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H igh-Tem perature 

H igh -V acu u m  

Technique

demands

V I T R E O S  I L
FUSED PURE SILICA A N D  Q U ARTZ

High frequency vacuum 
furnace Research Labora* 
tories Westinghouse Elec
tric & Manufacturing Co.

High - frequency vacuum 
distillation f u r n a c e s  
C a r n e g i e  Institute o f 

Technology.

HEATING POSITION COOLING POSITION

COOLING v*ATtq

WVOTID »IMG SU**0»TIN01UM,wt» owTvr»

«AT to INWT
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Vacuum prcbaking furnace 
Carnegie Institution o f Washington

R A W N  Vitreosil tubing, moulded Vitreosil 

pipe in larger diameters and transparent 

Vitreosil in various forms provide a variety of pos

sibilities all within the same general range of use

fulness which is quite beyond that of glasses or 

ordinary ceramics.

The illustrations show characteristic applica

tions. W e  shall be glad to discuss similar problems 

with you.

The THERMAL SYNDICATE, Ltd.
62 Schenectady Avenue Brooklyn, New York

VITREOSIL possesses 
three outstanding ad

vantages for work in this 
exacting field— gas tightness 
connected to the pump, high 
temperature immunity to 
over 1000° C. and extraordi
nary electrical characteristics.

Vacuum fusioo furnace 
Bureau o f Standards.
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BAUSCH 6 LOMB B & L G L A S S  IS USED IN B & L MICROSCOPES, TELESCOPES, 
BINOCULARS, SPECTACLE LENSES A N D  FRAMES .  .
O PH T H A LM IC  A P P A R A T U S, SCIENTIFIC INSTRUMENTS.

Who is to blame f

B A U S C H  & L O M B  O PT ICAL  CO., 609 ST. P A U L  ST., ROCHESTER, N. Y., U. S. A.

"jV/TANY’S the time the laboratory has been blamed for holding 
"*• up an important analysis when the blame really rests on the 

executives who have refused to provide the laboratory with the 
proper equipment to allow them to take speedy short methods.

Optical Methods allow legitimate short cuts and often times elimi
nate much of the delay of the wet method of analysis. Official 
methods with their desirable conservatism, are adding more and 
more optical methods each year.

Optical Instruments are not expensive or extravagant. Few cost 
as much as a month’s salary of a good chemist. They soon pay for 
themselves in time of laboratory workers alone, to say nothing 
of the larger savings in plant operation. Salaries once paid are gone, 
while an optical instrument may last for 20 years.

W e will gladly assist you in checking your processes to see what 
optical short cuts you can make. All inquiries will be held in 
strictest confidence.

The Medium Qpartz Spectrograph records all wave 
lengths useful f o r  chemical analysis. A ll observations 
are by photography. Complete qualitative analyses' 
and surprisingly accurate quantitative analyses can be 
made with this instrument. I t  is a great time saver.

Instruments 
fo r the chem ist
Llttrow Quartz 

Spectrograph 
Spectrogram Density 

Comparator 
Linear Measuring 

Microscope 
L C Petrographical 

Microscope 
Centrifuge Microscope 
Abbe Refractometer 
Dipping Refractometer 
H Ion Colorimeter 
Duboscq Colorimeter 
Silt Ultramicroscope 
Photomlcrographlc 

Apparatus
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BECKER’S SONS (Rotterdam) 
Balances and Weights

The firm of Becker’s Sons (Rotterdam) has earned and enjoys an 
enviable international reputation for its balances and weights of all 
kinds, and for the analytical types in particular.

The line comprises balances and weights suitable to all scientific 
purposes, such as chemical analysis of all kinds, including commercial 
chemistry, blood and stomach analysis, assaying, specific gravity work, 
as well as the less accurate work of the scientific laboratory such as 
the making of stains and solutions in general.

The weighings made by these balances are positive and can be 
absolutely relied upon. They are not arrived at by indirect mechanic 
cal means which are at all times subject to error.

As sole United States agents for Becker’s Sons (Rotterdam) we 
carry a large assortment of balances and weights of their make in stock 
for prompt delivery.

Your inquiries are solicited, and we shall be pleased to send 
you a new book describing these balances upon request.

E. H. SARGENT & CO.
Laboratory Supplies

155-165 E. SU PER IO R  STR EET C H IC A G O
(4056B)
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urSf e x a x  CYLINi
. a  a. a . _ J. _____

I M P O R T A N T  F E A T U R E S

1. Each cylinder is calibrated at 20°C at enough  points to 

assure accuracy of interm ediate divisions.

2. Lining and  num bering are done by autom atic machines.

3. A ll lines are deep ly  acid-etched and  filled with a durable  

blue g la ss  enamel, actually fused in.

4. A n  entirely new type o f calibration  lin ing for accurate and  

rap id  reading. Short lines for interm ediate divisions with 

encircling lines at the main graduation  points.

5. A ll Kimble Blue Line Exax Cylinders are retested, an d  are  

retempered (strain-free) to elim inate w eak spots.

6. The lips are finished so that liquid can be poured slow ly  

without running down the sides.

7. A ll bottoms are ground so as to rest perfectly level.

T HE g rad u a te d  cy linder is one of the m ainstays in 

scientific labo ra to ry  work. Its ca libration  must be  

accurate  if results are to be  relied upon. K im ble  Blue  

Line E xax  C y lin ders —  blow n in paste  m ou lds to p ro 

duce a  h igh ly  po lished  surface —  perm it re a d in g  o f  

all liquid levels without error or distortion.

The following tolerances are allowed:

5 ml. ±0.10 ml. 250 ml. ±1.4 ml.

10 ml. 0.10 ml. 500 ml. 2.6 ml.
25 ml. 0.30 ml. 1000 ml. 5.0 ml.

50 ml. 0.40 ml. 2000 ml. 10.0 ml.

100 ml. 0.60 ml.

Stocked by leading Laboratory Supp ly  Houses throughout the 

United States and  Canada.

KIMBLE GLASS C O M P A N Y
V I N E L A N D ,  N E W  J E R S E Y .

N E W  Y O R K  • PH ILA D ELPH IA  .  B O ST O N  

C H IC A G O  •  DETROIT
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W H E R E

S M O K E  -  

F I R E

H O S K IN S
C f v w m e i C m ip & s

there’s

It is very generally accepted as a fact that “ where 
there’s smoke there’s fire”  because o f  irrefutable 
supporting evidence. Likewise, among pyrometer 
users, there is an almost universal acceptance for 
Cliromel-Alumel therm o-couples and lead wire, 
not as a result o f  salesmanship, but because o f  the 
sheer m erit o f the products themselves. The lead 
wire, being made o f  the same material as the 
couple, elimina tcs one principal source o f  error. The 
Chromel-Alumel couple is noted for its long life 
and its sustained accuracy at high temperatures, 
around 2000° F. The couples don ’ t have to be 
packed in the protection tube, which makes them 
quickly responsive to changes o f  temperature. They 
have no “ im m ersion”  error. When they wear out a t 
the hot end, they can be welded at the other end for 
additional long service. These are some o f the rea
sons why all the significant pyrometer installations 
are equipped with Chromel-Alumel couples and 
leads.. . .  For technical data, send for Catalog A.H.

H O S K IN S  M A N U F A C T U R IN G  C O M PA N Y  
4439 Lawton Avenue Detroit, M ich.

In Canadax Walker M etal Product*, Lim ited, W alk orville, Ontario
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Improved Style of Reinforcement
for /W  ) PLA T IN U M  CRUCIBLES A N D  DISHES

—OFFSET RIMS-

ENLARGED CROSS-SECTION f ~  
TF NORMA'. 2 5  c c . CRUCIBLE

ENLARGED DETAIL 
OF O FFSE T RIM

This A .  P. W . feature has proved to add to the strength and stability of our wares w ithout add i
tional w e igh t and w ithout extra charge. M a d e  in this style, wares w ill retain their shape longer and
withstand handling of tongs better. W e  w ill furnish the O ffset Rim on any style of crucible or dish 
by special request, either on new  purchases of wares o r exchange of o ld  w orn -out utensils. N o  in
crease in cost. For more information please ask for special description sheet. O u r  Cata log F-16, d e 
scribing A .  P. W . Platinum Laboratory W ares w ill be sent upon request.

Specify on your next order "with A . P. W. Offset Rims"

THE AMERICAN PLATINUM WORKS
N. J. R. R. AVE. AT OLIVER ST. - - NEW ARK, N. J.

COORS
U.S.A.

CHEMICAL 
AND SCIENTIFIC 

PORCELAIN

Coors P orcelain Co.
GOLDEN, COLORADO

PURE* WATER Analysis

A utomatically—Economically

with the N EW  STOKES 
Laboratory Water Still

F E ATU R ES
which safeguard purity of distillate and 
increase convenience of operation.
Pyrex Glass Cover— makes operation visible and 

cleaning easy.
Triple Vapor Baffle—prevents entrainment.
Solid Block-tin Condenser Tube—not merely block-tin lined.
Gas Eliminator— Hot Well—where temperature, practically boil

ing, releases dissolved gases before distillation.
Deconcentrator reduces foaming and scaling tendencies; vital 

in hard-water districts.
Fuse-Protected Heat- j  'Typical Analysis of Distillate V

Total Solids P «  ^
Volatile Solida 0.16
Inorganic Solid* 0.12
Nitrogen as 

Free Ammonia 
Albuminoid Ammonia 
Nitrites 
Nitrates 

Chlorine
Dissolved Oxygen 
Free Carbon Dioxide

ing Unit—in 
trie models.

Capacity —  One Gallon 
per Hour«
Steam *, G as- and 
Electrically - heated. 
W a ll-b r a c k e t  and 
Floor-stand types. 

Sold Through Dealers 
or Direct 

Send for Bulletin 
No. 171

pH Value at 20°C.
T i  '  '  ~  ''otal Bacteria per cc.

"*>v * Made and certified by
\ Arthur D. Little, Inc.

0.0035
0.0000
0.0000
0.00
0.00
0 .0 6
0.12
5 .7
none

r

FJStdkes machine cd.
Proces* Equipment Since 1895 

5922 Tabor Road, Olney P. O. Philadelphia, Pa.
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33y3% REDUCTION IN PRICE
on one each only

HILGER LARGE QUARTZ SPECTROGRAPH
and

H ILGER-N U TT IN G  S P E C TR O P H O TO M E TE R
Subject to conditions named below

« I Ht, y ' i '  i

. . . . .  •  ;

H ilger E-1 L argo  Q u a r tz  S p e c tro g ra p h

QUARTZ SPECTROGRAPH, Hilger Large Model E-1. Takes the entire spectrum from 1930A to 8000A in four exposures 
on 10 X 4 inch photographic plates. Required where the spectrum of the main substance is very complex, for example, in iron, 
cobalt, chromium, molybdenum, titanium, tungsten, uranium or zirconium. (Detailed specifications on request).

Special Price, on showroom sample, for immediate delivery.............................................................................  51,606.00
Current Price, for special importation, delivery in approximately twelve weeks.................................................  2,409.00

9107. H ilg e r -N u ttln g  S p e c tr o p h o to m e te r  H-106

SPECTROPHOTOMETER, Hilger-Nutting Industrial and Research Model H-106. A new arrangement of the Hilger 
Wavelength Spectrometer and Nutting Polarization Photometer, with an improved optical system. Advantages are: main
tenance of high accuracy, speed of operation, ease of manipulation, mechanical suitability for rough routine usage and per
manency of setup and adjustment. Complete with pair of tubes, 150 c. p. Pointolitc lamp and resistance for 110 volts a. c. 
( For detailed description, see listing under No. 9107 on pp. 718-720 oj our catalogue.)

Special Price, on showroom sample, for immediate delivery........................................................   S 979.00
Current Price, for special importation, delivery in approximately twelve weeks.............................................  1,468.50

The above special prices apply—subject to prior sale—only to showroom samples which are slightly shopworn 
from display and from demonstration in our laboratory. The above current prices are subject 

to daily fluctuation in cost of Sterling exchange.

ARTHUR H. THOMAS COMPANY
R ET A IL — W  H O  LESA LE—  E X PO R T

LABORATORY APPARATUS AND REAGENTS
WEST W ASHING TON SQUARE 

P H ILADELPHIA , U.S.A.

Cable Address, “ BALANCE,”  Philadelphia
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Measurement of Tube Wall Temperatures in 
Heat Transfer Experiments

G. M . H eb b a rd 1 and W . L. B adger, University o f Michigan, Ann Arbor, M ich.

DETERMINATION of the temperature of tubewaUsis 
an integral part of most experimental work involving a 
study of heat transfer coefficients to and from these 

surfaces through the enveloping films. The final degree of 
accuracy obtained in such work is usually controlled by the 
accuracy of determination of the surface temperatures.

Recent important investigations concerning the condensa
tion of vapors and heating of liquids have required more than 
an approximate knowledge of the wall temperatures of the ex
perimental tubes. Some few investigators, justified by ac
cepted data, have preferred to assume approximate heat trans
fer coefficients for one or another of the films rather than to 
carry out the work necessary for the actual measurement of 
the desired temperatures. Others have adopted or developed 
methods that have not eliminated this part of heat transfer 
studies as a source of considerable error. The amount of 
error involved in any given case can only vaguely be esti
mated, but it is certain that a better correlation of all such 
work would lie possible with improved methods of measure
ment.

Reviews of the methods utilized have recently been made by 
Othmer and Coats (S) and Colburn and Hougcn (4). Addi
tional references supplementing these are included in this 
paper. Installations as applied to tubes alone are con
sidered.

By far the major portion of the work 
done on this problem has been carried out 
with thermocouples, which, because of 
their inherent economy and flexibility of 
installation, may be considered the most 
likely instrument to be chosen. Installa
tions of resistance thermometers (3, 7), 
mercury thermometers (3), portable con
tact recorders (1, 5), and extensiometers 
(5, 10) have been made. These latter 
methods are not generally applicable and 
are not to be preferred if a successful 
thermocouple method is an alternative.

U s e  o f  T h e r m o c o u p l e s

Any in sta lla tion  involving thermo
couples should meet the fo llow in g  re
quirements:

1 Present address, Dow Chemical Co., Midland,
Mich.

1. The temperature recorded by any given junction must be 
that of the corresponding wall temperature or one from which the 
wall temperature may be calculated by the use of known rela
tions.

2. The effect of heat conduction to the junction by the leads 
should be minimized or eliminated.

3. The characteristics of the normal film on the wall must not 
be disturbed by the installation.

4. Any installation should be in mutual agreement between 
different couples and should be capable of accurate reproduction.

5. The assembly should be sufficiently rugged to withstand 
all conditions encountered during installation of the tube in the 
test apparatus.

6. A minimum of time should be required for installation and 
calibration unless the permanency of the set-up warrants addi
tional work.

7. Frequent recalibration and attention to the couples should 
not be necessary.

As most investigations are carried out with tubes of rela
tively small diameter and of considerable length, mechanical 
considerations will restrict the operator to the use of the out
side wall of the tube. When it is necessary to contend with a 
vapor condensing on this wall, the problem of an undisturbed 
film becomes paramount, particularly with vapors of large 
latent heats which form very thin films of condensate. 
Since relatively large temperature differences occur through 
these thin films, any mechanical imperfection or deformation 

of the natural surface in the vicinity of 
the couple junction that causes a penetra
tion or distortion of the film will result in 
abnormal heat conduction to the junction 
(peened, plated, and slotted installations). 
If the lead wires from the junction are 
earned out directly into the higher tem
perature of the vapor space, the effect of 
heat conduction along the leads becomes 
considerable (peened and plated installa
tions). There is no way at present by 
which this effect can be calculated.

No single thermocouple method de
veloped to date, on the basis of data pre
sented, can be said to be free from either 
or both of these o b je c t io n s , with the 
possible exception of the Kraussold instal
lation (6).

The latter utilizes a longitudinal groove 
[0.0025 inch (0.16 cm.) deep, 0.125 inch 
(0.3 cm.) wide, and 6 inches (15 cm.) long]

F ig u r e  1 . T h e r m o c o u p l e  I n s t a l 
l a t io n

359
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milled in the tube wall. A spline of the tube material, made with 
a concave bottom to allow for the couple and leads, is cut to fit 
the groove snugly. When the spline has been driven into place 
an equivalent of the original surface remains. The leads are 
brought through the film at opposite ends of the spline and well 
away from the junction. It has been found extremelv difficult 
to make even a passably good job by this method. Even if a 
smooth external surface is obtained, the spline has a tendency to 
work loose on repeated heating and cooling. Further, the leads 
in the Kraussold method disturb the drainage of the condensate 
if the tube is vertical. It is only necessary to try the Kraussold 
method and the one here suggested to decide which is superior.

HOLE GROOVE RECESS HOLES
F ig u r e  2 . D ia g r a m  o f  C h o r d  H o l e , A n n u l a r  G r o o v e , 

a n d  P l u g  a n d  R e c e s s  H o l e s

Dimensions are for installation in 1-inch 11-gage tube.

The solution to both the requirements of unchanged surface 
conditions and freedom from abnormal heat conduction to 
the junction may be reached in a logical fashion. The couple 
junction should be placed under a surface over which the 
film drainage is not disturbed, and the leads must be with
drawn for an appreciable distance from the junction through a 
section of the wall that is isothermal with the point at which 
the couple is embedded.

P r o p o s e d  M e t h o d

Reference to Figure 1 will illustrate the features of the 
method. The thermocouple is inserted in a hole drilled 
through a chord of the wall, and the leads are carried around 
the tube in an annular groove to be withdrawn at the back, 
180° from the junction. The junction itself is brought into 
metallic contact with the wall by solder admitted through the 
plug hole above. Bakelite cement of special composition 
provides electrical insulation and fills the groove and chord 
hole up to the junction. The excess solder and Bakelite may 
be removed with fine emery cloth to produce a continuous 
and polished surface at all points except where the leads leave 
the tube, 180° from the point of measurement.

It is necessary to employ tubes of somewhat heavier walls 
than those ordinarily used in order to provide sufficient metal 
for the chord drill, which is necessarily limited as to the small
est size that can be employed. The additional metal offers 
no disadvantage as it is only a very small part of the total 
resistance to heat flow, and transfer through it can be accu
rately calculated.

D e t a i l s  o f  M e t h o d  .

Steps in machining are as follows (Figure 2):

C h o r d  H o l e . Diameter of drill chosen is dependent upon 
obtaining greatest distance S without causing too small a thick
ness at T. Drilling is done with template shown in Figure 3.

A n n u l a r  G r o o v e  f o r  L e a d s . Width = C , depth = G. 
Cut on lathe with round-nosed tool of width = C (Figure 3). 
Lathe is moved by hand, lifting tool over uncut section.

P l u g  a n d  R e c e s s  H o l e s . Diameter = approximately 2 X C 
to a convenient drill size. Recess hole is necessary to permit 
proper footing for lead throat of Bakelite.

Thermocouples are made from copper-constantan of most 
convenient wire diameter. Junction is butt-soldered with 
silver to give neat bead that threads through chord hole.

I n s t a l l a t i o n  o f  C o u p l e s . The plug hole is first tinned. 
The chord hole must be packed with asbestos thread during 
this operation. The couple is then threaded in. To center 
the junction and prevent sweating of solder into the chord 
hole while soldering the junction, short pieces of metal tubing, 
that fit closely over the leads and in the chord hole, are 
threaded over the leads and up to the junction. The tips of 
these tubes should be covered with melted borax to prevent 
solder from adhering to them. I f  hypodermic needles of 
proper size can be found, they are the most convenient type of 
tubing for the above work (D , Figure 3). The couple is 
soldered in, using a blast lamp to maintain the tube at the 
proper temperature. The solder must be allowed to flow 
naturally into the hole and must cool slowly. Ordinary lead- 
tin solder is recommended as satisfactory and most easily 
handled. When the couple is soldered in place, each lead is 
hand-wrapped in two steps (E, Figure 3): First, a cotton 
thread, of sufficient diameter to allow only slight clearance 
from the walls when w'ell smeared with Bakelite, is WTapped 
around the portion of the leads in the chord hole, and well 
packed into the holes with the tubing previously mentioned. 
Lighter cotton is then wrapped around the leads from the 
holes and carried along a distance sufficient to provide for 
insulation in the groove and about one inch additional. A 
light coat of Bakelite is then laid in the groove and on the 
thread, and cured. Next, the leads are brought together at 
the recess hole, twisted around each other for about 0.5 inch 
(1.26 cm.), and then carefully bent or pushed into the very 
bottom of the groove at all points. With successive coats of 
Bakelite, the groove is completely filled and a throat of sup
porting Bakelite is built around the twisted leads. Excess

F i g u r e  3 . P h o t o g r a p h  o f  I n s t a l l a t io n

solder and Bakelite are removed, first with sand paper, and 
then with a fine grade of metallographic paper. The leads 
are joined to wires of similar composition, leading to the in
struments, and proper insulation is applied to these joints. 
Thread and Bakelite will serve the latter purpose.

C u r i n g  o f  B a k e l i t e .  Bakelite resin BR-0013 has been 
found most satisfactory. This material should be mixed with 
kaolin or silica (2 0 0  mesh) in the proportions of two parts of 
resin to one part of filler. Better adhesion of the cured resin 
to the metal is obtained by use of the filler.

The material recommended will harden completely within 
20 to 30 minutes at a temperature of 120° to 130° C. Thin 
coats must be applied. Curing the resin on the installations 
can most easily be effected by the use of an oven of special 
construction. This latter can be a transite box, split laterally 
and fitted with hinges. The ends are cut out to fit the tube
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snugly. Sufficient coiled resistance wire is distributed on the 
inner walls of the box to maintain the desired temperature 
within the oven. Temperature control can be effected within 
the desired limits by additional series resistances. Radia
tion losses from the length of tube outside the box may be so 
high that it will be impossible to maintain a proper intensity 
of heat in the tube itself, and a longer period of time than is
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necessary will be required 
for curing. This difficulty 
may be overcome by the 
use of an internal heater for 
the tube, constructed of a 
short length of sm a ll-d i-  
ameter iron pipe. The pipe 
is covered with an asbestos 
sleeve, wrapped with resist
ance wire, and then further 
covered  w ith  a spaced  
spiral wrapping of asbestos 
tape. This heating element 
is placed in the tube at a 
point under the junction. 
A moderate heat input will 
maintain the tube tempera
ture at the same degree as 
that of the oven.

I n s u l a t io n  o f  L e a d s  
t h r o u g h  V a p o r  S p a c e . 
A satisfactory insulation of 
the leads through the vapor 
space is essential. Tests of 
various materials subjected 
to steam and hot water at 
tem peratures of 250° to 
280°F. (1 2 1 ° to 138° C.) for 
periods of 100  to 2 0 0  hours 
definitely proved that the 
usual forms of insulation 
are unsatisfactory. T he 
insulations examined and 
found to be unsatisfactory 
include ordinary red rubber 
tubing, soft and lightly vul
canized black rubber, pure 
gum ru b b er, varn ished  
cam bric  tu b in g  (ra d io  
spaghetti), and enam eled 
coverings. The form of in
sulation employed on R. C. 
fixture wire stood up best 
and suffered no apparent 
loss of insulating properties 
or any deformation. This 
type of covering was applied 
to the leads used in the in
vestigations m ade in this 
laboratory and gave excel
lent service. No deteriora
tion was found after more 
than 300 hours of exposure 
to saturated steam. These 
leads are flexible and may 
be brought out from the 
vapor space between flanged 
surfaces.

D a t a  f o r  P r e s e n t  
I n s t a l l a t io n  

Machining dimensions, see 
Figure 2.

Tubes: 1-inch 11-gage copper, 0.992 inch (2.5 cm.) outside 
diameter, 0.750 inch (1.9 cm.) inside diameter.

Thermocouple: Copper-constantan, No. 24 B. & S. wire, junc
tion centered 0.074 inch (0.188 cm.) below outer wall.

Chord hole: No. 53 drill (0.0595 inch, 0.151 cm.).
Plug and recess holes: No. 33 drill (0.1130 inch, 0.287 cm.). 
Bakelite: No. BR-0013,2 parts, with 1 part 200-mesh kaolin. 
Thread insulation: No. 20 cotton in chord holes, No. 60 cotton 

in grooves.
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Grooves: 0.060 inch (0.152 cm.) wide, 0.080 inch (0.203 cm.) 
deep.

Hypo needles: No. 17 gage, 2 inch (5 cm.) length.

E x p e r i m e n t a l  A p p l i c a t i o n  o f  M e t h o d

Preliminary trials were made in a small test apparatus 
which functioned as a single-tube horizontal water heater. 
Installations were then made on tubes of two forced circula
tion evaporators. Ten couples were installed on the tube of 
an experimental evaporator having one vertical tube 12  feet 
(3.7 meters) long, and six couples were installed on one tube in 
an eight-tube semicommercial forced circulation evaporator. 
Consistent results have been obtained with both installations.

Both of the above tubes were calibrated in a single-tube 
apparatus in which it was possible to maintain constant iso
thermal conditions at all points over the calibration range 
(30° to 120° C.) with a maximum variation of ± 0 .0 2 ° F. 
(0.01° C.). The known accuracy of calibration was ±0.001 
millivolt (0.04° F. or 0 .0 2 ° C.). Observed calibration values 
for the couples of each tube at any given temperature fell 
within a maximum range of 0.005 millivolt (0.18° F., 0.10° 
C.). Recalibration of the single-tube couples was made after 
150 hours of operation. The values obtained did not diverge 
from the original results within the established limit of error, 
(0.005 millivolt =  0.18° F., 0.10° C.), and all couples were in 
the same relative agreement.

Results that have been achieved in the measurement of w-all 
temperatures are well illustrated by Figure 4. This is a 
plot of the observed wrall temperatures obtained with steam 
and distilled water in the 12-foot (3.7-meter) single-tube 
evaporator over a wide range of operating conditions. Actual 
couple readings, transferred to temperatures in 0 C., are 
plotted against the locations of the couples on the tube. 
(No. 5 couple was damaged during the course of a repair job 
on the machine. No results for this couple are reported.) 
Each group of curves is representative of a fixed boiling point 
and steam temperature. Four different velocities of circula
tion -were employed to give the several curves.

It is difficult to adduce positive evidence of the accuracy 
and reproducibility of wall thermocouples. The statements 
made above as to the reproducibility of the readings in cali
bration under conditions of no heat flow are not positive evi
dence of the behavior of the same couples when there is a 
temperature gradient through the tube and films. A study of 
Figure 4 will show, from the relative positions of the curves in 
all the groups, that the couples installed by this method are 
apparently giving dependable readings. This is borne out 
by the fact that all the groups show a similar change in the 
curves caused by a change in velocity. Stronger evidence

(though still indirect) is the close correspondence of the curves 
for 10 and 13 feet (3 and 4 meters) per second. There would 
seem to be no error involved comparable with the accuracy of 
the work as a whole, when separate runs, often over a week 
apart and with many other runs made in the interval, will 
yield curves corresponding so closely as those for 10 and 13 
feet (3 and 4 meters) in all the series, especially the series at 
1 0 0 ° boiling point with steam at 1 1 0 ° and at 115° C.

With small over-all temperature drops only slight changes in 
wffll temperature may be expected with changes in velocity. 
The curves for 80° boiling point, 90° steam, and 100° boiling 
point, 1 1 0 ° steam, indicate the close agreement that has been 
obtained. The very small decrease in wrall temperature re
sulting from increasing the velocity from 10 to 13 feet (3 to 
4 meters) per second for the latter set of conditions has been 
recorded accurately by the installed couples without a single 
overlapping value. Runs of the 100° boiling point, 1 2 0 ° 
steam, group were made on different days. The 3 and 10 
foot (1 and 3 meter) velocities wTere completed a week before 
the 5 and 13 foot (1.5 and 4 meter) velocities were made. The 
80 hours of operation conducted between those dates did not 
affect the consistency of the readings.

C o m m e n t s

The method as developed and tested in this laboratory has 
proved very satisfactory. A modification of the manner of 
withdrawal of the leads from the tube has been found pos
sible, so that, in a purely test apparatus, the tube and thermo
couples with the leads consist of a compact unit. This will 
make feasible a study of the effect of tube surface conditions 
on heat transfer coefficients, a requirement of which is the con
stant observation and conditioning of the tube surface. A 
later report will consider the modification.
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Bumping Prévention

J o h n  E . S. H a n  

155/3 R oute Stanislas Chevalier, Shanghai, China

THE author (I, 2) has recommended the use of a porcelain 
sieve plate for preventing bumping, because it introduces 

no impurity and causes no 
oxidation. It is excellent for 
liquid boiled in a small round- 
bottomed vessel. For a thick 
layer of liq u id , the plate is 
liable to rest on the bottom, 
cause overh ea tin g  of the 
covered area, and result in the 
cracking of the vessel.

For the preparation of a large quantity of carbon dioxide
free water, the author has used successfully sieve plates made 
of sheet silver without cracking a single glass vessel in two 
years. For solutions that attack silver, the sieve plate could 
be constructed of platinum.
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Quantitative Organic Microchemical Analysis 
in Industrial Problems

W . R . K irner, Coal Research Laboratory, Carnegie Institute of Technology, Pittsburgh, Pa.

M ICROCHEMICAL methods deal, arbitrarily, with 1 
to 10  mg. of material; such methods have been re
ferred to by Emicli as milligram methods to differ

entiate them from centigram or semi-micromethods and deci
gram or macromethods. This discussion will not include 
methods of chemical microscopy, which involve the application 
of the microscope to the solution of chemical problems, al
though they are of great value as research tools; Chamot (6 ) 
states that they offer even greater possibilities in time- and 
labor-saving than microchemical methods. Finally, discussion 
of highly sensitive identification reactions on organic and 
inorganic compounds and ions, spot tests, and spectroscopic, 
colorimetric, and nephelometric methods of analysis will be 
omitted altogether although these are justly included in the 
field of microchemical methods.

In the classification of quantitative microchemical methods 
of analysis there is the usual division into organic and in
organic branches. The technic for inorganic quantitative 
microanalysis has been carefully worked out, particularly by 
Emich and his co-workers, but the methods developed by 
Pregl for organic compounds appear to be receiving more 
attention. These methods are essentially the same in theory 
and practice as the older macromethods and have, in general, 
merely been improved and modified to permit using milli
grams in place of decigrams.

Lavoisier is generally considered the founder of organic 
elementary analysis for, in 1781, he worked out an indirect 
gas-volumetric method of analysis by which he determined 
the composition of an organic substance from the products 
of its complete combustion to carbon dioxide and water and 
made clear the importance of elementary organic analysis 
to the science of chemistry. Minor improvements were made 
until, in 1830, Liebig and Dumas made the final improvements 
and developed the macromethod to practically its present 
form. With the exception of certain improvements suggested 
by Dennstedt in 1903 there were no important improvements 
in the technic of organic elementary analysis for carbon and 
hydrogen until the time of Pregl, a period of practically a 
hundred years.

The Dumas method for nitrogen appeared in 1883 and was 
improved by Schiff in 1886 by his development of the present 
form of azotometer. The period 1861-70 saw the develop
ment of the Carius method for sulfur and halogens, and in 
1883 Kjeldahl published his method for the determination of 
nitrogen.

D e v e l o p m e n t  o f  O r g a n ic  E l e m e n t a r y  M ic r o a n a l y s i s

In 1910 Pregl, in the course of a tedious investigation on 
bile acids, isolated a decomposition product which could be 
•obtained only in extremely small amounts. He was faced 
with having to start anew with very large amounts of ma
terial or eke to refine the methods of quantitative organic 
analysis so that he could get correct analytical results on 
previously unheard of small amounts of material which would 
lead with certainty to the empirical formula of his substance. 
Pregl was encouraged in deciding in favor of the second alter
native by the success which Emich had attained in quantita
tive inorganic microanalysis.

By the end of 1911 the determination of carbon and hydro

gen could be made on 7 to 13 mg. of organic material, even if 
nitrogen and small amounts of sulfur and halogens were 
simultaneously present; nitrogen could be determined either 
gasometrically or by titration, on 4 to 8  mg. of substance; 
and finally determination of sulfur and halogens could be 
made, also on 4 to 8  mg., by the method of Carius. In 1912 
and 1913 many improvements were made, sources of error 
discovered and eliminated, necessary stringent conditions 
of technic imposed, time of analyses shortened, and finally 
the amount of starting material diminished to as low as 2  
mg. New developments included the combustion method 
for halogens and sulfur, the electrolytic determination of 
copper, molecular weight determination by the ebullioscopic 
method, and the determination of methoxyl, ethoxyl, and 
methylimino groups. During this period, about 10,000 
exact weighings were made. Pregl’s first public announce
ment of these methods was made before the German Chemical 
Society in Berlin on February 27, 1911, with demonstration 
of his technic. The results were first published in Abder- 
halden’s Handbuch der Biochemischen Arbeitsmethoden in 
1912.

In 1916 the first edition of Pregl’s book was publkhed. 
By this time the micromuffle for the microdetermination of 
metallic residues had been worked out, ako the carboxyl 
group determination, and the technic developed for the 
analysk of low-boiling liquids for carbon and hydrogen, 
and the gravimetric determination of arsenic. At the time 
of publication of the second edition in 1922 new determina
tions included the volumetric determination of arsenic, the 
determination of mercury in organic compounds, the deter
mination of the acetyl group, and the ebullioscopic determi
nation of the molecular weights of liquids. Up to the time 
of the publication of the third edition in 1930 many industrial 
laboratories of Europe had adopted quantitative organic 
microanalytical methods, which had been spread to all 
countries of the world by over three hundred of Pregl’s stu
dents. Pregl received the Nobel Prize in Chemktry in 1923 
for his development of these methods.

Microchemical analysk had such widespread acceptance, 
particularly in Europe, that many new methods were worked 
out, or new applications dkcovered, and some suitable 
medium for publication had to be found. In 1922 Emil 
Haim and Co., Leipzig and Vienna, undertook the publication 
of Mikrochemie, which -was devoted solely to papers on micro
chemical topics and edited by such well-known microchemists 
as Pregl, Emich, Lieb, Strebinger, and Feigl.

T h e  M ic r o c h e m ic a l  B a l a n c e

The success of all the above methods was dependent upon 
the development of a balance which was capable of weighing 
microsamples with at least the same precision as the ordinary 
analytical balance k  capable of weighing macrosamples. 
The main contributor to thk development was W. H. F. 
Kuhlmann of Hamburg, Germany. His first balances had a 
capacity of 2 0  grams and weighed accurately to 0 .0 1  to 0 .0 2  
mg. At the suggestion of Pregl, and with advice offered by 
him, Kuhlmann attempted to increase the sensitivity one 
more decimal place by improving the grinding of the knife 
edges and using the utmost care in having the agate bearings
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not only all in one plane but also absolutely plane parallel. 
In 1911 Kuhlmann assembled the first balance having a 
sensitivity of 0 .0 0 1  mg., the last two decimal places being 
read on the fixed scale in front of the pointer. Thus it be
came possible for an experienced microanalyst to weigh a 
2-mg. sample with approximately the same precision (1 part 
in 2 0 0 0 ) as one could formerly weigh a 0 .2-gram sample on an 
ordinary analytical balance; by using 3 to 5 mg. of substance 
the error is less than that made when weighing a 0 .2 -gram 
sample on an analytical balance. Despite its high sensitivity, 
this balance has proved very durable and there are cases 
where it has been in daily use in industrial laboratories for 
six years, with 36,000 estimated weighings being made be
fore any adjustments, other than periodic cleaning, were 
necessary. A rather large number of firms now make micro
chemical balances but, besides the Kuhlmann balance, the 
only other balance recommended by Pregl is that of Starke 
and Kammcrer of Vienna. This balance has two inter
changeable sensitivities (0 .0 1  and 0 .0 0 1  mg.), so that it is 
unnecessary to arrest the balance and move the rider so 
often, which makes for less wear on the knife edges, agate 
bearings, and other moving parts. Other manufacturers of 
microchemical balances include: Sartorius, Gottingen;
Bunge, Hamburg; Stuckrath, Friedenau b. Berlin; Nemetz, 
Vienna; Rueprecht, Vienna; Ainsworth, Denver, Colo.; 
and Becker, New York, N. Y.

M ic r o c h e m ic a l  A p p a r a t u s

The necessary apparatus was developed by Pregl during 
the progress of each investigation; in general, the glass 
apparatus was made originally by Pregl himself and later 
by the firm of Paul Haack in Vienna, under Pregl’s super
vision ; the iron ware and metal apparatus was made by the 
university mechanic. The refined chemicals were at first 
purified by Pregl, but later E. Merck and Company furnished 
them according to his specifications.

At present this apparatus can be purchased from Paul 
Haack in Vienna. Haack has appointed an authorized 
American agent, Microchemical Service, Douglaston, N. Y., 
from whom these apparatus and reagents can be procured, 
as well as the Kuhlmann and Starke-Kammerer microchemical 
balances.

M i c r o c h e m ic a l  E q u ip m e n t  o f  C o a l  R e s e a r c h  L a b o r a t o r y

The installation of a microchemical division in the Coal 
Research Laboratory of the Carnegie Institute of Technology 
seemed particularly important, since a large part of its investi
gations were to be on a laboratory scale where relatively small 
amounts of material would be available. Because of the 
complexity of the coal molecule, one is certain to obtain a 
complex mixture of products from any reaction conducted 
upon it, and if a relatively small amount of starting material 
is used the separation, purification, and identification of the 
products is obviously a problem best solved by the application 
of microchemical technic. Most completed, successful 
investigations on coal which deal with the isolation of prod
ucts have started with extremely large amounts of material; 
others have not been successfully completed because “ an 
insufficient amount of material was at hand to permit further 
identification.”  The quotation just cited is a constantly 
recurring one, especially in the older literature and before the 
development of microchemical technic.

The Coal Research Laboratory purchased a complete set 
of apparatus for all procedures involving the following micro
determinations:

Carbon-hydrogen
Nitrogen (Dumas)
Nitrogen (Kjeldahl)
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Halogens and sulfur (by combustion)
Halogens and sulfur (by Carius method)
Molecular weight (by elevation of the boiling point) 
Molecular weight (Rast method)
Methoxyl and ethoxyl groups
Methylimino group
Phosphorus in organic compounds
Arsenic in organic compounds
Acetyl group
Carboxyl group
Residue or ash

Subsidiary apparatus includes apparatus for purification of 
small amounts of material, Kuhlmann microchemical balance, 
and Starke-Kammerer microchemical balance. The labora
tory is thus equipped to do routine or special elementary 
analyses on practically any organic product which may 
be obtained in the course of the work. This apparatus was 
all purchased directly from the foreign manufacturers or 
distributors, the total cost, including duty, consular fees, 
transportation, packing, etc., being: Apparatus (Paul
Haack), $400; Kuhlmann balance, $185; Starke-Kammerer 
balance, $275; a total of S860.

S a m p l i n g  f o r  M ic r o c h e m i c a l  A n a l y s i s

This subject has been thoroughly discussed by Benedetti- 
Pichler (8). A criticism often directed against microchemical 
methods of analysis is that it is impossible to get a true 
representative of the whole sample in the very small amount 
of material (2  to 3 mg.) necessary for a microanalysis. In 
macro- or microanalysis it would be impossible to get a repre
sentative sample if the particle size of the mixture was so 
large that only a few grains were taken for weighing. In 
each case one is forced to pulverize the sample if one cannot, 
or does not wish to, increase considerably the size of the 
sample for analysis. If it is possible to take from a carload, 
containing 15 short tons of large-sized material, 100 kg. 
(0.75 per cent) and then, after thoroughly grinding and 
mixing this amount to take a representative sample of 1 0  
grams (0 .0 1  per cent of 100  kg.) or less, it is just as possible 
to get a representative sample weighing 1 mg. (0 .1  to 0 .0 1  
per cent) from 1 gram or 10  grams of the original substance 
which had first been finely pulverized.

The following factors are of importance in the preparation 
of representative samples for microanalysis:

The sample should be capable of being very finely pulverized, 
for, in the weight of an individual particle, the thira power of 
the diameter of the particle appears in the calculation. Gener
ally, metals and alloys cannot be pulverized sufficiently fine to 
yield a representative sample weighing but 5 mg. In this case 
the sample may be made homogeneous by fusing it so that each 
filing from the fusion product is a representative sample in 
itself. One must insure that in the cooling of the melt selective 
crystallization or segregation does not occur.

The density of the material only linearly influences the weight 
of an individual particle. One must guard against a settling 
out of various constituents of different densities during the mix
ing and grinding, particularly if the densities differ greatly.

Very different hardness of the constituents of the mixture 
may cause the hard particles to become imbedded in the softer 
material during grinding and to escape being pulverized.

The procedure of fine grinding was tested experimentally 
on synthetic mixtures involving two and three constituents:
(1) potassium sulfate and sodium chloride; (2 ) sulfonal 
and potassium sulfate; (3) sulfonal, azobenzene, and po
tassium sulfate. These mixtures were analyzed, respectively, 
for chlorine: carbon, hydrogen, and ash; and carbon, 
hydrogen, nitrogen, and ash. Completely satisfactory re
sults were obtained, and it was concluded that this method 
is applicable to all mixtures of a salt-like character which 
can be finely pulverized. Samples weighing less than 3 mg. 
could be used for the analysis, while for residue determinations
a fraction of a milligram sufficed.
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Next, bituminous coal was analyzed. Microdetermiria- 
tions of moisture are not possible where, as a result of the 
official sampling of several carloads of coal, the chemist gets 
a number of samples of various particle size. This determina
tion should show the moisture content of the mine run coal 
and very little mixing and pulverizing should be done.

For the determination of all the constituents, the chemist 
receives a bottle containing the more or less finely pulverized 
coal representing the final result of the sampling process. 
The moisture content no longer represents the mine condition, 
and there is no harm in pulverizing the sample as finely as 
possible and carrying out analyses on the pulverized sample. 
Such microdeterminations have previously been made on 
coal in Pregl's laboratory, in Lipp’s commercial laboratory 
in Graz, and by Strebinger and Radlberger (23).

Fifty grams of German bituminous coal, in fairly large 
pieces, were crudely ground in a mortar (sample A). Five 
grams of sample A were pulverized for 5 minutes (sample B). 
A carbon-hydrogen determination on sample B showed 
that the mixing was not yet sufficient to yield concordant 
results; according to Muller and Willenberg (19), one can 
recognize a nonhomogeneous sample by the fact that the 
analytical results may vary by as much as 1 per cent. Conse
quently 1 gram of sample B was pulverized for 5 minutes in 
an agate mortar (sample C). The analytical data follow:

T a b l e  I . G e r m a n  B it u m in o u s  C o a l

M a c b o d e t e r m i n a t i o n  or  M o i s t u r e  a n d  Abh, S a m p l e  A  
Weight of sample -  4.7900 grama
Loss in weight -  0.0400 gram after drying 2 hours at 110° C. -  0.83% HjO 
Weight of ash —0.0804 gram — 1.81% ash

M a c b o d e t e r m i n a t i o n  o p  Ash, S a m p l e  B 
Weight of B a m p le  — 1.0000 g r a m  
Weight of a s h  -  0.0180 g r a m  -  1.80% a s h

M i c r o d e t e r m i n a t i o n  o p  C a r b o n - H t d r o o e n  a n d  Abh, S a m p l e  B
W EIG H T OF SAMPLE CARBON HYDROGEN ABH

Mg. % % %
4.562 84.62 5.35 2.35
4.971 84.55 5.17 1.85
3.720 85.61 4.96 1.61

Mean 84.93 5.16 1.94
M i c r o d e t e r m i n a t i o n  o p  C a r b o n - H t d r o o e n  a n d  A s h , S a m p l e  C

w e i g h t  o f  s a m p l e  
Mo.

4.392 
3.455 
4.679 
3.458 
4.736 
4.212

c a r b o n

%
84.51
84.35
84.48
84.49
84.50 
84.65

Mean 84.50

HYDROGEN

%
4.71
5.21 
4.42 
5.18 
5.39
5.21 
5.02

A8H

%
2.32
2.08
2.14
2.11
2.18
1.90
2 .12

V o l a t i l e  S c l p u r  a n d  A s h  D e t e r m i n a t i o n , S a m p l e  C 
(Combustion method)

W EIGH T OP SAMPLE SULFUR ABH

Mo. %  %
6.724 2.65 1.99
5.483 2 .63 2.04
5.097 2.56 1.97

Mean 2.61 2.00
M o i8 t o r e  D e t e r m i n a t i o n , S a m p l e  C 

(Pregl drying block) 
d e c r e a s e  i n  w e i g h t  a f t e r  m i n u t e s :

T E M P. W EIGHT OF BAMPLE 20 40 45 60 HjO
° C. Mo. Ma- Mg- %
107 fi 372 0.039 0.045 . . .  0.045 0.84
107 4.925 0.039 0.043 . . .  0.043 0.87
102 3.582 . . .  . . .  0-028 . . .  0.78

Mean 0.83
M o i s t d b e  D e t e r m i n a t i o n , S a m p l e  C 

(Prezl microdeaiccator)
Weight of sample 5-014 mg.
Temperature — 107° C.
Decrease in weight — 0.018 mg, after 5 minutes
Decrease in weight — 0.030 mg. after 20 minutes
Decrease in weight -  0.030 mg. after 45 minutea -  0.60% HiO

M o i s t u r e  D e t e r m i n a t i o n , S a m p l e  C, w i t s  U n i n t e r r u p t e d  D r t i n g  
(Pregl microdesiccator, temp. 107° C.)

W EIG H T OF BAMPLE DECREASE IN  W EIGHT H lO

Mo. Mo- %
7.094 0.041 after 20 min. 0.5S
4.O10 0.022 after 25 min. 0 .55
3 ! 320 0.013 after 45 min. 0.39

The values obtained for carbon on sample C show the complete 
homogeneity of the sample that had been obtained for the 
microanalvses.

The values obtained in the microdeterminations of ash are 
somewhat discordant because of spattering. Since spattering is 
caused by decrepitation of the coal due to its moisture content, 
this effect is diminished by fine grinding and losses in the ash 
determination are smaller in microdeterminations than in macro- 
because the combustion proceeds much more slowly. The mean 
value obtained from the microanalyses is therefore probably 
more accurate than that yielded by the macromethod.

The hydrogen values vary considerably because of the hygro- 
scopieity of the coal. In the above experiments the coal was 
always weighed in an open boat. If somewhat more time was 
used and Pregl’s stoppered weighing tube employed, a greater 
constancy of hydrogen values would undoubtedly be obtained. 
In practice one would combine the moisture determination with 
the carbon-hydrogen determination and thus burn the dried 
coal. Reabsorption of moisture would be excluded by using 
microanalytical technic, for the dried sample would be put 
directly into the glass-stoppered weighing tube while still hot, 
and exposed to the outside atmosphere for only a few seconds 
while being transferred to the combustion tube.

Using Pregl’s microdesiccator for the determination of mois
ture and drying at 107° C. for 20 minutes in a partial vacuum 
gives results which are about 0.2 per cent low. That this is due 
to oxidation of the sample by the small amount of air which 
passes over it is confirmed by the fact that uninterrupted drying 
in this apparatus for 45 minutes gives results about 0.4 per cent 
low. More rapid and accurate results would be obtained by 
passing an inert gas, such as carbon dioxide or nitrogen, over 
the sample in place of air.

For the sake of speed and convenience the determination of 
sulfur could be made aeidimetrically, rather than gravimetrically, 
by titrating the solution obtained from the combustion. If one 
used Pregl’s procedure the results would not be absolutely 
precise, owing to the presence of nitrogen (and possibly halogens) 
in the coal, but might be sufficiently precise for certain cases. 
By using Friedrich’s method (11) precise results can be obtained 
titrimetrically despite the presence of these elements.

The determination of carbon, hydrogen, and ash can be 
made in 45 minutes with a little practice. No special precautions 
need be taken in the combustion of coal. The small sample is 
rapidly gasified and then almost nothing but carbon remains and 
one can proceed with the movable burner directly under the boat, 
because in the reaction C +  O, =  CO, there is no volume change 
in the gas phase and no danger of a backing-up of the gas with 
subsequent cessation or back-flow of the bubble-counter.

The determination of sulfur, volumetrically, coupled with an 
ash determination requires about 2 hours, of which 1.25 hours 
represents actual working time. Determination of moisture, 
using the drying block, requires 45 minutes but only 25 minutes 
if one uses the microdesiccator. Thus a complete ultimate 
analysis of coal, plus moisture and ash determinations, requires 
but 3 or 4 hours. The time per analysis is further shortened if a 
series of analyses is made.

S a m p l in g  I n d u s t r i a l  M a t e r i a l s  f o r  M i c r o a n a l y s i s

Lucas and Grassner (16) state that the results of analysis 
on 10-mg. coal samples are the same as those obtained with 
twenty times this amount in a macroanalysis and that no 
special sampling is required for microanalytical determina
tions. The final 125-gram sample, which is taken in a 
definite way, is finely ground and sieved through a metal 
sieve having 1600 meshes per square centimeter (about 
100  meshes per inch), so that a dust-fine, homogeneous 
powder is obtained. Table II illustrates the excellent agree
ment obtained.

T a b l e  II. C o m p a r a t iv e  D e t e r m in a t io n s

C o a l

Run of mine 
Nut
Anthracite 
Mid-German brown 
Humus 
Lignite

Strebinger and Radlberger (23) carried out microanalyses 
on coal as a test of the possibility of getting a homogeneous

M a c r o b a m p l e M i c r o b a m p l e
( A p p r o x . 200 m o .) ( A p p r o x . 10 m o .)

Carbon Hydrogen Carbon Hydrogen
% % % %

77.94 4.28 77.82 4.17
82.59 4.67 82.49 4.64
81.20 4.30 81.33 4.26
59.44 6.28 59.26 0.29
50.18 5.22 50.20 5.41
41.90 5.81 41.86 5.85



representative sample from a nonhomogeneous material. 
Even in macroanalysis the sample taken for analysis is 
usually representative of many tons and is made homogeneous 
by pulverizing. Any inorganic impurities which are present 
and not uniformly distributed will cause large errors whether 
3 mg. or 0.3 gram are weighed. One must thus proceed in 
the same way for preparing samples for either macro- or 
microanalyscs and the sample must be thoroughly pulverized 
in an agate mortar. Comparative results on different types 
of coal are given below.

T a b l e  III. C o m p a r a t iv e  D e t e r m in a t io n s

----------------- M a c r o s a m p l e -----------------. .---------- ;— M i c r o s a m p l e ---------------- »
Coal Carbon Hydrogen Ash HiO Carbon Hydrogen Ash HiO

% % % % % % % %
Brown 41.01 3.60 0.3S 25.80 41.33 3 .58  6.21 25.92
Russian I 52.26 6.75 13.39 16.13 52.40 6.77 13.50 16.27
Russian II 67.50 4.81 3.97 11.81 67.76 4.67 4.02 11.97

The results agree satisfactorily and because of the great 
advantages of the micromethod the authors decide in favor 
of it.

Strebinger and Radlberger also made comparative micro- 
and macroanalyses on two other industrial materials, nickel 
in a nickel steel and sulfur in pyrites; satisfactory agree
ment was obtained by the two methods. In the macro
analysis of the steel, because of its low nickel content, 20  
grams were used, whereas 10  mg. sufficed for the micro
analysis.

For a theoretical discussion of sampling for microanalysis, 
see Mika {IS) and Baule and Benedetti-Pichler (I).

A d v a n t a g e s  o f  M i c r o a n a l y t i c a l  M e t h o d s  t o  I n d u s t r y

E c o n o m y  o f  M a t e r i a l s .  Goubau {!.)) points out that one 
of the principal advantages of microchemical methods is that 
they use very small amounts of material. This advantage, 
of little importance in ordinary industrial analysis, may be 
very important in industrial laboratories dealing with bio
logical, mineralogical, or organic products. Very often 
in a research one obtains a very small amount of a sub
stance which is not sufficient for analysis using macro
methods. Micromethods may be the deciding factor in the 
success of the research and, for this reason alone, deserve a 
place in all scientific, research, and industrial laboratories. 
Von Braun {5) stresses the importance of the saving of valu
able materials, particularly at the present time when organic 
chemistry is working farther into the field of biochemical 
processes where the investigator often has a minimum 
amount of exceedingly valuable substance isolated from 
plant or animal bodies. Thus, a series of valuable investiga
tions, such as those of Wieland on toad poisons, or Levene 
on nucleic acids, or work dealing with enzymes, hormones, 
vitamins, etc., would probably have not been possible without 
the aid of microchemical methods of analysis.

An illustration of the economy of microchemical analysis 
is cited by Cornwell {9): A certain company required an analysis 
on a substance worth S5000 per gram, only 0.3 gram being avail
able. A macrodetermination of carbon and hydrogen would 
completely destroy 0.2 gram having a value of SI000. A micro
determination would use but 2 mg. worth but $10. Flaschen- 
trager {10) estimated that he and his co-workers, in the period 
from 1920 to 1926, made 3000 carbon-hydrogen, 1000 nitrogen, 
200 halogen, sulfur, and methoxyl, and 500 residue microdeter
minations. Cornwell, assuming a 0.2-gram sample for each 
macrodetermination, calculates that 940 grams of material 
would have been burned in the making of these 4700 analyses 
by macromethods, whereas, assuming an average of 2-mg. 
samples for each microanalysis, only 9.4 grams were destroyed. 
If smaller samples are used, other materials—gas or electricity, 
tap and distilled water, reagents, etc.—will be reduced pro
portionately and there is also a considerable saving of space.

Microchemical methods also permit working safely with 
extremely explosive substances. Thus, Riesenfeld and
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Schwab {21) jvere able to make a complete study of very 
pure ozone, using but a few milligrams. Working with large 
amounts would have been very dangerous.

The economy of reagents is very great, usually requiring 
from one-tenth to one-hundredth the amount necessary for a 
macrodetermination.

Using microtechnic and a Schwarz-Bergkampf filtering beaker, 
Benedetti-Pichler (3) made a single nickel determination in 1 
hour, of which but 0.5 hour was actual working time. Less 
time per analysis would be necessary if a series was made. 
Only 5 mg. of dimethylglyoxime and 0.5 cc. of absolute alcohol 
were necessary, which is approximately one-hundredth that 
required for a macroanalysis. The precision of this method is 
attested by the fact that Schwarz-Bergkampf, using 1 to 1.5 
mg. of nickel ammonium sulfate, got the following results in five 
analyses: 14.72, 14.85, 15.07, 14.78, and 14.63 per cent of 
nickel; mean, 14.81; theory, 14.86 per cent.

Because of the economy of reagents it is permissible to 
use precious substances such as platinum or palladium salts, 
smaller apparatus is used, and the expense due to breakage 
is less. This also permits the more general use of platinum 
apparatus, so that errors due to inclusion of soluble portions 
of glass, etc., in precipitates are avoided, making the deter
minations more precise.

To illustrate comparative costs of apparatus for micro- and 
macrowork, Pichler discusses Pregl’s electrolytic copper deter
mination. For the microdetermination the electrolysis is carried 
out in a small test tube. The platinum wire gauze cathode and 
platinum wire anode, if of heavy construction, weigh but 2 
grams, while the macroelectrodes total 16 to 18 grams. Elec- 
trolyzing 4 to 5 cc. of a sulfuric acid solution requires 10 to 20 
minutes for quantitative deposition. With one stand and two 
pairs of electrodes (4 grams of platinum), one analyst could 
make 30 microdeterminations of copper in 10 hours. To make the 
same number of macrodeterminations in the same time would 
require at least six pairs of electrodes (100 to 110 grams of 
platinum).

E c o n o m y  o f  T im e . This is one of the most important 
advantages of micromethods. The determination of carbon, 
hydrogen, and nitrogen by macromethods represents nearly 
a day’s work, whereas the same determinations can be made 
microanalytically in 1.5 to 2 hours.

Fiaschentrager {10) states that the normal day’s work for an 
experienced inicroanalyst is eight carbon-hydrogen and four 
nitrogen determinations. Meixner and Krocker {17) state that 
in their laboratory a carbon-hydrogen determination requires 
50 to 55 minutes (which confirms Pregl’s estimate), but that one 
analyst cannot make eight determinations in an 8.5-hour day 
if he has to pulverize and dry the samples to constant weight 
before each analysis.

The micro-Kjeldahl method requires about 5 to 15 minutes 
for complete digestion and only 4 minutes for distillation of the 
ammonia; a single determination can be made in less than a 
half-hour, the time factor becoming more favorable if a series of 
analyses is conducted at one time. Bermann (4) points out the 
advantage of this micromethod over other methods, under 
actual technical conditions. He used barley, yeast, and molasses, 
all of which differ considerably and show the practicability of the 
method. Here also, the contention that a few milligrams of sub
stance cannot be a representative sample of a large amount of 
material was disproved. Comparative results obtained from the 
two methods (macro and micro) differed by but 0.03 to 0.04 
per cent.

From the practical standpoint Bermann claims that one can 
make eight microdeterminations of nitrogen in the same time, 
with the same precision and with only one-tenth the reagents 
necessary to make one macrodetcrminntion. From the scientific 
standpoint the microdetermination of nitrogen is very important 
to the fermentation industry because it opens up possibilities 
which are not attainable by macromethods—for example, a 
study of the morphological elements of the barley seed, the 
change in the nitrogen content during germination, etc., which 
can be studied with a single granule. Technically, the method 
is important because of its great speed which makes it possible 
to change the mash ratios immediately and while the fermenta
tion proceeds.
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The micro-Dumas method for nitrogen, using a 1- to 4-mg. 
sample, can be made in 1 to 1.25 hours, including weighings, 
and is more accurate than the macromethod. In the latter 
method correct results were due to fortuitous compensation of 
errors, whereas the mieromethod is rational. The refinements, 
discovered during the establishment of the method, include an 
exact definition of combustion velocity as measured by the 
number of gas bubbles per second, improvement in the prepara
tion of air-free carbon dioxide, and finally placing the reduced 
copper section in the middle of the tube rather than at the end. 
Pregl showed that glowing copper, especially if impure, reduced 
carbon dioxide to carbon monoxide, causing the nitrogen values 
to be too high. By. having the reduced copper layer followed by 
copper oxide at the proper temperature this error was removed.

For the determination of halogens and sulfur the micro
combustion method is advantageous if one wishes to get a single 
result quickly, requiring about 1.5 to 2 hours, of which about 
one-half is actual working time. If the volumetric determination 
is substituted for the gravimetric there is a still greater saving 
of time and the tedious filtration of the small amounts of pre
cipitate is avoided as well as the elimination of two weighings 
of the filter tube, microcrucible, or filter stick and crucible. 
For a series of determinations of halogens or sulfur the micro- 
Carius method is probably best, since several tubes may be 

laced in the bomb furnace at once. An average of about 4 
ours’ heating is necessary for complete decomposition, compared 

to 8 to 24 hours for macrosamples; the micromethod has the 
advantage also that the small tubes can be rapidly brought to 
275° to 300° C. in the furnace and rapidly cooled again to room 
temperature, whereas this occupies considerable time in the 
macro-Carius method. The danger of explosion of these small 
pressure tubes with resulting injury to the analyst is nil.

The other determinations, such as microcarboxyl, methoxyl, 
ethoxyl, acetyl, etc., are similarly rapid when compared with the 
corresponding macromethods.

The advantage of rapidity coupled with precision is 
especially great in an industrial laboratory where a large 
series of analyses is made. The rapidity in getting results 
enables a process operator to know, during the progress of 
his process, just what is going on and, if necessary, to make 
rapid corrections as suggested by the analysis.

E x p e r i e n c e s  o f  V a r i o u s  L a b o r a t o r i e s

Meixner and Kröcker (17) state that the I. G. plant at 
Höchst a /M  chose microanalytical methods because of their 
certainty, precision, and economy of materials. Grassner 
(15) points out that microchemical methods first gradually 
extended from university laboratories to medico-chemical 
laboratories of the pharmaceutical industries where they 
were applied in the scientific investigation of medicináis. 
Later microanalysis went into the chemical-technical re
search laboratories of industry where it was at first skeptically 
received. However, it proved of value to industry and is 
used in an increasing circle of chemical-technical investiga
tions. These methods are used in industries where there is 
no shortage of material, because of the economy of space, 
energy, and time and because of their increased precision. 
They are also most useful in searching for “ traces”  in in
dustrial products. In the I. G. chemical-technical research 
laboratory quantitative organic microanalysis was introduced 
in 1922 and is used almost exclusively.

Microchemistry as an industrial economy has been dis
cussed by Gesell and Dittmar (13), who state that one of the 
chief factors in the cost of chemicals is the cost of control 
and a reduction of this item by means of the practical appli
cation of microchemical methods seems promising. Three 
serious difficulties are: The assumption that specialized 
workers are necessary and that the average analyst is not 
capable of adapting himself to methods using smaller quanti
ties of material where the factor of error would be greater; 
the difficulty of sampling for microchemical methods; and 
the difficulty of obtaining equipment not too complicated 
nor too delicate for practical purposes. Experience has shown 
that these are easily overcome. The average, capable, in-
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telligent analyst can easily adapt himself to microtechnic; 
representative samples can be obtained if proper precautions 
are taken; and, finally, the equipment is easily obtainable 
and no more complicated or fragile than ordinary apparatus. 
Gesell and Dittmar present data on parallel macro- and 
semi-microanalyses on the same materials involving ash, 
Kjeldahl, and residue determinations, and conclude that 
microchemical methods would effect marked economy in the 
cost of analytical control. They estimate that in large con
cerns, ■where the laboratory costs run between §2 0 ,0 0 0  and 
§100,000 per year, a saving of 50 to 60 per cent could be 
effected.

Goubau (14) points out certain disadvantages of micro
chemical methods, which necessitate meticulous, painstaking 
technic, not always applicable in an ordinary laboratory. 
However, Pichler states that microchemical methods require 
no special ability on the part of the analyst. It is true that the 
microchemical balance is a very sensitive instrument which 
must be handled delicately to yield good results and have a 
long life, but the technic of weighing with it and of cleaning it 
at definite intervals is very easily learned.

Gault and Nicloux (12) discuss the analysis of some bi
tuminous minerals submitted to the petroleum laboratory 
of the University of Strasbourg. These samples contained 
only 11 to 30 per cent of carbon and 1.7 to 3.0 per cent of 
hydrogen. To get satisfactory maeroresults the combustion 
had to be conducted for 4 to 5 hours; for satisfactory micro
results, because of the low percentage of hydrogen present, 
samples weighing 15 to 20 mg. were used, the combustion 
requiring but 50 to 60 minutes. The following data show 
comparative results on the same samples:

T a b l e  IV. C o m p a r a t iv e  R e s u l t s  o n  S a m e  S a m p l e s

✓—M  ACROANALT818— » ✓— M i c r o a n a l y s i s —%
S a m p l e Carbon Hydrogen Carbon Hydrogen

% % % %
1 24.60 3.68 25.15 3.65
2 11.02 1.45 11.27 1.53
3 21.80 2.29 22.27 2.38
4 23.63 2.65 23.70 2.73
5 14.05 1.82 14.57 1.85
0 29.94 3.18 29.90 3.21
7 10.50 1.C0 16.98 1.83

The authors conclude that micromethods are not only
more simple and rapid but are more exact and more general 
than macromethods. Pregl’s methods can also be extended 
to the analysis of fuels in general.

In a recent article Clark (7) points out that Pregl’s micro
methods are as accurate as standard methods and, aside from 
the economy of material, they require less time, reagents, and 
space for the execution of the work and are preferred even 
when a plentiful supply of material to be analyzed is available. 
Adoption of micromethods is not confined to research labo
ratories but routine and control laboratories are also using 
these methods with an appreciable saving in financial upkeep.

However, the change from macro- to micromethods in 
routine and control work has not been as general as appears 
warranted. To overcome the arguments often directed 
against Pregl’s methods—namely, that for routine and control 
work the technic of this system demands too high a degree 
of analytical skill, the work tends to become tedious, and a 
special laboratory must be used—Clark recommends a semi
micromethod using samples ranging from 5 to 25 mg. and 
claims that requirements as to details, laboratory conditions, 
balances, etc., are not nearly so exacting as those imposed by 
the microsystem but possess the other advantages as to 
economy of time, space, and reagents.

In numerous cases cited in the literature increasing the 
size of the sample is recommended to make the results surer 
and the technic simpler. Probably the foremost advocate 
of the semi-micromethod is J. Dubsky. However, Pregl has
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stated (20) that the advantages claimed for the increase 
in the size of the sample are questionable. Scholler has also 
pointed out (22) that beginners often attempt to make 
the work easier by increasing the size of the sample. How
ever, with careful weighing, errors in technic do not occur 
during weighing but rather are due to incomplete combustion, 
and the probability of error is considerably increased by 
enlarging the size of the sample. One of the most important 
advantages of the micromethod is immediately lost by in
creasing the size of the sample used in the analysis.

No special skill is required to master the technic of the 
micromethods as devised by Pregl. There is also probably 
little to choose between the tediousness of the micromethod 
compared to the semi-micro- or the macromethod; but since 
the micromethod is more rapid than either of the other two 
methods the long extended waiting periods for reactions 
or processes to complete themselves are very much shortened. 
For ordinary routine analyses no special room is necessary 
for use as a microanalytical laboratory. Some care must be 
used in the selection of a proper place for the microbalance 
as is also advisable in case of a high-grade analytical balance. 
The room in which analyses are carried out should be as free 
as possible from dust, corrosive fumes, and organic vapors, 
but these same conditions should apply, in general, to an 
ordinary analytical laboratory.

It is not to be implied that micromethods must, of necessity, 
ultimately completely replace macromethods; the two 
methods should be used together. Working with small 
quantities increases our knowledge of the errors in macro
processes and often points the way to new methods. Clarke
(8) states that the microanalytical group, in addition to its 
obvious function of performing analyses on samples too small 
for macrochemical attack, is also charged with the task of 
subjecting to critical scrutiny the methods employed in the 
general laboratory, with a view towards incorporating into 
these methods any points of technic derived from microanaly
sis that will reduce the time required for their performance 
or increase their precision.

The substitution of micro- for macromethods will occur 
only where it is found that the former are better suited to the 
particular needs and conditions of a given laboratory. Like
wise, microchemistry need not be considered as a special field 
but rather as a supplement to macrochemistry. It is im
possible to deny the value of micromethods to both the 
scientific and industrial laboratory, for microanalysis today 
is one of the indispensable tools of research and has already 
rendered much valuable service in many branches of science. 
Industry would be making a mistake if it too did not take 
advantage of the aid microchemical methods can offer in the 
solution of its problems.

E x p e r i e n c e  o f  C o a l  R e s e a r c h  L a b o r a t o r y

Experience in the Coal Research Laboratory confirms the 
statements concerning the precision, speed, and economy 
of microchemical methods.

LJThe sample of bituminous coal which all units of the laboratory 
are investigating has been analyzed by Silbert, using samples 
of various particle size. After pulverizing thoroughly in an agate 
mortar these samples were analyzed and the following data 
(Table V) show that there is no difficulty in getting a representa
tive sample for microanalysis, for results satisfactorily check those 
reported by the Bureau of Mines for the same coal and are, of 
course, made with much greater speed and economy of reagents 
and materials.

The considerable difference in the values obtained for ash and 
moisture are not unexpected and are accounted for by the fact 
that the samples were prepared in another department by 
grinding in a rod mill in a current of natural gas. Such treatment 
would fend to raise the ash content of the sample and diminish 
the moisture content. On a moisture- and ash-free basis, how
ever, the checks are satisfactory. Table VI shows the excellent

checks which are obtainable on the same sample (4 to 8 mesh) 
in the determination of carbon-hydrogen, nitrogen, sulfur, and 
ash, which proves the sample to be homogeneous.

T a b l e  V. A n a ly s i s  o f  C o a l  S a m p le  f r o m  E d e n b o iin  M in e
M ois- Car- H ydro N itro- Oxy - SuL-

Sample turb Ash bon g e n g e n GEN rua
%  %  % % % % %

BU REAU  OF MINES ANALYSIS
As received 1.9  7 .5  77.4 5.2 1:6 7 .3 1.0
Moisture-ash free . .  . .  85.5 5 .5 1.8 6.1 1.1

COAL RESEARCH  LABO RATO RY M ICROANALYSIS
4-8 Mesh° »

As received 1.19 8 .30  77.27 5.25 1.60 6.59 0.99
Moisture-ash free . .  . .  85.38 5.57 1.77 6.19 1.09

16-20 Mesh b
As received 1.01 7 .48  78.26 5.25 1.63 6.40 0.98
Moisture-ash free . .  . .  85.52 5.55 1.78 6.07 1.08

60-80 Mesh*
As received 1.12 8 .30  77.39 5.32 1.61 6.41 0.97
Moisture-ash free . .  . .  85.44 5.67 1.78 6.04 1.07

° Results are mean of 5 determinations. 
b Results are mean of 3 determinations.

T a b l e  VI. C h e c k  D e t e r m in a t io n s

M o i s  C a r  H y d r o  N i t r o  O x y  S u l
S a m p l e t u r e A s h b o n g e n g e n g e n f u r

% % % % % % %
As received 1.19 8.31 77.19 5.28 1.55 5.48 1.00
Moisture-ash free 85.32 5.61 1.71 6.26 1.10

As received 1.19 8.31 77.28 5.24 1.58
Moisture-ash free 85.39 5.57 1.74

As received 1.19 8.32 77.27 5.21 1.61 5.40 0.99
Moisture-ash free •• •• 85.40 5.53 1.79 6.19 1.09

As received 1.19 8.29 77.32 5.30 1.64
Moisture-ash free 85.41 5.63 1.81

As received 1.19 8.29 77.30 5.21 1.61 5.42 0.98
Moisture-ash free . . 85.39 5.53 1.78 6.22 1.08

Analyses have also been made on a wide variety of products 
isolated by the various units of the laboratory, and on gas gums 
furnished by the research laboratory of the Koppers Company. 
The formation of these gums at small orifices (pilot burner tips) was 
a great annoyance, as it led to the extinction of the pilot light with 
the resulting danger of asphyxiation or explosion. The accumu
lation of even a few milligrams of these gums requires several 
weeks and the amount of time necessary to collect 0.2 gram, 
the amount needed for an ordinary macroanalysis, can be readily 
calculated. This represents a case where there is not only a 
saving in the time for the actual conduct of the analysis but a 
tremendous saving in time in the collection of a sample of suit
able size for analysis.

C o n c l u s io n

In general, American chemists have been slow to realize 
the advantages to be gamed by the use of microanalytical 
methods, not only in industrial laboratories but also in uni
versity and scientific laboratories. European laboratories 
adopted micromethods shortly after the first work of Pregl 
appeared; practically every university and technical institute 
has its microanalytical laboratory, and European industrial 
laboratories have also widely adopted these methods. Some 
progress has been made in this direction in this country, 
however, as judged by American scientific and industrial 
journals which are reporting an increasing number of micro
analyses.

The advantages of microchemical methods are so numerous 
and so obvious that their general adoption in American 
laboratories is certain to occur. Those laboratories which 
postpone their adoption are losing an opportunity to save 
time, energy, and money. Now, when economy is almost 
a world religion, would seem to be an ideal time in which 
to introduce these methods generally into American labo
ratories.
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Apparatus for Microanalysis of Gas

THE need for a 
d e v ice  for mi
croanalysis of a 

large num ber of gas 
sam ples led to  the 
design of the appara
tus herein  described.
It is intended  to be 
easily constructed, con
venient, and simple to 
operate, and to elimi
nate much of the time
consuming tediousness 
so o f t en  present in 
both micro- and macro
methods. The method 
is identical in principle 
with that of Blacet and 
Leighton (1 ) and the 
same accuracy is at
ta ined .  It differs in 
the me chanica l  ar
rangement of the essen
tial parts and in the 
mode of opera t i on .
Two sets are in use in 
the authors’ laboratories and have been found satisfactory.

The advantages of the arrangement lie in the use of a hori
zontal capillary buret instead of the vertical type used by 
Reeve (5), Christianson (3, 4), and Blacet and Leighton (1), 
and in the use of separate lever mechanisms for convenient 
introduction of the various solid reagents into the gas. The 
horizontal buret has several distinct advantages. It permits 
the tip of the buret to be quickly and easily raised into the 
gas containers with the fingers. It eliminates the tendency 
to leak because there is no pressure on the rubber pouch due 
to a column of mercury. Readings may be made in any sec
tion of the buret, as the pressure is not changed by the posi
tion of the gas. A trap is not needed to protect the buret from 
bits of sealing wax, gas bubbles, etc. These impurities float 
to the top, whereas the outlet into the buret is on the side. 
The customary trap or enlargement at the end of the buret 
to guard against loss of gas into the rubber pouch will not 
work in a horizontal position. A piece of large capillary 
tubing may be inserted instead, reserving the last fourth of 
the buret for this protection.

A p p a r a t u s

Figure 1 is the plan of the apparatus drawn to scale. 
The parts are mounted on a moderately heavy board, such

as 1.25 X  12 inches 
X  2.5 feet ,  which  
s tands on r u b b e r 
headed tacks for legs to 
prevent sliding on the 
table.

The solid reagents, 
or beads, must be kept 
submerged in mercury 
when not in use and 
must n ot touch  the 
walls or bottom of the 
inverted gas container 
while being used (5). 
T o  move the beads 
accurately and quickly 
they and their accom
panying glass supports 
are attached to levers. 
This gives each bead a 
path of motion along 
an arc which is prac
tically a straight line. 
If the level of the center 
is that of the midpoint 
of the arc, the lateral 

motion will be a minimum. For 1 inch (2.5 cm.) of vertical 
motion the lateral motion d is given as a function of the radius 
r by the expression

d »  T -  V r 1 -  0.25

For a radius of 2 inches (5 cm.) the lateral deviation is 
about 0.0625 inch (0.16 cm.), and any greater radius would 
allow only a negligible lateral motion.

Figure 1 shows the top view of the levers each carrying a 
bead and glass support. The glass supports are curved sq  
that their proximity to each other does not interfere with 
their motion about the center at H. A thin sheet of brass is 
soldered to the lever at I to give friction. Obviously the 
bead must be placed in the gas with some precision: it must 
be well up into the gas space but must not touch the top of 
the tube. If the levers had been made straight, any rotary 
motion about the line HJ, as by twisting at J while adjusting 
the position of the bead, would make this adjustment more 
difficult and inaccurate in the event that the bearing at H 
was not well fitted. To reduce this effect the levers are 
bent as shown in Figure 1 to bring the bead nearer in line with 
the movable end J and the pivot H.

The tip of the buret is raised up into the gas containers by 
rotating the whole buret about its axis. This motion is con-

J. S. S w e a r in g e n , O t t o  G e rb e s , an d  E. W. E l l i s ,  University of Texas, Austin, Texas
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veniently and accurately produced by movement with the 
fingers at A, better shown in Figure 2 . The distance from 
the center of rotation to the tip is about 4 inches (10 cm.), 
so the lateral motion here is only about 0.03 inch (0.07 cm.)

The diameter of the buret is determined by balancing two 
opposing factors. If a gas sample is large, too much time is 
required for reaction and, if small, too fine a capillary must 
be used for the buret with consequent excessive sticking of 
the mercury. Probably the optimum dimensions would 
require a capillary 0.5 to 0.7 mm. in diameter. Capillary 
tubes are generally far from uniform in cross section and must 
be carefully calibrated. The authors used Christianson’s 
method (3). The graduated cylinder of a 50-cc. buret serves 
very well for the glass protecting tube C, Figure 1. It fur
nishes easily readable uniform graduations as well as an air 
jacket for thermal protection. A large water jacket may be 
used but it is generally unnecessary for analyses of short 
duration.

Any of the various devices described in the literature for 
moving the mercury thread should work very well in this 
apparatus. The authors controlled the mercury thread by 
means of a rubber tube inclosed in a metal case similar to the 
pouch and barrel of a fountain pen. The thumbscrew B, 
Figure 1, is used to compress the pouch. The metal case is 
rigidly sealed to the protecting tube C with sealing wax.

Again looking at Figure 1, three marks or graduations 
may be seen on the knob or dial indicated by K  and four 
marks corresponding to the position for the buret and to 
positions for the three beads may be seen on the plate L 
fitting up to this dial. These are for setting the gas container 
assembly in proper position for use of the buret or a reagent 
as the case may be. The gas container support M  is shown 
as a triangular block of iron 0.25 inch (0.62 cm.) thick with 
circular grooves cut at the corners for accommodation of the 
glass gas containers. The latter are held in place by a very 
thin iron band whose ends are both held by the screw at N. 
This iron strap is kept tight by the easily removable arched 
piece of thin clock spring slipped betw'een it and the block 
shown by the heavy dotted line at 0.

A fourth gas container would sometimes be convenient for 
holding extra samples. A fifth space open to the air, through 
which to examine a bead or to empty the buret, would also 
be a convenience. In the authors’ apparatus there is barely 
room on the side of the triangular block for this purpose.

Gas samples are stored and transferred by means of suit
able capillary pipets, having the same ground tip and shape

as the bent portion of the capillary buret with one change. 
The capillary pipet comes up 1 inch (2.5 cm.) higher than at 
A, Figure 2 , and is then bent down and enlarged for a short 
distance to give the necessary volume. A strong medicine 
dropper bulb or a plugged piece of flexible rubber tubing is 
attached to the end of this enlarged portion. The operation 
of the pipet is similar to that of the buret.

K e a g e n t s

The reagents for oxygen and ammonia as found in the 
literature—yellow phosphorus and moistened phosphorus 
pentoxide, respectively— were found to be very slow and the 
following improvements are recommended: In preparing the 
phosphorus bead for oxygen, extreme care must be exercised 
to have it dry because a film of phosphoric acid may increase 
the time required for reaction as much as a hundred fold. 
By washing the bead in water, then in alcohol, and then dry
ing it in a stream of dry natural gas, the bead may be made 
so active that it reacts almost instantly and will even ignite 
in samples containing much oxygen.

Of several reagents tried, potassium bisulfate was found 
to be by far the most satisfactory for absorbing ammonia. 
The bead formed by dipping the platinum loop into the molten 
salt must be moistened with water and dried in order to leave 
a surface coated with many fine crystals. The reaction is 
very rapid and goes to completion. A bead after having ab
sorbed large quantities of ammonia will not increase the vol
ume of a sample of nitrogen when exposed to it.

It was found that a measurable trace of ammonia will ad
sorb on the walls of the buret. After the ammonia has been 
adsorbed, if the sample is drawm back into the buret most of 
this adsorbed ammonia leaves the walls and may be removed 
by a second exposure to the bead. Careful cleaning of the 
buret reduces this adsorption but does not eliminate it.

Liquid reagents such as concentrated sulfuric acid may be 
used with some degree of success if contained in a suitable 
porous bead (2). For such a bead, a mixture of 70 per cent 
grog and 30 per cent kaolin was used. The grog, ground po
rous earthenware, was sifted to a uniform size, passing 1 2 0 - and 
retained on 140-mesh screen. The kaolin should pass 200- 
mesh. The consistency of the mixture should be such as 
to allow it to be dipped up with the platinum wire loop if 
a smooth surface is to be expected. Only a few minutes’ 
heating in a Fischer burner flame is necessary to bake the 
bead.

This apparatus is inexpensive, is far less subject to dis
aster than an Orsat or Burrell, and requires but a fraction 
of the time to conduct an analysis, yet accuracy is not sacri
ficed. The operator may sit at a table while conducting 
analyses.
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Determination of Rubber in Rubber-Bearing 
Plants

D. S p e n ce  an d  M. L. C a ld w e l l ,  Carmel, Calif.

THE determination of the true rubber content of both 
raw and manufactured rubber has been the subject of 
extensive investigation. Search has failed to reveal 

any corresponding record covering studies applicable to rub
ber-bearing plants. The authors’ investigations, covering 
such methods as have been published, demonstrate their inac
curacy and inadequacy for practical use. There has never 
been published, as far as the authors have been able to deter
mine, any thorough, systematic study of the factors which 
determine the value and accuracy of any method for the 
quantitative determination of the pure caoutchouc contained 
in a given specimen of plant tissue.

The work embodied in the present communication was 
undertaken as an essential step towards the solution of some 
of the complex problems in the production of rubber from the 
guayule shrub. Without some method for determining with 
completeness and accuracy in terms of pure caoutchouc1 the 
value of any given sample it would have been fruitless to 
proceed to studies of the metabolism of the plant. The 
equally important problems in the control of commercial 
operations, both in field and factory, hinged at the outset on 
the development of an accurate means to determine the rub
ber content of the plant.

The authors’ method, while primarily developed for the 
analysis of guayule, has been applied with success to the in
vestigation of other rubber-producing plants. The difficul
ties encountered and overcome in developing the method for 
guayule shrub are no different from those which will arise, 
to a greater or less extent, in the investigation of rubber- 
bearing plants in general. The authors are indebted to the 
Intercontinental Rubber Company for permission to make 
public the results of two years of intensive study of this prob
lem. _

At the outset the investigation was limited to methods in
volving solvent extraction of the rubber from the plant tissue 
and the direct gravimetric determination of the product. 
Past experience of the senior author in this field had conclu
sively demonstrated inherent inaccuracies and uncertainties 
in alternative methods, such as the determination of the 
Tubber as tetrabromide.

F a c t o r s  A f f e c t i n g  A c c u r a c y

From the results of study of existing methods it became 
evident that the problem of the complete extraction of the rub
ber hydrocarbon from vegetable tissue was not nearly as simple 
as it might seem (2, S, 5, 6). The methods described in the 
literature (7 , 7) resulted either in incomplete extraction with 
losses from one source or another, or in contamination of the 
extracted rubber by impurities present in the raw material. 
The alcohol precipitation method of Fox (I), for example, 
was found to give, with guayule shrub, films contaminated in 
some instances with as much as 25 per cent of benzene-in
soluble impurities. Furthermore, some of the most important 
factors affecting the accuracy of rubber determinations as 
applied to plant products have been entirely overlooked. 
Among those of major importance are:

1 The terma “ pure caoutchouc“  or “ pure rubber" used throughout refer 
to  the ultimate product of analysis which not only resembles rubber in all 
its physical characteristics but also bears the empirical formula (Ci!Ti)a, 
as determined by analysis.

Respiration changes occurring in the plant tissue after harvest
ing and before analysis.

The influence of colloidal, protective materials in the plant 
structure upon the extraction of the rubber.

The effect of the type of rubber solvent used.
The oxidation which occurs during the drying of films of ex

tracted rubber.

Much attention has been directed by Hall and Goodspeed
(2 ), Fox (1), and others to the influence of fine grinding of the 
sample upon the completeness of extraction. In the authors’ 
early work considerable time was devoted to an investiga
tion of this question. Later, however, they were able to 
show that the degree of fineness of grinding of the material 
for analysis is of relatively minor importance when account 
is taken of other factors, more particularly of the breaking 
down and removal of the protective colloids before extraction 
of the pure rubber. The finest of grinding is no substitute 
for this.

That changes are continually going on in plant products 
after harvesting is generally recognized. In some fields these 
changes have been studied in great detail and are of the ut
most importance, but in the handling of rubber-bearing 
plants for analysis they have apparently been overlooked. 
Many of the anomalous results of past analyses may be 
traced, without doubt, to the failure to appreciate the extent 
of such respiration changes.

The evolution of carbon dioxide and water vapor, with 
consequent loss of dry weight, which takes place in the ordi
nary course of respiration in plant products stored under 
favorable conditions, results in fictitiously high values for the 
rubber content of the parent material. Losses of more than 
15 per cent in the dry weight of the original material have 
been found to occur in the few days elapsed between pulling 
and analysis of guayule shrub.

This emphasizes the necessity for careful storage prior to 
analysis. The authors’ studies have shown that desiccation 
to less than 9 per cent moisture content or storage of the 
freshly ground material, ready for analysis, in tightly packed 
and stoppered jars, is an effective means for preventing this 
loss in weight.

In addition to the apparent increase in rubber in the sample, 
brought about by the more or less rapid disappearance of 
materials other than rubber by decomposition in storage, 
there may be a real increase in the amount of rubber extracted 
by the published methods of analysis from shrub in which 
such changes have taken place. But this, again, is due en
tirely to the inadequacy of the analytical methods in use. 
These methods have not taken into account the influence of 
materials present in the plant which seriously interfere with 
the extraction of the rubber itself. The decomposition of 
these plant materials by respiration in storage facilitates the 
subsequent extraction of the rubber by solvents.

It is obvious that if account is not taken of this fact, the rubber 
value of a sample will depend upon the time and conditions of 
storage. This was the situation found in connection with 
guayule. Years of recorded results obtained by the older 
methods of analysis tended to show consistently that the per
centage of rubber in the guayule plant increased by storage after 
harvesting. Similarly, the increase in the rubber content of 
Chrysothamnus plants during storage, reported by Hall and 
Goodspeed (2), will undoubtedly find its true explanation in
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changes and losses in materials other than rubber brought about 
by respiration processes going on in the sample before analysis.

The influence of other plant products (hemicellulose, pec
tins, proteins, etc.) within and without the cell wall upon 
the extractability of the rubber has nowhere been given suf
ficient consideration. Acetone extraction to remove fats, 
resins, etc., has been generally applied. But the authors’ 
studies have shown that the presence of these other materials

F ig u r e  1. R u b b e r  E x t r a c t io n  o f  G u a y u l f . S h r u b

Samples extracted with water and acetone before determination of 
rubber.

has a much more profound influence upon the completeness 
of extraction than the constituents of the acetone extract. 
Mere water leaching, as suggested by Whittlesey' (7), is 
entirely inadequate. A slow hydrolysis in fact occurs during 
the leaching operation, but the complete removal of water- 
soluble materials from the plant by such means is a matter 
of months and quite impossible as a practical matter.

Very drastic treatment is required to break down those 
materials which prevent the complete extraction of the rub
ber itself. Much time was devoted to the study of this prob
lem before a satisfactory method, involving hydrolysis by 
dilute acid under steam pressure, was evolved. Even this is 
insufficient unless followed by a thorough removal of all the 
products of hydrolysis prior to extraction of the rubber.

The results in this connection all tend to show that the 
difficulties in the way of complete extraction of rubber from 
plants are not due, as has been at times thought, to either 
cell wall hindrance or to insoluble modifications of rubber. 
Rather it is the presence of other materials, colloidal in char
acter, which seems to prevent the solution of the rubber. 
This is somewhat analogous to the effect of gelatin in raw 
rubber, 10 per cent of which mechanically incorporated (by 
milling) renders raw rubber very difficult of solution in ben
zene.

The choice of solvent used for rubber extraction has 
generally been left entirely open. The authors’ experience 
has proved, however, that this is a matter of no small im
portance. Carbon tetrachloride is a conspicuous example 
of a solvent which has been widely advertised and much 
recommended for extraction purposes in general because of 
its noninflammability. But the decomposition to which it is 
subject, in the presence of light, makes it entirely unsuitable 
for accurate quantitative work (4). Chlorination of the rub
ber in the process of extraction takes place accompanied by 
the formation of nonvolatile residues from the solvent itself, 
which are an even more serious source of error. The use of 
so-called pure carbon tetrachloride for extraction purposes 
over some period of time resulted in values for the authors’ 
rubber estimations which were never less than 10 and some
times 15 per cent too high.

These same errors are introduced in varying degree by all 
the chlorinated hydrocarbon solvents investigated. With 
the more stable ones, such as dichloroethane, the errors are 
reduced, but in all cases the uncertainty involved makes the 
use of a stable solvent such as benzene strongly recommended.

The universal practice in all published methods of rubber 
determination of this class includes drying the film of ex
tracted rubber in the air. The error due to oxidation of the 
rubber under these conditions has been more or less ignored. 
But such thin films of rubber, being free from the protective 
agents present in the plant, are extremely susceptible to oxi
dation. An increase of more than 10 per cent in the weight 
of a film may easily be due to this source.

Neither vacuum drying nor the use of inert gases offers 
a solution of the difficulty in practical routine work. The 
former is excessively slow and the latter exceedingly cumber
some.

Experience with antioxidants suggested their possible 
application to analytical practice to overcome this difficulty. 
The authors have been able to show that antioxidants of the 
proper type are very effective in preventing the oxidation of 
thin films of pure rubber obtained from plant extracts by 
their method. Very small amounts of dimethyl-p-phenylene- 
diamine, for example, are capable of protecting the rubber 
during the severest overdrying. Added in a standard benzene 
solution to the rubber extract before evaporation, this offers 
a convenient means for eliminating the oxidation error.

It is the authors’ belief that such use of antioxidants in 
analytical procedure should be capable of wide application in 
other fields of research where organic compounds of great 
susceptibility to oxidation are encountered.

With the foregoing major explanations the reasons for the 
various steps in the authors’ method of analysis for rubber- 
bearing plants will be at once clear. Simplification has been 
sought wherever possible without sacrifice of accuracy, but

F ig u r e  2 . R a t e  o f  W a t e r  E x t r a c t io n  o f  G r o u n d  
G u a y u l e  S h r u b

in the case of guayule shrub, attempted short cuts have been 
fatal from the standpoint of complete extraction. Laborious- 
fine grinding has been eliminated. An analysis may be com
pleted in 48 hours and in routine work two men may handle- 
fifty analyses daily.

The accuracy of the method is shown by repeated treat
ments of the extracted residues from the first analysis, which 
fail to show the slightest trace of residual hydrocarbon, at
testing the completeness of extraction; by tests on a large 
number of samples by independent workers, which have given 
results agreeing within 0 .2  per cent; and by the purity of the 
extracted rubber.

That the material extracted from the plant tissue by this- 
method is pure rubber is indicated not merely by its physical
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characteristics (a colorless, transparent, elastic film) but also 
by its chemical reactivity toward sulfur, bromine, etc. The 
figures for analysis (by combustion) of the extracted films 
point clearly to a hydrocarbon of the composition (C*Hs)n of 
India rubber. The rather remarkable absence, in fact, of any 
appreciable amount of oxygen and the complete absence of 
nitrogen in the films of rubber obtained in daily practice from 
guayule shrub make both material and method ready means 
for the preparation of pure, protein-free rubber.

E x p e r i m e n t a l

It should be unnecessary to point out that proper precau
tions to insure a uniform and representative sample precede 
any analytical work. As the authors were confronted with 
sampling problems ranging from two or three irreplaceable 
plants to fields of hundreds of acres, the difficulties in this 
phase of the subject were forcibly impressed upon them. 
The work involved in developing accurate methods which 
would give the true rubber content for such cases has no place 
in the present discussion. It is mentioned merely to empha
size the fact that with variable plant products the method of 
sampling is of equal importance with the subsequent analyti
cal procedure.

P r e p a r a t i o n  o f  S a m p l e

Certain precautions are necessary in the handling of rubber- 
bearing plants if respiration losses are to be prevented where 
there is, for any reason, a delay between harvesting and analy
sis. The importance of this is well illustrated in Table I.
T a b l e  I .  E f f e c t  o f  R e s p ir a t io n  L o ss e s  u p o n  t h e  E x t r a c t - 

a b l e  R u b b e r  in  G u a y u l e  S h r u b

(5-gram samples leached with hot water and acetone, then extracted 24 
hours with benzene)

M ois-
Loss i n  t u r s

D r y  COj Con-
W e i g h t  E v o l v e d  t e n t  R u b b e r

» »  d u r i n g  W h e n  E x t r a c t e d
T r e a t -  A n a -  Actual Original'1 

m e n t  l y z e d  dry basis dry basisT r e a t m e n t  
o f  S h r u b

T i m e  or  T r e a t -  
T r e a t m e n t  m e n t

immedi-Analyzed 
ately

Same, c h o p p e d  
plants kept in 
flask c o v e r e d  
with watch glass 
at room tempera
ture

Chopped plants
kept in flask at 
40® C. and slow 
current of moist 
a ir  p a s s e d
through

-  Kr < .
s h ru b  k e p t  in 
open at room 
temperature .

S a m e  p a c k e d  
tightly in glass- 
stoppered bottle 
and kept at room 
temperature 

F i n e l y  g r o u n d  
shrub, v a cu u m  
dried, k e p t  in 
open jar at room 
temperature 
° After correction for loss in dry weight.

Days % % % % %
None None None 39.5 9.2

9.2
9.2
9.2

4 4.7 Not
deter
mined

42.4 11.0
11.4
11.4

10.5
10.9
10.9

5 16.0 7.2 41.0 14.0
14.1

11.8
11.8

7 1.1 Not
deter
mined

18.8 9 .3
9 .5

9.2
9.4

89 None None 35.3 8.9
9.3

8.9
9.3

89 None None 8.6 9.1
9 .2

9.1
9.2

The differences between the results in the last two col
umns of Table I represent the increase in the per cent of 
rubber resulting from the loss through respiration of non
rubber materials in varying amounts brought about by differ
ent conditions of storage. This table also shows how the 
usual methods of analysis, in which no provision is made for 
the complete removal of all colloidal materials interfering with 
the extraction of the rubber, may give real increases in the 
amount of rubber extracted from shrub stored prior to analy- 

These increases are a function of the respiration changes

as measured by the loss in dry weight of the samples. When 
such elimination of extraction-inhibiting materials is provided 
for in the method of analysis, no increase in rubber is ob
tained by aging, as shown by Table II.

T a b l e  I I .  C o m p a r a t iv e  E f f e c t  o f  R e s p ir a t io n  a n d  S t e a m  
H y d r o l y s is  in  I n c r e a s in g  t h e  E x t r a c t a b il i t y  o f  R u b b e r

T r e a t m e n t  or

f r o m  G u a y u l e  S h r u b

Loss OF 
D r y E x t r a c t e d R u b b e r

W e i g h t Actual Original
S a m p l e  b e f o r e M e t h o d  o f  i n dry dry

A n a l y s i s A n a l y s i s  T r e a t m e n t basis basis
% % %

Analyzed at once Water, acetone, None 
and benzene

10.4 10.4
9.7 9 .7

Same; chopped
extraction 

Same 5.1 12.9 12.3
plants incubated 12.7 12.1
at 40° C. in satu
rated atmosphere 
with slow current 
of air for 7 days.

Analyzed at once Hydrolyzed by None 13.2 13.2
steaming 3 13.3 13.3

Incubated 7 days at

hours at 30 
lbs. pressure, 
then extracted 
as above 

Same 6.4 14.4 13.4
40° C. in slow 14.5 13.5
current of satu
rated air

Same, except hy Same, except in- None 
c u b a t e d  be

13.0 13.0
drolyzed before 
incuDation

13.2 13.2
tw e e n  h y 
drolysis and  
extraction

Acid hydroly
Without sis under steam

hydrolysis pressure
10.1 14.5
10.7 14.4

11.9 14.2
12.3 14.3

12.8 14.1
13.0 14.3

0 .6 None
0 .8

13.6 14.2

s is .

The increasing amounts of rubber extracted from samples 
of increasing fineness by the usual published methods of 
analysis are shown by Table III.

T a b l e  I I I .  E f f e c t  o f  F in e n e s s  o f  G r in d in g  u p o n  t h e  E x 
t r a c t io n  o f  R u b b e r  f r o m  G u a y u l e  S h r u b

(5-gram samples leached with hot water and acetone, then extracted with 
benzene for 24 hours)

B e n z e n e  E x t r a c t  
(Per cent of dry weight

F i n e n e s s  o f  G r i n d i n g

Coarse. Slivers about 9.5 mm. long ranging 
down to pieces 1.6 mm., with many lumps.

Medium. A few slivers 6.4 mm. long but 
most pieces about 3.2 mm. ranging down to 
some very fines. (All pass 14 mesh.) No 
lumps.

Fine. A very few slivers 3.2 mm. long but 
most pass 30 mesh. Some lumps of rubber.

Regrinding. Residue from fine grinding 
above; reground after first analysis until 
all passes 60 mesh.

Total for fine sample, reground, average

Even with the finest grinding practicable with guayule 
shrub, more and more rubber may be removed by increasing 
the time of extraction, as is clearly brought out by Figure 1 . 
But such extremes of fine grinding are unnecessary when the 
proper analytical procedure, involving hydrolysis, is followed, 
as demonstrated by Table III. Moreover, owing to the high 
rubber content of guayule shrub, extremely fine grinding is 
impractical because of the tendency of the rubber to agglomer
ate under mechanical working. For this reason a fineness of 
about 14 mesh which gives a uniform sample has been adopted. 
With other plants of lower rubber content, the hydrolysis 
process will eliminate the tedious grinding to 1 0 0  mesh or 
more which has been recommended.

R e m o v a l  o f  C o l l o i d a l  P r o t e c t i v e  M a t e r i a l s

Ii has already been pointed out that drastic treatment is 
necessary to insure the complete breaking down and removal 
of materials which otherwise interfere with the accuracy and 
completeness of the rubber extraction. The slow hydrolysis
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which goes on in the ordinary water-leaching of guayule 
shrub is shown in Figure 2. The relationship between the 
removal of materials which are water-soluble or which may 
be rendered so and the rubber extracted is brought out by 
Table IV.

T a b l e  IV. R e l a t i o n  b e t w e e n  W a t e r - S o l u b l e  M a t e r i a l  
R e m o v e d  a n d  R u b b e r  E x t r a c t a b l e  f r o m  G u a y u l e  S h r u b

(Acetone extraction 12 hours, benzene extraction 24 hours) 
W a t e r - S o l u 

b l e  M a t e 
r i a l s  R e 

m o v e d  A c e t o n e  B e n z e n e  
( B y  difference) E x t r a c t  E x t r a c t

M e t h o d  o r  R e m o v i n g  
W a t e r - S o l u b l e  M a t e r i a l

% % %
2 hours’ leach with water at 60° C. 6 .2 5.9 8.5

6.0 8.6
3 hours of steaming at 30 lbs. pres 23.1 6.4 8.7

sure (2.1 kg. per sq. cm.) followed 6.6 9 .0
by leaching as above

Steaming as with preceding sample, 30.7 6 .0 9.2
followed by 6 hours of leaching at 6 .3 9 .4
132° C.

Same as preceding, except 1% sul
furic acid used for leaching

49.4 6.9 10.0
7 .0 10.3

All results based on dry weight of sample

the removal of materials which interfere with the extraction 
of the rubber. This has been provided for in the analytical 
method finally adopted by 3 hours of leaching with hot water 
after hydrolysis.

T a b l e  VI. E f f e c t  o f  T im e  a n d  T e m p e r a t u r e  o f  S te a m in g  
o n  E x t r a c t a b i l i t y  o f  R u b b e r  f r o m  G u a y u l e  S h r u b

(All samples treated with boiling 1 per cent sulfuric acid for 3 hours before 
steaming and after steaming extracted with hot water 3 hours, acetone 12 

hours, and benzene 24 hours)
T e m p e r a t u r e T i m e  o f R u b b e r  E x t r a c t
o f  S t e a m i n g S t e a m i n g (Based on dry weight

° C. II our 8 %
None 8 .0 -8 .1

*98 3 10.2-10.4
6 10.0-10.1
9 11.5-11.5

12 11.5-11.7
122 1 10.1-10.3

2 10.0-10.5
3 11.3-11.6
6 11.1-11.4

153 3 11.0 -11 .6
6 11.4-11.5

162 1 11.2 -11 .4
3 11.4-11.5

Some of the studies made to determine the optimum condi
tions of acid concentration, and time and temperature of 
steaming required for complete rubber extraction are shown 
in Tables V and VI. It was from such results as these that 
3 hours of boiling with 1 per cent sulfuric acid followed by 3 
hours of steaming at 1 2 2 ° C. was adopted for the hydrolysis 
treatment in the final method.

T a b l e  V. E f f e c t  o f  A c id  C o n c e n t r a t i o n  a n d  T im e  in  t h e  
H y d r o ly s i s  o f  G u a y u l e  SnRUB P r i o r  t o  R u b b e r  E x t r a c t i o n
(All samples steamed 6 hours at 30 pounds per sq. in. pressure (2.1 kg. per 
sq. cm.) after acid treatment and then extracted with hot water 3 hours, 

acetone 12 hours, and benzene 24 hours)
C o n c e n t r a t i o n  

o r  S u l f u r i c  
A c id

%
None
0 .5
0 .5

1 . 0
1.0
1.0
1.0

2.0
2.0
2.0

3 .0
3.0
3.0

T i m e  o r  
B o i l i n o  

w i t h  A c i d  
Hours 
None 

3 
6
1
2
3

R u b b e r  E x t r a c t e d  
(Based on dry weight of 

sample)
%

S .31-8.74 
9 .44 -9 .47  

10.04-10.11

9 .81 -9 .99
10.63-10.85
10.70-10.90 
10.75-10.88
10.01-10.53
10.62-10.90
10.77-10.95

10.58-10.76
10.70-10.92 
10.68-10.82

That the complete removal of such materials after they 
have been rendered water-soluble is absolutely necessary for 
complete rubber extraction is illustrated by Table VII. 
Clearly it is not only the hydrolysis which is important but

T a b l e  VII. E f f e c t  o f  P r e s e n c e  o f  W a t e r - S o l u b l e  M a 
t e r i a l s  u p o n  E x t r a c t a b i l i t y  o f  R u b b e r  f r o m  G u a y u l e  

S h r u b
(All samples extracted 12 hours with acetone and 24 hours with benzene)

T r e a t m e n t
o f

S a m p l e s

No hydrolysis 
Steam hydrolysis

R u b b e r  E x t r a c t e d  
(Based on dry weight of sample) 

After leaching Without 
3 hours with water

hot water leach
% %

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

C h o ic e  o f  R u b b e r  S o l v e n t

D i f f e r e n c e  
D u e  t o  

R e m o v a l  o f  
W a t e r -  

S o l u b l e s  

%
1

10

The error introduced by the use of such solvents as carbon 
tetrachloride may be clearly seen from Table VIII.

In the decomposition of carbon tetrachloride which takes 
place in the light in the presence of air the odor of carbonyl 
chloride was detected. The chlorination of the rubber pro
duced by the more stable dichloroethane clearly indicates 
the advisability of using benzene as a solvent for accurate 
quantitative work unless the determinations are carried out 
in the dark.

P r e v e n t i o n  o f  O x i d a t i o n

The importance of protecting the rubber after extraction 
against oxidation, during drying, in preparation for weighing 
has been emphasized. The extent of the error introduced by 
the usual air-drying is shown by Table IX  which also illus
trates the way in which dimethyl-p-phenylenediamine may 
be used to overcome this difficulty. Details of procedure

T a b l e  V I I I .  E f f e c t  o f  S o l v e n t  o n  t h e  R u b b e r  V a l u e s  o f  G u a y u l e  S h r u b

(All samples boiled 3 hours with 1 per cent sulfuric acid and Bteamed 3 hours at 30 pounds per sq. in. (2.1 kg. per sq. cm.) pressure, then extracted with
hot water 3 hours, acetone 12 hours, rubber solvent 24 hours)

R u b b e r  E x t r a c t  
(Based on dry weight of 

shrub sample)
CorrectedS o l v e n t  U s e d  

(150 cc. in 
each case)

Carbon tetrachloride 
(purified)

Same

Same

Same, except crude 
from reagent bottle

Same

Same

Dichloroethane
(from reagent bottle)

Benzene (C . p .)

M e t h o d  o r  
E x t r a c t i o n

In the dark 

In diffused light 

In direct sunlight 
In dark

In diffused light 

In direct sunlight 

In diffused light 

In diffused light

T o t a l  
W e i g h t  o f  

E x t r a c t  
Mg.
424 
433 
443 
452
469 
4SI 
460 
462 
459
470 
506 
521 
442 
450 
422
425

W e i g h t  o f  R e s i d u e  
f r o m  S o l v e n t  

( D e t e r m in e d  in  b la n k )
Before
e x t n .

Mg.
000

000

000

30

30

30

000

After
extn.

Mg.
000

19
42

30

39
82

000

C h l o r i n e  i n  
R u b b e r  
( a p p r o x .)

%

0.9
1.1
Not

e s t im a t e d
Not

e s t im a t e d
2.9
3 .5
Not

e s t im a t e d
0.21
0.23
0.0

No
corrections

%
11.2
11.5
11.8
12.1
12.4
12.7
12.3
12.3 
12.1
12.4
13.4
13.8 
11.7
11.9 
11.2
11.4

for residue 
from solvent

%
11.2
11.5 
11.2
11.5
11.3
11.6
11.4
11.4 
11.1
11.4 
11 .2  
11.6

11.2
11.4
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adopted to this end are to be found in the description of the 
method given below.

T a b l e  I X .  O x id a t io n  o f  R u b b e r  F il m s  d u r in g  D r y in g

(All samples obtained by standard acid hydrolysis and steaming treatment 
of guayule shrub followed by extraction with hot water, ncetone, and 

benzene)
,-------------------------T i m e  o f  D r y i n g ------------------------- *

Weight 
of film 

Mg. 
674 
676
629
637

24 HOURS
Extraction 
(Baaed on 
dry shrub)

%
15.0
15.0

628
632

14.0
14.1

14.0
14.1

Weight 
of film 

Mg. 
701 
705

634
639

43 HOURS
Extraction 
(Based on 
dry shrub)

%
15.6
15.7

14.1
14.2

631
638

14.1
14.2

M e t h o d  o f  D r y i n g

In flask open to air in 
oven at 105° C.

In closed flasks through 
which current of nitro
gen at 105° C. was 
passed

In flask open to air in 
oven at 105° C. but in 
presence of 7 mg. of di
methyl -  p -  phenylene 
diamine. (Results cor
rected as determined in 
blank)

A c c u r a c y  o f  M e t h o d

The two criteria of accuracy in the determination of the 
true rubber value of a plant product are both met by the 
present method. First, the extraction of the rubber is com
plete as evidenced by the failure of repeated treatments, 
even after regrinding of the sample to a fine mesh, to remove 
the slightest trace of additional rubber. This is to be con
trasted with the results obtained with the usual methods 
which do not include hydrolysis treatment as shown in Figure 
1 and Table III. Second, the rubber extracted and weighed in 
the final determination is entirely free from impurities. The 
unusually good agreement between the carbon and hydrogen 
values for the rubber extracted by this method from guayule 
shrub (when dried in nitrogen), with the theoretical values for 
CsHe, is shown by Table X . In addition, qualitative tests 
gave negative results for nitrogen, sulfur (thought possible as 
a result of the acid hydrolysis treatment), and ash.

T a b l e  X. C o m b u s t io n  o f  R u b b e r  O b t a in e d  f r o m  G u a y u le  
S h r u b  b y  A c id  H y d r o ly s i s ,  S te a m in g  a n d  E x t r a c t i o n  w i t h  

B e n z e n e

Sample A 
Sample B 
Sample C

The following ip a detailed description of the method as 
finally adopted for the routine handling of as many as fifty 
samples a day of guayule shrub by two experienced opera
tors:

P r e p a r a t i o n  o f  Sam p i.e . The plants to be analyzed, washed 
free of adhering soil, are first coarsely crushed bv two passes 
through corrugated differential laboratory mill rolls set up as 
tightly as possible. This material is then ground successively 
with a Universal grinder and a corn mill. (Made by Landers, 
Frary, and Clark, New Britain, Conn. The use of an attrition- 
type mill operated with a reciprocating motion for the finer stages 
of grinding has proved effective in preventing the agglomeration 
of the rubber in guayule shrub.) After each stage of grinding 
the shrub is thoroughly mixed and quartered by means of Jones 
ore samplers of various sizes. The final quarter is divided into 
two lots of a little more than 5 grams each and one lot of approxi
mately 10 grams. The remaining shrub i3 preserved, packed 
tightly in an airtight glass jar, in case of emergency.

Duplicate 5-gram samples are then weighed out on the analyti
cal balance from the small samples divided out with the sampler. 
These are transferred to Coors porcelain extraction thimbles, 
which for convenience are 22 mm. in diameter by 70 mm. high, 
inside measurements, with 2-mm. perforations in the bottom.

C a r b o n H y d r o g e n T o t a l

% % %
,) 88.22 11.78 100.0

88.00 11.75 99.75
S8.09 11.68 99.77
88.15 11.41 99.56

D e s c r i p t i o n o f  M e t h o d

A thin layer of wool batting is placed below and above the shrub 
to prevent loss.

The moisture content of the sample is determined at the same 
time by vacuum-drying the 10-gram sample at 110° C. in a Petri 
dish.

R e m o v a l  o f  W a t e r - S o l u b l e s .  The samples in the porcelain 
thimbles are boiled in a 1 per cent solution of sulfuric acid for 
3 hours. For this operation it has been found convenient to use 
a monel metal bath provided with a water-sealed lid and .water- 
cooled condenser outlet to maintain the acid concentration. A 
punched plate is employed to hold the thimbles upright on a 
monel metal screen. After 3 hours the samples, still saturated 
with acid, are transferred, along with the supporting tray, to an 
autoclave where they are steamed for 3 hours at 30 pounds per 
sq. in. (2.1 kg. per sq. cm.) pressure.

For the subsequent operation of leaching to remove the ma
terials rendered water-soluble by the preceding treatments, a 
copper bath has been found convenient in which the thimbles are 
held upright by holes in the lid and are supported on a wire 
screen 4 cm. from the bottom. Water at 60° C. from a storage- 
type electric water heater is run through each thimble individu
ally in a slow stream. Three hours of leaching are sufficient 
completely to remove all water-soluble materials. The amount 
of material thus removed can be determined quantitatively with 
fair accuracy, by difference, by weighing the thimbles before 
and after the completed analysis.

A c e t o n e  E x t r a c t i o n .  After water-leaching, the thimbles 
are immediately placed in siphon cups of the Underwriters’ 
Laboratories type and are extracted for 12 hours (on an electric 
hot plate) using about 150 cc. of acetone. If the water-solubles 
are to be determined, as above, this extraction must, of course, 
be made in a tared flask.

E x t r a c t i o n  o f  R u b b e r .  The acetone left in the sample from 
the preceding operation is first removed by heating the thimbles 
in the vacuum oven for about half an hour. The rubber is then 
extracted with 150 cc. of benzene in the usual way. At least 16 
hours are required for this operation.

D r y i n g  o f  R u b b e r .  The benzene extract of the shrub is 
evaporated, dried, and weighed in the same tared flask used for 
the extraction. Before evaporation 5 cc. of a 0.1 per cent solu
tion of dimethyl-p-phenylenediamine in benzene is pipetted into 
the rubber solution. A correction, based upon a blank determina
tion, is made for this material in calculation of the results. 
The rubber solution is evaporated on a water bath and then dried 
to constant weight in a Freas oven at 105 ° C. Overnight drying 
has been found very convenient for this last step. The flask 
is finally weighed to three decimal figures. Accuracy to three 
significant figures in the final result expressed as a percentage of 
the dry weight of the sample has been found sufficient for all pur
poses.
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I n c r e a s e d  T r a d e  in  T a n n in g  E x t r a c t s .  That the trend 
in international trade in tanning products is toward increased 
purchases of tanning extracts and reduction in purchases of raw 
products is revealed in a survey recently completed by the Com
merce Department. International trade in tanning extracts 
during 1932 totaled nearly 310,000 tons as compared with 270,000 
tons in the preceding year. Quebracho continued to be the 
most important tanning extract in international trade, account
ing for approximately 75 per cent of total exports of tanning ex
tracts. Argentina supplied almost the entire amount of this 
item, making shipments to all parts of the world, with the United 
States the chief purchaser.



Evaluation of Textile Penetrants
An Improved Centrifugal Method

S a m u e l L e n h e r  a n d  J. E d w a rd  Sm ith, Technical Laboratory, Organic Chemicals Department, E . I. du Pont de 
Nemours & Co., Inc., Wilmington, Del.

THE recent wide use of a 
variety of synthetic or
ganic chemical products, 

as assistants in the penetration 
of textile fibers by liquids, has 
led to a considerable interest in 
the quantitative evaluation of 
the efficiency of these substances.
The penetration of textile fibers 
is assisted by two classes of ma
terials, solvents which remove 
the obstructions to penetration, 
and surface-active materials 
which greatly reduce the tension 
at interfaces and act as colloidal
penetrating assistants. This paper is concerned only with 
the surface-active materials. The action of solvent penetra
tion assistants in aiding in the entrance of solutions into fibers 
requires no discussion, but the action of the colloidal pene
trants is complicated by a number of factors which require 
study. No attempt is made to throw light on the mechanism 
of the action of penetrants, but a method for the practical 
evaluation of surface-active, or colloidal, textile penetrants is 
described. t >

It is necessary to examine a system in which the textile 
fiber, surrounded by oils and waxes together with a layer of 
sorbed gases, is in contact with a solution of the penetration 
assistant. If the solution is to penetrate the fiber it must 
displace this gas, emulsify the waxes and oils sufficiently to 
gain access to the material, and diffuse throughout the fiber 
by means of capillary forces. The evaluation of a penetra
tion assistant is an evaluation, directly or indirectly, of the 
tension of the solution at the interface liquid-adsorbed gas, 
as well as of the tension at the interface liquid-solid (fiber); 
and of the emulsifying action of the solution on the waxes 
and oils of the fiber.

A number of methods for the evaluation of textile penetra
tion assistants have been reported in the literature, but many 
are obviously capable of giving only a qualitative measure, 
while others are limited through their failure to measure all 
the factors involved. The methods may be divided roughly 
into three groups:

1. Measurements of the forces acting at the surface of the 
solutions.

2. Determinations of the time taken for a substance to wet- 
out and sink in a solution.

3. Measurement of the quantity of liquid absorbed during 
a riven period of time bv the fiber.

Kind and Auerbach (7) made comparisons of wetting agents 
by measuring the drop number of solutions of the assistants. 
Herbig and Seyferth (6) made observations of the capillary rise 
in threads of yarn suspended under standard conditions in solu
tions of the wetting assistants. Auerbach (1) used as a method 
of evaluation the measure of the time required for a square of 
fabric floating on the surface of the liquid to become wet-out and 
sink. Ristenpart and Petzold (9) measured the time required 
for a submerged strand of the fiber to become sufficiently wet- 
out to sink, while Draves and Clarkson (S) measured the time 
required for a submerged skein to become sufficiently wet-out 
to sink when attached to a 1.5-gram weight. Herbig and Sey
ferth (4, 6) wet-out yarn and centrifuged it under standard 
conditions in order to obtain a measure of the amount of water

A n improved centrifugal method for the evalua
tion o f textile penetration assistants is described. 
The advantages of this method as compared with 
the sinking-time method for the quantitative 
evaluation of wetting-out agents are pointed out. 
It is shown that the surface tension of a solution 
toward air is no criterion of its penetrating 
ability toward textile fibers. Measurements o f the 
efficiency of a variety o f textile assistants as pene
trating agents over a range of concentrations and 
temperatures are given.

absorbed. Seek and Lachmann 
(10) immersed a weighed piece of 
cloth in a solution for a definite 
time, and after draining calculated 
the amount of solution absorbed 
from the gain in weight of the 
cloth.

Comparisons of wetting assist
ants based on determinations of 
the surface tension of their solu
tions do not take into considera
tion the interfacial tension and 
the forces of capillary attraction 
involved. Methods based on the 
capillary rise in a thread dipping 
into a solution of the assistant 

are stated by Herbig and Seyferth (6) to lead to conclusions 
contradictory to observations made in actual commercial 
practice. Methods which involve sinking-time measurements 
are frequently erratic in their performance since they depend 
upon the interface liquid-adsorbed gas, the behavior of which 
may be readily influenced by both the temperature and the 
viscosity of the solution. A  method involving the use of a 
centrifuge to remove extraneous solution from the wet fibers 
appears much more likely to give uniformly reproducible 
results than does a method which relies upon the draining 
of the liquid from the fabric.

The method of Herbig and Seyferth (4, 6) has certain de
fects which tend to render questionable any conclusions of 
a quantitative nature based on its use. Stocker (11) has 
pointed out that large errors are introduced as a result of the 
procedure employed by Herbig because of the relatively long 
time interval between the wetting of the yarn and the sub
sequent centrifuging process. He also states that Herbig’s 
immersion time is too short to give results of any significance. 
The work reported in this paper has eliminated the source of 
error pointed out by Stocker, placed the method on a sound 
basis, and established a method of testing that will be of 
significance in industrial problems.

The primary function of any good textile penetration as
sistant is the production of a thorough and rapid penetration 
of fibers by a solution. It is of importance in the evaluation 
of textile penetration assistants to know the actual degree of 
saturation of the fiber with a solution—i. e., the extent to which 
the solution has penetrated into the fiber—at various time 
intervals during the wetting-out process, as well as to know 
the moisture content of a fiber when it is wet-out. These 
data, together with stability' data, are needed to evaluate the 
worth of penetration assistants.

O u t l i n e  o f  M e t h o d

Textile penetration assistants are most widely used in the 
processing of cotton. Most of the work with the centrifugal 
method has been confined to a study of cotton yam. How
ever, the method is applicable to other vegetable and to 
animal fibers. The cotton fiber used was in the form of skeins 
prepared from unbleached, unboiled-out cotton yarn (40/2) 
of the type which is extensively used in the testing of dye- 
stuffs. This yam contained moisture which had been ab-

376
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sorbed from the atmosphere, but several months’ experience 
indicated that the validity of the results was not seriously 
impaired by the initial quantity of moisture present in the 
air-dry yarn provided the yarn was of uniform quality.

A skein of the raw cotton yarn, approximately 5 grains in 
weight, was weighed to the nearest centigram. The yarn was 
pulled tight several times in order to lino up the strands, then 
doubled to form a loop of half the original length, and attached to 
an anchor. The skein was cut open at the top of the loop by means 
of shears and struck on the palm of the hand 8 to 10 times in order 
to separate and free the individual strands. This preparation 
produces uniformity in the physical condition of the skeins, 
while the shearing of the yarn facilitates the rapid expulsion of 
adsorbed air by the solution as it penetrates the fibers. The skein 
and anchor were dropped into a cylinder containing a solution 
of the penetration assistant at a known concentration. The 
yam was immersed in this solution for a time, measured on a stop
watch graduated to read to fifths of a second, and was then trans
ferred to the slowly revolving basket of a centrifuge by pouring 
the entire contents of the cylinder into the basket. The centri
fuge used was a hand machine with a gear ratio of 1 to 36 and a 
basket radius of 5.5 cm. Since the time of contact of the yarn 
with the liquid is an important factor in this test, care was taken 
that the skein dropped from the cylinder into the basket with 
a variation of only a few fifths of a second from the desired wet
ting-out time. Within one second after the transfer of the skein, 
the speed of the slowly rotating basket was brought to approxi
mately 2160 r. p. m. and the extraneous solution was removed. 
The basket was revolved at this velocity for the desired time and 
then stopped quickly by means of a braking force. The skein 
was removed, detached from the anchor, and weighed in a weigh
ing bottle. The quantity of solution retained by the yarn was 
expressed in terms of the initial weight of the skein.

The amount of solution in the yarn after this treatment is 
indicative of the amount of water absorbed. The percentage 
of moisture absorbed is a relative figure which depends en
tirely upon the length of the wetting-out time and the condi
tions employed in the centrifuging procedure. For this reason 
it is necessary to adopt a standard procedure that will give 
results which can be reproduced with reasonable accuracy and 
which at the same time will remove a minimum quantity of 
the solution actually absorbed by the fibers. To study the 
various conditions which can be employed and to select a 
proper testing procedure, a series of tests were made with 
solutions of a commercial alkylated naphthalene sodium 
sulfonate (product A) over a range of concentrations with 
a variation in the immersion time of from 15 to 60 seconds 
and in the centrifuging time of from 10 to 30 seconds. Five 
determinations were made at each concentration for each 
specified variation. Summary of the data is given in Table I.

T a b l e  I. P e n e t r a t i o n  T e s t s  o n  C o t t o n  w i t h  P r o d u c t  A 
S o lu t i o n s  in  W a t e r  a t  25 ° C.

Concn., o ./L  
Immersion time, seconds*.
Centrifuging time, seconds:

0.0  
0.1 
0.2 
0 .5  
1.0 
2.0
3 .0
5.0

As a result of the above tests a standard wetting time of 15 
seconds and a standard centrifuging time of lo  seconds were 
adopted. The immersion time of 15 seconds is sufficiently 
long for a good wetting agent to show pronounced activity at 
concentrations ordinarily used in commercial practice, while 
the results obtained by centrifuging the yam for 15 seconds 
aré sufficiently reproducible to permit a definite distinction to 
be made in the activity of the solutions at different concentra
tions of the penetration assistant. To illustrate the varia
tion to be expected between individual determinations, de
tailed information on experiments at four different concentra
tions of product A is given in Table II.

W a t e r  A b s o r b e d

% % % % %
60 30 30 15 15
30 30 10 30 15

27.4 21.1 24.6
29.6 29.5 27.5 23.5 25Í6
36.1 34.0 33.1 29.8 29.5
50.1 45.0 48.9 38.1 41.5
64.9 55.8 68.8 50.1 53.2
68.3 64.0 80.3 62.5 71.7
65.1 66.1 86.2 67.4 78.2
69.9 66.1 88.3 72.4 82.7

While the individual determinations of a given series in 
Table II show considerable variation, the mean averages 
obtained represent reasonably accurate evaluations of the 
quantity of solution retained by the cotton fibers. The prob
able error in the mean average of a series has been determined 
by the equation (S)

Probable error ■= 0.6745 2 d1
n(n -  1)

where 2 d2 is the sum of the squares of the deviations of the 
single observations from the mean. It was found that the 
probable error in the mean average was in each case less than 
1.5 per cent. The results are represented graphically in 
Figure 1 with logarithms of the concentrations plotted as 
abscissas and logarithms of the average per cent absorp
tion plotted as ordinates. It is observed tliat a smooth curve 
can be drawn through the points plotted.

T a b l e  II. P e n e t r a t i o n  T e s t s  w i t h  S o l u t i o n s  o f  P r o d u c t
A in  W a t e r  a t  25° C .

T r i a l W e i g h t  o f  S k e i n W a t e r  A b s o r b e d

Grams Grams %
CONCENTRATION 1.0 GRAM PER LITER

1 5.05 2.59 51.3
2 5.00 2.71 54.2
3 5.09 2.64 51.9
4 5.07 2.73 53.8
5 5.11 2.80 54.7

Av. 53.2
CONCENTRATION Î.0 GRAMS PER LITER

1 5.11 3.53 69.1
2 5.09 3.89 76.4
3 5.19 3.79 73.0
4 5.11 3.48 68.1
5 5.15 3.71 72.0

Av. 71.7
CONCENTRATION 1.0 GRAMS PER LITER

1 5.04 3.07 72.8
2 5.11 3.71 72.6
3 5.11 4.22 82.6
4 4.97 4.03 81.1
5 5.10 4.18 81.9

Av. 78.2
CONCENTRATION ».0 GRAMS PER LITER

1 5.15 4.45 86.4
2 5.14 4.00 77.9
3 5.11 4.37 85.4
4 5.08 4.32 85.0
5 5.00 3.95 79.0

Av. 82.7

A p p l i c a t i o n  o f  M e t h o d

The method was applied to a study of a variety of chemical 
types of penetration assistants which represent the most 
important commercial products on the market at present.

Product A is a dialkylated naphthalene sodium sulfonate of 
85.25 per cent strength.

Product B is a sodium lauryl sulfate product of 71.1 per cent 
strength prepared from technical lauryl alcohol.

Product C is a sodium oleyl sulfate product of 48.4 per cent 
strength prepared from technical oleyl alcohol of iodine number 
50.

Product D, which contains 39.7 per cent of active constituent, 
is a condensation product of oleic acid or oleyl acid chlorine 
with taurine.

The soap used was a sodium oleate soap containing 79.4 per 
cent of fatty acid salts.

P e n e t r a t i o n  E f f i c i e n c y  o f  W a t e r  S o l u t io n s

Tests of the wetting-out efficiency of solutions of these 
products were made over a range of concentrations at 25°, 
49°, and 93° C. A  summary of the results obtained is 
given in Table III, while graphical representations of the 
data at 25° and 49° C. are given in Figures 2 and 3. Each 
value given in this table represents an average of five experi
mental determinations.

The data given in Table III show that, with the exception 
of solutions of product C, the actual efficiency of the solutions
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T a b l e  III. W a t e r  A b s o r b e d  b y  C o t t o n  Y a r n  a t  2 5 ° , 4 9 ° , a n d  9 3 °  C . f r o m  S o l u t io n s  o f  T e x t il e  P e n e t r a t io n  A s s is t a n t s

C O X C X . 2 5 °  C .
•Pr o d u c t  
. 4 9 °  C. A  9 3 °  C. 2 5 °  C .

P r o d u c t  
4 9 °  C.

B — -------- .
9 3 °  C. 2 5 °  C .

•Pr o d u c t  C 
4 9 °  C. 9 3 °  C. 2 5 °  C.

G./l. % % % % % % % % % %
0 . 0 2 4 . 0 2 0 . 9 6 7 . 5 2 3 . 1
0 . 1 2 5 . 6 2 7 . 8 2 7  .'4 3 1 . 9
0 . 2 2 9 . 5 3 6 . 3 3 3 . 2 4 0 . 6 3 0 !  90 .5 4 1 . 5 4 4 . 2 6 9  ! o 5 2 . 2 5 5 . 6 6 4  ! 4 3 6  ! 3 5 0 . 8 7 Ö I 1 4 3 . 1
1 . 0 5 3 . 2 5 2 . 6 6 9 . 1 6 8 . 9 6 8 . 3 4 5 . 6 6 1 . 0 5 5 . 0
1 . 5
2 . 0 7 Ü 7 6 4 . 0 8 i  . 2 7 l i !  1 6 8  .’ 9 7 3 ^ 9 6 8  ! 7
3 . 0 7 8 . 2 7 0 . 6 6 5 . 1 8 3 . 6 7 4 . 4 6 7 . 3 5 9  .'4 7 4 . 6 7 2  .’ 9
4 . 0 7 4  .'8
5 . 0 82.7 7  i  * 5 s i  ! 5 7 3 . 3 6 6  ! l 77.0
6 . 0 7 8 i 0
7 . 5
8 . 0 7 9  .*4

1 0 .0 7 2 . 3 77.9 75.2 8 2 . 0

P r o d u c t  D - 
49° C.

%
19.2 
22.5 
28.8 
48.7 
57.4

6o!o

70.8 

69 .‘ 4 

73̂ 0

93° C.
%

62.1

65.4

25° C. 
%

27!9
33.6
50.8
66.4

79.5  
85.2

s i'. 1

9 Ï.7

90'.7

—S o a p —  
49° C. 

%
25.5 
34.3
35.0
52.1
60.1 
72.0
73.9
81.5

88i9 
87 .'0

55.9

93° C.
%

84.9

75.9

of wetting-out agents studied decreases with increase in tem
perature. The surface activity of these solutions decreases 
as the temperature increases and this decrease in surface 
activity leads to the conclusion that these colloidal penetra
tion assistants pass into molecular solution as the temperature 
is increased. On the other hand, solutions of product C are 
shown to exhibit decidedly superior penetrating qualities at 
the higher temperatures. Solutions of product C are par
ticularly effective at 49° C. but still show some superiority 
even at 93° C. Lenher (S) has shown that the micelles of 
product C are too large to produce their maximum effect at 
25° C. A dispersion of the micelles at high temperatures into 
more effective sizes would account for the marked increase 
noted in the surface activity and the resultant penetration of 
the fiber by the solution.

The indicated lack of efficiency of most penetration agents 
at elevated temperatures was checked in the following way:

Weighed skeins of cotton yam were wet out at 93° C. by the 
method of Draves and Clarkson (2 ). The skeins were then sub
jected to the standard centrifugal procedure and it was shown that

the average amount 
of water retained 
by the skeins was 
82 per cent of the 
weight of the dry 
cotton. Further 
tests on this point 
were made by sub
merging weighed 
ske ins of  un
b leached cotton 
yarn in boil ing 
water for a period 
of 10 minutes. The 
skeins were re 
moved and sub
j e c t e d  to the 
standard centrifu
gal procedure.  
The amount of 
water retained by 
the skein was 90 per 
cent of the weight 
of the yarn.

TE 2 3 4 5  6
Cone, i n  G rah 5 Per. L i t e r

F i g u r e  1. P e n e t r a t io n  w it h  S o l u -  
nons o f  P r o d u c t  A in  W a t e r  a t  25° C .

These data add further proof that the lack of efficiency 
at elevated temperatures, observed in the solutions of the 
wetting-out agents, is not due to unexpected changes in the 
nature of the fiber or to a variable expulsion of the liquor at 
varying temperatures.

The ease of removal of the absorbed solution from yarn is 
obviously related to the viscosity of the solution. With the 
exception of soap solutions, the viscosities of the solutions of 
penetration assistants used in the experimental work reported 
in this paper are approximately that of water. It was ob
served from the data reported in Table III that the maximum 
apparent absorption of water by cotton yarn immersed in 
soap solutions is uniformly greater at the higher concentra
tions than the indicated absorption from the solutions of the 
other assistants. The following tests show that in general

this apparent difference is due to a difference in the relative 
viscosity of the solutions: A stock solution of product B 
with gelatin was prepared, such that the solutions of product 
B and soap at 25° C. possessed the same relative viscosities 
at a concentration of 5 grams per liter of the assistant. Tests 
of the amount of solution retained by the yam after being 
run through the standard centrifugal procedure were made 
over a range of concentrations. Comparisons of the quan
tity of solution retained by cotton yarn when immersed in 
solutions of product B, product B plus gelatin, and soap are 
made in Table IV.

T a b l e  IV. R e l a t io n s h ip  o f  V is c o s it y  t o  R e t e n t io n  o f  
S o l u t io n  in  P e n e t r a t io n  T e s t s

C O N C N . P r o d u c t  B
P r o d u c t  B - f  

G e l a t i n S o a p

G./l. % % %
1.0 69.1 68.5 66.4
2 .0 81.2 S4.1 79.5
3 .0 83.6 88.5 85.2
5.0 81.5 87.5 94.1

The data in Table TV show that solutions prepared from the 
same assistant but with different viscosities at comparable 
concentrations differ appreciably from each other in the val
ues which they give for retention of the solution.

While the apparent greater absorption of water from soap 
solutions is accounted for at most concentrations on the basis 
of the greater viscosity of the soap solutions, this explanation 
does not apply at a concentration of 5 grams per liter. The 
concentration of soap micelles on the cotton fiber might be 
advanced as an explanation. However, at concentrations 
below 1 per cent the soap micelles are very small and it is to 
be expected that they will not concentrate on the fiber to a 
greater extent than they are absorbed with the solution dur
ing a 15-second contact.

P e n e t r a t i o n  o f  H a r d  W a t e r  S o l u t io n s

One of the outstanding advantages of the various penetra
tion assistants as compared with soap is the ability of solu
tions of the products to effect penetration in hard water 
solutions under conditions where soap is coagulated. Tests 
vrere made of the penetration efficiency of products A, B, and 
D in a solution containing 400 p. p. m. of calcium chloride. 
This concentration of calcium chloride is above the limit of 
the hardness of the water ordinarily encountered in industrial 
practice. A summary of the data obtained is given in Table 
V.
T a b l e  V . So l u t io n  R e t a in e d  b y  C o t t o n  Y a r n  a t  2 5 °  C . 
f r o m  S o l u t io n s  o f  T e x t il e  A s s is t a n t s  in  P r e s e n c e  o f  C a l 

c iu m  C h l o r id e  (0 .4  g . / l . )
C O N C N . P r o d u c t  A P r o d u c t  B P r o d u c t  D

G./l. % % %
0.1 25.5 29.5
0.2 31.2 33.8 22.2
0 .5 43.8 47.9 35.1
1.0 60.5 55.6 52.5
2 .0 76.9 75.2 66.9
3 .0 79.9 84.0
5.0 80.2 83.2 80 ! 2
7 .5 84.2

10.0 . . . . 81.1
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It is evident from a comparison of the data in Tables III 
and V that the efficiency of products A and D as penetration 
assistants is actually increased in calcium chloride solutions 
as compared with distilled water solutions. On the other 
hand the efficiency of solutions of product B decreases slightly 
under the same conditions. However, the general order of 
effectiveness remains product B >  product A >  product D.

A p p l i c a t i o n  t o  W o o l  a n d  S i l k

The centrifugal method has been applied in this labora
tory for the evaluation of the effects obtained by the use of 
penetration assistants with wool and silk as well as with 
cotton. The wool skeins used in these tests were prepared 
from scoured wool yarn (30/2), while the skeins of silk were 
prepared from Spanish floss silk in the gum (2 ply). The 
tests were made in distilled water solution at 25° C. A com
parison of the data obtained by immersing skeins of cotton, 
wool, and silk in the gum, in solutions of product B over a 
range of concentrations is given in Table VI.

T a b l e  VI. W a t e r  A b s o r b e d  b y  C o t t o n , W o o l , a n d  S il k  
f r o m  S o l u t io n s  o f  P r o d u c t  B

C o N C N . C o t t o n W o o l S i l k

O./L % % %
0 . 0 2 4 . 0 5 4 . 4 4 0 . 0
0 . 5 5 2 . 2 5 2 . 0 4 5 . 7
1 . 0 6 9 . 1 5 1 . 8 4 8 . 5
3 . 0 8 3 . 6 5 2 . 7 5 S .8

The maximum amount of water retained by unboiled-out 
cotton yarn has been shown to be 90 per cent. Wool yarn, 
after immersion for 180 seconds in a solution of product B of 
5 grams per liter concentration, retains 56 per cent of its 
weight of moisture, while silk in the gum after immersion 
under similar conditions retains 77 per cent of its weight of 
water.

The tests summarized in Table VI show that well-scoured 
wool wets out readily in water. The results obtained with 
the silk in the gum are interesting since they show that while 
the rate of penetration is entirely different from that observed 
with cotton, a very definite effect can be evaluated by the 
centrifugal method.
R e l a t i o n s h i p  o f  S u r f a c e  T e n s io n  t o  P e n e t r a t i o n  o f  

T e x t i l e  F i b e r s

Measurements of the surface tension of solutions of several 
assistants were made over a range of concentrations in order 
to determine whether or not a definite relationship can be 
established between penetration and surface tension. The 
measurements were made with the du Notiy ring type of 
tensiometer. The instrument was calibrated against distilled 
water and the values given in Table VII are corrected on the 
basis of the calibration. The surface tensions of solutions 
of products A, B, C, and D, and soap at 25° C. are given. 
Each value given in the table represents an average of five 
experimental determinations.

T a b l e  VII. S u r f a c e  T e n s io n s  o f  S o l u t io n s  o f  T e x t i l e  
A s s is t a n t s

P r o d u c t  C P r o d u c t  D S o a p  
Dynes/cm. Dynes/cm. Dynet/cm.

C o n c n .
O./l.
0 .0
0.1
0.2
0 . 5
1.0
2.0
2 . 5
3 . 0
5 . 0  

10.0

P r o d u c t  A  
Dynes/cm. 

72.0

51.5 
44. S

3 8 . 2

34.1
3 2 . 6

P r o d u c t  B  
Dynes/cm.

7 2 . 0
4 3 . 3
3 3 . 3
2 8 . 3
2 7 . 9
2 7 . 0

2 6  .*7
2 8 . 9

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

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

'  3 Ü 6 2 6 .‘ 9
3 2 !  8 3 1 . 4 2 7 . 3
3 4 . 0 3 1 . 1

These data show that the presence of soap, product B, and 
product D produces marked lowering in the surface tension of 
water. While the surface tensions of product A solutions 
are relatively quite low, product A produces the least effect

of the five assistants. These data show that while there is 
the expected general increase in penetration ability with a 
decrease in the surface tension there is no general quantitative 
relationship. For example, solutions of product A at a con
centration of 5 grams per liter show a surface tension of 34.1 
dynes per centimeter, a value which is higher than that found 
for solutions of product D or soap at a concentration of 0.1

I  O liv e  O il S o a p  
H P r o d u c t  B  
BT P r o d u c t  Pi 
nr P r o d u c t  D  
V  P r o d u c t  C

n r  2 5 ‘ C.

0  4 3 i  70èio’~J 72 .3 .4 .5 .¿¿A A io  2~
C o n c e n t r a t io n  in  C ra m s  p e r  L i t e r .

F ig u r e . 2 . W a t e r  A b s o r b e d  b y  C o t t o n  Y a r n  a t  
2 5 °  C . f r o m  S o l u t io n s  o f  T e x t il e  P e n e t r a t io n  

A s s is t a n t s

gram per liter. However, data obtained by the centrifugal 
method (Table III) show that cotton yarn absorbs 83 per cent 
of its weight of a solution containing 5 grams per liter of 
product A, while the quantity of liquid absorbed from a solu
tion of soap at a concentration of 0 .1  gram per liter is less 
than 28 per cent. It is evident from this and other compari
sons which can be made from the data in Tables VII and 
III that there is no quantitative relationship between the 
surface tension of a solution of a textile assistant and its 
ability to penetrate textile fibers.

C r i t i c a l  S u r v e y  o f  M e t h o d s  B a s e d  o n  S i n k i n g  T im e s

The most satisfactory sinking-time method is that of 
Draves and Clarkson (2). Data have been accumulated in 
this laboratory which make possible a comprehensive com
parison between the sinking-time method as developed by 
Draves and Clarkson and the centrifugal method described 
in this paper.

The sinking-time method, as applied by Draves and Clark
son, measures the time required for an aqueous solution of 
the textile assistant to wet a submerged 5-gram skein of un
bleached cotton yarn to an extent such that its weight plus 
the weight of absorbed liquid, together with that of an at
tached 1.5-gram sinker will overcome the buoyant force of 
the wetting solution and cause the skein with its attached 
■weight to sink to the bottom of a cylindrical container. This 
method can give only a measure of the time required for a 
textile fiber to reach a certain unknown degree of saturation 
with a solution containing a known concentration of wetting 
assistant.

Tests made of the wetting-out efficiency at 25° C. of aque
ous solutions of products A, B, and D, and soap by the sink
ing-time method are summarized in Table VIII, and a graphi
cal representation of the data is given in Figure 4. Each 
value given in Table VIII represents an average of seven 
experimental determinations, made with skeins of raw cot
ton yarn (40/2).

An examination of the data in Table VIII and of the graphi
cal representation in Figure 4 shows that the sinking-time
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method appears to give uniformly good results with solutions 
of products B and A, but very erratic results with solutions of 
soap and of product D. Very definite experimental diffi
culties were encountered in observations of the wetting times 
of both the soap and the product D solutions and these dif
ficulties are reflected in the data.
T a b l e  V I I I .  W e t t in g - O u t  T im e  o f  S o l u t io n s  o f  T e x t il e

3ISTANTS w it h  C o t t o n  Y a r n  b y

P r o d u c t  B
S in k in g - T im e M e t h o d

C o n c n . P r o d u c t  A 25° C. 49° C. P r o d u c t  D S o a p

O./l. Sec. Sec. Sec. Sec. Sec.
1.0 35.0 31.5
1.5 solo 23.0 15.3 43l2
2 .0 32.9 15.S 9.3 4Ü 7 33.8
2 .5 20.9 25.0
3 .0 14.0 l i l i ¿12 15.0
3 .5 .. 25.0
4 .0 7 .4 7.9 5 .0 28.4 7.1
5.0 4.9 7.3 , 4 27.1 5.9
7.5 21.0 4.0

10.0 .. 17.1

T2 .3 .4 .5 i  .7.8SM 2 j  4 ¿ ¿ 7
C o n c e n t r a t io n  in  G ra m s p f r  L i t e r  

F i g u r e  3. W a t e r  A b s o r b e d  b y  C o t t o n  Y a r n  a t  
4 9 °  C . f r o m  S o l u t i o n s  o f  T e x t i l e  P e n e t r a t i o n  

A s s i s t a n t s

ably superior to those of product A as penetrating agents in 
distilled water while the sinking-time method would indicate 
that solutions of soap are slightly inferior. This discrepancy 
probably lies in the difficulty of obtaining satisfactory deter
minations of the wetting-out times in soap solutions by the 
sinking-time method. The sinking-time method shows that 
concentrations of 2 grams per liter of product B and 12 grams 
per liter of product D in distilled water solution are required 
to produce wetting out of cotton yarn in a 15-second wetting 
time. This indicates that product B is six times as efficient 
as product D in producing this degree of effectiveness. On 
the other hand, according to the centrifugal method a con

centration of 2.4 grams per liter of product B produces 82 
per cent absorption in cotton yarn during an immersion time 
of 15 seconds, while a concentration of 10 grams per liter of 
product D is required to produce the same effect. Product 
B is only four times as effective as product D on this basis.

The sinking-time method for the evaluation of wetting 
agents is quite limited in the range of concentrations over

Determinations by the same method relating to the wetting 
efficiency of product B at 49° C. are also included in Table 
VIII and show that solutions of product B are considerably 
more efficient at 49° C. than at 25° C. Table III shows that 
this result is in direct contradiction to that obtained with the 
centrifugal method. A contradiction of this nature is not 
unexpected, for the sinking-time method depends fundamen
tally upon the tension at the interface liquid-adsorbed gas. 
It is obvious that this tension is extremely sensitive to varia
tions in temperature. On the other hand the centrifugal 
method depends basically upon the tension at the interface 
fiber-liquid and it is this interface that is of fundamental im
portance in the penetration of the fiber. The data in Tables 
III and VIII give additional proof that the quantitative evalua
tion of a penetration assistant by means of the sinking-time 
method alone may easily give misleading results and lead the 
investigator to erroneous conclusions. The centrifugal 
method of testing shows that solutions of soap are consider-

Concentration in Gramo Pe r  L iter  
F i g u r e  4. W e t t i n g - O u t  E f f i c i e n c y  o f  P r o d 

u c t s  A, B, a n d  D, a n d  S o a p  a t  2 5 °  C.

which it may be employed. In the evaluation of agents with 
which this method has been successfully used the results are 
erratic when the actual time measured is greater than 40 to 
50 seconds. Thus the lowest concentration of penetration 
assistant .which can be evaluated is approximately 0 .1  per 
cent or 1 gram per liter. However, with many agents of 
excellent wetting power the method breaks down when the 
concentration is from 2 to 3 grams per liter. The sinking
time test cannot be used for a quantitative comparison of the 
efficiencies of penetration assistants of different types or for 
the comparison of the relative efficiency at different tempera
tures. On the other hand the sinking-time method has been 
found to be decidedly valuable in the standardization of the 
alkylnaphthalenesulfonic acid type of penetration assistants. 
This is largely because slight changes in concentration cause 
relatively large variations in the sinking time as observed in 
a logarithmic plot of concentration against sinking time. As 
a result the actual strength of the wetting assistant present 
can be determined within an experimental error of 5 per cent 
even though the values for the sinking time may be in error 
by a considerably greater figure.

A d v a n t a g e s  o f  C e n t r if u g a l  M e t h o d

The centrifugal method is of value for the comprehensive 
evaluation and comparison of textile assistants. Evaluations 
made by this method give a direct measure of the most im
portant factor in the penetration of textile fibers— i. e., a 
measure of the quantity of a solution absorbed by the fiber. 
The amount of solution absorbed at the end of any time at 
any desired concentration of wetting agent can be determined 
regardless of the degree of saturation which the fiber has 
reached. The centrifugal method makes possible a deter
mination of the maximum absorption of liquid by a fiber in 
solutions of all textile assistants. Measurements may be 
made at any temperature with the assurance that the results 
obtained are comparable with those obtained at any other 
temperature. The method can be applied to cotton, wool, 
or silk fibers.

The technic involved in the use of the centrifugal method
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can be readily mastered by any person experienced in labora
tory methods. The time required for a test compares favor
ably with the sinking-time method. A series of five indi
vidual determinations, required for the determination of the 
efficiency at a given concentration, may be made in 15 to 20 
minutes, depending naturally upon the length of the actual 
sinking-time observed.
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Antimony as an Indicator Electrode in 
Potentiometrie Titration of Iron 

and Aluminum

A n t i m o n y  has been
found by many investi
gators to be well adapted 

as an indicator electrode to the 
potentiometric titrations of acids 
and bases and to the determina
tion of the pH of various solu
tions. The antimony electrode 
has also found application in a 
number of titrations involving 
precipitation reactions.

In the titration of aluminum and magnesium chlorides with 
sodium hydroxide solution, Treadwell and Bemasconi (3) 
have found that in the titration of aluminum chloride two 
jumps in the antimony electrode potential occur, one when 
the aluminum hydroxide has been quantitatively precipitated, 
and one, which is less pronounced, when the alumínate has 
been produced. In the titration of mixtures of aluminum 
and magnesium chlorides with sodium hydroxide, jumps in 
the electrode potential occur at the precipitation of alumi
num and magnesium hydroxides, respectively, the second 
jump being too early, causing an error of from 1 to 2  per cent.

The antimony electrode has been found by Malvea and 
Withrow (2) to be satisfactory to indicate the end points in 
the titration of mixtures of calcium and magnesium with 
sodium hydroxide solution.

An abnormal titration curve occurs, according to Elder 
(I), for the antimony electrode in acid solutions of ferric 
chloride, probably because of the presence of pentavalent 
antimony in solution.

The purpose of this investigation is to show the application 
of antimony as an indicator electrode in the precipitation of 
ferric iron and aluminum from neutral solutions of their chlo
rides by the addition of sodium hydroxide solutions.

P r o c e d u r e

The titrations were carried out using antimony as the indi
cator electrode. The electrode was prepared from electrolyti- 
cally refined antimony by casting in a carbon mold, and un
doubtedly contained some oxide; however, no precaution 
was taken to exclude the oxide from the cast metallic rod. 
The electrode had a length of 4.5 inches (11.25 cm.) and a 
diameter of 0.25 inch (0,63 cm.). In all the titrations the 
potential of the indicator electrode was measured against the

saturated calomel electrode. 
The titration vessel consisted of 
an open 400-cc. beaker. The 
potential of the electrode com
bination was measured by means 
of a students’ type Leeds and 
Northrup potentiometer, No. 
7651, in conj unction with a Leeds 
and Northrup galvanometer No. 
2310. In all cases, unless other
wise indicated, the solutions were 

kept continually agitated by means of a current of air bub
bling through the solution in the titration vessel. All experi
ments were carried out at room temperature, which varied 
from 24° to 28° C.

Three stock solutions of ferric and aluminum chloride were 
prepared having the following normalities with respect to iron 
and aluminum: ferric chloride, 0.3146 N, 0.9969 N, and 0.1000 
N; aluminum chloride, 0.2968 N, 1.0045 N, and 0.1000 N. 
The aluminum chloride solutions were standardized gravi- 
metrically and the ferric chloride solutions by reduction with 
stannous chloride and titration with potassium bichromate solu
tion. A determination of the chloride content of the ferric and 
aluminum chlorides used in preparing the stock solutions in
dicated that the error encountered in the calculation of the 
theoretical quantity of the sodium hydroxide solutions required 
for the samples of ferric and aluminum chlorides titrated was of 
little consequence, since the commercial preparations of ferric 
and aluminum chlorides used contained an undeterminable 
amount of basic salts.

Titrations of various quantities of ferric and aluminum 
chlorides, both separately and as mixtures, were carried out 
using sodium hydroxide solutions approximately 1 N, 0.5 N, and 
0.1 N. These solutions were prepared from carbonate-free 
sodium hydroxide and carbon dioxide-free water and were 
standardized against pure recrystallized succinic acid, using 
phenolphthalein as indicator. The strengths of the various 
sodium hydroxide solutions are shown in the tables.

Three series of experiments were carried out, involving 
sodium hydroxide solution approximately 0.5 N, and 1 N, 
and 0.1 N, respectively. In the first series the effect of the 
presence of sodium and ammonium sulfate was also deter
mined.

Because of the difference in solubilities of ferric and alumi
num hydroxide, the ferric hydroxide was found to be quanti
tatively precipitated first, giving rise to a jump in the poten
tial of the antimony electrode at the iron equivalence point.

E. W. F a n n in g  a n d  F. H. K r a t l i ,  Indiana University, Bloomington, Ind.

The antimony electrode is applied as indicator 
electrode to the direct titration o f ferric chloride 
and aluminum chloride with sodium hydroxide 
solution. Data are given which show the general 
suitability o f the antimony electrode fo r  the 
tilralion of aluminum and iron chlorides. The 
method also affords an approximate analysis of 
mixtures of the two salts.
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V o l . or  
NaOH°

V o l . o p  
NaOH“

V o l . T hf .o r e t i c a l l y A c t u a l l y
o f P r e s e n t R e q u i r e d U s e d E r r o r

E x p t . S o l n . FeCl, A1CU FeCl, AlClj FeCU A1C1, FeClj A1C1*
Cc. Grams Grams Cc. Cc. Cc. Cc. % %

1 50 0 0.3297 0 11.78 0 11.80 + 0 .1 7
2 75 0 0.3297 0 11.78 0 11.70 -0 .6 8
3 125 0 0.3297 0 11.78 0 11.80 + 0 .1 7
4 50 0.4250 0 12.49 0 12.40 0 -Ó .7 2
5 75 0.4250 0 12.49 0 12.50 0 + 0 .0 8
6 125 0.4250 0 12.49 0 12.40 0 -0 .7 2
7 150 0.4250 0.3297 12.49 11.78 12.40 11.SO -0 .7 2 + Ô *. 17
S 150 0.8500 0.3297 24.98 11.78 24.98 11.90 0.00 +  1.02
9 150 0.4250 0.6594 12.49 23.50 11.90 24.00 -4 .7 2 +  1.87

104 150 0.4250 0.6594 12.49 23.56 11.80 23.40 -5 .5 2 -0 .6 7
I I e, d 125 0 1.S275 0 27.00 0 26.60 - 1 .4 8
12- 125 0 1.8275 0 27.00 0 26.60 -1 .4 S
13c 125 1.3519 0 28.60 0 29.00 0 +  Ü39
14c 125 0.6759 0.9137 14.20 13.50 13.00 15.00 - 8 .4 5 + i i ! i i
15/ 125 0.6759 0.9137 14.20 13.50 12.80 13.40 - 9 .8 5 -0 .7 4
* 0.6297 N  NaOII used.
b 25 cc. of 15 per cent NH*Cl solution added.c 2 grams of Na«SO« added.
d In experiments 11 to 15, inclusive, 0.5059 N  NaOH was used.
- 1 gram of NajSO* added.

Curves for the titrations in this first series of experiments, 
which are typical of the curves in all the titrations in this 
investigation, are shown in Figures 1, 2, 3, and 4. The deter
mination of the end points is shown and it is seen that the 
accuracy of the end point is largely dependent upon the cor
rect interpretation of the curve. The differential curve 
gives a much more definite determination of the end points, 
since it brings out more clearly the points of maximum in
crease in potential of the indicator electrode.

T a b l e  II. S e r ie s  2  o f  T it r a t io n s

V o l . o f  NaOH& V o l . o f  NaOH>
T h e o r e t i c a l l y A c t u a l l y

P r e s e n t ® R e q u i r e d U s e d E r r o r
E x p t . FeCl, A1C1, FeCl, A1C1* FeCU AlClj FeCl, AlClj

Grams Grams Cc. Cc. Cc. Cc. % %
16 0.5390 0.4460 11.10 11.19 11.20 11.20 + 0 .9 0 + 0 .0 8
17 1.0780 0.4460 22.20 11.19 21.60 11.40 - 2 .7 0 +  1.84
18 0.5390 0.8920 11.10 22.38 11.00 22.50 - 0 .9 0 + 0 .5 2
19e 1.07S0 0.S920 22.20 22.38 21.60 22.70 -2 .7 0 +  1.41
20 0.2695 1.1150 4.52 22.80 4.40 22.40 - 2 .7 0 + 2 .2 3
21 1.3475 0.2230 22.62 4.56 22.50 5.00 -0 .5 5 + 9 .6 7
22<* 0.5390 0.4460 9.05 9.12 10.30 11.30 -1 3 .8 0 +  23.90

® In all cases volume of titration solution was 100 cc. at the start.

F ig u r e  1. E . m . f . - V o l u m e  C u r v e  f o r  T it r a 
t io n  o f  A l u m in u m  C h l o r id e  w it h  S o d iu m  
H y d r o x id e  S o l u t io n  ( E x p e r im e n t  3, T a b l e  I)

The precipitation of the aluminum hydroxide followed and 
the second jump in the potential appeared at the quantita
tive formation of aluminum hydroxide. In the case of the 
titration of aluminum chloride alone, two jumps in the poten
tial appeared, as found by Treadwell and Bernasconi, one 
when aluminum hydroxide was quantitatively precipitated, 
and a second less pronounced jump when the alumínate was 
produced. The second jump appeared to be rather indistinct 
and unsuitable for accurate determinations. In the case of 
the titration of ferric chloride alone, only one jump in the 
potential occurred, the one at the quantitative precipitation 
of ferric hydroxide.

T a b l e  I. S e r ie s  1 o f  T it r a t io n s

t 0.S972 N  NaOH used. 
e In experiments 19 to 21, inclusive, 1.1012 JV NaOH was used. 
d Hydrogen electrode used.

T a b l e  III. S e r ie s  3 o f  T it r a t io n s

V o l . o f  NaOH* V o l .  o f  NaOH&
T h e o r e t i c a l l y A c t u a l l y

P r e s e n t ® R e q u i r e d U s e d E r i
E x p t . FeCl, A1C1, FeCl, A1C1, FeCl, A1C1, FeCl,

Gram Gram Cc. Cc. Cc. Cc. %
23 0.0540 0.0444 10.00 10.00 10.10 10.10 +  1.00
24 0.0270 0 .1 1 1 1 5.00 25.00 4.80 25.20 -4 .0 0
25 0.1352 0.0222 25.00 5.00 26.00 5.30 +  4.00
26c 0.1081 0.0S89 20.00 20.00 19.90 20.20 - 0 .5 0
27«* 0.1081 0.0S89 20.00 20.00 19.80 20.70 -1 .0 0

A1C1»
%

+ 1.00 
+ 0 .8 0  +0.00 + 1.00 
+ 3 .5 0

a Volume of solution at start of titration, 100 cc. 
b 0.1 iV NaOH used. 
c Agitated with a stream of hydrogen bubbling through solution. 
d Hydrogen electrode used iu this experiment.

In the second series of experiments the titrations were 
made with sodium hydroxide of approximately normal 
s t re ngth .  More

In order to determine the end point of each reaction, curves 
were constructed with e. m. f. of the electrode combination 
plotted as ordinates and volume of sodium hydroxide solu
tion as abscissas. The definite location of the point of maxi
mum increase in potential was determined from these curves 
by means of the oscillatory tangent to the curve and also 
from differential curves in which the volume of sodium hy
droxide solution was plotted against the change of potential 
with unit change of volume of sodium hydroxide (A E /A F).

ferri c  and alumi
num ch lor ides  
were p re se n t  
than in the first 
series of  exper i 
ments .  In this 
series of titrations, 
various mixtures of 
ferric and aluminum 
chloride were used, 
and the data  in 
Table II show the 
results obtained.

The third series of 
experiments was 
carr ied  out  with
0.10 N  sodium hy
droxide solution and 
more dilute solu
tions of ferric and 
aluminum chlorides. 
As in the second 
series, one titration 
was made using the 
hydrogen electrode 
in order to make a 
comparison with the 
antimony electrode. 
Table III gives the 
data for the titra
tions in series 3.

F ig u r e  2 . E . m . f . - V o l u m e  C u r v e  
f o r  T it r a t io n  o f  F e r r ic  C h l o r id e  
w it h  S o d iu m  H y d r o x id e  S o l u t io n  

( E x p e r im e n t  6 , T a b l e  I)

0 0 . NaOH
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R e s u l t s

The data given in the tables indicate that antimony is 
suitable as an indicator electrode in the potentiometric titra
tion of either aluminum or ferric chloride with sodium hydrox
ide solution. The end point is clearly defined and accurately 
located by the jump in the electrode potential at the quantita
tive precipitation of the hydroxides. The slight jump in
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co. HaOH
F i g u r e  3. E . m. f - V o l u m e  C u r v e  f o r  T i t r a 
t i o n  o f  M i x t u r e  o f  A lu m in u m  a n d  F e r r i c  
C h l o r i d e  w i t h  S od iu m  H y d r o x i d e  S o lu t i o n  

(E x p e r im e n t  7, T a r l e  I)

potential (Figure 1) at the equivalence point for the aluminate 
formation is less distinct and practically imperceptible in the 
case of mixtures of aluminum and ferric chlorides and is not 
satisfactory, under the conditions of these experiments, for 
the determination of the end point. Dilution seems to have 
little effect upon the accuracy of the method.

In general it was found that in the titrations involving mix
tures of aluminum and ferric chlorides, the end point indi
cating the equivalence point for ferric hydroxide was too 
early and the end point for aluminum hydroxide too late. In 
all cases the jump in the electrode potential at the ferric 
hydroxide equivalence point was less pronounced.

The potentiometric titration of mixtures of ferric and alu
minum chlorides with sodium hydroxide, using an antimony 
indicator electrode, affords a method for an approximate 
analysis. Titration errors occur which prohibit a more accu
rate analysis. The accuracy is greater when nearly equal pro
portions of the two salts are titrated, probably because the 
titration curves can be more easily interpreted. The accu
racy is no doubt impaired by the formation of basic salts at 
the location of the jump in potential, since no precautions 
were taken to prevent this difficulty at the end point. Evi
dence of the formation of basic salts is clearly indicated by 
the small jump in potential immediately before the alumi
num end point in Figure 4.

The presence of sodium sulfate in the solutions of either 
aluminum or ferric chloride caused an increased error, as is

seen from Table I. In the case of mixtures of aluminum and 
ferric chlorides, the presence of sodium sulfate caused errors 
of from 8  to 11 per cent, making the method prohibitive in 
the presence of this alkali sulfate. The presence of am
monium sulfate had an effect similar to tliat of sodium sulfate. 
Normal titration curves were obtained in the experiments in 
which sodium and aluminum sulfate was added.

The strength of the sodium hydroxide solution used for the 
titrations and the amounts of ferric and aluminum chlorides 
present in the solutions to be titrated seem to have, in general, 
little effect on the suitability of antimony as the indicator 
electrode (Table I).

The hydrogen electrode was found to be inferior to the 
antimony electrode for the direct titration of iron and alumi
num by sodium hydroxide, especially in concentrated solu
tions, probably because the platinized surface is poisoned by 
the salts in solution. In more dilute solutions, the hydrogen 
electrode behaves in the same manner as the antimony elec
trode but exhibits no advantages.

Stirring by means of air was found to be a suitable method 
of causing agitation during the titrations. There was no 
perceptible difference in the action of the antimony electrode 
where hydrogen was used in place of air.

ce. liaCH

F ig u r e  4 . D if f e r e n t ia l  C u r v e  f o r  T it r a 
t io n  in  F ig u r e  3

The potential of the antimony electrode reached equilibrium 
rapidly, except at the very start of the titrations. The pres
ence of a relatively large quantity of iron in the solution 
seemed to affect the electrode, causing it to be covered with a 
dark coating. When most of the iron had been precipitated, 
the dark coating disappeared and the potential of the elec
trode thereafter reached equilibrium almost immediately 
after the successive additions of sodium hydroxide solution. 
In contrast to this, when the hydrogen electrode was used 
equilibrium was reached only after 10 to 15 minutes through
out the entire titration. This fact, together with the other 
factors above mentioned, points favorably to the use of the 
antimony electrode for the titration of ferric and aluminum 
chlorides with sodium hydroxide.
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ter Meulen Method for Direct Determina
tion of Oxygen in Organic Compounds

W . W a lk e r  R u s s e l l  an d  J o h n  W . F u lt o n ,  Metcalf Laboratory, Brown University, Providence, R . I.

A l t h o u g h  methods for
the direct determina
tion o f  oxygen in or

ganic co m p o u n d s  have been 
studied for over eighty years, it 
is probable that oxygen is still 
most  frequently determined  
by difference. The defects of 
the indirect method are obvious 
in that it is t im e- co nsu m in g  
and su b je ct  to accumulated 
errors, if not gross error— e. g., 
where complete combustion is difficult. The need of a rather 
simple, reliable, direct method is apparent. Among the meth
ods proposed during the past decade (1-3, 6-10) for the 
direct determination of oxygen in organic combination, that 
of Meulen stands out prominently. Although this method 
gave excellent results in the hands of its originator, and was 
found by Schuster (15) to give accurate results with benzoic 
acid, but not with pure coal, Dolch and Will (2), who studied 
the method in considerable detail, were unable to obtain satis
factory results even with such a simple substance as crystal
lized oxalic acid. Furthermore, students of advanced analyti
cal chemistry have been unable to obtain anything like the 
accuracy claimed for the method. It was therefore con
sidered desirable to investigate this method. Briefly it 
consists in vaporizing the sample in a stream of hydrogen 
which flows over a red hot surface where the organic sub
stance is decom]X>sed, forming oxides of carbon, water, and 
gaseous hydrocarbons. The gases then pass over a nickel 
catalyst where the oxides of carbon are converted to methane 
and water. Provision is made for evaluating water and any 
carbon dioxide in the exit gases, thus giving data for the cal
culation of the oxygen present. In the present work certain 
modifications of this method have been found desirable in 
order to obtain consistently good results.

V a p o r i z a t i o n  o f  S a m p l e

As Meulen points out (9), the success of the method depends 
largely upon vaporizing the sample very slowly and uni
formly. This necessitates very careful manipulation with a 
microburner for a half hour or more. If the sample is heated 
in an electric furnace, however, it may be easily vaporized at 
the desired rate and a tedious and uncertain operation avoided. 
While the temperature to be employed in the furnace varies 
with the substance undergoing analysis, it is usually best to 
heat rapidly to the melting point of the substance and then to 
raise the temperature just fast enough to avoid any appreci
able condensation of water in the side arm of the first calcium 
chloride tube. Too rapid heating causes poor results because 
of incomplete methanation, sublimation of the sample through 
the absorption train, etc. While with substances like /S- 
naphthol especial care is necessary in order to avoid sublima
tion, in most cases 20 to 30 minutes suffice to vaporize 200 to 
300 mg. of sample.

T h e  C r a c k i n g  S u r f a c e

Various hot “ cracking”  surfaces have been proposed by 
Meulen (6, 7, 9), such as fine nickel wire, platinized asbestos, 
and pure asbestos. The authors’ experience with iron or

nickel  was unsatisfactory and 
they have found it extremely 
undes irable to have asbestos 
present anywhere in the system 
because of the slowness with 
which it gives up water. Inas
much as the analysis depends 
primarily upon the amount of 
water formed, it is o b v i o u s  
that any un ce r ta in ty  about 
sources of water easily vitiates 
the results .  A v ery  satis

factory cracking surface can be made by igniting 2 0 -mesh 
granulated quartz with about one-twentieth the amount of 
ammonium chloride and enough 10  per cent platinum chlo
ride solution to wet the mass. The mass is heated in a 
casserole to dull redness long enough to decompose the am
monium platinic chloride and to volatilize completely the 
excess ammonium salts. The result is a light gray mass of 
platinum-coated quartz granules which is employed at red 
heat.

T h e  C a t a l y s t

As no provision is made for the evaluation of carbon mon
oxide in the exit gases, it is essential to have a very active 
hydrogenation catalyst. It is probable that the difficulties 
of Dolch and Will (2) were in part due to an inactive catalyst 
although they used the asbestos-supported nickel recom
mended by Meulen. Very active methanation catalysts 
(o, 14) can be prepared by using thoria as a promoter for 
nickel. Rugged catalysts of high activity were prepared in 
the present work by dissolving pure thorium nitrate in pure 
nickel nitrate melted in its water of crystallization, in amounts 
necessary to give 2  per cent thorium oxide on the nickel 
present. The mass was stirred continuously, while igniting 
over a Bunsen burner, to a fine gray powder. To insure 
complete destruction of the nitrates, the mass may well be 
cooled and finely ground once during the ignition. Because 
the thoria acts also as a support, the oxide may be reduced with 
hydrogen at 350° and finally at 400° C. While the initial 
reduction required, to give a blank of about I mg. of water per 
hour at the rates of hydrogen flow' used, occupied 2 to 3 days, 
subsequent reductions could be carried out overnight at 
400° C. To avoid delays extra catalysts may be reduced 
independently and sealed off in glass tubes in an atmosphere 
of hydrogen. Such catalysts may be transferred to the 
analysis system with only superficial oxidation if a rapid 
stream of hydrogen is issuing from it. Thoria-promoted 
catalysts are pyrophoric and so become incandescent when air 
is drawn through the analysis tube, as is necessary when 
carbon deposited on the cracking surface must be burned off. 
With continued use they become less active and may then be 
heated slightly during the burning-out process in order to 
remove any deposited carbon or volatile poisons. If the 
samples analyzed contain no catalyst poisons, such as mer
cury, sulfur, halogens, etc., one charge of 5 to 10 grams of 
catalyst may serve for 10 to 15 analyses before requiring re
activation. Substances such as anthraquinone, which clog by 
depositing much carbon on the first portions of the platinized 
quartz, necessitate burning out carbon after 4 to 5 analyses.

The method of 1er Meulen for the direct deter
mination o f oxygen in organic substances con
taining carbon, hydrogen, and oxygen has been 
examined. Very satisfactory results can be ob
tained i f  certain modifications are made. These 
involve primarily the use of a furnace to volatilize 
the sample, the use of platinum-coated granular 
quartz as a cracking surface, and the use of a very 
active, thoria-promoted, nickel catalyst.

384
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In order to have a quantitative removal of the oxides of 
carbon, it is essential that conditions be such that the follow
ing reactions go very near completion:

CO +  3H, = CH, +  HjO 
2CO +  2Hj = C02 +  CH*
C02 +  4IIj = CIL +  2H20

While there is evidence that the equilibrium constants for 
these reactions reach a maximum between 300° and 400° C., 
other reactions probably intrude and complete equilibrium 
data (4, 11, 12) in this temperature region are not available. 
The temperature range of 350° to 420° C. proposed by 
Meulen seems unnecessarily high and 300° to 
350° C. has proved sa t i s fa cto ry  with the 
active catalysts used here. Using a large ex
cess of hydrogen the authors have found 350° C. 
to be the most generally applicable tempera
ture because of the faster rate o f  reaction.
The relatively high rate of hydrogen flow 
e m plo ye d  in the present work—90 cc. per 
minute— is advantageous too because it tends 
to prevent the deposition of carbon (13) on the 
catalyst, and also shortens the time of analysis 
by allowing the system to be rapidly swept out 
at the end.

granulated quartz should be at full heat and the U-tubes may 
well be in place in order to flush them with hydrogen. The 
catalyst temperature is then lowered to just 350° C. and the 
recently weighed tubes L, M, and N  are placed in the train. 
Hydrogen is passed at 90 cc. per minute for half an hour in 
order to obtain the blank which is by no means negligible. 
Since results are desired to 0.1 mg., the blank must be care
fully determined— e.g., temperature and rate of hydrogen flow’ 
kept constant, and in case of doubt another should be taken 
after the analysis. Having ascertained the blank, the U- 
tubes are again attached but not opened. The hydrogen tank 
valve is opened so that 100 to 150 cc. per minute pass out

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

A quartz tube is an indispensable part of the apparatus 
shown in Figure 1. It should be about 1 meter long, about 1 
cm. in inside diameter, and preferably provided with a small 
side arm which greatly facilitates the safe introduction of 
the sample. If desired, the plain tube suggested by Meulen
(9) may be used. While it is desirable to have at least the 
portion of the tube which holds the sample boat made of 
transparent quartz, the w’hole tube may be of opaque material 
if the platinum boat G is provided with an eyelet into which 
the hook of the loading rod P  fits, so that the sample cannot 
be overturned when inserted. The substitution of an opaque 
quartz tube removes the only expensive part of the apparatus. 
About 5 cm. from the exit end of the tube F a plug of glass 
wool is inserted, followed by 5 to 10 grams of the prepared 
oxides K. A perforated platinum disk is slipped in and then 
enough of the platinized quartz I  to fill the tube about two- 
thirds full. Another perforated platinum disk may now’ be 
inserted if desired, but the tube must not be packed too 
tightly. The filled tube is conveniently placed in an ordinary 
organic combustion set-up in which the smallest furnace. II, is 
used to volatilize the sample, and the medium-sized unit, J, to 
heat the catalyst. The largest furnace may be used to heat 
the granulated quartz to redness but this may be conveniently 
and efficiently done, as has been the practice in most of the 
present W’ork, by using the full temperature of 3 ordinary 
Bunsen burners. In the latter case, 2  shields and a light 
covering of asbestos paper are sufficient to retain the heat. 
The ends of the tube F  are flared out to receive rubber 
stoppers snugly. The U-tubes L and M  contain calcium 
chloride, and N  contains ascarite and calcium chloride, while 
O is a calcium chloride guard tube. Electrolytic hydrogen 
is freed from oxygen by passing over hot palladized asbestos 
in B, dried over calcium chloride in C, measured in the flow
meter D, and finally dried over calcium chloride in E.

T h e  M e t h o d

Having in the system a reduced catalyst, its temperature is 
brought to 400° C. and a rapid stream of hydrogen is passed 
for at least a half-hour interval. This is necessary even 
though the system is always kept under a positive pressure 
of hydrogen when not in use. During this interval the

through A and the weighed sample quickly inserted in F. 
Having placed the sample about 5 cm. from the hot cracking 
surface by means of the rod P, the solid rubber stopper is 
tightly replaced. The U-tubes are now opened, the hydro
gen rate is adjusted to 90 cc. per minute, and H rapidly raised 
to the desired temperature. The sample is slowly and uni
formly volatilized during the course of half an hour and then 
the temperature of H  raised to 300° to 400° C. The furnace 
is then slid back and the tube holding the sample boat heated 
witli the full heat of a blow torch. Strong heating is espe
cially necessary with substances like sugars which leave a 
voluminous carbon in the boat. The greater portion of the 
second half hour is allotted to sweeping out the system. 
Thus the analysis proper usually takes an hour. One analysis 
can be immediately followed by another, with occasional 
blanks, until the tube becomes choked with carbon. With 
an active catalyst and following the above procedure, all the 
oxygen will be found as water in the first calcium chloride 
tube. The tubes M  and N  are therefore useful mainly as 
guard tubes. When it becomes necessary to remove the 
carbon from 7, the quartz tube F is evacuated on a good water 
pump and air drawn over the hot quartz. When this opera
tion is complete, the air is evacuated and replaced by hydro
gen which starts reduction of the catalyst again. This pro
cedure avoids the use of an inert gas like carbon dioxide and 
also does not disturb the set-up. Directions have been given 
in some detail in order to avoid ambiguity (2).

R e s u l t s

The results of analyses made upon high-grade organic 
chemicals by the modified Meulen method are given in Table
I. These results were obtained using an ordinary analytical 
balance and it is felt that by the use of semi-microtechnic some
what better accuracy could be obtained, or smaller samples 
might be satisfactorily employed. The analyses made sub
stantiate the soundness of the basic principles of the Meulen 
method for representative substances containing only carbon, 
hydrogen, and oxygen. While Meulen gives procedures by 
which materials containing also nitrogen, sulfur, chlorine, 
bromine, and iodine (7) can be handled, such substances have 
not been dealt with in the present work. It is hoped to re
port on these at a later date.
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T a b l e  I.

S u b s t a n c e  

Succinic acid

Oxalic acid

Dextrose®

Cane sugar 
Benzoic acid*

Anthraquinone

Quinhydronc

/S-Naphthol

a Bureau of Standards sample 41.
* Bureau of Standards sample 39c.
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R e s u l t s  o f  A n a l y s e s  b y  M o d if ie d  M e u l e n  
M e t h o d

A N A L Y T I C A L  E D I T I O N

W e i g h t T e m p e r a t u r e
o f o f O x y g e n

S a m p l f . C a t a l y s t Found Calculated
Gram ° C. % %

0 . 1 2 8 9 3 0 0 5 4 . 2 2 5 4 . 2 1
0 .1 6 2 1 3 0 0 5 4 . 2 4
0 .1 S 3 0 3 5 0 5 4 . 2 6
0 . 1 4 8 0 3 8 0 5 4 . 1 4
0 . 1 9 4 0 3 2 5 7 6 . 1 5 7 6 . 1 6
0 . 1 0 5 3 3 5 0 7 6 . 2 4
0 . 2 5 6 6 3 0 0 5 3 .3 9 5 3 .3 1
0 . 1 2 9 3 3 5 0 5 3 . 3 0
0 . 2 8 5 5 3 0 0 5 1 .5 9 5 1 .4 4
0 . 2 6 5 0 3 2 5 2 6 .3 1 2 6 . 2 2
0 . 2 3 1 5 3 5 0 2 6 .2 4
0 .2 7 1 6 3 5 0 1 5 .5 0 1 5 .3 8
0 . 2 1 0 8 3 5 0 1 5 .3 8
0 .1 6 0 1 3 5 0 2 9 . 5 7 2 9 . 3 5
0 . 1 9 0 6 3 5 0 2 9 . 1 8
0 . 2 1 0 8 3 5 0 1 1 .0 4 11.11
0 . 2 0 2 9 3 5 0 1 1 .2 1

Volumetric Determination of Small Quanti
ties of Inorganic Iodine

J osep h  F. Sadu sk , J r ., an d  E r ic  G. B a l l  

Department of Physiological Chemistry, The Johns Hopkins University, School of Medicine, Baltimore, Md.

RECENT attempts to increase the accuracy of the 
determination of iodine in biological material have 
been largely directed toward improvements in the 

procedure for destruction of organic matter. Though most 
methods described have employed the Winkler procedure 
(25) for the final estimation of the iodine, little attention has 
been given to the investigation of the accuracy of the pro
cedure when applied to the small quantities of iodine dealt 
with in biological material. Recently several investigators 
(2, 17) have held this procedure to be defective because of 
the risk of decomposition of iodides in acid solution. It is 
the purpose of this contribution, first, to show that under 
conditions to be described the estimation of small amounts 
of iodine, 1 mg. or less, by the Winkler procedure is both ac
curate and trustworthy; second, to report a study of the 
interference by other substances; and third, to make a prac
tical application—namely, the determination of iodine in 
iodized salt.

R e a g e n t s  a n d  A p p a r a t u s

S t a n d a r d  I o d a t e  S o l u t i o n .  An exactly 0.1 N iodate solution 
was prepared according to the directions of Jamieson (9), using 
Kahlbaum’s purest potassium iodate. The solution so obtained 
was further diluted to give an exactly 0.005 N reagent.

T h i o s u l f a t e .  Thiosulfate solutions 0.005 N seemed to be 
more stable if they contained 3.8 grams of crystallized borax 
(NajBiCb.lOHjO) per liter (15). The solution was standardized 
immediately before use, employing the optimum concentrations 
of acid and potassium iodide mentioned below'.

S t a n d a r d  P o ta s s iu m  I o d id e  S o lu t i o n .  The iodine content 
of a specimen of potassium iodide was accurately determined by 
precipitation with silver nitrate, using the precautions recom
mended by Hillebrand and Lundell (7). The requisite amount 
of the salt was dissolved in water to give a solution so dilute that 
small quantities of iodine could be measured with sufficient ac
curacy.

B r o m in e . Iodine-free bromine was prepared by repeated

washings of the c. p. product with water in the manner suggeste'd 
by Karns and Donaldson (11). Early in the work it was found 
that the use of bromine water for oxidation purposes was inad
visable. Therefore, the following procedure, slightly modified 
from Schockaert and Foster (22), was employed: Bromine 
vapor, obtained by blowing air (washed with water and dried by 
calcium chloride) through a gas-washing tube containing bromine, 
was delivered just above the surface of liquid in a flask. Upon 
swirling the contents of the flask, sufficient bromine was dis
solved to give a yellow color to the liquid. To prevent the ex
pulsion of too large quantities of bromine it is wdse to draw out to 
a capillary both the inlet and outlet tubes of tho gas-washing 
tube.

S t a r c h  I n d i c a t o r .  This reagent containing salicylic acid 
for a preservative as recommended by Nichols (19) was found 
to be very satisfactory as to sensitivity and keeping qualities. 
A solution kept at room temperature with no aseptic precautions 
for over 6  months Bhowed no deterioration in quality.

O t h e r  R e a g e n t s  a n d  A p p a r a t u s . Iodine-free water was 
produced by redistilling water from an alkaline permanganate 
solution. Pumice stone used for the prevention of bumping 
was prepared by boiling millimeter cubes in dilute nitric acid 
and, after washing thoroughly with water, igniting to a bright 
red heat in a porcelain crucible. All volumetric glassware was 
carefully calibrated. Titrations were carried out with 1-, 5-, and 
10-ml. microburets.

S e n s i t i v i t y  o f  E n d  P o i n t

In order to gage the accuracy of a volumetric method, it is 
essential to know the sensitivity of the end point. Accord
ingly, experiments were carried out to ascertain the smallest 
quantity of iodine necessary to give a perceptible blue color 
to a solution 50 ml. of w'hich contained 0.1 gram of potas
sium iodide, 1 ml. of 2  N  sulfuric acid, and 1 ml. of starch 
indicator. Potassium iodate (0.001 N) was added from a 
micropipet in successive 0 .0 0 2 -ml. portions to the first ap
pearance of a blue color. At 31° C. (room temperature in 
Baltimore in the summer of 1932), the following amounts of 
iodate iodine were necessary: 1 ml. volume, 0.08 y ;  10 ml.
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volume, 0.5 7 ; 100 ml. volume, 4 7  (1 7  =  0.001 mg.) 
Six times this amount of free iodine would be necessary for 
the production of a blue color, but the authors have chosen to 
express the results in terms of iodate iodine in order to define 
the sensitivity in terms of the amount of iodine present in the 
original material under analysis. The Erlenmcyer flasks em
ployed for the experiments were respectively 25, 50, and 200 
ml. At a temperature of 17 0 C., only 2  7  iodine was necessary 
to impart a blue color to 100 ml. of solution— that is, half the 
quantity required at 31° C. Therefore, the temperatures at 
which the thiosulfate solution is standardized and the actual 
determination is made should be approximately the same. 
Since completing this work a paper has appeared by Allott, 
Dauphinee, and Hurtley (1) reporting values very similar to 
those given here, though the authors fail to state the tem
perature in their experiments.

Since the sensitivity of the starch indicator when the total 
volume is 1 ml. is 0.08 7  of iodate iodine at 31° C., the deter
mination at this temperature of quantities of iodine less than 
8  7  would theoretically be subject to errors greater than 1 
per cent. The authors have therefore confined their 
attention in this paper to quantities no smaller than 2 0  7 . 
It would appear that the titration of quantities of iodine 
smaller than this can be carried out more accurately at low 
temperatures where the sensitivity of the starch indicator is 
increased.

E f f e c t  o f  A c id it y  a n d  I o d id e  C o n c e n t r a t io n

Acid solutions of iodides decompose with greater or less 
rapidity according to their H+ concentration to liberate free 
iodine. Upon this fact— namely, the oxidation of hydriodic 
acid by atmospheric oxygen— are based the objections to the 
titrimetric method for iodine determination. Since the reac
tion (formulistically)

H+ +  I -  5 = 6  HI (1)

is reversible, it should be possible to have a minimum of 
hydriodic acid formed if both the acid and iodide concentra
tions are as low as possible. On the other hand, the solution 
should possess the requisite acidity and iodide content for the 
reaction

IO3 +  5 1-  +  6 H + -<— - 3 12 +  3 HiO (2)

to go to completion.
If the titration were carried out under an inert gas such as 

nitrogen or carbon dioxide, there should be no appreciable 
oxidation of hydriodic acid and the acid concentration could 
be neglected. This procedure, however, is burdensome in 
routine laboratory work, so efforts were made to determine 
the effect of acid and iodide concentrations on titrations 
carried out in the presence of atmospheric oxygen.

Consideration of the effect of pH on the titration of free 
iodine with thiosulfate at the acid concentrations to be em
ployed can be neglected, since Reith (20) has shown that the 
reaction is quantitative at pH values below 6 .

It was found that variation of the iodide concentration 
within certain limits did not markedly affect the procedure. 
Optimum conditions were obtained when 0.1 gram of potas
sium iodide was present in 50 ml. of solution.

The effect of acidity, however, was more striking. It can 
be seen from the data given in the third column of Table I 
that the acid normality of the solution must be 0 .0 2  or higher 
in order to carry Reaction 2 rapidly to completion. In the 
presence of air there is a marked increase in titer as the acid 
strength becomes greater than 0.1 Ab This increase is pre
sumably due to the oxidation by air of the larger amount of 
hydriodic acid formed according to Equation 1, since no such 
increase is noted in the absence of oxygen (column 4). There

fore, if the titration of small quantities of iodine is to be made 
in the presence of air, the pH of the solution must be between 
1 .0  and 2 .0  if serious errors are to be avoided. Solutions of 
potassium iodide with a pH between 1.0 and 2.0 show no ap
preciable oxidation by air even after standing 0.5 hour. The 
rate of air oxidation appears to decrease with temperature. 
It is therefore possible that titrations could be carried out in 
higher acid concentrations than those recommended here if 
lower temperatures were employed.

T a b l e  I . E f f e c t  o f  A c id it y

(5 ml. of 0.005 N  KlOa titrated with NaiSiOa- 0.1 t?ram of KI present, total 
volume 50 ml. Room temperature 20° ± 2 °  C.)

T h i o s u l f a t e  T i t e r
E x p e r i m e n t A c i d  N o r m a l i t y Exposed to air Under nitr

ML Ml.
1 0.0005 2.44
2 0.005 4.42*
3 0.02 4.42
4 0.04 4.43 4.’ 40
5 0.05 4.44
6 0.10 4.44 4.'42
7 1.0 4.49 4.41
8 2.0 4.53 4.42
9 4.0 4.43

°  Very slow end point.

E s t i m a t i o n  o f  I o d in e

Because the use of chlorine water in Winkler’s method has 
several disadvantages, chief among which is the fact that 
high results (8, IS, 13, 21, 23) may be obtained, the employ
ment of bromine as originally proposed by Bugarszky and 
Horwath (3) has been instituted for purposes of oxidation.

An accurately measured portion of the potassium iodide solu
tion was transferred to a 125-ml. Erlenmcyer flask. After the 
addition of 1 ml. of 2 N sulfuric acid and sufficient water to give 
a total volume of 50 ml., bromine vapor was added as previously 
described. A few glass beads were introduced and the contents 
of the flask boiled briskly over a thin sand bath. After the yel
low color due to bromine had disappeared, the boiling was con
tinued for 2 minutes in order to insure complete removal of that 
element. Upon cooling to room temperature, the sides of the 
flask were washed down with sufficient water to replace that 
lost by boiling. One milliliter .of a freshly prepared 10 per cent 
potassium iodide solution was added, the flask was gently swirled, 
and the liberated iodine immediately titrated with thiosulfate.

Table II gives the result of a typical experiment and shows 
that the Winkler procedure gives satisfactory results when 
the precautions given here are followed.

T a b l e  I I .  D e t e r m in a t io n  o f  I o d in e

E x- T o t a l
P E ttl- V o l -  2 N KI 0 .0 0 5 1 2  N 0 .0 0 1 0 2 4 I o d i n e I o d i n e D i f 
M ENT UME HjSO< A d d e d Z s o N  NajSsOa T a k e n F o u n d f e r e n c e

Ml. Ml. Gram ML ML Mg. Mg. Mg.
1 5 0 1 0 . 1 9 . 2 5 1.000 1 .0 0 2 + 0 . 0 0 2
2 2 5 0 . 5 0 . 0 5 4 . 6 4 0 . 5 0 1 0 . 5 0 2 + 0 . 0 0 1
3 2 5 0 . 5 0 . 0 5 1 .8 4 5 0 . 1 9 9 5 0 . 2 0 0 + 0 . 0 0 0 5
4 10 0 . 2 0 . 0 2 4  ! 54 0 . 1 0 0 0 0 .0 9 8 3 - 0 . 0 0 1 7
5 10 0 . 2 0 . 0 2 2 . 2 7 0 . 0 5 0 0 0 . 0 4 9 2 - 0 . 0 0 0 8
6 10 0 . 2 0 . 0 2 0 . 9 1 5 0 . 0 2 0 0 0 . 0 1 9 8 - 0 . 0 0 0 2

U s e  o f  S a l i c y l i c  A c i d . It is the practice of some workers 
to add salicylic acid or phenol directly after boiling the 
solution in order to destroy any traces of residual bromine. 
This procedure was apparently substantiated by the observa
tion that determinations of iodine in which salicylic acid was 
added were invariably lower than in those to which the com
pound was not added. Later, however, this interpretation 
was shown to be incorrect by subjecting iodate solutions to 
the same treatment. A  lowering, of titer manifested itself 
in those cases where salicylic acid had been introduced even 
though no bromine was present in the solution prior to this 
mode of treatment. Moreover, titrations of iodate solutions 
in which bromine had been added (no salicylic acid added) 
and then boiled off did not differ from those in which none 
of this element had been present. Salicylic acid, therefore, 
apparently offers a reducing action and must not be added.



The small amount of salicylic acid present as a preservative 
in the starch solution has no harmful effects.

I n t e r f e r e n c e  b y  O t h e r  S u b s t a n c e s

Experiments on interference with the proposed procedure 
by certain elements and compounds were carried out accord
ing to the technic given above. In brief, the substance to 
be tested for its effect on the determination was added to 
50 ml. of a solution containing 1 mg. of iodine and 1 ml. of 
‘2 N  sulfuric acid. The estimation of iodine was carried out 
in the usual manner.

I r o n . When 0.1 mg. of iron was present, the results obtained 
were about 1 per cent too high, indicating that the added potas
sium iodide was being oxidized by the ferric salt. Correct figures 
were had when less than 0.1  mg. of iron was present. If the deter
mination of iodine is carried out in the presence of larger amounts 
of iron, phosphoric acid should be added to remove the ferric 
ion.

B r o m id e s . Since the oxidation of iodides by bromine is a re
versible reaction, bromides may be expected to have some effect. 
It was found that no more than a twenty-fold excess of bromine 
over iodine could be present. When 30 mg. of bromine (as 
Br~) were introduced, a 1 per cent loss of iodine took place and 
as much as a 30 per cent loss was observed when 50 mg. were 

resent. Rcith (21), on the other hand, has reported that a four 
undred fold excess of the bromide ion may be present with no 

deleterious effects. This disagreement is probably due to the 
fact that he worked with quantities of 1 to 10 y  of iodine.

N i t r i t e s .  There should be little or no nitrites present. As 
small a quantity as 1 mg. of nitrous acid caused a 2 per cent loss 
of iodine. The azide method of Reith (21) was found to be 
highly effective in destroying even as much as 100 mg. of nitrous 
acid present in a determination.

C h l o r i d e s .  Only large quantities of chlorides interfere.
O t h e r  S u b s t a n c e s . Sulfates interfere only when present in 

a nearly saturated solution. Ammonium salts and nitrates ap
parently have no effect if present in moderate amounts. Mercury 
does not interfere until sufficient quantities (30 to 50 mg.) are 
contained in solution and precipitate as mercuric iodide when po
tassium iodide is added, thus obscuring the end point. Only 
traces of alcohol may be present; in the extraction of iodides with 
this substance care must be taken, therefore, that all alcohol is 
evaporated off.

A n a l y s i s  o f  I o d iz e d  S a l t

The use of iodized salt for the prevention of endemic 
goiter (14 , 16) is well known and various methods, both 
volumetric (4, 5, 18) and colorimetric (6, 24), have been 
devised for the estimation of iodides in this product. The 
volumetric methods of Dunn and von Fellenberg were tested, 
but the results obtained were not satisfactory with iodine 
and sodium chloride mixtures comparable to the iodized 
salts as sold in America. Indeed, using the procedure of 
Dunn, losses of iodine as high as 50 per cent were experienced.
T a b l e  I I I .  D e t e r m in a t io n  o f  I o d in e  i n  P r e s e n c e  o f  S o d iu m

388 A N A L Y T I C ,

C h l o r id e

E x p e r i  NaCl 0 .0 0 5 0 0  .V I o d i n e I o d i n e
m e n t P r e s e n t ® N a iS iO s A d d e d F o u n d D i f f e r e n c e

Oram ML Mg. Mg. Mg.
1 2 0 5 . 3 7 1.000 0 . 5 6 8 - 0 . 4 1 4
2 2 0 8 . 0 4 1.000 0 . 8 5 0 - 0 . 1 5 0
3 10 9 . 4 0 1.000 0 . 9 9 4 - 0 . 0 0 6
4 10 9 . 3 2 1.000 0 .9 S 6 - 0 . 0 1 4
5 5 9 . 4 5 1.000 0 . 9 9 9 -0 .0 0 1
6 6 4 . 7 4 0 .5 0 1 0 .5 0 1 0.000
7 5 1 .S 9 0 . 1 9 9 0 . 2 0 0 +  0 .0 0 1
S 5 0 . 9 5 0 . 1 0 0 0 .1 0 1 +  0 .0 0 1

a Volume, 100 ml.

E f f e c t  o f  C h l o r i d e s . The estimation of iodides in 
iodized salt resolves itself to a matter of determination of 
iodine in the presence of large amounts of chlorides. Ac
cordingly, experiments were carried out to ascertain the 
interference, if any, of salt on the determination. Sodium 
chloride (c. p.) was carefully recrystallized from alcohol and 
weighed portions were added to solutions containing a known 
amount of iodine and 2  ml. of 2  N  sulfuric acid in a volume 
of 100 ml. The iodine was then determined by the procedure 
given above.

Results obtained (Table III) show that no more than 5 
grams of sodium chloride should be present in 100  ml. of 
solution if accurate results are desired. It is to be noted 
that the methods of Dunn and von Fellenberg depend upon 
determination of the iodine in a 2 0  per cent solution of iodized 
salt. Doubtless this high salt concentration accounts for 
failure to obtain correct figures with their analytical pro
cedure.

A n a l y s i s  o f  I o d iz e d  S a l t . The method finally adopted 
for the determination of iodine in iodized salt is as follows:

A 5-gram portion of the salt and 100 ml. of water were trans
ferred to a 200-ml. Erlenmeyer flask and the contents of the vessel 
mixed until solution of the sodium chloride had taken place. 
Methyl orange indicator was added and 2 N sulfuric acid was 
introduced drop by drop until a pink color resulted which per
sisted on standing. (This treatment is necessary since table 
salts usually contain calcium phosphate or certain carbonates 
which are insoluble in neutral solution.) After the addition of 
2 ml. of 2 N sulfuric acid and bromine vapor, a few glass beads 
were added and the solution boiled until the yellow color due to 
bromine had disappeared and then for 2 minutes longer. Upon 
cooling, the sides of the flask were washed down with approxi
mately the amount of water lost by boiling, 2 ml. of a 10 per 
cent potassium iodide solution (freshly prepared) were added, 
the contents of the flask were gently swirled, and the liberated 
iodine was immediately titrated with 0.005 N thiosulfate, adding 
2 ml. of starch indicator near the end point.

Analyses were made oil several representative brands of 
iodized table salt as purchased on the open market. The 
results obtained are summarized in Table IV, and it can be 
seen that salts A, B,, and B2 contain an amount of potas
sium iodide which is far below their stated value. This is 
probably due to loss, since it has been shown by several in
vestigators (5, 10, 18) that iodized salts may lose their iodine 
content with greater or less rapidity according to the form of 
the iodine compound contained, the presence of certain 
other elements in the salt, and the mode of storage.

T a b l e  IV. D e t e r m in a t io n  o f  P o ta s s iu m  I o d i d e  in  I o d iz e d

L E D I T I O N  Vol. 5, No. 6

Sa l t

E x p k r i - W e i g h t  o f 0.00500 N KI KI
MENT B r a n d S a m p l e N a i S i O j F o u n d C l a i m e d *

Grams ML % %
1 A 5.18 0.63 0.00168 0.01
2 A 5.40 0.64 0.00164 0.01
3 Bi 5.29 5.08 0.0133 0.023
4 Bi 5.42 5.10 0.0130 0.023
5 B j 5.14 4.96 0.0133 0.023
6 B i 5.05 4.91 0.0134 0.023
7 B i 5.00 7.64 0.0211 0.023
8 B j 5.00 7.64 0.0211 0.023
9 C 5.13 7.37 0.0199 0.02

10 c 5.12 7.42 0.0200 0.02
® Label statement.

As a final verification of the procedure, determinations of 
iodine recovery were carried out. Twenty-five grams of 
iodized salt (sample Bj) were dissolved in water and the 
volume was made up to 500 ml. after total solution by careful 
acidification as given above. Aliquot portions of 100 ml. 
were taken for analysis and are represented by experiments 
7 and 8  in Table IV. To each of two other aliquot portions 
was added 0.501 mg. of iodine. After estimations of the 
total iodine present, it was found that 0.503 and 0.502 mg., 
respectively, of iodine were recovered.

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

(1) Allott, Dauphinee, and Hurtley, Biochem. J., 26, 1665 (1932).
(2) Andrew, Analyst, 55, 269 (1930).
(3) Bugarszky and Horwath, Z. anorg. C k em 63, 184 (1909).
(4) Dunn, Analyst, 53, 211 (1928).
(5) Fellenberg, von, Biochem. Z., 139, 371 (1923); 174, 364 (1926).
(6) Geagley, Am. J. Pub. Health, 19, 991 (1929).
(7) Hillebrand and Lundell, “ Applied Inorganic Analysis,”  p. 591,

Wiley, 1929.
(8) Hôjer, Biochem. Z., 205, 273 (1929).
(9) Jamieson, “Volumetric Iodate Methods,”  p. 9, Chemical Catalog,

1926.



November 15, 1933 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 389

(10) Johnson and Herrington, J. Agr. Research, 35, 167 (1927).
(11) Karns and Donaldson, J. Am. Chem. Soc., 54, 442 (1932).
(12) Kelly and Husband, Biochem. J., 18, 951 (1924).
(13) Kendall, J. Am. Chem. Soc., 34, 894 (1912).
(14) Kimball, Am. J. Pub. Health, 18, 587 (1928).
(15) Mayr and Kirschbaum, Z. anal. Chem., 73, 321 (1928).
(16) McClendon, Physiol. Rev., 7, 189 (1927).
(17) McHargue, Young, and Roy, In d . E n g . C h em ., Anal. Ed., 4,214

(1932).
(18) Nichols, Am. J. Pub. Health, 19, 923 (1929).
(19) Nichols, In d . E n g . C h em ., Anal. Ed., 1, 215 (1929).

(20) Reith, Biochem. Z., 216, 249 (1929).
(21) Reith, Rec. trav. chim., 48, 386 (1929).
(22) Schockacrt and Fostcr, J. Biol. Chem., 95, S9 (1932).
(23) Scttimj, Ann. chim. applicata, 18, 104 (1928).
(24) Winkler, Z. angew. Chem., 28, 494 (1915); sec also Weszelszky,

Z. anal. Chem., 39, 81 (1900).
(25) Winkler, Pharm. ZentralhaUe, 64, 511 (1923); C. ,4., 18, 730

(1924).

R e c e i v e d  May 1 1 , 1 9 3 3 .

Errors in Determination of Carbonate 
in Boiler Waters

W. C. S c h r o e d e r ,  1 Department of Chemical Engineering, University of Michigan, Ann Arbor, Mich.

THE concentration of car
bon ate  present in a 
boiler water is ordinarily 

determined, in plant practice, by 
e ither the m o d i f ie d  Winkler 
m e t ho d  (9) or the phenol 
phthalein-methylorange method 
(I). Like most analytical pro
cedures for boiler waters, these 
two methods have been taken 
from the field of analysis of 
natural waters, and without ma
terial modification or very exten
sive checking have been applied 
directly to boiler waters. Be
tween natural waters and boiler 
waters there are very material 
differences; and these differences 
are especially great in the case 
of the carbonate. In natural 
waters an extremely low concen
tration of hydroxide and a com
paratively high concentration of carbonate are ordinarily 
found. In samples removed from a boiler the reverse is 
usually true. _ ,

The carbonate concentrations in a boiler treated with 
sodium carbonate for the prevention of scale usually run from 
5 or 6  to 50 or 60 parts per million. In most natural waters 
the concentration of carbonate is above CO parts per million. 
The extension of an analytical method to lower concentra
tions than those for which it has been designated will often 
cause the method to be inaccurate or perhaps fail altogether. 
As a considerable amount of previous work has shown 
(IS, 17), and as will be shown in the present paper, the Winkler 
method and the phenolphthalein-methyl orange method for 
the determination of carbonate become inaccurate at low 
concentrations, but for different reasons. The Winkler 
method has been found to be inaccurate in the presence of 
sulfate; the phenolphthalein-methyl orange method be
cause it has been extended to carbonate concentrations which 
are too low. .

W i n k l e r  M e t h o d

The Winkler method, as applied to the determination of 
the carbonate concentration of a sample containing hydroxide 
and carbonate, consists in the titration of one sample directly 
to the phenolphthalein end point; a second sample, after the 
precipitation of the carbonate by the addition of barium

> Present address Nonmetaflic Minerals Experiment Btation, U. 8. Bureau 
of Mines, New Brunswick, N. J.

chloride, is also titrated to the 
phenolphthalein end point. The 
difference in the amount of acid 
used in these two titrations is 
equivalent to the ca rb on ate  
present.

The presence of sulfate in the 
samples causes the precipitation 
o f the bar ium sulfate before 
barium carbonate is precipitated, 
because the sulfate is consider
ably more insoluble than the car
bonate. The fact that the sul
fate causes errors in the Winkler 
met hod  has been definitely 
shown (10, 13). It seems desir
able to ascertain whether the 
errors in the presence of sulfate 
are due to the occlusion or ad
sorption of hydroxide by the pre
cipitate of barium sulfate. This 
would seem to be highly prob

able, since both barium sulfate and carbonate have been 
shown to occlude or adsorb many compounds (2, 4, 5, 7, 8, 
13, 14).

E x p e r i m e n t a l  M e t h o d .  The method used consisted 
essentially in making up solutions of accurately known con
centrations of hydroxide -which contained sulfate, precipitat
ing the sulfate as barium sulfate, and then titrating back the 
hydroxide to find how much was still present in the solution. 
This back-titration tvas performed both on the solution con
taining the precipitate and on an aliquot portion after the 
precipitate had been filtered off.

All the solutions used were made un with boiled distilled water 
and great care was exercised to keep them carbonate-free through
out the duration of the test. The carbonate-free sodium hy
droxide was made up with sodium metal in the manner described 
by Clark (3). The sodium hydroxide solution was standardized 
against potassium acid phthalate. The hydrochloric acid solu
tion was standardized against the hydroxide solution. An 
evolution analysis for carbonate was run on all the solutions and 
the distilled water used. This indicated that the maximum 
amount of carbonate which could be present in any of the samples 
titrated was less than 0.8 part per million. The sodium sulfate 
and the barium chloride solutions used were neutralized until 
the maximum possible error they could cause was less than 0.01 
cc. of the titrating acid.

For those samples in which an aliquot was titrated the 
apparatus shown in Figure 1 was used. It consists essen
tially of a tower filled with soda lime and ascarite for removing 
carbon dioxide from the air which was to come in contact

From the results o f adsorption tests on the 
Winkler method it is apparent that the method is 
susceptible to serious errors in the presence of 
sulfate. It will not prove satisfactory for  boiler 
waters where the sulfate ion is present in appreci
able concentrations.

The phenolphthalein-methyl orange titration is 
not accurate in solutions whose concentrations of 
carbonate are below 60 parts per million. A t 30 
parts per million of carbonate, the minimum 
possible error which may be expected is 26 per cent.

Methods have been suggested fo r  improving the 
accuracy o f this determination o f carbonate. 
It is advised, however, that any method used fo r  
the determination of carbonate be checked by the 
evolution method (13) which is known to be ac
curate in practically all cases.
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with the sample; the sample with the precipitate was held in 
the 100-cc. volumetric flask shown; this sample filtered down 
through the crucible into the lower suction flask. The 
crucible used had a porous bottom and over this were placed 
four layers of fine filter paper. After 10 minutes for pre
cipitation at room temperature, a 100-cc. sample could be 
readily filtered in this equipment in 10 or 20 minutes, without

having a chance to 
com e in  co n ta c t  
with the carbon di
oxide of the air.

In the actual fil
t ra t io n  o f the 
sample the first 10 
or 20 cc. were dis
carded to allow the 
filter paper to come 
to equilibrium with 
the solution, or the 
filter paper itself 
m ight have ad 
sorbed  hydroxide. 
The a liq u o t  was 
then taken from the 
rem ain d er. N o 
correction was made 
for the change in 
the volume of the 
solution during pre
cipitation. Som e 
tests indicated that 
th is  change was 
a b o u t  0.25 c c .,  
which w ould pro

duce a difference of about 0.03 cc. on the titrating acid 
used. This was about within the limits of accuracy of the 
experiments on these titrations of the aliquots.

All pipets and burets used were calibrated and the measure
ment of the volume of the titrating acid used was made ac
curate within 0.02 cc.

R e s u l t s  o f  T i t r a t i o n s .  Table I shows the results se
cured for a series of samples which were titrated back with 
acid in the presence of the barium sulfate precipitate. This 
represents, of course, the procedure generally used in the 
Winkler method where the precipitate is not filtered off.

F ig u r e  1 . A p p a r a t u s  f o r  F il t e r 
in g  O f f  B a r iu m  S u l f a t e  P r e c ip i

t a t e

T a b l e  I. T it r a t io n  o f  H y d r o x id e  i n  P r e s e n c e  o f  
B a r iu m  S u l f a t e  P r e c ip it a t e

S a m p l e OH SO* NaOH
HC1

R e q u i r e d
HC1

U s e d

COj
E q u i v a 

l e n t

P. p. to. P. p. m. Cc. Cc. Cc. P . p. to.
5 102 300 10.00 12.35 12.10 7 .3

102 300 10.00 12.35 12.13 6.4
3 102 500 10.00 12.35® 12.13 6.4

102 500 10.00 12.35 12.10 7.3
4 102 1500 10.00 12.35 11.87 13.9

102 1500 10.00 12.35 11.86 14.2
6 254 500 25.00 30.94“ 30.43 14.8

254 500 25.00 30.94 30.43 14.8
7 254 1500 25.00 30.94 30.05 25.8

254 1500 25.00 30.94 30.08 25.0
° Values determined by titration of a 100-cc. sample.
5 minutes for precipitation at room temperature. Stoppered.
10 cc. neutralized 10 per cent BaCli added.
NaOH solution 0.05986 N.
HC1 solution 0.04S37 N .
100-cc. samples.

Since the hydrochloric acid required is the amount of acid 
necessary to titrate the sodium hydroxide added to the sample, 
the difference between this value and the hydrochloric acid used 
represents the amount of hydroxide which was occluded or ad
sorbed during the precipitation of the barium sulfate. This 
difference in the amount of acid used has been converted into 
carbonate equivalent in parts per million, exactly as if this 
analysis were being applied to the determination of carbonate. 
This carbonate equivalent really represents the positive error in

the carbonate concentrations when the Winkler method is being 
applied to solutions of these concentrations of hydroxide and 
sulfate. As is seen, this error runs from about 7 to 25 parts per 
million of carbonate and, since in boiler waters we are usually 
dealing with concentrations from about 5 to 60 parts per million, 
this may cause an extremely large error. The error also tends to 
increase with increase in either the hydroxide or sulfate concentra
tion.

Table II shows the results secured in titrating a 50-cc. 
aliquot after filtering off the precipitate of barium sulfate.

T a b l e  II. T i t r a t i o n  o f  5 0 -c c . A l i q u o t A F T E R F il t e r -
in g  o f f  B a r iu m  S u l f a t e

H C 1 HC1
COj

E q u i v a 
S a m p l e OH SO* NaOH R e q u i r e d U s e d l e n t “

P. p . to. P. p. to. Cc. Cc. Cc. P . p .  TO.
8 1 0 2 5 0 0 1 0 .0 0 6.186 ' 5 . 7 4 2 5 . 6

102 5 0 0 1 0 .0 0 0.18 5 . 7 5 2 5 . 0
9 1 02 1 5 0 0 1 0 .0 0 6.18 5 . 5 7 3 5 . 4

1 02 1 5 0 0 1 0 .0 0 6.18 5 . 6 0 c 3 0 . 2
10 2 5 4 5 0 0 2 5 . 0 0 1 5 .4 7 6 1 4 .8 3 3 7 . 2
11 2 5 4 1 5 0 0 2 5 . 0 0 1 5 .4 7 1 4 .6 2 4 9 . 4

° Calculated on the basis of 100-cc. sample.
& Values determined by titration.
c Faint turbidity present in filtrate.
10 minutes for precipitation at room temperature.
10 cc. neutralized 10 per cent BaCli added.
NaOH solution 0.05986 N.
HC1 solution 0.04837 N.
100-cc. samples.

The fifth and sixth columns apply to the 50-cc. aliquot; twice 
the difference between the two would represent the amount of 
hydroxide adsorbed or occluded in the 100-cc. sample, the value 
used in the carbonate equivalent. This makes the last column 
in Tables I and II directly comparable and, as shown, the error is 
much larger in the filtered sample. This indicates that when the 
Winkler method is applied to solutions containing sulfate a larger 
error for adsorption or occlusion will occur when the precipitate 
is filtered off than when it is not. It is very possible that some 
of the adsorption of the hydroxide occurs on the surface of the 
barium sulfate precipitate and that, when the precipitate is left 
in the solution which is being titrated, a portion of the hydroxide 
on the surface may enter into the back-titration.

The adsorption or occlusion of hydroxide by the barium 
sulfate precipitate will, of course, cause some error in the 
determination of the hydroxide concentration as well as the 
carbonate. Since the hydroxide in boiler waters is usually 
high, and since an error of 10 parts per million in the car
bonate corresponds to an error of only 3.5 parts per million of 
hydroxide, this will not be important in routine work. Where 
a high degree of accuracy is required for the hydroxide deter
mination it may become important.

Straub has indicated (Iff) that the precipitation of sulfate 
in an alkaline solution does not produce serious errors in the 
determination of sulfate. This checks well with the present 
work which indicates that to some extent the hydroxide is 
adsorbed on the surface and this might be removed by ex
posure of the material to wash water, especially that contain
ing carbon dioxide. The precipitates from the six filtered 
samples in Table II were washed with carbon dioxide-free 
water until the wash water was acid to phenolphthalein and 
were then placed in a solution of excess standard acid and 
allowed to stand, with occasional shaking, for 24 hours. 
On back-titration it was found that practically none of the 
excess acid was neutralized by the precipitate. This would 
indicate that the wash water may have, to a considerable ex
tent, removed the hydroxide adsorbed on the surface and that 
the rest of the hydroxide was occluded in such a manner that 
it could not react with the acid.

Since the work which has been done shows that the Winkler 
method for carbonate is susceptible to large errors in the pres
ence of sulfate, it would seem desirable to consider ways of 
removing this error. The use of strontium chloride instead of 
barium chloride for the precipitation of the carbonate has 
been found satisfactory; when strontium is used it is not 
necessary to precipitate the sulfate at all, and the strontium
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carbonate precipitated does not occlude or adsorb enough 
hydroxide to produce a measurable error (IS). The chief dis
advantage with the use of strontium is that the sample in 
which the precipitation is carried out has to be boiled. At 
the present time this seems, however, to be the most satis
factory method for carbonate unless it is possible to use the 
evolution method (IS).

P h e n o l p h t h a l e in - M e t h y l  O r a n g e  M e t h o d

The application of the phenolphthalein-methyl orange 
method to a solution containing hydroxide and carbonate 
assumes that at the phenolphthalcin end point all the hy
droxide has been titrated and the carbonate has been titrated 
to bicarbonate; at the methyl orange end point the bicar
bonate is assum ed to have been converted to 
carbonic acid. From this reasoning the amount 
of acid used between the phenolphthalein and 
methyl orange end points is equivalent to the 
carbonate present in the sample. Several in
vestigators have found that this method is not 
reliable at low concentrations of carbonate (13,
17) and it has been found especially inaccurate 
in actual boiler-water samples. It seems desir
able to ascertain if there is anything funda
mentally wrong with this method at low concen
trations of carbonate, and to determine at which 
concentrations it may be expected to become 
reasonably accurate. In order to do this, a series 
of titration curves for mixtures of hydroxide and 
carbonate were calculated.

D e r i v a t i o n  o f  E q u a t i o n s .  The eq u ation  
for the titration curve—that is, the curve of pH 
against cubic centimeters of acid requ ired  to 
reach a given pH—is derived very simply by 
writing all the fundamental equ ation s for the 
sample involved. Assuming a solution containing 
hydroxide, carbonate, sodium, and the indicators phenol
phthalein and methyl orange which is being titrated with hy
drochloric acid, the following equations may be written:

II5CO3 +  HCOr +  CO,—  = c2 (1)

Substituting in 2 so as to eliminate all the variables ex
cept Cl", which represents the mole per liter of acid added, 
and II+ Equation 9 is obtained. The values for the various 
dissociation constants have also been inserted.

C l- = c, +  2cj +  H + -

-3d X 10-

iL”
II+
H+ +  1.2 X 10-

_(H+) ! +  3 X 10-’ (H+) +  1.8 X 10 
6 X 10"“  5 X IO"1«

" H + +  10-‘ ° H+ +  S X 1 0 - ’

a (9)

This equation assumes that all the hydroxide has been 
added as sodium hydroxide and all the carbonate as sodium 
carbonate. The hydrolysis of the sodium carbonate is

--------

s ,

\ \
V V

"1
CO PPM C<3

\ 3 0 PP.H.CO,

15 PPM CO j V
6 P.eti.cOj

s

U \0£ 100 IL4 , ILSMOLS HCl PER LITER- I0J CC 0.1 M HC! PER lOO-CC. SAMPLE
F ig u r e  2 . T it r a t io n  C u r v e s  f o r  S o l u t io n s  C o n t a in in g  170 
P . p. m . H y d r o x id e  a n d  V a r io u s  C o n c e n t r a t io n s  o f  C a r b o n a t e

Na+ +  H-* = OH- +  11 c o , -  +  2 (C O r- ) +  Cl-
+  (ln~)p +  (In-)m

(H+) (OH-) = Ky, = 10-“
Na+ = c, +  2 Ci

(H+) (HCO,-)
HsCOsK' = 3 X 10-’

K ‘

KP

= (H ;)(CQ p  „  6 x  10-n
H G O 3

= = 1 x  1 0 - “(Hln)p

(2)

(3)
(4)

(5)

(6) 

(7)

K m = (H+) (In ,h  = 5 X lO-4 (8)
(H /n)„

Where Ci = moles per liter of NaOH added 
c2 = moles per liter of Na2C02 added 

cs and c, = moles per liter of phenolphthalein and methyl 
orange added, respectively 

IICOj- = moles per liter of HCOi ion in the solution, etc.
In = indicator

Equation 1 states that the sum of all the carbonate in the 
solution is equal to the total carbonate; 2 is the equation for 
the electroneutrality of the solution; 4 defines the total 
sodium present; 3, 5, and 6 are the equations for the dissocia
tion of water, the first dissociation constant of carbonic acid, 
and the second dissociation constant of carbonic acid, re
spectively; and 7 and 8 are the dissociation constants of 
phenolphthalein and methyl orange, respectively.

negligible because of the high initial pH of the samples dealt 
with. The concentration of phenolphthalein was assumed 
to be about that obtained when 4 drops of a 1 per cent solu
tion are added to a 100-cc. sample (c3 =  6 X  10-5); and of 
methyl orange that obtained when 4 drops of a 0.02 per cent 
solution are added to the same sample (c4 =  1 X  10_e). The 
activity coefficients are used as unity and the effect of dilution 
due to the addition of the titrating acid is neglected. The 
effect of dilution, as will be shown later, is very small in such 
samples as are usually dealt with.

By selecting values for H + corresponding to every 0.5 pH 
and substituting them in Equation 9, the corresponding amount 
of acid (Cl- ) required to reach this pH is obtained. Using 
Ci = 10“ * (170 p. p. m. of OH) and c2 = 1 X  10~4; 2.5 X 
10“ 4; 5.0 X 10~4; and 1 X 10"*; (6, 15, 30, and 60 p. p. m. 
of C O 3, respectively) a  series of curves was calculated in the 
manner described.

T i t r a t i o n  C u r v e s .  The curves secured are shown in 
Figure 2. In the case of the phenolphthalein end point it is 
evident that the reversal of the direction of the curve (inflec
tion point) for the four curves shown always comes between a 
pH of 8 and 8.5. This inflection point comes sufficiently 
close to the colorless point of phenolphthalein (pH of about 8) 
so that the end point should be satisfactory. At higher con
centrations of carbonate the slope of the curve in the region 
of the inflection point is less, and this causes a slow color 
change which will make an accurate determination of the 
end {joint somewhat difficult. For the concentrations shown 
on this figure the phenolphthalein end point should be fairly 
satisfactory.

In the case of the methyl orange end point a number of 
difficulties appear. The methyl orange end point may be 
taken as a pH of 3.9 corresponding to 20 per cent converted to
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the acid form. This is about the pH that would ordinarily be 
attained in routine practice when a color comparison solution 
is not used. It is seen from Figure 2 that the lower inflec
tion points occur at a much higher pH than this value of 3.9 
for the methyl orange end point. At a pH of 3.9 the curves 
are very flat. This will make the color change extremely slow 
and the end point difficult to detect. It is apparent in this 
region that a considerable amount of acid may be added 
with only a small change in the pH.

A more startling fact appears, however, if the amount of 
acid which should be required to titrate the carbonate in the 
6 parts per million sample, on the basis of the regular phenol
phthalein-methyl orange calculations, is compared to the 
amount actually used for this titration as shown by the

F ig u r e  3 . C o m p a r is o n  o f  C a l c u l a t e d  -w it h  
E x p e r im e n t a l  C u r v e

curve. Six parts per million of carbonate are 0.1 millimole 
per liter. By the usual phenolphthalein-methyl orange cal
culations this would require 0.10 millimole of hydrochloric 
acid per liter for titration or on this plot would require from 
10.10 to 10.20 millimoles of hydrochloric acid. Actually, to 
go from pH 8.3 to 3.9 requires from 10.1 to 10.32 millimoles 
of acid; 0.22 millimole has been used instead of the required 
0.10 millimole. This is an error of 120 per cent. The rest 
of the curves show similar errors, the percentage error de
creasing, however, as the carbonate increases. To a large 
extent this error is due to the presence of the water in the 
sample which is not taken account of in the assumptions on 
which the phenolphthalein-methyl orange method is based.

Table III shows the millimoles per liter of acid which would 
be required to titrate the carbonate present in these four 
samples between the phenolphthalein and methyl orange end 
points according to the usual calculations, the millimoles per 
liter of acid used according to the curves, and the per cent 
error in the carbonate. The conclusion that the phenol
phthalein-methyl orange method is too inaccurate to be used 
for even routine work on samples containing less than 60 
parts per million of carbonate is inescapable.

T a b l e  III. E r r o r  in  D e t e r m i n a t io n  o f  C a r b o n a t e
U s in g  P h e n o l p h t h a l e in - M e t h y l  O r a n g e  T it r a t io n

CO, 
P. p. m. 

6 
15 
30 
60

HC1
R e q u i r e d ®

Afillimoles/l.
0.10
0.25
0.501.00

HC1Used*
Millimoles/l.

0.22
0.37
0.63
1.14

CO,
E r r o r

%
120
48
26
14

the samples picking up carbon dioxide when it is alkaline, 
and the effect of organic matter or buffer salts in the solution 
will all tend to increase the size of this error.

In order to demonstrate the accuracy of the method of 
calculation used, a calculated curve was compared with an 
experimental curve as shown in Figure 3. These curves arc 
for 300 parts per million of carbonate. The experimental 
curve was taken from the curves published by Greenfield and 
Buswell (<?), and is for 0.01 Af solution, using a rocking hydro
gen electrode. The values secured using the bubbling hydro
gen electrode (II) cannot be compared with the calculated 
curve, because the flow of hydrogen removes too much carbon 
dioxide from the sample.

Figure 3 shows extremely good agreement, the maximum 
deviation being only 0.3 millimole. The inflection points on 
both curves occur at the same pH. As predicted, the experi
mental curve actually shows a larger error than the cal
culated curve. The effect of dilution by the titrating acid 
was determined for this calculated curve and is less than 0.02 
millimole except at a pH of 3.0 where it becomes 0.10 milli
mole. The effect tends to bring the experimental and cal
culated curves into slightly better agreement.

The curve in Figure 2 shows that the lower inflection point 
drops from a pH of about 5.3 to about 4.60 as the carbonate 
increases from 6 to 60 parts per million. The upper inflec
tion point remains almost constant at about 8.3. Substitut
ing H + =  e-2.3<>3» jn Equation 9, differentiating twice, and 
setting the second derivative equal to zero an equation in 
H + alone may be secured from which the actual inflection 
points may be accurately calculated.

The equation finally secured is the following:

0 1 - A'„ - c ,  X (10)(H+)3
r(H +)* -3  X lO“7 (H+)» +  5.4 X 10-“  (H+) -  3.24 X 10-J<1 
L 1(H+)S +  3 X lO-7 (H+) +  1.8 X 10-17]s J
Using different values of C2 (the carbonate concentration) this 
equation may be solved for H +. The upper inflection point—  
that is, the phenolphthalein end point—will be found to 
be independent of concentration of carbonate and always 
occurs between a pH of 8.36 and 8.37.

A4 
S.L 

•5j° 
A £  

A& 
4.4 

a4JL

AO

3.8

3 .6

X s  k

M E T H Y L  O R A N G E
E N D P O IN T

O
MOLS PER L ITE R  -  |O3 

5 10

® Based on usual phenolphthalein-methyl orange calculations.
 ̂ Determined from acia required to titrate between pH 8.3 and 3.9 

according to curves in Figure 2.

Moreover, the errors shown represent the absolute mini
mum error that may be expected. The effect of dilution and 
loss of carbon dioxide during the titration, the possibility of

iO O  J OO 400  SOO 600
PRM. CO,

F i g u r e  4. C h a n g e  o f  M e t h y l  O r a n g e  I n f l e c t i o n  
P o i n t  w i t h  C o n c e n t r a t i o n  o f  C a r b o n a t e

The position of the lower inflection point, which is supposed 
to be measured by the methyl orange end point, as was in
dicated by Figure 2, is dependent on the concentration of 
carbonate present. Figure 4 shows how the position of the 
inflection point varies with carbonate concentration. The 
position of the methyl orange end point (pH of 3.9) is marked 
on this chart and deviates most widely from the inflection
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point at low carbonate concentrations. This shows, aga'in, 
why the phenolphthalein-methyl orange titration is so in
accurate at low concentrations. The curve shown crosses the 
pH of 3.9 around 6000 parts per million of carbonate (0.10 M) 
and at this point the titration should be quite accurate. This 
is found to be true experimentally.

Calculations were made to see if the position of the inflec
tion points agreed with the stoichiometric values for the 
titration of bicarbonate to carbonic acid as assumed in the 
phenolphthalein-methyl orange method. At the upper pH 
the position of the inflection point was always within 0.02 
per cent of the correct position. At the lower pH the maxi
mum deviation was 0.4 per cent. These errors are not 
serious and it is not the deviation of the inflection point from 
the stoichiometric equivalent point that causes the errors, 
but the fact that the pH of the lower inflection point changes 
with concentration and that in low concentrations of car
bonate the indicator is not properly selected to give the 
correct end point.

The accuracy of the method might be improved by using 
an indicator which changes color at a higher pH than methyl 
orange. If such an attempt is made, it is absolutely neces
sary that accurate color comparison blanks should be pre
pared which will indicate the correct end points. One 
difficulty with such a me'thod is the necessity of knowing the 
approximate carbonate concentration in order to select the 
correct end point. Another possible source of error that 
will have to be guarded against is salt errors in the indicators. 
If an attempt is made to use different indicators on boiler 
waters, it seems absolutely necessary that the method should 
be checked at least occasionally (13).

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

The author is very much indebted to L. O. Case of the 
University of Michigan for many helpful suggestions con
cerning this paper.

• L i t e r a t u r e  C it e d

(1) Am. Pub. Health Assoc., Standard Methods of Water Analysis,
6th ed., p. 32.

(2) BalareiT, D., Z. anorg. alloem. Chem., 123, 69-82 (1922).
(3) Clark, W. M., "Determination of Hydrogen Ions," p. 101.

Williams & Wilkins, 1923.
(4) Fellenbcrg, T. V., Mitt. Lcbcnsm. Hyg., 6, 191-5 (1915).
(5) Germuth, E. G., Am. J. Pharm., 99, 271-4 (1927).
(6) Greenfield, It. E., and Buswell, A. M., J. Am. Chem. Soc., 44,

1435-52 (1932).
(7) Kato, Y., and Noda, I., Mem. Coll. Set. Eng., Kyoto Imp. Univ.,

2, 217-28 fl910).
(8) KolthofT, I. M., and Vogelenzang, E. II., Pharm. Weekblad, 56,

122-42 (1919).
(9) Kuster, F. W., Z. anorg. Chem., 13, 127-50 (1S97).

(10) Larson, R. F., Trans. Am. Soc. Mcch. Engrs. (Fuels d  Steam
Power), 54, 171-9 (1932).

(1 1 ) Little, E., and Durand, E. M., J. Am. Leather Chem. Assoc., 20.
19-31 (1925).

(12) Majdel, I., Bull. soc. chim. roy. Yougoslav., I, No. 2, 25-8 (1931).
(13) Partridge, E. P., Schroeder, W. C., and Collins, L. F., In d .

Eno. Chem ., Anal. Ed.. 4, 271-83 (1932).
(14) Raeder, M., Tids. Kemi, Farm. Terapi, 14, 257-69 (1917).
(15) Schroeder, W. C., and Fellows, C. H., Preprint Am. Soc. Mech.

Engrs. (Nov. 30, 1930).
(16) Straub, F. G., In d . E n o . C hem ., 24, 1174-8 (1932).
(17) Ibid., Anal. Ed., 4, 290-4 (1932).

R e c e i v e d  July 2 1 ,  1933. Presented before the Division of Water, Sewage, 
and Sanitation Chemistry at the 86th Meeting of the American Chemical 
Society, Chicago, 111., September 10 to 15, 1933.

Composition of Fatty Acid Mixtures
I, Relation of Composition to Dalican’s Curve

R o b e r t  N .  W e n z e l , Mellon Institute o f  Industrial Research, Pittsburgh, Pa.

I N THE manufacture of commercial fatty acids, it is 
customary to estimate cold press yields from the titers 
of pressroom products by making use of a table of empiri

cal data showing the percentages of commercial oleic acid and 
commercial stearic acid in mixtures of different titer. Such 
data are extremely useful in the control of plant operations, 
but their purely empirical nature and corresponding!} 
limited applicability must always be kept in mind. Thus, 
while it is perhaps generally recognized as hazardous to apply 
the same set of data to stocks differing widely in source, it is 
not as generally realized that, even in the case of a single stocky 
such calculations give no reliable information whatever 
regarding the actual percentages of saturated and unsaturated 
fatty acids present.

There are twm important considerations involved here, 
neither of which must be lost sight of. In the first place, 
when a solid fraction is separated from a fatty acid mixture by 
cooling, both fractions are solutions and each contains all 
components present in the original mixture. The solid which 
separates, considered apart from any entrained or adsorbed 
liquid, is a solid solution—that is, a wholly solid phase con
taining, however, components that are themselves (when 
alone, but not now) liquids, just as a solution of salts in water 
is wholly liquid although it contains components that are, 
when alone, solids. Similarly, the liquid fraction contains 
solid fatty acids in solution and, as will be seen, a considerable 
percentage of these dissolved solid acids can never be sepa
rated, even theoretically, by chilling.

A second and more important consideration is the fact that 
the customary analytical methods applied to the original 
mixture and to the end products are themselves impossible of 
interpretation, in any exact way, in terms of fatty acid 
composition. The free fatty acid value assumes an average 
molecular weight which is purely arbitrary or involves as
sumptions as to composition. The iodine value assumes the 
presence of only mono-unsaturated acids unless combined 
with the thiocyanogen iodine value which has brought a 
notable advance in analytical procedures by providing an 
index to more highly unsaturated acids. In either event, the 
analytical results are controlled by the purely empirical time 
factor involved in the iodine value. This reaction time was 
established originally by working with some known product 
and assuming that the proper time for the method is the time 
in which, in this case, the amount of substitution that one does 
get just makes up for enough of the addition at double bonds 
that one does not get, to give, as a result, exactly the iodine 
value that one started out to get. And, in the reaction 
mixture in which this time was thus determined, the highly 
sensitive and all-important reaction velocities were necessarily 
different than in the case of the mixtures later analyzed, 
because of considerable differences in chemical environment.

It is the wRter’s conviction that only by perfecting methods 
that determine individual fatty acid components directly can 
fatty acid and soap chemists hope to build up reliable con
ceptions of the composition and changes of composition of 
their stocks in process. Because of the closely similar chemi
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cal properties of the fatty acids, such methods are certain to 
be physical-chemical methods. One of these is the mixed- 
melting point method developed by Twitchell (7) and later 
used by McGregor and Beal (6) in their study of the com
position of menhaden oil. Further improvements in this 
method have more recently been made and will bo described 
in a later communication.

It should, of course, be apparent from the fact that stocks of 
widely different chemical composition might have the same 
titer, that the data of Dalican and of de Schepper and Geitel 
cannot hold in any absolute way. For stocks that are fairly 
uniform as to source and are blended according to a fixed 
formula, however, an empirical relationship of that sort 
should hold with but little variation. De Schepper and 

Geitel stress this point particularly. They 
show the wide difference in the curves for 
palm oil, for tallow, and for mixtures of 
the two and they recommend that works 
chemists establish their own data with their 
own stocks.

The following exp erim en ts co n stitu te  
such a check  w ith  commercial fatty acid 
stocks:

F i g u r e  1 . D a l ic a n  C u r v e  S h o w in g  T it e r s  o f  F a t t y  A c id  M ix t u r e s  
a s  a  F u n c t io n  o f  T h e ir  C o n t e n t  o f  C o m m e r c ia l  S t e a r ic  A c id

The present paper discusses the use of a table of data pub
lished originally in 1868 by Dalican, who devised the titer 
test itself, and still used to determine yields in the pressing 
operation. Dalican’s data, modified to apply to the fatty 
acids rather than to their glycerides, and extended to lower 
titers by means of similar data published by de Schepper and 
Geitel (8), are presented graphically and compared with' 
titers obtained from present-day commercial stocks. The 
important relation between the composition of fatty acid 
mixtures and their melting points, or titers, is also shown 
graphically for the simple palmitic-stearic-oleic system in a 
way which makes clear the effect of the presence of linolic acid 
in such a system and just how Dalican’s curve fits into this 
picture.

D a l i c a n ’ s  T a b l e

In the separation of solid from liquid fatty acid by pressing, 
it is obvious that if the percentages of stearic acid in the stock 
charged, in the oil and in the press cake, can be estimated 
from their respective titers, then the yield follows at once 
from the fact that the amount of stearic acid in the two 
fractions must equal that in the original mixture before 
pressing.

Data for this purpose are furnished by Dalican’s table as 
printed in Lewkowitsch (4). This table shows yields of 
commercial stearic acid and commercial oleic acid obtainable 
from fats of different titer. The figures are based on the glyc
erides and thus add in each case to 95 per cent. By divid
ing by 0.95, yields on the free fatty acid basis are obtained.

For lower titers, extension can be made on the basis of a 
similar table by de Schepper and Geitel (2), also reproduced 
in Lewkowitsch (5). This table is not directly comparable 
with Dalican’s, since it gives percentages of "stearin”  of 
solidifying point 48° C., whereas Dalican’s stearic acid was 
evidently of about 54° C. titer. According to Dalican’s data, 
a stock of 4S° C. titer contains 65 per cent commercial stearic 
acid. The data of de Schepper and Geitel can, therefore, 
be expressed in terms of Dalican’s stearic acid by multiplying 
by 0.65.

Dalican’s data and those of de Schepper and Geitel, thus 
converted to the same basis, are given in Tables I and II.

A sample of 1842 grams of run-off fatty 
acids, titer 38.95° C., was pressed at 24° C. for 
10 minutes at 5000 pounds per square inch in a 
laboratory press; 569.5 grams (38 per cent) of 
pressed cake were obtained, having a titer of 
50.15° C. The titer of the oil was 20.70° C. 
Samples of the oil and cake were then recom
bined in accurately weighed proportions and the 
titers of the mixtures recorded.

By pressing at 32.2° C., 357.2 grams of cake 
from the above experim ent were further 
separated, giving a cake of 52.80° C. titer and 
an oil of 36.00° C. titer. The yield of cake here 
was 77.2 per cent.

Four hundred grams of the cold pressed oil were cooled in a 
refrigerator overnight and then placed in an ice bath while 30.5 
grams of oil were drawn off from the semisolid mass through a
cloth filter. The titer of this oil was 1.1° C., while that of the
remaining 92.4 per cent was 21.45° C.

T a b l e  I. D a l i c a n ’s  T a b l e
C o m m e r c i a l  S t e a r i c  

A c i d
C o m m e r c i a l  S t e a r i c  

A c id

T i t e r
Fat

basis
Fatty acid 

basis T i t e r
Fat

basis
Fatty acid 

basis
° C. % % 0 C. % %
35 25.20 26.53 44.5 49.40 52.00
35.5 26.40 27.79 . 45 51.30 54.00
36 27.30 28.74 45.5 52.25 55.00
36.5 28.75 30.26 46 53.20 56.00
37 29.80 31.37 46.5 55.10 58.00
37.5 30.60 32.21 47 57.95 61.00
38 31.25 32.90 47.5 58.90 62.00
38.5 32.15 33.84 48 61.75 65.00
39 33.44 35.20 48.5 66.50 70.00
39.5 34.30 36.10 49 71.25 75.00
40 35.15 37.00 49.5 72.20 76.00
40.5 36.10 38.00 50 75.05 79.00
41 38.00 40.00 50.5 77.10 81.16
41.5 38.95 41.03 51 79.50 83.69
42 39.90 42.00 51.5 81.90 86.21
42.5 42.75 45.00 52 84.00 88.42
43 43.70 46.00 52.5 88.30 92.95
43.5 44.65 47.00 53 92.10 96.95
44 47.50 50.00

T a b l e  II. D a t a  o f  d e  S c h e p p e r  a n d  G e it e l  C o n v e r t e d  t o  
B a s is  o f  D a l ic a n ’s  T a b l e

S t e a r i n D a l i c a n ’ s S t e a r i n D a l i c a n ’ î
S O L ID I- o r  S o l i d i  C o m ’ l S O L ID l- o r  S o l i d i  C o m ’ l

FTING f y i n g  P t . S t e a r i c FTIN O f y i n g  P t . S t e a r i c
P o i n t

doooT

A c i d P o i n t 48° C. A c i d

0 C. % % ° C. % %
6 0.3 0 .2 28 23.3 15.1
7 0 .8 0.5 29 25.2 16.4
8 1.2 0.8 30 27.2 17.7
9 1.7 1.1 31 29.2 19.0

10 2.5 1.6 32 31.5 20.5
11 3.2 2.1 33 33.8 22.0
12 3.8 2.5 34 36.6 23.8
13 4.7 3.1 35 39.5 25.7
14 5.6 3.6 36 43.0 28.0
15 6 .6 4.3 37 46.9 30.5
16 7.7 5.0 38 50.5 32.8
17 8 .8 5.7 39 54.5 35.4
18 9 .8 6.3 40 58.9 38.3
19 11.1 7.2 41 63.6 41.4
20 12.1 7.9 42 68.5 44,5
21 13.2 S .6 43 73.5 47.8
22 14.5 9.4 44 78.9 51.3
23 15.7 10.2 45 83.5 54.3
24 17.0 1 1 .0 46 S9.0 57.9
25 18.5 12.0 47 94.1 61.1
26 20.0 13.0 48 100.0 65.0
27 21.7 14.1
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According to the data of Tables I and II, the cold pressed 
cake, having a titer of 50.15° C., contained 79.6 per cent 
commercial stearic acid, and the cold pressed oil, titer 20.7° C., 
contained 8.4 per cent. If we accept these two values, the 
composition of the other samples, in terms of Dalican’s 
“ commercial stearic acid,”  is determined by the percentages 
of the intermediate mixtures and the yields obtained in the 
hot pressing and chilling experiments. The results are given 
in Table III.
T a b l e  III. T i t e r s  o f  T e c h n i c a l  F a t t y  A c id  M ix t u b e s  o f  

V a r y in g  C o m m e r c ia l  S t e a r i c  A c id  C o n t e n t

S a m p l e

C o l d
P r e s s e d

O i l

C o l d
P r e s s e d

C a k e T i t e r

D a l i c a n ’ s
C o m m e r c i a l

S t e a r i c
A c id

% % ° C. %
1 100.0 20.70 8.4
2 90.0 iô!o 27.05 15.5
3 80.0 20.0 32.20 22.6
4 70.0 30.0 36.20 29.S
5 60.0 40.0 39.10 36.9
6 50.0 50.0 41.60 44.0
7 40.0 60.0 43.70 51.1
8 30.0 70.0 45.60 58.2
9 20.0 80.0 47.10 65.4

10 10.0 90.0 48.65 72.5
11 100.0 50.15 79.6
12 Hot pressed cake 52.80 94.4
13 Chilled oil 1.10 -0 .1

A second series of values was obtained by determining the 
titers of mixtures made up from commercial grades of double
pressed distilled stearic acid and double-distilled red oil. 
These results are given in Table IV. Conversion to the basis 
of Dalican’s commercial stearic acid was made by accepting 
the published data for mixtures having the titers of samples 
1 and 10. Sample 11 is thus found to contain 107.5 per cent 
of Dalican’s stearic acid, a figure which results from the fact 
that it has a higher titer than the sample Dalican used.

T a b l e  IV. T i t e r s  o f  M i x t u r e s  o f  C o m m e r c ia l  S t e a r i c  
A c id  a n d  R e d  O i l

C o m m e r c i a l
S t e a r i c

S a m p l e A c i d

%
1
2 10.00
3 20.00
4 30.00
5 39.97
6 50.00
7 60.00
8 70.00
9 79.96

10 89.96
11 100.00

D a l i c a n ' s
C o m m e r c i a l C o m m e r c i a l

R e d S t e a r i c

O i l T i t e r A c id

% 0 C. %
100.00 12.25 2.5
90.00 24.25 13.0
80.00 32.53 23.5
70.00 37.72 34.0
00.03 41.19 44.5
50.00 44.29 55.0
40.00 46.92 65.5
30.00 49.26 76.0
20.04 51.29 86.5
10.04 53.11 97.0

54.70 107.5

In taking the titers the standard procedure ivas carefully 
followed. The thermometer used was standardized by 
comparison with a thermometer certified by the U. S. Bureau 
of Standards and corrections were made for the temperature 
of the emergent stem.

The results of these experiments, together with the data of 
Dalican and de Schepper and Geitel, are shown graphically 
in Figure 1.

T i t e r s  o f  F a t t y  A c id  M i x t u r e s

The relation of titer to composition in technical fatty acid 
mixtures is most readily visualized by considering the three
dimensional diagram, Figure 2. _

Here the actual situation is simplified by considering all 
mixtures as composed of only palmitic, stearic, and oleic acids. 
The base, P' S' O', is the familiar triangular composition 
diagram within which any point represents a definite mixture 
of three components, in this case palmitic, stearic, and oleic 
acids. Titers are laid out on the vertical, temperature scale. 
The titers of all possible mixtures thus determine a surface, 
OASJPBO, with peaks at the three points P, S, and 0, 
representing the individual acids and a minimum at some 
point, C. Contours of this surface, such as shown at TUV,

if projected onto the base, give lines of constant titer on the 
composition diagram. Data giving the position of such lines 
have been published by Carlinfanti and Levi-Malvano (I). 
The intersections of the titer surface with the sides of the 
triangular prism are titer curves for the three binary mixtures 
and have the shapes indicated.

The lowest region of this titer surface is of particular in
terest. The position of the point B has been carefully in
vestigated by Lapworth and Pearson (3), using highly purified 
palmitic and oleic acids, and found to be at 7.2 per cent 
palmitic acid. This means that crystallization and pressing 
of mixtures of oleic and palmitic acids containing more than 
7.2 per cent pal
m itic  acid  to  
begin with, can 
never produce an 
oil carrying less 
than 7.2 per cent 
pa lm itic  acid.
The correspond
ing point, A, on 
the stearic-oleic 
cu rve  has ap 
parently never 
been in v e s t i
gated. It is ap
parent, however, 
that w hatever 
the composition 
at A , the o il 
w hich is satu
rated with pal
mitic acid at B 
w ou ld  take up 
still more so lid  
acid at that tem
perature if the 
added acid were 
stearic. A d d i
tion of stearic  
acid to the mix
ture at B  would 
change the com
p os it ion  along
the line BX. The mixture would then be unsaturated and 
remain liquid until it again met the titer surface at W.

Addition of stearic acid to the mixture at B, or palmitic acid 
to that at A, would cause a further depression of the crys
tallizing point until finally a ternary eutectic would be 
encountered at C. The position of this point has never been 
established. It might require less than 7 per cent of solid 
acids or it might require considerably more.

It is interesting to note that Carlinfanti and Levi-Malvano 
did not encounter the eutectics A  and B  at all when they 
mixed their oleic acid with palmitic and with stearic. As 
pointed out by Lapworth and Pearson (3), this can only mean 
that their supposedly pure oleic acid contained more than 
7 per cent of palmitic acid and an unknown amount of stearic 
acid dissolved in it. Their diagram of solidifying points for 
ternary mixtures is therefore also in error to that extent.

D a l i c a n  C u r v e  o n  T i t e r  S u r f a c e

Consider now the curve DEFGH which corresponds to the 
Dalican curve. The upper point H represents the composi
tion and titer of the commercial stearic acid used, the point D 
that of the red oil. Neither is a fixed point. H  will be closer 
to SJP the more completely the liquid acids are removed. It 
will shift back and forth with the ratio of palmitic to stearic

F ig u r e  2 . T it e r  D ia g r a m  f o r  S y s t e m  
P a l m it ic  A c id - S t e a r ic  A c id - O l e ic  A cid
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in the solid acids and this ratio may vary considerably in the 
different stocks. If it takes up a new position, as at K, this 
will involve a change in both position and shape of the entire 
curve.

So also with the lower point D. At this end of the curve, 
wide variation in position is possible because of variation in 
the amount of linoleic acid present with the oleic. For oleic 
acid the position of 0  would be at +14° C., for linoleic it 
would be at —18° C., and for intermediate proportions it 
might be anywhere between, or even considerably lower 
because a curve for these two acids wrould drop to a minimum 
of its own.

It is particularly to be noticed that with a drop in the 
position of 0  the titer surface null cut the horizontal plane 
representing any one temperature at positions farther from 
the liquid acid edge of the diagram. In other words, with 
increase in linoleic acid content, an oil of 10° C. titer will also 
carry higher percentages of the saturated acids. This higher 
saturated acid content, of course, exerts a partially com
pensating effect on the iodine value.

Oils of 0° C. titer, or lower, can readily be obtained from 
commercial mixtures. This is probably due more to the 
lowered position of point 0, caused by linoleic acid, than to the 
steepness of the curve OC shown in the diagram.

One other point should be noted. Since Dalican’s mix

tures are all made up from the two stocks D and H, they all 
have compositions which can be represented on the triangular 
diagram by a straight line, D'H'. This is not necessarily 
true of the stocks actually handled in the plant to arrive at 
the products D and / / ,  since these two cannot exist as liquid 
and solid phase in equilibrium with each other in any mixture 
and so can only be arrived at by a series of operations.

Enough has perhaps been said to show that the Dalican 
curve is at best only an approximation which must be handled 
with considerable caution even in its proper application, which 
is the estimation of probable yields of commercial products. 
It can contribute no evidence of an exact quantitative nature 
regarding the actual content of saturated fatty acids in any 
technical mixture.
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Titration of Ammonia in Presence of 
Boric Acid

Macro- and Micro-Kjeldahl Procedures

E d w a r d  W .  M e e k e r  a n d  E. C. W a g n e r  

Harrison Laboratory of Chemistry, University o f Pennsylvania, Philadelphia, Pa.

T HE device of receiving in boric acid solution the 
ammonia distilled during the Kjeldahl analysis, sug
gested in 1913 by Winkler (11), has been reported 

upon favorably by several workers (1, 2, 7, 8), and especially 
by Markley and Hann (5). That this procedure does not 
more rapidly displace the less convenient excess-acid method 
is perhaps due in part to difficulty with the end point, for 
the indicators recommended—e. g., bromophenol blue, 
methyl red, methyl orange, and congo red—are not very 
satisfactory when used in the ordinary manner in presence 
of boric acid, the color changes being too gradual or too slight 
to be perceived sharply except after practice or by use of 
special light. Bromophenol blue has been considerably used, 
as in the extensive trials of the boric acid absorption method 
by Scales and Harrison (7), Spears (S), and Markley and 
Hann (o), with empirical correction (included in the over-all 
blank) for the effects of boric acid and dilution upon the 
indicator, but apparently none for any effect due to am
monium salt, reported by Kolthoff (4) and by Stover and 
Sandin (5) to be marked.

Preliminary trials suggested the probable advantage in 
the use of an indicator which in presence of boric acid develops 
its acid color in an intermediate intensity which within a 
limited range is proportional to the acidity, and which is 
suitable for accurate color-matching. With such an indicator 
the end point of the titration can be detected by matching 
the color of a control liquid which contains the same quantity 
of boric acid and the same amount of indicator in the same 
volume. The titration will thus be completed in the acid 
region, but always at the pH of the diluted boric acid solu

tion. The effect of the boric acid upon the indicator is the 
same in the color standard and the analysis, and therefore 
cancels out.

Methyl red fully meets the requirements mentioned, and 
in addition its salt error is negligible, as was shown by Thom
son (10) and in the course of the present study. Its suita
bility for the color-matching titration was demonstrated some 
years ago, and the resulting procedure has been used success
fully in numerous Kjeldahl analyses, many by inexperienced 
students. Recently Stover and Sandin (0) reported the use 
of a color-matching titration in the micro-Kjeldahl method 
with boric acid absorption, the preferred indicators being a 
mixture of tetrabromophenol blue and methyl red, and of 
methylene blue and methyl red. There is described below a 
titration procedure like that of Stover and Sandin, but 
extended to both macro- and microtitrations. Methyl red 
is used as indicator, and gives an end point which is definite 
and unmistakable without use of special light.

M a c r o t i t r a t i o n  i n  P r e s e n c e  o f  B o r i c  A c id

Erlenmeyer flasks of 500 cc. capacity are used. The color 
control is prepared by dilution (with carbon dioxide-free 
water) of 50 cc. of 4 per cent boric acid solution to a volume 
equal to or slightly greater than the final volume of the dis
tillate liquid at the end of the titration of ammonia (about 
250 cc.), and addition of 2 to 4 drops of 0.1 per cent solution 
of methyl red in 95 per cent alcohol. The control liquid 
should be clear pink or red; a moderately pronounced red 
color seems best, very pale or very deep colors being less 
easily matched. If the flask is tightly stoppered the color
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standard can be used for a day or more. For absorption of 
ammonia 50 cc. of the same 4 per cent boric acid solution and 
as many drops of indicator as were added to the color control 
are taken. After distillation of the ammonia the cold liquid 
is titrated with 0.1 N  acid, with the color control beside the 
distillate liquid, both flasks resting upon a white surface. 
The first faint orange or pink color which persists signals the 
approach of the end point. The titration is continued slowly 
until the colors of the two liquids are identical in intensity, 
the volumes being equalized (±10  cc.) if necessary by addi
tion of water (best carbon dioxide-free if considerable is 
required). If the matching is properly done, 0.5 drop more 
of acid will markedly increase the intensity of the color as 
compared with that of the control. The color-matching can 
be accomplished with ease and precision, a variation of 0.01 
to 0.02 cc. of 0.1 N  acid being readiljr detectable. The 
addition (to the color control) of pure ammonium salt approxi
mately equal to that formed in the titration is optional, but 
its effect is so small as to be negligible.

M i c r o t i t r a t i o x  in ’ P r e s e n c e  o f  Borne A c i d

The procedure is that given for the macrotitration, with 
suitable reduction in scale. There are used 100-cc. Erlen- 
meyer flasks with like dimensions and prepared as described 
by Pregl (<?), 5 cc. of 4 per cent boric acid solution (measured 
with a pipet), and about 2 drops of 0.05 per cent methyl red 
indicator (enough to yield in the control liquid a distinct 
pink color), in a final volume of 35 to 40 cc. Water used in 
the color control and for volume adjustment should be free 
from carbon dioxide. The end point can be located within 
0.01 cc. of 0.01 N  acid.

S t a n d a r d i z a t i o n  o f  A c id  f o r  T it r a t io n

The 0.1 N  and 0.01 N  acids were standardized against 
sodium carbonate (De Haen’s guaranteed, previously gently 
ignited), using methyl red indicator. Standardizations were 
made both by the color-matching titration in presence of boric 
acid, and by the usual procedure in its absence. In every 
case the liquid was boiled just before the true end point, then 
cooled rapidly and the titration completed. The color con
trols were likewise boiled. Normalities by the two methods 
were identical, showing that the titration of alkali in presence 
of boric acid by the color-matching procedure described is 
accurate, and that acid to be used in this procedure may be 
standardized in either way. Some results appear in I able I, 
which includes also values obtained by use of methyl red- 
methylene blue indicator, recommended by Johnson and 
Green (.3) and tested by Stover and Sandin (9).

T a b l e  I . S t a n d a r d iz a t i o n  o f  0.1 N a n d  0.01 A' H y d r o c h l o r i c  
A c id  w i t h  S o d iu m  C a r b o n a t e  in  P r e s e n c e  a n d  A b s e n c e  o f  

B o r i c  A c id

I n d i c a t o r

Macro:
Methyl red

Micro: 
Methyl red

M e t h y l  r e d -  
methylene blue

N o r m a l i t y  o f  A c id  
In presence of boric In absence of boric acid,

acid, by color-matching by usual standardization
titration

0.12615 
0.12620 

Av. 0 .126IS

0.01189 
0.01188 
0.01188 

Av. 0.01188 
* 0.01188 

0.01189 
0.011SS 

Av. 0.01188

procedure3

0.12615 
0.12620 

Av. 0.12618

0.01188 (first pink) 
0.01188 

Av. 0.01188

0.01188 (first violet) 
0.01189 

Av. 0.01189

°  Color blanks deducted.

D e t e r i o r a t i o n  o f  B o r ic  A c id  S o l u t io n

Freshly prepared boric acid solution, diluted as specified 
bove, gives with methyl red a pronounced acid color. 
Jpon storage for some time the solution affects methyl red

less strongly, and eventually fails to yield a red color. The 
explanation for this change is being sought; it may be the 
passage of alkaline constituents from the glass container into 
the boric acid solution, which may thus be partially buffered. 
While it is perhaps best to use an undeteriorated solution, 
it has been found that one which has deteriorated can be 
made usable by treating the whole stock solution with 0.1 N  
or 0.5 N  acid until a portion properly diluted yields with 
methyl red an approximately normal red color. The color 
need not be exactly that imparted by a fresh boric acid solu
tion; it need only be some tone of red which is suitable for 
color-matching. Since the restored solution will be used in 
equal amounts in both color standards and analyses, the total 
effect of the boric acid, etc., is automatically compensated.

R e c o v e r y  o f  A m m o n i a

Aliquots of a standard solution of pure ammonium chloride 
were transferred to a micro-Kjeldahl apparatus and made 
alkaline; the ammonia was distilled into 5 cc. of 4 per 
cent boric acid solution and titrated with 0.01 N  hydrochloric 
acid by the color-matching procedure. Methyl red and a 
mixture of methyl red and methylene blue were used as indi
cators, in two series of trials. Results are given in Table II.

T a b l e  I I .  R e c o v e r y  o f  A m m o n ia  D is t il i .e d  f r o m  A m m o n iu m  
C h l o r id e  b y  M ic r o - K j e l d a h l  P r o c e d u r e , U s in g  C o l o r -  

M a t c h in g  T it r a t io n

Methyl red-methylene blue

N i t r o g e n  N i t r o o e n
I n d i c a t o r  T a k e n ® F o u n d

Mg. Mg.
Methyl red 1.209 1.210

1.208 
1.208
1.207
1.208
1.207
1.208 
1.208
1.207 

Av. 1.208
1.209 1.208

1.207
1.207
1.208 
1.208 
1.208

Av. 1.208
“ 10-cc. aliquots of solution of 0.4619 gram of ammonium chloride (De 

Haen's guaranteed) in 1000 cc.

The results in Table II represent a recovery of 99.9 per 
cent of the ammonia, using either indicator. Results with 
the two indicators are in better agreement than was found 
by Stover and Sandin. While both indicators are satis
factory, and even though the mixed indicator signals the 
approach of the end point earlier, it is thought that the 
color-matching at the end point is sharper and more certain 
with methyl red. The final colors of the mixed indicator are 
composites of the increasingly strong red of the methyl red 
and the color of the methylene blue, and these intermediate 
tones are less easy to match.

In Table III are collected results of some nitrogen analyses 
by both macro- and micromethods using the boric acid modi
fication described. A number of results by the excess-acid 
procedure are included for comparison. Methyl red was used 
as indicator. In all cases over-all blanks were run, using 
sucrose, and suitable corrections applied.

As shown by the results in Tables II and III, ammonia 
distilled by the macro- or micro-Kjeldahl method and ab
sorbed in boric acid solution can be titrated accurately with 
methyl red indicator, the end point being recognized by 
matching the color of a control liquid of the same volume 
and containing the same quantities of boric acid and of 
indicator. The titration can be made with normal rapidity.

The advantages of the proposed color-matching titration 
are the following: (1) the end point in presence of boric 
acid is sharp and unmistakable, and can readily be tested
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T a b l e  III. N it r o g e n  A n a l y s e s  b y  B o r ic  A c id  M o d if ic a t io n  o f  K j e l d a h l  M e t h o d , U sin g  C o l o r -M a t c h in g  
T it r a t io n  w it h  M e t h y l  R e d  I n d ic a t o r

MACBOMETHOD®
- N i t r o g e n  F o u n d -

m i c b o m e t h o d I»

C o m p o u n d

Urea

p-Aminophenol-hydrochloride 
(Cl -  24.0% ; calc. 24.4%)

Glycine

Uric acid (commercial)

Acetauilide

Metol, recryst.

N i t r o g e n Excess-acid Boric acid
C a l c . procedure absorption Boric acid absorption

% % % % %
46.66 46.60 

46.51 
46.65 
46.80 

Av. 46.64

46.5
46.2 
46.8
40.3 

Av. 46.5
Excess-acid

9.62 9.45 9.48 9.37 9.47
9.45 9.44 9.47 9.46

Av. 9.45 9.49 9.48 9.45
9.50 Av. 9.44 Av. 9.46
9.46

Av. 9.47
18.67 18.73 18.51 18.6

18.79 IS. 78 18.6
18.78 18.69 Av. 18.6

Av. 18.77 18.73 
Av. 18.68

By Dumas
33.0 32.86 32.87 33.2

32.94 32.83 33.2
33.05 Av. 32.85 Av. 33.2
32.87

Av. 32.93
10.37 10.17 

10.34 
Av. 10.26

10.31 
10.21 

Av. 10.26
8.19 8.14 

8.18 
Av. 8.16

6.56 6.55
6.56 

Av. 6.56
10.08 10.08 

10.09 
10.14 

Av. 10.10

Amyl-p-toluidine-hydrochloride 
(Cl -  16.59%; calc. 16.60%)

p-Nitrophenol (zinc reduction)

a Used 25 cc. sulfuric acid, CuSOi-HgSO* catalyst, 10 grams sodium sulfate; digestion about 1 hour after clearing, 
fr Used Pregl procedure for digestion, with selenium catalyst. Results rounded oil to three significant figures.

by a half-drop overtitration; (2) the end point is visible by 
daylight or by ordinary electric light, making available the 
advantages of boric acid absorption without need for special 
light equipment; (3) the color-matching titration can be 
used equally well in the macro- and the micro-Kjeldahl 
methods.
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Flask Oxidation in the Determination of 
Sulfurous Acid by Distillation

P. F. N ic h o ls  a n d  H. M. R e e d , Fruit Products Laboratory, University of California, Berkeley, Calif.

I N THE determination of sulfurous acid by distillation from 
dried fruits and other products two difficulties have long 
been recognized. First, some of the sulfurous acid may 

be oxidized before it reaches the receiver. Second, especially 
in volumetric methods, reducing substances other than sul
furous acid may react in the receiver and give too high results. 
Among the means that have been recommended or adopted to 
overcome the first difficulty are steam distillation, distillation 
in a Stream of carbon dioxide, rapid boiling, and the addition 
of sodium bicarbonate together with extra acid to the sample 
before distillation. Among the means used for overcoming 
the second difficulty are the substitution of iodine for bromine 
in the receiver, the use of gravimetric methods, the benzidine 
gravimetric method, and the use of cold hydrogen peroxide as 
a selective oxidant.

In a previous paper (3) the authors have reported a study 
of some phases of the problem, in which dried fruits and other

products were used, and a few observations with sulfurous 
acid solutions made by passing sulfur dioxide gas from a 
cylinder through distilled water were included. When the 
available methods are used the true sulfurous acid content of 
dried fruit samples is to some extent uncertain. No entirely 
satisfactory reference substance has been found. In the 
authors’ experience sulfurous acid solutions were less suscep
tible to oxidation and hence more satisfactory than solutions 
of sulfites or bisulfites.

In the study previously reported (3) the authors employed 
a type of distillation apparatus that lends itself well to the 
investigation of several of the means suggested for prevent
ing oxidation in the distillation flask under closely compa
rable conditions. Such an investigation has been made upon 
sulfurous acid solutions, and the results are shown in Table I. 
Except in the two cases noted, the solutions were made by 
passing sulfur dioxide gas from a cylinder into ordinary dis-
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T a b l e  I. D e t e r m in a t io n  o f  S u l f u r o u s  A c id

T o ta l R ecovered  in D is t il la te 0 SO* in  D is t il l in g  T o t a l  S
h-xperi- SO* A cid as Volumetric Gravimetric Flask as SOj Accounted

“ ENT M ethod A dded SOj method method Original Found for as SOi*
Gram Gram %  %  Gram Gram %

J HC1 4- NaHCOjc 0.0346 0.0424 76.9 ±  2 .0  ............. 0.0078 0.0158 100.0 ±  1 °
o S £  t  iJa!iSSa 0.0369 0.0368 95.7 ± 0 .0  ...........  0 .0 0 01 0.00005 96.0 ±o !5
?  +  NaHCOii 0.0362 0.0444 88.4 ± 0 .5    0.0082 0.0086 91 2 ± 7  8
4 HC1 4- NaHCOa. Vent closed 0.0369 0.0368 94.9 ± 0 .0  ............. 0.0001 0.00035 96 1 +  0 0
5 HC1 4- NaHCOa. No vent 0.0369 0.0368 80.7 ± 3 .9  ............. 0.0001 0.0064 98^3 ± 0  9
6 HC1 +  NaHCOa. Air stream 0.0367 0.0404 93.2 ± 0 .8  ............. 0.0037 0.0039 94 5 ±  1 1
7 HC1 +  NaHCOa. COa stream 0.0367 0.0404 94.8 ±  1.7 ............. 0.0037 0.0029 93 1 ± 1 4
8 HC1 but no NaHCOa 0.0369 0.0368 96.8 ± 0 .7  ............  0.0001 0.0000 97*0 ± 0  7
9 HaPO* 4- NaHCOa. Distilled into HjOi 0.0391 0.0411   70.8 ± 3 .9  0.0020 0.0120 96 6 ± 4  7

10 HCl +  NaHCOa. Distilled into HjOj 0.0400 0.0414 73.0 ± 0.8  7 1 .0 ± 0 .8  0.0014 0.0122 98.1 ± 0 .8 *

11 Monier-Williams 0.0367 0.0404 85.9 ± 0 .1  9 9 .2 ± 0 .3  0.0037 0.0002 17 8 .3 ± 0 . 3/
12 Monier-Williams. No preliminary heating 0.0367 0.0404 88.7 ± 0 .3  98.6 ± 0 .2  0.0037 0.0001 80.8 ± 0 . 1 /

13 Monier-Williams. No preliminary heating; 0.0400 0.0414 88.0 ± 0 .2  93.5  ± 1 .4  0.0014 0.0000 85.0  ± 0 . 2 /
no guard trap 90.3  ±_ l ’ 3 «

a Referred to third column. d Sulfurous acid solution in recently boiled distilled water.
* Referred to fourth column. * Based on gravimetric determination of SOj in distillate.
c Sulfurous acid solution in tap water. /  Based on volumetric determination of SOi in distillate.

tilled water. Thiosulfate guard traps were used in ex-peri- So far the results indicate that when low values were ob-
ments 6 and 7. tained in the distillate, oxidation in the distilling flask was

Included in the table are also observations on certain modi- appreciable (experiments 1, 5, 9, and 10). However, it is
fications of the method suggested by Monier-Williams (1). not clear why such oxidation and low sulfurous acid recovery
The modifications include omission of the preliminary heat- in the distillate did not take place in other experiments,
ing of the acidified water (experiment 12), the elimination of For example, oxidation apparently occurred in experiment 10,
the guard trap (experiment 13), and the direct rather than re- but not in experiment 2. These experiments differ only in
flux distillation of the sulfurous acid into cold hydrogen per- that the oxidants used were different, and there is no reason
oxide without use of the carbon dioxide stream (experiments to suppose that this would influence oxidation in the distilling 
9 and 10). flask.

In all cases where the filtered residue after distillation gave No advantage appears to result from the use of recently 
a perceptible precipitate with barium chloride, the amount boiled distilled water either for making up the sulfurous acid
was determined gravimetrically. solutions or in the distillation flask (experiments 2, 3, 11, and

The concentration of sulfurous acid in the initial solutions 12). The use of tap water in making up the sulfurous acid
used was determined by titration into iodine checked against solution resulted in a lower yield (experiments 1 and 2).
0.1 N  sodium thiosulfate. The total acid was determined by No advantage resulted from using a carbon dioxide stream
0.1 JV alkali titration after oxidation of the sulfurous acid by during distillation (experiments 2 and 7), and the use of an
neutral hydrogen peroxide, and was calculated as sulfur di- air stream in the distillation flask did not accelerate oxidation 
oxide. The difference between this value and that obtained (experiments 2 and 6). This is further indicated by a com
by titration into iodine was considered as the amount origi- parison of experiments 2, 4, and 5. Removal of the vent tube
nally present as sulfate. In calculating the per cent recovery of (experiment 5) should hasten the elimination of air from the
sulfurous acid in the distillate, the basis for calculation was the flask as compared with using a vent tube closed off at the top
value obtained for the original solution by iodine titration, (experiment 4) or using a vent tube open at top and bottom
In calculating the per cent recovery of total sulfur— that is, (experiment 2), but this did not increase the yield of sulfurous
the sum of the recoveries in distillate and distilled residue—  acid. No explanation is offered for the greater apparent
the basis was the alkalimetric titration of the oxidized original oxidation that occurred when the vent tube was removed
solution. altogether (experiment 5).

„  The use of sodium bicarbonate did not increase the yield
from sulfurous acid solutions.

When the Monier-Williams method (experiment 11) and 
modifications of it were used, the recovery in the distillate S u m m a r y
bv the irravimetric method was higher than that by the volu- -»■. . ., . . .
metric S S .  That thU does not necessarily occur Non®.of tbe J^nous means that have been suggested for
when hydrogen peroride is used as the oxidant is shown by Preventing flask ox.dat.on and increasing the y.eld in the
experiment 10 £  whieh both v o l e - r i c  end g r .v i ,« ,™  proved t .  solve the problen,

Grsvi,„.trie detc,„ina,ion, by the M a f .
^ S l b L p l p  . „ « . , 1 0  .eid ™  distided over
when no reflux condenser was used. accuracy.

From the averages of the probable errors of the means, . , . . . .
. rW,Y T tho ppenrapv nf the vriln. Among volumetric methods, that of Nichols and Reed,

metric'deternfinations of sulfurous acid in the distillates by '°whdtm  ° f SOdium bicarbonate, gave the
volumetric methods was slightly less than 1 per cent; the ”
accuracy of gravimetric determinations was approximately iVTTnv.
1.3 per cent; and the accuracy for the total recovery was mature t i u s
1.5 per cent bv volumetric and 1.6 per cent by gravimetric W  Monier-Williams, Reports on Public Health and Medical Sub
methods The results therefore appear dependable to the „****•• ‘No; !?• Mimstryoi Health (1927).metnoas. tne results o y y  i- (2) Nichols and Reed, Ind. Eng. Chem., Anal., Ed., 4, 79 (1932)
nearest milligram of sulfur dioxide. Considering the highest ’ ' v ;
values obtained for the distillate, whether volumetric or gravi- Received August 3 ,1933.
metric, low recoveries of sulfurous acid in the distillate were .................
generally accompanied by increased yields of sulfate in the
distilled residue. “ That which is brief, if it be good, is good twice over.”



Mold Growth Test for Minute Amounts 
of Arsenic

H. It. S m i t h  a n d  E. J. C a m e r o n , National Canners Association, Washington, D. C.

T HE unusual property of certain mold growths in liberat
ing arsenic in the form of gas having a characteristic 
garlic-like odor was clearly demonstrated in a series of 

experiments reported by Gosio in 1892 (3), and has been 
studied by many other investigators. A recent contribution 
by Thom and Rapcr (7) shows the particular molds that 
have this property and also gives references to the literature 
on the subject. Tanner (.5) gives the method developed by 
Schneider (4) for using these molds in testing for the presence 
of arsenic. Challenger et al. (I) examined the gas evolved 
and found it to be trimethyl arsine. They give data as to 
the gas itself and certain of its compounds.

The present work gives some convenient ways for growing 
the mold, suggests methods for carrying out the test for 
arsenic in food products, records the results obtained with 
known amounts of arsenic in different kinds of foods, shows 
that many classes of arsenic compounds respond to the test, 
and points out certain limitations.

The authors believe that this mold test for arsenic has a 
value that is not generally appreciated by those interested in 
food technology. It provides a presumptive test materially 
more sensitive than existing chemical tests. It should have 
marked qualitative value in supplementing chemical quanti
tative tests where large numbers of samples of unknown arsenic 
content are to be tested. The production of mold growth and 
method of treatment are procedures that could be reduced 
to practical simplicity in routine examination.

In this work only one kind of mold was used— namely, 
Scopulariopsis brevicaulis (Sacc.) Bainier. This appears in 
the older literature as Penicillum brevicauJe Sacc. It is 
described in detail by Thom (6) and the particular strain 
used is listed in his collection as No. 480.2. The authors 
are indebted to Doctor Thom for the original spores of this 
mold and for many helpful suggestions about the work here 
reported.

The mold grows freely on many kinds of food materials, 
as well as in the usual culture solutions. Tomato broth, pea 
broth, shrimp meat, potted meat, and apple pomace were 
observed to support vigorous growths. In order to simplify 
and standardize the tests a synthetic medium, Czapek’s 
solution with agar, was used. This medium is easily prepared 
from usual laboratory reagents that are free from arsenic. 
Because many bacteria do not grow well in this medium the 
harmful effects of this type of contamination are minimized.

C z a p e k ’s  S o l u t io n  A g a r
Water 1000 cc.

Gram«
Sodium nitrate 3
Potassium monohydrogen phosphate 1.0
Magnesium sulfate 0 .5
Potassium chloride 0 .5
Sucrose 30.0
Agar agar 15.0

If arsenic is present in the media on which this mold is 
grown, the gaseous arsenic compound which may be de
tected by its characteristic garlic-like odor is given off. But a 
more satisfactory way to conduct the test, originally estab
lished by Gosio (S), involves the cultivation of a vigorous 
growth of the mold on the surface of a solid or semisolid 
arsenic-free medium in separate containers and subsequent 
addition of the sample to the surface of the mat of mold

mycelium. Less than 0.001 mg. of arsenic will give a definite 
odor in 2 hours under the conditions described.

E x p e r im e n t a l

Short wide tubes and also Petri dishes were used to give a 
large surface of agar media on which to grow the mold. 
A thin layer of melted media was poured into the sterile 
Petri dishes and allowed to solidify. The melted medium 
in the sterile tubes was cooled with the tubes inclined to give 
slants with the maximum surface. A few drops of a sus
pension of the mold spores in sterile water were spread over 
the surface of the solid media in the dishes and in the tubes. 
Tests showed that the mold grows best at about 30° C. 
Incubation of the inoculated media at 30° C. produced a 
vigorous growth of mycelium in 48 to 72 hours.

Experiments showed that the first noticeable growth of 
mold is able to generate the test gas, but more complete 
growth gives the test more quickly and with a smaller amount 
of arsenic. A  thick mat of white mycelium gives best results. 
After spore formation has become general, as shown by the 
brownish color over most of the surface of the mold, the re
action is less definite. The generation of the test gas by the 
action of the mold on the sample takes place at least as well 
at room temperature as in the incubator at 37° C.

The sample may be in the form of a dry powder or a liquid. 
The test gas seems to be evolved as a product of respiration 
of the growing mycelium in contact with the sample. The 
arsenic in the sample is apparently dissolved by moisture on 
the surface of the mycelium and the test gas seems to be 
given off from the surface of the mold. In order to make 
possible the greatest amount of contact of the sample with the 
mold, the dry sample should be ground coarsely and sprinkled 
evenly over the surface of the mold. If the sample is in liquid 
form not more than 1 cc. should be used. It was at first 
thought that a liquid sample -would be better because of 
more complete contact with the mold, but the first experi
ments showed that a small amount of arsenic finely divided 
with inert material such as sand gave as good a test as the 
same amount of arsenic in liquid form.

Since the test depends on the development of arsenic 
vapor sufficiently concentrated to detect by the odor, the 
amount of gas space confined above the mold during the test 
is important. The relation of the area of actively growing 
mold to the volume of gas in the test apparatus will influence 
the concentration of the test gas developed from the arsenic 
present. Thus Petri dishes gave a better test than stoppered 
tubes because the relation of mold area to air space was greater. 
Moreover, by gently tilting the cover of the Petri dish at one 
side the gas may be readily detected.

It was possible to obtain a definitely positive test in 2 
hours with only 0.5 microgram of arsenic trioxide present, 
either dried on 1 gram of sand or dissolved in 1 cc. of water. 
This is equivalent to 1 part in 2 million or 0.00005 per cent. 
The actual weight of arsenic in the gas mixture that gives a 
distinct odor must be exceedingly small, because only a small 
portion of the dry sample can come into actual contact with 
the mold and the gas continues to be given off for several 
hours. Using 100 micrograms of arsenic trioxide on sand a 
definite odor was obtained in 20 minutes.
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Different kinds of food products were tested with and 
without added arsenic. Products which could be dried were 
coarsely ground and used directly on the mold. Large 
amounts of fat in meat products delayed for several hours 
the formation of sufficient gas to give the test. This delay 
was avoided by preliminary extraction with ether and alcohol 
followed by drying and grinding of the sample. Fine powders 
such as flour formed a cake which interfered with the contact 
with the mold. This was overcome by adding a little calcium 
carbonate, ashing, neutralizing with hydrochloric acid and 
using either the solution or the residue after evaporation to 
dryness. This ashing procedure is also advantageous with 
samples that have a strong odor that might confuse the test. 
In all these tests 1 microgram of arsenic trioxide in 1 gram of 
sample was easily detected.

As has been reported elsewhere (7), the nature of the 
arsenic compound that may be present does not seem to 
affect the test. Five kinds of arsenic compounds were 
tested to indicate its general applicability. With each 
compound, an amount of sample equivalent to 1 microgram of 
arsenic trioxide gave a definite test in 2 hours.

1. .Arsenous oxide, an insoluble white arsenic powder.
2. Sodium arsenite, a simple soluble compound.
3. Paris green, a complex metallic compound.
4. Sodium cacodylate, a very stable arsenic radical.
5. Neosalvarsan, a highly complex organic compound.

The presence of fruit acid in reasonable amounts does not 
prevent the test. One per cent citric acid either dry-mixed 
with the sample or in solution with the sample did not inter
fere. One per cent sodium carbonate in solution with the 
sample prevented the test with small amounts of arsenic. 
Larger amounts of arsenic gave a delayed test. One per cent 
sodium carbonate dry, mixed with the powdered sample, 
made the test less satisfactory. Small amounts of am
monium hydroxide, enough to give a perceptible odor, 
did not obscure the test.

The presence of inorganic mercury compounds completely 
prevents the test. The gas that is formed combines easily 
with mercury to form stable compounds (1, 4)- Mercury 
through its toxicity may also paralyze the respiratory mecha
nism and thus prevent production of the test gas. Antimony 
compounds to not interfere. One hundred micrograms 
of antimony chloride gave no test. Selenium and tellurium 
compounds give gases similar to those of arsenic, but these 
elements are very rare (7). . . .  .

Attempts were made to gain an insight into the mechanism 
by which the test gas is formed. Enzymes were produced 
by the method described by Dox (2) and were tested with 
arsenic-containing substrates. Results were uniformly nega
tive, and even though no claim for exhaustive treatment 
is made this fact is regarded as significant in indicating that 
the gas production is intimately associated with the active 
mold growth. Also supporting this viewpoint are the follow
ing observations:

When plates showing vigorous growth were thoroughly cooled 
by subjecting to ice box temperature for 30 minutes, 20 micro
grams of arsenic trioxide failed to give a positive test in 2 hours
continued exposure to that temperature.

When normal growth was inhibited by covering the mold mat 
with distilled water 100 micrograms of arsenic trioxide applied 
with sand failed to present a positive test in 30 minutes, 1 hour,
5 hours, and 30 hours, whereas the control dish without water 
gave a strong test in 20 minutes.

Quicker reactions were observed when the test substance was 
applied to actively growing mold rather than one in which 
sporulation had progressed to an advanced degree.

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

The following is suggested as a workable procedure that 
will apply to a wide classification of food products:

1. Prepare and sterilize Czapek’s solution agar. This 
may be prepared in large quantities and held in stock.

2. Sterilize Petri dishes and, using precaution against 
contamination, introduce thin layers of Czapek’s medium 
after previously liquefying by heat.

3. Allow the medium to harden in the Petri dishes. In
oculate with a spore suspension in water by dropping 3 or 4 
drops on the surface of the medium and, by tilting the plates, 
cover the surface as completely as possible. The spore sus
pension is prepared by flooding the surface of an old slant 
culture with 5 cc. of sterile water and scraping the spores 
into the water by means of a sterile platinum needle or pipet. 
Slants are prepared by the usual bacteriological method, 
using Czapek’s agar. They may be made in large quantities 
and the inoculated slants held in stock.

4. Incubate the plates 48 to 72 hours at 30° C. or at lower 
temperatures, until an obviously active growth covers the 
inoculated portion of the plate.

5. Prepare the test substance by one of the following 
methods:

S o l id  M a t e r i a l s .  Wherever practicable dry, i f  necessary, 
and grind to a coarse powder.

If the product is distinctly oily, extract with two or three 
portions of ether or cliloroform by stirring and decantation. 
Dry if necessary, and grind to a coarse powder.

If the product is a very fine powder such as flour, add an excess 
of sodium or calcium carbonate, char completely, acidify with 
dilute hydrochloric acid, filter, and test the filtrate as directed 
below.

If the product has a strong odor, char and extract as described 
above.

L iq u id  M a t e r i a l s .  Adjust the acidity with dilute acid or 
alkali until the solution is barely acid to litmus. Concentrate by 
evaporation if desirable.

6. Apply the sample to the mold growth:

Using the prepared solid sample material, sprinkle about 1 
gram fairly evenly over the mold surface.

Using the prepared liquid sample, transfer about 1 cc. to the 
surface of the mold growth. The liquid stays in large drops 
which may be better distributed by first spriukling on a few 
grains of clean sand. Shake the dish to spread the liquid some
what, but it is not desirable to cover the entire surface of the mold 
growth.

7. Allow to remain at room temperature in a room free 
from pronounced odors. Test for the characteristic odor in 
0.5, 1, 2, and 5 hours. If small amounts (0.000001 gram) 
of arsenic are present, the odor should be apparent in 2 to 5 
hours. A quicker reaction will indicate the presence of larger 
amounts. Consider the test negative after 16 to 20 hours 
without the characteristic reaction.

S u m m a r y

Analysts are sometimes called on to test a small sample 
for possible traces of arsenic. Even the Gutzeit test is not 
satisfactory with only 1 or 2 micrograms of arsenic present. 
This mold test may be used with 1 gram or less of sample 
and detects easily one part per million of arsenic.
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An Accurate Semimicro-Kjeldahl Method
D a v i d  I. H it c h c o c k  a n d  R u t h  C. B e l d e n  

Laboratory of Physiology, Yale University School of Medicine, New Haven, Conn.

D ESCRIPTIONS of the determination of nitrogen by 
the Kjeldahl method and its modifications usually 
include no estimate of the accuracy of the results. In 

the exceptionally careful work of Andersen and Jensen (1), re
sults accurate to 0.1 or 0.2 per cent were obtained after long 
periods of digestion, 4 to 8 hours. Although much faster 
micromethods have been described, Peters and Van Slyke 
(IS) advise the use of macromethods if the error is to be kept 
under 1 per cent. Northrop (8) has used a semi-micromethod 
with an accuracy of 0.2 per cent. The authors have modi
fied his method by the use of mercury and selenium together 
as catalysts, having confirmed the finding of Osborn and 
Krasnitz (9) and of Taylor [14) that the combined catalysts 
work faster than either alone.

M e t h o d

Five-cc. samples of solution, containing 5 to 0 mg. of nitrogen, 
were pipetted into 100-cc. Pyrex Kjeldahl flasks having a con
striction about halfway up the neck (8). After the addition of 2 
cc. of concentrated sulfuric acid, 1 gram of potassium sulfate, 70 
mg. of mercuric oxide, and 2 drops of selenium oxychloride, to
gether with a few pieces of broken alundum to minimize bump
ing, the digestion wras carried out over microburners, the flasks 
being protected from superheating by asbestos board having a 
2-cm. liolc under each flask. The time required to drive off the 
water was about 20 minutes, the mixtures became clear in 6 to 
8 minutes more, and digestion was continued for 20 minutes after 
clearing. After adding 35 cc. of water and 5 cc. of a solution com
posed of 500 grams of sodium hydroxide, 500 cc. of water, and 80 
grams of anhydrous sodium thiosulfate, the ammonia was dis
tilled through 2 traps fused together in series (S) and a Pyrex con
denser into 25 cc. of 0.02 N hydrochloric acid. Distillation was 
continued until violent bumping occurred, the time required 
being about 20 minutes and the volume of the distillate being 
about 25 cc. The excess acid was titrated with 0.02 N sodium 
hydroxide, using methyl red as indicator. Blank determinations 
were carried out with 5 cc. of water, digested and distilled in 
exactly the same way.

R e s u l t s

Analyses were run in quadruplicate, the titrations usually 
agreeing within 0.1 cc. of a 0.02 iV solution, the average devia
tion from the mean of individual titrations in a set of 4 being 
0.02 to 0.03 cc. Blank titrations varied from 0.05 to 0.15 cc. 
with different lots of distilled water, the average deviation 
of any set of 4 being 0.01 to 0.02 cc. Since the ammonia 
amounted to about 20 cc. of a 0.02 N  solution, a liberal esti
mate of the mean error, considering only the agreement of 
duplicates, would be 0.2 per cent.

The weight of pure nitrogenous substance in each 5-cc. 
sample analyzed was known to within 0.1 per cent, as samples 
of 0.6 to 1.4 grams were weighed, dissolved, and diluted to 100 
cc. The concentrations given are based on dry weight deter
minations of 1-gram samples which were dried in vacuo to 
constant weight in 1 to 2 days at 75° C. in an Abderhalden 
drier containing anhydrous magnesium perchlorate (Anhy- 
drone) in the bulb.

The materials analyzed were tyrosine, glycine, edestin, 
casein, and egg albumin. The tyrosine was prepared from 
casein and purified by three recrystallizations from water, 
as previously described (4)- The glycine solution was pre
pared by Owen (S, 11), and its concentration is based on his 
dry weight determinations. Edestin was prepared from 
hemp seed according to Osborne, recrystallized, and washed

S u b 
s t a n c e

IN
S a m p l e N i t r o g e n  F o u n d

A c c e p t e d
V a l u e

S o u r c e  o f  A c
c e p t e d  V a l u e

Mg. Mg. % %
7 0 . 5 7 5 . 4 5 7 . 7 2 7 . 7 3 5 Formula
3 6 . 6 5 6 . 8 4 1 8 .6 6 1 8 .6 7 Formula
2 8 . 0 2 5 . 2 2 1 8 .6 3 1 8 .6 9 Osborne (10) 

Authors’ macro3 4 . 4 5 5 . 3 4 1 5 .5 0 1 5 .4 9
3 5 . 0 9 5 . 4 7 1 5 .5 9 1 5 .6 4 Sorensen (13)

free from salt, as described elsewhere (5). The casein was 
Casein II, described in a previous paper (£?). The egg albu
min was prepared by a method developed by Cannan (2) 
involving crystallization from sodium sulfate solutions. It 
was twice recrystallized, and freed from salt by dialysis until 
a 7 per cent solution had a specific conductivity of 1.1 X 
10 “A Its concentration was determined by evaporating 10- 
gram samples of solution at 50° C. and drying at 75° C. 
as described. Another 10-gram sample of this solution was 
diluted to 100 cc., and 5-cc. samples of the dilute solution 
were analyzed.
T a b l e  I. D e t e r m in a t io n  o f  N i t r o g e n  in  A m in o  A c id s  a n d  

P r o t e i n s

S u b s t a n c e

Tvrosine
Glycine
Edestin
Casein

In the case of the two amino acids, the results check the 
theoretical within 2 parts in 1000. In the case of edestin 
and egg albumin, the results are 3 parts in 1000 lower than 
figures selected as the most reliable in the literature. For 
casein the values in the literature vary from 15.4 to 15.8 per 
cent. Since Linderstrom-Lang (7) has shown casein to be 
a mixture, such variations in different preparations are to 
be expected. Accordingly, the authors have compared their 
result with one obtained with the same casein solution, using 
a macromethod and a digestion period of more than 4 hours.

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

The authors are indebted to J. H. Northrop for advice in 
connection with earlier forms of this method, to R. K. 
Cannan for directions for crystallizing egg albumin, to Philip 
Dow for preparing the egg albumin, and to B. B. Owen for 
the glycine solution.
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Direct Titration of Sulfate
Tetrahydroxyquinone as an Internal Indicator

W. C. S c h r o e d e r ,1 Department of Chemical Engineering, University of Michigan, Ann Arbor, Mich.

A LMOST none of the methods suggested for the rapid 
determination of the sulfate content of a solution 
make possible direct titration without recourse to the 

use of outside indicators, a back-titration, or a fdtration. 
The tetrahydroxyquinone method described in the present 
paper makes it possible to titrate the sulfate present in a 
sample directly with a standard barium chloride solution. 
The end point is indicated by the appearance of the red 
barium salt of tetrahydroxyquinone.

The present study was made possible through the financial 
support of the Joint Research Committee on Boiler Feed- 
water Studies, and, naturally, a large share of emphasis in 
the development of the method has been placed on making it 
applicable to the analysis of boiler waters. The concentration 
ranges considered and the effect of various impurities which 
were studied are those which might be expected in boiler 
water analysis. The actual application should, however, 
by no means be limited to any one particular field, and with 
proper preliminary investigation the method may be widely 
useful.

R e v i e w  o f  t h e  L it e r a t u r e

The gravimetric method for the determination of sulfate 
is very accurate and, except where occlusion and adsorption 
errors are high, is free from serious interference. It has the 
disadvantage of being time-consuming and of requiring the 
use of a balance, which is not always available for routine 
analysis. For these reasons methods which were essentially 
gravimetric were not considered in the present investigation.

Several methods which might be classified as colorimetric 
have been suggested for the determination of sulfate (41, 59, 
69, 99, 116-118). Most of them, while perhaps satisfac
tory in laboratory work, arc too complicated for routine analy
sis. _ _

The methods suggested in the literature as suitable for the 
rapid determination of sulfate may be roughly divided into 
three classes: first, filtration methods; second, those deter
minations in which a titration is used, with internal or ex
ternal indicators; and third, turbidimctric methods.

F i l t r a t i o n  M e t h o d s .  The benzidine method is probably the 
best known example of a filtration method. It has been the 
subject of extensive investigation (16, SO, 49, 84, 109) and the 
concentrations of impurities (16, 17, ~0, 87, 06, 91, iOo, 109), 
concentrations of reagents (17), temperature and method of 
titration (31, 37, 46, 57, 90, 95,105), and the method of filtration 
and washing (31, 95, 119) have all been carefully studied.

Carbonate salts are also often used (9, 11, 23, 34, 53, S3, 
108). For example, to a solution containing sulfate a standard 
barium chloride solution may be added, followed by sodium car
bonate; after filtering off the barium carbonate and sulfate pre
cipitated, the carbonate in either the filtrate or precipitate may 
be determined by a titration and from this the sulfate can be 
calculated. Chromate (1, 12, 13,15, 29, 39, 50, 51, 61, 63, 68, 
72, 75, 81, 92, 94, 97,100,102, HI) ,  phosphate (74), lead (36, 85), 
and oxalate salts (93) are often used in a somewhat simdar man
ner

In another method, which does not involve a filtration but 
which, depends on a partial separation of the solution and solid, 
the solution is centrifuged and the volume of the precipitate 
measured (3, 4, 44, 71). Where a centrifuge is available this 
method is sometimes satisfactory for the routine determination 
of sulfate.

i Present address, Nonmetallic Minerals Experiment Station, U. S. 
Bureau of Mines, New Brunswick, N. J.

All these procedures demand a filtration, which necessarily 
makes the method rather long. Direct titration methods 
would have considerable advantage in regard to the speed 
with which a determination could be made.

T i t r a t i o n  M e t h o d s .  Several methods which have been 
worked out for the titration of sulfate depend on the use of lead 
salts (40, 58, 78, 82. 85). In general, however, the lead sulfate 
which is precipitated is too soluble to make these methods readily 
applicable in dilute solutions.

Three methods are available for the determination of sulfate 
in which outside indicators are used to determine the end point. 
The indicators used are starch-potassium iodide paper (18), 
congo red and ammonium dichromate (110 ), and benzidine 
paper (30). Other methods use chromate salts for the titrating 
solution and various indicators (38, 96, 113, 117,). For routine 
analysis the use of outside indicators is too slow and subjects 
the method to inaccuracies.

Several titration methods use internal indicators. One series 
depends on the hydrolysis of a salt of a strong base and a weak 
acid to indicate the end point—for example, a method which adds 
excess barium chloride and titrates the excess barium with so
dium carbonate in the presence of phenolphthalein. When all 
the barium has been precipitated as barium carbonate, the addi
tion of a slight excess of sodium carbonate will cause the phenol
phthalein to turn pink (19, 22, 10 1). A number of salts, such 
as sodium carbonate, potassium chromate (7, 14, 45, 57, 107,), 
potassium stearate (5), or potassium palmitate (6, 60, 120), have 
been used in this titration.

In many cases titration methods which depend on hydrolysis 
reactions are satisfactory. They are, however, subject to inter
ference from the presence of phosphate and carbonate, and to 
some extent from other buffer salts, such as silicates and alumi- 
nates.

Some titration methods have been evolved which depend on 
the use of adsorption indicators (8, 1 12 ).

Another internal indicator method titrates with potassium 
chromate to the end point of silver chromate (70), but is, of 
course, subject to interference bj' chloride. Other titration 
methods depend on conductivity measurements (32, 35, 55, 64, 
66, 77, 80), thermometric measurements (25, S3), refractometer 
measurements (10), and various other means of determining the 
end point, but are not in the main readily applicable to routine 
analysis.

An internal indicator method which seems to be convenient 
and rapid has been worked out recently in Germany (65, 89, 
103). This adds excess standard barium chloride and titrates 
back with standard sodium sulfate in the presence of a rhodizon- 
ate salt. It will be considered further in the discussion of the 
tetrahydroxyquinone method.

T u r b id im e t r i c  M e t h o d s .  Several rather different methods 
have been suggested as being applicable to the turbidimetric 
determination of sulfate. One compares the turbidity of the un
known solution with a known solution (2, 2 1 , 24, 26-28, 62, 67, 
78). A second measures the time required for a solution to be
come turbid after the precipitating agent has been added (115). 
The third, which is most used at the present time, measures the 
depth of turbid liquid required to obscure a light filament (43, 
47, 87, 88).

Much study has been devoted to the method based on the 
measurement of the depth of liquid required to obscure the light 
filament. Various ways of adding the barium chloride used in the 
precipitation have been tried (47, 54, 76, 79, 106), and the effect 
of various salts, the effect of temperature, method, and time of 
addition of acid and various other reagents, and the acid concen
tration of the sample during precipitation (48, 5/t, 76, 79, 86, 
87, 106) have all been extensively investigated.

The accuracy of the turbidimetric methods has been the sub
ject of much discussion (48, 54, 86). In general investigators are 
not in good agreement as to accuracy.

The turbidimetric method for the determination of sulfate 
has found wide application and in many instances is entirely
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satisfactory. Its chief disadvantages are: As ordinarily 
carried out the method requires the construction of a calibra
tion curve; some special equipment aside from the regular 
analytical equipment is necessary; the range of concentra
tions over which the method may be used is quite short; the 
method is considerably influenced by other salts in the solu
tion; and its accuracy in some instances is subject to consider
able doubt.

It is evident that the benzidine method, the hydrolysis 
methods, and the turbidimetric methods should prove of 
considerable value in the determination of sulfate. In the 
present investigation the benzidine method and the turbidi
metric methods were extensively studied, but the results will 
not be discussed here. Because of the particular solutions 
in which the authors were interested the hydrolysis methods 
did not seem satisfactory and were not considered in detail.

The rhodizonic acid method {89, 103) seemed to promise 
a very satisfactory method for the rapid determination of sul
fate and offered considerable improvement in many respects 
over the three methods mentioned. For this reason it w'as 
investigated further and this investigation will be considered 
briefly below'.

I n v e s t i g a t i o n  o p  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

In 1929 Strebinger and Zombory {103) suggested the use of 
rhodizonic acid in the titration of sulfate. The determina
tion w'as carried out by the addition of an excess of standard 
barium chloride to the sample, followed by the addition of a 
small amount of the sodium salt of rhodizonic acid. The ex
cess barium was titrated back with a standard sodium sulfate 
solution. The addition of the barium chloride caused the 
precipitation of the sulfate and also of the barium salt of 
rhodizonic acid. This salt has a bright red color w'hich is 
readily distinguished in the solution. On back-titration 
with sodium sulfate the barium salt of rhodizonic acid is de
stroyed because of the precipitation of barium sulfate, and 
the end point is denoted by the disappearance of the red 
color. If the titration is being carried out in a neutral solu
tion, the rhodizonate salt goes back into solution to form the 
sodium salt and the end point is a change from red to yellow. 
If the titration is being carried out in an acid solution, the 
rhodizonate salt is destroyed and the end point is a change 
from red to colorless. The barium salt of rhodizonic acid is 
quite stable in a dilute acid solution.

In the present study the use of rhodizonic acid was investi
gated. In solutions about 0.1 or 0.2 N  with respect to sulfate 
the method was found satisfactory, although the results 
obtained were not as accurate as those obtained by Strebinger 
and Zombory. The method was not found satisfactory on 
more dilute solutions. It was also impossible to use rhodi
zonic acid as indicator in the direct titration of sulfate with 
barium chloride. Some of the rhodizonic acid used in this 
investigation was secured from Germany and some was pre
pared in the laboratory.

Tetrahydroxyquinone is used in a similar manner to rhodi
zonic acid and gives the same end-point reactions. It is, how
ever, more satisfactory in dilute solutions and can be used in 
the direct titration.

R e s u l t s  o p  B a c k - T i t r a t i o n .  In making rhodizonic 
acid it was necessary as one of the preliminary steps to pre
pare some tetrahydroxyquinone. Its use as a qualitative 
indicator for barium has been noted {42), and a few prelimi
nary experiments indicated that it might be used in a quanti
tative determination.

The tetrahydroxyquinone was made by treating glyoxal 
sodium bisulfite, prepared by treatment of acetaldchyde with 
nitric acid and sodium bisulfite {107), with a solution of so
dium carbonate {52). Solutions of tetrahydroxyquinone in 
water are not sufficiently stable to be added to the sample in

this form. It is also inconvenient to make up fresh solutions 
of the indicator every time it is desired to use it. It has been 
found very satisfactory to grind up a small amount of the 
indicator with a large amount of potassium chloride and add 
a few tenths of a gram of this mixture to the sample to be 
analyzed. In this form the indicator is stable for a year or 
longer. This method of adding the tetrahydroxyquinone to 
the sample was used throughout the present investigation.

A few preliminary results for the back-titration involving 
the titration of solutions of barium chloride with potassium 
sulfate are show'n in Table I. The results, as seen, are satis
factory. In this titration it was found desirable to have alco
hol present in the sample, since this hastened the precipita
tion of the barium sulfate.

T a r l e  I. T i t r a t i o n  o p  B a r iu m  C h l o r i d e  w i t h  P o ta s s iu m  
S u l f a t e

S a m p l e BaCla S o l u t i o n
BaCli C o r r e c t e d  

t o  0.05 N KaSO* 0.05 N
Cc. Cc. Cc.

1 1.00 1.98 2.03
2 1.00 1.98 2.05
3 5.00 9.90 9.95
4 5.00 9.90 9.90
5 10.00 19.80 19.75
6 10.00 19.80 19.70

50-cc. samples with 15 cc. of alcohol added.
Solutions approximately 0.03 N  with respect to hydrochloric acid.
BaCli solution 0.1 N. Correction factor =  0.090.

The effect of acid concentration, temperature, and various 
other ions on this back-titration was studied. The solution 
to be titrated should be kept below' 0.05 N  with respect to hy
drochloric acid. The temperature should also be below 30° 
C. Hydroxide, chloride, carbonate, silicate, calcium, mag
nesium, and aluminum do not interfere unless they are pres
ent in high concentrations. If the sample is made sufficiently 
acid during the addition of the barium chloride and then this 
acidity is neutralized before the back-titration with sodium 
sulfate, fairly high concentrations of phosphate may be pres
ent without causing interference. Iron present in the sample 
causes interference and must be removed.

R e s u l t s  o f  D i r e c t  T i t r a t i o n .  In the direct titration 
the sample to be analyzed is neutralized and then titrated 
directly with a standard barium chloride solution to the ap
pearance of the red color of the precipitate of the barium salt 
of tetrahydroxyquinone. During the present investigation 
an approximately 0.025 N  barium chloride solution was used 
in all the titrations. A fairly high concentration of alcohol in 
the sample was also found very desirable during the titration.

T a b u :  II. A n a l t s i s  o f  S od iu m  S u l f a t e  S o l u t i o n s  b y  D i r e c t  
T i t r a t i o n  M e t h o d

S a m p l e BaCla U s e d SO* P R E 8E N T SO* F o u n d

Cc. Mo. Mg.
2 4 . 2 5 . 0 0 5 . 0 2
3 6 . 2 7 . 5 0 7 . 4 8
4 8 . 2 1 0 .0 0 9 . 9 2
1 1 0 .1 1 2 .5 0 1 2 .2
5 1 4 .4 1 7 .5 0 1 7 .5
6 1 6 .2 2 0 . 0 0 1 9 .7
7 1 9 . 8 2 5 . 0 0 2 4 . 2

BaCli solution 0.025 ¿V. Correction factor «  1.020.
25-cc. samples with 25 cc. of alcohol added.
Blank «  0.1 cc.

In Table II are shown the results of a few preliminary titra
tions by the direct method on solutions containing only so
dium sulfate. The results are satisfactory. It will be noticed 
that for samples containing more than 20 mg. of sulfate in 
the 25 cc. of solution titrated there is some tendency toward 
low results. This was confirmed by further investigation, 
and in order to avoid this error it seems best to keep the con
centration of sulfate below 20 mg., using not more than 16 or 
17 cc. of the 0.025 N  barium chloride solution in a titration. 
The 0.1-cc. blank indicated in this table is the amount of
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barium chloride required to give a visible precipitate with the 
indicator when no sulfate is present.

The effect of various ions on the direct titration is shown 
in Table III. Carbonate, aluminum, silicate, and magnesium 
have little effect. Carbonate and aluminum in concentra
tions higher than those shown in the table tend to make the 
end point slightly less sharp.

T a b l e  III. E f f e c t  o f V a r io u s  I o n s  o n  D ir e c t  T it r a t io n

S a m p l e A d d e d  I o n BaClj U s e d  SO* P r e s e n t SO* F o u n d

Mg. Cc. Mo. Mo.
12 COa 4.0 2.10 2.50 2.45
13 COa 4.0 6.3 7.50 7.00
14 COa 4.0 12.3 15.00 14.9
8 COa 8.0 4.2 5.00 5.02
9 COa 8.0 10.4 12.50 12.6

10 COa 8.0 16.6 20.00 20.2
11 COa 8.0 20.2 25.00 24.6

20 A1 2.5 2.30 2.50 2.70
21 A1 2.5 6.2 7.50 7.47
22 Al 2.5 12.2 15.00 14.8
23 A1 5.0 2.30 2.50 2.70
24 Al 5.0 6.5 7.50 7.83
25 Al 5.0 12.2 15.00 14.8

28 SiOa 5.1 2.20 2.50 2.57
29 SiOa 5.1 6.3 7.50 7.60
30 SiOa 15.3 2.20 2.50 2.57
31 SiOa 15.3 6.2 7.50 7.47
32 SiOa 25.5 2.15 2.50 2.51
33 SiOa 25.5 6.2 7.50 7.47
34 SiOa 25.5 12.3 15.00 14.9

39 Mg 2 2.30 2.50 2.70
40 Mg 4 6.1 7.50 7.35
41 Mg 10 12.2 15.00 14.8

35 Ca 5.0 2.10 2.50 2.45
37 Ca 0.25 6.1 7.50 7.35
38 Ca 0.50 6.4 7.50 7.70

15 PO* 0.9 2.30 2.50 2.45
16 PO* 0.9 6.5 7.50 7.60
17 PO* 1.7 2.80 2.50 2.70
18 PO* 1.7 7.0 7.50 7.83
19 PO* 1.7 12.9 15.00 15.1

BaClt solution 0.025 Ar. Correction factor = 1.020.
25-cc. samples with 25 cc. of alcohol.
Blank, 0 -0 .6  mg. PO* =* 0.1 cc.

0 .6 -1 .2  mg. PO* =» 0.3  cc.
1 .2 -1 .8  mg. PO* “  0.6 cc.

Table IV shows the results of the direct titration on solu
tions containing several ions. These samples were all made 
up with sodium salts of the various ions shown.

T a b l e  IV. D in n cT  T i t r a t i o n  o f  S a m p le s  C o n t a in in g  H y -
D R O X I D E , C h l o r i d e ,  C/

I o n s  P r e s e n t
S a m p l e O H Cl COa P O *

Mg. Mg. Mg. Mg.
42 2.6 2.5 1.0
43 2.6 2.5 1.0

44 2.6 2.5 1.0 0.42
45 2 .6 2.5 1.0 0.42
46 2 .6 2.5 1.0 0.42

47 5.2 5.0 1.0 1.25
4 8 5.2 5.0 1.0 1.25
49 5.2 5.0 1.0 1.25

BaClj SO* SO*
U s e d P r e s e n t F o u n d

Cc. Mg. Mg.
2.10 2.50 2.45
6.1 7.50 7.35

2.10 2.50 2.45
6.1 7.50 7.35

18.2 22.50 22.2

2.50 2.50 2.50
6.4 7.50 7.47

12.6 15.00 15.10
BaCli solution 0.025 If. Correction factor =  1.020.
25-cc. samples with 25 cc. of alcohol.
Blank, 0 -0 .6  mu. PO. -  0.1 cc.

0 .6 -1 .2  mg. PO. “  0.3 cc.

Table V shows the results for several samples analyzed by 
both titration and gravimetric methods. These samples 
were taken from a boiler and contained the concentrations 
of hydroxide and carbonate shown. They also contained 
small amounts of calcium, silicate, and various other impuri
ties, as well as moderate concentrations of chloride.

C o n c l u s io n s

Detailed directions are given below for carrying out a de
termination of sulfate by direct titration using tetrahydroxy- 
quinone as the indicator.

R e a g e n t s  N e e d e d . (1) A 0.025 N  barium chloride solution, 
standardized gravimetrically. (2) A mixture of potassium chlo
ride and tetrahydroxvquinone, prepared by grinding the disodium

salt of tetrahydroxyquinone with dried potassium chloride in a 
1 to 400 ratio.

P r o c e d u r e .  A 25-cc. sample, containing between 2 and 20 
mg. of sulfate, in a 150-cc. Erlenmeyer flask, is carefully neutral
ized until it is just acid to phenolphthalein. The hydrochloric 
acid used to acidify the sample should not be stronger than 
0.030 Ar, and must be added carefully from a buret. The sample 
should be below 30° C .

Add 25 cc. of ethyl alcohol or 25 cc. of alcohol denatured by 
formula 30.

Add 0.20 to 0.22 gram of the tetrabydroxyquinone-potassium 
chloride mixture. It is best to use a small cup to measure out 
the mixture. Swirl the flask until this is dissolved. This will 
give the solution a fairly deep yellow color.

Run in the 0.025 N barium chloride at a steady dropping rate 
with constant swirling of the flask, until a brown color begins to 
form. This is not the end point but indicates its approach. Add 
the barium chloride from here on, 2 or 3 drops at a time, with 
steady swirling until a red color appears; this is the end point. 
The red color appears throughout the body of the solution and 
not as spots of color. If the sample contains between 2 and 
20 mg. of sulfate this titration will require less than 17 cc. of 
the barium chloride solution.

After deducting the 0.1-cc. blank, each cubic centimeter of the 
0.025 N barium chloride solution is equivalent to 1.2 mg. of 
sulfate.

If more than 0.6 mg. of phosphate is present, the blank 
should be increased. For concentrations from 0.6 to 1.2 
mg. of phosphate the blank should be 0.3 cc.; for concentra
tions from 1.2 to 1.8 mg. of phosphate the blank should be
0.6 cc.

T a b l e  V. C o m p a r is o n  o f  R e s u l t s  o f  A n a ly s i s  o f  S a m p le s  
G r a v i m e t r i c a l l y  a n d  b y  T i t r a t i o n

R e s u l t s  o f  A n a l y s i s '
O t h e r  I o n s  P r e s e n t í » Gravimetric Titration

S a m p l e *1 OH COa S O * SO*
Mg. Mg. Mg. Mg.

1 1.1 0.16 2.60 2.482 2.0 0.23 9.82 9.70
3 1.7 0.22 8.75 8.72
4 2.0 0.35 10.60 10.80
5 5.2 0.16 19.40 19.20
6 6.5 0.38 23.13 23.10
7 6.7 0.38 30.13 30.90
8 3 .0 0.38 15.35 15.45
9 1.5 0.20 7.35 7.25

10 1.7 0.29 8.78 8.85
11 2 .0 0.13 6.45 6.40
12 2.7 0.25 7.25 7.50
13 2.3 0.22 9. OS 8.98
14 2 .5 0.26 9.55 9.80

* Samples taken from drum of an operating boiler.
b Chloride and small amounts of calcium, silicate, etc., present but not 

determined.
c Analyses shown, both gravimetric and titration, were carried out by 

S. J. Meisenberg, University of Michigan.
Analysis on aliquots diluted to 25 cc. which required less than 17 cc. of 

0.025 N  BaCli solution. 25 cc. of alcohol added to samples.

In this direct titration the amount of various other ions 
which may be tolerated without causing error is 7.5 mg. of 
carbonate, 5 mg. of aluminum, 25 mg. of silicate, and 15 or 
more milligrams of magnesium. Calcium has no effect so 
long as the addition of the alcohol does not cause the precipi
tation of calcium sulfate. This precipitation must be pre
vented. Hydroxide and chloride are without effect. Iron 
above 0.1 mg. interferes and must be removed.

It is highly desirable to titrate a few samples of known 
sulfate concentration before using the method on unknowns. 
This is especially true in the present titration because the 
end point is somewhat different from those usually encoun
tered and the best way to learn to recognize it is to titrate a 
few samples of known concentration.

The method is accurate within =*=0.2 mg. of sulfate.
The use of the tetrahydroxyquinone method on solutions 

having a higher sulfate concentration than those indicated in 
the present discussion has not been investigated. It is 
possible that the method would be considerably more accurate 
in more concentrated solutions, and there are indications that 
the use of alcohol might be eliminated or the amount neces
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sary in the sample during the titration considerably reduced. 
This should offer a fertile field for further investigation.
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Distillation of Hydrocyanic Acid from 
Sulfuric Acid Solutions

Quantitative Determination

Sam u el M o r r is  an d  V i r g i l  G r e e n e  L i l l y  

Department of Chemistry, Division of Industrial Sciences, West Virginia University, Morgantown, W. Va.

P A G E L  and 
C arlson  (9) 
recently pub

lished a method for 
the accurate deter
mination of h y d ro 
cy a n ic  a cid  in the 
presence of various 
salts (including chlo
rid es) showing that 
the quantitative dis
tillation of h y d ro 
cy a n ic  a cid  from  
dilute sulfuric acid  
solution takes place 
within 15 m inutes 
under specified con
ditions. R ich ards 
and  S in g er  (10) 
claimed that many 
hours’ boiling (8 to 
10) is necessary to re-

A, 500-mi. Pyre* distilling flask with sealed-in capillar
B, long-stemmed funnel through which acid is added
C, special Pyrex condenser

D, absorption apparatus
E, flowmeter
F, tinfoil-covered rubber stopper

move all the hydrocyanic acid from solutions containing ap
preciable amounts of chlorides, the retardation being ascribed 
to the formation of a complex between the chloride ion and 
hydrocyanic acid. Richards and Singer found that a much 
shorter time (less than 2 hours) suffices to remove hydro
cyanic acid from solution in the absence of more than a trace 
of chloride ion.

M e t h o d  a n d  A p p a r a t u s

When an attempt was made to determine hydrocyanic 
acid quantitatively by the method of Pagel and Carlson (9) 
certain difficulties were encountered which were traced to 
adsorption of hydrocyanic acid in the rubber stopper of the 
distilling flask and to the presence of ferrocyanide m the 
cyanides used. The optimum conditions reported in their 
paper were maintained. The excess sulfuric acid was calcu
lated on the basis of the amount of cyanide used and was 
0 35 N  (8). Stock solutions of approximately 0.1 A alkali 
cyanides were used. The cyanide content was determined 
according to Liebig’s method (6), with potassium iodide as 
the indicator. Titers of the stock solution were determined 
just before use. An enhanced Tyndall effect was obtained 
by using a focusing arc light (1).

To insure the same conditions in all experiments the flow 
of gas to the burner was regulated by a manometer and a 
flowmeter was used to regulate the flow of air through the 
capillary. The same pipet and buret were used throughout. 
Fifty milliliters of stock solution were used in all experiments. 
The solution in the distilling flask was heated to boiling as 
quickly as possible. Time of distillation was lo  minutes 
unless otherwise noted. Rate of distillation was 75 ml. per 
15 minutes. Fifteen milliliters of 6 N  sulfuric acid were 
used unless otherwise stated.

Pagel and C arl
son’s apparatus wTas 
modified as shown in 
Figure 1.

A d s o r p t i o n  o f  H y
d r o c y a n i c  A c i d  

b y  S t o p p e r s

A q u a n t ita t iv e  
comparison was made 
between determina
tions in w’ h ich  the 
stopper was covered 
with t in fo il  and in 
which it was not, and 
the results are shown 
in Table I. The data 
are averages of two 
or more determina
tions. With tinfoil- 
covered stoppers the

individual determinations agreed within 0.03 ml.

T a b l e  I. A b s o r p t i o n  o f  H y d r o c y a n i c  A c id  b y  S t o p p e r s
E x p e r i  C t a n i d e “ D i s t i l l a 

m e n t U s e d t i o n K i n d  o f  S t o p p e r E r r o r

Min. %
1 NaCN 15 Rubber -0 .1 4
2 NaCN 30 Rubber -0 .1 2
3 NaCN 15 Rubber cov

ered with
tinfoil -0 .0 2

4 NaCN 15 Cork -0 .2 8
°  Sodium cyanide free from ferrocyanide, prepared by distilling hydro

cyanic acid into sodium hydroxide.

In two runs, when the stoppers were not protected by 
tinfoil, distillation was continued after the initial 15 minutes. 
Cuts were taken at the end of 30 and 45 minutes, and were 
redistilled once according to the procedure of Morris, Calla
ghan, and Dunlap (7). The distillate was tested for hydro
cyanic acid by the Prussian blue method of Viehoever and 
Jones (18). All cuts gave the Prussian blue test, showing 
that adsorbed hydrocyanic acid was given up by the rubber 
stoppers.

I n t e r f e r e n c e  o f  F e r r o c y a n i d e

According to Roe (11) simple cyanides cannot be deter
mined by distillation in the presence of complex cyanides. 
In carrying out these determinations many of the commercial 
brands of c. p. potassium cyanide were tested for ferrocyanide 
by the method of Krauch (4). Ferrocyanide was present in 
all eases tested; in but two cases was the presence admitted 
on the label. According to Sharwood (12) the presence of 
ferrocyanide causes high results when Liebig’s method is 
used. This was confirmed by adding potassium ferro
cyanide to sodium cyanide and titrating in the usual manner.
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Ferrocyanide gave high results in all the cases where it was 
present.

Feld (&) reports that the simple cyanides may be deter
mined in the presence of complex cyanides by distilling the 
mixture with magnesium chloride. The magnesium chloride 
yields sufficient hydrochloric acid to displace the hydro
cyanic acid from the simple cyanides, but not from the com
plex cyanides. Tartaric acid is frequently recommended 
in cyanide distillations, especially in forensic examinations. 
The results obtained with these various reagents upon 
different cyanides arc reported in Table II.

T a b le :  II. D i s t i l l a t i o n  w i t i i  V a r io u s  R e a g e n t s
E x p e r i m e n t C y a n i d e  U s e d R e a g e n t  U s e d E r r o r

%
1 KC N a HîSO* + 0 .0 9
2 KCN& HjSO* + 0 .7 2
3 NaCN c HjSO* -0 .0 2
4 NaCNc Mg CM 

MgCl»"
- 0 .0 8

5 NaCNc -0 .0 4
6
7

KC N a
NaCNc

MgCli*
HjC4H*0»/

- 0 .2 2
-0 .0 7

8 NaCN* IIjSO«? -0 .0 4
° Well-known brand of c. p. KCN.
& Second well-known brand of c. p . KCN.
e Ferrocyanide-freo Bodium cyanide.
«1 60 ml. of 3 N  MgCli.
• 15 ml. of 3 N  MgCI*.
/  15 ml. of 6 N  tartaric acid.
a 1 to 5 grams of NaCl were added during these runs.

The data are averages of two or more determinations. 
Tinfoil-covered stoppers were used throughout.

H y d r o l y s i s  o f  H y d r o c y a n i c  A c id

It will be noted that the error in all the determinations on 
ferrocyanide-free sodium cyanide is a negative one. Part 
of this loss is due to hydrolysis of hydrocyanic acid to am
monium formate. In a few cases the amount of hydrolysis 
during distillation was determined by a modification of the 
method of Gales and Pensa (S). After distilling off the 
hydrocyanic acid for a stated time (15 minutes) sodium 
hydroxide solution was added to the distilling flask and the 
ammonia was distilled off and determined in the distillate 
by nesslerization. A blank determination was made on 
the reagents and this value subtracted from the total amount 
of ammonia found. It is impossible, of course, to determine 
the amount of ammonia present in the cyanide solution 
directly by nesslerization; so a freshly prepared solution 
of sodium cyanide was used. In one case the amount of 
hydrolysis under the usual conditions was determined. The 
average error of four determinations was —0.06 per cent. 
An average of 0.04 mg. of nitrogen was found in the distillate 
after the addition of the sodium hydroxide. Making cor
rection for this hydrolysis, the final error of the determina
tion was +0.008 per cent. In another series (error —0.02 
per cent) after correction for hydrolysis the final error was 
+0.04 per cent.

Since Krieble and Peiker (5) have shown that the rate of 
hydrolysis is dependent upon the acid concentration, it is 
advantageous to keep the concentration of the acid low.

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

In order to avoid loss of hydrocyanic acid by adsorption, 
rubber stoppers should be covered with tinfoil, or ground- 
glass joints should be used. By modifying the condenser 
as shown in Figure 1 a good joint can be made with hcavj' 
rubber tubing, which exposes very' little rubber to the dis
tillate. In order to avoid excessive hydrolysis, the con
centration of acid should be kept low; the excess acid should 
be kept within 0.35 N. Either sulfuric or tartaric acid may 
be used to liberate the hydrocy'anic acid. Fifteen minutes’ 
distillation, when the total volume is 250 ml., is sufficient to 
remove all the hydrocyanic acid from solution when the rate

of distillation is 300 ml. per hour. A slight vacuum should 
be maintained on the distilling flask at all times.

Summary

No evidence was found that the distillation of hydrocyanic 
acid from sulfuric acid solutions was retarded by the presence 
of the chloride ion; this supports the findings of Pagcl and 
Carlson rather than those of Richards and Singer. It was 
found that the removal of hydrocyanic acid was rapid and 
complete when stoppers were protected with tinfoil. Un
protected rubber stoppers and corks were found to adsorb 
hydrocyanic acid and very slowly give it up again. Ferro
cyanide has been found to be a common impurity in com
mercial c. p. alkali cyanides; and when such cy'anides are 
determined by distillation they give high results, owing to 
the decomposition of ferrocyanide. The method of Feld 
permits the determination of simple cyanides in the presence 
of complex cyanides, but the results are rather low. With 
ferrocyanide-free cyanides and using protected rubber stop
pers, the method of Pagel and Carlson is accurate within 
0.05 per cent. The rate of hydroly'sis of hydrocyanic acid 
is a function of acid concentration.
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A Convenient Weighing Buret
J a co b  C o r n o g  an d  R o b e r t  C o r n o g  

University of Iowa,
Iowa City, 

Iowa

The a cco m p a n y 
ing illustration repre
sents the cross section 
of a w eigh in g  buret 
that has been found to 
be of good design and 
con v e n ie n t to use.
Such a b u re t, hav
ing a graduated barrel, 
may be made from an 
old buret.
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Technic in Chemical Analyses of Casein
R. S. S n y d er  and H. C. IIa n sen  

Idaho Agricultural Experiment Station, Moscow, Idaho

I N A FORMER paper (11) a comparison of approved 
methods of analyzing casein showed considerable varia
tion in results and indicated the necessity of further 

study with the hope of evolving standard methods of analysis. 
Browne (5), Shaw (9), and Sutermeister (10), who have re
ported on the physical and chemical analysis of casein, state 
that further study is necessary because of discrepancies 
occurring in results of various analysts. Zoller (IS) in 1920 
reported on the borax solubility test for commercial casein 
and suggested a modified test to differentiate between caseins 
made at high and low temperatures.

In the present paper studies have been made on methods 
of determining moisture, ash, nitrogen, fat, free acidity, total 
acidity, pH values, solubility, and conductivity. The sam
ples used in this work were selected at random from sixty-five 
commercial lots of casein made by the natural-sour method.

M o is t u r e

In Tables I and II are given summaries of the effect of 
different temperatures and amounts of vacuum used in dry
ing samples from various commercial plants in Idaho.

An attempt was first made to obtain constant weights on 
samples dried at 102° C. Samples were weighed at periods 
of 5, 8, 24, and 30 hours and steadily increasing percentages 
of loss were obtained. A temperature of 90° C. was then 
tried in an attempt to find a lower temperature at which 
excessive losses did not occur. Losses continued to take 
place, although in lesser amounts than at 102° C., and were 
attributed largely to caramelization, because the samples 
gradually turned darker as they were heated longer. Whether 
the excess loss is due entirely or partially to caramelization 
or to changes in molecular structure was not determined. 
The temperature was then lowered to 80° C. and in order 
to hasten loss of moisture the samples were placed in a 
vacuum of 11 inches. No caramelization took place and 
constant weights were obtained in 24 hours. This method 
of 80° C. with 11 inches of vacuum was used as standard in 
determining moistures.

It was felt that this method required too much time to be 
practical for use in commercial laboratories, and that a 
shorter period of time with higher temperature, or with

higher temperature and increased vacuum, might be used. 
Table II gives results of moistures determined at 100° C., 
90° C. with 11 inches of vacuum, 100° C. with 22 inches of 
vacuum, and 135° C. with 22 inches of vacuum. Deter
minations were made at intervals of 0.5, 1, 2, 3, 4, and 5 
hours.

Variations in length of time required to obtain moistures 
of different samples made it practically impossible to set a 
definite time limit which would be applicable in all cases. 
Closely agreeing results can be obtained at higher tempera
tures and in shorter periods of time, but the uncertainty as 
to whether these results are higher or lower than the true 
moistures leads to the conclusion that such methods should 
not be used except in cases where only approximate deter
minations are desired.

A s h

The determination of ash was very difficult because of 
spattering. Various methods were used in an attempt to 
control this problem.

1. Samples were charred slowly on a hot plate for 6 hours, 
then placed in a cold muffle and gradually heated to 650° C., 
which usually required from 2.5 to 3 hours. The samples were 
held at this temperature from 5 to 6 hours or until a white ash 
was secured.

2. Samples were charred on a hot plate 5 hours, 5 cc. of 
concentrated nitric acid were added, and heated in the muffle 
as above.

3. Samples were charred on a hot plate 5 hours, varying 
amounts of calcium acetate were added (5 and 3 cc. of a 10 per 
cent solution), then heated in the muffle as above. Blank 
determinations gave the amount of calcium oxide left on burning.

4. Same as (3) except that calcium acetate was added before 
charring.

5. Five and 3 cc. of calcium acetate were added, and samples 
were placed directly in the cold muffle without charring and 
heated as in (1).

Two-gram samples of casein were used in alf ash deter
minations. The results are given in Table III. The best 
checks and highest ash content were obtained when 5 cc. of 
calcium acetate were added to the sample and placed in the 
cold muffle without previous charring. It is necessary to 
bring all the casein in contact with the calcium acetate solu-

T a b le  I. C o m p a r is o n  o f  M e t h o d s  o f  D e t e r m in in g  M o i s t u r e  C o n t e n t  o f  C a s e in
- 1 0 2 °  C . - 9 0 °  C . - - 8 0 °  C .  +  1 1 - I n c h  V a c u u m -

5 8
h r s . h rs .

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

’ 2 4 3 0 5 8 2 4 3 0 5 8 2 4 3 0
h rs . h r s . h r s . h r s . h r s . h r s . h rs . h r s . h r s . h r s .

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

T a b l e  II. C o m p a r is o n  o f  M e t h o d s  o f  D e t e r m in in g  M o i s t u r e  C o n t e n t  o f  C a s e in
- 100° c.- 30 . 5  I  2 . 3  *  3

S a m p l e  h r .  h r .  h r s .  h r s .  h r9 . h rs .

% % % % % %
1 3 . 4 6  4 . 3 0  4 . 3 3  4 . 8 2  5 . 0 3  5 . 0 3
2  3 . 6 7  5 . 1 2  5 . 4 5  6 . 0 1  6 . 2 8  6 . 3 4
3  3 . 4 8  4 . 3 6  4 . 9 3  5 . 1 2  5 . 3 3  5 . 4 8
4  3 . 9 5  5 . 2 7  5 . 3 8  6 . 0 3  6 . 1 6  6 . 2 0
5  3 . 1 8  4 . 3 4  5 . 2 1  5 . 3 3  5 . 5 4  5 . 6 9
6  3 . 5 6  4 . 3 4  5 . 2 0  5 . 5 7  5 .< 2  5 . 8 1
7  2 . 6 5  3 . 8 4  4 . 8 0  5 . 0 5  5 . 3 5  5.4/
8 2 . 5 6  3 . 4 9  4 . 3 7  4 . 8 7  5 . 1 5  5 . 2 2

9 0 °  C . w i t h  11 
0 .5  1 2
h r . h r .  h r s .

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

I n c h
3

h r s .

%
4 . 8 5
5 . 0 0
5 . 0 1  
5 . 8 3  
5 . 3 3  
5 . 3 7  
4 . 9 8  
4 . 5 7

V a c u u m  
4  5

h r s .  h r s . 
%  %  

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

409

1 0 0 °  C .  W ITH 1 2 
h r . h r s .  

%  %  
5 . 0 3  5 . 4 1  
5 . 2 1  5 . 5 S  
5 . 3 6  5 . 6 0  
6 . 0 5  6 . 3 4  
5 . 5 4  5 . 9 3  
5 . 4 8  5 . 9 2  
4 . 9 6  5 . 5 2  
4 . 4 2  5 . 0 5

2 2 - I n c h  V a c u u m
3  4  5

h r s .  h r s .  h r s .

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

135®  C .  w i t h  2 2 - I n c h  V a c u u m  
0 .5  1 2  3  4  5
h r .  h r .  h r s . h r s .  h r s .  h r s .

% % % % % %
5.40 5.79 6.05 6 . 2 5  6 . 3 6  6 . 6 1
5 . 5 4  6 . 1 1  6 . 5 0  6 . 7 4  6 . 8 8  7 . 0 3
5 . 8 0  6 . 2 1  6 . 5 0  6 . 7 3  6 . 9 0  7 . 0 2
6 . 4 4  6 . 6 4  6 . 9 8  7 . 1 3  7 . 1 6  7 . 1 3
5 . 6 0  6 . 0 8  6 . 4 1  6 . 5 1  6 . 5 5  6 . 6 6
5 . 4 1  6 . 0 7  6 . 3 9  6 . 6 0  6 . 6 4  6 . 7 3
5 . 4 0  5 . 9 5  6 . 2 2  6 . 3 7  6 . 4 1  6 . 5 8
4 . 9 8  5 . 7 6  5 . 9 8  6 . 1 2  6 . 1 8  6 . 3 3
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tion and allow it to stand for about 20 minutes before placing 
in the muffle. This permits the casein to become thoroughly 
moistened and apparently aids in the prevention of spatter
ing. Three cubic centimeters of calcium acetate solution did 
not seem to be a sufficient amount to moisten the entire 
sample and prevent spattering.

When the sample was charred on the hot plate without the 
addition of calcium acetate, some spattering occurred. 
When calcium acetate was added before charring, the sample 
apparently dried out on the hot plate and there was some 
spattering in the muffle. When nitric acid was added, 
spattering always took place, regardless of whether it was 
added before or after charring or placed directly in the 
muffle. Spattering can never be prevented when the tem
perature in the muffle is raised too fast. Best results were 
obtained when 2.5 to 3 hours were allowed to raise the tem
perature to 650° C.
T a b l e  III. C o m p a r is o n  o f  M e t h o d s  o f  D e t e r m i n i n g  A s h  

C o n t e n t  o f  C a s e in
(5.5 hours in muffle at 650° C.)

S a m 

C h a r r e d
5 cc. 

IINOi

/--------------------- C at
Added after 

charring

•c i u m  A c e t a t e  
Added before 

charring

U s e d ----------------------
No

charring
p l e C h a r r e d  A d d e d 3 cc. 5 cc. 3 cc. 5 cc. 3 cc. 5 cc.

% % % % % % % %
1 2.75 3.25 3.31 3.29 3.40 3.31 3.29 3.79
2 3.20 3.21 3.09 3.20 3.37 3.11 3.00 3.37
3 2.71 4.71 3.10 3.39 3.50 3.73 2.71 4.17
4 3.00 3.79 3.40 3.51 3.20 3.32 2.04 3.94
5 2.73 2.60 3.11 2.98 3.10 3.37 3.36 3.45
6 3.52 3.01 3.32 3.44 3.31 3.42 2.88 3.47
7 1.92 3.38 3.05 2.97 3.36 3.44 2.97 3.50
8 2.99 2.07 3.19 3.19 3.38 3 . IS 1.93 3.55

N it r o g e n

In Table IV are presented the results on total nitrogen 
determined by the Gunning method and Kjeldahl mercury 
method (2), with the exception that the samples were digested 
longer than the 2 hours suggested. The samples were di
gested over ordinary gas burners using gasoline gas, on which 
a pyrometer registered a heat of approximately 850° C. It 
is possible that higher heats might have brought about 
complete digestion in a shorter period of time. Sutermeister 
(10) states there is present in casein from 1.2 to 3.43 per cent 
of humin nitrogen largely derived from tryptophane, which 
is rather difficultly hydrolyzed even in strong acids. It is 
therefore questionable whether a 2-hour digestion will render 
all the nitrogen available. In the authors’ experiments at 
least 4 hours with the Gunning method and 6 hours with the 
Kjeldahl mercury method were required to bring about com
plete digestion. The Kjeldahl mercury method seemed 
somewhat slower than the Gunning method in bringing 
about complete digestion and the final results even after 8 
hours were slightly lower, although the difference was so 
small as to be negligible.

T a b l e  IV. T o t a l  N i t r o g e n  C a l c u l a t e d  o n  M o i s t u r e - F r e e  
B a s is

S a m -   -------------- G u n n i n g  M e t h o d  s K j e l d a h l  M e r c u r y  M e t h o d
PLE 1 hr. 4 hrs. 6 hrs. 8 hrs. 1 hr. 4 hrs. 6 hrs. 8 hrs.

% % % % % % % %
1 13.36 14.16 14.33 14.25 13.34 14.04 14.24 14.21
2 13.03 14.13 14.21 14.21 13.48 13.98 14.15 14.15
3 13.14 14.10 14.14 14.14 13. IS 13.91 14.07 14.09
4 13.20 14.27 14.34 14.31 13.47 14.04 14.26 14.29
5 13.16 14.37 14.41 14.40 13.22 14.06 14.21 14.31
6 13.72 14.34 14.34 14.34 13.60 14.02 14.23 14.25
7 13.30 14.13 14.15 14.16 13.20 13.80 13.96 13.96
S 13.32 14.19 14.19 14.20 12.95 13.80 13.92 13.94

Table V presents data showing the calculation of nitrogen 
on the moisture-free basis and the moisture-, fat-, and ash- 
free basis as recommended in the usual method of procedure.

According to the United States Government specifications 
for water-resistant glues for use in airplanes as given by 
Bogue (3), casein must contain not less than 14.25 per cent 
nitrogen, calculated on the moisture-, fat-, and ash-free

basis. The American Medical Association (1) states that 
“ calcium casein should contain not less than 1 per cent 
calcium, 0.6 per cent phosphorus, and 14 per cent nitrogen 
on the moisture-free basis.”

T a b l e  V. T o t a l  N i t r o o e n  b y  G u n n in g  M e t h o d
(4 hours’ digestion)

P u r e
C a s e i n

_  ,  ( H a m m a r -
Sample 1 2 3 4 5 6 7 8  b t e n )

% % % % % % % % %
Moisture- 

f r e e
b n s i s  14.16 14.13 14.10 14.27 14.37 14.34 14.13 14.19 1 5 .OS

Moisture-, f at - ,  a n d  
ash-free
b a s i s  14.80 14.69 14.75 14.87 15.02 14.95 14.78 14.74 15.53

A number of impurities are present in casein, such as 
mineral salts, fat, albumen, lactose, and acids. Other re
search workers have felt that it is possible to estimate to a 
certain extent the undetermined impurities in casein by 
calculating nitrogen on the moisture-, ash-, and fat-free 
basis. However, since the determination of nitrogen in 
casein is meant to show not merely the undetermined impuri
ties but rather the total amount of impurities present in the 
sample, the authors feel that the determination should be 
made on the moisture-free basis only.

Comparative determinations were made as to length of 
time required for digestion on gas and electric burners. 
Further wrork was also done, using selenium oxychloride as 
a catalyst, recently recommended by Lauro (6), Osborn 
and Krasnitz (8), Messman (?), and others. Various com
binations of catalysts were also used, as shown in Table VI.

T a b l e  VI. T o t a l  N i t r o g e n  C a l c u l a t e d  o n  M o i s t u r e - F r e e  
B a s is  

(Sample F16)
--------E l e c t r i c  B u r n e r s - ---------------G a s  B u r n e r s —

NaiSO* NaiSO*
NajSO* + NajSO* 4 -+ NajSO* CuSO* + NajSO* CuSO*

NaiSO* CuSO* + + Na-.SO* CuSO* + ++ H g  + H g  4 - 4- 4- H g  + n K +
CuSO* SeOClj SeOCls SeOCli CuSO* SeOCls SeOClj SeOCl,

Hrs. % % % % Ilrs. % % % %
0 . 5 1 4 .1 6 1 4 .2 0 1 4 .2 3 1 1 4 .1 6 1 4 .3 7 1 4 .3 7
1 1 4 Ü 3 1 4 .3 7 1 4 .2 5 1 4 .4 4 2 1 + 3 0 1 4 .3 3 1 4 .4 1 1 4 . 3 5
1 . 5 1 4 .2 2 1 4 .4 0 1 4 .4 5 1 4 .3 7 3 1 4 .3 5 1 4 .4 3 1 4 .3 5
2 1 4 .3 7 1 4 .3 7 1 4 .4 1 14125 4 1 + 3 8 1 4 .3 7 1 4 .4 6 1 4 .3 7
4 1 4 .3 8 1 4 .4 0 6 1 4 .3 9 1 4 .3 9

With the higher heat of the electric burners a considerable 
saving in length of time was experienced, digestion being 
complete in 2 hours. With selenium oxychloride in addition 
to copper sulfate, mercury, or copper sulfate and mercury in 
combination, the time of digestion was shortened to 1 hour 
on the electric burners and 2 hours on the gas burners. With 
the three catalysts in combination, 1 hour apparently was 
sufficient to obtain all the nitrogen on the gas burners. 
When the samples were digested longer than 2 hours on the 
electric burners a loss occurred in the nitrogen due to evapora
tion of the sulfuric acid and increase of concentration of salts 
in the solution. These losses were prevented by additions 
of sulfuric acid as required. No losses of nitrogen occurred 
with the gas burners, regardless of the length of time of 
digestion.

F a t s

Table VII gives the results of fat determinations by 
various methods. The ether extraction v-as made in the 
regular way (2), using a 2-gram sample of casein and ex
tracting for 48 hours. The sample was ground to pass a 
20-mesh sieve, giving various degrees of fineness from 100 
mesh to 20 mesh. A 1-gram sample was used in the Roese- 
Gottlieb method: 10 cc. of water, 2 cc. of concentrated
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ammonia, and 10 cc. of 95 per cent alcohol were added, 
shaken until completely dissolved, and the fat extracted in 
the usual way with ether and petroleum ether. Results by 
this method were much higher than by other methods be
cause of the fact that a white colloid-like substance passed 
through the filter paper along with the dissolved fat. This 
material precipitated out in the flask on partial evaporation 
of the ether. Attempts were made to filter it out at this 
stage, but the final results, while lower, were so inaccurate, 
owing to the small amount of fat and the uncertainty as to 
whether all the colloidal material had been filtered out, that 
the method was finallv abandoned.

T a b l e  V I I .  I n f l u e n c e  o f  M e t h o d  o f  A n a l y s is  o n  
P e r  C e n t  F a t

Ether
Sample Extraction R oese-Gottlieb B abcock

1 0.37 1.16 0.36
2 0.27 0.97 0.36
3 0.22 0.68 0.27
4 0.13 1.03 0.14
5 0.34 1.64 0.28
6 0.29 1.79 0.32
7 0.32 1.89 0.32
8 0.18 1.52 0.16

T a b l e  V I I I . E f f e c t  o f  S iz e  o f  C a s e in  P a r t ic l e s  o n  F a t  
E x t r a c t io n  

(Adams ether extraction 48 hours)
S a m p l e 100 MEaa 65 M e s h  40 M e s h  

%  %  %
20 M e s h

%
11 0.31 0.28 0.14 0.15
12 0.26 0.26 0.23 0.16
13 0.28 0.22 0.12 0.12
14 0.50 0.29 0.21 0.20
15 0.37 0.14 0.05 0.05

The Babcock method used, given by Sutermeister {10), 
approximates very closely the official ether extraction method, 
and is probably the best practical method to use in com
mercial plants. Attempts were made to dissolve the casein 
in various other solvents than those given by Sutermeister, 
such as sodium borate, sodium phosphate, and ammonium 
and sodium hydroxides. These solvents dissolved the casein 
very rapidly, but when sulfuric acid was added the reaction 
was so violent that it was almost impossible to prevent some 
loss of the sample from the bottle. The best results were 
obtained by the use of 1 gram of casein, 10 cc. of water, 4 cc. 
of butyl alcohol, and 2 cc. of concentrated ammonium hy
droxide. The casein dissolved readily and did not cause 
very violent reaction when 15 cc. of concentrated sulfuric 
acid were added. •

The Mojonnier method was also tried, but the same 
difficulties were found as in the Roese-Gottlieb method.

In Table VIII is shown the effect of the size of casein 
particles upon fat solubility by the ether extraction method. 
The results are self-evident. Apparently some fat is held 
within the larger particles of casein so that it cannot be 
extracted. No attempt was made to grind the casein finer 
than 100 mesh, and it is possible that a small amount of fat 
remained in the casein, but it was felt that this degree of 
fineness is sufficient to obtain practically all the fat. In fat 
determination on casein, therefore, the authors believe that 
the ether extraction method is the most accurate of any

tried, providing the sample is ground to 100 mesh and ex
tracted for at least 48 hours.

C o m p a r is o n  o f  F r e e  A c i d i t t , T o t a l  A c i d i t y , 
p H  V a l u e , C o n d u c t i v i t y , S o l u b i l i t y , a n d  

A s h  C o n t e n t

Table IX  gives the results on free acidity, total acidity, 
pH value, conductivity, and ash on eight commercial samples 
of casein and a pure casein (Merck, purified according to 
Hammarsten).

Free acidity was determined by adding 100 cc. of water to 
10 grams of casein, allowing it to stand for five hours, filtering 
and titrating 50 cc. of the filtrate with 0.1 N sodium hydroxide. 
Total acidity was obtained by dissolving 1 gram of casein in 
25 cc. of 0.1 N sodium hydroxide, adding 50 cc. of water, and 
titrating back with 0.1 N sulfuric acid, using phenolphthalein 
as an indicator. pH values were determined by both the hy
drogen electrode and quinhydrone methods, using a 5 per cent 
suspension of casein. In determining conductivity, a 5 per cent 
suspension of casein was used in specially prepared conductivity 
water and allowed to stand for 17 hours, or overnight, before 
running.

Ash was determined by the calcium acetate method dis
cussed previously. Solubility was determined in minutes re
quired completely to dissolve a given amount of casein in 300 cc. 
of a 2.5 per cent solution of sodium borate at 65° C.

In the determination of pH values the stirring hydrogen- 
electrode method developed by Bollen (4) was used. Compari
sons were made with the quinhydrone method in order to deter
mine whether this simpler method could be used. No practical 
differences were obtained and it is felt that for all practical 
purposes the quinhydrone method may be used for determina
tion of pH values on casein.

In Table X  is given a comparison of the effects of time, 
strength of solution, and size of particles on pH values. 
The casein was allowed to stand for at least 1 hour in solu
tion in order that it might become thoroughly saturated. 
Since no differences were obtained regardless of fineness of 
particles, length of time in solution after 1 hour, or amounts 
of casein in solution, it was decided to use the 5 per cent 
suspension because of the greater ease of handling.

T a b l e  X . E f f e c t  o f  S t r e n g t h  o f  S o l u t io n  a n d  S iz e  o f  
C a s e in  P a r t ic l e s  o n  p H  V a l u e

E r r s c T  o r  A m o u n t  o r  C a s e i n  o n  
p H  V a l u e  10 %5 %

Hours
1 3.80 3.82

18 3 .80  3.80

20
20 %  50 %  mesh

E r r E C T  o r  S i z e  o r  
P a r t i c l e s  o r  C a s e i n  

o n  p H  V a l u e  
40 65 100

mesh mesh mesh

3.83
3.85

3.88
3.85 3.85 3.93

3.95
3.88

3.90
3.88

3.92
3.88

3.92
3.92

In Table X I is shown the effect of these same factors upon 
conductivity. Apparently at least 17 hours or overnight 
standing in solution is necessary to reach a constant. Fine
ness of particles also has considerable effect, the salts seeming 
to go into solution much more rapidly when the casein is 
ground to smaller mesh. However, there is no difference in 
conductivity if the sample is allowed to stand overnight. 
Slightly higher results were obtained when a 5 per cent 
suspension was used, probably because of a more complete 
solution of the salts present. The 5 per cent suspension was 
decided upon as the more convenient to use.

T a b l e  I X .  C o m p a r is o n  o f  F r e e  A c id it y , T o t a l  A c id it y , p H  V a l u e , C o n d u c t iv it y , a n d  A s h  o f  N in e  S a m p l e s  o f  C a s e in

S a m p l e

1
2
3
4
5
6
7
8

Pure casein (Hammarsten)

H y d r o g e n Q u i n  S o l u b i l i t y
F r e e T o t a l E l e c t r o d e h y d r o n e 1 0  G r a m s A s h

A c i d i t y A c i d i t y p n p H C o n d u c t i v i t y R e s i s t a n c e C a s e i n C o n t e n t

Cc. Cc. Ohms Min. %
1 2 .7 0 1 4 .7 2 3 . 9 0 3 . 9 9 1 .4 1  X  1 0 " * 7 0 9 . 0 8 . 5 3 . 7 9
1 2 .8 5 1 4 .7 5 3 . 9 0 3 .9 1 1 . 4 0  X  1 0 - * 7 1 4 . 0 6 . 0 3 . 3 7
1 2 .1 0 1 4 .6 2 3 . 9 7 4 . 0 4 1 . 6 2  X  1 0 “ * 6 1 7 . 0 7 . 5 4 . 0 0
1 1 .6 5 1 4 .5 0 3 . 9 1 4 . 1 2 1 . 4 0  X  1 0 - * 7 1 4 . 0 6 . 0 3 . 6 9

7 . 1 5 1 4 .1 0 4 . 2 1 4 . 2 1 1 .0 1  X  i o - * 9 9 0 . 0 5 . 5 3 . 6 3
7 . 8 5 1 3 .9 0 4 . 2 7 4 . 2 8 1 .2 1  X  1 0 - * 8 2 5 . 0 5 . 5 3 . 5 6
9 . 5 5 1 3 .6 0 4 . 1 1 4 . 1 0 1 . 1 9  X  1 0 - * 8 4 0 . 0 6 . 5 3 . 8 5

1 0 .9 5 1 4 .0 1 3 . 8 1 3 . 8 5 0 . 9 7 5  X  1 0 - * 1 0 2 5 .0 6 . 0 3 . 4 7
1 . 6 0 9 . 7 5 5 . 6 4 5 . 6 4 0 . 1 4 8  X  1 0 - * 6 7 5 4 .0 1 . 0 2 . 4 4
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T a b l e  XI. E f f e c t  o f  S t r e n g t h  o f  S o l u t i o n  a n d  S iz e  o f  C a s e in  P a r t i c l e s  o n  C o n d u c t i v i t y

C a s e i n  i n  S o l u t i o n

5
10
20

P a r t i c l e  S iz e  
20 mesh 
40 inesh 
65 mesh 

100 mesh

Immediately

0.72 X  10-» 
1.88 X 10-* 
2.31 X 10-*

1.88 X  10-* 
2.35 X 10-* 
2.53 X  10-* 
2.62 X 10“ *

4 hours

1.20 X  10-* 
2.55 X 10-* 
4 .10 X  10“ *

—C o n d u c t i v i t y -  
0 hours

1.54 X 10"*
2.77 X 10“ *
4.51 X 10-*

-10 P e r  C e n t  S o l u t i o n -

17 hours

1.43 X 10-* 
2.68 X 10-* 
4.97 X 10-*

2.73 X  10“ *
2.73 X  10“ *
2.75 X  10-*
2.76 X  10“ *

45 hours

1.40 X 10“ * 
2.67 X 10“ * 
4.95 X  10“ *

Considerable difficulty was experienced in an attempt to arrive 
at a solubility factor for the various caseins. The regular pro
cedure of using 50 grams of casein in 300 cc. of 2.5 per cent 
sodium borate solution heated to 65° C. was followed. It was 
found impossible to determine the end point accurately, because 
of the milky whiteness of the solution, which obscured the last 
particles of casein to such an extent that one could not see 
whether they were in solution or not. The method was modified 
after various trials with different indicators by the addition of 
1 cc. of a 1 per cent solution of corallin in alcohol. This gave a 
red color to the casein solution which permitted easy visibility 
of the particles not in solution. It was found by this method 
that casein ground to pass a 20-mesh sieve dissolved rather 
readily in fairly definite lengths of time, but that a few larger 
lumps were always left which would not dissolve even in an 
hour’s time. The method was then modified, using the same 
strength of sodium borate solution and the same temperature, 
but dissolving only 10 grams of casein. Complete solution was 
obtained by this method.

The results are given in Table IX. Since the value of 
the borax test lies in its ability to give direct evidence as to 
the value of a casein for glue-making, paper-sizing, etc., 
further work must be done upon this phase of the problem 
before any definite conclusions may be drawn.

From the results given in Table IX , it seems evident that 
some relation exists between acidity, pH values, conductivity, 
and solubility. Where acidity is low and conductivity shows 
a high resistance there is always a tendency toward a low 
ash content and a rapid solubility. When the commercial 
samples are compared with the analyses of pure casein 
(purified according to Hammarsten), this fact becomes self- 
evident. Pure casein gives a much lower free acidity and 
a considerably higher resistance in ohms, while the ash con
tent is lower and the solubility much more rapid. The pH 
value also indicates that there is much less acidity in the 
sample of pure casein than in the commercial caseins.

The method of treatment of the commercial sample in its 
preparation will obviously have a considerable influence on 
all methods of analysis proposed, but in the authors’ estima
tion the sensitivity of conductivity to variable factors gives 
it an importance above all other methods in determining 
the impurities present in the sample. pH values also aid in 
determining the acidity of the sample and should be studied 
along with the free acidity and total acidity determinations.

Methods of analysis for moisture, ash, nitrogen, fat, pH 
value, and conductivity as recommended in this paper have 
been used by five research workers in analyzing approxi
mately three hundred samples of casein. Extremely satis
factory results have been obtained.

Su m m a r y

In order to determine moisture accurately it is necessary 
to use temperatures which will not cause caramelization of 
the sample. The best results were obtained when the 
samples were dried in vacuum at 80° C. for 24 hours, a 
sufficient time to produce constant weight.

Regardless of care in manipulation, it was found im
possible to burn the samples for ash by ordinary methods 
and obtain accurate results. Spattering always occurred 
when nitric acid was added or when calcium acetate was 
used in too small amounts. Charring the sample previous to

burning in the muffle aided only partially. The only method 
that gave accurate checks was the use of 5 cc. of calcium 
acetate solution, allowing it to stand in contact with the 
casein for 20 minutes, then placing it in the cold muffle and 
gradually bringing to a temperature of 650° C. The burning 
was continued at this temperature until a white ash was 
obtained.

In total nitrogen determinations it was found necessary 
to digest the sample at least 4 hours by the Gunning method 
and 6 hours by the Kjeldahl mercury method on gas burners 
before all the nitrogen was obtained. Electric burners 
shortened the length of time of digestion to 2 hours. When 
selenium oxycliloride was added to the copper suliate, mer
cury, or copper sulfate and mercury in combination, the 
length of time of digestion was shortened to 1 hour on the 
electric burners and 2 hours on the gas burners.

The modified Babcock test for fat gave results agreeing 
very closely with the official ether extraction method. The 
official method gave the best results, if the sample was 
ground to at least 100 mesh and extracted for 48 hours.

The quinhydrone method of determining pH values of 
casein can be used satisfactorily.

The determination of conductivity is proposed as an 
additional aid in evaluating caseins. Its extreme sensitivity 
to variable factors in the preparation of caseins makes its 
determination of value.

Further studies are being carried out on the solubility fac
tor. Present methods are rather unsatisfactory when accu
rate analysis is desired.
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S c ie n t is t s  of the Bureau of Standards have developed a 
modified type of ink which, it is believed, will have no deteriorat
ing effect on paper. Experts found, by inking papers and sub
jecting them to accelerated aging by the application of heat, 
that the ordinary type of writing ink caused rapid embrittle
ment of the papers. In some cases folding endurance was de
creased by as much as 50 per cent. After many experiments, 
the ink found satisfactory in this connection is alkaline, ammonia 
replacing the acid of the usual type of ink. There was practically 
no embrittlement of papers inked with the newly developed 
preparation when they were subjected to the heat test.



Determination of Sulfuric Anhydride in 
Sulfonated Oils and Other Products

New Direct Gravimetric Method

R a l p h  I I a r t , Ilarl Products Corporation, 1440 Broadway, New York, N . Y .

I N THE analysis of sulfonated (sulfated) oils for organi
cally combined sulfuric anhydride by the present direct 
method (1) or the sulfuric acid titration method, the 

sample is boiled with sulfuric acid and the increase in acidity, 
which corresponds to the organically combined sulfur, is 
determined volumetrically in the presence of methyl orange 
indicator. The method is rapid and reliable, and has re
placed to a considerable extent, in this country as well as 
abroad, the old gravimetric method consisting of two barium 
sulfate determinations. The method, however, fails in the 
presence of titratable salts, such as sodium acetate, that do 
not give a sharp end point with indicators. Moreover, the 
titration method as well as the old gravimetric method is not 
applicable to oils of the true sulfonic type which are not hy
drolyzed by acids.

In connection with an investigation of sulfonated oils by 
a committee, of which the writer is chairman, appointed by 
the American Association of Textile Chemists and Colorists, 
a new direct gravimetric method has been developed by the 
writer—the ash-gravimetric method—which seems appli
cable to all types of sulfonated oils, including those containing 
troublesome titratable salts. The ash-gravimetric method 
consists essentially in isolating the sulfonated compound free 
from inorganic salts and determining the ash of the purified 
product. The method is direct in the sense that it requires 
only one determination and the inorganic sulfate present in 
the oil need not be determined separately.

Preliminary tests have indicated that the new method will 
determine the combined sulfur not only in sulfonated oils of 
the usual kind—i. e. ester type— but in special sulfonated 
products, such as sulfonated mineral oils, sulfonated saponi
fiable oils of the true sulfonic type, sulfonated aromatic hy
drocarbons, and sulfonated fatty alcohols, esters, and other 
compounds which have recently appeared on the market 
(Nekal, Gardinol, Igepon etc.) as substitutes for soap and 
wetting-out agents. The only requirement in the successful 
application of the method is that the product may be com
pletely extracted by solvents over a saturated solution of 
sodium chloride or sulfate.

It was found that the ash of the pure sulfonated product 
consists of sodium sulfate and represents just half of the 
organically combined sulfuric anhydride. The reaction 
during ignition is as follows, where R stands for the organic 
radical:

2R-SO,Na 
2R-SOsNa ■

NajSO, +  SO, +  etc. 
Na,SOi +  SO, +  etc.

In the calculation it is assumed that the ash consists of so
dium sulfate rather than potassium or other metal sulfate. 
This assumption applies to nearly all commercial oils, since 
the sulfonic (or sulfate) group is almost completely neutralized 
during the washing, which is usually done with a solution of 
either sodium chloride or sulfate.

P b o c e d u r e

The procedure is varied somewhat, depending upon whether 
or not the product contains ammonia, and whether or not

when dissolved in ether it forms emulsions with saturated 
salt solutions.

A. R e g u l a r  P r o c e d u r e .  Weigh 10 grams of the sample 
into a 250-cc. pear-shaped separatory funnel containing 50 cc. 
of 25 per cent sodium chloride solution. Add 5 drops of a 0.1 
per cent solution of methyl orange and 75 to 100 cc. o f ether, and 
acidify with approximately normal sulfuric acid until the lower 
layer is distinctly pink (about 0.2 cc. excess). Add solid sodium 
chloride equal to one-third of the acid added, shake vigorously 
until the salt is practically dissolved, and allow the layers to 
separate.

Draw off the lower layer into another separatory funnel and 
wash the ether layer with 25 cc. of the salt solution. Com
bine the salt layers and extract twice with 20-cc. portions of 
ether. Combine the ether layers and, after carefully removing 
any water that may settle, shake well for 3 to 5 minutes with 10 
cc. of 25 per cent sodium sulfate solution, at 50° C. Separate 
the lower layer as completely as possible, warming it in warm 
water or with steam to keep the salt from crystallizing. After 
the water layer is removed, however, crystallization of any salt 
that may be dissolved in the ether layer should be induced by 
cooling to about 15° C. and, if necessary, by scratching the wall of 
the funnel with a glass rod.

Filter into a dry 250-cc. beaker, washing the funnel and crys
tals, if any, with three 10-cc. portions of ether or until all the 
fatty matter has been transferred. Cool the filtered ether solu
tion in ice water for 15 minutes, warm to 25° to 30° C., filter 
again into a dry 300-cc. flask, and wash the beaker and filter paper 
with three 10-cc. portions of chilled ether. The filtered solution 
when again chilled to 0° C. and warmed to 25° to 30° C. should 
remain perfectly clear. A flocculcnt precipitate during chilling 
that does not clear upon warming indicates insufficient solvent to 
keep the fat in solution at that temperature, in which case more 
solvent should be added.

Distill off the ether until the volume has been reduced to 
about 20 cc. and transfer to a tared 50-cc. crucible (high form), 
which is allowed to float in a 100-cc. beaker filled with warm 
water. Rinse the flask with two 10-cc. and two 5-cc. portions 
of ether, respectively, or until all the oil has been transferred 
to the crucible, each addition being made only after the ether 
of the previous portion has practically evaporated. Care should 
be taken during the evaporation to prevent loss of oil by creep
ing; this may be avoided and the evaporation hastened by 
constant stirring with a glass rod, w'hich is ultimately wiped 
clean with ashlcss filter paper that is added to the crucible. 
After the ether is evaporated, burn the oil gently and ignite to 
constant weight. To complete the oxidation of any remaining 
carbon or traces of sulfide that may be formed, moisten the ash 
with a few drops of 30 per cent hydrogen peroxide and again 
carefully ignite to constant weight.

B. P r o c e d u r e  ln  P r e s e n c e  o f  A m m on ia . Dissolve 10 
grams of the sample in 80 cc. of water in a 300-cc. beaker, add 10 
cc. of 0.5 N sodium hydroxide, and boil the solution gently until 
wet litmus paper no longer indicates ammonia. Cool and trans
fer into a 300-cc. pear-shaped separatory funnel and add about 33 
grams of solid sodium chloride, or enough to make finally a 25 
per cent salt solution. Add 5 drops of a 0.1 per cent solution of 
methyl orange and proceed with the neutralization and extraction 
as directed in A.

C. P r o c e d u r e  in  C a s e  E m u ls io n s  F o rm . Dissolve the 
sample in 50 cc. of water and transfer carefully to a separatory 
funnel. Add 100 cc. of ether and enough solid sodium chloride 
to saturate the water layer and leave some solid salt in excess. 
Shake well, add methyl orange indicator, and acidify as directed 
under regular procedure. If emulsions form, add 2 cc. of alcohol 
at a time until the emulsion breaks, mixing gently but not shaking 
after each addition of the alcohol. Proceed then following pro
cedure A, except that w'henever emulsions are formed, break 
them with alcohol as outlined.
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D is c u s s io n

According to Nishizawa and Winokuti (2), sulfonated oil 
is least soluble as its monosodium compound—i. e., free from 
soap— and in that form it is entirely insoluble in, or may be 
completely extracted from, saturated solutions of either so
dium chloride or sodium sulfate. Hence in the procedure 
enough acid is added to the sample before extracting just to 
decompose the soap. A very slight excess of acid is permis
sible. Sodium chloride rather than sulfate is used for the 
first few washes because it gives a much sharper color change 
with methyl orange and because the salt does not tend to 
crystallize. The purpose of the final wash with sodium sul
fate is to dehydrate the ether extract as much as possible.

The addition of caustic soda to samples of sulfonated oil 
containing ammonia is required only where the combined 
SOjH group is partly or wholly neutralized by the ammonia. 
In that case unless converted into the sodium salt there would 
be a loss of combined sulfate due to the volatilization of the 
ammonium salt upon being ignited. Ammonium soaps, 
however, do not interfere with the regular procedure.

In the presence of sodium acetate, the acidification as out
lined probably decomposes the acetate incompletely into 
acetic acid, which is partly extracted by the ether. This 
does not interfere with the method, since during ignition the 
acetic acid is entirely volatilized. The ether layer probably 
becomes contaminated also with some of the undecomposed 
sodium acetate which, however, is removed together with 
other foreign inorganic salts by the Glauber’s salt wash and 
during the chilling process.

A n a l y s i s  o f  S a m p l e s

To test the possibilities of the new method in the case of 
the ordinary commercial sulfonated oils and similar products 
containing sodium acetate, the committee was requested to 
analyze two samples of sulfonated oils, samples B and B-l, 
by both the sulfuric acid titration method and the new ash- 
gravimetric method. The results are given in Table I. 
Sample B was a highly concentrated sulfonated (sulfated) 
castor oil and sample B-l was a mixture of equal parts of 
sample B and a 5 per cent solution of anhydrous sodium ace
tate. In the case of sample B-l the committee reported 
unanimously that accurate end points were impossible; 
hence, no data are listed under the sulfuric acid titration 
method.

T a b l e  I. D e t e r m i n a t io n  o f  C o m b in e d  S u l f u r i c  A n h y d r id e  
in  S u l f o n a t e d  O i l s  b y  N e w  a n d  O l d  M e t h o d s

S a m p l e  B
SULFURIC

a c i d  S a m p l e  B -l
A S H -G R A V IM E T R IC  T I T R A T I O N  A S H -G R A V IM E T R IC

METHOD METHOD METHOD
A n a l y s t I II Av. Av. A n a l y s t I II Av.

% % % % % % %
1 5.37 5.37 5.37 5.24 1 2.51 2.58 2.55
2 5.39 3 2.48 2.52 2.50
3 5.Ô5 4.98 5.02 5.18 4 2.52 2.50 2.51
5 5.26 5 2.51 2.57 2.54
6 5.04 5. io s!Ô7 5.10 6 2.65 2.54 2.60
7 5.28 5.18 5.22 5.16 7 2.63 2.64 2.64
8 5.22 5,17 5.20 5.17 8 2.67 2.81 2.64
9 5.20 5.24 5.22 5.25 9 2.50 2.54 2.52

10 5.27 5.29 5.28 5.19 10 2.46 2.57 2.51

Mean 5.20 5.22 2.56«
Greatest difference 0.35 0.29 0.14
Average deviation 0.09 0.06 0,05

* By calculation, 2.60.

It will be noticed that the mean for sample B by the new 
and old methods was 5.20 and 5.22 per cent, respectively; 
also that for sample B-l the mean by the new method was 
2.56 per cent compared with 2.60 per cent by calculation. 
It will also be observed that the different analysts obtained 
good agreement in the results by the new method; thus the

greatest differences were 0.35 and 0.14 per cent, and the 
average deviations were 0.09 and 0.05 per cent, respectively, 
for samples B and B-l.

C o m b in e d  S u l f u r ic  A n h y d r id e  i n  C o m m e r c ia l  
S u l f o n a t e d  C o m p o u n d s

Sulfonated products of different types were analyzed in 
the writer’s laboratory by the new method and the results are 
listed in Table II. Where the method could be used, results 
by the sulfuric acid titration method are also given. Where 
it was not possible to compare the two methods, the combined 
salt water washes by the new method were further extracted 
with ether or ether-alcohol, but in all cases the residues in the 
extracts were found to be negligible. Furthermore, the ash 
invariably gave a negative test for chloride, indicating the 
probability that the ether extracts were free from Glauber’s 
salt. Because of troublesome emulsions with samples 4, 5, 
6, and 7, the combined sulfuric anhydride in these products 
was determined by procedure C.

T a b l e  II. D e t e r m i n a t io n  o f  O r g a n i c a l l y  C o m b in e d  S u l 
f u r i c  A n h y d r id e  in  S u l f o n a t e d  C o m p o u n d s

A s h - S u l f u r i c
G  R A V I- A c id
METRIC T i t r a t i o n

S a m p l e D e s c r i p t i o n M e t h o d M e t h o d

% %
1 Sulfated castor oil 5.23 5.19
2 Sulfated castor oil“ 2 .58 b
3 Sulfated olive oilc 3.90 3^82
4 Sulfonated oil«* 3.00 0.00
5 Sulfated fatty alcohol 16.18 15.80
6 Sulfonated fatty ester* 6.25 0.00
7 Sulfonated aromatic hydrocarbon/ 10.70 0.00
8 Sulfonated mineral oil 14.21 0.00
9 Sulfonated mineral oil? 4.88* 0.00

° Equal parts of sample 1 and 5 per cent solution of sodium acetate. 
b By calculation 2.60. 
c Neutralised with ammonia. 
d Saponifiable, true sulfonic acid type.
* Fatty acid combined with sulfo-alkylamine.
/  Isobutyl naphthalene sodium sulfonate.
o One part of sample 8 and two parts of 25%  solution of NasSO*. 
h By calculation 4.74.

S u m m a r y

A new gravimetric method, called the “ ash-gravimetric”  
method, is outlined for the determination of organically 
combined sulfuric anhydride in sulfonated oils. The method 
is direct and seems to be applicable to all types of sulfonated 
oils, including: the sulfate or ester type, with or without 
titrable salts; sulfonated saponifiable oils (true sulfonic 
type); sulfonated mineral oils; sulfonated aromatic hydro
carbons; and sulfonated or sulfated fatty alcohols and esters 
—the last two being soap substitutes recently brought on the 
market. In many of these cases the present sulfuric acid 
titration method is not applicable. In the new method only 
one sample is required for analysis, compared with two by 
the other methods. The manipulations are comparatively 
simple, check results are easily obtained, and the concordance 
among different analysts is very satisfactory. .
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Inhibiting Effect of Certain Substances upon 
Oxidation of Sulfurous Acid

J. S. M it c h e l l ,  G. A. P itm an , a n d  P. F. N ic h o ls  

Fruit Products Laboratory, University of California, Berkeley, Calif.

T HE literature regarding the determination of sulfurous 
acid contains many indications that incomplete re
covery may be due to oxidation of sulfite or bisulfite to 

sulfate. Many of these have been summarized by Monier
Williams (3). Among the substances mentioned early as 
hastening the oxidation are included oxalic acid, carbon diox
ide, ozone, and copper. Among substances reported as retard
ing the oxidation are mannitol, benzaldehyde, ethyl alcohol, 
glycerol, benzylic alcohol, sucrose, invert sugar, asparagine, 
aspartic and glutamic acids, potassium lactate, and stannous 
and stannic chlorides. Recently Kolthoff (£?) has published 
observations on a number of the above substances and also on 
manganous and ferrous ions, glucose, lactose, and boric acid 
in the oxidation of 0.05 M  sodium sulfite and sodium bisul
fite solutions standing at room temperature.

Waterman (5) observed that excess alkali increased the 
oxidation of sodium sulfite. Observation that sodium sul
fite oxidized more rapidly than sulfurous acid solutions led 
Nichols and Reed (4) to choose the latter as a reference sub
stance in distillation experiments.

E x p e r i m e n t s  w i t h  S u l f u r o u s  A c id  S o l u t io n s

It was thought desirable to extend to sulfurous acid solu
tions a study of some of the substances used with sulfite and 
bisulfite solutions by Kolthoff. This study1 was carried out 
as follows:

The sulfurous solutions were prepared by passing sulfur dioxide 
gas from a cylinder into distilled water and diluting to the de
sired strength. For each substance studied, 50 cc. of the diluted 
solution were made up in a 50O-cc. volumetric flask. After 
thorough mixing, this was divided equally by means of a 250-cc. 
volumetric flask and each portion poured gently into a 500-cc. 
Erlenmeyer flask containing one of the substances in the amount 
indicated, in Table I. Where necessary the flasks were rotated 
gently to cause the inhibitor to go into solution as far as possible. 
The flasks were closed with paraffined cork stoppers and kept in 
a dark cupboard at room temperature between observations.

T a b l e  I, D e c o m p o s i t io n  o f  0.0573 M  S u l f u r o u s  A c id  a t  
R o o m  T e m p e r a t u r e

D IM IN U TIO N  o f  T it f . h  or  S c l-  
r o B O ü s  A c i d  S o l u t i o n  

8 days 16 days 23 days
S u b s t a n c e  A d d e d  t o  2 5 0  c c .  o f  

S o l u t i o n

5.0 g. sucrose
5.0 g. mannito!
5.0 g. lactose
5.0 cc. glycerol 
0.05 g. stannous chloride 
0.5 g. stannic chloride '
10.0 cc. ethyl alcohol
20.0 mg. Cu ion (cupric tartrate)
0.5 g. SnCh and 0.5 g. HiPO*
3.0 g. boric acid 1 
0.5 g. molybdic acid 
0.5 g. boric acid 
No addition
10.0 mg. ferrous ion (sulfate) 

and 1.0 g. H.PO.
50.0 mg. ferrous ion (sulfate) 

a Duplicate determinations differed from mean by  more than 2 per cent. 
t> Duplicate determinations differed from mean by more than 5 per cent. 
« Remaining solution insufficient for titration.

The initial concentration of sulfurous acid was 0.0573 N. 
The per cent loss in concentration of sulfurous acid as shown

1 Begun by C. M . Wiedmann in this laboratory.

% % %
3 12 16
2 12“ 18“
6 14 18
3 13 18

12 20 23“
10 20 27“
9“ 22* 32*

15 28 37
15 27“ 39
16 31 41
17 33 44
22 40 b 47*
17 42 52*
40 79 c

75 * «

by titration into 0.1 A  iodine after 8, 16, and 23 days is 
Bhown in Table I, the substances added being listed in order 
of their effectiveness in preventing oxidation at the time of 
the last observations.

Several of the inhibitors that appeared to be effective at 
room temperature were next used in the distillation of sulfur
ous acid into iodine, using the method and apparatus de
scribed by Nichols and Reed (4).

The sulfurous acid solutions were prepared as before by bub
bling sulfur dioxide from a cylinder through distilled water and 
diluting to the desired strength. Of the diluted solutions 10 
cc. were introduced into an 800-cc. Kjeldahl flask which was 
immediately connected, through a condenser and adapter, to 
a 500-cc. Erlenmeyer flask standing in an ice-water bath and 
containing 50 cc. of approximately 0.1 N  iodine solution. 
Through a vent tube with a narrow tip dipping below the solu
tion in the Kjeldahl flask were then added in succession 10 cc. of 
10 per cent sodium bicarbonate and 10 cc. of concentrated hydro
chloric acid. Following these additions, 150 cc. were distilled 
over into the receiving flask, and the residual iodine was titrated 
with 0.1 N sodium thiosulfatc. Blank determinations were 
made in a similar manner in all cases, omitting only the sulfurous 
acid solution, and the corrections were applied before calculating 
the per cent recovery.

The results are given in Table II, showing in each case the 
calculated probable error of the mean percentage recovery.
T a b l e  I I .  E f f e c t  o f  I n h ib it o r s  o n  P e r c e n t a g e  o f  S u l 

f u r o u s  A c id  D is t il l e d  f r o m  S u l f u r o u s  A c id  S o l u t io n s

Kind

None 
Dextrose 
Sucrose 
Tartaric acid

Glycerol 
Benzyl alcohol 
Ethyl alcohol 
Mannite

A d d e d B l a n k  C o r 
Amount r e c t i o n  AS SOi SOi R e c o v e r e d

Grama Gram %
-0 .0 0 06 92.7 ±  0 .8

' Y +0.0003 103.8 ±  1.0
0 —0.0000 97.9 ±  0 .2
6 -0 .0 0 04 98.3 db 1.1

Cc.
10 +0.0002 89.5  ±  1.8
2 -0 .0 0 04 94.9 d= 3.9

10 -0 .0 0 9 9 82.2 d= 3.2
6 grams - 0 . 0 0 0 1 104.0 ±  2.2

E x p e r i m e n t s  w i t h  D r i e d  F r u i t

The inhibitors used with sulfurous acid solutions were em
ployed in the determination of sulfurous acid in several 
samples of dried fruit, using the method described above. 
The results corrected for blanks and with the probable errors 
of the means are shown in Table III, with the exception that 
mhnnite was tried with only one sample of fruit (apricots). 
In this case the corrected value was 490 p. p. m. ±  3 without 
the inhibitor, and 493 p. p. m. =*= 2 with the addition of 6 
grams of mannitol.

Jeu and Alyea (!)  have reported that hydroquinone and 
other phenols exert a powerful retarding effect upon the oxi
dation of sulfite under the conditions of their experiments; 
hence several of these were tried in the distillation of sulfurous 
acid from dried fruits. Metallic zinc (dust) and tin (mossy) 
were also tried, as was the addition of a layer of refined min
eral oil (Nujol). The equivalent ratio of sulfur dioxide to 
phenol in the experiments with apricot sample 2 was 25; with 
pears it was 18; with apricot sample 1 it was 0.9 and 4.5 
(pyrogallol). The results are given in Table IV, in which as 
in preceding tables the probable errors of the means are also 
shown.
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T a b l e  I I I .  E f f e c t  o f  I n h ib it o r s  o n  A m o u n t  o f  S u l f u r o u s  A c id  D is t il l e d  f r o m  F r u it

I n h i b i t o r  A d d e d  
Kind

None 
Dextrose 
Sucrose 
Tartaric acid

Glycerol 
Benzyl alcohol 
Ethyl alcohol

- S ü L F D R  D l O X I D E -  
A P R IC O T 8

Amount Found Increase Found Increase Found Increase
Grams P. p. m. P . p. m. P. p. m. P. p. m. P . p. m. P. p. m.

809 ±  2 1877 ±  23 1891 ±  12
6 839 ±  12 *30 1914 ±  0 *37 1812 ±  19 79
6 830 ±  6 21 1867 ±  17 -  24
6 801 ± 2 0 -  8 1902*±  12 *25 1728 ±  32 -1 0 3

Ce.
10 852 ±  16 43 1899 ±  3 22 1884 ±  6 -  7
10 683 ±  8 -1 7 1 1607 ± 6 8 -2 7 0
10 539 ±  0 -2 7 0 1699 ±  2 -1 7 8 1549 '±76 -3 4 2

T a b l e  IV . E f f e c t  o f  I n h ib it o r s  o n  A m o u n t  o f  S u l f u r o u s  A c id  D is t il l e d  f r o m  F r u it

I n h i b i t o r  A d d e d
- S u l f u r  D i o x i d e  -

A P R IC O T S  2

Including water of crystallization.

Kind Amount Found Increase Found Increase Found Increase
Gram P. p. m. P . p. m. P. p. m. P. p. m. P. p. m. P . p. m.

None 436 ±  20 2646 ±  2 1786 ±  52
Catechol 0.0055 2559 ±  3 — 87
Resorcinol 0.0055 2537 ±  8 -1 0 9
Hydroquinone 0.0055 2602 ±  3 -  44
Hydroquinone
Pyrogallol

0.0275 455 *±  0 Í9
0.0042 419 ±  3 - 1 7 2654’ ± 4 8 ’ á 1725*± 0

Pyrogallol
Pnloroglucinol®

0.0210
0.0054

465 ±  4 29
2664’ ±  15 Í8

Zinc, metallic 0 .2 425 ’ ± 1 1 - i i 1845 ±  6 -8 01
Tin, metallic 0.36 440 ±  5 4 1822 ±  25 '36

Cc.
Mineral oil 50 1720 ±  31 -  66
Ethyl alcohol 10 1584 ±  27 -2 0 2

D is c u s s io n

In the experiments with the sulfurous acid standing at room 
temperature the inhibiting or accelerating effects of the differ
ent added substances were in a general way similar to those 
reported by Kolthoff for sodium sulfite and bisulfite. Only 
ferrous ion had a definite accelerating effect. All the other 
added substances appeared to have more or less inhibiting 
effect, although in several cases the differences are probably 
too small to be of significance. Sucrose, mannitol, lactose, 
and glycerol had effects of undoubted significance, reducing 
the oxidation by two-thirds or more. While stannous and 
stannic chlorides and ethyl alcohol were less effective, even 
these substances reduced the oxidation by half or more.

In the distillation experiments with sulfurous acid solu
tions mannitol, dextrose, tartaric acid, and sucrose increased 
the recovery by an apparently significant amount. Benzyl 
alcohol was of doubtful effect and the determinations made 
with this inhibitor were noticeably erratic. Glycerol was also 
of doubtful value, while ethyl alcohol decreased the yield by 
a significant amount, although here again the determinations 
were somewhat erratic. The blank correction for most of 
the inhibitors used was small, usually amounting to about that 
for the reagents without inhibitors which is assumed to be 
due to loss of iodine by volatilization. The small positive 
corrections for dextrose and glycerol are probably errors. 
The blank correction for ethyl alcohol, however, is 15 or more 
times as large as for the other inhibitors, and has the effect 
of reducing the yield from over 100 to slightly over 80 per 
cent.

In the distillation of sulfurous acid from dried fruits, the 
data of Nichols and Reed (4) seem to support the conclusion 
that too high results are unlikely. Hence it is assumed that 
the highest values obtained by distillation into iodine ap
proach most closely the true values.

Examination of the figures in Tables III and IV indicates 
that in the distillation of sulfurous acid from dried fruit none 
of the inhibitors used consistently increased the yield by a 
significant amount. Benzyl and ethyl alcohols again gave 
erratic results, and the yields were consistently and signifi
cantly lower.

The use of a layer of mineral oil was intended to keep the 
boiling liquid out of contact with the atmosphere in the dis
tillation flask. This failed of its purpose, for severe bumping

occurred and the layer was not entire during boiling; the 
oil separated in several large globules or agglomerations.

Quite commonly during distillation the side walls of the 
adapter in the receiving flask became coated with a somewhat 
waxy, yellowish, granular deposit at the surface of the liquid. 
When apricot sample 2 was being studied with zinc dust this 
deposit was unusually prominent. In this case the yield of 
sulfurous acid was remarkably low. The deposit was soluble 
in carbon bisulfide and was suspected of being sulfur, but was 
not identified. The occurrence of a deposit of similar appear
ance in subsequent blank determinations made it appear 
doubtful if it were free sulfur. When metallic tin was used 
the deposit was not unusually large. In this connection it 
is interesting to note that Zerban and Naquin (6) reported 
deposits of free sulfur in tin condensers during the distilla
tion of sulfurous acid.

S u m m a r y

Inhibiting effects of various substances noted by Kolthoff 
in the oxidation of sodium sulfite and bisulfite solutions at 
room temperature have been found to occur in sulfurous acid 
solutions. The authors’ experiments indicate that none of the 
substances suggested as sulfite oxidation inhibitors and tried 
by them are effective in increasing the yield of sulfurous acid 
distilled from dried fruits.
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T he D i s c o v e r y  that vitamin D  is produced by the action of 
ultra-violet rays on organic substances started experiments to 
produce or multiply the vitamin in foods. Two German re
search workers claim to have discovered that prolonged treat
ment with ultra-violet rays produces poisonous substances.



Determination of Silicon in Sea Water
G. H o u lt o n ,  University of Washington, Seattle, Wash.T h om as G. T h om pson  a n d  H a r o ld

T HE presence of compounds containing silicon dissolved 
in natural waters was apparently first noted by Berg
man (3) in 1770 and the first quantitative data were 

reported by Bunsen (4) in 1847. Three years later, Forch- 
hammer (7) noted the presence of silicates in sea water col
lected near Copenhagen. In 1891 Murray and Irvine (11) 
summarized the quantitative data of other investigators on 
the silicon content of sea water, elaborated considerably on 
previous work, and attempted to show the role of the com
pounds containing silicon in the sea. This pioneer work may 
now be criticized because of the admitted lack of suitable 
analytical refinement and the failure to prevent contamina
tion of the water samples. In 1905 Raben (12) made a de
tailed study of the determination of silicon in sea water using 
a gravimetric method which has since been improved by 
Wells (18). This procedure is undoubtedly the most reliable 
of the gravimetric methods, but the main objections to it 
are the large supply of water necessary for a determination, 
the length of time required, and the ease with which a sample 
may be contaminated.

The first application of a colorimetric method for silicates 
was that by Jolies and Neurath (8). These investigators 
used as their reagents concentrated nitric acid and a 16 per 
cent solution of potassium molybdate. The yellow color, 
developed by the formation of the silicomolybdate complex, 
was shown to reach maximum intensity when heated for a 
short interval. Solutions of water glass of known silicon 
content, accorded the same treatment as the samples, were 
used as standards. Laterworkers (10,13,14) eliminated heat
ing and substituted the use of other mineral acids. In 1914 
Winkler (19) introduced the use of potassium chroinate solu
tions as artificial color standards and thus avoided any con
tamination of water-glass standards by glass vessels. Dienert 
and Wandenbulke (6) modified Winkler’s procedure by the in
troduction of standards prepared from picric acid solutions. 
Atkins (2) showed that the colorimetric method was appli
cable to sea water, while the preparation of the picric acid 
standards for such determinations has been made the subject 
of investigation by King and Lucas (9).

C o l o r im e t r ic  D e t e r m i n a t i o n  o f  S il ic o n

The chemistry of the method, as shown by Asch (1), de
pends upon the formation of a yellow heteropoly acid, having 
the probable formula of HsSiCMo/b)« when an acidified solu
tion of a soluble silicate is treated with ammonium molybdate. 
The method is accurate and is particularly advantageous 
because of the small amount of sample required and the ease 
and rapidity of manipulation. The procedure and prepara
tion of the reagents required are as follows:

A m m onium  M o l y b d a t e  R e a g e n t .  Ten grams of ammonium 
molybdate are dissolved in 90 grams of distilled water. The 
heptamolybdate, (NHOtMo-ChcAHiO, is the usual compound 
employed for this reagent and should be examined from time to 
time to insure freedom from silicates.

P r e p a r a t io n  o f  P u r e  P i c r i c  A c id . Forty grams of picric 
acid are dissolved in 100 ml. of benzene on a water bath. The 
resulting solution is filtered with suction through a Biichner 
funnel, leaving behind by décantation as much water as possible. 
The benzene is then partially evaporated, under reduced pressure, 
until water again appears in dark globules. These globules are 
decanted off and the excess benzene evaporated completely at 
reduced pressure, until the picric acid is dry and free from ben
zene. The drying under reduced pressure is performed on a 
water bath. Small quantities of picric acid are placed in clean, dry 
test tubes, and the tubes are sealed and stored until ready for use.

P r e p a r a t i o n  o f  P i c r i c  A c id  S ta n d a r d s . A  solution is pre
pared by dissolving 314.2 mg. of the vacuum-dried, recrystallized 
picric acid in distilled water and making up to a volume of 
exactly 1 liter. This solution has a color equivalent of 10 
mg.-atoms of silicon per kilogram for sea water of chlorinities 
from 14.5 to 19.5 per mille. Fifty milliliters of the solution are 
diluted to a volume of 1 liter anil portions of it are taken and 
diluted in volumetric flasks to 250 ml. Four milliliters of the 
picric acid solution, when diluted to 250 ml., are equivalent to
0.008 mg.-atoms of silicon per kg. when a 50-ml. Nessler tube is 
filled to the graduation. Solutions with different portions of 

icric acid are thus prepared and transferred to gloss-stoppered 
ottles. When standards are desired, a series of 50-ml. Nessler 

tubes are filled to the mark with these solutions. Each increase 
of 2 ml. of the picric acid on dilution to 250 ml. gives an increase 
of 0.004 mg.-atoms of silicon per kg. A series of such standards 
is most convenient for field work and is stable over a consider
able period of time.

If it is desired to report as milligram-atoms of silicon per liter, 
the original picric acid solution should contain 307.5 mg. of 
picric acid per liter instead of 314.2 mg.

M e t h o d .  T o  50 ml. of freshly sampled sea water, secured 
directly from the sampling apparatus as it arrives aboard ship, 
2 ml. of the ammonium molybdate reagent are added and 4 
drops of 18 N sulfuric acid. After 5 minutes, the resulting color 
is compared either with a picric acid standard in a colorimeter or 
with a series of standard solutions in Nessler tubes.

F u r t h e r  E x p e r i m e n t a l  I n v e s t ig a t io n s

A study of four possible factors that might influence the 
colorimetric determination of silicon in sea water was made 
and the observations noted are summarized below.

P o s s i b l e  D i f f e r e n c e s  i n  B e h a v i o r  o f  M e t a -  a n d  
O r t h o s i l i c a t e s .  T o  ascertain whether an inherent error in 
the determination may be encountered when different ions 
containing silicon are present, two standard solutions, one 
of sodium metasilicate and the other of sodium orthosilicate, 
were prepared. Weighed amounts of pure silica were fused 
with sodium carbonate and sodium hydroxide, respectively. 
The fused masses were dissolved in water, neutralized, and 
each diluted to a volume of 1 liter. Immediate analysis of 
these solutions colorimetrically gave the following:

S i l i c a
True value Value obtained 

Mg.’Ot./l.
Orthosilicate 0.083 0.082
Metasilicate 0.033 0.082

These data were explained by the fact that one atom of sili
con occurs in the ortho ion as well as in the meta ion and thus 
the same coordination of the silicon atoms with the molyb
date radicals takes place and develops the same color inten
sity.

E f f e c t  o f  T e m p e r a t u r e  o n  S i l i c o m o l y b d a t e  C o l o r .  
A series of samples containing the same amount of silicon was 
run at various temperatures from 7° to 25° C., but change in 
color intensity could not be detected with either the samples 
or the standard picric acid solutions.

E f f e c t  o f  F u n g u s  G r o w t h s  i n  P i c r i c  A c i d  S t a n d a r d s .  
A fungus growth was noticed in several picric acid standard 
solutions and the colonies started were permitted to continue. 
Three months later, on dilution of the standard and com
parison with freshly prepared solutions, no diminution in 
color intensity was discernible.

E f f e c t  o f  L o n g  S t a n d i n g  o n  P i c r i c  A c i d  S t a n d a r d s .  
Picric acid solutions to be used for the preparation of stand
ards were made in March, 1930. They were allowed to stand 
17 months, part of the time subjected to the action of sun
light. In August, 1931, these samples were diluted in the
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usual manner and compared with freshly prepared solutions. 
No change whatsoever was observable. One year later 
(August, 1932), standards were again made from these solu
tions and compared with those freshly prepared and no change 
was noted. This fact appears to contradict the observations 
reported by Atkins (2), who noted a change in 3 months, but 
the authors have likewise observed that continual exposure 
of the diluted solution to the dust of the air, etc., may cause 
a fading in color within the period mentioned by Atkins. 
However, these diluted solutions may be kept for a consider
able period in stoppered tubes, the stoppers being removed 
only when comparisons are to be made.

U s e  o f  C o l o r im e t r ic  M e t h o d

As the result of a detailed study of the method used in the 
laboratory and aboard ship, the following notes summarize 
certain observations and precautions necessary in the applica
tion of the method:

1. A greenish tinge is sometimes obtained with water having 
more than 0.07 mg.-atoms of silicon per kg., especially if Nessler 
tubes are employed. This interference may usually be elimi
nated by the use of the colorimeter or by the reduction of the size 
of the sample to 25 ml.

2. With waters of low silicon values, 100-ml. samples should 
be utilized. A sensitivity is obtained with Nessler tube series of 
2 parts of silicon to 100,000,000 parts of water.

3. An excess of sulfuric acid causes a diminution in the color 
intensity, but no effect is noted with slight excesses of the molyb- 
date solution. The yellow color of the heteropoly acid reaches 
its maximum intensity within 5 minutes after the addition of the 
reagents and remains constant for nearly 3 hours. However, the 
samples should be compared with the standards as soon as pos
sible to avoid any increase in silicates caused by the dissolving 
action of the sea water on the glass container.

4. A maximum probable error of 5 per cent occurs when 
Nessler tubes are employed and this may be reduced by the em
ployment of the colorimeter.

5. Dissolved compounds containing iron or phosphorus in 
sufficient quantities to affect the determination are not encoun
tered in sea water (1, 15).

6. Organisms and finely divided inorganic material, if present 
in sufficient quantities, may be removed by filtration or centri
fuging.

7. Contamination from glass bottles containing the sea water 
samples is very marked, as shown by Atkins (2) and Thompson 
and Johnson (17). Thus water that has been exposed to glass 
for some length of time should not be analyzed for silicon. If 
containers other than glass are employed, they soon corrode and 
the sediment settling to the bottom may absorb silicates. Thus 
for reliable results analyses should be performed only on freshly 
sampled sea water.

8. The c. p. picric acid contains varying quantities of water, 
and such material should never be used for the preparation of 
standards without recrystallization and drying.
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9. Picric acid standards should never be prepared with sea 
water, as the dissolved salts have a very pronounced “salt effect.”

10. Should it be deemed advisable to dilute samples with dis
tilled water, an examination of the latter for silicon should first 
be made.

11. To insure concordant results on long trips, it is advan
tageous to prepare two standard stock solutions from two different 
batches of pure picric acid. The comparison standards are made 
from one of these solutions and these are checked occasionally 
against the second standard.

12. Various means of reporting the quantity of dissolved 
silicates in sea water occur in the literature. The authors feel 
that the most logical form of reporting the results is that recom
mended by a committee of chemists representing the different 
marine and oceanographic institutions on the Pacific Coast of 
Canada and the United States. The committee recommended 
that the constituents of sea water be reported as milligram-atoms 
of the element determined per kilogram of water. A milligram
atom is defined as the result obtained when the number of milli
grams of the determined element per kilogram of sea water is 
divided by the atomic weight of the element (5).

13. The silicon content varies considerably in sea water rang
ing from less than 0.01 mg.-atom of silicon per kg. in surface 
waters where there is marked plankton growth to as high as 0.3 
mg.-atom in the bottom ocean waters. Generally speaking, the 
silicon content increases with depth, and coastal waters as well 
as those of estuaries will show a seasonal fluctuation.
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Note on Shaffer and Hartmann Combined Carbonate-Citrate Method  
for Determination of Glucose

J. O. H a l v e r s o n  a n d  F. W. S h e r w o o d , Nutrition Laboratory, Agricultural Experiment Station, Raleigh, N. C.

I N MANY respects one of the most rapid and convenient 
methods for the determination of dextrose after the hy

drolysis of starch by a malt solution is that of Shaffer and 
Hartmann1 in which the “ combined carbonate-citrate solu
tion”  is used. This is a single stable alkaline copper solu
tion to which is added sufficient potassium iodide and potas
sium iodate to yield a 0.1 N  iodine solution when acidified. 
With this combined reagent it is necessary only to add the 
dextrose solution, boil, cool, acidify, and titrate the excess 
iodine liberated.

In checking this method with a washed starch and also
1 Shaffer, P. A., and Hartmann, A. F., J. Biol. Chem., 4 5 ,  365 (1921).

against dextrose (No. 41, Bureau of Standards), the amount 
recovered for the latter, calculated from the copper : glucose 
ratios of Shaffer and Hartmann, averaged 2.3 mg. more than 
that started with. In other words, in the authors’ hands and 
under their conditions, with the standardization of uniform 
heating by an electric hot plate1 in bringing the solution to a 
boil, there was somewhat more reduction from a given amount 
of glucose than that reported by Shaffer and Hartmann.

A preliminary examination of the data showed that there
* I. D. Jones has found that the rate of heating by the slightly fluctuating 

electric current may be readily controlled by the use of an ammeter and 
rheostat.
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was a linear relation between the amounts of dextrose present 
and the amount of copper reduced. In order to derive an 
expression of this relation which would be more applicable 
under the authors’ conditions than the published ratios, 
a straight line was fitted by the method of least squares to the 
results of 46 determinations (omitted).

This linear estimating equation was found to be:

Mg. of glucose = 0.458 (mg. of copper reduced) — 1.546, with 
a standard error of 0.74 mg. of glucose, over the range between 
35 and 125 mg. of glucose.

These data indicate that the combined carbonate-citrate 
method gives results closely paralleling those published by 
the authors, but because of the number of factors which affect 
the reduction each analyst should carefully standardize his 
technic and for the more accurate work should derive an ex
pression of the relation between the amount of dextrose pres
ent and the amount of copper reduced (or set of copper: 
glucose ratios) which is applicable under the conditions pre
vailing in his laboratory.
R e c e i v e d  June 7 ,  1 9 3 3 . Published with the approval of the Director of 
the North Carolina Agricultural Experiment Station as Paper 7 2  of the 
Journal Series.

Continuous Liquid Extractor
A b ra h a m  M a zu r , R o b e rt  R ose n th a l , and  

R enjam in  H arr o w

College of the City of New York, Convent Ave. and 
140th St., New York, N. Y.

A  CONTINUOUS liquid extractor for solvents having a 
lower specific gravity than the liquid to be extracted 

is shown in the figure.
The receiving flask A, containing the solvent, can be made 

from a 250-cc. Erlenmeyer flask. The container D consists 
of a large test tube constricted at both ends, the size of the 
tube varying with the quantity of liquid to be extracted. 
The side tubes G and F for filling the receiver and container,

as w ell as I I , are 
made by constricting 
the mouth of a 15 X
1.8 cm. test tu be . 
The glass stopcocks I 
and J are used to 
drain the apparatus. 
I f  a glass-blower is 
available, II may be 
made with a mercury 
seal connecting the 
condenser and the 
container, thus doing 
away with a stopper. 
The tube E  is joined 
to D at the upper end 
by an inner seal and 
extends down almost 
to the bottom of the 
tube; or, to do away 
with this inner seal, E 
can be joined to D 
by a stopper at the 

upper end. The circuit is completed by the tube L which 
joins the receiver A and the container D.

The solvent (ether) is placed in A by means of the side 
tube G. The ether is boiled on the steam bath K, vaporizes 
up B, condenses in C, and flows down E, bubbling up to extract 
the liquid (some aqueous solution). The ether extract 
forms a layer on top of the liquid and when it reaches tube 
L flows back into the receiver. Pure ether boils again to ex
tract continuously. After complete extraction, the ether 
extract may be drained by means of I  and the liquid removed 
from D by means of J.

The apparatus is absolutely stationary and never has to be 
moved or adjusted. It may be taken apart but can be filled 
and drained without disassembling very easily. A series of 
three or four of these extractors may be set up on a steam

bath in a small hood. Both receiver and container may be 
varied in size, depending upon the quantities to be used. 
The container D, however, should be kept narrow, so as to 
have as much surface of the liquid as possible exposed to the 
ether bubbles. Complete extraction of a compound dif
ficultly soluble in ether is accomplished in 8 to 10 hours.
R e c e i v e d  July 31, 1933.

Apparatus for Filling Large Closed
End Manometers

A n g u s  E. C a m eron  *

School of Chemistry, University of Minnesota, 
Minneapolis, Minn.

T HE ordinary method of filling a closed-cnd manometer 
and boiling out gases from the mercury during evacuation 

is attended with considerable danger of breakage when the 
manometer is of large bore and sufficient length to enable one 
to read pressures over a range of one atmosphere. Distilla
tion of mercury into the manometer through a side tube 
seemed to permit trapping of gas or vapor 
below the wall of mercury vapor in the tube 
and result in unsatisfactory manometers.

The apparatus shown in the figure over
comes both difficulties. The purified mer
cury was placed in the bulb and the upper end 
of the short water-jacketed condenser sealed 
to a high-vacuum line. The system  was 
evacuated and the manometer flamed. The 
mercury in the bulb was boiled with an elec
tric heater or with a Bunsen burner. The 
mercury vapor condensing above the jet was 
delivered intojthe manometer tube and water 
vapor and gas passed 
up through the con
denser. Once set in 
operation the system 
required no attention 
until sufficient mer
cury had accumulated 
in the manometer and 
then the closed end 
was sealed off at the 
s tr ic tu red  portion.
Evacuation with a 
good oil pump should 
be sufficient to give a 
well evacuated manometer, since the device used to intro
duce the mercury is essentially a diffusion pump.
R e c e i v e d  August 2 5 ,  1 9 3 3 .



Recovery of Iodine from Metallic Iodides by Oxidation 
with Technical Nitric Acid

R u sh  F o x  M c C l e a r y  .and E d. F . D e g e r in g , Chemical Laboratory, Purdue University, Lafayette, Ind.

I N THE preparation of zinc ethyl in this laboratory, it 
seemed advisable to devise a simple procedure for the 

recovery of iodine from the zinc iodide residues. The various 
methods for iodine recovery suggested by Torossian (6),

Stephenson (.5), Arndt (I), Kleinstüek and Koch (2), and 
Puig (4) are applicable to solutions or finely divided solids, 
and arc not readily adapted to the recovery of iodine from

a zinc iodide cake. The procedure proposed by Lachman (3) 
involves the hazard of breaking the flask while crushing the 
hard cake of zinc iodide and unreacted zinc, and the procedure 
is a little involved. The apparatus shown in the figure 
eliminates this hazard, and also has the advantage of a simple 
procedure which gives a good initial yield of crude iodine.

Flask A contains the hard residue from the zinc ethyl distilla
tion. B is an ordinary bell jar fitted with a ground-glass lid, 
and is surrounded by an ice bath. The system may be kept 
slightly evacuated through the water trap E by partially closing 
stopcock d. Crude concentrated nitric acid in slight excess of 
the calculated amount is introduced into flask A, in small por
tions, through funnel D. Stopcock d is left partly open and air 
is slowly and continuously drawn through the water trap E. 
This entrains the iodine vapors efficiently into the bell jar. 
Iodine which collects on the walls of flask A is easily removed by 
heating gently with a direct flame. Flask C is kept cool by means 
of circulating tap water.

In a recovery of zinc iodide residues which were calculated 
to contain 315.8 grams of iodine, 308.7 grams of crude iodine 
were recovered in the initial sublimation. This initial sub
limate showed a purity of 90.83 per cent when titrated with 
standardized thiosulfate solution. By resublimation in the 
same apparatus, additional purification may be effected.

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

(1) Arndt, F., Ber., 52B, 1131-4  (1919); Chem.-Ztg., 47. 16-17
(1923).

(2) Kleinstiick, M., and Koch, A., ZeUstoff u. Papier, 3, 261 (1923).
(3) Lachman, A., Am, Chem. J., 24, 31-9 (1900).
(4 ) Puig, I ., Qulm. e in d ., 2, 1 -4  (1925).
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(6 ) Torossian, G., J. In d . E n o . C hem ., 6, 83 (1914).

R eceived July 21, 1933.

Modified Design for Mercury Bulb of Thermostat
G . B. H e is ig  a n d  A. E. C a m eron , School of Chemistry, University of Minnesota, Minneapolis, Minn.

T HE conventional thermostat regulator bulb is filled with 
toluene, and expansion of the toluene causes a change in 

height of a mercury column which makes or breaks the relay 
circuit. In spite of the smaller thermal expansion of mer
cury it is preferable as liquid for a control bulb because creep
ing of the setting due to seepage of toluene past the mercury 
column is avoided. Since only the layer of mercury which 
is in contact with the glass of the bulb can be effective for 
small and comparatively rapid fluctuations in bath tem
perature, it is desirable that the surface of the bulb be large. 
Filling a large bulb with mercury entails a considerable ex
pense and supporting the heavy and rather fragile bulb be
comes inconvenient. The authors have designed and used a 
bulb which is mercury-filled, has a large surface, and yet 
uses a small amount of mercury.

Two pieces of Pyrex tubing, as thin-walled as was consistent 
with mechanical strength, of diameters 3.5 and 2.5 cm., respec
tively, were placed one inside the other and sealed together at 
the ends to form a double-walled cylinder, a longitudinal section 
of which is shown at A in the accompanying sketch. A capillary
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tube, B, of 0.8-mm. bore was sealed to one end of the cylinder. 
A small bulb, C, was provided to catch any overflow of mercury 
from the capillary. For the adjustable contact an iron or plati
num wire was inserted into this capillary. Diametrically op
posite the capillary was sealed a stopcock, D. A tungsten 
wire was sealed through the 
stopcock  arm from a side 
tube, E. The side tube was 
filled with mercury and a wire 
dipped into it to make con
tact to the mercury in the 
control bulb. The bulb was 
filled by evacuating it and 
running clean, dry mercury in 
through the capillary" or 
through the stopcock, as was 
most convenient. The 
quantity of mercury in the 
bulb could be varied by open
ing the stopcock and allowing 
mercury to run into the bulb 
from the tube above the stop
cock or by sucking mercury 
out of the bulb into this 
reservoir.
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The control was immersed in the thermostat up to the 
stopcock key in such a location that water from the stirrer 
was circulated through the inside and around the outside of 
the cylinder. Using this control bulb and a radio tube relay 
device, the temperature of a 25-liter thermostat was main
tained at 25° =■= 0.002° C. A modification of the original 
design was suggested to one of the authors by Doctor Kings
lake of the Institute of Applied Optics at the University of

Rochester (New York). The inner tube of the cylinder was 
extended and drawn down as indicated at F to permit a hose 
to be attached to it. Water could then be drawn through 
the center of the bulb for use in maintaining a constant tem
perature in an apparatus which could not be immersed in a 
thermostat.

R e c e i v e d  August 25, 1933.

Improved Lamp for Determination of Sulfur in Light 
Petroleum Products

E. R. G il l i s ,  Casper Laboratory, Standard Oil Co., Casper, Wyo.

I T IS GENERALLY realized that the flame of the standard 
A.S .T . M. lamp is not readily controlled. This causes con

siderable loss of time, annoyance, and some inaccuracy in 
determining sulfurs by method D90-30T. Substitute lamps 
such as the Vapor Cresolene lamp (made by the Vapo-Creso- 
lene Co., 62 Cortlandt St., New York, N. Y.) allow of ready 
flame control but have serious faults; the metal burner be
comes very hot and causes undue evaporation of volatile oils 
such as light gasoline. This causes falsely low sulfur deter
minations and also makes it almost impossible to check re
sults on such light petroleum products.

F ig u r e  1. I m p r o v e d  L a m p

A, lamp completely assembled
B, adjusted sleeve with wire control. Approximate

tubing size 0.125 X 2 inches (0.3 X 5 cm.)
C, outer tubing, approximately 1.5 inches (3.75 cm.)

long and sufficiently large to slip over adjusting 
sleeve

The Edgar and Calingaert (I) lamp is very satisfactory but 
is not readily available in all laboratories and is not, properly 
speaking, an A. S. T. M. lamp. A slight modification of the 
regular A. S. T. M. lamp has been devised in this laboratory 
which is easily made by anyone and allows ready regulation 
of flame size without the necessity of taking the lamp from 
under the chimney.

The single piece of glass tubing of the regular A. S. T. M. lamp 
has been replaced by two pieces of different size, one within the 
other. The smaller piece is the same inside diameter as the old 
single piece and is recessed slightly near the bottom to allow a

piece of fine wire about 7.5 cm. (3 inches) long and 0.5 mm. (0.020 
inch) in diameter to be twisted around it. The larger piece is of 
sufficient size just to allow the smaller to slip freely within the 
larger. The larger, or outside piece of glass tubing, is held tightly 
in the cork. The smaller piece extends through and projects 
out of the larger at the bottom about 1.25 cm. (0.5 incn). To 
regulate the name, the smaller piece which holds the wick is 
raised or lowered inside the larger by the wire which extends up 
through a groove in the cork. This groove is small enough to 
hold the wire by friction, which in turn holds the glass sleeve at 
any set position. Any vapors from light gasoline that pass up 
between the inner and outer tubing are burned in the flame along 
with gasoline fed through the wick. In other words, the vent for 
this lamp is the small annular space between the two pieces of 
glass tubing. The flame of course remains at the top of the larger 
piece at ali times.

The author has run several samples of winter-grade gaso
line and others even more volatile, using this new lamp, and 
finds that it gives very good results and requires much less 
attention than does the regular A. S. T. M. lamp. Some com
parative results on the improved type of lamp and on the 
standard A. S. T. M. lamp are given below. Four runs were 
made with each type of lamp, using a cracked winter-grade 
gasoline of high sulfur content.

I m p r o v e d  L a m p  A. S. T. M. L a m p
Sulfur Sulfur

% %
0.249 0.240
0.255 0.209
0.252 0.237
0.247 Tou badly smoked

to titrate

None of the lamps of the improved type needed any ad
justing or attention after the first 10 minutes of burning, 
while the A. S. T. M. lamps required full attention from the 
start until the finish of the bum. In the author’s opinion, 
this new lamp is in many ways superior to the A. S. T. M. 
lamp for running gasolines of high volatility, and works 
equally well on heavy gasolines and illuminating oils.

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

(1) E dgar and Calingaert, In d . E no . C hkm ., A nal, E d ., 2, 104 (1930). 

R e c e i v e d  August 5 , 1933.

Stirring Rod with Fritted Glass Disk
J o h n  E. S. H an , 155/3 Route Stanislas Chevalier, Shanghai, China

F OR general use, the author has designed a stirring rod 
with a disk of fritted glass fused onto an end. The rod 

was made by the Jena Glass Works of Schott und Gen. and

found to be highly serviceable in boiling off the excessive 
bromine during Eschka’s sulfur determination and in similar 
operations. The rod is, however, not recommended for 
quantitative work where precipitation is involved, as precipi
tate is liable to lodge in the fritted glass.
R r c E tV E D  September 2 6 ,  1 9 3 3 .



Qualitative Analysis of the Hydrogen Sulfide Group 
without Ammonium Polysulfide

R a lp h  W. H u f fe r d ,  DePauw University, Greencastle, Ind.

T HE common practice in qualitative analysis is to oxidize 
the elements of the tin division of the hydrogen sulfide 

group to their higher valence with ammonium polysulfide. 
Because of the instability and variation in concentration of 
the polysulfide solution, it is not uncommon for stannous sul
fide to resist the treatment and remain with the copper di
vision precipitate. There is the added difficulty of having 
large quantities of the copper division sulfides, especially 
copper sulfide, carried over into the tin division. Polysul
fide also introduces the nuisance of having a large bulk of 
sulfur mixed with the reprecipitated sulfides of the tin division, 
often leaving the analyst in doubt as to whether or not there 
is any sulfide there.

These difficulties can be either avoided or reduced so con
siderably as to cause no trouble to inexperienced students by 
the simple expedient of oxidizing the elements with bromine 
before precipitating them as the sulfides, and then making 
the division separation with ammonium sulfide. The sulfide 
is prepared as needed by passing hydrogen sulfide into 6 N  
ammonium hydroxide. As a precaution against oxidation of 
hydrogen sulfide to sulfur during precipitation of the sulfides, 
nitrate ion is destroyed by repeated boiling with 12 N  hydro
chloric acid.

Evaporate the filtrate from Group I to about 5 cc. but not to 
dryness. Add 10 cc. of 12 IV hydrochloric acid and again evapo
rate to small volume. Repeat addition of hydrochloric acid and

evaporation once or twice. This procedure does not take much 
time, but by destroying nitrate ion prevents excessive oxidation 
of hydrogen sulfide during precipitation.

Add 5 cc. of water and, if necessary, heat to dissolve any solid. 
It is sometimes necessary to add 2 cc. of 8 N hydrochloric acid. 
Add an excess of saturated bromine water, and boil off excess 
bromine. About 2 minutes’ boiling will usually suffice. Starch- 
iodide paper can be used if there is any question. In the writer’s 
laboratory the entire preparation is carried out in the 250-cc. 
Erlenmeyer in which precipitation is to take place. Neutralize 
the solution with ammonia and 6 N hydrochloric acid. Adjust 
acidity and volume in the customary manner, and precipitate with 
hydrogen sulfide.

Transfer the well-washed precipitate on the filter to a small 
beaker and add 10 cc. of fresh ammonium sulfide solution, pre

Eared by saturating 10 cc. of 6 Ar ammonium hydroxide with 
ydrogcn sulfide. Heat the beaker in boiling water for 3 minutes, 

stirring the contents occasionally. Unless the filter paper seems 
clean, no attempt should be made to remove it, as it will not in
terfere with the analysis of the copper division precipitate. This 
treatment will remove 100 mg. each of the three members of the 
tin division as sulfides.

After filtering and washing, the precipitate is ready for analysis 
for copper division elements. Precipitate the tin division sulfides 
from the filtrate in the customary way.

The writer has found that the average student of elementary 
qualitative analysis can be expected to find 10 mg. of any 
member of the group in the presence of 100 mg. each of several 
or all other members of the group.
R e c e i v e d  January 18, 1933.

Filtering Device
E. B. K e s t e r ,  Pittsburgh Experiment Station, U. S. Bureau of Mines, Pittsburgh, Pa.

7 mm. 
dinmettr pf hole*

C ONSIDERABLE time is lost in the laboratory purifying 
by recrystallization of small quantities of substances, par

ticularly derivatives of organic compounds such as oximes, 
hydrazones, semi-carbazones, anilides, and the like. Not only 
must a Büchner or Hirsch funnel and suc
tion flask be arranged and filter paper installed, 
but precipitates must be transferred back and 
forth from funnel to flask. Losses are incurred 
inevitably. Moreover, it frequently happens 
that a chemist is isolating a product which 
during the earlier stages of purification melts 
below room temperature, in which case he finds 
it difficult if not impossible (without recourse 
to more elaborate preparations) to carry out a 
filtration before his product fuses.

The filtering device illustrated eliminates the 
need of transfers of solids or solid-liquid mix
tures. Numerous successive recrystallizations 
can be carried out in a surprisingly short time 
with little loss of product save that which brings 
the mother liquors up to saturation. Filtra
tions of crystals obtained by chilling in refrig
erating media can be conducted in the media.
In creased  pressure is obtainable over that 
secured in suction filtrations.

A large Pyrex test tube, preferably of 75 to 
SO cc. capacity, is selected, care being taken to

obtain one in which the bore is fairly uniform. A plunger 
of Bakelite, hard rubber, or other inert substance is turned 
out on a lathe to such dimensions that the plunger has only 
sufficient clearance to enable it to slip easily up and down the 
tube. A number of longitudinal pinholes (about 0.7 mm. in 
diameter) are bored for escape of the liquid.

When a crystallization has been completed, the filtration 
is accomplished by merely forcing the plunger to the bottom 
of the tube. This operation should be started slowly to per
mit a cake to build up that will prevent escape of crystals 
up the sides and through the orifices, but may be accelerated 
when such cake has formed. At the end, the plunger may be 
pressed down with considerable force so that the product 
is free of excess liquid when the mother liquors are poured off 
and the plunger has been withdrawn. It can then be washed, 
triturated, or recrystallized and filtered again in the same con
tainer and in the same way as before. Drying is effected by 
evacuation of the tube or passing a current of air over the 
cake.

A soft rubber plunger similarly molded affixed to a glass 
rod is even more satisfactory from the standpoint of clean
ness of filtration, but it can only be used in connection with 
mild solvents. Benzenoid hydrocarbons, for example, rot 
soft rubber so rapidly there is serious danger of contamination 
of product, to say nothing of ruination of the device itself.
R e c e i v e d  August 2 ,  1 9 3 3 . 
Bureau of Mines.

Published by  permission of the Director, U. 8.
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xî Um hupui»l‘£2i

* *****

M-J *1 «.»W _

r«"r iO D ID E

Merck’s

a n h y d r o u s

' ś ^  • . M uułw iw w ł-----»---------------- ^ , j\
"M’ *° s

. •>:£■£■
■ ^ J a î

. • "Si?
w. ’ ,  **.•--■' u '  ,r >

W -  Mol. w«.

IODIDE

Merck Laboratory Chemicals are now packed 
in amber color glass bottles with specially de
signed, durable, non-metallic screw caps.

These new caps were specially designed to over
come corrosion resulting from unfavorable at
mospheric conditions and also from vapors 
which are constantly present in the laboratory.

The large facets on the 
side of the cap make it 
easy to open the bottle.

A  special liner, impervious 
to the chemical, ensures 
air-tight sealing when the 
handy cap is replaced.

The cap extends over the lip of the bottle, thus 
preventing an accumulation o f dust which is a 
serious problem that is characteristic of cork- 
stoppered containers.

These new Merck amber color glass bottles, 
with their black caps and blue and white labels, 
not only afford maximum protection against 

light and other deteriorat
ing agents, but will add 
considerably to the attrac
tive appearance o f your 
laboratory or stock room.

Your wholesaler is ready 
to serve you. Ask him

MERCK & CO. in c .

Manufacturing Chemists 

Rahway, N . J.

MERCK
L A B O R A T O R Y  C H E M I C A L S  

IN N E W  C O N T A I N E R S

now  offer these advan tage s

! V i *

Am ber Color G la ss

Non-m eta llic  screw  cap

W ill not corrode

Easy to open

Special liner ensures air

tight sealing

Dust-proof

Attractive appearance
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High Temperature 
Electric Furnace

Temperatures between 700to 1400°C

15441 Furnace, Combustion, for car
bon determinations of steels 
and ferrous alloys, such as 
stainless steel; especially effec
tive in giving quicker and more 
accurate analysis and eliminat
ing the difficulty encountered 
from large samples. Furnace 
complete with Silicon Carbide Heating Elements, Rheostat
and Tube..........................................................................................................Each $120.00

15442 Heating Elements for above..................................................................... Set 8.00

13313 Combustion Tube for use with the above Furnace........................Each 9.50

Laboratory Apparatus—Chemicals

W . J. GILMORE DRUG COM PANY
410-422 Boulevard o f  the Allies Pittsburgh, Pa.

Ever-Hold Stool 
No 518-24

Quickly Adjusted
These Stools Never Slip!

Height A lw ays  Right

Ever-Hold Chair 
No. 117-21 CS

Makes All Workers 
More Efficient

Instantly you can raise or lower a Kewaunee 
Automatically Adjustable Steel Stool or Chair 
to any height without use of pliers, wrench or 
thumb screws. Just place the seat at desired 
level and it stays there— patented construction 
makes slipping impossible. These light, strong 
stools end uncomfortable, body-fatiguing posi
tions. Send for Adjustable Steel Stool Catalog.

Write for Free Lock Catalog
Kewaunee makes a very complete line of 

Master Keyed Combination Padlocks and Desk 
Locks. Write today for Kewaunee Lock Cata
log. End the nuisance of pass keys.

If you are considering the purchase of 
new furniture, be sure to write also 
for the Kewaunee Laboratory Furni
ture Catalog and get Kewaunee’s bid.

LABORATORY' FURNITURE ¿/¿/EX PER TS
C . G . C a m p b e ll ,  P res , a n d  G e n . M g r .

110 Lincoln St., Kewaunee, Wis.
Eastern Branch: 220 E. 42nd St., New York, N. Y. 
Mid-West Office: 1614 Monroe St., Evanston, III. 

Offices in Principal Cities

WET jjf TEST

M E T E R S
Am erican M eter Com pany lab oratory  wet 

test m eters a re  built fo r extrem e accuracy, 

strength, durab ility , non-corrosion o f all 

parts subject to the action o f g a s , and facil

ity o f handling and adjustm ent. They are  

furnished with or without the autom atic shut- 

off, a s  desired . C ata lo g  A G -3  . . .  WET & DRY 

TEST METERS . . . m ailed on request.

WT 90001 FMT

A m e r ic a n  M e t e r  C o m p a n yPKoaroMnD _
Mmaurtment and control o f  Cat, OH, Steam, A ir  and Liquid*

l iu w iu »  MJ9
GENERAL OFFICES : lO J W .4 0 t -  STREET • NEW YO R K .N .Y .
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ALKALI IN WOOL
Estimated with

T e re p h th a lic  A cid  No. 640
Ti.H E  extreme difference in solubility 
of terephtbalicacid and its sodium salt 
affords a simple and accurate method 
for determining the amount of resid
ual alkali in wool.

An excess of this acid converts the 
alkali present to soluble sodium ter- 
ephthalate which is easily filtered off. 
Standard acid is used to precipitate 
the terephthalic acid, and back-titra
tion of the solution with sodium hy

droxide shows the amount of alkali 
originally present. This simple and 
accurate method is described by 
E. Hill in A m e r i c a n  D y e s t u f f  R e 
p o r t e r ,  21,  492, (1932).

Eastman No. 640 Terephthalic Acid 
is a purified product well suited to this 
determination. Additional details will 
be supplied upon request. Eastman 
KodakCompany, Chemical Sales Divi
sion . Rochester, N . Y .

EASTMAN ORGANIC CHEMICALS

TEST ASPHALTIC PAVING M IXTURES W IT H  THE

DULIN ROTAREX SEPARATOR
Thoroughly separates Bitumen from Aggregates 
in Asphaltic Paving Mixtures within 10 minutes.

A  vitally important test quickly and accurately made
Adapted to Bitulithic, Macadam and ordinary surface mixtures.

It is the most efficient means yet devised for an engineer to 
determine how closely his specifications are being followed as to 
bitumen content and the character and relative proportions o f 
the aggregates in the asphatic mixture.

The test consists o f weighing the sample, then heating it slightly 
in a separate container to start it crumbling. After cooling, it is 
placed in the bowl o f the Rotarex and the solvent added.

The centrifugal action forces all the liquid through the filter paper gasket at the periphery o f the 
bowl, effectively drying the samples. Comparing the weight o f the aggregates with the original 
weight of the sample determines the percentage content.

No. 11160. Dulin Rotarex, Motor Driven 110 volt, capacity 100 grams ea. $ 95.00 
No. 11170. Dulin Rotarex, Motor Driven 110 volt, capacity 1000 grams ea. 175.00

Hand operated models also available.
Prices/, o. b. factory Los Angeles

B R A U N  C O R PO R A TIO N , Los Angeles, California



T T H E  first b ook  of its kind in the English language covering this particular industry in such manner since 

Lunge’s Monum ental w o rk  on “Sulfuric A c id  and A lk a li.” It covers much of the operating detail, such 

as is not found in ordinary text-books and reference w orks, and emphasizes both the practical operation 

as w ell as the theoretical principles underlying each step of operation. It touches many sides of the 

industry from chemistry to engineering and from the chemical process of manufacture to the trade require

ments, etc.

Manufacture of

SODA
W ith  Special Reference

by Te-Pang Hou, Ph.D. to the Am m onia Process

The NEW A.C.S. MONOGRAPH - No. 65

CONTENTS

Preface.
Introduction—Historical Survey of the Alkali Industry and 

the Relation of the LeBlanc Soda Industry to the De
velopment of Other Chemical Industries.

Natural Soda.
History of Ammonia Soda Process.
Preparation of Brine—Rock Salt—Sea Salt.
The Burning of Limestone.
The Ammoniation of Saturated Brine.
The Carbonation of Ammoniated Brine.
The Working of the Carbonating Towers or "Columns.”  
Filtration of the Crude Sodium Bicarbonate— Composition 

of the Bicarbonate.
Composition of Mother Liquor from Carbonating Towers. 
Tower Reactions from the Point of View of the Phase Rule. 
The Decomposition of Sodium Bicarbonate by Calcination. 
The Recovery of Ammonia—Efficiency of the Ammonia Still. 
By-Products from the Distiller Waste.
The Manufacture o f Refined Sodium Bicarbonate.
The Manufacture of Caustic Soda—Chemical Process.
The Manufacture of Electrolytic Caustic, Chlorine, and 

Chlorine Products.
Alkali Products of Ammonia Soda Industry.
The Generation of Power for Ammonia Soda Plants.
Special Requirements o f the Ammonia Soda Industry. 
Control in the Ammonia Soda Process.
Losses and Consumption of Raw Materials in the Ammonia 

Soda Process.
Position of Ammonia Soda Industry,
Chemical Analyses and Tests in the Alkali Indus try. 
Behavior of Soda Ash in Storage.
Layout and Design of the Ammonia Soda Plant—Selection 

of the Site.
Appendix.
Index.

370 P. — 129 Tables — 72 Illustrations — $8.00
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Other Interesting Monographs

Teeple— The Industrial Development of 
Searles Lake Brines.................. $2.25

Laury— Hydrochloric Acid and Sodium 
Sulfate................................. $3.00

Blasdale— Equilibria in Saturated Salt Solu
tions ....................................$3.50

Taylor— Industrial Hydrogen $3.50

Waggaman— Phosphoric Acid, Phosphates 
and Phosphatic Fertilizers... ...... $5.75

Vail— Soluble Silicates in Industry. .$7.25

Curtis— Fixed Nitrogen............... $12.00

THE CH EM IC A L  C A T A L O G  C O M P A N Y , INC.

330 West 42nd Street New York, U. S. A .
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N E W
Constant Temperature 

Control Equipment

A .  sem  i - p o r t a b 1e $45.
Temperature Control. Effluent 
maintained at ± .0 5 °C  at a range 
from 15°C to 50°C . Constant 
flow— constant temperature. In
numerable uses for any laboratory. 
Electrically operated— non-corrod
ing— manually controlled. Built 
as an instrument by instrument 
makers.

BAUSCH e LOMB
in uASiuasNin MKmmo*timuccm. •MXuMV tnc»*ni iwas amo mams - •0**TH»lWK A**A»AIUV UlMNflC MfH'MCMn

IAUSCH » IOmI OPTICAL CO.. 10) SI. fAUL SI . «OCHlSIt». M. U. S. A. _

IVES 
TINT PHOTOMETER

FOR COLOR ANALYSIS

Widely used for matching and standardizing colors of 
both liquids and solids. It produces a numerical value 
which shows the relative amounts of the various colors 
in the samples tested.

Write for descriptive bulletin

PA HA -MYERS i n c .
Apparatus for Industrial and Laboratory Use 

81 Reade Street New York, N. Y.

P R E C I S I O N  
W A T E R  S T I L L S

Precision Water stills are meeting with in
creased favor because o f  their advanced design, 
economy o f  operation, and ease o f cleaning. 
Substantially built o f  non-rusting metal, with 
entire condensation system block-tin lined, 
Precision Stills deliver their rated capacity con 
tinuously and automatically and produce a 
sterile, chemically pure water free from oc
cluded gases. They are made in various types 
and sizes to operate on gas, steam, or electricity.

Illustration shows No. 7156 steam operated Still 
mounted on Precision Storage Tank. These tanks 
are oj heavy copper, tinned inside, and provided 
with gauge glass and tinned faucet. Being neat, 
compact, and convenient the Precision Storage 
Tank is recommended as preferable to the usual 
glass container for distilled water.

7153— Precision Automatic Water Still, gas operated
Capacity per hour, gal. ________________ 1_______________ 2
Price 65.00 100.00

7154— Precision Automatic Water Still, electrically operated
Capacity per hour, gal. 1___________ 1&_____________ 2
Price 78.00 98.50 122.00

7156— Precision Automatic Water Still, steam operated
Capacity per hour, gaL ______________ 1 to 2_________ 2 to 4
Price 78.00 110.00

7178—Precision Storage Tank, as illustrated, complete with stand
Capacity, gaL 10_____________ 15___________25
Price 25.00 30.00 42.50

W ill Co r p o r a tio n
Products for Every Laboratory  
Guaranteed Without Reservation

R o c h e s t e r - , N  .\T
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Time Saving Devices 
are Profitable!

A  Chemist’s Time once used is 
gone, while a Time Saving 
Device lasts many years.

N o .  9 Ć 4 7 C

CENCO ELECTRIC 
FLASK HEATER

Has all the advantages 
of a good Bunsen 
burner plus constancy 
and safety that can 
be obtained only with 
electrical heat. The 
conical heating unit 
gives a high tempera
ture hot spot, which 
can be turned up or 
down like a gas burner.

9G47C. For $4 o  c n  
110 volts. . .  '

CENCO UNIVERSAL 
FRICTION-DRIVE 
MOTOR STIRRER
The relatively small size, 
the compact construction, 
the wide range of speed 
adjustment in either direc
tion, the ease of clamping 
in any desired position, the 
interchangeable chucks for 
large and small diameter 
stirring rods, and the flexi
ble shaft attachment for 
stirring in crowded posi
tions, all contribute to pro
duce a utility value in this 
stirrer far in excess of its 
actual cost.
12860. For 
110 volts. . .

(Flexible shaft not included)
s30.00

N o .  1 2 8 6 0

La b o r a t o r y  m>fri S u p p l ie s
Apparatus siilia Chemicals 

N ew  Y o r k -  B o s to n - C H I C A G  O -T O ron to -L osA ngeles

Af

For Every 
Laboratory 

Filtration
W H ATM AN  Filter Papers are 

available in numerous qualities 
for maximum filtration efficiency 
and minimum cost.

There are inexpensive grades 
for qualitative analyses in which 
the ash weight o f paper is ignored, 
single acid washed and double 
acid washed grades for use where 
ash content is important.

Close texture papers for fine 
precipitates and rapid filtering, 
open textured grades for precip
itates easily retained, enable the 
busy chemist to select qualities to 
speed up his work.

Control Chemists, working un
der maximum pressure, agree with 
Research and University men that 
the selection o f the proper grade 
o f W H ATM AN enables them to 
turn out more and better work.

We have prepared a table show 
ing, at a glance, grades recom
mended for the more common 
precipitates. Let us send it to 
you.

H. REEVE ANGEL & CO., Inc. 
7 -1 1  Spruce St., N ew York, N. Y.
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SPEED  and S T R E N G T H  
for L A R G E R  C A P A C I T I E S

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

LABORATORY APPARATUS AND 
REAGENTS

W E ST  W A SH IN G T O N  SQ U A R E

P H IL A D E L P H IA , PA., U. S. A.
Cable Address: Balance. Philadelphia

International Engineers are at your Service

IN T E R N A T IO N A L  EQ U IPM EN T  CO.
352 Western Avenue Boston, Mass.

Many centrifuge users are 
demanding the 250 ml. 
containers to be operated at 
higher speed than is possible 
with the regular equipment. 
We are now able to offer 
for our Size 1 Type SB 
and Size 2 Centrifuges a 
pin type head and slotted 
metal cups properly rein
forced for maximum motor 
speed of 3000 r.p.m.

The new head is of man
ganese bronze with stainless 
steel pins pressed into the 
arms. Cups are of manga
nese bronze. Forged dur
alumin cups may be had 
for liquids of specific 
gravity greater than 1.5.

5460

FLASKS, VOLUMETRIC, A. H. T. Co. Specification. 
Flasks so designated are made of an alkali-free resistance 
glass in accordance with specifications established by 
us in 1921.

Graduation marks are thin, sharply defined white 
lines. The position of the graduation mark is carefully 
controlled and each flask is passed through a polariscopic 
strain-finder in our own establishment to detect internal 
strain.

The volume is adjusted for a temperature of 20° C and 
guaranteed to be within the following tolerances:

Capacity less than Limit of error*
and including: (to contain): Percentage error:

to ml....................................0.06 ml......................................... 0 .60%
25 ml........................................ 06 ml......................................... ° - 2*%
50 ml.........................................10 ml.........................................0 .20%

100 ml........................................ 16 ml.........................................0 .18%
200 ml........................................ 20 ml.........................................0 .10%
250 ml........................................ 22 ml.........................................0 .08%
500 ml........................................ 30 ml.........................................0 .06%

1000 ml........................................ 60 ml.........................................0 .06%
2000 ml.................................... 1.00 ml.........................................0 .05%

5460. Flasks, Volumetric, A. H. T. Co. Specification, as above de
scribed, of resistance glass; without stoppers. ___
T o contain, ml...........................  10 25 50 100 200
Each................................................ '
10% discount in carton cont'g.
20%  discount in case co n t 'g ..

T o  contain, ml.............................
Each................................................
10% discount in carton cont'g. 
20%  discount in case cont'g.

.40 .42 .45 .50 .60
24 24 24 24 24
96 96 96 96 72

Giqlr Giqok Giqsc Giqwu Girant
250 500 1000 2000
.70 .85 1.15
24 12 12

    _____  72 48 38
Code'W ord. T.......................” ................ Girga Girks Girnl

5461. Ditto, but with ground glass
stoppers. T o  contain, ml. . . . 10 25 oO____100
Each........................................................ 60 .65 .70 .80
10% discount in carton cont’g- 24 24 24 24
20% discount in case cont’g- . 96 96 96 96
Code W ord.................................. Gismn Gtsqe Gisty Gtsyo
T o contain, ml...........................  250 300 500 1000
Each..............................................
10% discount in carton cont’g.
20%  discount in case cont'g. .

12
Girqf

200
.90
24
72

Gitbi
2000

1.50
12 ___

48 36 12
Giloh Gituv GiuajC o d e  W o r d ....................................  - -

For complete assortment of Volumetric Flasks, including 
Certified, Student, Exax and Pyrex brands, etc., see 

pages 393-400, incl., of our new catalog.
Prices subject to change without notice.

R E I N F O R C E D
Size 1 Type SB Centrifuge with Stand

The reinforcement permits 50 per cent more speed with a resulting 
increase in the relative centrifugal force from about 900 X  gravity 
to about 2100 X  gravity. This affords a tremendous advantage 
in the modem laboratory and makes possible the throwing down of 
substances which are not satisfactorily separated at the lower 
speed.

The regular guard is replaced with an all welded heavy steel guard 
for added protection against careless operation at higher speeds.

Send for special bulletin CR

C O M B IN A T IO N  A N A L Y T IC A L  A N D  CH EM ICAL  
CENTRIFUGE

This useful laboratory combination is 
identical in construction with the well 
known International “ Clinical Model“
Centrifuge. The two models shown at 
right may be purchased as separate units 
or as a combination centrifuge at a sub
stantially lower price. Send for Bulle
tins CC and CH. A nalytical Chemical
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HYDROGENATION OF OILS
Apparatus for Laboratory and Experimental Use 

One Liter Capacity

The many uses for which it is 
adapted are:
Hydrogenation of Oils, Deodorizatlon of 

Oils, Blowing of Oils, Polymerization 
of Oils, Sulphonatlon, Rendering, 

Renovating, Distillation Tests 
w i t h  S t e a m  a n d  I n e r t  

Gases under Pressure 
and Vacuum, Etc.

This device is designed to fill the de
mand for an apparatus to make the 
above tests under conditions which 
render the ordinary laboratory glass 
equipment impracticable.

Write for descriptive literature

A few of the companies now 
using the equipment:

Armour & Company 
Corn Products Refining Co.
Lever Brothers 
E. R. Squibb and Sons 
Swift & Company 
Kings College, London 
University of Wisconsin 
University o f Texas 
University of Missouri

Patented O cto b e r  28th, 1 9 1 9

A .  D A I G G E R  & C O M P A N Y
L A B O R A T O R Y  S U P P L I E S  A N D  C H E M I C A L S

159  W.  K I N Z I E  S T R E E T ,  C H I C A G O

INTERCHANGEABLE GROUND GLASS JOINTS and STOPCOCKS

are still the most important new development in labora
tory glassware.

They have been adapted to standard laboratory items, 
some of which are illustrated herewith, with great 
success.

It is a pleasure to order replacement parts, 
stoppers and stopcock plugs by size numbers, (p\
and be assured of a perfect fit.

W e recommend the Acid burette as a time- A  lT'
saving, effort-saving and efficient piece of %
apparatus, for general laboratory use. /  \  5?
This burette will fit any standard five [ $  ] g f
pint acid bottle, and is con- \ I  ¡P
structed along lines similar to f  •#) \  /  j p
our All-Automatic burettes, fgr i ¡Jr
with a zero point which sets in
automatically. /  l\  Br ,

Write for complete catalog. k *  \  I j h
//* \  i|j- ' I nwn» M

Visit our booth. No. 219 at the III \ iT  S "
CHEMICAL EXPOSITION. h r  U S  ^

SC IENTIF IC  G L A S S  A P P A R A T U S  C O M P A N Y
_________________Bloomfield, N ew  Jersey___________________________


