0
0 .82 6.30 7 .5 8 6 .5 4 .2 7 0 .9 0 0 .7 4

2 4 .0 13.3 15.7 20 .7 24 .2 2 8 .0 27 .7

M onoethanolam ine Cellulose
8 5 .7 50 .6 4 8 .7 55 .3 58 .0 5 4 .0 5 6 .5

0 .62 2 .14 8 .8 2 4 .4 1 .30 0 .9 6 0.97
65 .3 4 9 .5 4 4 .4 5 2 .9 57 .2 5 3 .5 56 .0
31 .4 3 4 .0 3 1 .8 2 7 .8 2 8 .8 11 .4 10.2

0 .2 3 0 .8 3 1.05 0 .9 6 0 .7 6 0 .22 0 .1 9
4 4 .4 31 .9 28 .4 3 7 .0 40.1 47 .2 50.1
73 .5 69 .7 66 .9 7 3 .8 7 4 .8 70 .9 70 .9
48 .3 3 5 .3 3 2 .6 4 0 .8 43 .4 38 .3 40 .0

Cross and  B evan Cellulose
64 .5 4 8 .5 4 0 .5 57 .4 59 .6 5 2 .4 51 .4

1 .30 1.83 2 .2 0 1.70 1.51 1 .80 1 .2 8
63 .7 4 7 .6 3 9 .6 56 .4 58 .7 51 .5 5 0 .8
25 .7 25.1 23 .7 29 .3 29 .0 8 .9 0 8 .8 5

1 .80 2 .3 7 1.27 1.91 1.44 0 .11 0 .2 0
4 7 .0 34 .3 29 .5 3 8 .5 40 .6 4 6 .8 46.1
7 7 .7 72 .7 76 .4 73 .4 74 .0 7 5 .8 7 6 .5
50.1 35 .3 30 .9 41 .4 44 .1 3 9 .7 39 .3

N orm an-Jenk ins Cellulose
63 .6 4 9 .7 4 1 .8 59 .8 6 2 .6 5 0 .6 51 .6

0 .5 0 0 .8 8 1.11 2 .36 1.73 1.10 1.17
63 .3 49 .3 4 1 .3 58 .4 61.5 5 0 .0 5 1 .0
26 .9 31 .5 28.1 30 .2 29 .4 7 .84 7 .9 2

4 .0 6 1.66 6.62 1.80 1.11 0 .0 7 0 .1 3
4 3 .6 3 2 .8 2 6 .8 39 .3 42 .4 4 6 .0 4 6 .8
76 .6 74 .5 72.1 7 0 .2 71 .1 72 .6 7 1 .6
4 8 .7 37 .0 30 .1 4 2 .0 4 4 .5 3 6 .7 3 6 .9

K Orsehner-Hoffer Cellulose
55 .0 42 .5 4 0 .4 4 9 .2  d 4 9 .0d

0 .8 0 2 .80 9 .5 0 0 .2 0 0 .2 3
54 .6 4 1 .3 3 6 .6 49 .1 48 .9
19 .9 20 .3 16.3 7 .0 7 5 .9 5
4 .5 9 0 .4 9 0.73 0 .39 1 .20

41.1 32 .5 29 .7 45 .4 45 .4
74 .4 7 0 .7 63 .9 66 .5 61 .0
40 .9 3 0 .0 2 5 .8 32 .7 29 .9

° All results except m oisture given on m oisture-free basis. 
b O ven-dried sam ples used. 
c P reviously  ex trac ted  by  alcohol and  benzene. 
d F a in tly  yellow.
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which is reflected also in less change in  weight of the glass 
filtering crucibles. T he same effect had been noted w ith the 
Kürschner-Hoffer m ethod. A residue w ith a uniformly lower 
lignin content is obtained by the monoethanolamine m ethod 
th an  w ith either the Cross and Bevan or Norm an-Jenkins 
methods, in the case of annual fibrous crops. T he bleach 
requirem ents for obtaining a good white color w ith the 
monoethanolamine residues were very low.

Differences in yield of cellulose are due prim arily to  the 
difference in pentosan content. W ith the exception of the 
w heat straws the pentosan content of the monoethanolamine 
cellulose fraction is higher than th a t obtained by  the other 
m ethods. A pparently the action of the monoethanolamine 
is similar to  th a t of the agents used in  the alkaline pulping 
process, which produce a pulp w ith a higher pentosan content 
than  the corresponding Cross and Bevan cellulose. The 
higher pentosan content of the monoethanolamine residue 
m ay be due to  the fact th a t the “ tightly  bound” or “re
s is tan t” pentosan is less completely removed. The data  in 
T able I  show th a t m ost of the pentosan removed from 
bagasse is extracted during the first hour of refluxing.

A comparison of the alpha-cellulose contents, calculated 
on the original material, shows th a t the results obtained on 
m onoethanolamine cellulose are approxim ately the same as 
those obtained on the Cross and Bevan and Norm an-Jenkins 
residues. T he monoethanolamine method, therefore, causes 
little  degradation of the alpha-cellulose which confirms the 
experiments using high-alpha pulp. As has been previously 
shown (16), the Kürschner-Hoffer cellulose gives anomalous 
results when analyzed for alpha-cellulose.

I t  is interesting to  note tha t, in the case of fibrous wastes, 
the monoethanolamine alpha-cellulose values are uniformly 
higher (about 8 per cent) than  the corresponding values for 
pure cellulose. A similar relationship holds w ith the Cross 
and Bevan and Norm an-Jenkins values. However, in the case 
of sprucewood, the pure cellulose figures are 18 to 27 per cent 
higher than  the alpha-cellulose values. This fact indicates th a t 
the hemicellulose p a rt of the crude cellulose of the fibrous farm 
wastes differs considerably in composition from th a t of the 
wood. I t  is probable th a t the crude wood cellulose contains 
a greater percentage of hexosans other than  cellulose.

T he outstanding advantage of the monoethanolamine 
m ethod is the saving in tim e and effort required to conduct 
a  cellulose analysis. M anipulation tim e is approxim ately
0.75 to  1 hour per determ ination. Although the saving in 
tim e is no t m uch greater than  w ith the Kürschner-Hoffer 
method, the composition of the monoethanolamine residue, 
particularly w ith  regard to  alpha-cellulose content, shows 
th a t the monoethanolamine m ethod is greatly superior.

This m ethod was particularly successful when applied to 
fermented w heat straw  (Table I I) . The low lignin content 
of the treated  samples indicates th a t the ligno-protein com
plexes norm ally present (IS) are probably dissolved by the 
monoethanolamine. Samples of this type are normally 
difficult to handle during analysis, even though a centrifuge 
is used. Since the monoethanolamine m ethod involves only 
3 filtrations (or centrifugings) as compared to a t least 20 
by the usual methods, th is alone effects a great saving of 
time.

S u m m a r y  a n d  C o n clu sio n s.

The use of ho t monoethanolamine as a reagent for the 
determ ination of cellulose has been investigated and found 
to  be very satisfactory, particularly for fibrous farm  wastes.

Two hours of refluxing in the monoethanolamine decom
posed the m ajor p art of the lignin in straws and stalks, re
moved the  less resistant pentosans, b u t had little effect upon 
the alpha-cellulose either in the isolated form or in the p lant

material. The extraction w ith monoethanolamine was less 
effective upon sprucewood, the lignin content being reduced 
to 7.5 per cent after 6.5 hours as compared to about 1 per cent 
in bagasse after 2 hours. A mild bleach was used to  remove 
the residual lignin.

A procedure for the determ ination of cellulose was applied 
to bagasse, rye straw, cornstalks, w heat straw, and ferm ented 
w heat straw  ground to  40- to 60-mesh size, and to  two samples 
of ground sprucewood, 40- to 60- and 60- to  80-mesh size. 
The resulting crude cellulose was analyzed for pentosans, ash, 
lignin, and alpha-cellulose. The results were calculated as 
pure cellulose and alpha-cellulose in  the original material. 
The d a ta  are tabulated  and compared w ith results previously 
obtained (16) on the same m aterials (except for the w heat 
straws) by  the Cross and Bevan, Norm an-Jenkins, and 
Kürschner-Hoffer m ethods of cellulose analysis.

The crude cellulose fractions, corrected for ash, compared 
favorably w ith those obtained by the Cross and Bevan and 
Norm an-Jenkins methods. Variations were due principally 
to  differences in pentosan contents which were usually a  little 
higher in the monoethanolamine fractions. The mono
ethanolamine lignin contents were usually lower and the alpha- 
cellulose values compared very favorably w ith those of the 
other methods. The precision of the m ethod was equal to 
th a t of the Cross and Bevan method.

The monoethanolamine m ethod of cellulose analysis has an 
advantage over the other m ethods because of the saving of 
time and effort. I t  is possible to  average more than  one de
term ination per hour when a  large num ber of analyses are 
being carried out. The analysis of a typical fermented straw  
sample by this m ethod was m uch simpler and quicker than  
when the same sample was analyzed by the usual methods. 
Although the monoethanolamine is not so effective in  re
moving lignin from sprucewood as from representative fibrous 
farm  wastes, it m ay be used if a more extensive bleaching 
procedure is carried out.

The monoethanolamine m ethod of cellulose analysis is 
recommended particularly for the analysis of fibrous agricul
tu ral wastes, especially if the determ ination of alpha-cellulose 
on the residue is contemplated.
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Quantitative Spectrochemical Analysis of  
Dilute Solutions

A Safe Alternating Current H igh-Voltage Arc Circuit
A. E. RUEHLE a n d  E. K. JAYCOX 

Bell T elephone L aboratories, New York, N. Y.

A  sa fe  a n d  c o n v e n ie n t a lte r n a tin g  cu rren t  
li ig h -v o lta g e  arc c ir c u it  to g e th e r  -with it s  
t ie - in  w ith  th e  ord in ary  d irec t c u rren t arc  
an d  co n d en sed  spark  c ircu its  is  d escrib ed . 
T h e  a lte r n a t in g  c u rren t arc is  a rep ro
d u c ib le  so u rce  for d e te r m in in g  b a r iu m , 
s tr o n t iu m , te llu r iu m , a n d  p h o sp h o ru s in  
d ilu te  so lu t io n s . A  p rec is io n  o f  50 to  100 
p arts per th o u sa n d  w as o b ta in e d  u s in g  th e  
co m p a riso n  sta n d a rd  m e th o d .

SIN C E  the early days of chemical analysis w ith the spec
trograph the greatest difficulty has been to  obtain 

reproducible spectrograms on identical samples. Meggers (5) 
introduced the practice of photographing the spectra of a 
graded series of standards on the same plate w ith  the sample 
and thus reduced to  a minimum the errors due to  photog
raphy. Gerlach’s (S) concept of homologous pairs was an
other step forward, in th a t i t  reduced errors due to  variable 
excitation. These workers, however, used spark excitation, 
which is no t sufficiently sensitive to  m eet the dem ands of 
m any modern analyses.

The direct current arc has been used in  much recent work

F ig u r e  1. W i r i n g  D ia g r a m  f o r  A l t e r n a t i n g  a n d  D ir e c t  C u r r e n t  A r c s  a n d  C o n d e n s e d  S p a r k
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for bo th  “comparison standard” and “ internal standard” 
methods. W hile highly sensitive, the direct current arc is 
somewhat unreliable for comparison standard methods, show
ing an  average error of ±  10 to 20 per cent of element deter
mined. W hen internal standardization is employed this error 
can be reduced, especially when only the straight-line portion 
of the characteristic curve of the plate is used. For best 
results i t  is necessary to  calibrate the response of each plate (2) 
in  order to  use only the straight-line portion of the curve or 
to correct for deviations from it. Thus the procedure be
comes somewhat involved if high precision is to be attained for 
determ ination of the smaller am ounts of the metallic ele
ments. ? *

F ig u r e  2 . T y p ic a l  W o r k in g  C u r v e s , C o m p a r is o n  S t a n d 
a r d  M e t h o d

Several workers have recently reported very high spectral 
sensitivity for m etals in the 2000-volt alternating current 
arc. Duffendack and Wolfe (1) determined m inute traces of 
various m etals in  caustic liquors, and Owens (6) reported 
greater sensitivity by  a factor of ten than  is shown by  the 
direct current arc. The authors’ experience indicates th a t 
this higher sensitivity is not universal b u t is evident only in 
certain cases. However the alternating current arc has an 
equally im portan t advantage, in th a t i t  is much more re
producible than  the direct current arc. I t  combines some of 
the precision of the condensed spark w ith the sensitivity of 
the direct current arc and is thus adm irably suited to  the 
analysis of dilute solutions.

A p p aratu s

Spectrographic equipment, densitometer, 5.5-kva. high-react- 
ance transformer and Transtat voltage regulator (American 
Transformer Co.).

The high voltage alternating current arc is a considerably 
more dangerous apparatus than either the direct current arc or

the condensed spark; consequently, extra precautions must be 
taken in making it safe for regular use. The authors’ circuit and 
its tie-in with the direct current arc and the spark circuits also 
used in this laboratory are shown in Figure 1. Both transformers 
are caged in with a grounded expanded metal guard beneath the 
working table. The arc and spark stand is similarly caged. 
Entry is effected for changing electrodes, etc., through a door 
which mechanically obstructs the main alternating current switch 
when open. The direct current can be used with the door open. 
All secondary circuit controls in the alternating current lines are 
eliminated.

The spark is controlled by resistance in series with the primary. 
The alternating current arc is controlled for both voltage and cur
rent by a transtat in the primary line. The electrode separation 
can be adjusted while operating by means of an insulated flexible 
shaft on the ground side, the length of the gap being measured by 
an optical gage. The clock indicated is an inexpensive Tele- 
chron, the second hand of which times the direct current arc 
exposures by turning only when the arc current is passing.

R e su lts

In  Figure 2 are shown typical working curves for the com
parison standard m ethod using this source.

Aliquots of solutions of the concentration indicated were 
dried on flat-top graphite electrodes of 0.19 or 0.25 inch in 
diameter. Both upper and lower electrodes were first coated with 
a waterproofing material (collodion is suitable) and preheated to  
100° C. before the solutions were transferred, in order to prevent 
their soaking into the electrodes. Exposures were for 120 
seconds, during which time the lower electrode was rotated at 
600 r. p. m. to steady the mean position of the arc column.

Densities were measured with a  projection densitometer made 
by modifying a Moll instrument. In practice, the maximum 
swing of the galvanometer is set to a standard value by ad
justing the area of the photocell surface illuminated, complete 
blackness corresponding to zero sw’ing, so that the galvanometer 
reading, G, is proportional to the transmission.

As can be seen from the working curves, the precision of 
a comparison standard method w ith  the alternating current 
arc is ± 5  to 10 per cent, which is about as good as the authors 
have been able to secure on run-of-the-mill work w ith internal 
standardization and the direct current arc source (4). U n
doubtedly some of the im provem ent is due to  being able to 
measure density under the conditions of low background 
intensity characteristic of this source. W hether the alternat
ing current arc will give better precision than  the direct 
current arc when using internal standardization is still under 
investigation.

L itera tu re  C ited
(1) Duffendack, O. S., and Wolfe, R. A., I n d .  E n g .  C h e m ., Anal. E d . ,

10, 161 (1938).
(2) Duffendack, O. S., Wolfe, R. A., and Smith, R. W., Ibid., 5, 226

(1933).
(3) Gerlach, W., Z. anorg. allgem. Chem., 142, 389 (1925).
(4) Jaycox, E. K., and Ruehle, A. E-, I n d .  Eno. C h e m ., Anal. Ed.,

12, 195-6 (1940).
(5) Meggers, W. F., Kiess, C. C., and Stimson, F. J., U. S. Bur.

Standards, Paper 444 (1922).
(6) Owens, J .  S., I n d .  E n o .  C h e m ., Anal. E d . ,  11, 59 (1939).



Separation and Characterization of 
Petroleum Acids

Som e Texas Petroleum  Acids

HENRY G. SCHUTZE, B IL L IE  SUIVE, AND H. L. LOCHTE, U niversity  o f Texas, A ustin , Texas

O p eration s in vo lved  in  variou s m e th o d s  o f  
fr a c t io n a tio n  o f  a c id ic  m a te r ia l fro m  T exas  
p e tr o le u m  are d escrib ed . T h e  n e c e ss ity  
for u se  o f  a  c o m b in a tio n  o f  c o n s ta n ts  as an  
a id  in  c h a ra c ter iz in g  th e  variou s c u ts  ob 
ta in e d  is  p o in te d  o u t  a n d  severa l sc h e m e s  
are g iven .

P h e n o l, n -v a ler ic , re-butyric, d im e th y l-  
m a le ic , n -o c ta n o ic , a n d  so lid  h ex a h y d ro -p -  
to lu ic  a cid s w ere iso la te d  a n d  id en tif ied .

WH E N  a long-range program  of research on petroleum 
acids was initiated in  1934, a  survey showed th a t the 

only Texas petroleum  m aterial obtainable, including the 
boiling point range of C6 to  C9 acids, consisted of alkali wash 
obtained in  the refining of light burner oil a t  the Baytown 
Refinery of the H um ble Oil and Refining Company. This 
m aterial was obtained by washing a m ixture of straight-run 
and cracking process products from Texas crudes. The offer 
of this com pany to  furnish th is m aterial was gladly accepted, 
even though it  was realized th a t  the cracking process m a
terial would greatly complicate the m ixture. I t  was felt 
from the  first th a t physical m ethods should be employed 
much m ore extensively than  in the p ast in the study of pe
troleum  acids, and the success of such m ethods can be fol
lowed more readily on a complex m ixture th an  on a simpler 
m ixture consisting largely of members of a  single homologous 
series.

Separation of types as well as of individuals among pe
troleum acids has become practically standardized in proce
dure involving the following steps:

1. Alkali neutralization of the acidic material
2. Liberation of acids from the sodium salt solution
3. More or less elaborate fractionation of the acids obtained
4. Esterification of the acids, leaving phenols and most ter

tiary acids unchanged but partially dissolved in the ester layer
5. Careful fractionation of the resulting esters by distillation
6 . Saponification of each ester cut, followed by fractional 

distillation of the regenerated acids
7. Attempted isolation or identification of individual acids 

by formation of solid derivatives, various salts, amides, or deg
radation reactions

W hile under favorable conditions much has been accom
plished considering the complexity of the raw m aterial con
cerned, the use of other physical m ethods in addition to  frac
tional distillation is clearly indicated, since separation by dif
ferences in  vapor pressure alone would not be expected to 
succeed even when bo th  the acids and their esters are frac
tionated. The authors developed and tried a num ber of 
methods, such as fractional esterification and saponification, 
fractional countercurrent neutralization and liberation, and 
fractional silver salt form ation, b u t soon found th a t the de
velopm ent of these m ethods m ust go hand in  hand w ith fast 
b u t reliable means of characterizing the various fractions, 
since these m ethods are not based on vapor pressure, neutral 
equivalent, density, or any other property alone; and there

fore, no one of these can describe the fraction adequately. 
T he com bination and alternation  of a num ber of different 
m ethods of fractionation lead soon either to  an excessive 
num ber of small fractions or to  recombinations th a t undo the 
separation effect of a  previous step.

C h a ra cter iz in g  P e tr o le u m  A cids

Since no one constant can then be relied upon in recombina
tions, a  study  of various combinations of constants was m ade 
and tried on known compounds and mixtures, as well as on 
fractions obtained here and in  work reported from other labo
ratories. Of the m any schemes th a t have been proposed for 
characterizing petroleum hydrocarbon fractions, a num ber 
yield about equally satisfactory results. The authors have, 
however, found the following schemes m ost useful.

Plot « • di°

W hen the proper d a ta  for various types of acids and for sa tu
rated hydrocarbons are plotted as indicated, a  fairly satis
factory separation of acid types is obtained except in th e  case 
of unsaturated  and naphthenic acids, winch, as m ight be ex
pected, overlap. The authors used this scheme in m uch of the 
prelim inary work. A plot of n  — 1 vs. d “  has the advantage 
of sim plicity in calculation and appears to  yield roughly as 
satisfactory results.

 Up  — 1_____  ^  j
molecular weight

Another scheme th a t seems to separate the various types of 
acids m ost satisfactorily b u t a t  the expense of simplicity is 
shown in Figure 1. I t  seems generally to  yield a separate line 
for each different series and molecular weight.

n D X dj°

For fast routine w ork the authors have abandoned all of the 
more elaborate schemes for the simple purely empirical prod-

D EN SITY

F i g u r e  1. S e p a r a t i o n  o p  A c id s
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uct of n2S X d4°. Calculation of this value for a large number 
of reported aliphatic, unsaturated, and naphthenic acids, 
phenols, and hydrocarbons w ith from 5 to 10 carbon atoms 
was undertaken. W hen the constants were reported a t  tem 
peratures other than  20° =±= 2° C., the 20° values were calcu
lated, although in m ost cases the separation into acid type is 
so good th a t errors due to  use of tem peratures other than  20° 
do no t shift the compound from one group to  another.

T he compiled d a ta  show th a t aliphatic acids have products 
ranging from  1.280 to  1.350 w ith most values between 1.300 
and 1.310, the naphthenic acids range from 1.390 to  1.470 
w ith  m ost values between 1.410 and 1.440, while phenols 
have n-d products above 1.500 and hydrocarbon values below 
1.300 and usually below 1.280.

The only exception for acids containing the cyclopentyl 
group— the typical naphthenic acids—was 1,2,3-trimethyl- 
cyclopentane carboxylic acid, reported by Noyes and Burke 
(7). I ts  constants as reported yield a product of only 1.313, 
which would list i t  w ith the typical aliphatic acids. The 
abnorm ally low reported density of 0.9008 led the authors lo  
repeat their synthesis. (Correspondence w ith Professors 
Noyes and Burke shows th a t the original notes are not avail
able, b u t they suspect th a t their density should have been
0.9908 instead of 0.9008.) The following constants were 
found on an acid finally purified by  repeated treatm ents with 
potassium  perm anganate followed in each case by  refractiona
tion and determ ination of the constants which finally re
mained unchanged: boiling point, 745 mm., 244°; d?°,
0.9948; n2„, 1.4597; Mo,  found 42.98; calculated 43.13; 
n-d 1.4573.

T a b l e  I. A c id  C o t s

Boiling Poin t, A pproxim ate n aD° of n 2D° of
Fraotion 35 M m . Volume F raction Acida Acids

° C. Liters %
1 100-110 3 .8 1.4751 10.80 1.5279
2 110-120 9 .5 1.4807 15.40 1.5275
3 120-130 45 .4 1.4903 20.30 1.5258
4 130-140 34.1 1.4949 24.10 1.5230
5 140-150 26 .5 1.5008 33.80 1.5159
6 150-160 34.1 1.5003 37 .00 1.5095
7 160-170 26 .5 1.4965 42 .60 1.4935
8 170-180 11.35 1.4872 43 .40 1.4795
9 180-190 7 .6 1.4852 54.30 1.4765

10 190-200 1.9 1.4825 60.20 1.4753
Residue 15.2

As in the case of all other simple schemes tried, the singly 
unsaturated  acids are placed w ith the naphthenic acids. 
The authors a t  present recombine fractions on the basis of 
n-d, boiling point, and neutral equivalent.

E xp erim en ta l

After a careful examination of various types of Texas acidic 
m aterial available, one of the writers (Schutze) liberated the 
acids from  20 barrels of concentrated alkali wash from light 
burner oil as obtained a t  the Baytown Refinery of the Humble 
Oil and Refining Company. Three barrels of crude acids were 
obtained. This m aterial was then distilled a t  the University of 
Texas Laboratory through a battery  of twelve 2-liter Claisen 
flasks. T he difficulty due to w ater in  this m aterial was best 
overcome by blowing air or natural gas through each charge 
as i t  was heated up until practically all of the moisture had 
been driven off. The acids were then distilled a t  water-pum p 
vacuum  to  yield three cuts of 200 cc. each and a residue of 
abou t 1 liter from  each charge of 1600 cc. This operation 
yielded 75.0 liters of m aterial boiling a t  110° to  135° C.; 
75 liters boiling a t  135° to  160°; and 75 liters boiling a t  160° 
to  180°, all a t  25 mm. The three cuts were then separately 
fractionated a t  35 m m . from a 57-liter steel still with a  275 X 
15 cm. unpacked column. Fractions were collected a t  10° 
intervals to  yield the cuts shown in Table I.

The high index of refraction of the first seven cuts indicates

th a t they are predom inantly phenolic in nature. In  spite of 
this fact cut 3 w ith the largest volume was selected for de
tailed study because its boiling point range was the one de
sired.

S ep a ra tio n  o f  S tro n g  O rgan ic  A cids fro m  W eak  
A cid s, P h e n o ls , a n d  H yd rocarb on s

Since large-size efficient fractionating apparatus was not 
available, i t  was decided to forego the advantage of “ampli
fied distillation” or “carrier liquid” effect and to  separate 
strong from weak acids before proceeding w ith separation_by 
distillation.

T a b l e  II. S e p a r a t i o n  b y  S o d iu m  C a r b o n a t e  T r e a t m e n t

F rac tion „20 
n  D Volume

Cc.
A1 1.4478 120
A2 1.4515 95
A3 1.4638 72
A4 1.4868 54
A5 1.5035 55
A6 1.5000 49

Steam -distillation of the sodium salts to remove m aterial 
formed by hydrolysis and nonacidic compounds proved 
effective b u t required an  excessive am ount of steam  and 
time, so only 7.5 liters (2 gallons) were treated  in  this manner.

The remainder of the acids were treated with successive 6- 
liter aliquots oi \  N  potassium hydroxide. In  this and in all 
subsequent fractional neutralization batch operations, prolonged 
and vigorous stirring with motor stirrer was employed to assure 
equilibrium neutralization. Each batch of potassium salts was 
then steam-distilled to remove hydrocarbons and other material 
carried down with the salt solution.

The strong organic acid fractions of the extracted acids were 
dissolved in an equal volume of petroleum ether and fractionally 
neutralized with 0.5 N  sodium carbonate. Each alkali cut was 
acidified with sulfuric acid and saturated with sodium chloride to 
lower the solubility of any dissolved acids. The aqueous layers 
were extracted with several small batches of petroleum ether, 
since it has been found throughout this work that sodium salt 
solutions are much better solvents than water for phenols and 
hydrocarbons and further tha t hydrocarbons and phenols dissolve 
considerable amounts of sodium salts, so tha t double treatm ent 
as described above is always needed in concentrated solutions.

The degree of separation obtained w ith the sodium carbon
ate trea tm en t ju st described is best shown by  Table II .

While these 6 cuts represent only a small portion of the 
acidic material, the last two cuts obviously represent phenolic 
compounds which are being studied in a separate project, so 
no more fractions were obtained a t  this time.

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

«20D
Boiling Poin t, N eutra lization D ensity ,

C u t 760 M m . 
° C.

E quivalen t 20/20 n*d

1 1.4100 161 99.80 0.9654 1.360
2 1.4358 167 131.5 0 .9806 1.408
3 1.4444 173 143.3 0 .9848 1.423
4 1.4520 176 153.3 0 .9889 1.435
5 1.4490 178 147.0 0 .9867 1.430
6 1.4395 181 133.2 0 .9809 1.412
7 1.4338 182 126.0 0 .9778 1.405
8 1.4309 184 119.0 0 .9766 1.398
9 1.4293 185 118.6 0 .9764 1.395

10 1.4311 188 118.3 0 .9787 1.400
11 1.4419 191 131.8 0 .9879 1.425
12 1.4478 194 138.6
13 1.4520 196 143.3
14 1.4561 199 148.0
15 1.4539 202 140.0
16 1.4515 203 134.0 l.‘ÔÎ79 1.450
17 1.4539 207 129.9 1.0317 1.500
18

Residue
1.4635 213 139.2 1.0490 1.535

R epetition of this procedure on the various nonphenolic 
fractions yielded a to ta l of 365 cc. of strong organic acids 
from which, by similar operations, a  188-cc. fraction of the 
strongest acids was selected for more detailed study. This 
batch  was next carefully fractionated into 10-cc. cuts. Some 
constants are presented in Table I II .
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During the fractionation it was observed th a t a solid separated 
in the condenser, especially from cuts 9 through 16. The solid ob
tained when cut 13 was cooled was recrystallized twice from pe
troleum ether; it now melted a t 95.5° and boiled a t 220° a t 760 
mm. Reprecipitation by adding hydrochloric acid to its solution 
in alkali, and resublimation did not change the compound. 
Since 3,6-dimethyl phthalic acid was suspected, it was treated 
with resorcinol and sulfuric acid and then neutralized to yield a 
dichroic solution, green by reflected and red by transm itted 
light. An analysis gave C, 57.12, and II, 4.58; calculated for 
CsH«Oj: C, 57.14, and H, 4.77 per cent. Since the compound 
was not changed by sublimation while the phthalic acid would 
yield the anhydride, dimethylmaleic acid anhydride with a re
ported melting point of 96° and boiling point of 223° appeared 
the most probable compound. This anhydride was synthesized 
according to Rach (8) and its melting and mixed melting point 
showed the acidic material to have been dimethylmaleic anhy
dride. This compound has since been isolated also from straight- 
run petroleum acids from Signal Hill, Calif., crudes (4).
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was readily obtained. This method of liberation m il be referred 
to hereafter as the phosphoric acid method.

I s o l a t io n  o f  « -V a l e r ic  A c id , Analysis of the o-phenylene- 
diamine as well as the p-nitrobenzyl bromide derivatives showed 
th a t the heart cut of acid mentioned above was not pure enough 
to obtain a pure derivative, but a repetition of the silver salt 
method yielded a main fraction tha t gave an o-phenylcnediamine 
derivative melting a t 153°. Six recrystallizations failed to raise 
this melting point. A mixed melting point with a sample of 
derivative of known n-valeric acid also melted a t 153°. Analyses 
for nitrogen: calculated for CuHhNj, 16.08 per cent; found, 
16.15 per cent. The analogous derivative of isovaleric acid melts 
a t 1S9°. The presence of n-valeric acid is then definitely estab
lished.

I s o l a t io n  o p  P i ie n o l . When the final filtrate from the silver 
salt treatm ent was further acidified with hydrochloric acid and 
steam-distilled to recover the acids from soluble silver salts, the 
solution turned red and a yellow solid separated from the distil
late. A melting and mixed melting point of 45 ° as well as analysis 
of the silver salt showed this to be o-nitrophenol. While the 
yield was less-than 0.5 gram, the result is interesting because 
phenol has often been reported as missing in petroleum acids.

I s o l a t io n  o p  « -B u t y r ic  A c id . Cut 1, Table I I I ,  was next 
fractionated by the silver salt method and this treatm ent re
peated on the heart cut to yield 1.03 grams of acids recovered by 
the phosphoric acid technique. This fraction yielded an o~ 
phenylenediamine derivative melting a t 157.5°. The mixed, 
melting point with a sample of derivative of known «-butyric- 
acid melted a t 158° while the known derivative melted a t 158.5°. 
Analyses for nitrogen: calculated for CioHi2N2, 17.50 per cent; 
found, 17.50 per cent. The corresponding derivative of isobutyric 
acid melts a t 234-235°.

Since the lower fractions so far studied seemed to be free of 
naphthenic acids, it was decided to examine fraction 6 , Table I. 
Separation into strong and weak acids by fractional neutraliza
tion with potassium hydroxide soon led to very stable emulsions, 
which were finally broken by saturation with carbon dioxide gas. 
This decreased the yield per cut but eliminated the long settling- 
periods. Finally 3200 cc. of acidic material with n-d values less, 
than 1.48 were selected for further study and were distilled 
through a 150-cm. (5-foot) marble-filled column with 10 to 1 or- 
higher reflux ratio a t 5-mm. pressure. This procedure was re
peated four times with combination of similar cuts as indicated, 
by density and refractive index.

O ut of 16 cuts of 200 cc. each finally obtained, fractions 5,. 
6, and 7 were selected for detailed study. The constants of; 
these and neighboring cuts are shown in Table IV.

S e p a r a t i o n  t h r o u g h  S i l v e r  S a l t s .  Cadmium , silver, 
and lead salts have been used in separating  petroleum  acids 
b u t the usual technique of fractional precipitation of the silver 
salts by  adding silver n itra te  w ith  very thorough stirring 
to  a  solution of am monium salts did not yield pure organic 
salts. Through experiments on known m ixtures of isovaleric 
and n-caproic acids the following technique was developed 
and found very  satisfactory.

The silver salts are fractionally precipitated in the usual man
ner and each cut is then dissolved in ammonium hydroxide. 
Normal nitric acid is added from a buret with a long tip extending 
to the bottom of the vessel, while the solution is stirred very 
vigorously by a motor stirrer until a fraction of silver salts of the 
desired size has been precipitated. After filtering off this frac
tion another is precipitated and this fractionation is continued 
until a slight excess of nitric acid has been added. The use of a 
long tip  leading deep into the solution is made necessary by the 
fact th a t some of the silver salts tend to form a highly hydrophobic 
floating layer. As would be expected, only the least soluble salt 
can be obtained in a state of purity in one set of operations. 
This method will hereafter be termed the silver salt method.

W hen th is technique was applied to  2 cc. of cut 5, Table 
I I I ,  the silver content (determ ined very easily by ignition of 
microsamples above and then in an electric crucible furnace) 
indicated th a t no pure salt resulted from one fractionation.

When the acids from the first fractions were liberated from the 
silver salts by mixing with an excess of phosphoric acid which 
had been dehydrated h y  heating to 180° a t a pressure of 20 mm. 
and the organic acids then distilled off a t water-pump vacuum 
with a capillary of sufficient capacity to help sweep tne vapors 
out of the flask into the receiver, a main cut of dry colorless acids

T a b l e  IV. C o n s t a n t s  o f  F r a c t io n s

Boiling P o in t „27 , 1 2 7 N eutra lization
iction 5 M m . 760 M m . n  D n*d E q u iv alen t

° C. ° C.
4 • 94-95 236 1.4507 0.9555 1.390 176
5 95-98 240 1.4466 0 .9499 1.373 104
6 98 243 1.4445 0.9455 1.365 159-
7 98-103 245 1.4452 0 .9450 1.365. 159.
8 103-105 248 1.4461 0.9450 1.367 101.

The results obtained on cuts 5, 6, and 7 w ith  a  combination; 
of fractional distillation and th e  ro tary  extraction column, 
have already been reported. Figure 5 of the  previous, 
paper (9) is reproduced as Figure 2 to  facilitate discussion of 
further results obtained on th is m aterial, n-d products for- 
the 19 cuts indicate th a t  F raction E  IV  3 is  probably largely 
phenolic, th a t 4 and 5 represent mixtures, th a t  6 to  11 appear 
to  be alm ost purely aliphatic, and 12 to  14 m ixtures of types, 
while cuts E  IV  15 and 16 and E  I I I  15 to  17 seem to be 
naphthenic mixed w ith  a new type of acid w ith abnorm ally 
high n-d values combined w ith high K a value or solubility.

To check these predictions an  exploratory study  of this 
series of cuts was undertaken.

S tu d y  o f  E x tra c tio n  F ra c tio n s  E IV  1 to  16 an d  
E III  15 to  17

F r a c t io n s  E IV 1 t o  4. Since the extraction, should have 
concentrated the very weak acids in the first few cuts and since 
the density and index of refraction were high, i t  was expected 
th a t the first four cuts would be high in phenols. The total 
volume was only 16 cc. Qualitative tests for sulfur were positive 
for only 1 and 2. Three cubic centimeters of methyl esters were.
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obtained when the combined fractions 1 to 4 were refluxed with 
an excess of methanol-hydrochloric acid mixture. The unesteri- 
fiable portion was too weakly acidic to permit silver salt frac
tionation of possible tertiary acids present in this essentially

Ehenolic mixture; neither could crystalline picrates of phenols 
e isolated.

F r a c t i o n  E IV 5. Esterification, followed by fractionation 
of the imesterified 25 per cent of material through a 90 cm. (3- 
foot) X 10 mm. column with rotating steel band as filling (6) 
showed tha t this portion still contained large amounts of phenolic 
material. The esters were not studied further, since they were 
similar to those obtained from subsequent cuts.

F r a c t i o n s  E IV 6  t o  8 . The combined fractions were esteri- 
fied and the esters fractionated through a 150 X 1.25 cm. (5 
foot X 0.5 inch) Widmer column with rotating steel band as 
filling to yield six 14-cc. fractions and a 20-cc. residue. Cuts 
4, 5, and 0 of this series had d j3 of 0.8682, 0.8683, 0.8683, and 
n2jj of 1.4179, 1.4180, and 1.4181; but in spite of this apparent 
purity neither o-phenylenediamine derivatives nor amides of 
acids from cut 5 assumed a constant melting point after six or 
more recrystallizations. The material must still be a mixture. 
The constants indicated th a t aliphatic acids predominate here, 
but no further attem pt was made to isolate individuals.

T a b l e  V. C o n s t a n t s  o f  F r a c t i o n
F raction C aprylic

1 Acid (<5)
M . p. 15-16 16
B. p. 237.4 237.5
d?° 0.9116 0.911
n 20 n D 1.4286 1.4272
n-d 1.304 1.300
H, % 10.98 11.19 calcd.
c. % 66.68 66.55

F r a c t i o n s  E IV 10 t o  12. Fraction E IV 9 as a transition cut 
was not studied, but 10 to 12 were combined, esterified, purified, 
and fractionated by the 90-cm. (3-foot) rotary column. Only 
7 per cent (8 cc.) by volume of acids did not esterify. Five of 
seven 15-cc. fractions of esters were similar and were combined 
and saponified, and the acids liberated and fractionated. The 
acids of the first seven of thirteen 5-cc. cuts resulting were now 
fractionally precipitated by the silver salt method to yield 
thirteen crops of silver salts. This process was repeated starting 
with the first four cuts, adding ammonium hydroxide and ali
quots of dilute nitric acid to get two cuts, then adding the next 
two cuts and repeating the fractional precipitation until finally 
all acids were again in the form of thirteen cuts. The acids of the 
dried salts were then liberated in groups of three and four cuts 
by the phosphoric acid method in vacuum. The first three frac
tions of acids now crystallized readily on cooling and consisted of 
almost pure caprylic acid, as shown by the constants of Table V.

The p-phenylphenacyl esters of fraction 1 and of a known ca
prylic acid were prepared according to Drake and Bronitsky (2) 
and gave the results shown in Table VI.

T a b l e  VI. C o n s t a n t s
K now n C aprylic 

F raction  1 Acid M ixed M . P.
Acid 15-16 1 4 .6 -1 5 .8  1 4 .8 -1 6 .0
p-P henylphenaoyl eater 6 6 .6 -6 7 .3  6 6 .7 -6 7 .4  6 6 .7 -6 7 .4

Further silver salt fractionation of the remaining cuts of the 
series yielded only caprylic acid with a few cubic centimeters of a 
mixture of other acidic material. About 15 cc. of a mixture from 
which caprylic acid would not separate on cooling were now mixed 
with 100 cc. of a carefully purified mixture of neutral hydrocar
bons and subjected to fractionation by Bailey’s “amplified dis
tillation” method ( i ) . The acids extracted from the first four of 
eight cuts crystallized readily on cooling and proved to be pure 
caprylic acid and only the last cut of 8 cc. indicated by its con
stants tha t it was not practically purely aliphatic in nature.

F r a c t i o n s  E IV 13 t o  16. Esterification of the combined cuts 
E  IV 13 to 16 yielded the usual small amount of unesterifiable 
material and a good yield of methyl esters. Three systematic 
fractionations through the rotary Widmer column resulted now in 
two fairly clear cut series of cuts with n”  of 1.4179-1.4190 and 
1.4285-1.4372, and d33 of 0.8788-0.8956 and 0.S983T0.9091. The 
first series is obviously aliphatic; the second contains acids with 
higher constants but not in high enough amount to warrant a t
tem pts to isolate individuals. Since cuts 15 and 16 should con
tain larger amounts of these acids, they were studied next.

F r a c t i o n s  E  IV 15 a n d  16. Treatment of Fractions E IV 
15 and 16 in exactly the same manner as 13 and 14 yielded a 
series of cuts with n d®, 1.4332-1.4430, and d j9, 0.9170-0.9284, 
which places all of these in the range of mixtures rich in esters

with constants too high for aliphatic esters, but not yet purely 
naphthenic. If larger amounts had been available, further frac
tionation by extraction would probably have yielded acids rich 
enough in naphthenics to permit isolation of individuals.

F r a c t i o n s  I II  15 t o  17. Fractions III  15 to 17 were combined 
and fractionally esterified by adding 0.83 equivalent of methanol 
containing 2 per cent dry hydrogen chloride and refluxing over
night. The cold mixture was extracted twice with 6 per cent 
sodium hydroxide and finally with water. The acids were liber
ated, dried, and distilled while the esters were saponified, and 
fractionally esterified as before. This series of operations was 
repeated until four cuts of acids were obtained with properties 
shown in Table VII.

T a b l e  VII. P r o p e r t i e s  o f  A c id  C u t s
N eutralization Boiling Poir

C u t Volume .,2 5 n D d 27.5 n*d E qu ivalen t 760 M m .
Cc. ° C.

1 15 1.4625 1.0051 1.470 146.9 240
2 12 1.4583 0.9956 1.452 146.6 240
3 22 1.4538 0.9878 1.435 143.9 240 .5
4 26 1.4523 0.9830 1.427 144.8 241.5

The n -d values indicate tha t all these cuts are well in the naph
thenic acid range, although the density for the first cut a t least 
is too high for ordinary naphthenic acids of this boiling range.

Cuts 3 and 4 were combined and fractionated through the 
small rotary column to yield eleven cuts of 4 cc. each with n^3, 
1.4505-1.4578; d jr , 0.9788-0.9944; and n-d, 1.420-1.450. The 
first six cuts were combined and fractionally precipitated by the 
silver salt method. The acids liberated from the silver salts had 
constants agreeing very closely; so the first four cuts were com
bined and converted to the acyl chlorides by thionyl chloride. 
The chlorides were then converted to the amides by pouring them 
into concentrated ammonium hydroxide. The amides were 
recrystallized from water and then from a petroleum ether- 
alcoliol mixture. During this process a remarkable rise in melt
ing point from 147° to 220° occurred during seven systematic 
recrystallizations. The only known 8-carbon atom amide melting 
as high as 220° appears to be tha t of solid p-hexahydro toluic acid 
melting a t 220-221 °. Since only a few milligrams of the high- 
melting amide had been obtained, all of the cuts of the 3-4 series 
were recombined and converted to amides, which were then sys
tematically recrystallized to obtain larger amounts of the 220-221 ° 
amide. In  this process another amide melting a t 155-157 ° (prob
ably a meta isomer) and another melting a t 151-152°, possibly a 
“cis” ortho isomer, appeared. While only 50 mg. of the 220° 
isomer were obtained, about 1 gram of each of the lower ones has 
been isolated but not yet in entirely pure form.

Attempts to prepare p-hexahydrotoluic acid by hydrogenation 
of p-toluic acid over Raney nickel a t 275° to 350° C. and up to 
5000 pounds per square inch failed; so the acid was prepared 
from 1,4-dimethylcyclohexanol by converting it to the chloride 
and this by the Grignard reaction to the acid. The yield from 
alcohol to chloride was 60 per cent and from chloride to acid was 
90 per cent. The resulting acidic material was converted to the 
acid chloride and to the amide as before. Six recrystallizations 
of the amide yielded 1 gram of the pure amide melting a t 219- 
220.8°. The isolated pure amide melted a t 220-221° and the 
mixed melting point was 220-221°. Skraup and Binder (10) re
port 220- 221°. Analysis for nitrogen: calculated for CaHnON, 
9.92 per cent; found, 10.03 per cent.

As a further check of identity a few milligrams of each of the 
amides were hydrolyzed in a sealed tube with 25 per cent sodium 
hydroxide, and the liberated acids recrystallized twice from water. 
The isolated, synthetic, and mixed acids all melted a t 108-109°, 
whereas G utt (3) reports 110-111° on a pure acid.

Finally a micro-Dumas determination w’as run on one of the 
amide fractions melting a t 155-157° to determine whether the 
mixture had the same composition as the isolated isomer. Nitro
gen determined was 10.10 per cent, while tha t calculated for 
amides of toluic acids is 9.92, so th a t the mixture is apparently 
one of the different isomers of toluic acid.

The naphthenic acids w ith unusually high n -d values tu rn  
out to  be hexahydrotoluic acids, perhaps mixed w ith other 
cyclohexyl acids. W hile formerly naphthenic acids were 
thought to  consist of cyclohexyl acids, the tendency in the 
last decade has been to  assume th a t naphthenic acids are 
all cyclopentyl acids, since only very little indication of 
cyclohexyl acids had been obtained and none had been iso
lated. The am ount of the pure solid isomer of p-hexahydro- 
toluic acid isolated herein is very small, b u t other isomers
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appear to  be present in  larger am ounts in this cut which boils 
below the boiling point of the pure acids, so th a t more m ay 
be present in somewhat higher boiling fractions. I t  should, 
of course, be remembered th a t  the acids isolated were ob
tained from a  m ixture of straight-run and cracking process 
products, so th a t the cyclohexyl acids m ay have been formed 
during the cracking process.

A ck n o w le d g m e n t
The authors wish to  thank  the  H um ble Oil and Refining 

Com pany for donating the acids used and perm itting them  to 
isolate the crude acids a t  the refinery w ith their equipment. 
Thanks are also due Douglas Henson for cooperating in the 
early stages of this work.

L itera tu re  C ited
(1) Bratton, Felsing, and Bailey, I n d .  E n o .  C h e m ., 28, 424 (1936).
(2) Drake and Bronitsky, J. Am. Chem. Soc., 52, 3715 (1930).
(3) Gutt, Ber., 40, 2066 (1907).
(4) Hancock and Lochte, J. Am. Chem. Soc., 61, 2448 (1939).
(5) Lange, “Handbook of Chemistry”, 2nd ed., pp. 308 and 747,

Sandusky, Ohio, Handbook Publishers, Inc., 1937.
(6) Lesesne and Lochte, I n d .  E n g .  C h e m ,, Anal. E d .,  10, 450 (1938).
(7) Noyes and Burke, J. Am. Chem. Soc., 34, 174 (1912).
(8) Each, Ann., 234, 35 (1886).
(9) Schutze, Quebedeaux, and Lochte, I n d .  E n o .  C h em ., Anal. Ed.,

10, 675 (1938).
(10) Skraup and Binder, Ber., 62B, 1134 (1929).
F r o m  theses subm itted  b y  H en ry  G. Sohutza and  Billie Shive in  p a rtia l 
fulfillm ent of requirem ents for docto r of philosophy and  m aster of a r ts  de
grees, respectively.

Determination of Sulfate by 
Tetrahydroxyquinone Method

Effect o f  Sodium  Sulfite and Procedure for Its Elim ination

H . LEW IS KAHLER, W. H . & L. D. B etz, P h ilad e lp h ia , P en n a .

S u lfite , fre q u e n tly  u sed  as a c h e m ic a l d e-  
a e r a n t in  b o iler  w a ter  tr e a tm e n t , h a s  so m e  
e ffec t o n  th e  te tra h y d ro x y q u in o n e  m e th o d  
o f  s u lfa te  d e te r m in a t io n , a n d  a s im p le  
m e th o d  h a s  b een  e s ta b lish e d  for its  e l im i

n a t io n . A  r o u g h  co rre la tio n  w as fo u n d  
to  e x is t  b e tw e e n  su lf ite  p resen t a n d  su lf ite  
t itr a te d . R e s tr ic t io n s  a n d  su g g e s t io n s  for  
th e  te tr a h y d ro x y q u in o n e  m e th o d  are p re 
se n te d .

IN  PR EV IO U S papers (1-7) describing the tetrahydroxy
quinone m ethod for sulfate and its modifications, the 

effects of certain ions have been discussed.
Since the  appearance of the first paper, considerable re

search has been continually carried out to  aid in the execution 
of this method.

The m ethod has been found to  be unaffected by  silicate, 
tannin, magnesium, chloride, and calcium in concentrations 
occurring in  natu ra l and boiler w aters (8, 4)- Phosphate 
interfered if the titra tion  was carried out a t  pH  8.3. An al
ternate m ethod was devised for eliminating the  effect of 
phosphate by adjusting the system  to  pH  4.0 before titra tion ; 
by  this m ethod the tolerance of phosphate was raised above 
the  norm al excess soluble phosphate found in  boiler w aters (4). 
Aluminum, zinc, lead, copper, nickel, ferric and ferrous iron, 
etc., form insoluble compounds a t  pH  8.3 and should be 
filtered off before titra tion . The residual concentrations of 
these m etals after filtration gave only slight interference, 
since their solubilities are very low (8-6).

Sodium sulfite, frequently used in  boiler w ater treatm ent 
to remove oxygen, has been found to  offer some interference 
and it  is the purpose of th is paper to  define the extent of the 
interference and the simple m ethod devised for its elimination.

E xp er im en ta l

M a t e r i a l s  a n d  R e a g e n t s .  Standard barium chloride 
solution: 1 cc. =  1 mg. of sulfate. Tetrahydroxyquinone indi
cator, manufactured by W. H. & L. D. Betz, Philadelphia, 
Penna., composed of disodium tetrahydroxyquinone dispersed 
in an organic medium. Standard sodium sulfate solutions, 
composed of 66 and 165 p. p. m. as sulfate. Ethyl alcohol, de

natured ethyl alcohol No. 30 or 3A, or isopropyl alcohol. An
hydrous sodium sulfite, c. p., Baker’s.

In  determining the effect of residual sulfite, a 25-cc. sample of 
known sulfate concentration was treated with a weighed amount 
of solid sodium sulfite and adjusted to  pH 8.3. Twenty-five- 
cubic centimeters of the alcohol were added and the system was 
titrated with standard barium chloride solution until the indica
tor changed from yellow to red. Because of the difficulty in 
maintaining sulfite in solution, solid sodium sulfite was added to- 
the test system in preference to a solution of sodium sulfite. In 
each case the test system was treated with 5000 p. p. m. of m anni- 
tol to help preserve the sulfite until the titration was complete.

T a b l e  I. E f f e c t  o f  S u l f i t e  o n  S u l f a t e  T i t r a t i o n  by - 
T e t r a h y d r o x y q u i n o n e  M e t h o d

Sulfate Sulfate Sulfite“ Sulfite
P resen t Found Difference In tro d u ced T itra te d
P . p .  m . P . p .  m. P . p .  m. P . p .  V I. SOi %

66 64 - 2
165 168 + 3
165 164 - 1
66 80 +  14 ’ i s 77 .7
66 110 + 4 4 55 80 .0
66 140 + 7 4 92 80 .4
66 204 +  138 168 82.1

165 182 +  17 19 8 9 .5
165 200 + 3 5 39 89 .7
165 232 + 6 7 78 8 5 .9
165 296 + 131 157 8 3 .4

a E rro r in  weighing and  p u rity  of sodium  sulfite did  no t exceed 2 p. p. m . aa. 
SO4.

The results of these experiments, presented in Table I, 
show th a t  residual sulfite offers some interference w ith the 
tetrahydroxyquinone m ethod. Approximately 80 to  90 p e r
cent of th e  sulfite introduced into the system  was titra ted . 
The effect of the sulfite is also brought out in  Figure 1, which, 
shows i t  to  be linear throughout the rangę investigated..
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F i g u r e  1

This curve can be used to give a rough correction to  the sul
fate analysis, if the sulfite concentration is known, by sub
tracting  the sulfate equivalent to  the sulfite from the to ta l 
sulfate concentration as determined by the tetrahydroxy- 
quinone m ethod. However, more accurate and rapid results 
can be obtained by using the procedure for sulfite elimination 
described below.

No correlation was found to exist between the sulfite 
concentration remaining after the tetrahydroxyquinone ti
tration  and (1) the sulfite titra ted  or (2) the sulfite untitra ted  
b y '’the tetrahydroxyquinone method. The residual sulfite 
after the completion of the titra tion  was analyzed by iodom- 
etry. These analyses exhibited wide variance, making 
results inconclusive. This work was carried out in  order to 
throw  some light on the mechanism by which the sulfite inter
fered w ith the sulfate titration. I t  is believed th a t two 
mechanisms occur simultaneously: (1) precipitation of bar
ium  sulfite, and (2) the oxidation of sulfite to  sulfate, fol
lowed by  precipitation as barium  sulfate. Both mechanisms 
proceed in the direction to give high results, which is in accord 
w ith the experimental data  presented.

T a b l e  II. R e s u l t s  o f  S u l f i t e  E l i m i n a t i o n  M e t h o d

Before Aoid T rea tm en t A fter Acid T rea tm e n t
Sulfate Sulfite
presen t present
P . p. m. P . p. m.

165 149
165 37
165 92
165 244

Sulfate
found Differenoe

P . p. m. P . p. m.
172 + 7
108 + 3
170 +  5
180 +  15

The following procedure was found satisfactory for elimi
nating the effect of the residual sulfite.

P roced u re for S u lfite  E lim in a tio n
A 25-cc. (or 25-ml.) sample is treated with 1.0 cc. of approxi

mately 0.5 N  hydrochloric acid, boiled 2 minutes, cooled, neutral
ized by sodium hydroxide just to the acid side of phenolphthalein, 
treated with 25 cc. (or ml.) of ethyl or isopropyl alcohol and 1 
dipper of tetrahydroxyquinone indicator, and titrated in the 
usual manner. The hydrochloric acid treatment liberates the

sulfur dioxide, which escapes during boiling. The evaporation 
is so small during this short time of boiling that no volume ad
justment is necessary.

The experimental results are presented in  Table I I  and 
show th a t the method was successful in eliminating even very 
high am ounts of sulfite. The first and last experiments gave 
high sulfate results, owing to  the small conversion of sulfite 
to sulfate before the acid completely liberated the sulfur 
dioxide. M annitol was used to  keep the sulfite from reverting 
to  sulfate, but, although very helpful, is not able to tally  to  
preserve the sulfite. W here residual sulfite was present in 
concentrations which are normally carried in boiler waters—  
namely, 30 to 50 p. p. m.— there was less chance for the sulfite 
to revert to sulfate before elimination, and normal results 
were obtained.

S u g g estio n s
T i t r a t i o n  A s s e m b ly .  A  small table with a white surface 

should be used and the titration flask illuminated by a 50-watt 
bulb from either side or behind.

S h a r p e n i n g  o f  E n d  P o i n t .  The end point is sharpened by 
adding small amounts of silver nitrate: 1 cc. of 0.1 N  (approxi
mate) solution when chlorides are low in concentration, or 2 to 3 cc. 
(or ml.) when chlorides are high in concentration. The chlorides 
present must always have greater equivalent concentration than 
the silver nitrate added; otherwise a  silver salt of tetrahydroxy-

3uinone is formed which has an intense cherry color. When this
evelops, the titration must be repeated with less silver nitrate.

T i t r a t i o n  L i m i t s  o f  B a r i u m  C h l o r i d e .  The most distinct 
end point is obtained when the volume of barium chloride is 
restricted to a maximum of 10 cc. Titrations requiring more 
barium chloride should be carried out with a smaller sample diluted 
to 25 cc. with distilled water. A  strength of barium chloride 
between 1 and 4 mg. of sulfate per cc. gives the best end points.

N e u t r a l i z a t i o n  o f  S a m p le .  In  order to maintain as nearly 
as possible the 1 to 1 alcohol-water ratio, it is suggested tha t ex
tremely alkaline boiler waters be roughly neutralized with 1 N  
hydrochloric acid, followed by 0.02 N  hydrochloric acid or sodium 
hydroxide to the desired pH.

E l i m i n a t i o n  o f  E f f e c t  o f  P h o s p h a t e .  Phosphate tolerance 
can be raised to 150 p. p. m. as phosphate by diluting a 10-cc. 
sample to 25 cc., followed by neutralization to the yellow range of 
bromocresol green indicator.

S u l f a t e  R a n g e .  The most satisfactory results with this 
method are obtained with a 25-cc. sample containing 0.2 to 25 
mg. of sulfate (8 to 1000 p. p. m.). The sample should be diluted 
or concentrated to this range. Higher sulfate content can be de
termined, but the end point of the titration is not so sharp be
cause of increase of barium sulfate by precipitation in the system.

C o n clu sio n s

T he presence of residual sulfite in feed and boiler waters in
terferes w ith the tetrahydroxyquinone m ethod for the de
term ination of sulfate. Approximately 80 to  90 per cent of 
the sulfite present titrates, giving high sulfate results. Sulfite 
m ay be simply and quicWy eliminated by the m ethod here 
presented.
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Cerate Oxidimetry
Electrolytic O xidation o f Cerium w ithout Use o f a D iaphragm  Cell

G. FRED ERICK  SM ITH , GERALD FRANK, AND A. E. KOTT, U niversity  o f Illino is, U rbana , 111.

PREVIOUS contributions on cerate oxidimetry (2, 3) have 
pointed out means through which the applications of 
te travalen t cerium in volumetric analysis can be greatly ex

tended. I t  has been shown th a t the formal oxidation poten
tials of the ceric-cerous systems in hydrochloric, sulfuric, 
nitric, and perchloric acid media increase pronouncedly over 
the range 1.28, 1.44, 1.61, and 1.70 volts, respectively. In  
order to  take advantage of the increased oxidation potential 
in the la tte r two cases, a simple procedure is desired for m ak
ing available the solutions of te travalen t cerium required. 
I t  is the purpose of the present work to  describe such a method.

T h e o r e tic a l C o n sid era tio n s
The electrolytic oxidation of trivalent to  tetravalen t cerium 

has been described by Hengstenberger (1). Following this 
procedure, a diaphragm  cell using a  platinum  anode and 
cathode was employed. The use of a  diaphragm  cell is a  
prerequisite if te travalen t cerium is assumed to  exist in solu
tion as a cation. However, w ith the knowledge th a t te tra 
valent cerium exists in solution prim arily as an anion (2), a 
num ber of new conditions m ight be logically expected to  pre
vail during electrolytic oxidation:

1. T hat a diaphragm cell would not be required. This would 
naturally result from the fact tha t the cathode would be expected 
to repel anions. (Hydrochloric acid solutions of cerous chloride 
are excluded.)

2. That the current efficiency and degree of completion of the 
oxidation would depend upon the extent to which a stable com
plex cerate ion is formed. The higher the complexity of tetra
valent cerium as the Ce(SO()3 , Ce(NOa)« , and Ce(C10()6 
anions, the higher the current efficiency and the completion of the 
oxidation would be.

3. That the ratio in surface area of the anode with respect to 
the cathode should be large to  favor increased efficiency and 
completion of oxidation.

4. That side reactions might be predicted a t the cathode in 
the oxidation of cerous nitrate to the nitrato cerate anion. This 
effect might be expected because of the possibility of reduction of 
the nitrate ion to the ammonium ion.

5. That the influence of the acid concentration on the com
pleteness of oxidation should be small except in the oxidation of 
cerous perchlorate. This would be predicted from the findings 
of Smith and Getz (2).

In  the following work these assumptions are shown to be 
justified by experiment.

A p p aratu s E m p lo y ed
The apparatus employed is no t described or illustrated be

cause an electrolytic cell w ithout diaphragm  is simple in con
struction. The electrolyte in all cases was 2 to  3 liters in 
volume in 3- or 4-liter beakers.

E lectrod es
Two types of anodes were employed, plain surface sheet plati

num (Type A) and cylindrical platinum gauze (Type B). The 
former were 10.2 cm. square, the lower half of foil 0.127 mm. thick, 
and the upper half of sheet 0.25 mm. thick. Welded to the top 
of each such anode was a lead-in band 12.7 mm. wide, 50 mm. long, 
and 0.75 mm. thick. Two electrodes w'ere bent to form half 
cylinders and mounted side by side to form a complete cylinder

T a b l e  I. P l a t i n u m  E l e c t r o d e  S p e c i f i c a t i o n s  
Eleotrode

designation  A node A A node B C athode  C C athode  D  C athode E  
E leotrode ty p e  Sheet G auze W ire Foil Sheet
Surface, sq . cm. 207 935 4 .7 5  12 207

10.2 cm. tall and 6.0 cm. in diameter. Each electrode weighed 
approximately 57 grams and had 207 sq. cm. of contact surface.

Type B anodes were 76 mm. in diameter and 152 mm. tall, 
made of wire 0.21 mm. in diameter, 18 meshes per centimeter. 
Two lead-in wires 90 mm. long and 2.5 mm. in diameter were 
welded to two of the four vertical ribs. Each such anode weighed 
approximately 142 grams and had a surface area calculated to be 
935 sq. cm.

Three types of platinum cathodes were employed. Type C 
were 152-mm. lengths of wire, 1 mm. in diameter, giving an area 
of 4.75 sq. cm. Type D were 152-mm. lengths of platinum foil, 
0.127 mm. thick and 8 mm. wide, having an area of 12 sq. cm. 
Type E  were the same as type A anodes.

T a b l e  II. E l e c t r o l y t i c  O x i d a t i o n  o f  C e r o u s  S u l f a t e  a n d  
C e r o u s  N i t r a t e  

(C athode B, anode C)
Oxida- Oxida-

Tim e tio a  Tim e tio a
Coulombs X Coulombs X

M in . I O '1 %  M in . 1 0 -» %
0.2525 mole of Cet(SOOi.8HjO suspended in  2000 ml. of 1.5 m olar H :8 0 i, a t 

3.5 to  3.2 vo lts  and 10 am peres
15 9 9 .7 135 81 84 .9
30 18 20.7 150 90 92 .9
45 27 29 .3 165 99 97 .0
60 36 3 8 .5 180 108 98 .6
75 45 4 8 .9 200 120 9 9 .3
90 54 58 .5 215 129 99 .5

106 63 .6 68 .3 230 138 9 9 .9
120 72 76 .4 250 150 100.2

5116 mole of Ce(NOj)» in 2000 ml. of 2.0 m olar H N O j , a t  3.5 to  3.2 voll 
and  9 am peres

15 8 .1 7 .3 150 81 .0 72 .1
30 16.2 12.8 165 89.1 75 .6
45 24 .3 21 .2 180 9 7 .2 86 .5
60 32 .4 29 .0 195 105.3 9 3 .4
75 40 .5 35.1 210 113.4 9 7 .8
90 4 8 .6 42 .7 225 121.5 9 8 .8

105 56.7 5 0 .0 240 129.6 9 9 .2
120 6 4 .8 57 .0 270 137.7 9 9 .5
135 72 .9 64 .7 287 155 9 9 .7

P rep a ra tio n  o f  S o lu tio n s
Ceric oxide free from thorium and containing approximately 40 

per cent Ce02 was converted to hexanitrato ammonium cerate, 
(NH4)2Ce(N03)j, by the process described by Smith, Sullivan, and 
Frank {£) except tha t the final crystallization was omitted. This 
resulted in the preparation of a starting material of 98 to 99.5 per 
cent purity, the remainder consisting of rare earths of the cerium 
group except thorium. A gram molecule of the complex nitrate 
was dissolved in dilute nitric acid and reduced, using a slight ex
cess of 100-volume hydrogen peroxide. Hydrochloric acid was 
then added, as well as nitric acid, followed by gentle boiling until 
ammonium salts were decomposed. Finally the mixture was 
evaporated with excess nitric acid to give cerous nitrate contain
ing but small amounts of excess nitric acid. For the oxidation of 
cerous nitrate, Ce(N03)3, to nitrato ceric acid, H2Ce(N03)6, a 
definite amount of nitric acid was added with dilution to the proper 
volume.

Cerous perchlorate was prepared from known amounts of 
cerous nitrate, obtained as described above. After the addition 
of known amounts of 72 per cent perchloric acid and evaporation 
to strong fumes to remove nitric acid, the resulting product was 
ready for dilution to volume and electrolytic oxidation.

Cerous sulfate octahydrate, Ce2(SO<)j.8HjO, was prepared from 
cerous nitrate obtained as described above. An excess of sulfuric 
acid was added to a hot solution of cerous nitrate in water and the 
resulting product was filtered, using a fritted-glass filtering funnel. 
The product thus obtained was washed with hot water and dried 
at 110° C. Weighed quantities of this product were suspended in 
sulfuric acid of known strength and were oxidized electrolytically.

Cerous sulfate solutions were also made by dissolving anhydrous 
ceric sulfate in a known amount of sulfuric acid which had been 
diluted to approximately the desired volume, and adding 100- 
volume hydrogen peroxide to reduce the cerium, followed by dilu
tion to the proper volume for electrolytic oxidation.
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T a b l e  III.

Oxida-
tion
No.

E l e c t r o l y t ic  O x i d a t io n  o p  C e r o u s  S u l f a t e , N i t r a t e , a n d  P e r c h l o r a t e  i n  S u l f u r i c , N i t r i c , a n d  P e r c h l o r i c
A c id  S o l u t io n

(Cell te rm inal voltage 3.5 to  3.2 volts)

Com position of E lectro ly te

1 0 .0457 At Cei(SO<)t in 1 A t H¡SO<
2 0 .0508  At Ce2(SO<)i in  2 At HiSOi
3 0 .0522  At C eî(SO t). in  3 At HiSOi
4 0 .0484  At Ce2 (SO«)! in  2 A t  HiSOi
5 0.30G At Cej(S04)> in 0 .882  AI HiSOi
6 0.252G A t Ce¡(SO<)i in  1 .5  M  HjSOi
7 0 .1216 At Ce(C10<)i in 1 .0  A t  HC10<
8 0 .361  A t  Ce(C10<)i in  1 .0  A t H C10(
9 0 .1238  A t  Ce(C10()i in 1 .0  At H CIO. and 5 .0

10 0 .1238 At Ce(C10<)j in 0 .5  At H ClO i and 5.
11 0 .406  A t Ce(C10<)j in 1 .0  A t  HClOi
12 0 .522  A t Ce(C10<)j in 0 .0  At HC10<
13 0 .1036  AI Ce(NO*)j in  2 .0  A t H N O j
14 0 .510  At Cc(NO>)> in 2 .0  AI HN O j
15 0 .0475 AI Cei(SO<)i in 2 .0  AI H,SOi

At N aClO .
5 A t  N aClO .

T ype of C urren t Final F inal R equired  for
E lectrode D ensity  

Anode C athode 
A m ps./sq . inch

O xidation, Norm . 8 0 ^  O xidation 
Theoretical Found 

Coulombs
node C athode %  C om plete C e + + ++

A E 0.312 0.312 60 .6 0 .0593
A E 0.312 0.312 68 .5 0 .0696
A E 0.312 0.312 59 .8 0 .0623
B D 0.069 2 .66 9 9 .4 0.0963 217,500 242,500
B D 0.069 2 .66 97 .4 0 .5970 156,000 163,000
B C 0.069 6.67 100.0 0.5051 76,000 76,500
A E 0.312 0.312 36 .9 0 .0448
B D 0.069 2 .66 89 .8 0.3241 50,000 70,000
A E 0.312 0.312 91.4 0.1131 17,500 35,500
A E 0.312 0.312 99 .2 0 .1228
B C 0.069 6 .67 8 7 .5 0 .3555 53,500 95,000
B c 0.069 6 .67 9 8 .9 0.5087 78,500 81,000
A E 0.312 0.312 60 .7 0 .0629
B C 0.069 6 .67 9 9 .7 0.5087 76,000 90,000
A E 0.312 0.312 7 0 .8 0 .0672

If ammonium salts are not objectionable, a procedure compar
able to tha t last given may be employed in the preparation of 
cerous nitrate-ammonium nitrate-nitric acid solutions for 
electrolysis.

A n a ly sis  o f  S o lu tio n s
The solutions during electrolysis were sampled a t frequent 

intervals, generally every 15 minutes. A 5-ml. sample was 
withdrawn with a pipet, transferred to a 250-ml. beaker, and 
diluted to 100 ml. with 1 to 10 sulfuric acid. These samples wore 
titrated, using 0.1 Af ferrous sulfate with ferroin as indicator. 
The total concentration of cerium present was determined follow
ing complete oxidation by ammonium persulfate, using the 
method of Willard and Young (5). The total volume thus with
drawn from the cell (50 to 100 ml.) was small in comparison to the 
total volume present (2000 to 3000 ml.). Half the volume of 
sampling solution was deducted from the total starting volume 
of solution oxidized in the calculation of the theoretical coulombs 
required.

S u b s ta n t ia t io n  o f  P re lim in a ry  A ssu m p tio n s
Of the five conditions governing the control of experi

m entally variable factors, the first—th a t a diaphragm cell 
would no t be required—was easily dem onstrated in the case 
of the oxidation of cerous sulfate, n itrate, and perchlorate in 
their corresponding acid solutions. A hydrochloric acid 
solution of cerous chloride, however, was no t correspondingly 
oxidized a t  an acid concentration 1 molar or above. Refer
ring to  the work of Smith and Getz (2), it was thought th a t 
the  second condition would be m ost strikingly substantiated 
by studying the oxidation under similar conditions of cerous 
sulfate, n itrate, and perchlorate in their corresponding 2 M  
acid solutions. This was accomplished as shown by the re
sults given for oxidations 1, 7, and 9 of Table I II . The third 
and fourth conditions were substantiated by the results of 
oxidations 13 and 14. In  these cases gassing a t  the cathode 
or anode was slight or absent entirely. The finished solutions 
gave a conclusive test for the presence of the ammonium ion. 
In  experiment 12 a t  the end of the oxidation a considerable 
evolution of ozone was evident a t  the anode. The fifth condi
tion was substantiated  in experiments 9, 10, and 12.

T a b u la tio n  o f  E xp erim en ta l R esu lts
The results of typical oxidations are given in Table I I  in 

the case of cerous sulfate and cerous n itrate. The other re
sults are om itted in order to  conserve space. The remaining 
da ta  are given in Table I II .

S u b s t itu te s  for P la t in u m  as E lectrod e M ater ia ls
G raphite m ay be substituted for platinum  as electrode ma

terial. Lead dioxide electrodes m ay be used as anodes and 
lead m ay be used as cathodes, if removed when oxidation is 
complete to  prevent their solution in nitric or perchloric acid 
solutions.

R e su lts  A tta in e d

The m ost im portant conclusion of this investigation is th a t 
the former study of electrode potentials of the cerate-cerous 
system (2) was correctly interpreted in the establishm ent of 
a cerate-ion concept. A convenient laboratory m ethod for 
preparation of the various complex cerates has been developed. 
A satisfactory procedure for preparation of hexaperchlorato 
eerie acid, H 2Ce(C10.i)o, has been provided for the first time, 
as well as a convenient procedure for the regeneration of spent 
solutions of cerous salts. The current efficiency is nearly 
theoretical under the most favorable conditions up to 80 per 
cent to tal oxidation. The logarithmic variables [Ce(S04)3 ] /
[Ce+++][SO.i ]!, [C e(N 03)6— ]/[C e+++][N 0 3- ] 6, and [Ce-
(ClO-Oe— ]/[C e+++][C104~]6, proposed by Sm ith and Getz
(2) for application to  the N ernst expression for calculating elec
trode potentials when applied to  these systems, have been 
shown to be valid, a t least in a qualitative sense.

The conditions under which cerous sulfate, nitrate, and per
chlorate m ay be oxidized electrolytically w ithout the use of 
a diaphragm cell to  form sulfato, n itrato , and perchlorato eerie 
acids, H 2Ce(S0 4)3, H 2Ce(N 0 3)6, and H 2Ce(C104)6, have been 
described.

Anode m aterials m ay be either platinum , lead dioxide, or 
graphite, and cathodes m ay be of platinum  or lead.

A study has been made of the effect of variations in anode 
and cathode current densities and the potential employed 
upon the current efficiency and the completion of the oxida
tion.

The current efficiency for complete oxidation of cerous sul
fate in sulfuric acid solution was found to be 74.1 per cent; 
for 80 per cent oxidation, 99.35 per cent.

The current efficiency in the oxidation of nitric and per
chloric acid solutions of cerous n itra te  and perchlorate for 80 
per cent oxidation was found to  be 84.4 and 56.3 per cent, re
spectively, in 2.0 molar nitric and 1.0 molar perchloric acid 
solution. Cerous perchlorate in 6.0 molar perchloric acid can 
be oxidized to  80 per cent completion w ith a current efficiency 
of 96.9 per cent.

The cerate-ion concept previously proposed (3) has been 
further substantiated and all predictions based upon this 
concept which govern electrolytic oxidations of cerium have 
been experimentally realized in the present work.
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Silicomolybdate Method for Silica
HAROLD W. KNUDSON, C. JUDAY, a n d  V. W. M ELOCHE

U niversity  o f Wise

TH E  present research represents an effort to  standardize 
a colorimetric procedure for the rapid determ ination of 
small quantities and the detection of m inute changes in the 

concentration of dissolved silica in natu ra l w aters of very low 
phosphate content.

A preliminary study  indicated th a t two general procedures 
were available. The m ethod of D ienert and W andenbulcke 
(4) takes advantage of the yellow silicomolybdate color pro
duced when am monium m olybdate reacts in  acid medium 
w ith dissolved silica. Isaacs’ m ethod (7) a ttem p ts to  extend 
the sensitivity of this reaction by  reducing the m olybdenum 
in the silicomolybdate complex to  the relatively intense molyb
denum  blue color.

F ig u r e  1

Phosphate interferes w ith  both  m ethods (12) b u t to a 
greater extent in  the reduction method. O ther serious ob
jections to  the reduction m ethod are interference due to  iron 
or other reducing agents and the instability  of the  blue color 
(3). A lthough modifications of Isaacs' procedure have been 
proposed to  eliminate interference due to phosphates (1,5),  
the other objections remain.

The procedure of D ienert and W andenbulcke was se
lected for this investigation because it  was simple and rapid. 
The authors hoped to  increase its sensitivity as well as its 
precision by a critical exam ination of the conditions surround
ing the development of the color and by an im provem ent in 
the m ethod of measuring the color.

E q u ip m e n t
The following special equipment was used: a pH electrometer, 

a Duboscq colorimeter, matched Nessler tubes, a Cenco-Sanford-

, M adison , Wis.

Sheard photelometer, an Evelyn photoelectric colorimeter, and a 
specially designed thermopile-type spectrophotometer employing 
a continuous light source (8).

R e a c tio n

T h a t the ratio  of silica to  molybdenum trioxide is 1 to 12 in 
the simple reaction between am monium m olybdate and so
dium  silicate has been established for some tim e. However, 
i t  was necessary to  show th a t this relationship is constant over 
the entire range of concentrations studied. Known am ounts 
of ammonium m olybdate were added to  solutions containing 
an excess of dissolved silica and after acidification and de
velopm ent of maximum color, m easurem ent of the intensity  
of the color produced showed the am ount of silica which re
acted. D a ta  for several concentrations are plotted in Figure
1. A stra igh t line is obtained which extrapolates to  the ori
gin. The slope of the line is alm ost precisely l/n ,  indicating 
th a t  the mole ratio is 1 SiC>2/12 M o 0 3 for the concentrations 
studied.

E ffect o f  M o ly b d a te  C o n c e n tr a tio n , A c id ity , 
a n d  T im e

M o l y b d a t e  C o n c e n t r a t i o n .  I t  was recognized early in 
this investigation th a t although ammonium m olybdate in 
molecular concentration twelve tim es th a t of the silica would 
suffice for the color reaction, a certain excess is desirable in 
order to  reduce m aterially the tim e required for maximum 
color development.

Using the  photelom eter to  detect intensity  of color and 
allowing no more than  10 m inutes for color development, the 
following study was made.

ML. 10^ AMMONIUM MOLYBDATE

F ig u r e  2
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Six or more samples of the same concentration of dissolved 
silica were poured into sample tubes and a known amount of ex
actly 10 per cent ammonium molybdate solution was added to 
each. Ten minutes after acidification and dilution to 100 ml. the 
intensity of color of each sample was measured with the photel
ometer and the minimum concentration of molybdate necessary 
for full color development within the 10-minute period was re
corded. This procedure was repeated for several different con
centrations of dissolved silica.

The d a ta  are p lotted in Figure 2, where the minimum 
m olybdate concentration required for full color development 
w ithin 10 m inutes is plotted against the concentration of dis
solved silica. I t  is apparent th a t the am ount of molybdate 
required is a straight-line function of the silica concentration. 
By extrapolating the curve to 0 p. p. m. of silica, one can de
term ine the excess of m olybdate th a t is required for the maxi
mum color developm ent w ithin 10 minutes.

This excess is found to be 0.32 ml. of 10 per cent ammonium 
m olybdate solution in 100 ml. of sample, or 0.0036 mole per 
liter of molybdenum trioxide. A greater excess does not 
appreciably shorten the tim e required for full color develop
m ent. A large excess is to  be avoided because the color is 
less stable. In  actual practice, 2 ml. of 10 per cent ammonium 
m olybdate solution per 100 ml. of sample were found most 
satisfactory for concentrations of silica as high as 50 p. p. m.

A c i d i t y .  Previous authors have reported th a t acidity has 
an  im portan t influence on color development (6, 12, 15), not 
only w ith respect to the intensity  of the color b u t also the rate 
of color development and color decay.

Three concentrations of dissolved silica solutions were selected 
for this s tudy : 50, 20, and 5 p. p. m. A series of 100-ml. sample 
tubes was filled with silica samples, all of the same concentration, 
and treated with 2 ml. of 10 per cent molybdate solution. Vary
ing amounts of acid were added to give a series of solutions of

decreasing pH. At 5 and 10 minutes after the acidification, the 
color development was noted on the photelometer. Such a series 
was repeated several times for each of the three concentrations of 
silica mentioned above.

The results are illustrated graphically in Figures 3 and 4, 
5 and 10 minutes, respectively, being allowed for color de
velopment. In  each figure the per cent relative deflection of 
the photelometer is p lotted against pH , which is equivalent to 
plotting the per cent of theoretical color developm ent against 
pH . Figures 3 and 4 indicate th a t the pH  lim it for maximum 
color development for small am ounts of silica is 1.6 to  2.0.

F ig u r e  4

T he effect of increased tim e for color development is to 
broaden the pH  range for higher concentrations of silica, b u t 
for 5 p. p. m. of silica this effect is hardly noticed. I t  is evident 
th a t great precautions m ust be taken to  ensure proper ad
justm ent of pH  for measurem ents of small am ounts of silica. 
W hereas the adjustm ent is less critical for higher concentra
tions of silica, the color development falls off rapidly on either 
side of the optim um  pH  range and care should be taken to 
operate w ithin the proper limits. Several buffer systems were 
investigated, b u t in general i t  was found more convenient and 
reliable to  add a predetermined am ount of free acid to  the 
sample in order to produce the proper pH .

Instead of using several drops of concentrated acid as rec- 
commended in m any procedures (4 ,9 ,10 ,11 ,13 ,15 ) ,  i t  is sug
gested th a t a  larger volume of dilute acid be used. One 
milliliter of 4 N  sulfuric acid gave the desired pH  for samples 
of natural waters in this investigation.

T i m e .  U nder the proposed procedure and w ithin the lim its 
of concentration used, i t  was found th a t  the maximum color 
developed w ithin 10 m inutes and remained unchanged for 
a t least 0.5 hour.



P roced u re
To a 100-ml. sample, add 2 ml. of a 10 per cent ammonium 

molybdate solution. Mix and immediately acidify to a pH of 1.6 
to 2 .0  (the authors used 1 ml. of 4  N  sulfuric acid). The amount 
of acid needed should be predetermined from pH measurements of 
the original sample. (It is important th a t the acid be added im
mediately following the addition of ammonium molybdate. If 
there is more than a minute’s delay, the time required for full 
color development is appreciably increased.) After 10 minutes, 
compare with standards or read in a photometer from which a 
standard calibration has been made.

S ta n d a rd s
Picric acid (9-11), potassium chrom ate (2), and buffered 

potassium  chromate (14) have been suggested as perm anent 
standards for the  silicomolybdate procedure. Spectrom etric 
studies made in  this laboratory support the conclusions of 
Swank and Mellon. The authors strongly recommend the 
use of buffered chrom ate according to their procedure.

P h o to e le c tr ic  M e a su r e m e n ts
B oth the Cenco photelom eter and the Evelyn photoelectric 

colorimeter were used in this study. The im portan t feature 
was the selection of the proper filters. In  general, i t  is not 
desirable to  select a filter by rule of thum b. A spectrophoto- 
m etric study of the color in question should be m ade and a 
filter selected which transm its a maximum am ount of light
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T a b l e  I. T y p ic a l  R e s u l t s

Cenco

E velyn

SiOi 
A dded 

P . p. m.
10
10
8
6
4 .5
2. 0
1.0
1.0
0 .75
0 .5
0 .5
0 .5
0 .25
0 .25
0.12

0 .4 0

SiOj
Found

P. p. m.
10.05

9 .93
8 .00
5 .95
4 .5
2.0
1.03
1.01
0 .72
0 .51
0 .55
0 .50
0 .23
0 .24
0.10
0 .3 5

E rro r
%

+  0 .5
-  0 .7  

0 . 0
-  0.8  

0.0 
0.0
3 .0
1 . 0
4 .0
2. 0  + 10.0
0 . 0  

-  8 .0  
-  4 .0  
- 20.0

- 12.0

in  the spectral region where the colored solu
tion is absorbing the maximum. D ilute solu
tions of silicomolybdate absorb strongly only 
a t  wave lengths shorter than  4500 A. The 
Cenco No. 1 blue filter transm its light of con
siderably longer wave length and is no t particu 
larly satisfactory for dilute solutions, though 
i t  is satisfactory for high concentrations of 
silica. The Corning No. 511 blue filter has a 
maxim um  transm ission a t  about 4100 A. and 
accommodates the  silicomolybdate color very 
well. Figure 5 shows the calibration for these 
two filters in  the Cenco photelometer. The in
creased sensitivity of the Corning No. 511 
ranges from 40 to  50 per cent when calculated 
from the slopes of the curves.

The Evelyn colorimeter is equipped w ith 
the Evelyn No. 420 blue filter, which has al
m ost the same transm ission characteristics as the 
Corning N o. 511. Thus an interesting compari
son was m ade between the two instrum ents. 
Figure 6 shows the calibration curves. W hereas 
the Evelyn appears more sensitive (more units 
deflection per p. p. m. of silica), the p ath  lengths 

of light in the two instrum ents differ. In  the Cenco a 10-mm. 
cell is used, while the Evelyn employs a  2.2-cm. (0.875-inch) 
selected test tube. The m ean p a th  of light in the Evelyn is 
alm ost twice th a t  of the Cenco. W hen a correction is made 
for this difference, the sensitivity of the two instrum ents is 
alm ost identical for the color system  under discussion. I t  is 
advisable to use a t  least a 20-mm. absorption cell when meas
uring low concentrations of silica w ith the Cenco.

R e su lts

Although it  is possible for an experienced analyst to  read 
colors as low as 1 to 2 p. p. m. of silica in 50-ml. Nessler tubes,

F ig u r e  6
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the error is com paratively high. Table I  shows typical results 
using the Cenco and Evelyn photoelectric colorimeters. In  
concentrations as low as 1 p. p. m. using the Cenco instrum ent 
the per cent error is of the order of 1 per cent. In  concentra
tions less than  1 p. p. m., the error increases, ranging to  10 
per cent for concentrations as low as 0.25 p. p. m. Using a 
thicker cell such as the Evelyn provides, or a special 20-mm. 
cell for the Cenco, i t  is possible to  make readings as low as 
0.10 p. p. m. w ith an error of about 10 per cent.

Conclusion
M any natural waters in northern Wisconsin show very low 

silica concentrations. I t  is im portant not only to measure 
these low concentrations b u t also to follow small variations in 
silica concentration from time to  time.

A more careful control of the D ienert and W andenbulcke 
procedure for the colorimetric estim ation of silica is de
scribed. By control of pH  and use of photoelectric colorime
ters for the m easurem ent of color, the procedure has been 
made more precise. The sensitivities of the Cenco and the 
Evelyn photoelectric colorimeters were compared for this 
system and found to  be nearly identical when cells of the same 
thickness were used. The careful selection of filters by means 
of a spectrophotom eter is recommended.
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Quantitative Determination of Indole
M odification o f Ehrlich’s Reaction

LEW IS H . CHERNOFF 
Food an d  D rug A d m in is tra tio n , U. S. D ep a rtm en t o f A gricu ltu re , D enver, Colo.

OF  T H E  m any tests for indole, th a t of Ehrlich (4) seems 
to  be the m ost characteristic and widely used. This 

te s t depends on the reaction between indole and dimethyl- 
am inobenzaldehyde in the presence of hydrochloric or sulfuric 
acid, a  pink-red color being produced.

Since a variety  of colors m ay be produced w ith this reagent 
by m any organic compounds (6), a preliminary separation of 
indole from products containing i t  is necessary. This separa
tion is usually attem pted  by steam -distillation w ith subse
quent extraction from the distillate, b u t w ith m any organic 
mixtures this process is cumbersome and time-consuming and 
m ay be troublesome on account of foaming.

The m ethod described herein, involving Ehrlich’s reaction, 
m ay obviate the necessity for steam -distillation, is compara
tively short, rapid, and sensitive, and appears to  have wide 
applicability to  food and biological material. I t  has been 
applied w ith reasonable success by Clarke et al. (1) to  bu tte r 
and to  distillates from butter. The direct comparison of the 
spectral curves for the color obtained from bu tte r distillates 
w ith th a t for the color obtained from pure indole furnished 
strong presum ptive evidence th a t the results obtained in this 
case were due to  a  m ixture of indole and a substance or sub
stances very closely related to  indole. Clarke et al. checked 
the accuracy and were able to  determine by visual comparison 
as little as 1 microgram of indole per 50 grams of bu tte r by 
direct application and by  steam  distillation. By means of a 
simple neutral-wedge photom eter developed by  Clifford (2) 
the am ount of indole under favorable circumstances m ay be 
read to hundredths of a  microgram.

This m ethod is based primarily on the observation th a t

when a chloroform solution of indole is treated  w ith dilute 
acid (up to approxim ately 12 per cent) and Ehrlich’s reagent, 
the color remains in the chloroform, b u t if th e  te s t is made 
w ith stronger hydrochloric acid the color is transferred to the 
aqueous phase. If the acid is too concentrated, the color m ay 
be inhibited or destroyed.

In  the m ethod described herein sirupy phosphoric acid is 
used instead of hydrochloric acid because, being of heavier 
density, i t  m ay be easily separated w ith the indole and re
agent from a m ixture w ith chloroform, forming the lower layer, 
which can be easily tapped off. Furtherm ore, being a  weaker 
acid than  hydrochloric acid, some reaction w ith other possible 
interfering substances (when chloroform extracts of biological 
m aterial are made) may be avoided.

The addition of acetic acid increases the sharpness of sepa
ration and clarifies both  layers. Almost all of the acetic acid 
remains dissolved in the chloroform. After separating the 
phosphoric layer, the characteristic color of the reaction is 
developed by adding acetic acid to  it.

Method
R e a g e n t s .

A. Dissolve 0.2 gram of purified dimethylaminobenzaldehyde
(3) in 100 cc. of 85 per cent phosphoric acid.

B. Phosphoric acid, 85 per cent
C. Glacial acetic acid, freshly distilled and free from formal

dehyde
D. Chloroform, washed free of alcohol
To 50 cc. of chloroform containing from 1 to 10 micrograms of 

indole in a separatory funnel, add 5 cc. of reagent A. Shake 2 
minutes and then add 25 cc. of acetic acid. Shake again for a 
moment and allow the mixture to  stand until the layers separate
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completely (a few minutes). With pure reagents both layers will 
be colorless or nearly so. Carefully tap  off the lower phosphoric 
acid layer into a 50-cc. Nessler tube. Wash the chloroform 
layer with 2.5 ec. of phosphoric acid and add it to the acid in the 
tube. Make up to volume with acetic acid.

The characteristic purple-red color develops upon the addition 
of the acetic acid (5), the intensity being in direct proportion to 
the amount of indole present. By varying the amounts of in
dole, the color intensities produced may be used as standards for 
comparison, the strength of the color decreasing only slightly 
after 1 or 2 days. The comparison may also be made photo
metrically in a neutral-wedge (extinction) photometer such as 
th a t devised by Clifford. The spectral curve shows a maximum 
absorption in the neighborhood of 570 mu. By means of the 
photometer as little as 0.5 microgram of indole'may be detected.

C a u t i o n .  The reaction may be obtained by first adding the 
dimethylaminobenzaldehyde to the chloroform solution of indole 
and then shaking with phosphoric acid, but if added in reverse 
order, the indole is apparently polymerized by the acid and will 
not react with the benzaldehyde.

D isc u ss io n
Indole m ay be extracted by  chloroform from either slightly 

alkaline or acid aqueous solution. Since in terest in the de
term ination of indole is alm ost entirely w ith reference to  bio
logical m aterial which m ay contain m any interfering sub
stances of acidic or alkaline nature, i t  is suggested th a t such 
m aterial be first m ade slightly alkaline w ith  dilute sodium 
hydroxide and shaken vigorously w ith  a measured am ount of 
chloroform. After separation, the chloroform solution m ay

be washed w ith a small am ount of dilute hydrochloric acid, 
and an aliquot m ay then  be treated  w ith Ehrlich’s reagent as 
above described. If emulsions form during the alkaline ex
traction, they  m ay be broken usually by stirring in or shaking 
w ith sufficient powdered ammonium sulfate to  cause separa
tion of a  clear liquid, after which the m ixture m ay be centri
fuged or decanted and filtered.

(The trea tm en t w ith am monium sulfate in  alkaline solu
tion, as indicated, also removes formaldehyde, which, if pres
ent, m ay prevent the color formation.)

Sometimes the separation of the chloroform and phosphoric 
acid layers m ay be difficult. The addition of 5 or 10 cc. more 
of acetic acid and somewhat longer standing (about 30 m in
utes) m ay obviate this difficulty. I t  is im portan t th a t this 
separation be clean, as otherwise a tu rb id ity  m ay develop in 
the final solution when m ade to volume w ith acetic acid.
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Pressure Regulator for Vacuum Distillation
M ELVIN S. NEWMAN 

Ohio S ta te  U niversity , C o lum bus, Ohio

TH E  regulation of pressure during vacuum  distillation is 
usually accomplished w ith the aid of a  m anostat which 
keeps the pressure constant by causing a pum p to operate

in term itten tly  or by 
c o n t r o l l i n g  a n  air 
leak (-0- Such de
vices require a good 
deal of time, labor, 
and m aterials before 
they can be placed in 
operation. A pres
sure regulator which 
can be quickly as
s e m b le d  f ro m  ap
paratus and m aterials 
a v a i l a b l e  in  a n y  
laboratory is shown 
in Figure 1.

The principle upon 
which this regulator 
is based is simple. 
T he gas in  the system 
whose pressure is to 
be controlled m ust 
overcome the pres
sure of a  column of 
liquid before i t  can 
be pum ped out. In  
principle all th a t is 
required is a gas 
washing bottle con

taining a quan tity  of a liquid having an insignificant vapor 
pressure a t  room tem perature. In  practice the  two refine
m ents shown in Figure 1 make operation easier.

When the pump, connected a t A, is first started the bulk of 
gas in the system, connected a t B, is removed through the 
open stopcock, C. When the pressure has almost reached the 
desired pressure C is closed, forcing the remaining gas to be 
pumped through the head of liquid, h. The end of the gas inlet 
tube is constricted, so th a t when the system has come to equilib
rium the constant leaks therein (including the distillation 
capillary) cause a slow steady stream of bubbles instead of the 
more interm ittent larger bubbles th a t result if no constriction is 
made. The inside diameter of the constriction should be about 
1 to 1.5 mm. Before admitting air when the distillation has 
been completed, C is opened in order to avoid violent splashing 
of the liquid in the bottle.

Although the  author has used th is device for regulating 
pressure for only a few m onths, i t  has proved to  be extremely 
efficient. A fter allowing about 15 m inutes for the  entire 
system  to come to equilibrium, the pressure, as read on the 
usual type of mercury-filled m anom eter, has remained con
s ta n t during-distillations requiring as long as 10 hours. A 
pressure range of 1.5 to  16 mm. is conveniently covered by 
the ordinary gas washing bottle. Theoretically taller wash 
bottles or a  series of short ones would allow for a  wider pressure 
range. The author has used ethyl ph thalate  as a  suitable 
liquid, b u t undoubtedly other liquids could be substitu ted .
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Solution Method for Spectrographic Analysis
Utilizing a Dropping Electrode

R . J .  K E IR S  AND D . T .  E N G L IS , U n iv e r s i ty  o f  I l l in o is ,  U r b a n a ,  111.

TH E R E  often arises in spectrographic analysis a need for 
a simple, ye t reliable, m ethod for the quantita tive deter
m ination of substances in solution. Procedures for the prepa

ration of standard  powder samples for spectrographic work 
and their subsequent analysis are generally more laborious 
and time-consuming than  those utilizing solutions. Also, the 
homogeneity of standard  solutions is much more certain and 
their preparation is simpler than 
those for either powders or metallurgi
cal specimens.

Several m ethods for solution analysis 
have been described in the literature.
E ach has its individual merits and dis
advantages as to  ease of manipulation, 
complexity of design of container for 
the solution, adaptability  to  available 
electrode stand design, reproducibility 
of excitation conditions, and quantity  
of solution needed for an analysis.
The forms of apparatus described by 
Gerlach and Schweitzer (1), Twyman 
and H itchens (5 ), and Jolibois and 
Bossuet (£) employ special electrode 
equipm ent and relatively large quanti
ties of solution. Of several types of 
electrodes described in the literature, 
one a ttribu ted  to  Necke is mentioned 
by Lowe (8) and it  has some similarity 
to  the m ethod proposed in  the present 
paper. However, no d a ta  are given 
by Lowe to  show the reliability of the 
apparatus in quantita tive work, and 
the original communication could not 
be located.

After completion of the work of this 
paper, it was found th a t Lundegardh (4) 
also refers to  the work of Necke and 
has suggested changes in procedure 
analogous to  those employed here.
The technique, which in the present 
work was designed for use w ith a cold, 
high-potential spark, involves a slow 
and regulated addition of the solution through a  hollow upper 
electrode.

E lec tro d e  S y ste m
The lower electrode is an ordinary spectroscopic carbon rod 

with a flat end surface exposed to the spark. The upper carbon 
electrode is constructed, as shown in B  (Figure 1), from a piece 
of 0.25-inch (6.35-mm.) spectroscopic carbon rod 1.25 inches (31.S 
mm.) long. One end of the electrode is drilled to a depth of 1 
inch (25.4 mm.) with a 0.11-inch (2.78-mm;) drill. (The size 
and depth of drill were chosen to fit the particular size to which 
the glass capillary end was drawn.) The remaining 0.25 inch 
of the electrode is drilled with a 0.08-inch (1.98-mm.) drill. The 
smaller hole is necessary to effect a  steady flow of solution into 
the spark and to prevent large drops from playing upon the 
spark and varying excitation conditions.

The device for introducing the solution, a  “dropping electrode , 
is constructed from a piece of glass tubing 0.25 inch (6.35 mm.) 
in diameter, 7 inches (17.8 cm.) long, and fitted with a stopcock 
a t one end, as shown in A  (Figure 1). The other end is softened 
in a flame and drawn to a pointed capillary. The capillary tip is 
then fire-polished until the orifice will permit a flow of approxi
mately 0.9 cc. per minute, when the stopcock is adjusted to the

maximum opening. (These specifications are for use only when 
the tube is filled to a point below the stopcock level—i. e., in use, 
the glass tube is never filled to include liquid in the stopcock. 
Filling the tube past the stopcock should be avoided, since the 
rate of flow cannot be easily duplicated.) If larger volumes of 
solution are needed for excitation, the tube should be made of 
greater length or greater diameter.

Since corrosive liquids are sometimes employed, it is necessary 
to shield the electrode stand, etc., from the spray which the spark 
produces during excitation. A most satisfactory and inexpen
sive form of shield can be made from a piece of absorbing paper 
(Bluebird lining paper), cut and folded into a box, with an open 
end and top, and of such dimensions tha t it can be fitted between 
the electrode holders. A small slot is cut in the bottom of the 
shield to allow the lower electrode to protrude.

O p eration
After the spectrograph has been adjusted and the plate holder 

loaded, the carbon electrodes are placed in the electrode stands, 
with the usual precautions as to electrode heights and spark gap 
distances. The drilled carbon serves as the top electrode, while 
the flat-surface carbon serves as the bottom electrode. The drop
ping electrode is then inserted firmly into the top carbon electrode 
(no other support being necessary to hold it), the absorbing paper 
splash-shield is placed about the electrodes, the stopcock is 
opened, and the spark is started immediately. Observation of 
the time is noted the instant the spark is excited, and a pre
liminary sparking of 15 seconds is given the electrodes (solution 
flowing) before the shutter of the spectrograph is opened. After 
the 15 seconds’ preliminary sparking, the shutter is opened, and 
the exposure is continued for 60 seconds. (The spark is not in
terrupted between the preliminary sparking and the time the 
shutter is opened.) The shutter is then closed, the spark dis
continued, and the stopcock closed in the order given.

The dropping electrode is removed, drained, cleaned, rinsed 
with the next solution to be run, and finally filled. New or re
purified carbon electrodes are placed in the stand, and the pro
cedure is repeated until all desired solutions have been examined. 
To facilitate draining of the tube when cleaning and refilling, the 
capillary tube is inserted in a suction flask, equipped with a one- 
hole rubber stopper. After the spectra have been taken, the 
plate is developed, fixed, washed, and dried, and the desired line 
densities are determined. Here, as in all quantitative spectro
graphic analysis, standardization and duplication of technique 
are of utmost importance.

The dropping electrode is easily cleaned and filled by attaching 
a small piece of rubber tubing to the upper end and connecting to 
a vacuum line. The solution to be analyzed is sucked into the 
tube to a mark below the stopcock, the vacuum line is removed, 
the stopcock is closed, and the tube is removed from stock solu
tion and wiped dry.

The rate of flow from the dropping electrode is governed by 
the size of the capillary orifice. This arrangement allows the 
solution to flow continuously and evenly into the spark, where a 
fresh surface is constantly being formed, and the excess solution 
is expelled from the electrodes by the force of the spark. The 
high-potential (cold) spark must be used for excitation, since the 
direct current arc develops too high a temperature, which affects 
the delivery of the solution through the capillary orifice and at. 
times would be sufficiently hot to melt the glass.

E xp er im en ta l
S tandard solutions of manganese were prepared of the fol

lowing manganese concentrations: 0.5, 0.25, 0.10, 0.05,
0.025, and 0.01 mg. per ml.

The solvent used was 4.5 per cent hydrochloric acid. Cop
per was chosen as the internal standard, and a solution of 
cupric Sulfate was prepared, of such concentration as to  give 
satisfactory line densities for the copper line a t  2369.8 A. 
The solutions actually used in  the analysis were prepared by 
mixing equal volumes of manganese and cupric sulfate solu
tions.
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T a b l e  I. D e n s it o m e t e r  R e a d in g s  o f  M a n g a n e s e  a n d  C o p p e r  L in e s

M n P la te  1 P la te  2 P la te  3 P la te  4 P la te  5 P la te  6 
C oucn. M n  C u M n  Cu M n  Cu M n  C u M n  C u  M n  Cu

Mg./cc.
0 .5  4 6 .9  2 3 .6  4 6 .7  2 3 .1  4 2 .2  21 .1  4 2 .2  2 0 .0  4 2 .0  2 0 .8  3 5 .7  17.1
0 .2 5  3 9 .6  2 2 .0  4 1 .8  24 .1  3 7 .0  2 1 .2  3 6 .2  2 0 .0  36 .1  21 .1  3 7 .7  21 .7
0 .1 0  3 0 .4  2 3 .6  3 0 .3  2 3 .7  2 8 .1  22 .1  2 6 .5  2 0 .3  2 7 .5  2 1 .3  2 8 .5  2 0 .0
0 .0 5  23 .1  2 4 .9  2 3 .6  2 3 .0  19 .8  2 0 .3  19.3 2 1 .2  18 .6  2 0 .4  22 .1  22 .9
0 .0 2 5  15 .5  2 3 .6  15 .9  2 3 .2  12 .6  2 1 .0  13.1 2 1 .2  13 .7  2 1 .8  15 .6  22 .8
0 .0 1  8 .1  2 4 .0  6 .7  2 3 .2  6 .2  2 1 .6  6 .5  2 2 .5  6 .5  2 1 .5  8 .1  24 .0

T a b l e  II. R a t io  o f  D e n s it ie s  o f  M a n g a n e s e  L in e  t o  
C o p p e r  L in e

Av.
M ean D evia-

M n P la te  P la te  P la te  P la te  P la te  P la te  A ver- D evia- tion  of
C oncn. 1 2 3 4 5 6 ago tion  M ean
Mg./cc.
0 .5  1 .99  2 .0 2  2 .0 0  2 .11  2 .0 2  2 .0 8  2 .0 3  0 .036  0 .014
0 .2 5  1 .80  1 .73  1 .74  1.81 1.71 1 .74  1 .75  0.031 0 .012
0 .1 0  1.29 1 .28  1 .27  1.31 1 .29  1 .42  1.31 0 .036  0.014
0 .0 5  0 .9 3  1 .02  0 .9 8  0 .91  0 .91  0 .9 6  0 .9 6  0 .035  0 .014
0 .0 2 5  0 .6 6  0 .6 8  0 .6 0  0 .6 2  0 .6 3  0 .6 8  0 .6 4  0 .030  0.012
0 .0 1  0 .3 4  0 .2 9  0 .2 9  0 .2 9  0 .3 0  0 .3 4  0 .3 1  0 .021 0 .0086

The electrodes were placed a t  a  distance of 60 cm. from the 
slit of the spectrograph. T he spark gap was adjusted to  6 
mm., and duplication of the gap distance was accomplished 
by the use of a glass spacer 6 mm. thick. No external con
densing lens was used.

A Bausch & Lomb large L ittrow  (quartz) spectrograph 
was employed, using a slit w idth of 70 microns and 4-mm. 
height. Prism  position 7, covering the range 2300 to  
2900 A., was used to  register the section of spectrum  which 
contained the manganese and the copper lines selected.

l o g  C o n c e n t r a t io n

F ig u r e  2

Excitation of the sample was obtained by a high-potential 
spark  supplied from  a  220-volt source, w ith  sufficient resist
ance to  produce a current of 17.5 amperes in  the  prim ary of a  
1000 to  1 5-kw. transform er. The secondary circuit con
sisted of 8 condensers (in parallel) of 815 X 10 microfarad 
each. No inductance coil was used in the secondary circuit.

The solutions were analyzed by  the technique already de
scribed, and the spectra were recorded on E astm an D . C. 
(double-coated) orthochrom atic plates. The plates were 
processed using E astm an standard  x-ray developer and fixer, 
and were developed for 5 m inutes a t  18° C. A fter develop
m ent, they  were fixed for about 20 m inutes, washed in running 
w ater for a t  least one hour, rinsed in  distilled w ater, and dried 
in  air.

T he G aertner visual microdensitometer, having a scale 
range of 0 to  100 divisions corresponding to  density units of 
0 to 4, was used to  evaluate line densities.

The lines chosen were free of any background, 
so th a t no correction was necessary. The ratio  
of the density of the manganese line to  the* 
copper line was plotted against log concentra
tion.

Table I  gives densitom eter readings of the 
manganese line a t  2576.12 Ä. and the copper 
line a t  2369.8 A. for different manganese con
centrations. Six separate plates were exposed, 
using the same standard  manganese solutions. 

Table I I  gives the ratio of the densities of the 
manganese line to  the copper fine, the average ratio  value, 
m ean deviation, and average deviation of the mean.

W hen the average ratio  values are p lotted against the 
log-con centra tion (mg. of manganese per cc.), a  curve is ob
tained, as shown in Figure 2.
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Dry Ice as a Preventive o f  
A tm ospheric O xidation

G E O R G E  E . F E R G U S O N  a n d  L E O P O L D  S C H E F L A N  
P y r e n e  M a n u f a c t u r in g  C o m p a n y ,  N e w a rk , N . J .

IT  IS well known th a t tin  in commercial tin-lead solders 
can be determ ined accurately by titra tion  w ith standard  

iodine solution, provided th a t  i t  is present entirely as stannous 
ion in hydrochloric acid solution (1). T he use of solid car
bon dioxide has been found helpful in preventing oxidation 
of the stannous ion previous to  the titration .

After a sample of solder filings has been prepared and dissolved 
in hydrochloric acid in the usual way, and any tin  in the stannic 
form has been entirely reduced to the stannous form, immediately 
place a small piece of solid carbon dioxide in the solution and 
place the flask in a cooling bath of ice and water. Add more 
small pieces of dry ice and maintain a vigorous evolution of 
gaseous carbon dioxide within the Erlemneyer flask until the solu
tion has been cooled to room temperature and is ready for ti
tration. Just preceding the titration, wash down the wall of the 
Erlenmeyer flask with distilled water containing a small piece 
of dry ice, add 5 ml. of starch solution as indicator, and titrate 
the solution with 0.10 N  iodine solution.

The use of solid carbon dioxide prevents the form ation of 
stannic ion due to  atm ospheric oxygen, makes i t  unnecessary 
to  employ a bicarbonate of soda solution as a  wash w ater, and 
eliminates the necessity of setting up  apparatus for passing 
gaseous carbon dioxide or any other gas through the solution 
during cooling. D ry  ice m ay serve equally effectively in 
other determ inations where protection of the solution from 
atm ospheric oxidation is im portant.

L i t e r a t u r e  C i te d
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Gaging Adsorption Power o f Colloidal 
Ferric Oxide by Dye Adsorption

Developm ent o f  a Standard Test

F R A N K  H . D O T T E R W E IC H , T e x a s  C o lle g e  o f  A r ts  a n d  I n d u s t r i e s ,  K in g sv il le ,  T e x a s , W ITH  
W IL B E R T  J .  I I U F F , U n iv e r s i ty  o f  M a r y la n d ,  C o lleg e  P a r k ,  M d .

TH E  dye adsorption test described in this paper was de
veloped to  perm it a study of the colloidal properties of 
iron oxide purifying masses w ith regard to their ability to 

remove hydrogen sulfide from gas. Results obtained by its 
use have been correlated w ith the activity  and capacity for 
the prim ary sulfiding reaction and succeeding sulfiding re
actions. A suggested m ethod for rating iron oxide purifying 
m aterials has been proposed and from the fundam ental in
formation thus obtained an explanation has been developed 
for various phenomena in oxide purification, h itherto  unex
plained. For a more complete discussion of this work the 
reader is referred elsewhere {2).

In  ro tary  drilling procedures for petroleum and natural gas 
the drilling m ud walls off the hole, lubricates the drilling bit, 
carries the cuttings to the surface, deposits them, and is once 
more returned to  the hole, completing the cycle. The use of 
high-colloidal muds has made possible the rapid drilling of 
soft form ations; in  addition, a num ber of properties of the 
mud, im portan t in practice, are dependent upon the colloid 
content. As no simple means of determining the colloid con
ten t of m ud is available, any simple test developed for rapidly 
measuring the colloid content of a m aterial whose physical 
structure is closely related to  drilling mud, should be of in
terest to the chemical and petroleum production engineer. 
This test presented here has been used to determine the 
colloid content of commercial iron oxides used in weighting 
drilling m ud (7), and w ith some alterations m ay possibly be 
used to  determine the colloid content of other drilling masses.

D e te r m in a tio n  o f  S u rfa ce  an d  C ollo id  C o n ten t

Dyes are im portan t in determining certain properties 
of a colloidal oxide, because the adsorption of the  dye by  the 
oxide under certain conditions depends upon the surface 
properties of the oxide. Technically a great deal of attention  
has been paid to  the relations in question because m any dyes 
are so weakly adsorbed by wool, silk, and cotton th a t they 
are of little  value to  the practical dyer unless used in connec
tion w ith certain oxides or other materials which serve as 
m ordants. T he term  “m ordant” , meaning to bite or corrode, 
was first used by the French to describe metallic salts which 
were supposed to  give color access to  the fiber by opening 
passages in the fiber. In  the early work, the effectiveness of 
alum in fixing certain dyes was believed to  be due to  the 
solvent or sulfuric acid; however, i t  is now known th a t the 
real m ordant is the hydrous oxide and not the acid derived 
from the salt.

In  dyeing m ordanted cloth, in most cases, the m ordant 
rather th an  the fiber takes up the dye. When a dye is taken 
up by a  m ordant in  the absence of a fiber, the complex is 
known as a color lake. In  general, the most common color 
lakes are those formed w ith dyes and hydrous oxide.

Dye-adsorption m ethods have been used to  determine the 
colloid content of various substances. Paneth and Radu (5) 
measured the surface of powdered diamond, microscopically 
and by  the  adsorption of methylene blue, assuming th a t the 
surface was covered 1 molecule thick. As the results obtained 
by the two m ethods were confirmatory, they assumed th a t

the same rule holds true  for the adsorption of dyes by other 
forms of carbon and used th is m ethod to  determine the specific 
surfaces of various charcoals. Rideal and W right (&) also 
used the dye-adsorption m ethod to  determ ine the surface of 
charcoals prepared from nitrogenous sources which possess, 
in general, greater specific surface than  charcoals produced 
from nitrogen-free compounds.

D ev e lo p m en t o f  T est

M alachite green was examined because it  had been used 
by Moore and others to  determ ine the colloid properties of 
clay, and because this test m ay be a  practical and rapid means 
for determining the properties of colloid surfaces. However, 
i t  was necessary to  modify this test to  overcome or a t  least 
minimize the seeming disadvantages or possible errors in
herent in previous m ethods w ith respect to  the calcium-ion 
effect upon the dye and the nonuniform adsorption due to 
varying pH  of the solution.

Ashley’s (jf) work on the colloidal properties of clay showed 
that calcium and alkaline salts affect the adsorption of malachite 
green. He therefore limited the use of this test to high grades 
of clay which were not contaminated by lime or alkaline in
gredients.

Moore (4) and others, in their work on the determination of 
the colloidal content of clay with malachite green, appear to have 
overcome the effect of calcium by precipitating it in the form of 
the insoluble calcium oxalate by the addition of sodium oxalate. 
They showed also tha t an excess of sodium oxalate did not 
affect the malachite green. The present authors agree tha t so
dium oxalate does not affect the dye but have shown experi
mentally that the shift of the pH of the solution, which may be 
brought about by the addition of alkaline salts, will cause a col
loidal substance to adsorb a greater quantity of dye a t a higher 
pH of the solution.

Weiser (8) and Gordon (S) conducted researches which indicate 
that the adsorption of a dye by a hydrous oxide is dependent 
upon the pH of the solution. Weiser showed also in his work with 
alizarin ayes tha t the hydrous oxides adsorb the sulfate and 
oxalate radical but tha t the dye is adsorbed in preference to the 
sulfate or oxalate when both are in the bath, except in very acidic 
baths in which the sulfate and oxalate replace the dye.

After a study of the foregoing researches, i t  was decided to 
work w ith  a buffer solution containing so m uch acid th a t  the 
addition of the basic dye gave a  solution which was still acidic. 
A buffer solution of 1 N  oxalic acid and 1 N  potassium oxalate 
was used, mixed in a proportion of 4 parts  of sa lt to  1 p a r t of 
acid, giving a  solution whose pH  was approxim ately 5. Using 
this buffer, i t  was believed th a t the following conditions would 
prevail:

1. The oxalate radical would precipitate any calcium present, 
in the form of the insoluble calcium oxalate, thereby eliminating 
the calcium effect upon the dye.

2 . The capacity of the buffer would tend to hold the pH of 
the solutions approximately constant, eliminating the possibility 
of nonindicative dye adsorption due to varying pH of the solu
tion.

E ffect o f  V ary in g  pH  a n d  E xcess O xalic  A cid
In order to study the adsorption of malachite green in varying 

pH baths, sample 3, an oxide high in colloid content, was treated 
in the following manner:



278 INDUSTRIAL AND EN G IN EER IN G  CHEMISTRY VOL. 12, NO. 5

F ig u r e  1. E f f e c t  o f  C h a n g e  i n  p H  a n d  E x c e s s  O x a l ic  A c id  o n  A d s o r p 
t io n  o f  M a l a c h it e  G r e e n

150 mg. of dye in solution after adsorption 
prevented error due to  distribution effects.

In studying the distribution effects the fol
lowing experiments were conducted. One-gram 
samples of Nos. 23, 12, 24, and 25 were treated 
with a constant initial amount of dye with vary
ing portions of buffer solution and the adsorp
tion was determined. The results of these tests 
are tabulated in Table II.

The adsorptions in test X  were obtained by 
using 25 cc. of standard buffer solution, 25 cc. 
of distilled water, and 125 cc. of standard dye 
solution. The resulting pH of this solution 
was dependent upon the proportions of buffer 
and dye solutions, and this solution had the 
highest pH in this series of tests. Test Y was 
obtained by using 50 cc. of buffer and 125 cc. of 
standard dye solution (standard test), the result
ing pH being lower than that of test X. Test Z 
consisted of 100 cc. of buffer and 125 cc. of 
standard dye solution, the pH of this solution 
being lower than either test X .  or test Y.

To 1-gram samples of the oxide were added 50 cc. of buffer 
solution and various portions of 1 N  oxalic acid and the samples 
were shaken for 1 hour. Fifty cubic centimeters of standard dye 
were then added (300 mg. of malachite green) and the whole 
was again shaken for 1 hour and allowed to stand overnight. The 
next day the adsorption was determined. (All samples were 
heated a t 100° C. for 1 hour and ground to pass a 60-mesh sieve.)

Table I  shows the adsorption of m alachite green w ith  a 
given am ount of colloid (sample 3) in varying pH  baths. 
These results are p lotted in Figure 1. The ordinates give 
the milligrams of m alachite green adsorbed per gram of oxide 
and the abscissas the cubic centim eters of 1 N  oxalic acid 
which were added to  the 50 cc. of buffer solution.

T a b l e  I. A d s o r p t io n  b y  S a m p l e  3
(M alach ite  green 50 cc., buffer solu tion  50 cc., w ater 50 cc. A dsorption  cal

culated  as explained in  s tan d a rd  procedure)
D ilu tion 1 N T otal D ye
F a c to r Oxalio Aoid Solution Adsorbed

Cc. Cc. Cc. Mg.

21 10 160 201
25 15 165 176
27 20 170 163
33 25 175 126
34 30 180 117
IS 40 190 199
10 50 200 239
a 60 210 a

° D ye  destroyed.

I t  will be noted th a t the adsorption decreases w ith  increas
ing acidity un til a minimum adsorption of 117 mg. of dye per 
gram  of oxide is reached w ith  the  addition of 30 cc. of 1 iV 
oxalic acid. F u rthe r addition of acid gives an increase in 
adsorption, un til the dye is apparently  destroyed when 60 
cc. of 1 N  oxalic acid have been added.

This series of tests appears to  confirm the conclusion of 
M oore and others th a t an  excess of oxalic acid destroys the 
structure of m alachite green.

E ffect o f  D y e  R e m a in in g  in  S o lu t io n  
a fter  A d sorp tion

M oore and others observed in their work th a t  the size of 
the samples used, w ith a constant initial am ount of dye, 
showed th a t  a distribution effect was playing a p art in de
term ining the am ount of dye adsorbed. They apparently  
overcame this difficulty by keeping a constant am ount of 
dye in solution after adsorption.

In  the work represented by th is problem i t  was observed 
th a t  practically all th e  present-day iron oxide gas-purifying 
m aterials generally accepted as good adsorbed from 300 to 
600 mg. of dye per gram of oxide. Keeping a minimum of

T he results of these tests are plo tted  in Figure 2. Al
though the am ount of dye remaining in the  solution after 
adsorption varies, there is no definite distortion of th e  curves 
due to distribution effects. This also appears to  be confirmed 
by  the approxim ate parallel relationship between the curves 
of the different oxides.

T a b l e  II. E f f e c t  o f  V a r y in g  B u f f e r  S o l u t io n

(125 cc. of m alach ite  green used. A dsorption  calcula ted  as explained in 
s tan d a rd  procedure)

Oxide Buffer D ilu tion T o ta l D ye
T est No. Solution W ater F ao to r Solu tion A dsorbed

Cc. Cc. Cc. Cc. Cc.
X 23 25 25 22 175 635

24 25 25 33 175 577
12 25 25 48 175 498
25 25 25 73 175 376

Y 23 50 32 175 582
24 50 41 175 534
12 50 59 175 440
25 50 85 175 307

Z 23 100 36 225 500
24 100 , , 50 225 419
12 100 66 225 335
25 100 83 225 190

F ig u r e  2. E f f e c t  o f  V a r y in g  Q u a n t it ie s  o f  M a la 
c h it e  G r e e n  R e m a in in g  in  S o l u t io n  a f t e r  A d s o r p t io n
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M A T C H E D  
N E S JLE E  TUBES

b l a c k  w a l l s

W H IT E  GLASS 
PLATE.

W H IT E  W A LLS

SO-WATT 
LAMP

F r o m  t h e s e  
tests i t  appears 
th a t errors due to 
d istribution effects 
m ay be eliminated 
b y  m a in ta in in g  
t h e  c o r r e c t  
am ount of dye in 
solution after ad 
sorption and th a t 
a minimum of 150 
mg. of standard 
dye in 175 cc. of 
s o l u t i o n  is s u f 
ficient.

E ffect o f  C al
c iu m  u p o n  

D ye
F i g u r e  4. C o l o r i m e t e r

To test the effi
ciency of the buffer
solution in removing the calcium ion from solution, 0.05, 0.10, 
and 0.15 gram of lime [Ca(OH)2] were treated with 50 cc. of 
buffer solution and shaken for 1 hour. Malachite green was 
then added (125 cc.), the solution was again shaken for 1 hour, 
and the adsorption was determined. In all tests there was no 
dye removed or destroyed in the solutions.

S ta n d a rd  T e s t  for G ag in g  A d so rp tio n  P ow er o f  
C o llo id a l F erric  O xide b y  M a la ch ite  G reen

In  a 200-cc. wide-mouthed bottle provided with a rubber 
stopper 50 cc. of buffer solution (1 part of 1 N  oxalic acid to 4 
parts of 1 N  potassium oxalate) were placed, and 1 gram of the 
sample was added. The solution was shaken a t once by hand 
to prevent clotting and then placed in a shaker (Figure 3), and 
shaken for 1 hour to precipitate any calcium present. Then 125 
cc. of standard dye solution (6 grams of malachite green oxalate 
in 1000 cc. of distilled water) were added and the whole was 
again shaken for 1 hour. The sample was allowed to settle over
night and on the following day a convenient amount of the 
supernatant liquid was taken out by a 10-cc. pipet, the end of 
which was inserted to approximately one fourth the depth of the 
liquid; this sample was placed in a test tube and corked until the 
adsorption was determined by color comparison.

I t  was found tha t 1 cc. of the standard solution diluted to 200 
cc. gave the best color comparison when a beam of white light 
was passed up through exactly 10 cc. of this solution in one of a 
pair of matched Nessler tubes, as shown in Figure 4. Exactly 
1 cc. of the sample removed from the test bottle was transferred 
to a 100-cc. graduate and diluted until the color matched per
fectly the standard color obtained by diluting the standard solu
tion.

For example, a match wras obtained when a 1-cc. sample of 
No. 23 was diluted to 32 cc. As 1 cc. of the standard contained 
0.006 gram of dye, the 200 cc. of test solution also contained 0.006 
gram of dye. Where x is the amount of dye remaining in solution 
and 175 cc. is the total solution, 0.006 gram : 200 cc. : : x : (32 
cc. X 175 cc.) or i  =  0.168 gram.

The original solution (125 cc.) contained 0.006 
gram per cc., or a total of 0.750 gram; the ad
sorption was 0.750 gram — 0.16S gram, 0.582 
gram or 582 mg. of dye. In this proportion all 
terms were constant but the dilution factor of 
32 cc.; therefore, the remainder of the propor
tion was represented by a constant calculated to 
be 0.00525 (which applies only where the total 
solution is 175 cc.). This constant when multi
plied by the dilution factor gives the grams of 
dye remaining in solution.

I t  was found m ost efficient to  determ ine the 
approxim ate dilution factor first, and then repeat 
the operation using this approxim ate figure as a 
guide. W ater was added 1 cc. a t  a tim e and 
the volume added was recorded for the final 
value of the dilution factor when further addition 
of w ater gave a color lighter than  the standard,
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Rem oval o f Phosphates from  Solutions 
o f H ydrogen Peroxide
S. R . D IC K M A N  AND II . I I .  B R A Y

A g r ic u l tu r a l  E x p e r im e n t  S t a t i o n ,  U n iv e r s i ty  o f  I l l in o is ,  
U r b a n a ,  111.

MANY solutions of hydrogen peroxide contain phosphoric 
acid as a stabilizing agent. Since hydrogen peroxide 

is used in m any oxidations in which phosphate is subsequently 
determined, the removal of phosphate is a necessary step  in 
the procedure. I t  is possible to  remove it  by distillation a t  
reduced pressure (2), b u t since this technique is com paratively 
expensive in routine analysis i t  was thought advisable to  de
velop a less complex, more rapid m ethod of removing phos
phates from solutions of 100-volume hydrogen peroxide.

Place 100 ml. of peroxide in a 250-ml. beaker. Add 10 ml. of 
2 per cent ferric chloride, stir the solution, and then add about 
5 grams of calcium carbonate. Stir again for a moment and 
filter immediately by suction through a Büchner funnel prepared 
previously. The filtrate should be clear and almost colorless. 
Add 0.5 ml. of concentrated hydrochloric acid to the purified per
oxide and store in a black bottle. Prepare a week’s supply at a 
time.

Five milliliters of the peroxide were evaporated to dryness 
and on analysis by a colorimetric m ethod (1) contained 0.2 
p. p. m. of phosphorus. The peroxide loses very little activity  
by th is treatm ent.

L itera tu re  C ited
(1) Dickman, S. R „  and Bray, R . H., unpublished m ethod.
(2) Dickman, S. R ., and D eTurk, E . E „  Soil Sci., 45, 29 (1938).
P u b l i s h e d  with th e  approval of th e  D irecto r of th e  Illinois A gricultural 
E xperim ent S ta tion .



Colorimetric Determination o f Lead Chromate 
by Diphenylcarbazide

Application o f  a New M ethod to Analysis o f  Lead in  B lood, T issues, and Excreta

T . V . L E T O N O F F  AND J O H N  G . R E IN IIO L D  
P h i la d e lp h ia  G e n e r a l  H o s p i t a l ,  a n d  S c h o o ls  o f  M e d ic in e ,  U n iv e r s i ty  o f  P e n n s y lv a n ia ,  P h i l a d e lp h ia ,  P e n n a .

A fter  a sh in g  b io lo g ic a l m a te r ia l, lea d  is  
p rec ip ita ted  as lea d  p o ta s s iu m  c h r o m a te  by  
a d d it io n  o f  p o ta s s iu m  c h r o m a te  to  a s o lu 
t io n  o f  th e  a sh  c o n ta in in g  ch lo r id e , c itr a te , 
a c e ta te , an d  a m m o n iu m  io n s  a t  pH  6.6 to
7 .4 . T h e  p r e c ip ita tio n  is  a c c o m p lish e d  in  
a c e n tr ifu g e  tu b e  a n d  th e  d o u b le  ch ro m a te  
is  sep a ra ted  a n d  w a sh ed  b y  ce n tr ifu g in g . 
L ead  is  d e te r m in e d  co lo r im etr ica lly  b y  
m e a n s  o f  th e  red  co lor fo rm ed  b y  d ip h e n y l
carb azid e  w ith  c h r o m a te . P re lim in a ry  
sep a ra tio n  o f  lea d  is  o m it te d . A b sen ce  o f  
in te r fe r en ce  b y  o th e r  m e ta ls  h a s  b een  
d em o n str a te d .

CONCLUSIVE diagnosis of chronic lead poisoning usually 
requires determ ination of lead in body fluids and ex

creta. W ork in progress (16) suggests th a t  chronic lead poison
ing occurs more frequently th an  is realized, th a t  evidence of 
exposure often is lacking, th a t sym ptom s often are atypical 
or obscure, th a t  harm ful effects in the body are widespread, 
and th a t the condition often is unrecognized in the clinic 
or a t  necropsy. T he use of chemical evidence for diagnosis 
of lead poisoning has been reviewed recently by Smith, 
R athm ell, and M arcil (18) and K aplan and M cDonald (11), 
who point out the superiority of blood and serum  analysis for 
th is purpose. However, chemical analysis is applied less 
frequently  than  is desirable and often is om itted.

M easurem ent of the m inute am ounts of lead in blood has 
been accomplished up to  the  present tim e chiefly by extrac
tion of lead w ith dithizone or by  spectrographic analysis. 
A lthough the  introduction of dithizone constituted a m ajor ad 
vance in  lead microanalysis, existing techniques require train 
ing and skill of an order no t available to m any laboratories. 
T he cost of dependable apparatus for spectrographic an
alysis of lead restricts its use to  a few institutions. The 
au thors’ purpose is to describe a new m ethod for determ ina
tion  of lead in  biological m aterial th a t  m ay prove more con
venient than  existing m ethods for certain types of analysis. 
Previous experience w ith sj/m-diphenylcarbazide as a quanti
ta tive  reagent for chrom ate in  connection w ith development 
of a colorimetric micromethod for chloride (15) indicated 
th a t this substance would be satisfactory for the determ ina
tion of lead chrom ate as well. Jones (10) has found diphenyl
carbazide to be suitable for th is purpose. However, the use 
of diphenylcarbazide as a reagent for lead analysis has been 
criticized adversely by Fairhall (6), Kehoe, Tham ann, and 
Cholak (13), and Cholak, H ubbard, M cN ary, and Story (3). 
I t  seemed possible th a t the unsatisfactory experience of these 
workers was to  be a ttribu ted  not to  the use of diphenylcar
bazide itself b u t to  other details of their procedures.

Investigation along these lines has enabled developm ent of 
a new m ethod for the  determ ination of lead by means of $ym- 
diphenylcarbazide. T he new m ethod is simple, utilizes

operations fam iliar to  workers in biochemical laboratories, 
and presents a d istinct im provem ent in sensitivity and ac
curacy over existing m ethods employing diphenylcarbazide. 
A bout 16 determ inations can be completed w ithin 24 hours 
w ithout difficulty by one worker.

D e te r m in a t io n  o f  L ead  in  B lo o d
Hot saturated sodium oxalate (0.6 cc., low in lead) dried in a 

Pyrex tube serves as anticoagulant for 22 cc. of blood. If serum 
lead is also desired, collect blood in a tube without anticoagulant 
and allow to clot. Avoid contamination with lead in collecting 
samples.

Measure 10 cc. of blood (suspending thoroughly any pre
cipitated oxalate) or serum into a 30-cc. silica evaporating dish 
(with spout) containing 5 cc. of lead-free water for whole blood 
or 5 cc. of ferric chloride catalyst for serum. Evaporate to dryness 
on a hot plate, increasing the temperature gradually as danger 
of foaming or spattering diminishes. Transfer the dish to an 
electric muffle, heat a t low temperature until material is charred, 
raise the temperature to 450° to 500° C., and continue heating 
until ashing is complete. Cool the dish and add 1 cc. of con
centrated nitric acid (2 cc. if amount of ash is large), washing 
down sides of dish. Evaporate carefully to dryness on a hot 
plate, replace in furnace, and continue heating until any re
maining carbon is destroyed (usually about 30 minutes). To the 
dish when cool add 5 cc. of 20 per cent hydrochloric acid, washing 
down the sides as before. Evaporate cautiously to about one- 
third volume on the asbestos-covered hot plate, avoiding evapora
tion to dryness, cool, add 2 cc. of 20 per cent sodium citrate 
solution (again washing down the sides of the dish) and 1 drop of 
phenol red, and while stirring (with Pyrex rod) add concentrated 
ammonium hydroxide until the indicator becomes jutet pink. 
Filter through a 4.25-cm. (Whatman No. 44) paper, washed as 
directed below, into a 15-cc. centrifuge tube which has been 
selected for ability to retain precipitate. Wash dish and paper 
four times with 1 cc. of 0.1 N  ammonium hydroxide. Add 25 per 
cent acetic acid sufficient to change indicator to orange-yellow 
(avoid excess acid; usually 1 to 3 drops suffice). Using a cali
brated pipet, add precisely 1 cc. of standard lead acetate solution 
containing 0.01 mg. of lead and follow with 1 cc. of 40 per cent 
ammonium acetate solution, added so as to wash down any 
material on the walls of the tube. Add 1 cc. of 30 per cent potas
sium chromate solution, and mix completely by stirring but do 
not scratch or rub sides of tube. Avoid splashing of the con
centrated chromate solution. Cover and allow to stand over
night.

Remove stirring rod and wash adherent material into the 
centrifuge tube with about 3 cc. of 0.4 per cent ammonium 
acetate. Centrifuge 10 minutes at about 2400 r. p. m., decant 
supernatant fluid, invert tube, and drain 5 minutes. Wipe any 
remaining fluid from the mouth of the tube. Wash with 10 cc 
of 0.4 per cent ammonium acetate, taking care to wash all por
tions of the inner surface of the tube, suspend the precipitate by 
stirring gently, and wash stirring rod as before. Centrifuge for 
10 minutes, decant, and drain 5 minutes. Repeat the washing 
with another 10-cc. portion of ammonium acetate solution. 
Again centrifuge, and after draining 5 minutes wipe the mouth of 
the tube, replace the stirring rod, and add 3 cc. of 10 per cent 
hydrochloric acid, washing stirring rod and walls of the tube. 
Stir until the precipitate dissolves, add 10 cc. of diphenylcarbazide 
solution, remove stirring rod, stopper, and mix by inversion. 
Allow 10 minutes for color development.

Measure color in a photoelectric colorimeter (green filter, 
maximal transmission 540 mu), or compare in colorimeter with 
standard lead chromate solutions treated with diphenylcarbazide 
as follows: Measure 3 cc. of each of the lead chromate working 
standards into test tubes, add 10 cc. of diphenylcarbazide solu
tion, mix, and allow 10 minutes for color development. The
color is stable for 1 hour or more. Mg. of lead per 100 cc. =  X
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0.03 (or 0.06) X 0.5] — (blank), where 5  =  reading of standard, 
U reading of unknown, and 0.03 and 0.06 represent the concentra
tion of lead in standards 1 and 2, respectively. The blank in
cludes added lead (0.01 mg.) plus any lead present in the reagents.

To determine the blank, measure 5 cc. of lead-free water, or 
5 cc. of ferric chloride catalyst, and anticoagulant in amount 
actually used into a silica dish. Evaporate to dryness and ash 
in electric furnace. When cool, proceed as described for blood. 
Once the amount of lead in the reagents employed in preparation 
of the sample is known, determination of the blank may be 
abbreviated by omitting this part of the procedure, and substi
tuting a control tube containing the added lead and remaining 
reagents.

To prepare such a control tube, included with each group of 
unknowns, measure 5 cc. of lead-free water into a 15-cc. centrifuge 
tube, and add 1 drop of phenol red, 2 cc. of 20 per cent sodium 
citrate, 1 drop of 25 per cent acetic acid, exactly 1 cc. of standard 
lead acetate solution, 1 cc. of 40 per cent ammonium acetate 
solution, and 1 cc. of 30 per cent potassium chromate solution. 
Treat according to the directions outlined for unknown samples. 
To the result representing the lead taken (0.01 mg.) plus lead in 
the reagents, add the amount of lead (if any) found in reagents 
used in preparing the sample, as given by the blank. Then sub
tract this value from the total amount of lead found in sample and 
reagents. Citric acid should replace sodium citrate when the 
former is required in the analytical procedure. In this case neu
tralization with ammonia is necessary. Cool to room temperature 
before proceeding.

C e r e b r o s p i n a l  F l u i d .  Treat 10 cc. as directed for blood.

D e te r m in a tio n  o f  L ead  in  E xcreta , T issu es , a n d
Foods

U r i n e .  Collect a 24-hour sample of urine in an acid-washed 
(preferably Pyrex) container using toluene as a preservative. 
Add 5 cc. of 20 per cent hydrochloric acid and, making certain 
tha t all sediment is dissolved or uniformly suspended, remove 
15-, 25-, 35-, or 50-cc. samples, respectively, if the 24-hour volume 
is below 600, between 600 and 1200, between 1200 and 1500, or 
over 1500 cc. The volumes specified for samples ordinarily avoid 
unwieldy amounts of ash. Evaporate the urine to dryness in a 
silica dish. Ash and proceed as described for blood, substituting 
2 cc. of 50 per cent citric acid for sodium citrate. Results are 
best expressed on the basis of 24-hour excretions. Analysis of 
less than 24-hour collections, or calculation on a per liter basis, 
may lead to gross misinterpretations.

F e c e s .  Ash a 0 .2-gram aliquot of a well-mixed sample of 
dried pulverized feces. Proceed as described for blood, substi
tuting 2 cc. of 50 per cent citric acid for sodium citrate. If de
sired, larger samples can be ashed and dissolved with the aid of 
proportionately larger volumes of reagents, diluted to volume, 
and aliquots equivalent to the amount specified taken for an
alysis.

T i s s u e s .  Ash a 0.1- to 0.3-gram portion of well-mixed minced 
tissue after heating a t low heat until dry. Analyze as described 
for blood.

B o n e .  Ash a 0 .1-gram sample and proceed as described for 
blood. Substitute 2 cc. of 50 per cent citric acid for sodium cit
rate. T reat vascular portions of bone as directed for tissues.

F o o d s ,  e t c .  Ash a 1 - to 2-gram sample of well-mixed dried 
ground material prepared for sampling by an approved pro
cedure (1) with precautions to avoid contamination. Substitute 
2 cc. of 50 per cent citric acid for sodium citrate. Larger samples 
can be taken, if desired, as described for feces.

W a t e r .  Evaporate 1 liter or more of water and ash the resi
due. Use 50 per cent citric acid in place of sodium citrate.

R ea g en ts
Distilled water for preparation of reagents and for use in the 

method is freed from lead by redistillation in a Pyrex still after 
addition of a few drops of phosphoric acid.

Acetic acid, 25 and 1 per cent, glacial acetic acid diluted with 
water.

Ammonium acetate, 40 per cent in water, filtered. Ammonium 
acetate, 0.4 per cent, prepared from the preceding, and stored in 
cold.

Ammonium hydroxide, concentrated reagent quality. Am
monium hydroxide, approximately 0.1 N, 0.7 cc. of concentrated 
ammonium hydroxide diluted to 100 cc. with water.

Citric acid, 50 per cent, lead-free crystals, dissolved in water 
and filtered.

Diphenylcarbazide, 0.02 per cent. Transfer 0.100 gram of 
pulverized sym-diphenylcarbazide to a 1000-cc. beaker. Add 
500 cc. of ammonia-free distilled water, cover with a watch

glass, and dissolve completely by boiling several minutes, stirring 
if necessary. Cool, dilute to 500 cc., and store in a brown bottle. 
I t  will keep 2 months a t ordinary room temperature.

Ferric chloride catalyst for ashing of serum, approximately 
0.04 per cent ferric chloride. Dissolve 10 grams of ferric chloride 
hexahydrate in 1000 cc. of distilled water. Add 34 cc. of am
monium hydroxide with stirring, allow precipitate to settle, 
decant, collect precipitate on a Büchner funnel, and wash with 
about 3000 cc. of distilled water, then twice with lead-free water. 
Do not allow precipitate to  dry before washing is completed. 
Remove the precipitate, dry a t 105°, and powder in mortar. 
Dissolve 0.1 gram in 10 cc. of 20 per cent hydrochloric acid by 
warming. Dilute to 250 cc. with lead-free water.

Hydrochloric acid, 20 per cent. Distill equal parts of con
centrated hydrochloric acid and distilled water in an all-glass 
Pyrex still.

Hydrochloric acid, 10 per cent. Dilute 23 cc. of concentrated 
hydrochloric acid to 100 cc. with water.

Nitric acid, special lead-free, concentrated.
Potassium chromate, 30 per cent. Dissolve 60 grams of potas

sium chromate in distilled water and dilute to 200 cc. If possible, 
allow to stand 14 days or more before filtering through Whatman 
No. 44 paper which has been washed with chromate solution 
just before use. Solutions filtered before this time should be 
refiltered after 14 days.

Phenol red, 0.03 per cent aqueous.
Sodium citrate, 20 per cent, lead-free salt, dissolved in water 

and filtered.
Standard lead acetate solution. Dissolve 0.183 gram of lead 

acetate trihydrate in 1 per cent acetic acid and dilute accurately 
to 100 cc. 1 cc. =  1 mg. of lead. Dilute standard lead acetate 
solution. Dilute 1 cc. of the preceding to 100 cc. with 1 per cent 
acetic acid. 1 cc. =  0.01 mg. of lead.

Standard lead chromate solution. Dissolve 39 mg. of lead chro
mate in 10 per cent hydrochloric acid and dilute to 100 cc. in a 
volumetric flask. 1 cc. =■ 0.25 mg. of lead. I t  will be stable 3 
months or more if stored in refrigerator. For working standards 
1 and 2, dilute 2 and 4 cc., respectively, to 50 cc. with 10 per 
cent hydrochloric acid, thus obtaining solutions equivalent to 
0.01 and 0.02 mg. of lead in 1 cc. I t  will be stable in cold at 
least 3 weeks.

Filtration when required implies use of ash-free paper washed 
with lead-free water. Glassware must be of Pyrex or silica. 
Silica dishes are stored in concentrated hydrochloric acid, and 
centrifuge tubes are stored in cleaning solution, after thorough 
brushing with soap suds. Before using, dishes and tubes are 
washed with running tap water, distilled water, and lead-free 
distilled water. Occasionally silica ware contains lead. New 
dishes should be ignited and treated with hot concentrated hy
drochloric acid before use.

D isc u ss io n  o f  M eth o d

Dry-ashing was adopted because it  could be adapted  readily 
to  the requirem ents for precipitation in  a centrifuge tube. 
T he addition of 5 cc. of lead-free w ater to  blood and of the 
ferric chloride catalyst to serum or plasm a decreases the  tim e 
required for ashing. Rapid combustion, overheating, or pro
longed heating during ashing causes serious loss of lead. T he 
im portance of proper ashing technique has been emphasized 
recently by Fairhall (4). In  the present method, ashing and 
preparation of the ash solution for analysis follow in a  general 
way the procedure described by H orw itt and Cowgill (9). 
F iltration  of the ash solution removes insoluble m a tte r which 
m ay interfere w ith proper packing of the precipitated chro
m ate. The am ount of such m aterial is m inute and no lead 
is lost.

Provision is m ade to  overcome the interfering effect of 
phosphate in lead analysis by  the use of small samples, known 
quantities of lead being added to  accelerate precipitate forma
tion and to  secure sufficient bulk for centrifuging. The 
presence of citrate likewise hinders interference by phos
phate. Prelim inary separation of lead as sulfide or sulfate 
has been om itted. Instead, lead is precipitated directly as 
chrom ate from a solution of the ash of the  m aterial being 
analyzed. The precipitated chrom ate is separated and washed 
by  centrifuging rather than  by filtration. Separation of the 
chrom ate precipitate by centrifuging depends for success upon 
th e  use of suitable centrifuge tubes.
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T a b l e  I .  I n f l u e n c e  o p  p H  o n  P r e c i p i t a t i o n  o f  L e a d  
P o t a s s i u m  C h r o m a t e  a n d  L e a d  C h r o m a t e

L ead Found
A cetic Acid C alculated C alculated

C oncen tra tion0 pH Lead A dded as PbCrO* as P b K 2(C r04)2
% M g. Mg. M g.

0 7 .4 0 .0 2  0 .0406 0.0203
0 .1 0 .0 2  0 .0404 0.0202
0 .3 6Ü 5 0 .0 2  0 .0106 0 .0203
0 .4 0 .0 2  0 .0406 0.0203
0 .5 0 .65 0 .0 2  0 .0402 0.0201
0 .6 0 .0 2  0.0391 0 .0196
0 .2 7 .0 0 .0 2  0 .0408 0 .0204
0 .5 6 .65 0 .0 2  0.040S 0 .0204
1 .0 6 .1 0 .0 2  0 .0336 0 .0168
1 .5 5 .7 0 .0 2  0 .0324 0 .0162
1 .8 0 .0 2  0 .0306 0.0153
2 .0 0 .0 2  0 .0222 0.0111
2 .2 514 0 .0 2  0 .0206 0 .0103

°  C alcu lated  in  term s of acetic acid in re la tion  to  final volum e and  d isre
garding  n eu tra lization  or a ce ta te  added  as am m onium  ace ta te .

T a b l e  I I .  S p e c i f i c i t y  o f  D i p i i e n y l c a r b a z id e  M e t h o d

Lead 
M a./100  cc.

Blood
Blood plus 1 mg. of C u us CuSCU 
Blood pluB 1 mg. of Zn as ZnfCsHaOjJa 
B lood plus 1 mg. of B i as BiaOa.COa 
Blood plus 1 mg. of Ag as AgNOj

0.0G7
0.068
0.000
0 .008
0.009

The authors have used 15-ml. graduated Pyrex centrifuge tubes 
(Corning Glass Works Catalog No. 8080) selected to conform to 
the following measurements: capacity 16 to 17 ml., uniform 
straight taper to an inside diameter of 3 to 3.5 mm. a t bottom 
with curvature of 1.5- to 1.75-mm. radius inside. The most im
portant criteria are tha t the tube retain unbroken the pad of 
precipitate when inverted during draining, and that it drain 
cleanly. The suitability of tubes can be established by a test run 
with a known amount of standard lead solution. Tubes failing 
to give quantitative recovery are rejected. Proper cleaning, as 
directed, likewise is essential. Tubes meeting these requirements 
can be obtained on special order from the Corning Glass Works.

Silica dishes obtained from the Thermal Syndicate, Ltd., have 
been found satisfactory.

T he chrom ate precipitate is washed twice w ith ammonium 
acetate  solution. A single thorough washing and draining 
leaves less than  1 microgram of lead. Iiowrever, a second 
washing has been included to  assure complete removal of 
soluble chrom ate.

The reagent used for developm ent of color consists of dilute, 
aqueous sym-diphenylcarbazide ra ther than  a stronger solu
tion in acetic acid used by Cazeneuve (2) and other workers. 
This modification of the conditions for color development 
stabilizes the color for hours. Results reported have been ob
tained by comparison in a visual colorimeter and by means 
of a photoelectric colorimeter (17).

P r e c ip ita t io n  o f  a D o u b le  C h ro m a te  o f  L ead
The chrom ate precipitated under the conditions described 

differs from ordinary lead chrom ate in th a t  two equivalents 
of chrom ate are present for each equivalent of lead. F or this 
reason the factor 0.5 is introduced into the calculation.

The form ation of a chrom ate differing from ordinary lead 
chrom ate was no t anticipated and i t  wras only when results 
consistently twice those expected were obtained th a t an 
irregularity  was suspected. Lead chrom ate was then prepared 
on a larger scale b u t under conditions similar to  those estab
lished in the method, except th a t the precipitate was filtered 
on a Buchner funnel, washed 10 times by suspending in w ater, 
and dried a t  110° C. overnight. T itra tion  w ith thiosulfate 
established w ith presence of two equivalents of chromate 
for each one of lead. The concentration of color per equivalent 
of lead formed on treating w ith  dipiienylcarbazide was exactly 
twice th a t given by a standard  solution of lead chromate. 
The low solubility of the compound, together w ith the prac

tically neutral reaction a t  which the  precipitate formed, 
excluded lead dichrom ate. I t  seemed probable, therefore, 
th a t a double chromate of lead and potassium had formed, 
like th a t obtained by Lachaud and LePierre (14) and by 
Grôger (8) under different conditions. Analysis of 0.0125 
gram  of the chrom ate precipitate for potassium  by  the 
chloroplatinate m ethod gave 0.00162 gram  of potassium as 
compared w ith a theoretical value of 0.0018 gram  required 
for P bC r0 .i.K2C r04. The evidence obtained therefore in
dicates th a t the la tte r compound is formed.

T he double chrom ate forms only w ithin a lim ited pH  range 
extending from pH  7.4 to  6.6 (Table I) as determined by the 
glass electrode. W hen the pH  is fu rther decreased, the 
chrom ate content of the precipitate decreases un til a t  pH
5.4, or less, lead chrom ate forms. In  selecting conditions for 
the precipitation of lead as chromate, i t  was no t w ithout 
hesitation th a t dependence wras placed upon an unfamiliar 
compound ra the r than  one th a t has been so thoroughly studied 
as lead chromate. T he doubled sensitivity gained by use of 
the double chromate, together w ith the consistent results 
obtained by analysis of known solutions of lead salts, de
term ined the  choice. However, i t  is entirely feasible by alter
ing the pH  of precipitation to  carry out the m ethod based 
upon separation of ordinary lead chromate. Actually this 
was done for several m onths while, the technique was being 
developed and before the existence of th e  double chrom ate was 
known and the advantage offered by its use was appreciated. 
The results were satisfactory. T he double chrom ate is 
sufficiently stable to w ithstand washing w ith ammonium 
acetate solution. I t  is not decomposed by cold or ho t water.

Previous m ethods for determ ination of lead by precipita
tion as chrom ate have stressed the im portance of separating 
lead from other m etals before proceeding w ith the precipita
tion of lead chromate. However, F unk and Schormüller (7) 
found th a t lead could be precipitated quantitatively  from 
solutions containing copper, mercurous, or mercuric ions. 
Karaoglanov and M ichov (IS)  sta te  th a t lead can be separated 
as chrom ate from copper, silver, nickel, calcium, barium, 
strontium , manganese, zinc, cadmium, aluminum, and iron. 
For this reason the authors anticipated no difficulty because 
of the presence in biological m aterial of other metals listed 
as having insoluble chromâtes. I t  seemed necessary, how
ever, to  establish specificity of a m ethod based on the form a
tion of a double chromate. T he results of experiments de
signed to  test possible interference from other m etals found 
in biological m aterial are shown in Table I I .  E ach m etal 
was added to blood samples in am ounts greatly exceeding 
the highest possible concentration in this or other tissues and 
in excreta other than  feces. The results dem onstrate th a t 
interference from these sources is avoided and th a t omission 
of prelim inary isolation of lead is permissible.

T a b l e  III . A n a l y s i s  o f  S o l u t i o n s  o f  L e a d  A c e t a t e
Lead P resen t L ead Found Lead P resen t L ead Found

M o. Mo- Mg. M g.
0 .0050 0.0048 0 .0200 0 .0200
0 .0050 0.0051 0 .0300 0 .0299
0 .0050 0.0050 0 .0300 0.0301
0 .0100 0.0098 0 .0300 0 .0300
0 .0100 0.0099 0 .0300 0 .0298
0.0100 0 .0100 0 .0300 0 .0303
0 .0100 0.0103 0 .0400 0.0398
0.0100 0 .0098 0 .0400 0.0400
0.0100 0 .0101 0 .0400 0 .0402
0.0100 0 .0100 0 .0400 0 .0405
0.0100 0 .0102 0 .0400 0.0399
0.0200 0.0201 0 .0500 0.0-198
0.0200 0 .0198 0 .0500 0 .0502
0.0200 0 .0202 0.0500 0.0501
0.0200 0.0204 0 .0600 0.0603
0.0200 0 .0200 0.0600 0 .0600
0.0200 0.0201
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T a b l e  IV. R e c o v e r y  o f  L e a d A d d e d  t o  B l o o d

Lead Difference
Lead A dded to Added betw een Added

Blood A dded to Solution Lead and  Recovered
No. Lead® Blood of Ash& Recovered Lead

Mg. Mg. Mg. Mg. M g.
1 0 .0060 0.0011 0.01 0.0107 - 0 .0 0 0 42 0 .0060 0.0024 0.01 0.0133 0.0009
3 0 .0060 0 .0036 0 .01 0.0140 0.0004
4 0.0060 0.0042 0 .01 0.0155 0.0013
5 0 .0064 0 .0060 0 .01 0.0154 - 0 .0 0 0 6
6 0.0028 0 .0100 0.0099 -0 .0 0 0 1
7 0.002S 0 .0100 0 .0100 0
8 0 .0028 0.0100 0.0100 0
9 0 .0028 0 .0100 0.0101 0.0001

10 0.0028 0.0100 0.0100 0
11 0.0028 0 .0100 0.0098 - 0 .0 0 0 2
12 0 .0044 0 .0100 0.0102 0.0002
13 0.0064 0.0120 0.0115 - 0 .0 0 0 5
14 0 .0064 0 .0160 0.0148 - 0 .0 0 1 2
15 0 .0028 0.0200 0.0200 0
16 0.0044 0 .0200 0.0204 0.0004
17 0.0064 0 .0250 0.0270 0.0020
18 0 .0028 0.0300 0.0300 0
19 0.0044 0.0300 0.0304 0.0004
20 0 .0044 0 .0400 0.0403 0.0003
a F igures in second and  six th  colum ns can be converted to  mg. of lead per 

100 cc. by  m ultip ly ing  by  10. 
b As described in  procedure.

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

Lead Recovery
T y p e  of Blood No. D iphenylcarbazide D ithizone

Mg. per 100 cc.
N orm al 5258 0 .015  0 .020

5128 0 .027  0.019
1189a 0.028 0.045
5238 0.029 0.049

888a 0.031 0.028
928 0.03G 0 .045
858 0 .048  0 .038
558 0.049 0.051

4138 0 .140“ 0 .037“
Lead poisoning 888b 0 .080  0 .067

2149 0.103 0 .092
1239 0 .110  0.089
2189 0.117 0 .105
1189b 0.124 0.085
2119a 0.136 0 .115
1179 0.145 0 .145
2119b 0 .150  0 .128
1279 0 .167  0.224

Av. 0 .082  0.079
“ O m itted  from  calculation  of average.

A n a ly s is  o f  B io lo g ica l M ateria l
T able I I I  dem onstrates the suitability of the method for 

determ ination of lead in quantities found in samples of 
clinical m aterial of a  size readily obtainable. There is no 
significant deviation from the theoretical a t  any concentra
tion of lead tested. I t  is apparent th a t addition of 0.01 mg. 
of lead as directed could be om itted when the lead present 
exceeds th is am ount. The authors have found it  convenient, 
however, to  make this addition to  all unknowns.

I t  is apparen t from Table IV  th a t lead added to blood can 
be determ ined w ith  sufficient accuracy to  enable the new 
diphenylcarbazide m ethod to  be used w ith assurance. Lead 
was added in am ounts to include a wide range of values en
countered in body fluids.

T able V shows a series of analyses made for the purpose of 
comparing the  results of the diphenylcarbazide m ethod with 
the dithizone m ethod of H orw itt and Cowgill (9). Satis
factory agreem ent is shown, w ith one exception, in bloods of 
both low and high lead concentrations. The difference be
tween the averaged results is not significant. However, a t 
high lead concentrations the diphenylcarbazide m ethod gives 
slightly higher results than  the H orw itt and Cowgill method. 
This is a ttribu ted  to  somewhat low recoveries given by the 
la tte r in this range.

T able VI shows lead concentrations found by means of the 
new m ethod in blood'of norm al subjects and of patients who 
had had no known exposure to  lead. The average normal 
value, 0.03 mg. per 100 cc., is close to  the averages found in

larger groups by K aplan and M cDonald (11), W illoughby 
and W ilkins (19), and Smith, Rathm ell, and M arcil (18) who 
made analyses by  the dithizone m ethod. The tab le includes 
also, in the right-hand column, typical results obtained in 
the presence of chronic lead intoxication.

Table V II shows slightly higher results by the diphenyl
carbazide m ethod than  by FairhalFs titrim etric m ethod (5) 
for determ ination of lead in urine. However, i t  is the ex
perience of the authors as well as of others th a t the Fairhall 
m ethod tends to  give low results, and the differences found do 
no t exceed errors encountered by them  in the p ast in applying 
the m ethod to analysis of urine. The upper lim it of norm al 
urinary lead excretion has been established ten tatively  a t  0.08 
mg. per 24 hours. The new m ethod has been used extensively 
also for analysis of tissues and in Table V III  are shown 
typical results for kidney. Because case histories and other 
evidence bearing on diagnoses of certain of the patients in
cluded are incomplete, i t  is not intended th a t  the table be 
used as a guide to  post-m ortem  diagnosis. Instead, i t  is 
presented to  dem onstrate th a t tissues containing lead in 
am ounts th a t vary  over wide lim its can be analyzed w ithout 
difficulty. Among other tissues th a t have been examined 
by means of the new m ethod are brain, liver, spleen, bone, 
fingernails, hair, and p itu itary  and pineal glands. Lead was 
found in all except fingernails and hair.

W hile no data  are shown, the diphenylcarbazide m ethod 
has been applied to the analysis of a variety  of foods. Analysis 
of feces by the new m ethod gave results in close agreem ent 
w ith those given by the dithizone method.

The m ethod has been used for about 2 years for routine 
lead analysis in Philadelphia General Hospital, and results 
have correlated well w ith clinical findings. W here unusual 
or unexpected results were obtained, verification by means

T a b l e  VI. B l o o d  L e a d  C o n c e n t r a t io n s  M e a s u r e d  b y
N e w  D i p h e n y l c a r b a z id e  M e t h o d

Lead in N orm al Blood Lead Poisoning
No. No.

M g ./100 cc. M g ./100 cc.
1 0.009 22 0.060
2 0.010 23 0.064
3 0.014 24 0 .080
4 0.014 25 0.080
5 0.015 26 0.091
6 0.015 27 0 .095
7 0.024 28 0.095
8 0.027 29 0.098
9 0.028 30 0.099

10 0.029 31 0.103
11 0.030 32 0 .110
12 0.030 33 0.110
13 0.031 34 0.111
14 0.035 35 0.117
15 0.036 36 0.124
16 0.038 37 0.134
17 0.040 38 0.136
18 0.048 39 0 .136
19 0.048 40 0 .140
20 0.049 41 0 .146
21 0.050 42 0.150
47 0.028 43 0.167

44 0.189
45 0 .235
46 0 .080

M ean 0 .0295 =*= 0 .0029 (s tandard  error)

T a b l e  VII. C o m p a r is o n  o f  M e t h o d s  f o r  A n a l y s is  o f  U r i n e

D iphenylcarbazide F airha ll
No. M ethod M ethod D ifference

1 0.025
m g. oj tead per *4 nours- 

0 .038 - 0 .0 1 3
2 0.036 0 .040 - 0 .0 0 4
3 0.059 0 .050 0.009
4 0.088 0.100 - 0 .0 1 2
5 0 .140 0 .110 0 .030
6 0.203 0 .210 - 0 .0 0 7
7 0.210 0.207 0 .003
8 0 .250 0 .200 0 .050
9 0.310 0 .240 0 .070

10 0 .447 0 .375 0 .072
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T a b l e  VIII. A n a l y s i s  o p  K i d n e y  f o b  L e a d  b y  
D i p h e n y l c a b b a z i d e  M e t h o d

N orm al or Lead Poisoning
No. Unexposed® No. Proved  or Suspected

M o ./100 Q.b M q./IOO  g.l
1 0 .54 15 1 .50
2 0 .5 5 16 1.62
3 0 .5S 17 1.65
4 0 .5 8 18 1 .70
5 0 .5 8 19 2 .22
6 0 .5 8 20 2 .27
7 0 .6 3 21 4 .1 0
8 0 .6 8 22 4.51
9 0 .74 23 4 .6 0

10 0 .7 4 24 5 .00
11 0 .90 25 5 .33
12 1.10 26 5 .8 0
13 1.10 27 7 .69
14 1.13 28 14.00

a N o recorded sym ptom s a ttr ib u te d  to  lead and  no know n recen t exposure. 
& M g. in 100 gram s of whole d ry  kidney, m edial slice, including  cortex  and  

medulla.

of the dithizone m ethod has steadily increased confidence in 
th e  new procedure. Experience indicates th a t the  m ethod 
is suitable for use as a  diagnostic aid in establishing the 
presence of lead poisoning or absorption of lead.
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Mortar and Pestle for Pow dering Glass
H . L . W U N D E R L Y , R e n z ie h a u s e n  L a b o r a to r y ,  

C h i ld r e n ’s  H o s p i ta l  o f  P i t t s b u r g h ,  P i t t s b u r g h ,  P e n n a .

I N  IN E X P E N S IV E , convenient, and safe m ortar and 
A  pestle for powdering glass have been devised in  th is  labo
ratory . The m ortar consists of 5 inches of 1-inch iron pipe 
(nipple), on one end of which is screwed a pipe cap, loosely 
fitted in  order to  facilitate rem oval of the powdered glass. 
T he pestle is a  16-inch length of 0.75-inch iron rod, threaded 
a t  one end and fitted w ith  a large iron n u t having a diam eter 
a  little  greater th an  1 inch. T he n u t is tigh tly  adjusted to  
th e  rod and trim m ed by a silicon carbide wheel to  a size th a t 
will perm it i t  to  be inserted w ith  ease into the  m ortar. The 
n u t and rod are ground a t  the end un til a  flat pounding 
surface is a tta ined .

Identification of 
2-Aminoethanol

B E R N H A R D  K E IS E R  
T r e to l i t e  C o m p a n y ,  S t .  L o u is ,  M o .

I N  AQUEOUS solution 2-aminoethanol (ethanolamine, 
monoethanolamine) can be identified readily by  reacting 

w ith phthalic acid and confirming the melting point, 127° C., 
of the resulting 2-hydroxyethylphthalim ide:

|^ j ^ ^ > N C H 2CH2OH

P b o c e d u b e .  Mix equimolar proportions of phthalic acid and 
the 2-aminoethanol—for example, dissolve 0.166 gram of phthalic 
acid in hot water and add it to the aqueous solution containing 
0.061 gram of 2-aminoethanol. The concentration of 2-amino
ethanol in the sample must be assumed or be determined by some 
means such as titration with hydrochloric acid. One cubic 
centimeter of 1 N  hydrochloric acid => 0.061 gram of 2-amino
ethanol.

Evaporate the solution to dryness and heat the residue at 
210° C. for about 5 minutes. 2-Hydroxyethylphthalimide (£) 
will be formed in quantitative yield. Recrystallize from water, 
or, if inorganic impurities such as potassium chloride or sulfate 
are present, from an anhydrous solvent such as benzene or abso
lute alcohol. The resulting diamond-shaped plates melt at 
127° C.

Conversely, this reaction can be used for the identification 
of phthalic acid.

Id e n tif ic a t io n  b y  O xa lic  A cid

2-Aminoethanol can also be identified in aqueous solution 
by reacting w ith oxalic acid and confirming the melting point, 
199-200° C. uncorrected (correction, + 3 .8 °  C.), of the re
sulting salt formed by the oxalic acid and the amine

r c o o i—  
[n h sc h 2c h 2o h ]+ Lc o o j

In  addition, this salt m ay be converted to  N ,N '-bis-(2- 
hydroxyethyl)-oxamide, which has a melting point of 168° C. 
uncorrected (correction, + 2 .4 °  C.).

CO— N H C H iC H 2O H

(DO— N H C H jC H ^ H

P r o c e d u r e .  Mix equimolar proportions of oxalic acid and 2- 
aminoethanol—for example, dissolve 0.090 gram of oxalic acid in 
water and add it to the aqueous solution containing 0.061 gram 
of the 2-aminoethanol. Evaporate the solution to  dryness and 
heat the residue a t 110° C . for 5 minutes. Recrystallize from 70 
per cent alcohol. The resulting elongated hexagonal plates melt 
with decomposition a t 199-200° C., uncorrected. The salt; is 
very soluble in water, and insoluble in absolute alcohol or glacial 
acetic acid.

Analysis for C«Hi«OiN2: calculated, N  13.20, oxalic acid 42.5; 
found, N  12.65, oxalic acid 44.0 per cent.

If heated past the melting point to about 222° C., brisk boiling 
occurs with formation in good yield of N,N'-bis-(2-hydroxy- 
ethyl)-oxamide, melting point 168° C., uncorrected. This ma
terial, prepared in a different manner, has been previously de
scribed (1).

This reaction m ay also be used for the identification of 
oxalic acid.
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An Improved Mobilometer
For Measuring Consistency o f Fluid and Semifluid Greases

K. C. COMBES, C. S. FORD, a n d  W. S. SCHAER 
S tan d a rd  Oil D evelopm ent C om pany, S tan d a rd  In spec tion  L aboratory , B ayonne, N. J .

T h e  G ardner m o b ilo m e te r , w h ic h  is  a  
sp ec ia l ty p e  o f  fa ll in g -w e ig h t v isco m eter , is  
rea so n a b ly  sa t is fa c to r y  for d e te r m in in g  th e  
c o n s is te n c y  o f  flu id  a n d  sem iflu id  greases, 
b u t  h a s  a  n u m b e r  o f  d e fec ts  w h ic h  h ave  
b een  corrected  in  a n ew  a n d  im p roved  
in s tr u m e n t , d es ig n a ted  as th e  S . I . L. m o 
b ilo m e te r .

A  N E E D  has long been felt for an instrum ent or a method 
for the determ ination and expression of the consistency 

of fluid and semifluid greases th a t are too mobile to be tested 
w ith the A. S. T . M . penetrometer (1). The la tte r gives satis
factory results for the solid or heavier types of greases but 
w ith soft greases having penetrations higher than  360 the 
results are usually erratic. Efflux viscometers such as the 
Saybolt are no t suitable for testing these products, which are

no t true liquids and which sometimes change the ir character
istics when heated.

Torsion viscometers such as the M acM ichael (5) or Stor- 
mer (2 , 4, 8) have been used for testing fluid or semifluid 
greases b u t are n o t usually regarded as entirely  practical for 
routine use in the petroleum industry. The Gardner mobilom
eter (8, 6, 7), which is a special type of falling-weight viscom
eter, has been considered preferable to  the torsion type of 
instrum ent, and is rather extensively used.

The Gardner instrum ent is supplied w ith a  set of three 
perforated disks and m ay be operated w ith a varie ty  of loads, 
so th a t i t  is applicable to practically the entire range of fluid 
and semifluid greases. As used in the authors’ laboratory, 
however, i t  was found to have a num ber of defects, and the 
work undertaken to remedy them  resulted in the development 
of a new instrum ent, which differs from the Gardner in so 
m any respects th a t i t  has been designated as the S. I . L. 
(Standard Inspection Laboratory) mobilometer.

The characteristic features of the S. I. L. mobilometer are:
(1) the use of a perforated cone instead of a perforated plate 
as the p a rt th a t moves through the oil or grease under test;
(2) the use of a positive b u t alm ost frictionless guide bearing 
for the rod th a t carries the cone and weights; and (3) a general 
design th a t permits rugged, accurate construction, resulting 
in maximum ease and convenience in operation.

A p p aratu s
Figure 1 shows diagrammatically the assembly of the in

strum ent. I t  consists essentially of (1) a base plate w ith a 
column and side arm  to carry the split bearing, (2) a w ater 
jacket to  control tem peratures, (3) a cylinder to  hold the sam
ple under test, and (4) a plunger assembly consisting of a 
shaft having a carefully designed perforated cone m ounted 
on the lower end and a weight holder on the upper end. An 
accessory device shown in Figure 2 is a “worker” , consisting 
of a perforated disk m ounted on a rugged shaft. Figure 2 
shows details of the perforated cone, the weight holder, and 
the weights.

The cylinder, which screws into the base plate, is patterned 
after the Gardner mobilometer cylinder and is fitted with a re
movable bottom to facilitate cleaning. I t  is made of metal 
sufficiently heavy to permit machining to a uniform diameter of 
3.9 cm. throughout its length of 23 cm. A filling mark is in
scribed on the inside of the cylinder, 20 cm. from the bottom. 
The cylinders are interchangeable and, if desired, a number of 
them may be used with one instrument.

The base plate, equipped with leveling adjusters, supports 
a  vertical rod and side arm which in turn holds a split bearing 
situated directly over and 5 cm. (2 inches) above the cylinder. 
The vertical support moves on a pivot, allowing the arm to swing 
away from the cylinder. The split bearing serves as a guide for 
the plunger and permits the removal of the plunger assembly for 
cleaning before and after tests.

The plunger assembly consists of a light (15 grams) or heavy 
(90 grams) shaft having a weight holder attached to one end and 
a removable cone attached to the other end. The shafts are made 
of stainless steel 30.5 cm. long and 6.35 mm. in diameter, with two 
marks 10 cm. apart inscribed thereon. The cone is made from an 
aluminum shell having an angle of 75°. I t  is 2.54 cm. in height, 
3.8 cm. in diameter at the base, and has a center shank for at
taching to the shaft. Two rows of seven equally spaced holes 
are drilled parallel to the axis of the cone and seven equally spaced 
semicircular recesses or notches are located in the outer rim. The 
holes of the outer row are staggered in relation to the notches



286 INDUSTRIAL AND EN G IN EER IN G  CHEM ISTRY VOL. 12, NO. 5

Projection of W orker and Coney Coney Shaft-7  W eigh t
Holder

W orker Plunger Assembly

o
■¡nr

Adapter 5-Cram  1-Gram

Typical W eights

F iG x m E  2 . D e t a i l s  o p  P l u n g e r  A s s e m b l y , W o r k e r , a n d  W e i g h t s

a second if the b a th  tem perature is m aintained 
to  =*=0.1° F. and if the m aterial tested is homo
geneous.

R e s u l t s .  Table I  shows results of tests of 
typical samples of greases ranging from the 
semisolid to  the m ost fluid type and between 
the  two lim its of the S. I. L. mobilometer.

T able I I  shows consistency num bers corre
sponding to  a series of load-time figures and 
eliminates the necessity of m aking com puta
tions unless an  unusual degree of precision is 
necessary. In  case it  is preferred to  use a 
chart instead of a  table to  avoid com putations, 
one can be prepared by plotting two points 
from Table I I  on log-log paper and drawing 
a straigh t line through them.

and the holes in the inner row. The diameters of the holes and 
the recesses are 3.15 and 4.15 mm., respectively. The diameters 
of the circles passing through the centers of the holes in the inner 
and outer rows are, respectively, 2.937 and 4.604 cm. The total 
weight of the plunger assembly is 25 grams when the light shaft 
is used and 100 grams when the heavy shaft is used.

The weights, ranging from 1 to 300 grams, are interlocking 
and are recessed to fit the weight holder on the plunger assembly 
and to fit each other. They are so designed tha t the load will be 
applied directly over the center of the plunger, thus preventing 
side pressure which would occur with an unbalanced load.

The w'orker consists of a rod and perforated disk. The perfora
tions are drilled to correspond with the holes and notches in the 
cone and are of the same size.

The bath is of 1.9-liter (2-quart) capacity and has a spigot 
located a t the bottom for drainage purposes. I t  screws into the 
base plate and is recessed to allow the cylinder to be screwed into 
it.

P roced u re
The cylinder is filled to the 20-cm. mark with the grease to 

be examined, and the cylinder is placed in the bath and brought 
to the test temperature of 77° F. (25° C.). The worker is passed 
through the grease with ten up and ten down strokes. The time 
per single stroke should not be less than about 3 seconds and the 
worker must be almost, but not completely, withdrawn from the 
grease between strokes, as this may cause the inclusion of air 
bubbles. The 25-gram plunger assembly, without added weights, 
is fitted into the split bearing and the point of the cone is brought 
to the surface of the grease.

The assembly is released and the time for the two marks on the 
shaft to pass a reference point is recorded by means of a stop 
watch. The marks on the shaft are so placed tha t the timing 
period indicates the passage of the cone through the center por
tion of the sample being tested. If this time is 32 seconds or less, 
three runs are made and the consistency number is calculated 
from the formula, using the average time. If the time of passage 
exceeds 32 seconds, weights are added to the plunger assembly 
until the time of passage is reduced to between 30 and 32 seconds. 
Two additional determinations are made with these added 
weights. The average time of the three determinations is used 
in calculating the consistency number.

The consistency number of the sample is calculated from the 
following formula:

„  . , , 5000Consistency number =  -77= =
< /L  X T

L  =  load, or weight of plunger assembly +  grams added 
T  =  time, in seconds

D a ta
R a n g e  o f  I n s t r u m e n t .  B y th e  use of the above formula 

arb itra ry  values have been calculated for products ranging in 
consistency from an  approxim ate A. S. T . M . penetration of 
380.to approxim ately 300 seconds’ Saybolt viscosity a t  100° F . 
F rom  these values, greases m ay be designated as having 
consistency num bers from 380 to  1330 as determ ined by  the 
S. I . L. mobilometer, the lighter products having the higher 
consistency numbers.

P r e c i s i o n  o f  I n s t r u m e n t .  T he tim es of tests obtained 
w ith  th is instrum ent are reproducible to w ithin a fraction of

T a b l e  I. S . I. L. C o n s i s t e n c i e s  o f  T y p i c a l  S a m p l e s
A rb itra ry

S. I .  L. Con
L oad- sistency
Tim e N um bers

T im e L oad P ro d u ct a t  77° F .
Sec. Grama

Limo soap 31 510 15,810 445
Soda soap 32 400 12,800 471
Soda and  lim e soap 31 240 7,440 540
Soda soap 30 225 6,750 553
A lum inum  soap 31 160 4,960 597
Lim e soap 31 155 4,805 601
Soda and  lim e soap 30 125 3,750 640
Lim e soap 31 100 3,100 670
Soda and  lim e soap  32 85 2,720 691
A lum inum  soap 31 75 2,325 720
Lim e soap 32 45 1,440 814
Lim e soap 30 32 960 900
Lim e soap 27 25 675 981
Lim e soap 14 25 350 1,158
Lim e soap (very  fluid) 10 25 250 1,255

T a b l e  II. C o m p u t a t i o n  o f  S. I. L. M o b i l o m e t e r
C o n s i s t e n c y

A rb itra ry  S. I. L. A rb itra ry  S. I .  L.
L oad-T im e C onsistency L oad-T im e C onsistency

F roduot Value P ro d u ct Value
200 1,330 2,200 732
225 1,290 2,400 715
250 1,255 2,600 701
275 1,230 2,800 688
300 1,205 3,000 675
325 1,179 3,200 666
350 1,158 3,400 657
375 1,137 3,600 616
400 1,119 3,800 637
425 1,101 4,000 629
450 1,089 4,500 611

475 1,070 5,000 595
500 1,059 5,500 581
550 1,032 6,000 568
600 1,010 6,500 557
650 990 7,000 549
700 973 8,000 530
750 955 9,000 515
800 940 10,000 500
850 926 11,000 489
900 912 12,000 479
050 900 13,000 469

1,000 890 14,000 460
1,100 870 15,000 452
1,200 850 16,000 445
1,300 833 18,000 428
1,400 820 20,000 422
1,500 805 22,000 410
1,600 792 24,000 401
1,700 781 26,000 394
1,800 770 28,000 386
1,900 758 30,000 379
2,000 747

S u m m a r y  a n d  C o n c lu sio n s

T he results obtained to  date on all types of fluid and semi
fluid greases indicate th a t  the S. I . L. mobilometer, because of 
its  construction, is applicable no t only to  the lightest type of 
thickened m ineral oils b u t also to  heavy semifluid greases 
having an A. S. T . M . penetration of about 380. T he m ethod 
of reporting results in  term s of S. I. L. consistency num bers
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should be helpful in understanding the relative fluidity of 
those greases having consistencies which cannot be deter
mined w ith the  A. S. T . M . penetrometer. 

T he authors are also of the opinion th a t  th is instrum ent 
m ight be applied successfully to  other fluid and semifluid 
products, such as paints, varnishes, emulsions, etc.
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Thermoelectric Absorptiometer for 
Analytical Work

H O B A R T  I I .  W IL L A R D , U n iv e r s i ty  o f  M ic h ig a n ,  A n n  A rb o r ,  M ic h .,  A n d  G IL B E R T  I I .  A Y R E S , S m i th  C o lle g e ,
N o r t h a m p t o n ,  M a ss .

A n im p ro v ed  th e r m o e le c tr ic  a b so r p tio m -  
etcr  e m p lo y in g  th e r m o p ile s  h a s  b een  
c o n str u c te d . T h e  th e r m o p ile s  are s te a d y ,  
se n s it iv e , an d  ra p id , a n d  are u se d  in  a  b a l
a n ced  c ir c u it  th a t  c o m p e n sa te s  for s lig h t  
f lu c tu a tio n s  in  so u rce  in te n s ity .  T h e  in 
s tr u m e n t  is  ru g g ed  a n d  c o m p a c t , a n d  is  
ca p a b le  o f  d irec t  rea d in g  to  a n  a ccu ra cy  o f  
0.1 per c e n t  l ig h t  a b so rp tio n . T h e  te s t  
tu b e s  u se d  for a b so rp tio n  ce lls  are ea sily  
c lea n ed  a n d  d r ied , a n d  are in te r c h a n g e a b le . 
T en  m illi l ite r s  o f  liq u id  are su ff ic ie n t  for  a  
d e te r m in a tio n .

T h e  in s tr u m e n t  h a s  b e e n  te s te d , b o th  
w ith  a n d  w ith o u t  l ig h t  filter s , w ith  co lored  
sy s te m s  sh o w in g  a b so rp tio n  in  d ifferen t  
sp ec tra l reg io n s , a n d  a  tu r b id im e tr ic  d e te r 
m in a t io n  h a s  a lso  b e e n  m a d e . T h e  m a x i
m u m  a tta in a b le  a ccu ra cy  a n d  th e  o p t im u m  
ra n g e  are d isc u sse d  for th e  sy s te m s  in v e s t i
g a ted .

S EV ER A L years ago th e  firm of K ipp and Zonen of D elft, 
Holland, placed on the m arket the M oll “absorptiom eter” 

or “extinctiom eter” for the m easurem ent of color or tu rb id ity  
of liquids (8).

The circuit of the Moll instrument is essentially the same as 
th a t given by Wilcox (17) for a balanced circuit photoelectric 
colorimeter. The thermopiles are of the Moll pattern (9), and 
consist of 17 elements; the thermopile resistance is 10 ohms. 
Under the conditions used in the improved instrument described 
below, the thermopiles develop a potential of about 25 millivolts. 
The thermopiles are very sensitive and free from errors; they 
are very rapid—coming to equilibrium in 2 or 3 seconds—and 
hence have an advantage over certain photoelectric cells which 
exhibit a fatigue effect (16, 21) which may disappear only after 
several minutes, although a claim of little or no fatigue has been 
reported (4).

The Moll absorptiometer appears to have been put to very 
little use. Van Tussenbroek (14) made a comparative study of 
various colorimeters.- he used the Kriiss colorimeter, Lovibond 
tintometer, Hilger-Nutting spectrophotometer, Keuffel and Esser 
color analyzer, and Moll absorptiometer, and concluded th a t the 
Moll instrument gave the most reproducible results. He also

studied the use of glass filters for taking readings with different 
wave lengths of light (IS).

In spite of the fact tha t the thermopile absorptiometer is rapid 
and sensitive, and therefore capable of serving as a useful ana
lytical tool, the instrument as put on the market has many 
serious defects. The lamp, thermopiles, and cell holders are 
mounted on standards on an optical bench; each of the five units 
has horizontal, vertical, and rotational adjustments, and the task 
of keeping the units in permanent optical alignment during use 
is no small problem. The cell holders are not provided with stops 
to ensure th a t the absorption cells are placed always in the same 
lateral position; a slight change in lateral position was shown by 
the authors to influence the reading. Furthermore, different 
absorption cells are not of the same optical characteristics, and 
are therefore not interchangeable. The lamp provided has a long 
filament and the lenses do not provide for bringing all of the light 
beam onto the thermopiles, so tha t considerable radiation is not 
being utilized. The divided shunt can give direct reading only to 
the nearest 1 per cent; greater accuracy requires interpolation 
from galvanometer readings, which is inconvenient. The com
plete assembly suffers from lack of compactness and stability.

C o n str u c tio n  o f  th e  I n s tr u m e n t

The essential features of construction of the new instrum ent 
are shown in Figure 1.

IF is a 6-volt 50-candle-power small filament lamp; L, lens 
systems; S, shutters, operated from front panel of instrument 
box; and F, light filters. Ai and A? are absorption cells, consist
ing of 20 X 85 mm. Pyrex test tubes which fit snugly into brass 
holders; T i and i ’s, Moll thermopiles; P, circular slide-wire of 
approximately 140 ohms, scale graduated from 0 to 100 and ca
pable of being read (not estimated) to 0.1 per cent; G, pointer-type 
panel-mounting galvanometer (G-M Laboratories, No. 2561-D); 
and R, 20-ohm variable resistance for balancing slight inequalities 
in making the zero adjustment. The lamp, cell holders, and 
thermopiles, in fixed positions for alignment in the optical axis of 
the system, are mounted on units movable on a track and are 
locked in position after adjustment for optical balance. The 
circuit used has automatic compensation for slight fluctuations 
in source intensity (10).

Figure 2 is a photograph of the new instrument. The case 
measures 37 X 24 X 12 cm. The lamp housing and the top and 
bottom of the case are provided with ventilating holes; com
pressed air introduced through the bottom of the case aids in 
conducting away the heat generated by the lamp. Tests showed 
that the reading on a stable colored solution was the same 
whether the instrument was cool or hot; however, air-cooling 
would undoubtedly be advantageous when measuring unstable 
systems.

In regard to cost'of construction, the largest single item for 
parts is the cost of the thermopiles. In October, 1939, Moll 
small-surface thermopiles No. E2 were quoted by Kipp and 
Zonen a t 45 Dutch guilders (approximately $24) each, net; im
port duty is assessed a t 40 per cent. A duplicate of the instrument
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F i g u r e  1. D ia g r a m  o p  I m p r o v e d  T h e r m o e l e c t r i c  A b s o r p t i o m e t e r

m ost strongly absorbed by  the 
system  being measured. In  
order to  approach th is condi
tion, suitable filters can be 
used ; for very accurate work, 
the ir selection m ust be made 
w ith  care (10). F or use 
w ith  the instrum ent described 
above, several Corning glass 
filters were available; each 
filter was 1 mm. thick, and 
four identical glasses of each 
kind were provided. The 
filter slot of the instrum ent 
a c c o m m o d a te s  tw o  filter 
frames, so th a t the glasses can 
be used singly, in pairs of the 
same glass for greater filter 
density, or in  pairs of different 
filters for better spectral isola
tion. Transm ission curves for 
the filters are given by the 
m anufacturer (5); however, 
the energy d istribution of the 
light source influences the 
effective filtering action. In  
Table I  the absorption regions 
indicated were determ ined by 
direct visual observation w ith

described above is being constructed a t a total cost, for parts 
only, of $140 to $170 depending on the type of galvanometer 
selected.

M e th o d  o f  O p eration
The test tubes used for absorption cells are carefully selected 

for diameter to fit the holders, and for freedom from imperfec
tions in the glass. For the purpose of matching the absorption 
tubes, a tube containing liquid—for example, water, or better, 
the blank solution to be used in a determination—is placed in 
each cell holder. The optical system having been brought pre
viously to approximate balance by adjustment of the units on the 
track, the electrical circuit is now brought to balance by means 
of the variable resistance. The tube on the right is then slowly 
rotated, while the galvanometer circuit is closed, until a position 
is found a t which the galvanometer shows little deflection on 
slight rotation of the tube. This tube is then marked with a fine 
scratch to coincide with a mark on the end of the cell holder. 
The tube on the left is then rotated to locate on it a similar posi
tion, and one a t which the galvanometer stands at zero; slight 
adjustment of the variable resistance may be necessary to obtain 
the latter condition. Additional tubes may be marked in the 
same way against the right tube serving as a “standard” . By 
careful selection and matching, the various working cells are 
interchangeable against the standard tube.

As in most objective methods, this instrument requires a blank 
solution which contains all components, in proper concentration, 
except the one being determined. The authors’ experience has 
been th a t absorption tubes which match when filled with one 
liquid do not necessarily match when filled with another. I t  is 
necessary, therefore, to readjust the Variable resistance to bring 
the system into balance, when changing from one series of meas
urements to another. In  fact, the zero setting is frequently 
checked during a series of measurements to be sure tha t the 
instrument is in proper adjustment.

The instrument is calibrated for a determination by measuring 
the absorption of a series of solutions of known concentrations, 
from which a calibration curve is constructed. When connected 
as shown in Figure 1, the reading of the slide-wire scale gives the 
percentage absorption by the liquid in A¡; by reversal of the con
nections to the slide-wire, the scale would read percentage light 
transmission. The former is considered more simple in practice, 
since low concentrations give low scale readings.

U se  o f  L ig h t  F ilters

In  all objective colorimetric m ethods, greater accuracy and 
sensitivity are obtained by  utilizing only th a t light which is

a spectroscope, using a M azda lam p source.

Corning
No.

T a b l e  I .  C h a r a c t e r i s t i c s  o f  L i g h t  F i l t e r s

D escrip tion  P rincipal A bsorption Regions
227 Gold ruby  
246 Lighthouse red 
346 A m ber shade A 
396 L igh t shade Aklo

401 S ex tan t green
430 D ark  shade blue-green
556 Signal blue
585 Blue purple u ltra

Some blue, considerable green 
V iolet th rough  green, som e yellow 
Some far violet
F a r  red, essentially  a h ea t filter. G iven by 

m aker, for 2-mm . thickness and  M azda 
source: tran sm its  75%  9 f visible ra d ia 
tion , 21%  of to ta l rad ia tion  

V iolet and  red, som e blue and  orange 
R ed, som e orange and  vio le t 
A bsorption  bands in  red, yellow, green 
A bsorption  bands in  red, orange, green; 

high transm ission in  v io le t, blue, and far 
red. M akers ind icate  high transm ission 
for in frared  also

T he therm opile is a nonselective radiom eter (7); hence it 
develops a potential which is proportional to  the  to ta l energy 
absorbed by  the receiver. As the radiation from an incandes
cent tungsten  filam ent consists m ostly of the longer wave 
lengths, absorption m easurem ents m ade w ithout filters in
dicate the to ta l absorption by  the solution. B y the use of 
infrared filters, the light incident upon both  therm opiles lies

F i g u r e  2 .  T h e r m o e l e c t r i c  A b s o r p t i o m e t e r
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C O N C E N T R A T IO N  OF METAL, M axio'PER Ml. 

F i g u r e  3 . C a l ib r a t io n  C u r v e s

A . M anganese  as perm anganate , no filter
B . M anganese as perm anganate , 396 filter *
C. M anganese  as perm anganate , 430 filter
D . I ro n  as ferric  th iocyanate , no filter
E . Iro n  as ferric th iooyanate, 396 filter
F. Iron  as ferrio th iocyanate , 430 filter
0 . Zinc w ith ferrocyanide (turb id im etrio)

essentially in the  visible region, and although this is a  small 
fraction of the  to ta l rad iation  from the source, the light reach
ing the therm opiles after traversing the colored solution and 
blank solution, respectively, shows a greater differential than  
when no filters are used (see, however, the exception noted 
in the next paragraph), so th a t  a higher slide-wire setting  is 
necessary to  obtain electrical balance of the system. Hence, 
for a  given colored substance in  solution, a steeper calibration 
curve is obtained by  the  use of heat filters than  w ithout them  ; 
the colorimetric determ ination therefore becomes more ac
curate, provided the instrum ent can be balanced w ith  the same 
accuracy. W hen the use of filters reduces the to ta l radiation 
reaching the  therm opiles to  a considerable extent, the gal
vanom eter current becomes less for a given unbalance in the 
circuit; i t  is then  necessary to  use a more sensitive galvanom
eter— for example, G-M  No. 2564-D— in order to obtain an 
accurate balancing by the slide-wire. Similar considerations 
apply no t only to  infrared filters, b u t also to  filters for isola
tion  of spectral regions in  which the solution shows maximum 
absorption.

W hen the  system  being measured itself shows considerable 
infrared absorption, the above considerations regarding in
creased accuracy by the use of infrared filters do not apply; 
in  fact, the use of such filters would decrease the accuracy. 
The d a ta  on copper chloride and on ferrous sulfate solutions 
clearly illustrate th is point; for these systems, compared w ith 
th e  curves obtained w ithout filter, the  No. 396 filter gave 
flatter curves, whereas steeper curves were obtained by a 
filter such as No. 585 which has a  high red and infrared trans
mission. In  all other cases thus far measured, the use of No. 
396 filter gave higher readings, for a  given concentration, than  
when no filter was used, although the No. 396 filter was no t 
necessarily the  best one to  use from the standpoin t of in
creased sensitivity.

In  the determ inations outlined below, the  indicated ab
sorption by  the solutions was determ ined by visual observa
tion w ith a  spectroscope using a M azda lam p source. Al
though a filter selection could usually be m ade by comparing 
the absorption by  the solution w ith the  observed transm ission 
of the  filters, the final selection of a  filter was made by  actually  
measuring w ith  the instrum ent the absorption of a solution by 
the  use of various filters or filter com binations; the filter or

com bination giving the highest instrum ent reading was chosen 
as being the m ost suitable.

R e su lts
M a n g a n e s e  a s  P e r m a n g a n a t e .  Permanganate standards 

were made in solution containing sulfuric acid, phosphoric acid, 
and potassium periodate, so as to simulate the conditions used 
in the Willard and Greathouse method for manganese (19). The 
solutions show absorption of violet through orange if concen
trated, and absorption bands in green if dilute. The data ob
tained are shown in curves A , B, and C of Figure 3. A per
manganate calibration curve has been utilized in checking the 
concentration of solutions of potassium permanganate, and also 
in determining the solubility of tetraphenyl arsonium perman
ganate in sodium chloride solutions of various concentrations 
(18).

I r o n  a s  F e r r i c  T h i o c y a n a t e .  The method followed was 
essentially tha t given by Snell and Snell (IS); the standard solu
tion consisted of ferric alum in 0.5 per cent sulfuric acid. Con
centrated solutions absorb all but the red wave lengths; as the 
concentration decreases, absorption of orange, green, and blue 
disappears. As the solutions show considerable fading, colori
metric readings were made a t a definite time interval following 
development of the color. The data are represented by curves 
D, E, and F of Figure 3.

C o p p e r  a b  C u p r i c  C h l o r i d e  i n  28 P e r  C e n t  H y d r o c h l o r i c  
A c id .  The method of H üttner (6), slightly modified, was used. 
In  spite of an indicated inadvisability of trying to keep per
manent standards of cupric chloride in concentrated hydrochloric 
acid (IS), the standards in 28 per cent hydrochloric acid did not 
change in 5 months. The solutions are greenish yellow in color 
and show absorption in violet, blue, and far red, as well as in
frared. The results are shown in Figure 4, curves A, B, and C.
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CONCENTRATION OF METAL. Mg.PER Ml .

F i g u r e  4. C a l i b r a t i o n  C u r v e s

A . C opper a3 CuCIi in  28 per cent HC1, no filter
B . C opper as C uClj in  28 per cen t HC1, 396 filter
C. C opper as CuCIi in  28 per cen t HC1, 556 and  585 filters
D. C opper as cupric-am m onia complex, no filter
E . C opper as cupric-am m onia complex, 396 filter
F. N ickel as nickel-am m onia complex, no filter

C o p p e r  a s  C u p r i c - A m m o n i a  C o m p l e x  I o n . The stock stand
ard solution was cupric nitrate prepared from metallic copper. 
Each solution of the standard series contained 20 per cent by 
volume of concentrated ammonia. The deep blue solutions show 
absorption in the red, orange, and yellow regions. D ata are shown 
as curves D and E  of Figure 4.

N i c k e l  a s  N i c k e l - A m m o n i a  C o m p l e x  I o n . The method of 
Ayres and Smith (1) was used. Measurements cannot be ex
tended above a nickel concentration of about 4 mg. per ml. on 
account of presence of a small amount of precipitate. The solu
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tions are blue with a tinge of violet; they show some absorption 
in yellow and yellow-green regions, and also a little in the violet. 
Curve F of Figure 4 shows the results, readings being taken with
out light filter. No filter of those listed in Table I materially 
changed the slope of the curve.

C o b a l t  b y  H y d r o g e n  P e r o x i d e  a n d  P o t a s s i u m  B i c a r b o n 
a t e .  By the method of Blanchetiôre and Pirlot (2), cobalt 
produces a green color attributed to  a hydrocarbonate. Measure
ments cannot be extended above a cobalt concentration of 4 mg. 
per ml. on account of the development of turbidity. The solu
tions exhibit absorption for all wave lengths except yellow and 
green. Curves A  and B  of Figure 5 represent the results.

C h r o m iu m  a s  D i c h r o m a t e .  Standard series solutions con
sisted of potassium dichromate in 1 per cent acetic acid. The 
system shows absorption of violet, blue, and some green. In 
Figure 5, curves C and D indicate that the method is unsatisfac
tory unless a  more suitable light filter is used.

C h r o m iu m  a s  C h r o m a t e .  The solutions consisted of potas
sium chromate in solution with 0.1 per cent potassium carbonate. 
The solutions absorb violet and blue. Reference to Figure 5, 
curve E, indicates tha t the system is not capable of accurate 
measurement by the instrument without light filters. The best 
filter available was No. 430; even with th is  filter (see curve F) 
the determination of chromate is inaccurate.

F ig u r e  5. C a l ib r a t io n  C u r v e s
A . C obalt w ith  HjO* and  K H C O j, no filter
B . C obalt w ith  H 1O1 and  K H C O k.396  filter
C. C hrom ium  as d ichrom ate , no filter
D . C hrom ium  as d ichrom ate , 430 filter
E . C hrom ium  as chrom ate, no filter
F. C hrom ium  as chrom ate, 430 filter
G. I ro n  as ferrous su lfate, no filter
H ♦ Iro n  as ferrous su lfate, 396 filter
I .  Iro n  as ferrous su lfa te , 585 filter

I r o n  a s  F e r r o u s  S u l f a t e .  The solutions were made from 
analytical reagent ferrous sulfate dissolved in boiled water con
taining 1 per cent sulfuric acid. Photometric readings showed 
tha t the absorption by these solutions was constant over a 
period of a t least 10 days. Solutions below a concentration of 
4 mg. of iron per ml. were practically colorless. Observed spectral 
absorption was mainly in the far red, with perhaps a little in the 
violet. The results are shown in Figure 5, curves G, H, and I. 
The effect of the filters confirms the well-known fact tha t ferrous 
sulfate solutions absorb in infrared. This case presents an in
teresting application of the absorptiometer in measuring a solution 
which has little visible color; although the concentration range 
of best accuracy is rather high, the curve with filter No. 585 is 
one of the steepest thus far obtained.

Z in c  w i t h  P o t a s s i u m  F e r r o c y a n i d e .  This determination was 
made in order to show the applicability of the instrument to 
turbidimetric methods. The procedure was essentially tha t of 
Bodansky (3) as concerns the development of the turbidity. The 
calibration curve shown in Figure 3, G, was used with satisfactory 
results in the determination of zinc after separation from iron (SO).

D isc u ss io n
Recently Ringbom (11) has called a tten tion  to  the  fact th a t 

the accuracy which in the literatu re has been ascribed to 
colorimetric m ethods has been very arb itrarily  established,

and th a t  sta tem ents regarding the  lim its of error and th e  con
centration  range of optim um  accuracy alm ost always fail on 
the basis of considerations involving the Lam bert-Beer law. 
The restrictions imposed on subjective m ethods by the lim ita
tions of the hum an eye have been overcome by the introduc
tion  of photoelectric apparatus; the sphere of application of 
colorimetry has thus been broadened. There seems to  be a 
ra the r prevalent b u t m istaken notion th a t, even w ith objec
tive instrum ents, colorimetric m ethods are applicable only 
for the determ ination of extremely small concentrations. As 
a m a tte r of fact, objective m ethods m ay be used also for an 
alysis of com paratively large quantities of m aterial which 
formerly were determ ined w ith satisfactory accuracy only by 
gravim etric or titrim etric  processes, and often the region of 
g reatest accuracy occurs a t  a com paratively high concentra
tion.

T a b l e  I I .  O p t im u m  R a n g e  a n d  M a x im u m  A c c u r a c y

D eterm ination  

M anganese as perm anganate  

Iron  as ferric th iocyanate

Copper as CuCIi in 28%  HC1

Copper as cupric-am m onia

N ickel as nickel-am m onia 
C obalt w ith H iO t -f- K H C O j

C hrom ium  as d ichrom ate 
Chrom ium  as chrom ate 
Iron  as ferrous su lfa te

Zinc w ith ferrocyanide
(turbidim etric)

T he accuracy w ith  which a given determ ination can be 
m ade is dependent upon the particular concentration range 
selected for m easurem ent, and upon th e  use of a suitable 
light filter. From  a  simple calibration curve, in  which light 
absorption (or transm ission) is plo tted  against concentration, 
one can determ ine empirically the region of g reatest accuracy 
by noting in  w hat portion of the curve a  given error of measure
m ent produces the  least percentage error on the  concentration 
represented. Ringbom has shown th a t  in objective color
im etry the analysis error is a t  a minimum when the light ab
sorption of th e  system  is 63.2 per cent, although the error is 
not m uch greater a t  absorptions between 40 and 80 per cent. 
These figures are based upon considerations which assume 
the valid ity  of th e  Lam bert-B eer law. If a  sufficient con
centration range has been investigated, a p lo t of light absorp
tion against the logarithm  of the  concentration will always 
give a curve showing an  inflection; the  point a t  which th is in
flection occurs represents the maxim um  accuracy, since a t  th is 
point the curve has the greatest slope. T he inflection always 
occurs a t  63.2 per cent light absorption if the  Lam bert-Beer 
law holds, b u t m ay appear a t  a  lower or higher light absorp
tion for system s or conditions under which the law does not 
apply. T he analysis error is determ ined by the  formula :

%  analysis error _  230
1% absorption d l

F ilte r
O ptim um

R ange
M axim um
Accuracy

396
M o. m etal/m l. 
0 .0 1 -> 0 .1

%
0 .7

430 0 .0 0 4 -0 .0 3 0 .5
None 0 .0 0 1 -> 0 .1 2 .3

396 0 .0 0 1 -0 .0 2 0 .8
430 0 .0015-0 .006 0 .4

N one 0 .1 -0 .5 0 .4
396 0 .2 -0 .8 0 .6

556 +  585 0 .0 8 -0 .5 0 .3
N one 0 .3 -1 .5 0 .4

396 0 .2 -1 .0 0 .3
None 2-4 0 .3
None 0 .1 5 -0 .4 0 .5

396 0 .1 -0 .4 0 .4
430 0 .0 2 -0 .3 0 .8
430 < 0 .0 1 -> 1 0 1.9

None 8-30 0 .4
396 15-> 40 0 .6
585 6-30 0 .3

None 0 .0 1 5 -0 .0 5 0 .3

d log c

d lT he quotient ^ lo<r-- is determ ined in  per cent ligh t absorp

tion per logarithm ic unit, and the form ula then  gives the 
analysis error a t  any point on the  curve; as m entioned 
above, the error is a minimum a t  the point where the curve
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shows an inflection. If  one knows the accuracy w ith which the 
light absorption can be measured, the maximum attainable 
accuracy in  the determ ination is im m ediately available.

The curves in  Figures 3, 4, and 5 are plotted according to 
the m ethod suggested by  Ringbom. I t  will be noted th a t  in 
m ost cases the curves have a considerable linear portion 
around the inflection point, so th a t the maximum accuracy 
is a ttainable over a  considerable concentration range. In  
some cases, m easurem ents were n o t followed to  sufficiently 
high concentrations to indicate the inflection point. The 
curve for the turbidim etric determ ination of zinc indicates 
th a t  th e  same considerations which apply to  the colorimetric 
m ethods also apply to  this turbidim etric m ethod.

Table I I  indicates the maximum accuracy obtainable in 
the determ inations previously described; the concentration 
region over which the maxim um  accuracy applies is approxi
m ate only. The maximum accuracy is figured on the knowl
edge th a t the instrum ent can be read to an accuracy of 0.1 
per cent light absorption. T he d a ta  in the table are sufficient 
to  illustrate the  im portance of proper selection of ligh t filter 
and concentration range if maximum accuracy is to  be ob
tained.

The results obtained w ith ferrous sulfate indicate the pos
sibility of the application of the therm oelectric absorpti- 
om eter in  the determ ination of substances which have little 
or no visible color, if they show absorption in the infrared. 
Organic liquids seem to offer good possibilities along this line. 
Prelim inary tests on 45 organic liquids have shown character
istic differences between various types of organic compounds, 
and slight differences between compounds in a given hom
ologous series.

S u m m a ry
An improved therm oelectric absorptiom eter using a bal

anced circuit has been constructed. I t  is rugged and compact 
and therefore portable, and is capable of giving a direct read
ing to  an  accuracy of 0.1 per cent light absorption. The 
therm opiles are sensitive and rapid. The ease and speed with 
which the test tubes used for absorption cells can be cleaned 
and dried, aid in  reducing the tim e required in making 
m easurem ents. Ten milliliters of liquid are sufficient for a 
determ ination.

T he instrum ent has been tested w ith nine systems showing 
a wide range of visible color and spectral absorption, and a 
turbidim etric determ ination has also been made. There 
seems to be no reason why i t  could no t be applied to  any 
colorimetric or turbidim etric m easurem ent, as well as to 
m easurem ents of colorless systems showing infrared absorp
tion. A lthough thus far the instrum ent has been used only 
in series m easurem ents, i t  would seem possible to  apply it in 
comparison m ethods involving duplication or dilution.
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Modified Rolirig Extraction  
Tube

C. W . SULLENS AND W .  RANKIN
Research D ep artm en t, A m erican C an C om pany, 

Maywood, 111.

T H E  Roese-Gottlieb method, using a Rohrig extraction 
tube, is standard for estim ation of fa t in milk and milk 

products (1). However, as described by Bigelow and F itz
gerald (2), it has been criticized because of frequent failure 
to give duplicable results and a tendency to give low fat 
values when compared w ith other methods. The authors, 
whose experience with the Roese-Gottlieb technique has been 
principally in the determ ination of fa t in evaporated milk, 
have found th a t this m ethod as executed by an experienced 
technician will give rapid and reliable results.

Rohrig tubes are closed during extraction of the samples 
by a stopper or by the thum b of the operator; in the la tte r 
case, the vent hole in the wall of the tube is closed by the first 
finger. Occasional low results m ay be explained either by 
persistent adherence of fa t particles to  the stopper, or by the 
loss of sample through the end of the tube or the ven t hole, 
if th e  thum b or forefinger slips during extraction or during the 
blowing down of the tube after extraction.
Loss of sample m ay be due to failure of 
the operator’s hand to conform to the size 
of the Rohrig tube, or to  fatigue of the 
thum b or forefinger resulting from a  large 
num ber of consecutive determinations.

These difficulties m ay be largely ob
viated by use of a  modified form of tube 
shown in Figure 1.

A section of a test tube, A,  is sealed to a 
glass stopcock, B, and this assembly is in 
turn  sealed to the top of the Rohrig tube, C.
The top of the Rohrig tube must be drawn 
out somewhat to eliminate the hole in the wall 
of the tube and to accommodate the diameter 
of the stopcock. The test tube has a capacity 
of about 20 ml. after sealing; the bore of the 
stopcock is 3 mm.

This modified type of tube has been 
used successfully a t  this laboratory for 
the past 6 months. I t  permits more thor
ough mixing and shaking of the sample 
and also allows control of gas pressure 
developed within the tube. By careful 
m anipulation of the stopcock, the pres
sure m ay be slowly released and the tube 
blown down w ithout loss of the sample.
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An Automatic Constant Flow Regulator 
for Low Gas Flows

L E S L IE  S IL V E R M A N , D e p a r tm e n t  o f  I n d u s t r i a l  H y g ie n e , H a r v a r d  S c h o o l o f  P u b l ic  H e a l th ,  B o s to n ,  M a ss .

T H E  regulator described was designed to m aintain a con
stan t flow of 0.5 liter per m inute through gas recorders 

for low concentrations of hydrogen sulfide and carbon bisul
fide, b u t it can also be used for other gases and vapors. The 
regulator will autom atically compensate for increasing or 
decreasing line resistance and will also take care of variations 
in voltage or w ater pressure, depending upon the suction 
source. (This apparatus was built in conjunction w ith the 
development of recorders by Philip D rinker for the American 
Viscose Corporation.)

The apparatus is shown in Figure 1. I t  consists of an X-typo 
inclined manometer connected across a capillary flowmeter and a 
by-pass valve operated by an electric relay. The manometer is 
made of 7-mm. (4-mm. inside diameter) glass tubing with the 
ends flared for 00 rubber stoppers. A piece of platinum wire is 
fused into the lower part of the manometer for a contact and the 
Nichrome wires shown form the other two contacts needed. The 
flowmeter is calibrated directly using a wet gas meter. Only 
readings on the rising leg need be taken. Using the ratio 1 to S— 
tha t is, the sine of the angle is Vs—it was found th a t a 1-mm. 
capillary, 95 mm. long, gave a rising leg deflection of about 15

mm. on the inclined scale. With the desired flow found, contacts 
B  and C are set to within 1 mm. of the mercury meniscus.

M otor C onversion
A universal motor is easily converted into a reversible motor. 

An old Victrola motor was used here, but a laboratory slow-speed 
stirrer or mixer can be used. The brush leads are disconnected, 
the wires are brought outside the housing, and two leads are 
fastened to the brashes. A shunt-wound motor can be reversed 
in a like manner. This gives four connections, as shown in the 
upper left of Figure 1. When Fi is connected to A t and F2 to A2, 
the motor will run in one direction, and when the field leads are 
interchanged—th a t is, F i to and F2 to Ai—it will run in the 
opposite direction. These leads are connected to the relays, as 
shown in Figure 1. The relays operate in pairs, essentially the 
same as double-pole relays. When connection A B  is made, the 
left-hand pair closes and the others close when connection AC is 
made.

The handle from a brass Hoke needle valve, similar to the con
trol valve shown, was removed and a piece of 0.94-cm. (0.375- 
inch) brass tubing of 0.31-cm. (0.125-inch wall) was soldered to it. 
This valve was then coupled directly to the motor-worm wheel 
shaft by using a piece of vacuum hose and two light cotter pins. 
This gave a flexible coupling, so tha t the motor shaft and valve
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stem did not have to be aligned exactly. If the valve sticks, the 
cotter pins will shear off and prevent damage to the motor. 
The valve base was mounted rigidly, so th a t it would not turn 
with the stem. In other designs, i t  should be possible to couple 
the motor directly to the rheostat and thus get current, rather 
than airflow regulation.

O p eration
In  operation the desired flow is set by the control valve and 

the by-pass valve is se t approxim ately halfway open. The 
by-pass will then take care of either high or low deviations 
from the desired rate.

By using the variable resistance, the correct m otor speed 
can readily be determined. Too high a m otor speed will 
cause continued oscillation of the m anom eter; too low a 
speed •will cause sluggish response.

The relays used were obtained from an old piece of elec
trical equipm ent and operate directly from a 110-volt source. 
Hence, condensers were placed across the contacts to reduce 
arcing; 0.25-mfd., 110-volt, is adequate capacity. T he relay 
switch should be opened when the apparatus is not in use. A 
small bottle can be placed in the line after the flowmeter to 
trap  the mercury if any relay contacts fail to open.

Laboratory Electric Stirring Motor
E . B . H E R S IIB E R G  

C o n v e rse  M e m o r ia l  L a b o r a to r y ,  H a r v a r d  U n iv e r s i ty ,  C a m b r id g e ,  M a ss .

A  W ID E  variety of stirring m otors is on the m arket, and 
yet few possess the characteristics desired in the organic 

laboratory . Small electric m otors develop b u t little power a t 
low speeds and direct drive 
is usually unsatisfactory for 
any b u t the lightest and 
m ost constant loads. If the 
character of the mix changes 
rapidly, or if the load is re
leased suddenly, the m otor 
m ay speed up to  a point 
where breakage occurs. For 
th is reason laboratory stirring 
m otors shou ld  in c o rp o ra te  
some type of speed-reduc- 
tion mechanism which al
lows increased torque a t  low 
speed.

The m ethod of mechanical 
speed reduction is usually 
the determ ining factor in 
the cost, m arketability, and 
life of a stirring m otor. The 
sim ple belt and pulley drive 
device has been neglected in 
favor of more exclusive and 
complicated designs w ith pos
sible p a ten t features. The 
mediocre results experienced 
w ith a num ber of these over 
a period of several years 
have led to  the development 
of the  m otor and pulley as
sembly w ith electrical speed 
control described below. This 
un it has been found to be 
very satisfactory for driv
ing wire stirrers (1).

The series-wound m otor is 
particularly suited for this 
purpose because of its favor
able speed-torque character
is t i c s .  S p a r k in g  a t  th e  
brushes has no t been found 
to  be a serious fire hazard 
and the ordinary organic 
la b o r a to r y  p r e c a u t io n s

suffice. Shaded-pole induction m otors are adm ittedly safer, 
b u t their essentially constant speed characteristics make 
them  useful only in connection w ith a step pulley where a

F i g u r e  1. B o d y
A . Push fit bearing  seat, 22-mm . (0.8661-inch, —0.0000-inch,

+  0.0008-inch) bore
B. Set screw, brass, */• inch, 24 th reads, or pipe tap
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F i g u r e  2 . C a p s , A l u m i n u m  A l l o t  C a s t in g

few fixed speeds are sufficient. Since the  m otor operates in 
vertical position, ball bearings are the m ost satis
factory  in sustaining the arm ature th rust. An
other advantage of the ball-bearing m otor is th a t 
i t  requires grease only after a year or more of 
norm al d u ty  and the entire assembly is free from 
lubrication difficulties. If  a sleeve-bearing m otor 
is used, as has been done previously in  th is labora
tory, a single ball between the lower end of the 
shaft and a seat serves to take up the th rust. By 
this means it  has been possible to  utilize the motors 
salvaged from other types of stirrers in conjunc
tion w ith the same pulley assembly, although more 
frequent m otor lubrication is required.

A 4-to-l pulley ratio  w ith a 0.02-horsepower m otor 
developing its rating  a t  5000 r. p. m. has been found 
the best combination for average use. If desired, a 
set of step pulleys could easily be substitu ted  for 
greater speed flexibility. The belt is of the  end
less V-type, of rubber and fabric construction.
Round rubber belts tend to  v ibrate  excessively 
and joined leather belting cannot be used on so 
short a radius as the m otor pulley. In  previous 
designs using leather belting the m otor was placed 
on one end of the rod and the driven pulley assembly 
on the other. This removed the m otor to a certain 
extent, b u t the un it vibrated and i t  was discarded 
in favor of the  present com pact arrangem ent.

The construction of the ball-bearing pulley as
sembly is given in  Figures 1 to  4, while the com
plete m otor assembly is shown in Figure 5, and two 
alternate rheostat assemblies in Figure 6.

The ball-bearing pulley, C, Figure 5, is clamped 
onto the stainless-steel support rod, D. The same 
screw holds the clamp for the electrical leads from the 
motor, relieving it from any strain due to the connecting 
cord. The author has found it convenient to include a 
twist-lock electrical connector, E, close to  the motor, 
making it possible to adjust the unit over the work with

out a tangle of wire. The locking feature then prevents accidental 
disengagement. A heavy-duty clamp, F, necessary to support 
the weight a t the furthest extension of the rod, gives adjustment 
in two planes. As a  rule the shaft is connected to the stirrer with a 
piece of heavy-walled rubber tubing, but provision has been made 
for the use of a chuck which may be purchased standard for a 
0.61-cm. (0.25-inch) shaft. In the author’s experience the first- 
named method is preferable with ball-bearing glass stirrers (1).

Both rheostat assemblies shown in Figure G have been used 
with equal success. T hat on the left has a switch permitting 
stoppage without disturbing the rheostat setting, which is an 
advantage in inspecting the progress of a reaction. The rheostat 
on the right incorporates an off position, so tha t the circuit is 
broken when the dial is turned counterclockwise to the stop. 
Each is mounted between two pieces of hard asbestos board and 
forms a unit detachable from the motor, a  feature which is 
helpful when adjusting either assembly. Other electrical control 
apparatus, such as autotransformers, are convenient but rela
tively too expensive a t the present time.

T he following specifications provide for the construction 
of a u n it of the highest quality  m aterial, and in some cases 
alternate sources of equal reliability have been given. An 
exhaustive investigation has no t been m ade and other re
liable makes should prove satisfactory.

T he construction of these un its has been made possible by 
the close cooperation of A. H . Gedies, m achinist of the M al- 
linckrodt Chemical Laboratory a t  H arvard .

A ssem b ly  a n d  S p ec ifica tio n s
B ody (Figure 1). The casting was made of No. 12 aluminum 

casting alloy (8 per cent copper, Aluminum Co. of America, 
Pittsburgh, Penna.) by a local foundry. Both bearing recesses 
must be machined within the tolerances given to permit easy re
moval of the ball bearings.

J s  F l a t s

R e a m

1 0 - 3 2  l a p

I s / s o "

P r i v e  F i t

F i g u r e  3 . S l e e v e  a n d  S h a f t
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F ig u r e  4. P u l l e y s  a n d  
S p r in g  B r o n z e  C o m p r e s 

s io n  W a s h e r

U p p er pulley, d riven  pu lley  m a
chined from  a lum inum  alloy  casting
Lower, m o to r pulley  m achined from  

round stock

the bearing, holding it firmly 
against the body, and a t the 
same time compresses the felt 
packing washers in the upper 
rccess. Each cap is held in 
place by two 1.27-cm. (0.5- 
inch) screws.

B a l l  B e a r in g s . T wo single
row ball bearings, 8-mm. bore, 
22-mm. outside diameter, 7 
mm. wide (extra-small type, 
single row, deep groove, bear
ing No. 38, SKF Industries, 
Inc., 440 East 34th St., New 
York, N. Y., obtained from 
local hardware distributor).

S l e e v e  (Figure 3). This is 
machined from round brass 
stock and must conform to 
the tolcrances given to permit 
the ready removal of the bear
ings without damage to bear
ings.

S h a f t  (Figure 3). Cut from 
0.61-cm. (0.25-inch) ground
polished finish, 18-8 stainless 
steel alloy rod with three flats 
filed in it for the large pulley, 
sleeve, and chuck.

M o to r  (Figure 5). Series- 
wound, varying speed, uni
versal motor, 0.02 horsepower, 
5000 r. p. m., 110 volts, ball
bearing (General Electric Co., 
Schenectady, N. Y., Model 
5P35CA1A, type P, frame 
35 C. If a more powerful 
motor is desired, the 0.033- 
horsepower motor, frame 36, 
may be substituted. This will 
require a  100-watt rheostat).

V -B e l t  (Figure 5). Inside 
diameter 8.9 cm. (3.5 inches), 
outside diameter 9.53 cm. 
(3.75 inches), width at outside 
diameter 0.396 cm. (0.156

' / O S 2

T a p

/ 6 ‘

Access to the setscrew of the sleeve 
(Figure 3) is through hole B  (Figure 1), 
and this is closed with a brass screw plug. 
A tight fit is obtained by threading only 
a part of the hole or by using a pipe 
tap.

C a p s  (Figure 2). Both caps are iden
tical and are machined from castings of 
the same alloy as the body. The large 
end is faced and in this case the bear
ing recess is made slightly larger than 
tha t in the body, in order tha t the caps 
may be removed by hand. The compres
sion washer shown in Figure 4 fits in this 
recess above the bearing and below the 
felt packing. When the cap is screwed 
down this exerts a positive pressure against

F i g u r e  5. C o m p l e t e  M o t o r 'A s s e m b l y
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F i g u r e  6 . R h e o s t a t  A s s e m b l ie s

inch). Rubber and fabric construction (Eastman Kodak Co., 
Rochester, N. Y., No. 57012 mechanism drive belt for Kodascope 
E  or EE). This belt is a replacement part on motion picture 
projectors.

E l e c t r i c a l  C o n n e c t o r  (Figures 5E, and 6 ) .  Midget cord 
connector with cord grip (Harvey Hubbell, Inc., 1930 Thomas 
St., Bridgeport, Conn., catalog No. 7478. Obtained from local 
electrical supply shop). The male end is connected to the motor 
leads which are clamped to the body (Figure 5) and the female 
end to the rheostat with 150 to 180 cm. (5 to 6 feet) of rubber- 
covered lamp cord.

S u p p o r t  R o d  (Figure 5£>). The motor block is drilled and 
tapped (0.25-inch pipe size) a t the center to accommodate the 18-8

stainless-steel alloy rod, 1.27-cm. (0.5- 
inch) diameter, 30 cm. (12 inches) long.

C la m p  (Figure 5, F). Heavy-duty 
right-angle clamp fastener. By using 
a large swivel clamp fastener, motion in 
the third plane can be obtained if de
sired (Central Scientific Co., 1700 Irving 
Park Blvd., Chicago, 111., Catalog No. 
72315).

R h e o s t a t  (Figure 6). A 50-watt, 
400-ohm rheostat, with or without an off 
position in the extreme counterclock
wise position according to the mounting 
shown, has proved satisfactory (Hard
wick, Hindle, Inc., Newark, N. J., Type 
B-50). Previously, 100-watt rheostats 
(Ohmite Manufacturing Co., 4835 
West Flournoy St., Chicago, 111., Model 
K, 400-ohm, stock No. 0454) had been 

used for 3 years. The smaller unit, however, costs only half as 
much and has shown no deterioration over a period of 6 months, 
though used above the manufacturer’s current rating.

The rheostat is mounted between two pieces of hard asbestos 
sheet 0.3 cm. (0.125 inch) thick, and a 8.9-cm. (3.5-inch) dial 
plate calibrated 0° to 100° over 325° is used to indicate the set
ting. This may be purchased from a local radio supply store. I t 
is connected to the power supply through 60 to 90 cm. (2 to 3 
feet) of lamp cord and a male electrical plug.

L itera tu re  C ited
(1) Hershberg, I nd. E ng. Chem., Anal. Ed., 8, 313 (1936).
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■F
Therm om eter for Low Temperatures

-A A. FARKAS AND L. FARKAS, D ep a rtm en t o f Physical C hem istry , 
T he Hebrew  U niversity, Je ru sa lem , P alestine

■E

W H I L E  th e  w e ll-k n o w n  
vapor pressure thermome

ters of Stock are the most ac
curate instrum ents for measur
ing low tem peratures, they appear 
unhandy if the measurements 
are to be performed in a limited 
s p a c e .  T h e  v a p o r  p r e s s u r e  
therm om eter having the form 
shown in the accompanying fig
ure eliminates this drawback, and 
has proved very satisfactory in 
use in this laboratory.

The construction of parts A , B, 
and C is evident from the figure. 
Coil D has a small hole in its 
end which prevents the mercury 
in B  from entering tube C, while 
it  ensures communication between 
¿¡and C. Tube E  is sealed to the 
short glass rod, F, which in turn is 
sealed inside tube A. The capil
lary tip, G, of tube E  prevents 
the escape of mercury from E  in 
case the thermometer is kept in the 
horizontal position.

The instrument is filled as fol
lows : After adding sufficient mer

cury, the thermometer is brought into horizontal position with 
coil D upward (the mercury should now reach the level in
dicated by the dotted line), and is evacuated. Then the ther
mometer is brought into perpendicular position, the thermometric 
substance—e. g., carbon dioxide—is admitted up to a pressure of 
400 to 500 mm. and condensed, and the thermometer is sealed off 
a t a.

The therm om eter can be calibrated empirically or by using 
the known vapor pressures of the therm om etric agents. In  
the la tte r case the capillary depression of the m ercury in tube 
E  has to  be allowed for.

One therm om eter of the dimensions given in the figure will 
cover about 15° to  25 °, depending on the gas w ith which it  is 
filled. Ten therm om eters filled w ith the substances listed in 
the table will cover nearly every range of tem perature down 
to -2 1 5 °  C.

Once a therm om eter has been filled and sealed, i t  can be 
handled just like any ordinary m ercury therm om eter. Thus 
it will not be affected if i t  is kep t in the horizontal position.

Substance

P en tane  
B utane 
Propane 
C arbon  dioxide 
E th an e

T em pera tu re  R ange 
0 C.

+  5 to  -  35
-  35 to  -  73
-  71 to  - 1 0 0
-  93 to  - 1 1 2  
- 1 1 2  to  - 1 4 0

Substance

E thy lene  
N itric  oxide 
M ethane  
Oxygen 
N itrogen

T em pera tu re  R ange 
° C.

- 1 2 2  to  - 1 5 0  
- 1 5 9  to  - 1 7 5  
- 1 7 5  to  - 1 8 8  
- 1 9 3  to  - 2 0 5  
- 2 0 5  to  - 2 1 5



Equivalent Weights o f Salts of Organic Acids
M icrodeterm ination by Electrodialysis

KARL II. D ITTM ER AND R. G. GUSTAVSON, U niversity  o f Colorado C hem istry  D ep artm en t, H oulder, Colo.

M ETH O D S for the determ ination of the equivalent 
weights of salts of organic acids are tedious and often 

inadequate. F requently  organic acids m ust be identified in 
the form of their salts, which seldom have definite m elting 
points. The determ ination of the D u Claux constants is not 
applicable to all organic salts. T he m ethod herein described 
was found suitable for the determ ination of the equivalent 
weights of salts of organic acids, and also offers a  rapid means 
for measuring the degree of hydration of salts when the exact 
composition of the sa lt is desired. The apparatus required is 
simple and easily made, and the whole m ethod w ith five 
checks and a blank takes less than  1,5 hours.

F i g u r e  1 . A s s e m b l y  o p  E l e c t r o -  
d i a l y z in g  U n i t

C rosshatch ing  is m ercury

The m ethod is a modification of th a t proposed for the de
term ination of to ta l bases in biological fluids by A dair and 
K eys (1). The basic ions are electrodialyzed through a sin- 
tered-glass membrane, above which stands negatively 
charged mercury. The base am algam reacts w ith an ex
cess of standard  acid which is placed above the mercury. 
The am ount of base present in the sample is found by ti
trating  the excess standard  acid w ith standard  base.

D escr ip tio n  o f  A p p a ra tu s
Figure 1 shows one unit of six cells which were connected in 

parallel with direct current, the voltage varying between 100 
and 150 volts. A voltmeter and an ammeter were connected 
for rough indications of voltage and amperage.

The cathode vessel was made by sealing a sintered-glasa 
membrane into a cut-off and slightly tapered 15 X 125 mm. 
Pyrex test tube. The membranes were prepared by a method 
similar to tha t described by Kirk el al. (2). The purified ground- 
glass particles were between 0.25 and 0.60 mm. in diameter— 
tha t is, those particles which would pass through a 30-mesh 
sieve but not through a CO-mesh sieve. The molds for the mem
branes were lengths of brass or nickel tubing cut according to the 
thickness of the membranes desired.

The rings were placed on a sheet of nickel, filled with the 
prepared glass, and baked for approximately 15 minutes a t about 
830° C. in a small electric furnace. When wet instead of dry 
glass was packed into the rings less shrinkage occurred in the 
thickness and a little more in the diameter, thus facilitating the 
removal of the finished membranes from the rings. The proper 
temperature for this process was found to correspond very nearly 
to the temperature a t which a Pyrex glass tube placed horizon
tally in the furnace collapses. With a little experience, the 
proper temperature and the optimum length of baking time were 
easily determined.

After the membranes were sealed into the tubes, they were 
ground on a Carborundum stone to a thickness which allowed 
easy passage of water but retained the mercury. Each membrane 
was tested in actual practice for defects, using a salt solution of 
known concentration. Tubes which did not give total recovery 
were discarded.

The anode vessel was made from a 25 X 200 mm. Pyrex test 
tube with a piece of platinum wire sealed in the bottom. The 
Pyrex glass and platinum wire seal were made tight by the ap
plication of a small amount of de Khotinsky’s cement.

The cathode vessel and the cathode electrode were held in 
position with split corks wrapped in lead foil.

P rep a ra tio n  a n d  P u r ific a tio n  o f  R e a g e n ts
W a t e r .  All water used in preparing solutions or for washing 

purposes was redistilled from a glass still. To remove all am
monia, a few drops of phosphoric acid were added to each liter 
of water distilled.

M e r c u r y .  Mercury for use as the anode and cathode elec
trodes was purified by spraying it three times through 80 cm. of

297
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5 per cent nitric acid and then through five changes of pure dis
tilled water. To get the mercury into a very fine spray it was 
forced through a coarse sintered-Pyrex filter (Figure 2).

S t a n d a r d  A c id .  A  standard sulfuric acid solution was pre
pared by diluting concentrated acid and was standardized against 
a 0.05 N  solution of anhydrous sodium carbonate.

S t a n d a r d  B a s e .  A saturated solution of sodium hydroxide 
was diluted to an approximately 0.05 N  solution and standardized 
against a standard hydrochloric acid.

P roced u re
The anode vessel was thoroughly cleaned and rinsed several 

times with redistilled water and from 0.3 to 0.5 cc. of pure mer
cury was added. As a final precaution against traces of base, 
the anode vessel containing the mercury was washed with 10 cc. 
of redistilled water. This final wash water was removed from 
the anode vessel with a finely drawn-out glass siphon attached 
to an aspirator. Salt samples were added to five of the six anode 
vessels. The sixth one was taken as a blank.

Individual samples of 0.3 to 5.0 mg. of pure crystalline salt 
were weighed and placed in each anode vessel, or an aliquot por
tion of a dilute solution of the salt was measured into each vessel 
by means of a Rehberg buret or recalibrated pipets. The solu
tion was prepared of such concentration that 1 to 5 cc. contained 
between 0.3 and 5.0 mg. of the salt.' The samples which the 
authors analyzed were all between 0.3 and 5.0 mg. The volume 
of solution in the anode vessel was kept between 4 and 8 cc., 
regardless of the amount of sample used.

T a b l e  I. E f f e c t  o f  T i m e  a n d  S i z e  o f  S a m p l e  o n  T o t a l  
R e c o v e r y

Salt Tim e
Analyzed D ialyzed A nalyzed Recovered® E rro r E rro r

M in . oriu ilClCQulVCUCTll /0
N a ace ta te 30 0 .0109 0 .0093 - 0 .0 0 1 6 14.7

60 0 .0109 0 .0105 - 0 .0 0 0 4 3 6
45 0 .0043 0.0041 - 0 .0 0 0 2 4 .6
60 0.0043 0 .0043 0 .0000 0 0
90 0.0651 0.0651 0.0000 0 .0

N a c itra te 80 0 .0042 0.0042 0 .0000 0 .0
C a ace ta te 00 0 .0040 0 .0040 0 .0000 0 .0
C a lac ta te 00 0 .0040 0.0041 + 0 .0 0 0 1 2 .5
Zn a ce ta te 80 0 .0040 0.0037 - 0 .0 0 0 3 7 .5

120 0 .0040 0.0041 + 0 .0 0 0 1 2 .5
° M illiequivalent recovered is average of all values, n o t b est checks of 

each de term ina tion .

Each cathode vessel was cleaned between successive deter
minations by allowing it to stand in aqua regia until any dark 
coloration in the sintered glass had been removed. The cathode 
vessels were put into aqua regia immediately after a titration and 
were ready to be washed with water when the next determination 
was begun. The membranes were then washed by forcing tap 
water through them by connecting them directly to the tap with 
a  piece of rubber tubing. This washing was generally continued 
for from 3 to 5 minutes and was followed by three more washings 
with redistilled water, rinsing inside and out. The upper part 
of the cathode tube was wiped dry with a towel, but tne lower 
part and the membrane were never touched with anything but 
redistilled water.

One to 1.5 cc. of pure mercury were added from a dispensing 
buret to each cathode vessel. A membrane which held 1.5 cc. 
of mercury above it when sodium ions were dialyzed did not al
ways retain the same amount of mercury when calcium ions were 
being dialyzed. This difficulty, which may have been due to a 
lower surface tension for calcium amalgam than tha t of other 
base amalgams, was overcome by using 0.5 to 0.75 cc. of mer
cury above the membranes.

An exccss of standard sulfuric acid, delivered from a Rehberg 
buret, wiis placed above the mercury. The amount of sulfuric 
acid varied from 0.100 to 1.500 cc., depending upon the amount 
of the sample to be analyzed. The tip of the buret was rinsed 
with a small amount of water into the cathode tube. The lower, 
outside part of the tube and the membrane were again rinsed 
with redistilled water, and the tube was immersed about 1 cm. in 
the solution of the anode vessel to be analyzed. The negative 
electrode was rinsed with water and placed so that the platinum 
wire was just below the surface of the cathode mercury.

The current was switched on as 
soon as the first cell was prepared. „  . , , . . .
The other cells were successively Equivalent weight
prepared, each preparation requiring 
about 5 minutes; this is the same length of time required for the 
titration of the excess acid in each cathode vessel, making the total 
time of dialysis the same for each cell.

F i g u r e  2 . M e r c u r y  W a s h in g  
A p p a r a t u s

The rate a t which bubbles formed 
a t the electrodes in the 2 N  sulfuric 
acid indicated the rate of dialysis. 
The entire unit was gently shaken 
every 5 or 10 minutes to produce 
faster and more complete dialysis 
rnd  also to help decompose the base 
amalgam. Each unit was dialyzed 
until no more bubbles formed in 
the 2 N  sulfuric acid, usually one 
hour. The time for complete di
alysis varied with the amount of 
sample to be analyzed, the kind of 
base ion present, and the type of salts 
analyzed (Table I).

After complete dialysis, the cathode 
vessel was raised above the anode 
solution, thus breaking the circuit, 
and the cathode electrode was rinsed 
with 1 to 2 cc. of water into the 
excess acid. The base amalgam was 
decomposed by bubbling a current of 

air or dry oxygen through the mercury for 1 to 2 minutes. 
One drop of methyl red was added and the excess acid titrated 
with a standard sodium hydroxide solution, measured from a 
microburet. The tip of the buret was drawn out to a fine point 
and the titrations were carried out under the surface of the 
acid, while the air was still bubbling through. The end point 
was found to be the final and permanent disappearance of all 
red color.

T a b l e  II. E q u i v a l e n t  W e i g h t  D e t e r m i n a t i o n s

S a lt W eight of E q u iv a len t
T heo re tica l
E q u iv a le n t

A nalyzed Sample® Acid& W eights Found W eight

NaCiHjOa

Mo.

0 .3566

Cc.

0 .3 0 8 2 .1 ,8 4 .5 ,  82 .1 82 .02

0 .8915 0 .3 J
8 1 .1 ,8 2 .1  
8 4 .1 ,8 2 .5 ,  84 .1 82 .02

1.7830 0.4Ö 8 1 .8 . 82 .1 8 2 .02
3.5660 1 .00 8 1 .1 ,8 0 .7 ,8 1 .1 82 .02
5 .3490 1.40 8 2 .1 ,8 2 .1 82 .02

N a2C 4H40«.2Hi0 5 .0020 0 .9 0 115.3 , 115.0 115.03
N a3CeH60 r .2 I I 20 2 .0706 • 0 .6 0 98. 1 98 .02

0.4141 0 .3 0 9 7 .4 ,9 8 .6 98 .02

C a(C iH jO j)t. HiO 0 .8808 0 .3 0 8 4 .7 ,8 7 .5 88 .07
CaCCsIlaOt):. H 2O 0.3525 0 .3 0 8 8 .OS, 86 .00 88 .07

Ca(C3H60 3) j .5 H 20 0.6165 0 .3 0

88 .08  

1 5 4 .1 ,1 5 8 .1 154.12
1.2330 0 .3 0 154.1 154.12

Z n(C :H a02) i .2 H 20 1.0974 0 .3 0 110.3, 109.7 109.73

° Sam ples a re  a liquo t portions of d ilu te  solutions.
& 0 .0555  N  HiSO< placed above m ercury  in  cathode vessel.

The equivalent weight of the sa lt was calculated by  the 
following equation:

________________________ mg. of salt sample______________________
(cc. of HoSOO (normality of acid) — (cc. of NaOH) (normality of base)

R epresentative values obtained for the equivalent weights 
of salts tested are given in Table II.
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S u m m a ry
T he equivalent weights of salts can be determined from 

samples as small as 0.3 mg. by  the application and modifica
tion of the Adair and Keys electrodialysis m ethod for to tal 
bases in biological fluids. • W hen the procedure was carefully 
followed, values obtained for the equivalents were rarely over 
3 per cent from the theoretical values. A simple m ethod for

the preparation of sintered-glass m em branes is described. 
An efficient m ethod for dividing m ercury into a very fine 
spray is mentioned.

L itera tu re  C ited
(1) Keys, A. B., J . Biol. Chcm., 114, 449-59 (1936).
(2) K irk, P . L., Craig, R ., and Kosenfels, R . S., I n d .  E n o .  C h e m .,

Anal. Ed., 6, 154-5 (1934).

Bomb for Determining Organic Chlorine by 
Lime-Fusion Method

W IL L IA M  M . M a cN E V IN  AND W IL L IA M  H .  B A X L E Y , O h io  S t a t e  U n iv e r s i ty ,  C o lu m b u s ,  O h io

T H IS  paper describes the construction of a simple closed 
m etal tube or bomb and its use in a semimicro modifica

tion of the classical, b u t little used, lime-fusion m ethod {£) 
for the determ ination of organic chlorine. The investigation 
was undertaken to find a m ethod for determ ining organic 
chlorine which would require only simple and easily a tta in 
able apparatus and a t  the same tim e would be as rapid as any 
of the new m ethods now in use.

Investigation of the literature (2) on the various m ethods 
for determ ining organic chlorine revealed th a t the chief limi
ta tion  of the classical lime-fusion m ethod which was always 
conducted in an open glass tube, was th a t easily volatile 
samples escaped before reacting w ith the calcium oxide. The 
results were therefore often low. This, together w ith the re
quirem ent of a large am ount of calcium oxide in each deter
mination, is considered to  be the principal reason for lack of 
general popularity of the classical method.

Recently it  has been shown in this laboratory (1) th a t if a 
closed m etal tube is used, easily volatile organic fluorides are 
quantitatively  decomposed by heating w ith calcium oxide. 
I t  has therefore seemed logical to apply this principle to  the 
determ ination of the other halogens in organic combination.

A p p aratu s
The bomb consists of a hollow cylinder of cold-rolled steel open 

a t one end and of the approximate dimensions shown in Figure 1. 
The open end is flanged and may be closed by a combination of 
threaded collar, A, and plug, B. (A and B are standard brass 
fittings used in the refrigeration industry and may be obtained 
from any refrigerator supply house. The hollow cylinder can be 
turned from a bar of cold-rolled steel. Exact dimensions do not 
appear important. Most laboratory supply houses are also able 
to provide the complete assembly.) A soft copper disk placed 
between plug B  and the inner flange of the neck of the bomb serves 
as a washer and provides a tight fit. (Cold-rolled sheet copper 
may be softened by heating to near redness and quenching in 
water.)

Copper Co 

Sample Washer
lar A

Plug B

The bomb is sealed by turning plug B  into collar A  and is con
veniently done by clamping id in a vise and using a wrench to 
tighten B. The bomb is clamped to a ring stand in a horizontal 
position and is heated with a Pittsburgh or M6ker burner. A 
metal screen is placed between the operator and the bomb because 
of a remote possibility of an explosion. However, on no occa
sion has there been any evidence of dangerous pressure during 
heating. Observation of the bomb while heating is accomplished 
by the use of a small mirror standing a t the back of the desk^or 
hood.

Seal«

F i g u r e  2 . I n t r o d u c t io n ' o f  S o l id  S a m p l e  i n t o  
B o m b

o
 f _
Seal«

F i g u r e  3 . S a m p l e  
B u l b  f o r  L i q u id s

S c a l a

F i g u r e  1. I I i c h - T e m p e t îa t u r e  C a l c iu m  O x i d e  B o m b

A long-stemmed weighing tube 
of the approximate dimensions in
dicated in Figure 2 is required for 
introducing solid samples into the 
bomb. Liquid samples are drawn 
up in previously weighed thin- 
walled glass bulbs (Figure 3) which 
are then sealed off.

Porcelain Gooch microcrucibles 
with asbestos mats have been used
for filtering the silver chloride. They have sufficient capacity 
for amounts of precipitate up to 130 mg. When used with the 
Wintersteiner filtering microapparatus (3), the process of filtering 
and drying the precipitate requires not more than 25 minutes.

The balance used in this work was an Ainsworth of semimicro 
type, with a sensitivity of 0.05 mg. per division of the pointer 
scale. The weights were calibrated to the nearest 0.01 mg. All 
weighings were made to the nearest 0.01 mg.

R ea g en ts
Calcium oxide was prepared by heating analytical reagent 

quality calcium carbonate a t 900° C. for 2 hours, and after cool
ing was stored in a desiccator containing Drierite. The diameters 
of most of the particles ranged from 5 to 10 m- About 1.5 grams 
are required for each determination.

The nitric acid, silver nitrate, and potassium nitrate were of 
analytical reagent quality.

Distilled water free from chloride was used for preparing all 
solutions. Several blank determinations with usual amounts of 
all reagents failed to show any trace of chloride as indicated by 
turbidity after 24 hours’ standing.

P roced u re
The bomb is cleaned by washing with water and acetone and 

drying in a blast of air. Calcium oxide is added until the bomb 
is about one-third full (Figure 1). Enough sample to give not 
less than 8 mg. of silver chloride is introduced by means of the
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T a b l e  I .  D e t e r m i n a t io n  o f  O r g a n ic  C h l o r i n e

C om 
bus W eight W eight Cl
tion of of Cl T heo

Period Sam ple AgCl Caled. re tical
M in. Mg. Mo. % %

5 12.38 18.40 36 .77 37 .53
10 14.38 21 .80 37 .50
15 13.49 20 .55 37 .68
20 8 .3 8 12.66 37.37
20 35 .43 53 .58 37.41
20 27.69 57.55 51.41 51 .26
20 18.44 38 .53 51.69
20 20.39 42 .57 51.65
20 12.09 11.12 22 .75 22 .95
20 8 .7 8 8 .13 22.91
10 8*85 7 .03 19.65 20.90
15 11.80 10.01 20.99
20 11.92 10.04 20.84
20 9 .25 7 .75 20.73
20 28.14 23 .18 20 .38 20 .66
20 9 .77 8 .23 20.84
20 14.54 13.15 22.37 22.51
20 9 .07 8 .2 6 22.53
20 13.93 52.21 92.71 92 .20
20 35.33 131.31 91 .94
20 9 .05 20 .63 56.39 55.87
20 13.82 31 .38 56.17
20 5 .9 8 9.25 38.26 38 .30
20 7 .4 5 11.51 38.22
20 16.93 14.79 21.61 21 .80
20 13.17 11.61 21.81
20 22.51 42.21 46 .39 48.24
35 20 .78 39 .52 47 .05
20 24 .38 47 .65 4 8 .3 5 a
20 15.35 30 .06 48 .44°
20 10.68 32.34 7 4 .9 1 “ 74.71
20 12.25 37 .05 7 4 .82°

20 44 .65 13.49 7 .47° 7 .5 6
20 40 .79 12.23 7 .4 2 a
20 12.10 5 .28 10.79 10.93
20 18.96 8.27 10.79
20 19.61 13.80 17.41 17.50
30 26 .36 18.91 17.75
40 30.39 21.54 17.53
20 27.06 19.21 17.56°

Sam ple

M onoohloroacetio acid,
CtHLOiCl

0-Hydroxytrichlorobutyric 
acid, C4H5O3CI3

Chloroacetophenone,
C .H iC O C H iC l

p-Chloroacetanilide,
CsHsONCl

p-N itrobenzyl chloride, 
CiHeOtNOl 

p-C hloronitrobenzene, 
CsHUOiNCl 

C arbon te trach loride , CC1<

Tetrafluoro tetrach loropro- 
pane, CsCUF«

T ertia ry  b u ty l chloride, 
C 4H 9CI 

a-C hlo ronaph tha lene , 
CioHjCI 

p-D ichlorobenzene, C#H<C1j

Hexachlorobenzene, CcCle

Research com pounds 
C wH kOuCI

CiiHuOaCl

Ch H h0 2C12

0  100 mg. of K O H 3 were added to  calcium  oxide.

weighing tube. More calcium oxide is added until after gentle 
tapping on its bottom end, the bomb is about two-thirds full. 
The copper washer is put in place, the various parts of the bomb 
are assembled, and B is turned tightly into A. The contents of 
the bomb are well shaken, after which the bomb is again tapped 
to settle the mixture toward the bottom end. I t  is then ready 
for heating.

The lower two thirds of the bomb is heated to dull redness over 
a burner for 20 minutes. After cooling under the water tap, the 
bomb is opened and inverted over a 250-ml. beaker containing 
50 ml. of water, and the contents are removed by gentle tapping. 
Traces of calcium oxide which adhere to the walls of the bomb 
are removed by rinsing several times with small amounts of hot 
water.

The covered beaker with contents is kept cool in a  pan of water 
and concentrated nitric acid is added until the solution is acid: 
usually 3 to 5 ml. are sufficient. The solution is filtered through 
filter paper to remove carbon and the filter is well washed with 
hot water. The volume a t this point should not exceed 125 ml. 
One milliliter of 5 per cent silver nitrate is added slowly with 
stirring and the precipitate is coagulated by heating nearly to 
boiling. A test for complete precipitation is now made by adding 
another drop of silver nitrate solution.

After cooling the solution in an ice-water bath to about room 
temperature, the precipitate is filtered on a weighed Gooch micro- 
or semimicro crucible with an asbestos mat. Fifty milliliters of 
0.5 per cent nitric acid solution are used in small portions for wash
ing. A policeman is used to remove traces of adhering precipi
tate. The precipitate is dried to constant weight at 225° to 
250° C. If microcrucibles are used, 10 minutes’ heating is suf
ficient.

For liquid samples, the sealed bulb containing the unknown is 
placed between the two layers of calcium oxide. Shaking is of 
no value in this case, since the sample can escape only after the 
bulb has burst on heating.

D isc u ss io n

The results of the analysis of fifteen organic compounds of 
widely different nature are given in T able I. All samples 
used were tested for purity  by observing some indicative

property  such as melting or boiling point. In  general the 
accuracy obtained is sufficient for the  organic chemist, who is 
usually interested in determ ining the num ber of chlorine 
atom s in a molecule.

The results w ith monochloroacetic acid and w ith p-chloro- 
acetanilide show th a t  less than  20 m inutes’ heating tim e is in
sufficient.

Three nitrogen compounds were included in the group of 
compounds analyzed in order to see whether cyanide formation 
m ight lead to appreciable errors. A pparently i t  does not.

The results for the four volatile liquids are in excellent 
agreement w ith the theoretical and indicate the advantage of 
using the closed tube rather th an  the  open tube of the earlier 
workers. The technique of handling liquid samples is con
sidered im portant. By sealing the bulb containing the sam
ple, the escape of vapor is prevented until the calcium oxide 
has reached a fairly high tem perature. Only then is enough 
pressure generated w ithin the bulb to burst it.

Some unburned carbon is always left and has to be filtered 
from the nitric acid solution of the oxide. In  m ost cases this 
carbon does no t retain  any chlorine. However, the authors’ 
results indicate th a t whenever more than  one chlorine atom 
is attached directly to a benzene ring, i t  is difficult to  remove 
all of the chlorine w ithout the use of an oxidizing agent. The 
addition of about 100 mg. of potassium n itra te  to  the bomb 
has been found to  oxidize the carbon sufficiently so th a t sa t
isfactory chlorine values are obtained. Consequently, addi
tion of potassium  n itra te  is recommended in every case where 
the condition of the  halogen is unknown or where the ratio 
of carbon to  chlorine is high.

The outstanding difference between this m ethod and th a t 
of Carius is in the com paratively short tim e required to ob
tain a result. F or a single determ ination about 1.25 hours 
are required. If  two bombs are available and several deter
minations are made, the average tim e m ay be cu t to  50 
minutes.

W hen this m ethod is compared w ith th a t using the P arr 
bomb, the principal differences are: (1) the bomb m ay be 
assembled a t  a relatively small cost; (2) decomposition is 
attained by using a higher tem perature w ith no, or a t m ost a 
trace of, oxidizing agent; (3) the reagents are com paratively 
easier to  keep and are less dangerous to  handle; (4) less pres
sure is generated than  in the P arr bomb, and the bomb is 
therefore easier to seal.

The application of th is high-tem perature calcium oxide 
bomb to other determ inations is in progress in this laboratory.

S u m m a r y

A simple bomb has been constructed for carrying ou t the 
decomposition of organic chlorides by the lime-fusion method. 
The satisfactory determ ination, on a semimicro scale, of chlo
rine in fifteen organic compounds including four liquids is 
described.

The use of a closed m etal tube instead of an open glass tube 
as formerly used extends the application of the lime-fusion 
m ethod to volatile liquids. T he bomb is recommended in 
organic elem entary analysis for the determ ination of chlorine 
in preference to the Carius method, especially where tim e is an 
im portant factor.

L itera tu re  C ited
(1) Henne, A. L., and Renoll, M. W., J. Am. Chem. Soc., 61, 2489

(1939).
(2) Meyer, H., “Analyse und Konstitutions-Ermittlung organischer

Verbindungen”, p. 167, Berlin, Julius Springer, 1938.
(3) Wintersteiner, O., Mikrochemie, 2, 14 (1924).

T h i s  work was done in  p a rtia l fulfillm ent of th e  requ irem ents for the  degree 
of m aster of science a t  T he Ohio S ta te  U niversity .



Microgravimetric Determination o f Active 
Hydrogen by the Grignard Reagent

Application to Analysis o f Impregnated Paper Insulating Tapes
R . N . E V A N S , J .  E . D A V E N P O R T , AiND A . J .  R E V U K A S  

R e s e a rc h  B u r e a u ,  C o n s o l id a te d  E d is o n  C o m p a n y  o f  N ew  Y o rk , I n c . ,  B ro o k ly n ,  N . Y.

T H E  application of the Grignard reagent to the determ ina
tion of active hydrogen in compounds is frequently re

ferred to  as the Zerewitinoff (5) method. Recently the use 
of the Grignard reagent for the study  of the rate  of form ation 
of oil deterioration products has been reported by Larsen (4), 
Balsbaugh and Oncley (2), and Assaf and Gladding (1). 
These authors employ a volumetric m ethod and determine 
the excess of reagent a t the end of the test in order to  compute 
the quan tity  of reagent entering into an addition reaction. 
An excellent review and description of the volumetric pro
cedure are given by  Niederl and Niederl (C).

T he m ethod described in this paper employs a more pre
cise weight procedure in which the evolved m ethane is burned 
to  carbon dioxide and water, which are absorbed in  micro
chemical absorption tubes. By taking advantage of the 
fact th a t a  Grignard reagent such as n-butylm agnesium  halide 
yields four tim es the weight of carbon dioxide per u n it volume 
of hydrocarbon compared w ith m ethyl magnesium halide, a 
considerable increase in precision m ay be obtained. The 
weights of carbon dioxide and w ater formed on combustion 
prove the composition of the hydrocarbon evolved from the 
Grignard reagent and thus avoid the uncertain ty  of other un
known gases which m ay be included in the  volume measure
m ent.

The apparatus is the same as th a t employed in the deter
mination of water in impregnated paper insulating tapes (S), ex
cept tha t cell E  is replaced by the two cells shown in Figure 1. 
The novel features are the introduction of the reagent into the 
reaction chamber through a serum rubber stopper commonly em
ployed in the medical laboratory, by means of a syrihge fitted 
with a stainless steel needle, and the use of two reaction cells in 
series, permitting siphoning the reagent onto the sample without 
air contamination. The siphoning is accomplished by momen
tarily releasing the pressure in the train by turning the three-way 
stopcock in the nitrogen line. The reaction cells were heated 
by air baths described by Master (6). The rate of gas flow was 
approximately 1 liter per hour for the combined gases a t the exit 
end of the train.

Two complete trains were used in the experimental work to 
be described. I t  was th u s possible to  carry o u t a blank de
term ination under duplicating conditions in experiments 
which required the trains to  be opened m om entarily to  the air.

I J  K

F i g u r e  1 . A l t e r n a t e  C e l l  f o b  
G r ig n a r d  R e a c t io n

W ater and a dilute aqueous solution of phosphoric acid stored 
in an atm osphere of nitrogen were used in different experi
m ents to determ ine the excess reagent.

M ost of the prelim inary experiments w ith known com
pounds were carried out a t  elevated tem peratures in  accord
ance w ith general practice. In  some cases confusing side 
reactions occurred a t  ,100 o C. and the desired reaction was 
obtainable only a t  a reduced tem perature.

P rep a ra tio n  o f  G rignard  R e a g e n t
The reagent was made by distilling a t reduced pressure iso

amyl ether from methyl magnesium iodide into a flask to which 
some magnesium turnings had been added. Nitrogen after 
passage over hot reduced copper oxide, Ascarite, and Dehydrite 
was admitted to the flask. By means of the serum rubber stop
per and syringe, a weighed amount of distilled methyl iodide 
was slowly added and the reaction was controlled by immersion 
in an ice-water bath. The solution was refluxed in  vacuo as the 
hydrocarbon gases were removed by the pump. This solution 
served as a concentrated stock solution. In another flask, the 
more dilute reagent was prepared by adding the stock solution to 
isoamyl ether distilled from methyl magnesium iodide, using the 
serum rubber stopper and syringe. Both solutions were stored 
in the dark under purified nitrogen controlled by a mercury 
piston.

T a b l e  I. S t a b i l i t y  o f  G r i g n a r d  R e a g e n t
(T em peratu re  100° C.)

N itrogen
Liters

H jO
M0.

CO»
Mo.

H tO /C O i 

E xperim ent A

Rem arks

1 0 .09 0 .14 0 .6 814 mg. of so lu tion  of reagen t 
in  isoam yl e th e r to  cell 2 by

1 4 .37 5 .37 0.818
syringe

A dded 607 mg. of so lu tion  of 
pa lm itic  acid in  isoam yl 
e th e r to  cell 2 by  syringe

1 0 .08 0 .12 0 .7
1 2.42 2 .98 0.812 

E xperim ent B
A dded 1 ml. of H*0

0 .7 5 0 .1 6 0 .25 0 .6 835 mg. of so lu tion  of reagent 
in isoam yl e th e r to  cell 2 by 
syringe

0.50 0 .06 0 .09 0 .7
1.50 0 .16 0.21 0 .8 A dded 774 mg. of so lu tion  of 

benzophenone in  isoam yl 
e ther to  cell 2 by  syringe

0.50 0.03 0 .0 5 0 .6
1 .0 9 .38 11.55 0 .812 A dded 1 ml. of HaO

Theoretical for CH< 0.819

S ta b ility  o f  G rignard  R ea g en t
In  Table I, two typical experiments illustrate the test pro

cedure as well as the extent of decomposition of the reagent. 
The ratio  of w ater to  carbon dioxide during the periods before 
and after the addition of the sample often deviates from the 
theoretical value for m ethane. This deviation m ay be due 
to the passage of traces of isoamyl ether through the liquid 
air trap  or to  a slight decomposition of the reagent. In  actual 
magnitude, the weights of carbon dioxide and w ater obtained 
were small, bu t greater than  the blank on the train  when the 
reagent was absent. This effect and its bearing on the re
agent added are receiving further study. Experim ents in 
which the w ater-carbon dioxide ratio  did no t correspond 
closely to  the theoretical value for m ethane were rejected.
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T a b l e  II. A c t i o n  o f  G r i g n a r d  R e a g e n t  o n  W a t e r

erim ent N itrogen

T em 
p era 
tu re

-'—CH* Evolved—* 
F ound  T heory

D eviation 
from  1 M ole

Liters 0  C. M illim ole %
1« 2 100 0.131  0 .110 +  19
26 2 100 0.101 0 .075 + 3 5
3a 2 100 0 .117  0 .090 + 3 0
4C 1 25 0 .049  0 .060 - 1 8

2 25 0 .059  0 .060 - 1
3 25 0 .064  0 .060 + 7

21 100 0 .113  0 .060 + 8 8
5 d 1 25 0 .114  0 .0 5 8 e + 9 7

° R eag en t added  by  syringe to  cell 2. W ater added  in  capillary  to  cell 1. 
R eagen t siphoned back.

6 R eagen t added  by  syringe to  cell 2. W ater added in  cap illary  to  cell 1. 
W ater d istilled from  cell 1 to  cell 2.

c R eagen t added by  syringe to  cell 2. W ater added in  capillary  to  cell 2 
through  bore of stopcock iC (F igure 1).

d R eagen t added by  syringe to  cells 1 and  2. Isoam yl e ther containing 
know n am oun t of w ater added  by syringe to  cell 1 th rough  modified stopper.

* C oncen tra tion  of w ater in isoam yl e th e r was determ ined independently  
by  w eight m ethod (S), correction being  applied  for w ater due to  com bustion 
of ether.

A ctio n  o f  G rignard  R e a g e n t
On W a te r. One of the first substances to be tried ou t was 

water. In  T able I I ,  the experimental results indicate th a t 
the second hydrogen in the w ater molecule is active toward 
the Grignard reagent, as illustrated by the following equa
tion:

CHjMg I
H jO

CI-I

CHaM gl 
 >■ CH4f  +  MgO . M gl2

In  experim ent 4 (Table II) , since a  solid hygroscopic prod
uct is formed in the reaction, the to ta l added w ater does not 
have in tim ate contact w ith the Grignard reagent which is 
periodically forced around the bend in cell 2 by the carrier gas, 
nitrogen. Experim ent 5 (Table II)  was designed to  ensure 
an excess of reagent a t the zone of reaction. A dilute solution 
of w ater in isoamyl ether was added by syringe to  cell 1 
through the stopper, modified so th a t i t  was equipped w ith a 
serum rubber stopper and stopcock. In  this way the w ater 
sample was dropped directly into the bulk of the Grignard 
reagent and the reaction w ent to completion in 1 hour a t  room 
tem perature.

On U n i m f r e g n a t e d  P a p e r s .  Prelim inary experiments 
were carried out on sulfate cable paper tapes, 5 mils in thick
ness. The results in T able I I I  substantiate the work of Wood 
(7). The w ater by  weight was determ ined independently on 
the alternate combustion train  as previously reported (3). 
T he d a ta  show clearly th a t the w ater when removed from 
the paper behaved tow ard the Grignard reagent as recorded 
in Table I I  b u t th a t when the w ater was combined w ith the 
paper i t  behaved as if only one hydrogen were active—i. e., 
as an alcohol. Although the am ount of m ethane evolved is 
small, calculation of the free hydroxyl per un it of CelimOs 
from the  first experiment indicates th a t  one hydroxyl in  200 
is active, whereas in the th ird  experiment the ratio  is 1 to 
1000. No correlation between the reagent added and other 
groups in  the cellulose molecule was attem pted.

On O r g a n i c  A c i d s .  T he normal reaction of the Grignard 
reagent on acids consists of the evolution of one mole of 
m ethane and the addition of an equivalent mole of m ethane 
as indicated in the  following equation:

- c / °— c /  +  2 CH3Mg I-
)H

0  Mgl
1 /O H ;

■ K O M gl
+  CH.

The results in Table IV  bring ou t th a t a t  elevated tem 
peratures an acid irrespective of type gave high results a t

100° C. for the m ethane evolved, b u t th a t a t  25° C. results 
corresponding to theory m ay be obtained. This phenomenon 
was entirely d istinct from th a t described previously in  the 
behavior of w ater toward the Grignard reagent, since a blank 
determ ination following the addition of the acid sample 
invariably yielded negligible quantities of carbon dioxide 
(cf. Table I). A trace of peroxide was found to  be present in 
the abietic acid recrystallized from n-pentane, b u t this fact 
could not account for the similar results w ith  the National 
Bureau of S tandards benzoic acid. The addition reaction 
gave extremely erratic results which did not correspond to 
theory in any case. T he effect of time, tem perature, and 
steric hindrance m ay be expected to influence the  yield of 
ketones synthesized from the interaction of acid and Grignard 
compound.

On M i s c e l l a n e o u s  C o m p o u n d s .  The reaction of m ethyl 
magnesium iodide was carried ou t on a single member of the 
following classes of organic compounds: alcohol, ester,
ketone, and peroxide. The results listed in Table V indi
cated th a t the sta te  of purity  of the compound was the chief 
factor of uncertain ty  in obtaining theoretical results except 
in the case of peroxides. T he benzoyl peroxide type of the 
la tte r class of compounds gave results which could be ex
plained only by a deep-seated decomposition of the Grignard 
reagent or oxidation of the benzene nucleus to  form a phenol 
w ith the subsequent evolution of m ethane. I t  would be 
extremely unsafe, however, to  generalize on the application 
of the reagent as an analytical tool based on the results of the 
tests on the selected compounds in Table V.

T a b l e  III. A c t io n  o f  G r ig n a r d  R e a g e n t  o n  U n i m p r e g n a t e d  
C a b l e  P a p e r

N itrogen
Liters

2 .5

2 .5

(E q u iv a len t millimoles of C H 4. T em pera tu re  100° C.) 
G rignard  W ater 

W eight E volved, b y  D evia-
of Sam ple F o u n d  W eight tio n  R em arks

M g. %
105

102

282

0 .458

0 .625

0 .005°

0 .4 4 8  -f-2.2

0 .425  + 4 7

R eagen t in  cell 2, 
50%  hum id ity , pa
per cell 1, siphoned 
reagen t from cell 2 
im m ediately  a fte r 
add ition  of paper

R eagen t cell 2, 50%  
hum id ity , paper cell 
1. w ater distilled 
from  cell 1 to cell 2

P aper dried 18 hours 
a t  105° C. in cell 1. 
A dded reagen t to  
cell 2 and  siphoned 
back to  cell 1.

a 0.02 mole added to  paper sam ple  in  th is  experim ent.

T a b l e  IV. A c t i o n  o f  G r i g n a r d  R e a g e n t  o n  A c id s
(E qu iva len t millimoles of CH<)

T em - G rignard  Evolved 
pera- D evia-

Substance tu re  Found  T heo ry  tion
0  C. %

G rignard  A dded
T heory  D evia- 

F o u n d  (1 M ole) tion
%

Cyclohexane® 
carboxylio 
acid as re
ceived 100 0.127 0 .116 + 9 0.112 0.116 - 3 . 5

A bietic acid& 
crystallized 
from  n-pen
tane

100
100

0 .196
0.102

0.177
0 .090

+  11 
+  13

0.009
0.004

0.177
0 .090

- 9 7
- 9 6

Palm itic  acid® 
as received 100 0.119 0.093 + 2 8 0.159 0.093 + 7 1

Acetic acid° 
crystallized 100 0.133 0.105 + 2 7 0.133 0 .105 + 2 7

Benzoic acid& 
fused

100
25
25

0 .144
0.159
0 .125

0.119
0 .167
0 .128

+ 2 1  
— 4 .0  
- 2 . 5

0 .202
0 .130
0 .096

0.119
0.167
0 .128

+ 7 0
- 2 2
- 2 5

a R eagen t added  to  cell 2. 
syringe to  cell 2.

Acid added  to  cell 1 a t  25' 
reagent from  cell 2 to  cell 1.

A cid dissolved in  isoam yl e th e r and  added  by  

C . an d  reagen t added  to  cell 2. Siphoned
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T a b l e  V. M i s c e l l a n e o u s  C o m p o u n d s
(E qu iva len t millimoles of CH*. T em pera tu re  100° C.)

G rignard Evolved G rignard  A dded
Substance Found Theory Found T heory

n -B u tano l over“ 
CaO 0 .100 0.096 0.008

n-B utano l over*» 
ac tiv a ted  AhOj 0.173 0.172 Nil

Benzophenone& 
as received 0.006 0.114 0.115

Benzophenone® 
recrystallized 
from  pen tane Nil 0 .126 0.123

E th y l benzoate*» 
d istilled 0.004 0 .162 0 .102  (2 moles)

Benzoyl peroxide0 0 .000 0.083  (1 mole) 0 .287 0.249  (3 moles)
° A dded in capillary  to  cell 1 and distilled in to  reagen t in cell 2.
6 Substance dissolved in isoam yl e ther and  added by syringe to  reagen t in 

cell 2.
c A dded to  cell 1 and siphoned back reagen t from cell 2.

C o n c lu sio n
A microgravimetric Zerewitinoff method is described which 

has numerous advantages over the volumetric procedure. 
The preliminary tests show th a t theoretical results m ay be 
obtained for the active hydrogen content of a typical organic 
compound a t  25° C. in the absence of certain types of per
oxides. I t  appears unlikely, however, th a t arb itra ry  condi

tions of tim e and tem perature can be set to include all com
pounds containing active hydrogen. The presence of acids 
renders the m easurem ent of the quan tity  of reacting reagent 
w ithout evolution of m ethane extremely inaccurate. I t  was 
concluded th a t the m ethod showed promise for the deter
m ination of G rignard evolved of oil and oil-impregnated paper 
samples b u t th a t no correlation between known groups w ith 
the Grignard added could be expected.
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A Semimicro-Dumas Method for 
Difficult Compounds

A N T H O N Y  R . U O N Z IO , U n iv e r s i ty  o f  C o lo ra d o , B o u ld e r ,  C o lo .

A  p roced u re  is g iv en  for th e  d e te r m in a tio n  
o f  n itr o g e n  in  carb on  co m p o u n d s w h ic h  
fo rm  m e th a n e  a n d  tars u p o n  p y ro ly sis . A  
sp ec ia l n itr o m e te r  for u se  in  th is  proced u re  
is  d escr ib ed .

O RG A N IC compounds which form tars, graphitic car
bon, or m ethane upon pyrolysis, present difficulties 

when analysis is a ttem pted  by the standard  Dumas method. 
The following modification of the m ethod previously published 
by the author (5) has given satisfactory results on this class 
of compounds for the past 2 years, in the hands of both the 
author and others.

Spies and H arris (6) and H aym an and Adler (8) have pro
posed m ethods for burning tar- and graphite-forming com
pounds. The large am ounts of copper acetate required by the 
procedure of H aym an and Adler fo r-the larger semimicro
sample introduces difficulties in burning the sample a t  a  slow 
and uniform rate, and for this reason preference is given to the 
m ethod of Spies. The greater quantity  of potassium chlorate 
necessary to burn the larger sample makes the use of boats 
out of the question. M ixing the potassium chlorate with 
cupric oxide gives satisfactory combustions.

Precipitated manganese dioxide made according to  the 
m ethod of te r  M eulen (7), after having been heated to  500° 
to  600° C. in a stream  of purest carbon dioxide, will quanti
tatively  burn  m ethane to carbon dioxide and w ater a t  500° 
to  600° C. Although te r M eulen uses manganese dioxide in 
place of copper oxide for the D um as nitrogen, he seems to  be 
unaware of the oxidizing power of manganese dioxide toward

m ethane a t  a higher tem perature than  he recommends (400° 
to  450° C.).

The combustion tube is made of Supremax glass. Figure 1 
shows the arrangement of the burners and the dimensions of 
the various fillings. Sections a, h, and I are copper spirals, and b 
is a section of iodine pentoxide (60-mesh). Section c is 10-mesh 
pumice, which serves to insulate the hot copper oxide (60-mesh), 
d, from the iodine pentoxide. Section e is 40-mcsh copper re
duced by hydrogen, which is followed by section/ ,  platinized asbes
tos, and section g, manganese dioxide pretreated in the following 
manner: The freshlv precipitated and washed manganese di
oxide is allowed to dry in Petri dishes, the lumps are broken up 
with a razor blade and screened, and the product, >20- to <  40- 
mesh, is saved.

A Supremax combustion tube 40 cm. long is filled with this 
hydrated manganese dioxide and heated to 500° to 600° C. 
while a steady stream of purest carbon dioxide flows through the 
tube a t a rate of 2 or 3 bubbles per second. This treatm ent is 
continued for 4 to 0 hours. At the end of this time the tube is 
allowed to cool and is emptied. This manganese dioxide is then 
used to fill the combustion tube, [ter Meulen states (7) th a t 
manganese dioxide decomposes a t 450° C. During the heating, 
quantities of oxygen are given off, but the oxide remains a deep 
chocolate brown. The appearance of a pale brown oxide indi
cates tha t too high a temperature has been used and the product 
is worthless.] The carbon dioxide used was obtained from a 
Kipp generator equipped with a mercury valve. Treated marble 
chips and dilute hydrochloric acid were used to generate the gas.

Section i  is 40-mesh copper reduced by hydrogen and is re
newed for each analysis as specified by Spies and Harris (6). 
Section j  consists of sample and fine copper oxide mixed in the 
usual manner. Section k is a mixture of fine copper oxide and 
0.1 to 0.15 gram of potassium chlorate. The part indicated as 
m is heated by a hollow m ortar containing boiling xylene as de
scribed in a previous paper (5). The long burner, p, is placed as 
shown, w'hile r  and s are movable burners. The, various sections 
should be separated from each other by small wads of asbestos 
(not shown).
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F i g u r e  1. C o m b u s t i o n  T u b e

In carrying out the analysis, the reduced copper, i, the sample, 
j,  the potassium chlorate-copper oxide mixture, k, and the copper 
spiral, I, are introduced in the order given. After the tube has 
been freed of air in the usual manner, the mortar burner and the 
long burner are ignited. A Pyrex beaker is slipped over the end 
of the long burner as far as o to prevent premature burning of the 
sample. When the tube has come to full heat and microbubbles 
appear in the nitrometer, burner r  is ignited, the beaker is re
moved, and the sample is burned by gradually moving r away 
from the long burner.

When the sample has been burned, burner s is ignited. Burn
ers r  and s are then simultaneously moved toward the long burner 
a t such a rate as to generate the oxygen evenly. A rate of one 
bubble per second is usually sufficient. When ?ases cease to be 
evolved, the tube is swept free of nitrogen a t a rate of two bubbles 
icr second. The nitrogen collected in a (see Figure 2) is trans
erred to  c and allowed to stand over the yellow phosphorus until 

no more fog forms. I t  is then transferred to  d and the volume 
read after a lapse of 2 to 3 minutes. This stage of the procedure 
follows th a t of Parker (4) and Foxwell (2), who used it to deter
mine nitrogen in coke.

In  a few instances the results were low in spite of the 
greatest care in carrying out the combustion. The solution 
of th is difficulty is as follows:

The tube is cooled, and the copper oxide-potassium chlorate 
section and the cupric oxide sample section are emptied into dif
ferent evaporating dishes. Into each dish 0.1 to 0.15 gram of 
finely powdered potassium chlorate is put, and each mixture is 
ground thoroughly by means of a small glass pestle. The mix
tures are again placed in the tube and the combustion is carried 
out as if a new analysis were being made. The nitrogen from the 
Uvo combustions is collected and the volume measured.

One exceedingly difficult compound, belonging to the above- 
m entioned class, required four such treatm ents for complete 
combustion. Such compounds are rare, however, and one 
procedure as described will give satisfactory results w ith the 
m ajority of compounds.

T a b l e  I. A n a l y s e s  o f  P y r i m i d i n e s  

(A nalyses perform ed by L. P. Ferris, I I .  W eight of sam ples, 9 to  20 mg.)
-N itro g e n  D e term in ed -

C om pound
2 -  M ethy l - 5 - n  - b u ty l -  4,6- 

d ihydroxy pyrim idine

2 -  M ethy l - 5 - n - am yl - 4,6- 
d ihydroxypyrim idine 

2 - M eth y l -  5 - e th y l - 4,6-di- 
hydroxypyrim idine

No definite directions can be given as to the ra te  of burning. 
In  general, the more m ethane a compound forms during the 
analysis, the slower m ust be the burning of the sample. The 
manganese dioxide filling gradually loses its reactivity  toward 
m ethane, and should be renewed after about 15 to  20 analyses. 
M ore tim e is required to  remove the last traces of nitrogen 
than  is necessary w ith a standard  filled tube. The analysis 
will require about 1.5 hours for a  single combustion procedure.

D um as
(Pregl,

IiO* Spies- M nO i
type) H arris m ethod Theory
% % % %

15.14 15.32 15.38
15.10 15.49
12.40
14.00
15.02

14 *66 14*32 14.*29
14.65 14.33
18.60 18.09

18.28
18.19

9 -  H m rn
in s id e .

d id .

A t times during the analysis a 
sudden evolution of gas m ay occur, 
and m ay carry small quantities of 
oxygen past the reduced copper. Also, 
some compounds require several po
tassium chlorate combustions to  be 
burned completely. For these reasons 
the nitrom eter described in Figure 2 
is recommended for th is procedure.

Parts a, b, and d are the nitrometer, 
phosphorus tube, and gas buret. The 
stick of yellow phosphorus, c, is in buret

6, and is pushed up by glass rod g, as it is consumed. The iron 
rods, e and / ,  are used to support the leveling bulbs for the gas 
buret and the phosphorus tube. The solution used to fill nitrometer 
a is 50 per cent potassium hydroxide. The confining liquids in the 
phosphorus tube, b, and the gas buret, d, are distilled water. 
Care should be taken in the transfer of gases th a t no potassium 
hydroxide be allowed to flow into 6, as this would cause the for
mation of phosphine. The potassium hydroxide reservoir for 
o is of the desk-top type.

T he results obtained on several members of a series of 
pyrimidines which could no t be successfully analyzed by the 
au thor’s previously published m ethod are shown in T able I. 
Some of the compounds are tar-form ing and also give m ethane 
on pyrolysis. T he compounds m entioned by Craig (1) were 
also analyzed by th is procedure.
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Systematic Qualitative Organic Microanalysis
Determ ination o f the Refractive Index o f  Liquids

H E R B E R T  K . A L B E R  AND J .  T .  B R Y A N T  
M ic r o c h c m ic a l  L a b o r a to r y ,  B io c k c m ic a l  R e s e a r c h  F o u n d a t io n  o f  t h e  F r a n k l in  I n s t i t u t e ,  P h i l a d e lp h ia ,  P e n n a .

T H E  determ ination of the refractive indices of liquid and 
solid compounds is very im portant in any system atic 

scheme of qualitative organic analysis— e. g., the micro- 
analytical scheme described by Alber (1). Various procedures 
for measuring the refractive index by means of the microscope 
are available for m inute am ounts of m aterial (6, 7). F or the 
purposes of qualitative organic microanalysis a  satisfactory 
m ethod in the authors’ opinion should m eet the following 
requirem ents: (1) Aar accuracy w ithin ±0.001 is all th a t is 
usually necessary in the method of identification of an un
known organic compound, since small am ounts of impurities 
or changes of 1° C. in the tem perature of the laboratory will 
influence the fourth decimal place to  a  considerable extent.
(2) Special emphasis should be placed on liquid samples in 
view of the dearth  of d a ta  on the refractive index of organic 
solids. (3) The am ount of liquid used for one determ ination 
m ust not exceed 10 cu. mm. and should, a t  least to  a large 
extent, be recoverable unchanged after the determination. 
(4) M anipulation should be easy, allowing quick determ ina
tions; a tim e lim it of 10 m inutes appears reasonable if one 
considers the small am ounts to  be measured. (5) The total 
range of refractive indices should extend from th a t of water 
to  a t  least 2.00.

During recent years the authors systematically tested several 
methods with numerous compounds of varying constitution. 
W ithout doubt, the most convenient instrument for the deter
mination of refractive indices is the Abbé refractometer, but it 
requires about 50 to 100 cu. mm. of liquid sample, and has a 
limited range. In  some cases, the volume can be reduced to 
about 10 cu. mm. by distributing the liquid on a 15 X 10 mm. 
piece of fine tissue paper—e. g., Japanese lens paper—and placing 
it between the prisms. Under these conditions the recovery of 
the substance is rather difficult. The dipping refractometer of 
Zeiss can be equipped with an auxiliary prism designed by Pregl
(17) and a diaphragm, allowing measurements on about 20 cu. 
mm. of the liquid sample with an accuracy of a few units in the 
fifth decimal place; unfortunately, this instrument is expensive.

The “schlieren” method of Emich and co-workers (4, 6, 9, 19) 
is a true microprocedure, since one is able to determine the 
refractive index on a few cubic millimeters of the liquid with a 
sensitivity of about 0.0001. This qualitative method has been 
adapted for quantitative measurements by Alber and von 
Renzenberg (6) and has been found by Mayrhofer (15) to be very 
useful in pharmaceutical analysis. With inexpensive apparatus 
results accurate to within =<=0.0005 can be obtained, but the 
recovery of the sample, distributed in a larger amount of a refer
ence liquid, involves too many difficulties for frequent use. Also, 
a considerable number of standard liquids with An =  0.0250 
must be available to cover the range of refractive indices en
countered in qualitative organic analysis.

Methods involving the use of a microscope possess certain ad
vantages for the microanalyst. The Becke-line method (6, 7), 
the sensitivity and accuracy of which have been carefully studied 
by Saylor (18), can be applied to liquids if a few particles of a 
glass powder with known refractive index are immersed in about 
5 cu. mm. of the unknown liquid. If the refractive indices of the 
glass and sample are close, an average accuracy of 0.003 can be 
obtained on unknown organic liquids under ordinary laboratory 
conditions. Unfortunately, it is rather difficult to obtain 
sets of glass powders with closely graded refractive indices. 
Kofler (IS, 14) has recommended a set of 16 powders differing 
in refractive index by 0.02 to 0.03 and covering the range from 
1.4339 to 1.8052. In testing, this procedure was found im- 

ractical with volatile and viscous substances, the difficulties 
eing caused by the several additions and removals of glass par

ticles necessary to bring the refractive indices to a match.
Wright (20) gave a splendid review of methods for single 

“drops” of liquids as used in connection with pétrographie

work, but the special apparatus required is not easily available. 
The method of Jelley (10) applies the smallest amounts of liquid 
of any known method, 0.1 cu. mm. being mentioned; apparently 
it is accurate to within =*=0.001. Since the apparatus was not 
available at the time of the authors’ investigations, the modified 
form suggested by Edwards and Otto (8) was tested, which gave 
results accurate to only =<=0.004 on 10-cu. mm. liquid samples. 
Kirk and Gibson (11) came to the same conclusion, and then 
developed a method which correlates the change of depth of 
focus with a change in refractive index of the liquid. This 
method was published after completion of the authors’ experi
mental work, and could not be included in this report; but it 
seems tha t the procedure is equivalent in accuracy and ease of 
manipulation to the one described below.

The procedure finally adopted was th a t of Nichols (16), 
who kindly cooperated in the construction of a  microrefrac- 
tom eter w ith a capacity of from 6 to 7 cu. mm., which meets 
the above requirem ents and is easier to  m anipulate than  the 
corresponding m acroinstrum ent for 100 to  200 cu. mm. 
(According to a private communication, smaller cells w ith 
5-cu. mm. capacity have since been constructed.)

D escr ip tio n  o f  M icro refra cto m eter

For details the reader is referred to the original article by 
Nichols (16). Two prisms, G and Gi, of the same refractive index, 
N  =  Ni, are cemented into a metal ring and covered with the 
unknown liquid, L, of refractive index N t to be determined 
(Figure 1). Light strikes the fine line Y',  drawn across the base 
of the prisms, passes undeviated through the prisms, and, upon 
entering L, is deviated, depending upon the difference in the re
fractive indices. In the case of an assumed smaller refractive 
index of the liquid (JVj <  Ni or N), the path of light will resemble 
the schematic drawing of Figure 1; lines Z  and Z x are produced 
by passing through the surface of the liquid, formed by a cover 
glass. The angle between Z  and Z\ measures the double devia
tion of the light beam and is directly proportional to the An 
between glass prisms and liquid, the distance of Z  from Z\ being 
determined with a microscope at the virtual lines Z ' and Z\ , 
best at points 1 and 2.

In the actual microrefractometer (obtainable through the Arthur 
H. Thomas Co., Philadelphia, Penna.) the two tiny prisms are 
mounted in a metal ring 5 mm. in diameter, the upper rim of 
which is above the top of the prisms. A slide, 40 X 80 X 3 mm., 
carries two independent cells, having prisms with refractive indices

F i g u r e  1. S c h e m a t ic  P r e s e n t a t io n  o f  P l a n e  o f  L i g h t  
P a s s in g  t h r o u g h  C e l l

L  L iquid w ith lower re frac tive  index th a n  th a t  of priam s O an d  Oi 
Ni > Ni, N  > Nt, N. =* Ni
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of 1.52 and 1.72, respectively. (The experiments in this study 
were carried out with a cell of n  =  1.75; glass prisms of this 
refractive index are no longer obtainable.) Below the prisms is 
drawn a fine line which is viewed through the microscope. For 
greater accuracy or for use with very volatile liquids, the cells 
can be surrounded by a water jacket cemented to the glass slide-

P roced u re
The instrum ent is best calibrated by  means of several 

stable liquids of known refractive index— e. g., mixtures of 
paraffin and Halowax oils (standards 1 to 5 in Table I).

T a b l e  I .  R e f r a c t iv e  I n d e x  D e t e r m i n a t io n  o f  L i q u id s  a t
2S° C.

(F or th is  series of experim ents a  cell m arked  1 .7 5  was used .)
M icrorefractom eter Abbé 

R eadings n found Refrac-. E rro r in
in  from graph to m ete r U n its  of

Liquids T ested  divisions or tab le  R eadings O.OOx
S tandard  1 (1.4803, 21° C.) 19 .0  1.479 1.4779 + 1
S tandard  2 (1.5198, 21° C.) 16.4 1.517 1.5174
S tandard  3 (1.5508, 21° C.) 14 .2  1 .548  1.5482
S tandard  4 (1.5972, 21° C.) 10 .9  1 .595  1.5952
S tandard  5 (1 .6348, 21° C.) 8 .3  1.633 1.6333
Isobu ty l alcohol 2 4 .6  1 .398  1.3968 + 1
D iethyl oxalate 2 4 .0  1.407 1.4059 + 1
Oleic acid 2 0 .4  1.458 1 .4578 . . .
Cyclohexanol 20 .1  1 .462 1 .4618 . . .
Cyclohexane 19 .8  1 .468  1.4681 . . .
Benzyl alcohol 15 .0  1.536 1.5362 . . .
N itrobenzene 14 .3  1.547 1.5475 —1
B rom oform  11 .5  1.587 1.5877 - 1
a-B rom onaphthalene 6 .6  1.657 1.6547 + 2

In making a measurement, the liquid is transferred into the 
cell by means of a capillary pipet, so that the liquid forms a con
vex meniscus above the rim. A cover glass is slipped into place, 
care being taken that no bubbles are formed. The microscope 
should allow a magnification of from X 80 to 140. The ocular 
is provided with a scale, or, better, with a filar micrometer. The 
tube length of the microscope must be the same throughout all 
experiments. The microscope is sharply focused on the two lines 
and the distance between them measured on the micrometer scale. 
The number of divisions (or the corresponding millimeters) is 
entered as the abscissa, the corresponding refractive index as 
the ordinate, and the value plotted. By using a t least four 
liquids of known refractive index a straight line is obtained, 
the slope of which depends upon applied constants—i. e., mag
nification, size of divisions in millimeters, and refractive index of
the cell. Both cells are calibrated in this manner, so tha t the 
whole range from the refractive index of water to about 2.00 is 
available. Since the change in refractive index with temperature 
is known (see Table I), one can derive similar lines for other tem
peratures, or can interpolate all the values for increasing refrac
tive indices and prepare a table, from which the refractive 
index can be read directly.

After the measurement most of the liquid is removed from the 
cell by means of a capillary pipet and the rest is washed out with 
a suitable solvent. As standard procedure washing the cover 
glass and cell with a stream of absolute alcohol from the one- 
piece wash bottle of Alber (£), and following this with ether, are 
recommended. The last traces of ether are removed with a 
stream of filtered air which is directed from a fine capillary tip 
onto the cell. Since this procedure results in a marked cooling 
of the cell, 3 to 5 minutes should elapse before another determina
tion is started. One complete determination can be easily car
ried out in about C to 8 minutes.

E xp erim en ta l
I t  was the authors’ intention to measure under rather un

favorable conditions, so as to  approach the circumstances of 
an occasional test carried out in the course of a qualitative 
identification— e. g., tem peratures of from 27° to 31° C. and 
relative hum idities of from 75 to  90 per cent prevailing.

The absolute purity of the selected liquids was considered to 
be of minor importance, and therefore they were used as ob
tained from commercial sources. The determinations were 
carried out simultaneously with the microrefractometer and an 
Abbé refractometer placed beside the microscope; thus, all errors 
due to changes in temperature were reduced. The range of 
refractive indices was from 1.347 to 1.654, which was best covered 
by using the cell marked 1.75. The microscope was a Leitz 
instrument, with objective No. 3 ( X 10.75) and a Reichert eye
piece X 13, giving a magnification of about X 140. The micro
scope tube length was held constant at 170 mm. Under these

conditions one division of the scale in the eyepiece micrometer 
corresponded to 0.019 mm., and 0.1 division could be estimated. 
Since the lines of the authors’ refractometer as observed through 
the microscope had a width of about 0.3 division, it was neces
sary to take the readings on the corresponding edges of the lines. 
This uncertainty in the reading seems to be responsible for the 
major part of the error of this method. When exact focus has 
been attained there is no parallax and results can be easily 
duplicated.

Table I  shows some of the results obtained. The mean 
deviation between the two m ethods was calculated from over 
100 determ inations to be —0.0002; the maximum deviation 
observed was ±0.002 in two cases only, one of which is re
ported in Table I. In  general, an accuracy w ithin ±0.001 
in the determ ination of the refractive index can be safely 
assumed.

W ith white light no difficulties have been encountered with 
dispersion, especially if lower magnifications (X  80) were used 
(eyepiece X 8 and objective X 10 as recommended by Nichols, 
16). Only a  few slightly colored liquids have been tested 
up to the present.

W ith controlled light and tem perature conditions the ac
curacy can be increased to w ithin ±0.0005, in comparison 
w ith the Abbé refractom eter, the measurem ents of which 
are assumed to be accurate to ±0.0001. Sodium filters, 
Eastm an K odak Company, No. 64 or 73, are placed before 
the light source and give ample light of uniform wave length. 
The w ater jacket previously m entioned keeps the tem 
perature constant to  w ithin 0.5° C.

The refractive index of the standard  liquids was deter
mined a t three tem peratures, 21.0°, 26.2°, and 28.0° C., the 
average deviation per 1° C. change in tem perature being about
0.0003; the results of the determ ination a t  two tem pera
tures are given in Table I. Thus it  was possible to  calculate 
and prepare graphs or tables for any desired tem perature.

Determ inations of the refractive index a t  elevated tem 
peratures can be carried ou t w ith the help of Kofler’s hot 
stage (12). However, i t  is not advisable to work above 55° 
to  60° C.

In  order to prove th a t the accuracy was about the same in 
both the 1.52 and 1.75 cells, several liquids were tested 
a t  about the same tim e in each of the two cells and in the 
Abbé refractom eter; the results of these experiments are 
reported in Table II. The cell marked 1.52 is recommended 
to be used for refractive indices below 1.40 and above 1.65, 
the cell marked 1.75 (in newer instrum ents 1.72) for refrac
tive indices between 1.40 and 1.65 and from 1.85 to  2.00.

T a b l e  II. C o m p a r i s o n  o f  A c c u r a c y  o f  T w o  C e l l s  a t  2 8 °  C .

Cell M arked 1.52 
R ead 
ings 71 
in found E rro r

Abbé
Re

Cell M arked 1.75 
R ead 
ings n 
in  found E rro r

Liquids div i from in frac tom  divi from in
Tested sions graph O.OOx eter sions graph O.OOx

E thy l alcohol 14 .9 1.360 +  1 1.3584 27 3 1.359 +  1
H eptaldehyde 10.1 1.413 - 1 1.4143 23 .3 1.416 + 2
E thy lene  glycol S .8 1.427 - 1 1.4285 2 2 .6 1.427 - 2
D i - n - b u t y l  

p h th a la te  
fi-V  h e n  y l a t e  

brom ide

3 .2 1.4S9 1.4891 18.4 1.488 - 1

— 2 .6 “ 1.553 1.5532 13.9 1.553 ...
° This indicates d isplacem ent of lines from their undev iated  positions in  

direction opposite from  th a t  in  the  o ther cases (ord inarily  designated  w ith  + ) .

In  a special series of experiments, the capacity of the cells 
was determined as 6.2 and 7.0 cu. mm., after the cover glass 
had been slipped in place. Approximately 8 cu. mm. of the 
unknown liquid were needed, since a small am ount was dis
placed by the cover glass. The recovery after the determ ina
tion was about 5 cu. mm. Liquids of varying viscosities, 
vapor pressures, surface tensions, etc., were examined. The 
recovered samples were used la ter for specific gravity  deter
m inations by  the milligram procedure of Alber (1), micro
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boiling point determinations, quantitative elementary analysis, 
or the preparation of derivatives for further identification 
(8). No changes in the cement were noticed after these 
investigations, as established by  photographic recording, 
b u t care should be taken th a t liquids w ith a  m arked solvent 
action do no t remain in contact longer than  absolutely neces
sary for the determ ination.

Useful application of the microrefractometer m ay be made 
in the determ ination of refractive indices of solid compounds. 
A fter carrying ou t the Becke-line te st w ith consideration of 
the details stressed by Saylor (18), frequently only 10 to 20 
cu. mm. of immersion liquid remained, which were best meas
ured in the microrefractometer. Satisfactory results are 
assured, since the accuracies of both m ethods (±0.001) are 
equivalent.
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Improvement of Formaldoxime Colorimetric 
Method for Manganese

C . 1». S ID E R IS
P in e a p p le  P r o d u c e r s  C o o p e ra t iv e  A s s o c ia t io n ,  H o n o lu lu ,  H a w a ii

T H E  au thor’s formaldoxime colorimetric m ethod for 
manganese (1) was found inadequate by Wiese and John

son (2) and in more recent studies also by the author in bio
logical m aterials high in phosphates. However, the interfer
ence of phosphates can be eliminated by precipitation with 
P b ++ in acetic acid solutions and the original m ethod m ay be 
employed w ith very satisfactory results.

M eth o d  o f  P roced u re
An aliquot of 5 ml. of the acidified (hydrochloric acid) solu

tion of the ashed biological materials is titrated with N  sodium 
hydroxide using methyl red as indicator (and the volume of 
sodium hydroxide required is recorded). This aliquot is dis
carded, because the indicator (methyl red) will interfere with the 
accuracy of the results of the colorimetric determination. A 
new aliquot, preferably 10 ml., is placed in a graduated 50-ml. 
centrifuge tube or other container and a calculated volume of 
N  sodium hydroxide is added, based on the titration value ob
tained with methyl red. The sample is then acidified with 2 ml. 
of a 20 per cent solution of acetic acid.

The neutralization of hydrochloric acid with sodium hydroxide 
favors the formation of ferric and manganic phosphate pre
cipitates. However, the addition of acetic acid to the mixture 
dissolves the manganic phosphate precipitate but not tha t of 
ferric phosphate. Excess phosphate, with plant tissues of a high 
phosphorus content, is removed by the addition of 0.5 ml. of a 
5 per cent solution of lead acetate. The mixture is agitated, 
allowed to stand for 10 minutes, and then treated, to remove 
excess lead, with 1 ml. of a 20 per cent solution of sodium sulfate. 
After 30 minutes the mixture is either centrifuged or filtered. 
A 10-ml. aliquot of the centrifugate or filtrate is neutralized 
with 40 per cent sodium hydroxide, 3 to 4 drops of the formal
doxime reagent are added, and then more of the 40 per cent 
sodium hydroxide solution until the pigment develops (1). The 
addition of sodium cyanide as stated in the original publication
(I) is not necessary. Ferric chloride need not be added to the 
standard if the removal of iron from the unknown was com
plete. The final volume of the unknown and of the standard 
is made to either 15 or 20 ml. in a graduated test tube or in a 
volumetric flask.

R ea g en ts
A 5 per cent solution of lead acetate, Pb(CHiCOO)2. 3H20 , and 

a 20 per cent solution of sodium sulfate, Na2S04.10HS0.

T a b l e  I. M a n g a n e s e  R e c o v e r e d  p r o m  S o l u t i o n s  C o n 
t a i n i n g  K n o w n  A m o u n t s  o p  M a n g a n e s e  a n d  P h o s p h a t e

M n
Presen t P04

•T reatm ent—
Pb SOi

M n
Found Recovery

D iffer
ence

Mg. Mg. M l. M l. Mg. % %
0.01 0.100 0 .5 1 .0 0 .0096 9 6 .0 - 4
0.01 0.100 0 .5 1 .0 0 .0098 9 8 .0 - 2
0.01 0.050 0 .5 1 .0 0 .0100 100.0 0
0.01 0.050 0 .5 1 .0 0 .0098 98 .0 - 2
0.01 0.025 0 .5 1 .0 0 .0100 100.0 0
0.01 0.025 0 .5 1 .0 0 .0090 9 6 .0 - 4
0.01 0.010 0 .5 1 .0 0 .0096 96 .0 - 4
0 .01 0.010 0 .5 1 .0 0 .0100 100.0 0
0.005 0 .050 0 .5 1 .0 0 .0050 100.0 0
0.005 0.050 0 .5 1.0 0 .0048 96 .0 - 4
0 .01 0 0 .5  • 1 .0 0 .0100 100.0 0
0 .01 0 0 .5 1 .0 0 .0096 96 .0 - 4
0 .01 0 0 .5 1 .0 0 .0096 9 6 .0 - 4
0 .01 0 0 0 0.0100 100.0 0
0.01 0 0 0 0.0100 100.0 0
0.005 0 0 0 0.0050 100.0 0
0.005 0 0 0 0 .0050 100.0 0

The precision of the m ethod m ay be evaluated from the 
d a ta  reported in Table I, which show th a t  the m ethod can be 
used very successfully w ith biological m aterials containing 
interfering am ounts of POj and F e +++ after bo th  sub
stances have been removed according to  the above procedure. 
In  a 10-ml. volume of sample containing from 0.005 to  0.01 
mg. of manganese in the presence of 0.010 to  0.100 mg. of 
phosphate the average error was 2 per cent.
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Microtitration o f Selenium
As Applied to Abnorm al Am ounts o f Selenium  in Urine

GRANT W ERNIM ONT a n d  F. J .  HOPKINSON,

T H E  volumetric determ ination of very small am ounts 
of selenium has been successfully carried out by  M athews, 

Curl, and Osborn (<?), who used an  iodine-thiosulfate m ethod 
and determined the end point electrometrically. Later, Curl 
and Osborn (S) used starch  to  determ ine the end point w ith 
somewhat less precise results. The m ethod reported here is 
simpler than  either of these methods, and gives results of 
about the  same precision as the  electrom etric method.

M eth o d
The organic m atter in a 100-ml. sample of urine was destroyed 

with concentrated sulfuric acid in the presence of mercury. The 
selenium was separated from the digestion mixture by distillation 
in the presence of hydrobromic acid and then precipitated (using 
sulfur dioxide and hydroxylamine hydrochloride), filtered, 
washed, and redissolved in a solution of hydrobromic acid and 
bromine. The bromine was destroyed and an excess of stand
ard sodium thiosulfate was added along with a little potas
sium iodide. The unused sodium thiosulfate was titrated with 
standard potassium iodate using the dead-stop method (2, 6, 7) 
for determining the end point.

R ea g en ts
S o d iu m  T h i o s u l f a t e .  A standard 0.1 N  solution was made 

by dissolving 25.0 grams of the c. p. crystals in freshly boiled and 
cooled distilled water to make 1 liter of solution. This solution 
was standardized against c. p . potassium dichromate after it had 
Btood for 24 hours. I t  was stored in a glass-stoppered bottle in a 
cool place and remained standard for several weeks without the 
addition of any preservative.

Standard 0.001 N  sodium thiosulfate was made up daily by 
diluting exactly 10 ml. of 0.1 N  solution to 1 liter with freshly 
boiled and cooled distilled water. I t  was found th a t this solution 
would remain standard for a t least 36 hours. One milliliter of 
0.001 N  sodium thiosulfate equals 19.74 micrograms of selenium.

P o t a s s i u m  I o d a t e .  Potassium biniodate, c .  p . ,  was recrystal
lized twice from water and the crystals were dried in an electric 
oven a t 105° C. A standard 0.1 N  solution was made by dissolving 
3.250 grams of the dry crystals in water to make 1 liter of solu
tion. Standard 0.001 N  solution was made by diluting exactly 
10 ml. of 0.1 N  solution to 1 liter. The dilute solution was stand
ardized daily against freshly prepared 0.001 N  sodium thiosulfate 
using the dead-stop method and the same amounts of all reagents 
as were used in titrating the selenium. The ratio of this solution 
to  various 0.001 N  sodium thiosulfate solutions made by diluting 
0.1 N  sodium thiosulfate remained constant for many days, 
showing th a t dilute solutions of potassium iodate do not deterio
rate.

Potassium iodide (free from iodate), 5 per cent solution pre
pared fresh daily

Sodium sulfite, 5 per cent solution 
Phenol, U. S . P., 5 per cent by volume in water 
Hydrobromic acid-bromine solution, 30 per cent hydrobromic 

acid containing 1 per cent of liquid bromine by volume 
Hydrobromic acid-bromine solution, 48 per cent hydrobromic 

acid containing 1 per cent of liquid bromine by volume 
Sulfur dioxide, liquid, in a steel tube 
Hydroxylamine hydrochloride, Eastman reagent No. 340 
S t a n d a r d  S o l u t i o n  o f  S e l e n i u m .  Selenium dioxide was pre

pared from c. p . selenium by dissolving the metal in concentrated 
nitric acid, evaporating the solution to dryness, and twice sub
liming the solid selenium dioxide. The calculated weight of dry 
selenium dioxide (0.1405 gram) was dissolved in water containing 
5 ml. of 0.5 N  sodium hydroxide and the whole diluted to make 
1 liter of solution. One milliliter contained 100.0 micrograms of 
selenium.

D e a d -S to p  E n d  P o in t  

T he apparatus (Figure 1) consisted of two platinum  wire 
electrodes hooked up  as shown in Figure 2. The electrodes 
were made by  sealing small loops of p latinum  wire into short

E as tm an  K odak C om pany, R ochester, N. Y.

pieces of 4-mm. soft-glass tubing. I t  was found th a t the 
electrodes sometimes developed microscopic cracks around 
the seal which m ade them  useless for detecting the end point. 
W hen the  cracks were closed in a flame, the electrodes re
gained their original sensitivity. E rra tic  behavior was ob
served when the platinum  was no t completely immersed in 
the solution. 

The dead-stop end-point apparatus was used as follows:

The solution of sodium thiosulfate, to be titrated , was made up 
to about 25 ml. in a 125-ml. beaker and 1 ml. of potassium iodide 
solution was added. The beaker was placed in the apparatus 
and, with mechanical stirring, the rheostat, R, was adjusted so 
tha t a small current was flowing through the electrodes as was 
indicated by the displacement of the galvanometer reading from 
its rest point by several scale divisions. The potential between 
the electrodes was usually about 100 millivolts. Standard 0.001 N  
potassium iodate was added steadily until the galvanometer began 
to show deflections. As the end point was approached, the 
galvanometer showed a temporary deflection after each drop of 
reagent was added. At the end point, one drop of reagent

F i g u r e  1 . D e a d - S t o p  E n d - P o i n t  A p p a r a t u s
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T a b l e  I. T it r a t i o n o f  S o l u t io n s o f  S e l e n i u m

(1 ml. of 0.000994 N  N aiSiO i =* 19.62 m icrogram s of selenium ) 
NaiSiO i K IO j K IO j 

0.000994 0.000966 0.001008 N et
N

M l.
N

M l.
N
M l.

NaîSîOs
M l.

Se Found Se Added 
-M icrograms

Difference

9 .00 1.34 7 .64 149.9 150.0 - 0 . 1
9 .0 0 1 .50 7 .54 147.9 150.0 - 2 . 1
8 .0 0 1.65 6 .33 124.2 125.0 - 0 . 8
7 .00 2 .00 4 .97 97 .5 100.0 - 2 . 5
7 .0 0 2 .0 2 5 .04 98 .9 100.0 - 1 . 1
5 .00 1 .Î4 3 .84 75 .3 7 5 .0 + 0 .3
5 .00 1Ü 7 ,. 3 .86 75 .7 7 5 .0 + 0 .7
4 .00 1.43 2 .55 50 .0 50.0 0 .0
4 .00 1 .50 2 .54 4 9 .8 50 .0 - 0 . 2
3 .0 0 1.65 1.33 26.1 25 .0 +  1.1
3 .0 0 1 .75 1 .30 25 .5 25 .0 + 0 .5
2 .00 1?3S 0.60 11.8 10.0 +  1.8
2 .00 1 .52 0 .5 2 10.2 10.0 + 0 .2
1.00 o!èi 0 .3 8 7 .5 5 .0 + 2 .5

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

(1 ml. of 0.000994 N  NaîSaO* =  19.62 m icrogram s of selenium )
NaiSiOj K IO i K IO j
0.000994 0.000994 0.001008 N et

N N N NajSaOj Se Found Se Added Difference
M l. M L M l. M l. -------------Micrograms

9 .00 1 .45 7 .5 5 148.1 150.0 - 1 . 9
9 .00 ,, 1.38 7 .60 149.1 150.0 - 0 . 9
7 .06 1 .98 5 .0 8 99 .7 100.0 - 0 . 3
7 .00 1 .94 5.03 98 .7 100.0 - 1 . 3
5 .00 l . 'i ö 3 .85 75 .5 7 5 .0 + 0 .5
4 .00 1.43 2.57 50 .4 50 .0 + 0 .4
4 .00 l.*47 2.51 49 .2 50 .0 - 0 . 8
3 .00 1.65 1.35 26.5 25 .0 +  1.5
2 .00 1.50 0 .4 8 9 .4 10.0 - 0 . 6
2 .00 1 .35 0 .65 12 .8 10.0 + 2 .8

caused a permanent galvanometer deflection of 3 to 5 scale di
visions, and further addition of potassium iodate sent the gal
vanometer reading completely off the scale. The end point was 
sharp and reproducible, so tha t 0.05 ml. of excess 0.001 N  potas
sium iodate solution could be detected in 50 ml. of titration mix
ture.

T he dead-stop apparatus is simple to assemble and con
venient to  operate. Various authors have used it  successfully 
(9,10), although one author (1) failed to  get satisfactory re
sults w ith it.

E x p er im en ta l P roced u re

The first series of experiments was made by measuring various 
amounts of standard selenium solution from a 10-ml. buret into 
150-ml. beakers containing 3 ml. of 30 per centhydrobromic acid- 
bromine solution and 15 ml. of water. Sodium sulfite was added, 
dropwise, until the color of bromine was almost gone. (If too 
much sodium sulfite was accidentally added, the bromine color 
was restored with a few drops of hydrobromic acid-bromine 
solution.) The last trace of bromine was removed with 2 to 3 
drops of phenol solution.

Standard 0.001 N  sodium thiosulfate was then added to the 
solution, so th a t 2 to 3 ml. were present in excess. After the addi
tion of 1 ml. of potassium iodide solution, the excess sodium thio
sulfate was immediately titrated with 0.001 N  potassium iodate 
using the dead-stop method to determine the end point. The re
sults of two series of experiments are given in Table I.

A second series of analyses was made in which various amounts 
of standard selenium solution were measured from a 10-ml. 
buret into 150-ml. beakers containing 40 ml. of 30 per cent hy
drobromic acid-bromine solution. Gaseous sulfur dioxide was 
passed slowly through the solutions until the bromine was just 
destroyed, avoiding an excess. One-half gram of solid hydroxyl- 
amine hydrochloride was added to  each beaker and the mixtures 
were warmed for 10 minutes on the steam bath. After the mix
tures had cooled for 2 hours, the red selenium was filtered off 
through a No. 1 porous-bottomed porcelain crucible and washed 
thoroughly with distilled water. Three 1-ml. portions of hydro
bromic acid-bromine solution were poured through the filter, 
which was then washed with six to eight 2-ml. portions of distilled 
water.

The filtrate and washings were collected in the original beaker, 
and treated first with sodium sulfite solution and then with phenol 
solution to destroy the bromine. The analyses were completed 
as described above. The results of two series of experiments are 
found in Table II.

The last series of analyses was made using 100-ml. samples of 
urine to which various amounts of standard selenium solution 
were added from a 10-ml. buret. Twenty-five milliliters of 
concentrated sulfuric acid were added to each sample (in 300-ml. 
Iijeldahl flasks) along with 0.7 gram of mercuric oxide and several 
glass beads. The flasks were heated over a gas flame until the 
water was evaporated and the organic m atter completely de
stroyed (about 3 hours). The clear solutions were transferred to 
300-ml. flat-bottomed flasks using 60 ml. of distilled water to

wash out the Iijeldahl flasks. 
Twenty-five milliliters of con- 

g  centrated sulfuric acid were
I added to each distilling flask

along with 50 ml. of 48 per 
c e n t  h y d r o b r o m i c  a c i d -  
bromine solution, and the 
ground joint was moistened 
with concentrated sulfuric 
acid. The flasks were then 
attached to small Liebig con
densers similar to those used 
by Robinson el al. (11) and 
the mixtures distilled until 35 
to 40 ml. of distillate col
lected. The distillate was 
treated by the same proce
dure as was used in the second 
series of analyses. The re
sults are given in Table III.

VWIMMA-

Ô
D isc u ss io n

I t  is believed th a t this 
method is capable of giving 
results as precise and as ac
curate as any m ethod re
ported in the literature. As 
little as 3 micrograms of 
selenium can be positively 
identified by its character
istic red color on the filter 
pad. The precision is about 
=±= 2 micrograms in the range 
2 to 150 micrograms and 
the accuracy is w ithin these 
limits. On the basis of a 
100-ml. sample, the method 
is sensitive to 0.02 p art per 
million, which is sufficient 
for the present purpose. I t  
is believed th a t increased 
sensitivity m ay be attained 
by starting  w ith a large 

sample, say 1 liter, rather than  by using more dilute reagents.
The m ethod has been used satisfactorily for determining 

up to 2000 micrograms by taking an aliquot portion of the 
hydrobromic acid-brom ine distillate for the final titration .

Two alternate m ethods of making the titra tion  were tried 
and abandoned in favor of the one used.

1. Potassium iodide solution was added to the selenite solu
tion after the bromine had been destroyed with phenol, and the 
liberated iodine was titrated directly with standard sodium thio-

T a b l e  III . D e t e r m i n a t i o n  o f  S e l e n i u m  i n  U r i n e
(1 ml. of 0.001087 N  N aiSiO i “  21.46 m icrogram a of selenium )

N aiSiOj K IO j N e t
0.001087 N  0.001004 N  N aiSiO i Se Found  Se A dded D ifference

M l. M l. M l.   M ic fg r a m s ------------- *

F i g u r e  2 . W i r i n g  D i a g r a m  
1.5-volt d ry  coll 
P la tinum  electrode 
Leeds & N orth rup  ealvanom - 
etor of enclosed lam p and 
scale type . S ensitiv ity , 0.025 
m icroam pere per scale d i
vision
P o ten tiom eter-type  rheosta t 
of a b o u t 1500 ohm s' resistance

B.
E.
G.

R.

9 .00
8.00
7 .0 0
5.00
4 .00
3 .00
2.00

2.14
2 .44
2.56
1.07
1.78
1.93
2 .16

7 .0 2
5 .75
4 .64
3 .46
2 .36
1.22
0.01

150.6
123.4
99 .6  
74 .3
50 .6  
26 .2
0.2

150.0
125.0
100.0
75 .0
50 .0
25 .0  
0.0

+ 0.6 
-1 .6  
- 0 . 4  
- 0 . 7  
+0.6 
+  1.2 
+0.2
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sulfate solution. The dead-stop end point was not so sharp nor 
so reproducible when iodine was titrated with sodium tliiosulfate 
as when sodium thiosulfate was titrated with potassium iodate 
in the presence of potassium iodide.

2. Potassium iodide solution was added to the selenite solu
tion as above and the iodine was reduced with standard sodium 
thiosulfate solution. The excess sodium thiosulfate was then 
titrated  with potassium iodate solution.

In  these titrations, red selenium was precipitated and the 
results were not so precise as when selenium was not present.

However, i t  will sometimes be necessary to  finish a titration  
by m ethod 2. If  sufficient sodium thiosulfate is not added to 
react w ith all the selenite in an unknown, iodine and selenium 
will be formed when potassium iodide solution is added just 
before the final titra tion . In  such a case it is necessary to 
continue the addition of standard  sodium thiosulfate until no 
iodine remains and then finish the titra tion  in the presence of 
a small am ount of selenium. No corrections are necessary 
because one mole of selenite reacts w ith 4 equivalents of 
sodium thiosulfate in one case and liberates 4 equivalents of 
iodine in the other.

The recommended procedure gave satisfactory results when 
selenium was precipitated from all solutions of hydrobromic 
acid which contained between 20 and 35 per cent of hydro
bromic acid by weight. (Dudley, 4, recommends 25 to 30 
per cent of hydrobromic acid.) The complete precipitation 
of selenium required two hours. I t  was found th a t filtration 
m ay be delayed as long as 24 hours, w ith 100 per cent re
covery of the selenium added.

The results given in Table I I I  show th a t there is no loss 
of selenium during the K jeldahl digestion in the presence of 
m ercury. Sreenivasan and Sadasivan (12) have shown th a t 
selenium is oxidized to  selenic acid by  hot concentrated sul
furic acid in the presence of mercury. In  th is form it is ap
parently not volatile.

Destruction of the organic m atte r in urine w ith  am monium 
persulfate according to  the m ethod of D uret (5) was also tried.

Selenium was oxidized to selenic acid during this digestion 
and 100 per cent of the selenium was recovered in every case. 
The m ethod was abandoned, however, after several rather 
violent explosions. The explosions seemed to  be spontaneous 
and in the gaseous phase throughout the reflux condenser. No 
glassware was ever shattered.

No mention has been found in the literature of the danger 
of explosions while using the persulfate in the w et way to de
stroy organic m atter. I t  is quite possible th a t in this case 
volatile, unstable organic peroxy compounds were formed.

S u m m a r y
A new m ethod for titra ting  very small am ounts of selenium 

has been shown to give good results when applied to solutions 
containing known am ounts of selenium, and when used to 
determ ine small am ounts of selenium in urine.

A c k n o w le d g m e n t
The authors wish to thank  D r. J. II. Sterner and Miss Viola 

L idfeldt for m any suggestions during the course of this work.
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Determination o f Minute Amounts 
of Potassium

Iodom etric Evaluation o f the Cobaltinitrite Precipitate, Using Ceric Sulfate

IR V IN G  A L L E N  K A Y E  
P e d ia t r i c  R e s e a r c h  L a b o r a to r y ,  T h e  J e w is h  H o s p i ta l  o f  B r o o k ly n ,  B r o o k ly n ,  N . Y .

S M ALL am ounts of potassium  are usually determ ined 
titrim etrically by  precipitation with sodium cobaltinitrite, 

followed by  solution of the  washed precipitate in a known 
excess of an oxidizing reagent. Potassium  perm anganate was 
originally used and continues to be used as the oxidant for 
dissolving the precipitate, its  excess being determined by 
titra tion  w ith standard  sodium oxalate. M ore recently (3) 
the excess perm anganate has been determined iodometrically, 
a procedure capable of detecting very small quantities of 
potassium.

H arris and others (2, 3) have pointed out th a t the use of 
ceric sulfate instead of potassium perm anganate is ad
vantageous. W hen potassium perm anganate is used, a  pre
cipitate of hydrated manganese dioxide is often formed, which 
necessitates the addition of an excess of sodium oxalate to 
effect its solution, after which the end point is reached by an

additional titra tion  w ith  perm anganate. This difficulty is, 
of course, no t encountered when ceric sulfate is used. Ceric 
sulfate solutions are more stable and consequently require 
fewer standardizations.

Brown, Robinson, and Browning (2) have lately  published 
a procedure using ceric sulfate for dissolving the precipitate 
of sodium potassium  cobaltinitrite. The excess ceric sulfate is 
titra ted  w ith ferrous am m onium  sulfate, using o-phenanthro- 
line ferrous complex as indicator. Using th is procedure, 
potassium  in am ounts ranging from  0.2 to  1.0 mg. could be 
detected w ith an  average error of 2 per cent.

A variation of the ceric sulfate procedure applicable to  very 
small am ounts of potassium  has been developed and used for 
over 2 years. An excess of potassium  iodide is added to  the 
excess ceric sulfate and the iodine liberated is titra ted  w ith 
standard  sodium thiosulfate using starch  as indicator. Be



MAY 15, 1940 ANALYTICAL ED ITION  311

cause of the sharpness of the end point, very dilute solutions 
of sodium thiosulfate can be used for the back-titration  and 
potassium in am ounts as small as 0.02 mg. can be determined 
accurately. This m ethod has all the advantages of others 
where ceric sulfate is employed, in addition to the sensitivity 
of iodometric titrations.

R ea g en ts
S o d iu m  C o b a l t i n i t r i t e  R e a g e n t ,  prepared according to 

Kramer and Tisdall (6). Solution A. Cobalt nitrate crystals 
(25 grams) are dissolved in 50 cc. of water and to this solution are 
added 12.5 cc. of glacial acetic acid.

Solution B. Sodium nitrite (potassium-free, 120 grams) is dis
solved in 180 cc. of water, giving a total volume of about 220 cc. 
To all of Solution A are added 210 cc. of Solution B. An evolu
tion of nitric oxide gas occurs a t once. Air is drawn through the 
solution until all the gas has passed off. The reagent is placed 
in an ice chest and filtered each time before using. I t  will keep 
a t least a month, usually 2 or 3 months.

C e r i c  S u l f a t e .  About 4.5 grams of anhydrous ceric sulfate 
are dissolved in 500 ml. of distilled water to which 100 ml. of 
concentrated sulfuric acid have been added. The solution is 
diluted to 1000 ml. This solution, which is approximately 0.01 
N,  should be standardized before use with standardized sodium 
thiosulfate.

S o d iu m  T h i o s u l f a t e ,  0.002 N,  prepared by the dilution of a 
0.1 AT solution. The latter is prepared by dissolving 25 grams of 
hydrated sodium thiosulfate in 1 liter of freshly boiled and cooled 
water, and adding 0.1 gram of anhydrous sodium carbonate. This 
solution is diluted 500 times to prepare the 0.002 N  solution, 
which should be standardized before use with 0.01 N  potassium 
iodate.

P o t a s s i u m  I o d i d e  S o l u t i o n .  An approximately 1 per cent 
solution is prepared and kept in a small glass-stoppered dropping 
bottle. I t  is discarded when the addition of starch solution 
shows it to contain free iodine.

S t a r c h  S o l u t i o n ,  0.2 per cent. Two grams of starch are dis
solved in 1 liter of boiling water and about 10 mg. of mercuric 
iodide are added. When cool the solution is kept in a glass-stop- 
pered bottle in a refrigerator.

P roced u re
A 0.5-ml. aliquot of the potassium solution is placed in a 15-ml. 

centrifuge tube previously cleaned with cleaning mixture, 0.5 
ml. of precipitating reagent is added dropwise and with shaking, 
and the contents of the tube are thoroughly mixed and allowed 
to stand for 1 hour a t a temperature of from 20° to 25° C. The 
precipitate is firmly packed in the bottom of the tube by centrifug
ing for about 10 minutes a t about 2000 r. p. m. The supernatant 
liquid is removed by aspiration and the sides of the tubes are 
washed with 5 ml. of distilled water, care being exercised not to 
disturb the precipitate. The tube is recentrifuged a t the same 
speed for about 2 minutes and the supernatant liquid again 
aspirated. This procedure is repeated twice more (making 4 
centrifugations in all).

One milliliter of the ceric sulfate reagent is added (more than 
this for amounts of potassium greater than 0.06 mg.) and the tube 
is heated in a water bath for 2 or 3 minutes, until the precipitate 
dissolves. The solution is cooled to room temperature, 1 drop 
of the potassium iodide reagent is added, and it is titrated with 
standardized sodium thiosulfate, a few drops of starch solution 
being added near the end point. The end point is very sharp 
and easily visible in daylight. At the same time 1 ml. of the ceric 
sulfate solution is titrated  with the standardized sodium thio
sulfate.

C a lcu la tio n
Mg. of K =  6.95 N Y
N  =  normality of Na2S20 3
Y  =  difference in ml. of Na2S20 j required to titra te  equal 

amounts of Ce(SO<)j before and after addition of the 
sodium potassium cobaltinitrite precipitate

D isc u ss io n
The results of a num ber of recoveries of potassium  from 

solutions of potassium  chloride are given in Table I. In  
determ inations involving more than  0.06 mg. of potassium, 2 
ml. of ceric sulfate solution were used. A study  of the table 
reveals th a t from  0.036 to  0.120 mg. of potassium  can be re
covered w ith an average error of + 0 .5  per cent. W ith

am ounts ranging from 0.030 to 0.02 mg., the average error is 
■—3.5 per cent; w ith even smaller am ounts the error increases, 
being —10 per cent between 0.020 and 0.010 mg. and —20 per 
cent for smaller am ounts. This increase in error m ay be due 
to  incompleteness of precipitation or, more likely, to  the 
solubility of the precipitate in  the wash w ater. The use of 
organic solvents alone and mixed w ith w ater as w ash reagents 
did not improve the results.

T a b l e  I .  R e c o v e r y  o f  P o t a s s iu m  f r o m  S o l u t io n s  
o f  P o t a s s iu m  C h l o r i d e

P otassium  P resen t P o tassium  R ecovered
Mg. Mg. %

0.1200 0.1190 99
0.1200 0 .1188 99
0.1100 0.1122 102
0.1100 0 .1 10S 101
0.1000 0 .0997 100
0.1000 0.1007 101
0.0900 0.0908 101
0.0900 0.0908 101
0.0800 0 .0806 101
0.0800 0.0797 100
0.0700 0.0709 101
0.0700 0.0698 100

0.0600 0 .0595 99
0.0600 0 .0598 100
0.0500 0.0499 100
0.0500 0 .0505 101
0.0400 0.0413 103
0.0400 0.0391 98
0.0300 0 .0366 102
0.0300 0.0364 101
0.0300 0.0297 99
0.0300 0.0289 96
0.0240 0.0231 96
0.0240 0 .0230 96
0.0200 0.0191 96
0.0200 0.0191 96

The factor 6.95 used in the calculation of the potassium in 
the precipitate is empirical. I t  was noted by  Drushel (4) and 
others and proved by Brown, Robinson, and Browning (2) 
th a t in the titra tion  of the n itrite in the precipitate, the cobalt 
is reduced, accounting for one equivalent of the nitrites, the 
other eleven being accounted for by the oxidizing reagent, 
ceric sulfate in this case. If  the precipitate has the com
position K 2N a C 0 (N 0 2)e as determ ined by Adie and Wood (/),  
the stoichiometric factor is 7.10 when the action of the cobalt 
is considered. This theoretical factor, however, is very rarely 
obtained, owing to  the variable composition of the precipitate. 
Tem perature of precipitation, m anner of precipitation— i. e., 
ra te  of addition of precipitating reagent, volume in which 
precipitation occurs, and length of tim e for precipitation—  
ratio  of sodium to potassium in the solution analyzed, and the 
analyst’s technique are all im portan t in the determ ination of 
the proper factor to  be used. I t  is advisable for each experi
m enter to  ascertain his own factor after a num ber of re
coveries have been run. Once determ ined, the factor has been 
found to rem ain rem arkably constant.
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and in the fifth line on page 119 the words “bromophenol blue” 
should have been used instead of “bromothymol blue” .

A l b e r t  E .  S o b e l
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I N D E SIG N IN G  the research laboratory building, the 
first requisite was the greatest possible working area for 

a  given floor space. This required relatively narrow and long 
laboratory rooms, a  type of construction which is difficult to 
light and ventilate. The decision to  depend entirely upon 
artificial light introduced the problem of removing the heat 
generated by the electric lights necessary to provide 20 foot- 
candle, shadowless illumination. Since the ventilating air 
would require cooling to  absorb this hea t and provide an 
even room tem perature, i t  was decided th a t washing the air 
would justify  the additional expense. T em perature regula
tion is facilitated by the use of few windows, the resulting 
economy of construction helping in p a rt to  offset the expense 
of the ventilating system.

The first floor includes a library and reference room, two 
low-tem perature rooms, one operating a t  32° F. and the other 
a t  —20° F., a glass blower’s room, a locker and shower room, 
a chemical dispensary, a m aintenance and designs office, a 
glassware washroom, and twelve large laboratory rooms. 
These are constructed in pairs w ith an office for the labora
tory  supervisor between each two rooms. Lead-covered work 
benches line the two boundary partitions between each pair 
of laboratories and occupy the central portion of each room. 
Desks are built into both sides of the partition  between each 
pair of laboratories. All u tility  lines for the benches, such as 
gas, air, steam , vacuum , electricity, and water, are concealed

behind the wall benches or along the middle section of the 
central benches. Each laboratory contains a fume cabinet, 
provisions for sample storage and chemical supplies, and 
shelves for incoming or outgoing samples. The walls are 
equipped w ith fittings th a t perm it setting up a  wide variety  
of small or large apparatus w ithout m arring the wall or m ak
ing it less serviceable for fu ture installations and w ithout 
building special bases or stands.

T he second floor contains th irty  private and general 
offices arranged around the outer walls. Typew riter noise 
is reduced in the general stenographic office by a sound
proofed ceiling. The central portion of this floor is occupied 
by a sound-proofed conference room, two electrical and 
physical laboratories, a photographic laboratory, a spectro- 
chemical laboratory, and the air-conditioning and ventilating 
system.

The ventilating system  draws air from outside the building 
through a w ater-spray washer situated  on the roof. W ashed, 
tem pered air is circulated by  three blowers delivering ap
proxim ately 16,000 cubic feet per m inute to  the second story 
and 29,000 cubic feet per m inute to  the laboratories and other 
first-floor rooms. Air exhausted from the laboratories is not 
recirculated. Each laboratory is provided w ith independent 
control, so th a t  room tem peratures m ay be regulated in ac
cordance w ith the varying am ount of hea t generated by gas 
burners and other heat sources.



A NEW LOW COST 
GLASS ELECTRODE pH METER

( P a t e n t  A p p lie d  F o r )

Entirely Self-Contained 
Simple to Operate— Completely Portable

Recommended for use in operating divisions of manu
facturing establishments, industrial and medical labo
ratories, in schools for laboratory courses and research 
work, and in field work. I t  offers all the advantages of 
glass electrode pH measuring systems, requires no 
special operating skill, is inexpensive, requires no ac
cessory equipment, is highly simplified, ruggedly con
structed, and weighs only 13 pounds.

The instrument is direct reading from 1 to 11 pH and 
is accurate and reliable in routine use to 1/10 of a pH 
unit.

The name “One-Two” expresses the simplicity and 
speed of operation. A pH determination is made by 
movement of the main switch to two consecutive posi
tions. A single knob adjustment is made in the num
ber one position and the pH value is directly shown by 
the second movement of the switch.

The electrodes are especially designed for service in 
routine applications. The glass electrode is rugged in 
construction, prefilled and sealed. The calomel elec
trode is extremely simple and formed to protect the 
membrane of the glass electrode. Its  inner element is 
prefilled and the only maintenance requirement is for 
occasional replenishment of the potassium chloride 
solution.

S-302'25 pH  TESTER —Cameron, One-Two, Glass Elec
trode, Portable, (Patent Applied For.) Complete in
cluding electrodes, beaker support, and solution bottles. 
Is entirely self-contained in a durable all metal black 
enameled case with carrying handle measuring only 
6 X 8 X 9  inches. Complete with prefilled elec
trodes, buffer solution, and potassium chloride supply 
bottle...................................................................... $87.50

S  H R  G E n  T
L A B O R A T O R Y  S U P P L I E S
E .H .S a rq e n t  &  Co. * 1 5 5 - 1 6 5  E a s t  S u p e r io r  S t . .  Chicago
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LABORATORY SUPPLIES 
AND CHEMICALS

"Best I've ever seen" . . .  "rem ark
able power" . . . "most convenient" 
. . . "bore rubber stoppers with it" 
. .. "swing 10" paddles in a bath". . . 
you, too, will find the WACO fits 
your every day needs perfectly.

No. 729Z. WISCONSIN STIRRER. For 110 Volts 
A.C. only. Shafts Vi-inch diameter, one 300 
R.P.M. and the other 600 R.P.M. With connecting 
cord. E a c h .........................................................$15.00

WACO POWER STIRRER 
is confidently offered for 
TRIAL IN YOUR LABO
RATORY.

Or . . . write for STIRRER 
Bulletin IE5, showing all 
accessories!

WILKENS-ANDERSON.CO. 111 N. CANAL ST. CHICAGO

BURRELL TECHNICAL SUPPLY COMPANY
1936-42 FIFTH AVENUE « * « « « « « « * « PITTSBURGH, PA. U.S.A.

for te s tim purposes
f o r  t e m p e r a t u r e s  
u p  t o —

2 ,5 5 0 ° ? .

The heating chamber measures 4" x 4" x 13]4," 
deep. The floor is a removable, refractory plate 
with moulded sides to prevent spillage from 
reaching the insulation. Overall outside dimen
sions of the furnace are 26" wide x 30" high x 
24" long. Weight, boxed for shipment, 400 lbs.

The heating elements are designed to give 
long life but when it is necessary to replace them 
this operation can be done in five minutes with
out cooling the furnace.

Other standard models include muffle types— 
combustion tube types—and pit types. More in
formation on request.

B U R R E L L  S E R V IC E  - -
E n g i n e e r i n g  S e r v i c e  i s  a v a i l a b l e  t o  t h o s e  r e 
q u i r i n g  s p e c ia l  H i g h  T e m p e r a t u r e  F u r n a c e s  
n o t  f o u n d  a m o n g  t h e  m a n y  B u r r r e l l  s t a n d a r d  
m o d e l s — p l e a s e  a s k  u s  t o  h e l p  s o lv e  y o u r  
p r o b l e m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The Organic Chemist 
STIRS and STIRS!

The Bacteriologist cleans 
a Thousand Tubes!

While the Physicist agi
tates constant tempera
ture baths!

M v& uf. A Ź iw i* U f sieecL

If you could buy a $30 radio for 
$15 . . . you'd probably do i t !

And that's what the WACO Power 
Stirrer means to you . . .  a $15 saving!

BURRELL—9644 
Burrell Furnace, High-Temp. Box Type K
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Potassium Hydrogen Plitlialate
as a Prim ary Volumetric Standard

P o t a s s i u m  h y d r o g e n  P H T H A L A T E  conforms to the specifica
tions for an ideal primary standard for volumetric analysis. 

I t  is a stable, nonhygroscopic, crystalline solid that may be 
easily and accurately weighed. Its high molecular weight and 
ease of water solubility increase the accuracy of the method. 
Tests have shown that standard solutions of potassium hydro
gen phthalate may be stored in Pyrex glass for periods as long 
as a year, without change in their titer.

Eastman Potassium Hydrogen Phthalate, No. 538-X (Ana
lytical Grade), is especially purified—guaranteed to be of 
99.95% purity. The price is $1.50 per 100 gram s... . Eastman 
Kodak Company, Chemical Sales Division, Rochester, N. Y.I BE SURE TO VISIT THE 

I®""' KODAK BUILDING  
I  gayAT THE NEW YORK 

• K B  WORLD'S FAIR E A S T M A N  O R G A N I C  C H E M I C A L S

H A L L  O F  M ET A LS

W e oandUcdlii 9 *uüie, y  au  

To ÔuSi rW asil$L tf-ctisi

< 4

PLATINUM W ARE and CATALYSTS
As well as some of our newer developments:

Iridium, Osmium, Rhodium and Ruthenium Crucibles,
The MACROCRYSTAL Crucible, Platinum Liners

Compact Palladium Catalysts.

These items also shown in our catalog 17.

The American Platinum Works
N e w a r k  Es{- 1875 N e w  J e r s e y



“ E L C O N A P ” 
Mechanical Convection  

O V E N S
Horizontal Air Flow

These new “ELCONAP” Ovens employ a Multo 
Blade Blower to induce a horizontal flow of heated 
air across the working chamber. They are scien
tifically designed to give

Increased Loading Capacity
Accelerated H eat Treatm ent 

Greater Temperature Uniformity
Made of gray enamelled Asbestos Transite on Stainless Steel 
frame or of Stainless Steel throughout; resistant to rust, 
fumes, and acid; with non-hygroscopic insulation between 
walls. Interior lining Stainless Steel with horizontal dif
fuser walls on each side of working space. The solid steel 
shelves are adjustable in height. Two doors are supplied, 
the inner one of glass on Stainless Steel frame. Adjustable 
air inlet and outlet ports insure quick exhaust of moisture 
and gases. Air velocity can be regulated by means of a 
Damper Control for horizontal air flow across the shelves or 
radiation heating by air currents surrounding entire chamber 
area between walls.

The patented automatic thermo-regulator has a 
graduated tem perature indicating scale. Both 
heating units and therm ostat are guaranteed for 
five years.

Write for additional information

W I L L C O R P O R A T I O N  

R O C H E S T E R ,  N .  Y.
Offices and Warehouses 

Will Corporation, 596 Broadway, New York City 
Buffalo A ppara tu s  Corp., Buffalo, N. Y.

“ T I M E  - I T ”

14 INDUSTRIAL AND EN G IN EER IN G  CHEM ISTRY VOL. 12, NO. 5

“NEW ELECTRIC STOPWATCH” '

MORE ACCURATELY THE MODERN WAY
"Time-It" is a modem, electric stopwatch and 
second totalizer combined, ideal for hundreds of 
laboratory and industrial timing jobs demanding 
split-second accuracy.

Run by a synchronous motor, free from delicate 
mechanism or fine springs, "Time-It" betters the 
conventional stopwatch on many counts. It's 
as accurate as the cycle constancy of your A.C. 
current.

Large, easy-to-read counter, directly indicates 
seconds and 1/10 seconds, totalizes to 10,000 
seconds (2 hours, 46 minutes) before starting 
back at zero; can be reset to zero from any read
ing. Finger tip stop-start control.

Mechanism fully enclosed in sturdy aluminum 
housing to take gruff handling; built-in stop 
brake promotes accuracy; convenient size for 
panel mounting or portable utility use.

Write for Bulletin.

Size only 4 x 5 x 3% "i 6 ft. cord and plug; for 
110 volts 60 cycles A.C.

$ 3 2 .5 0  Each
Prices for other than 60 cycles, on request.

T H E  C H E M I C A L  R U B B E R  C O M P A N Y
LABORATORY APPARATUS— CHEMICALS— 

RUBBER GOODS

1900 W est 112th Street 
Cleveland, Ohio
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Braun Direct-Driven Pulverizers

T h e  L a s t  W o r d
IN LABORATORY PULVERIZERS

T h e  B ra u n  D ir ec t-D r iv e n  P u lv erizer  is  
t h e  m o s t  u p - to -d a te  a n d  e ff ic ie n t  m a 
c h in e  y e t  m a n u fa c tu r e d  for red u c in g  
sa m p le s  in  a ssa y , m e ta llu r g ic a l a n d  in 
d u str ia l la b o ra to r ie s .
T h is  P u lv er izer  h a s  m a n y  a d v a n ta g e s  in  
th e  la b o ra to ry . I t  is  c o m p a c t—ta k e s  u p  
a  sp a ce  o f le ss  th a n  tw o  b y  th r e e  fee t. 
I t  is  d r iven  b y  a  b u i l t - in  2 h .p . m o to r , 
e lim in a t in g  a ll b e lts , p u lle y s  a n d  s h a f t 
in g .
T h e  m o to r  is  fu lly  p r o te c ted  a g a in s t  
s ta l l in g  b y  a  th e r m a l re lay , a n d  a g a in s t  
d u st  b y  a  d u s t  c o lle c to r . T h e  P u lverizer  
is  b a ll b ea r in g  eq u ip p e d  th r o u g h o u t .
L ik e a ll B ra u n  P u lv er izers , i t  red u ces  
m a te r ia l y 4 in c h  or fin er  to  a  p u lp  of th e  
d esired  m e s h  in  a  s in g le  o p era tio n . I t  
is  e a sy  to  c le a n , e a sy  to  o p era te , e a sy  to  
m a in ta in . N o lu b r ic a t io n  
q u ired .

is  ever re-

W rite  D e p t . 1-5 fo r  B u l le t in  C -135, w h ic h  g iv e s  
c o m p le te  d e ta ils .

In close co-operation with scientists of long experi
ence Spencer has developed a new group of Stereo
scopic Microscopes.

The result is an instrument which represents an 
important advance, optically and mechanically.

Notable among the superiorities are an improved 
stereoscopic vision, an uncommonly brilliant resolu
tion and a large object field. Mechanically, better
ments have been affected in rigidity and weight, in 
the dust-proof revolving objective holder and in the 
longer range of focusing adjustment.

A wide range of magnifications—from 6.3X to 144X 
—is available. Seven different powers in paired 
objectives and four different powers in paired eye
pieces provide a total of twenty-eight magnifica
tions.

A new booklet describing the complete Spencer line 
of Stereoscopic Microscopes has just been pub
lished. Address Dept. E48 for a copy.

Advance demand for the new Spencer Stereo
scopic Microscopes considerably exceeds pro
duction. New orders are now being scheduled 
for delivery beginning June 1, 1940.

Spencer Lens Company
m ic r o sc o pes
MICROTOMES
PHOTOMICROGRAPHIC
EQUIPMENT

REFRACTOMETERS
COLORIMETERS
SPECTROMETERS
PROJECTORS

BRAUN
C O R P O R A T I O N

Los Angeles. California
> Seattle, Washington 

SCIENTIFIC SUPPLIES CO.

22S0 East Fifteenth Street
S an  Ft a n d  sc o, Calif. 

BRAUN-KNECHT-HEIMANN-CO.
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HUPPERT 
HEAT TREATING 

FURNACES

O utstand ing  
values in  
precision  

e q u ip m e n t

$ 3 7 : 5 0
COMPLETE

H u p p e r t  E le c t r i c  F u r n a c e s  p e r m i t  low  c o s t  l i c a t  t r e a t 
m e n t  t e s t i n g  f o r  a l l  ty p e s  o f  m a t e r i a l s  o r  p r o d u c t io n  
h e a t  t r e a t m e n t  o f  s m a l l  p a r t s .  E x tr e m e ly  a c c u r a t e  
w i t h in  t h e i r  v a r io u s  h e a t  r a n g e s ,  H u p p e r t  F u r n a c e s  a re  
ru g g e d ly  b u i l t  f o r  h e a v y  d u t y  se rv ic e . M o d e l i l l u s t r a t e d  
is  p r i c e d  a t  §37.50 c o m p le te — h a s  la rg e  M u ff le — th r e e  
h e a t  r a n g e s  w i t h  t e m p e r a t u r e s  to  1600° F .— la r g e  a c 
c u r a t e  P y r o m e te r — w ire d  w i th  s p e c ia l  a llo y  w ire  fo r  
110 v o l t  A . C .,  o r  I )  C. ( sp e c ia l  v o lu g c s  to  o r d e r .)

T h e  c o m p le t e  H u p p e r t  L in e  o ffe r s  
F u r n a c e s  p r ic e d  f r o m  $22.50  to  $150.00  
w i t h  s ta n d a r d  h e a t  r a n g e s  u p  to  2500° F .

K . H H U P P m
 

-
4

1603 S. Michigan Ave., Chicago, 111.

P A R R  I N S T R U M E N T S

P O R  t h e  r a p id  e s t im a 
t io n  o f t h e  r e la t iv e  t u r 

b id i ty  o f a  s o lu t io n  a s  a  
m e a s u r e  o f t h e  a m o u n t  o f 
s u s p e n d e d  m a t t e r  t h e r e in ,  
w e  o ffe r  t h e  P a r r  M o d e l 
S -11B  P h o to e le c tr ic  T u r 
b id im e te r  i l l u s t r a te d  a t  
r i g h t .  T h is  i n s t r u m e n t  
h a s  m a n y  a p p l i c a t io n s  
b e c a u s e  of i t s  b ro a d  ra n g e ,  
w h ic h  e x te n d s  f r o m  t h e  
h ig h  tu r b id i t i e s  o f b a r iu m  
s u l f a te  p r e c ip i t a te s  to  t h e  
v e ry  lo w  t u r b id i t i e s  o f  p o 
t a b le  w a te r s .  I n  m o s t  
t e s t s  a  p re c is io n  e q u iv a 
l e n t  t o  t h a t  o f  g r a v im e t r ic  
a n a ly s is  c a n  r e a d i ly  b e  o b 
t a in e d ,  a n d  in  m u c h  les s  
t im e .

T h e  lo w  c o s t  o f t h i s  i n 
s t r u m e n t  m a k e s  i t  a v a il
a b le  t o  m a n y  la b o r a to r ie s
w h ic h  o th e r w is e  w o u ld  be  w i t h o u t  i t s  a d v a n ta g e s .  
O f te n  a  g a lv a n o m e te r  a l r e a d y  o n  h a n d  w ill se rv e  a s  t h e  
in d ic a to r ,  t h u s  a f fe c t in g  a  f u r t h e r  e c o n o m y .

C h e m is t s  n o w  u s in g  th e  P a r r  M o d e l S -3  V isu a l  T u r 
b id im e te r s  w ill b e  p le a s e d  t o  l e a r n  t h a t  th e s e  c a n  be  
c o n v e r te d  to  t h e  P h o to e le c tr i c  T y p e  w i th  e a se  a n d  a t  
m o d e r a te  c o s t .

Wrile for Bulletin E-57

L U M E T R O N
PHOTO-ELECTRIC

COLORIMETER

True Transmission 
Measurements

Reproducible
Readings

Linear Response

H IG H L Y  SENSITIVE U N IV E R S A L L Y  A PP LIC A B LE

FOR A L L  C O LO R IM ETR IC  A N D  ABRIDG ED  
SPECTROPHOTOM ETRIC D E T E R M IN A T IO N S

L ine o p e ra ted , ye t fully balanced  for line vo ltag e  v a ria 
tions an d  spec tra l changes o f  lam p.

Z ero -po ten tia l c ircu it an d  low lig h t in ten sity  o p era tio n  
for linear a n d  co n sisten t photocell response.

1" p lane  paralle l sam ple  holders w ith  a d ap te rs  for te s t  
tu b es  and  m icrocells. M odels availab le  w ith  6" 
sam ple holders for accu ra te  m easu rem en t o f ex
trem ely  tra n sp a re n t liquids.

O ptical m u ltip lie r for accu ra te  m easu rem en t o f  extrem ely  
d a rk  liquids.

M odels availab le  w ith  am ple  sensitiv ity  to  be  used w ith  
m onochrom atic  filters for sp ec tro p h o to m etry .

Available with incandescent or m ercury vapor light source.
Write for 6-page Technical Information Folder.

PHOTOVOLT CORPORATION
10 E. 40TH ST. NEW yORK CITy

N o w !  A

H O M O G E N I Z E ! ) !
... Saves Time
and Materials

For liquid batches of 1 to 10 oz. 
M erely pour m ixture in to  bowl 

and press hand-lever. Homogenizes in stan tly  
—each stroke of hand-lever ejects a  j e t  of com
pletely emulsified liquid. Provides perm anent 
suspension for emulsions —  no failures, if in
gredient ra tio  is sound. In  photos a t  left, note 
fine degree o f dispersion secured (above) com
pared to coarseness of sam e m ixture emulsified

. ... TT , rT w ith m ortar and pestle (below).Above— with Hand Homo'jenuer
Below— with mortar and pestle H undreds of laboratories use the  H and  Ilom o- 

genizer because i t  saves time, avoids m aterial 
\vaste. Portable, easy to operate and  clean, 
strongly bu ilt of molded alum inum , w ith s ta in 
less steel piston. lOVa in. high, 12 oz. bowl. 
Only $d.95 complete— order direct o r from your 
laboratory supply house (satisfaction guaran
teed)—or w rite for fu rther details.

International Emulsifiers, Inc.
Dept. C1, 2409 Surrey Court, Chicago, III.

HAND HOMOGENIZEHD f l D D  I N S T R U M E N T
S T  £ T L  I X  l \  C O M P A N Y  • M o lin e , 111.C O M P A N Y  • M o lin e , 111.
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i m n i u u i t ;

M  W I L L  H E L P  Y O U  S O W

P R U L E M S  S O C H  A S  T H I S

^ J k e , P r o b l e m ,  p a r t  o n e :  chem ical “ X” is an inorganic reagent, at

p resen t available only a t com paratively liigli cost because of its lim ited use.

TH E QUESTION OF COST AND AVAILABILITY OF CHEMICAL “ X” IN 
SUFFICIENT QUANTITIES IS A FACTOR TO BE CONSIDERED EARLY 
IN YOUR EXPERIMENTS.

£ o l u i i a * t :  The m atter of producing  “ special in o r
ganics”  in  quantities sufficient fo r pilot o r actual p lan t operation is 
a field in which the B & A  organization has proved unusually  adept 
— in helping others to solve their problem s with the aid of the 
B & A  plant and its trained personnel.

Your research and development programs may turn up problems such 
as this. When they do, let’s talk them over—in strictest confidence, of 
course. YOU present the problem. WE will bring to bear upon it the 58 
years of B &A’s cumulative experience in producing fine and reagent grade 
chemicals to help you find the answer. We cordially solicit your inquiries.

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

T T fe  7 ¥  K ju u j& k T

Ba k e r  ^  A d a m s o n
Division of G E N E R A L  C H E M I C A L  COMP ANY ,  4 0  Rector St., N e w  York C.TtAcû/s
A tla n ta  • B a lt im o r e  •  B o s to n  • B u f fa lo  * C h a r lo t te  (N . C .)  • C h ic a g o  • C le v e la n d  • D e n v e r  • H o u sto n  • K a n s a s  C ity  •  L o s  A n g e le s  '  
M ilw au k ee  • M in n e a p o lis  • M o n tez u m a IG a .)  • P h ila d e lp h ia  • P itts b u rg h  • P ro v id e n c e  (R . 1 .1  • S a n  F ra n c is c o  • S t .  L o u is  • U tic a  I N .Y .J  
W e n a tc h e e  (W a s h .)  • Y a k im a  iW a sh .)  • In C a n a d a :  T h e  N ic h o ls  C h e m ic a l C o m p a n y , L im ite d  • M o n trea l • T o ro n to  * V a n c o u v e r

PART TWO: Assume the use of “X” in  the laboratory  dem on
strates it to be a “ key”  chemical fo r a contem plated process. 
F u rth e r experim entation in the p ilot p lan t is necessary. If  suc
cessful there, full-scale p lan t operation will be called for.
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COORS 
U. S. A. 

Chemical 
and 

Scientific 
Porcelain

,  C oors P orcelain  Co m p a n y  .
GOLDEN, COLORADO

I M E R I C A N  I N S T R U M E N T  CI
010 GEORGIA AVENUE '  SILVER SPRING, MARYLA*

LECTRIC
LoTag B E A T E R S

& C o n tr o ls
^ ^ V A IL A R L E  in  t h e  fo l lo w in g  im p ro v e d  ty p e s  f o r  

t h e  s a fe ,  e c o n o m ic a l  a n d  e f f ic ie n t  u t i l i z a t i o n  
a n d  a p p l i c a t io n  o f  e le c t r i c  h e a t .

IM M E R S I O N  H E A T E R S  . . . .  fle x ib le  
ty p e  in  le n g t h s  u p  t o  13 f t .  t h a t  c a n  bo  
b e n t  to  a n y  s h a p e  fo r  s y m m e t r ic a l  d i s -  
t r ib u t i o n o f  h e a t ;a l s o s c r e w - in t y p e  w ith  
s t a n d a r d  p ip e  t h r e a d s  fo r  sc r e w in g  in t o  
t a n k s ,  e t c .  B o t h  ty p e s  a r e  a v a i la b le  w ith  
s h e a t h s  o f  c o p p e r ,  s t e e l ,  s t a in le s s  s t e e l  
o r  m o n c l  m e t a l .  T h e y  r e s p o n d  in s t a n t l y  
to  r e g u la t o r  a c t io n  . . .  id e a l  fo r  p r e c is e  
c o n s t a n t  t e m p e r a t u r e  w o rk .

O V E N  A N D  S P A C E  H E A T E R S  . . . o p e n  
c o i l  ty p e  fo r  g r o u p in g  in  a n y  a r r a n g e 
m e n t .

R O O M  H E A T E R S  . . . c o n v e c t io n  ty p o  
fo r  h e a t in g  o th e r w ise  h a r d - t o - h e a t  
in s o la t e d  p la c e s  s u c h  a s  o f f ic e s , r o o m s ,  
e t c .

N EW  C A T A L O G  P2075 

Gives Full Details

A s s u r a n c e  of
SATISFACTORY SERVICE

for E v e r y  L a bo r a t o r y

-------------------------------------- v --------------------------------------

HOW MANY JOBS CAN 
YOUR LABORATORY D O ?
__________________ A___________________

w ith
HEIjL IG E

C O M P A R A T O R S
M o re  t h a n  800,000 H E L L IG E  G la s s  C o lo r  S t a n d a r d s  

h a v e  b e e n  s o ld  i n  d iv e rs if ie d  f ie ld s  t h r o u g h o u t  t h e  
w o r ld .  T h e y  a re  p e r m a n e n t l y  r e l ia b le  a n d  p e r p e tu a lly  
g u a r a n t e e d  a g a i n s t  f a d in g ,  e l i m in a t e  g u e s s w o rk , a n d  
a r e  e c o n o m ic a l ,  c o n v e n ie n t  a n d  e a s y  t o  u s e .

H E L L IG E  C O M P A R A T O R S , i n c o r p o r a t in g  t h e s e  
n o n - f a d in g  s t a n d a r d s  fo r  p H  a n d  n u m e r o u s  o t h e r  
t e s t s ,  a r e  e n jo y in g  a n  in c r e a s in g  p o p u l a r i t y .  I n v e s t i 
g a te  t o d a y !

S e n d  fo r  B u l le t in  N o . 605

H E L L I G E ,  INC.
3718 N o r th e r n  B o u le v a rd  L o n g  I s l a n d  C i ty ,  N . Y .

C o s t  a n a ly s i s  s h o w s  t e c h n i c i a n s ’ t im e  
a s  t h e  b ig  i t e m  i n  y e a r ly  l a b o r a to r y  
e x p e n s e  . . . Sheldon Laboratory Furniture 
is  c a r e f u l ly  p l a n n e d  a n d  d e s ig n e d  to  
c a r r y  a d e q u a te  s e rv ic e  o u t l e t s  a n d  
a r r a n g e m e n t s  so  t h a t  a  m a x i m u m  of 
o p e r a t io n s  m a y  b e  c a r r i e d  o n  a t  o n e  
t im e .

'l i/'iite . yjcvi C a ta lo g !

E. H. SHELDON COMPANY
Muskegon .  Michigan

FOR LABORATORY EQUIPMENT

N O N -F A D IN G
G L A SS CO LOR ST A N D A R D S

fo r
Superior

pH
C O N TR O L

an d
W A TER  

A N A L Y SIS
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i t  is .  T h is  is  a c tu a l

S h o w n  f u l l  s ca le , 

th is  is  a  s e c t io n  o f  

th e  F D -2 0 2  m u ff le  

w i th  its  1 1 0 -v o lt  

C h ro m e l u n it ,  13 g a .

YOU CAN’T FRY EGGS ON TOP
OF THIS FURNACE I

(R ight) This kn o ck -d o w n  v ie w  o f  
tho  Hoskins FD m u ffle  fu rnace  
show s the  construction  in fu ll 
d e ta i l.  N o te  its ru g g e d  sim
p lic ity ,  and  the g o o d  th ick  
insu la tion  on a l l  fo u r sides.

W hen you buy a laboratory 
furnace, you expect it to do 
something more than just get 
hot. If you chance to brush the 
case w ith your hand, you don’t 
want to get burned. On a 
warm day, you don't want the 
furnace to radiate a lot of un
comfortable heat. . . . These 
unpleasant things you avoid, 
when you buy a Hoskins 
Furnace. The case is quite 
warm, but it w on ’t burn you. 
Hence, it contributes to your 
comfort, and is economical on 
power. . . . Our 110-volt 
furnaces w on ’t run on 220-volt 
also. The heating unit shown 
here is made of 13 gauge 
(.072" dia.) Chromel " A ” . To 
run the same furnace on 220- 
volt also, the w ire would have 
to be 17 gauge (.045" dia.). 
This is a very plain explana
tion of the greater durability of 
the Chromel units in Hoskins 
Furnaces. Again, you can't fry  
eggs on top of a Hoskins 
Muffle Furnace; but w ith  them 
you can turn out uninterrupted 
work, fo r months on end—in 
comfort and w ith economy. 
Write for Catalog, to your 
dealer or to us: Hoskins Manu
facturing Co., Detroit, Mich.

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

LEAD WIRE •  •  PYROMETERS •  •  W ELD ING  W IRE •  •  HEAT RESISTANT C A S T I N G S  •  •  EN A M E LIN G  

FIXTURES •  •  S P A R K  PLUG ELECTRODE WIRE •  •  SPECIAL A L L O Y S  O F  NICKEL •  •  PROTECTION TUBES

H O S K I N S  PRODUCTS
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S u b sc r ip t io n  R a tes
Effective J a n . 1, 1940

American Chem ical Society Publications

1. Journal American Chemical Society................................... $ 8.50
2. Chemical Abstracts............................................................... 12.00
3. Industrial and Engineering Chemistry.............................  4.00

Industrial Edition and Analytical Edition
4. News E d itio n .......................................................................  2.00
10% discount on 1 and/or 2 when sent to the same address and (a) 
ordered together or (b) ordered at the same time as both 3 and 4. 
No discount on 3 and/or 4. Postage to foreign countries outside the 
Pan American Postal Union extra as follows: 1, $1.50; 2, $2.40; 3, 
$2.25; 4, $0.G0. Canadian postage one-third these rates. 
Single copies of current volumes, 75 cents each, except Analytical 
Edition ($.50) and News Edition ($.15).

BACK NUMBERS AND VOLUMES

Jour. Am. Chem. Soc., Vols. 28-61 (only ones available), e a c h   $ 9.00
Index to Vols. 1-20...................................................................................  1.00
Single copies, some prior to Vol. 28, each...........................................  .80

Chemical Abstracts, Vols. 1-33, including 1st and 2nd Decennial
Indexes................................................................................................  660.00

Vols. 3-15, each.........................................................................................  20.00
Vols. 16-33, each.......................................................................................  15.00
Single copies, except Index Nos., each.................................................. .80
Annual Index, each year........................................................................ 2.50
2nd Decennial Index, 5 Volumes.......................................................... 50.00

Ordered for replacement..................................................................  25.00
3rd Decennial Index, 5 Volumes............................................................  100.00

Contingent discount of 50% to individual members, contributing firms,
educational institutions and public libraries in the United States. 

Industrial and Engineering Chemistry
Industrial Edition, Vols. 1-31................................................................  279.00

Vols. 5, 7-31, each.................................................  9.00
Single copies, each.................................................  .80

Analytical Edition, Vols. 1-11................................................................ 44.00
Vols. 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, each.................  4.00
Single copies, when available, through Vol. 8,

each......................................................................  .60
Single copies, Vols. 9-11, each.............................. .50

News Edition, Vols. 1-17, each .  ................................................ 2.00
Single copies............................................................ .10

Volumes not priced singly, available only in complete sets.
Members, for personal use, 20% discount from above prices, except com

plete sets. Decennial Indexes, and single copies of the News Edition.
Advance payment is required in all cases and must be made by postal order 

or check payable in U. S. currency on a bank in the United States.
DOMESTIC SHIPM ENTS. Single copies are sent by mail. Full volumes 

and sets are sent in the United States and Canada express collect.
FOREIGN SHIPM ENTS. Additional charge for postage. Foreign ship

ments will be sent by mail either at purchaser’s risk or by registered mail at 
postage cost plus 5% of invoice additional for registry; minimum charge, 75 
cents. Large shipments will be delivered free, if desired, to responsible forward
ing agents in New York, further charges to be paid by the purchaser on receipt.

The Society will not be responsible for loss due to change of address unless 
notification is received ten days in advance of issue. Claims for non-receipt 
must be made within 60 days of date of issue. “Missing from files” cannot be 
acccpted as evidence of non-receipt. If change of address means a change of 
position, please indicate its nature.

Subscribers desiring their journals forwarded from an old address should 
always notify their Postmaster and leave necessary postage.

The names of members and subscribers, whose journals cannot be delivered 
by the Post-Office Department, will be cut off the mailing list a t once, and will 
not be restored until correct addresses have been furnished.

In  the absence of other information, the notices of change of address received 
from the Post-Office Department will be considered as correct, and the mailing 
list changed accordingly.

Address communications relating to the foregoing to 
CHARLES L. PARSONS, Business Manager, Mills Building, Washington, D. C.
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BLOOMFIELD  

NEW JE R S E Y
LABO RA TO R Y S U P P L IE SG LA SS BLOW ING C H E M IC A L S

S B - ¡560

SEMI-BALL JOINTS
PYREX GLASS

Semi-Ball joints provide a non-rigid con
nection between the parts of a glass to 

glass set-up. The Semi-Ball joints are 
ground to be interchangeable and are, at 
present, available in 14 different sizes. 
The Semi-Ball joints provide for a non- 
sticking or freezing connection and can 

be used without a lubricant.

The size of the Semi-Ball joint is desig
nated by the diameter of the ball and the 
inside diameter of the tubing bore.

Breakage hazards are considerably 
reduced as the glass parts are free to shift 
their position and hence the strain on 
one part is not transferred to any connect
ing part. This feature offers many ad
vantages over the "Standard Taper” 
connection in fractional distillation set-ups 

where support is a difficult problem and 
many times improper clamping of the 
glass results in a strain which causes 
breakage.

A complete catalog will soon be avail
able; we suggest you write us today to 
reserve a copy for you.

S B - 1680

i
SB'Z/O

S B -IS IS
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Jhey Got the Right Answers

SEVEN MONTHS SOONER
•  A certain pharm aceutical house set 

up an im portant research project last fall, 
estim ating that it would take at least eight 
months to complete the work. As it turned out, 
the project was completed in exactly four 
working weeks.

Of course, the original plans did not include 
methods m ade possible by use of the Coleman 
Double M onochrom ator Spectrophotometer, 
but the actual work was done with that instru
ment. Even by the most conservative estimate 
of laboratory m aintenance costs and salaries, 
the Coleman Spectrophotometer paid  fo r itself

m any times over on this one project. The com
pany was able to put the findings to profitable 
use seven months sooner, and was able to use 
its laboratory  and manpower fo r other tasks, in 
m any of which the Coleman Spectrophotometer 
w ill again and again repay its modest cost.

In  analysis, in  specification, in  production 
control, the Coleman Double M onochrom ator 
Spectrophotometer is constantly giving rise to 
new, faster, and more precise techniques. 
W e’ll be glad to dem onstrate to your satisfac
tion. W hy not write fo r fu ll details . . . now?

COLEMAN ELECTRIC CO., INC.
305 Madison St. Maywood, III.


