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THERE’S NOTHING TO ADD
To Your Micromax Control Pyrometer

C e m e n t M a k e r s  S h o w  O ther  
U s e r s  o f  R o t a r y  F u rn a ce s  

H o w  T o  G e t B e tte r  C o n tro l
In commenting on its tem perature-control 

system, the Southwestern Portland Cement 
Co. has, we think, written something which 
will interest many other users of rotary fu r
naces. T he high tem perature (2700 F) of 
their burning zone, plus the inevitable dust, 
plus the enormous size of cement kilns (400 
feet long in many cases) combine to create 
service conditions which instrument-makers 
call severe. Yet, in spite of these conditions, 
Southwestern writes as follows:

“W e have almost entirely elim inated the 
guesswork and uncertainty on the part of the 
kiln operator, as fa r as tem perature is con
cerned, by the use of Micromax recorders 
with Rayotubes sighted on the m oving clinker.

“ It is difficult for even an experienced kiln 
burner to distinguish a difference of fifty or 
a hundred degrees, at the high tem perature 
required to burn cement clinker. T h is is 
easily accomplished, however, by the use of 
Rayotubes.

“Another advantage is the protection of the 
kiln lining. Rayotubes can’t prevent all 
damage, but they help m aterially in pre
venting the over-heating which contributes 
to damage.”

Every setting and resetting that any pyrometric control could use on any standard 

type fuel-fired industrial furnace is supplied with the Micromax Controller.

W e don’t even have to know how much load-swing you anticipate, or how much 

lag; many users do send us these facts, but every Micromax Controller is completely 

adjustable to any such problem . . . The limits of satisfactory control, if there are 

limits, being determined by the other equipment and not by the Pyrometer.

Just tell us, when you specify Micromax, the valve, fuel, type of couple and range 

of calibration. T he resulting instrument w ill help you secure control of unsur

passed sensitivity, accuracy and dependability. It can, if you wish, be shipped com

pletely wired on a panel, ready to install.

For details, see Catalog N -O O A .

Jrl. Ad. EN-0600B(12)
LEEDS Ä. NORTHRUP COMPANY, 4920 STENTON AVE., PH I LA., P

n u a l  
o l  Knob

M icromax Recorder for Rayotube on cem ent kiln 
a t Southwestern Portland Cement Co., showing 
record of tem perature of moving clinker.

T he above is no isolated case; scores of 
cement kilns, rotary sludge dryers, rotary 
heat-treating furnaces, etc., use, with fine 
results, M icromax recorders or controllers 
connected, not to the usual thermocouples, 
but to Rayotubes instead. And this applica
tion is by no means limited to rotary furnaces. 
In general, it includes controlled-atmosphere 
furnaces, glass tanks, open-hearths, blast fu r
naces, rolling mills, soaking pits, and many 
other services. For further information, w rite 
for Catalogs.

to any 
red t h r o t t l i n g  
e

Set  any 
automat ic  d 
cor r e c t 1 on

Micromax is easily tuned to the furnace 's needs—all settings are made at the front of the panel.
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SIEVE
S h a k e r

Schematic Diagram of Essential Parts
A—Center of mass of sieves
B—Center of mass of loading weight
C—Center of gravity of complete as

sembly
D—Upper rotating eccentric mass 
E—Loading weight 
F—Lower rotating eccentric mass 
G—Ridge on platform 
H—Sieve-holding bail 
S—Helical springs supporting platform

SIEVE SHAKER, Cenco-Meinzer, for rapid separation of powdered materials by machine sieving into their 
various size components. A wide variety of materials from heavy mineral powders to light organic or 
pharmaceutical powders can be sieved with equal facility. The reproducibility of results for quantitative 
separations is very high. It can, therefore, be used in mechanical analysis of industrial materials, wherever 
machine sieving is permissible. The sieve platform accommodates 8-inch sieves.

Simplicity of operation is secured through its unusually simple design and construction. As the mechanical 
power developed by the motor is transmitted directly to the sieves without loss, a motor of only Vis hp is 
required to do the equivalent of a ‘/i hp motor in shakers utilizing other principles. The device is self
balancing, since the entire moving system is practically a free system, executing its motions about its own 
center of gravity. The need for weighting to secure stability with castings of considerable mass is elimi
nated. As a result of these design features, the weight is within the range of eqsy portability.

The effectiveness of the Cenco-Meinzer Shaker is excellently demonstrated by the results of a test run with a 
mixture of finely ground quartz and iron oxide, constituting a material called ore-pulp. This mixture is 
very difficult to separate because of its tendency to blind the sieves. Using a 100-gram sample and six 
sieves of 30, 60, SO, 100, 150, and 200 mesh, 38.5 grams were separated in 5 minutes shaking. Only 15.5 
grams of the same material were separated in the same time interval with the same combination of sieves 
on another commercial type of sieve shaker.

Complete for 115 volts A.C. or D.C. operation with bail for 8-inch sieves, semisoft rubber cushion, and rubber
connecting cord with rubber attachment plug, but without sieves.......................... ............................Each $90.00

In Stock fo r  Im m ediate Shipm ent

CHICAGO 
1 7 0 0  Irving Pk. Road 

Lakeview 
Station

S C I E N T I F I C  
INSTRUMENTS

N ew  York • Boston •
d lil)

C H IC A G O

LABORATORY  
A P P A R A T U S
Toronto • San Francisco

B O S T O N  
7 9  A m herst St. 
Cam bridge A  

Station
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D E P E N D A B L E  STANDARDS

The Standard Troy Pound of 

8 and 4 ounces a s  used dup

ing Queen Elizabeth's .reign.

Mallinckrodt A. R. Chemicals are made to meet predetermined 

standards of purity with impurities measured to ten thousandths 

of one per cent. Such controlled uniformity in lot after lot assures 

results of greater accuracy for laboratory technicians.

Send for catalogue of Mallinckrodt Analytical Reagents and other 

chemicals for laboratory use. Contains detailed descriptions of 

chemicals for every type of analytical work . . . gravimetric, gaso- 

metric, colorimetric or titrimetric.

ALW AYS SP EC IFY  REAGENTS IN M ANUFACTURER’S O RIGIN AL PACKAGES

MALLINCKRODT CHEMICAL WORKS
ST. LOUIS •  PHILADELPH IA •  MONTREAL

CHICAGO •  NEW YO R K  •  TORONTO
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HOSKINS PRODUCTS
E L E C T R IC  H EA T T R E A T IN G  FU R N A C ES  •  •  H E A T IN G  ELEM EN T A LLO Y S  •  •  TH ER M O C O U P LE  AND 

LEAD W IRE •  •  PYROMETERS •  •  WELDING W IRE •  •  HEAT RESISTANT CASTINGS •  •  ENAM ELING 

FIXTURES •  •  SPARK PLUG ELECTRODE W IRE •  •  SPECIAL ALLOYS OF N ICKEL •  •  PROTECTION TUBES

This C a rbon  Com bustion F u rn a ce , F H - 3 0 3 A , 
w il l  w ith sta n d  the h a rdest k in d  o f  se rv ice . 
The C h rom el-A  w ire  o f  the  h ea tin g  un it is 

G o . an d  has d ire c t  co n ta c t w ith  the  com- 
tu b e . This fu rn a ce  is tough an d  

e f fic ie n t . S p e c ify  it  fo r  you r la b o ra to ry .

•  Hoskins Laboratory Furnaces are "good 

soldiers.” Their Chromel-A units have plenty 

of stamina to withstand the hard-going 

your laboratory demands. A lso, note the 

construction of this FD muffle furnace. 

See how easy it is to get at the heating 

unit, and apply a new coil. The unit oper

ates on only one voltage, so that the

T y p e  F H -3 0 3 A  Com bustion Furn ace

wire may be as heavy as possible. The 

unit wraps around the grooved muffle. 

The whole design is one of simplicity, 

durability and economy. You’ll keep your 

laboratory rolling along, with durable 

Hoskins Electric Furnaces. Write to your 

dealer or to us . . . Hoskins Manufacturing 

Company, Detroit, Michigan.
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I n t e r n a t i o n a l  S i z e  2 C e n t r i f u g e s

W rite for Bulletin C 2

IN T E R N A T I O N A L  E Q U IP M E N T  C O .
352 WESTERN AVENUE BOSTON, MASS.

Makers oj Fine Centrifuges fo r  More than Forty Years

Large Capacity
High Speed

Sturdy Construction
THE REINFORCED SIZE 2 CENTRIFUGE is shown  
here equipped with the M ultispeed Attachment and 
high speed head. Speeds up to 18,000 r.p.m. or 
25,000 x gravity are obtainable with a capacity of 
six 7 ml. tubes.

This Centrifuge will also sw ing four 250 ml. bottles 
at approximately 3000 r.p.m. with relative centrifugal 
force of 2000 x gravity.

THE STANDARD SIZE 2 CENTRIFUGE is shown at 
the right equipped with six-place head suitable for 
sw inging the standard 250 ml. centrifuge bottles or 
the patented 300 ml. blood bottles distributed by 
intravenous system suppliers.

128 of the x 4" blood tubes can be centrifuged at 
one time in this m achine w hen the No. 381 eight 
place multiple carriers are used in the 16-place head  
No. 250A. 96 of the x 4" blood tubes can be
used by substituting the 6-place multiple carriers 
No. 380.
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H E V I  D U T Y  E L E C T R I C  C O M P A N Y
HEAT TREATING FURNACES H © s i e y * a f  E L E C T R I C  E X C L U S I V E L Y  

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

HEVI DUTY 
FURNACES

The University of Maryland 
w as founded in 1807 and since 
1856 has maintained an Agri
cultural Experiment Station. To
day Hevi Duty Muffle Furnaces and 
other modern equipment are used  
for a n a ly sis  and experimental work. 
Send for the Muffle Furnace Bulletin HD-535.

ONE OF FOUR HEVI DUTY 
MUFFLE FURNACES AT THE 

UNIVERSITY OF MARYLAND 
COLLEGE PARE.
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T H R E E  
I M P R O V E D  I T E M S  f o r  M I C R O A N A L Y S I S

As described by H erbert K . Alber, Industrial and Engineering Chem istry, Analytical Edition,
Vol. 13, No. 9 {Sept. 15, 1941), p . 656

1886-F.

BALANCE, SALVIONI-ALBER DIRECT READING, 
SPRING ACTION. An improved form of the earlier Fried- 
rich-Salvioni Balance, for the rapid weighing of small samples 
without interference from drafts. Weighings can be com
pleted within one minute. Especially suited for micropre
parative work in systematic qualitative organic microanalysis, 
for semi-quantitative elementary analysis and as a preliminary 
balance in quantitative microchemical analysis.

Capacity 100 mg including weight of weighing pan, weighing 
range 25 mg, sensitivity approximately 0.3 mg with full load 
or 0.1 mg with 1 mg samples. Weight is indicated by the de
flection, under load, of a spiral shaped steel spring with free 
distal end, as measured on a direct reading index scale. The 
weighing pan is of aluminum, with flat bottom, 10 mm 
diameter X 3 mm deep, and with hanger for suspension from a 
V-shaped notch near the end of the spring. The spring and 
index scale are mounted on a vertical glass plate in hardwood 
case. S'/s inches long X 71/« inches high X 4 inches deep, 
finished inside with aluminum paint to facilitate readings. 
Case is provided with drawer in case, glass top, giass sliding 
door in front, and a nickel plated post to assure correct spring 
alignment.

The index scale, range 0 to 25 mg in 1 mg divisions, is indi
vidually calibrated and has a mirror edge to minimize possi
bility of errors due to parallax. Compensation of spring ten
sion for taring the weighing pan, or for zero adjustment, is by 
means of a lever arm attached to the bar which supports the 
spring inside the case.
1886-F. Balance, D irect Reading, Spring Action, Saivioni-Alber,

as above described, complete w ith two interchangeable 
alum inum  weighing pans, forceps, and  detailed directions
for u se ....................................................................................... 40.00
Code W ord.............................................................................. Aolcn

MICRO MORTAR, ALBER. For convenient powdering 
or homogeneous mixing of small masses of solids with mini
mum loss of sample. Outside diameter of base 47 mm, height 
24 mm; inside diameter at the top 20 mm tapering to 7 mm 
diameter at the bottom, depth of chamber 15 mm. Pestle is 
70 mm long X 6 mm diameter at grinding end and 10 mm 
diameter at handle end.

MICRO MORTAR, ALBER {Continued)
The inverted cone shape of the chamber and the grinding 

end of the pestle with slightly smaller radius of curvature than 
bottom of chamber provide optimum contact between the 
sample and grinding surfaces and, in use, result in considerable 
saving of operator's time.
7329-K.

7329-M.

M icro M ortar, Alber, of Coors Porcelain, as above described. 
M ortar is glazed inside and outside excepting outside bottom  
surface and pestle is glazed except on grinding surface .75 
Code W ord ........................................................................... Krodw

D itto, of Coors M ullite, an alum inum  silicate compound, w ith
ou t glaze, fired a t  tem peratures above 3000°F, which pro
vides a sm ooth, white, homogeneous grinding surface im 
pervious to  corrosion and com parable w ith agate in hardness 
b u t less b rittle  in use. Particu larly  su itable for grinding 
m aterials where freedom from small contam inations is im 
p o rtan t and  for grinding hard  substances as in  m ineral
analysis .................................................................................  4 .65
Code W ord ........................................................................... Krody

MICRO FUNNEL, SEPARATORY-SEDIMENTATION, 
ALBER, A. H. T. Co. Specification. For separation or treat
ment of liquids with reagents, sedimentation of small quanti
ties of a solid phase or heavier liquid from a larger volume of 
lighter liquid, etc.

With ground glass stopper. Capacity 15 ml, with cylindri
cal stem graduated from 0 to 5 ml in 0.1 ml divisions. With 
hollow stopcock plug, 20 mm diameter at center, with oblique 
bore 3 mm diameter and, in addition, a round bottom chamber 
15 mm deep X 3 mm inside diameter, capacity approximately
0.1 ml, in which samples of liquid, sediment, etc., can be col
lected. Samples are collected with the opening of the funnel 
stem coinciding with that of the collecting chamber. A 90° 
turn of the plug empties the funnel without disturbing the 
contents of the chamber, after which the plug can be removed 
for their recovery of the sample. Liquid contents can be 
removed with a capillary pipette, and solids by means of a 
micro spatula or dissolved in a solvent.

5625-A. M icro Funnel, Separatory-Sedim entation, Alber, as above
described..................................................................................  9 .50
Code W ord .............................................................................. Gyaot

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

LABORATORY APPARATUS AND REAGENTS
W EST W A S H IN G TO N  SQUARE, PH ILA D E LP H IA , U. S. A.

Cable Address, “Balance,” Philadelphia
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D eterm ination o f M oisture in Sugar Products1
Filter Paper Method for Corn Sirup

J. W. EVANS AND W. R. FETZER 
Union Starch and Refining Company, Granite City, 111.

PROBABLY no class of products has created so much 
controversy over moisture content as the one containing 

sugars. N ot only is the stability of the sugars themselves 
involved (with respect to temperature) but sirups and impure 
sugars contain residual acids, proteins, gums, and mineral 
matter which complicate the usual problem of drying, so 
that peculiar results are often attributed to decomposition 
when the variable involved is in an improper method. The 
problem is an old one and the numerous papers which have 
been published give ample evidence of the fact that it is an 
analytical problem in all laboratories dealing with sugar 
products.

The usual variables in past papers which have been pub
lished on this subject are: (I) temperature, and (2) extenu
ated drying surface.

Temperature is not only an important variable with respect 
to the stability of the sugars themselves, but becomes more 
significant when impurities are present. The usual safeguard 
is to use temperatures under 100° C. However, this prolongs 
the period of drying, which is critical in that many products 
which are comparatively stable over a given period of heat 
treatment develop instability over prolonged heating. In 
order to offset the lower temperature, vacuum ovens are em
ployed to speed the removal of water.

Necessity for dispersion of the sample in order to provide 
an extenuated surface for drying, particularly in the case of 
sugar products, has long been recognized, the primary pur
pose being to speed and to ensure the completeness of mois
ture removal.

Carr and Sanborn (3) in 1895 employed pumice and their 
method is essentially the A. 0 . A. C. method of today. Rolfe and 
Faxon (9) over 40 years ago suggested paper rolls, but the method 
never gained acceptance, probably because of insufficient interest 
at that time. More recently, Rice and Boleracki (8) proposed the 
use of two silver plates to increase the surface area of the sample. 
Although extending the surface area, this method failed when 
applied to com simp, because on drying, the dextrin in the com 
sirup formed flakes that tended to curl and “dust off” from the 
silver surface.

In the A. 0 . A. C. method, employing sand, wherein a 1- or 
2-gram sample is used, weight constancy is never obtained. In 
order to have some criterion by which moisture determinations 
can be discontinued, drying is allowed to proceed “until the 
change in weight does not exceed 2 mg. per interval”, with a 2- 
hour drying period in general acceptance. Such a criterion

1 T his is the  first article in a series on th is  subject. The second follows 
on page 858.

gives a precision no greater than 0.2 per cent, which becomes of 
considerable magnitude in the corn products industry, which 
sells millions of pounds of com simp and cmde sugar annually. 
This criterion is also particularly unfortunate, in that the loose
ness of the definition of constancy has given use to many state
ments of decomposition and instability of the product when the 
essential point has been the inadequacy of the method for that 
particular product. As a natural result of this, research has been 
stopped on more adequate methods for determination of true 
moisture.

Rice (7) departed from the oven methods for sugar products 
by applying to refiner’s simp Bidwell and Sterling’s (¡2) modifica
tion of the distillation method of Dean and Stark Wj. He 
changed their technique by introducing Filter-Cel in the flask as 
a bed for the sample of refiner’s sirup. When the distillation was 
started, the refiner’s simp spread through the Filter-Cel, thus 
combining the sample dispersion found necessary in the oven 
methods to a method yielding measured water. The present 
authors (6) applied Rice s distillation technique to corn simp and 
found that the com simp did not spread but formed a hard ball, 
necessitating the incorporation of the sample manually in the 
Filter-Cel before distillation was started. 1 his work with tables 
for Baumé-moisture values has been published (5); it gave 
moisture values 0.7 to 1.8 per cent higher than values by the usual 
A. O. A. C. sand method.

From the standpoint of a further reduction in losses, this 
discrepancy became of enormous importance to the corn 
products industry wherein factory yield is determined from 
incoming and outgoing dry substance. As a result, for the 
past 8 years an extended investigation of true moisture has 
been carried out on the products of the industry1—corn sirup, 
crude sugar, steep water, feeds, hydrol—with the refinement 
of old moisture methods and the development of new drying 
technique. These have such general interests that they have 
been extended to other sugar products. This work on analyti
cal methods for true moisture will be recorded in a series of 
papers, of which this is the first.

C o m  Sirup  anti Corn Sugar

Corn sirup is the thick viscous sirup obtained from the 
partial hydrolysis of starch. It is a mixture of carbohydrates 
and, in addition, contains small amounts of residual acidity, 
crude protein, and ash. Corn sirup is of several types, and 
the degree of hydrolysis is defined by the amount of reducing 
sugars expressed as dextrose on a dry-substance basis, to 
which the expression “dextrose equivalent”, or simply D. E., 
has been assigned by the industry. The authors’ average 
analysis of 42 dextrose equivalent corn sirup, the commonest
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type, known generally as confectioners’ sirup, is as follows on 
a dry-substance basis:

Reducing sugars as dextrose 42
D extrin  37
M alto tetrosc  5
M altotriose 15
M altose 21
D extrose 22
R esidual acidity  as hydrochloric acid 0 .02
pH , 50% by weight 5 .0
Ash 0 .28
C rude protein 0 .05

The dextrin content of corn sirup makes a moisture test by 
the A. O. A. C. method difficult, as the sirup does not spread 
easily, tends to form a skin by surface drying, and sets to a 
concretelike mass from which the final traces of moisture are 
removed with difficulty or not at all. The presence of ash, 
residual acidity, and protein, particularly since dextrin is 
present, has always cast serious doubts as to whether the 
slowly removed last traces of moisture were moisture of the 
sirup or water of decomposition.

F ig u r e  1

Crude corn sugar, more familiarly known in the trade as 
“70” and “80” sugars, may be said to represent the complete 
acid hydrolysis of starch in commercial practice. The product 
cannot be so closely defined as corn sirup because of trade 
uses, but the composition may be expressed as follows:

Reducing sugars as dextrose S2 to 92
A cidity 0.30 to  0.40
pH , 50% solids ’ 4.2 to  5.2
Ash 0.6 to  1.25
C rude pro tein  0.08 to 0.20

There is little if any dextrin in crude sugar, so the drying 
problem differs from that of corn sirup, but it is further com
plicated by the larger percentage of reactive dextrose and by 
the increasing quantities of residual acid, ash, and protein.

The method of the present authors, employing toluene dis
tillation, has a decided advantage over the A. O. A. C. sand 
method, as the size of the sample used is tenfold, increasing 
the accuracy of the test. The higher values obtained for corn 
sirup by this method as compared to the A. 0 . A. C. method 
evoked criticism of decomposition because of the higher 
temperature involved (110° to 112° C.), despite the fact that 
the values for corn sugar were in relatively close agreement 
with those of the A. 0 . A. C. method. It would normally be 
thought that corn sugar would be more susceptible to de
composition because of the larger percentage of dextrose and

residual traces of acidity, ash, and protein. As a result, the 
initial stages of this investigation of true moisture center on 
comparison of the data by toluene distillation with the 
A. 0 . A. C. method at 70° and 100° C., together with new 
technique at these temperatures.

M eth od  b y  D rying  o n  Sand
The investigation of moisture determination in corn sirup by 

drying on sand was carried out in a vacuum oven at 74-mm. 
(mercury) pressure and in an air oven. The temperatures in 
the vacuum oven were 70° C., conforming to the A. O. A. C. (7), 
and 100° C., a practice that has become part of the routine 
analytical procedure in the corn products industries. The air oven 
temperature was 100° C.

Acid-washed quartz sand was used. It was screened for size, 
that passing a 20-mesh and retained on a 40-mesh being used. 
Approximately 35 to 40 grams were run into an aluminum dish,
7.5 cm. (3 inches) in diameter. Original weights included a small 
pestle and a cover. Immediately on removing the test from the 
oven for cooling in a desiccator, the cover was placed in position, 
as it was found that the material was hygroscopic. Dishes, sand, 
and pestle were dried in an air oven at 100° C. overnight and re
moved to a desiccator the following morning previous to use.

The corn simp was added to the sand in two ways:
1. According to the A. O. A. C. method (1). A sample of 

sirup was diluted to a known volume, and from it was pipetted a 
known quantity containing approximately 1 gram of ary sub
stance which was added to the sand in the dish. The dish was 
then placed on a steam bath in order to remove the excess water, 
and the contents were stirred with the pestle until the sand be
came stiff. It was then removed to a vacuum oven and dried to 
constant weight.

2. Direct addition to the sand. The approximate amount of 
simp was run on the sand in a dish previously weighed, and then 
reweighed. The dish was placed in the oven for approximately 15 
minutes, after which it was removed and the simp was thor
oughly incorporated with the sand. The dish was then returned. 
At the end of 4 hours, the first weight was made for moisture loss 
and thereafter periodically every 2 hours until the loss was nearly 
constant, after which a longer interval was taken.

A large quantity of com simp was obtained and mn into 118
ml. (4-ounce) wide-mouthed screw-capped bottles, each bottle 
being used for a set of tests and discarded, thus eliminating the 
possibility of moisture loss by evaporation of the stock material. 
The dextrose equivalent of the simp was 43.1 with acidity, ash, 
and protein as above.

The data in Table I show that the moisture by air oven at 
100° C. is less than that obtained in a vacuum oven at the 
same temperature, but equal to or greater than that obtained 
by the A. 0 . A. C. procedure for incorporation with the sand 
employing vacuum at 70° C. The vacuum oven at 100° C., 
with direct incorporation of the sirup with the sand, gave re
sults at the end of 20 hours equal to those obtained by toluene 
distillation. The higher results obtained by this method are 
attributed to the greater surface area produced by stirring 
the hot sirup in the sand. The resulting material was furrowed 
and comparatively loose, this structure being maintained dur
ing the drying process. Twenty hours, the time necessary to 
secure a constant weight, is much too long for laboratory pro
cedure, and it was thought that if a greater effective surface 
area could be produced, a moisture determination could be

T a b l e  I. M o is t u r e  o p  C o r n  S i r u p  b y  D r y in g  o n  S a n d

(M oisture by  toluene d istillation, 19.30%)
Approxi- 

Tem pera- m ate
T ype  of tu re  of W eight 

Oven Oven of Sample
° C. Grams

Vacuum  70 1
70 1

100 2
100 2

Air 100 1
100 1

.1 0 0  2
100 2

M ethod of 
Adding Sirup 4 6

to  Sand hours hours
% %

A. O. A. C. 17.22 17.57
A. O. A. C. 17.64 17 .SO
D irect 19.06 19.10
Direct 19.13 19.21
Direct 17.62 18.07
D irect 18.56 18.65
D irect 17.77 18.00
Direct 17.80 18.04

M oisture-
S 10 12 20

hours hours hours hours
% %  ‘ % 7°

17.85 17.96 IS . 07 18.41
I S .01 18.03 18.04 18.39
19.22 19.25 19.27 19.27
19.27 .19 .28 19.29 19.31
18.43 18.63 18.73 18.81
18.79 18.84 18.91 18.97
18.10 18.17 18.24 18.36
18.12 18.25 1 8 .2S 18.36
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T a b l e  II. M o is t u r e  o f  C o r n  S i r u p  b y  D r y in g  o n  F i l t e r  P a p e r

(M oisture by toluene d istillation, 19.30%. T em peratu re  of oven, 100° C.) 
Approxi

m ate W eight Area of ✓-------------------
T ype of W eight of W ater F ilter 4 G

Oven of Sample Added Paper hours hours
Sq. in. %  %

Vacuum

Air

Grams
1
1
1
1
1
2
2
2
1
1
1
1
2

Grams
1
1
1
1
2
2
2
2
1
1
1
2
2

M oisture--------------------*
8  10 20

hours hours hours
% % %

20
40
00
70
70
40
GO
70
40
GO
70
70
70

18.75
19.07
19.14
19.15 
19.20 
18.93 
19.03 
19.05 
18. G7 
18.82 
19.00 
19.10 
18.30

18.97
19.10
19.20
19.20  
19.30 
19 .0G
19.10
19.19 
18.92 
19.05
19.10
19.19 
18.42

19.09
19.21
19.24 
19.28 
19.30 
19.14
19.17
19.24 
19.01 
19.08
19.18
19.24 
18.50

19.13
19.22 
19.26

19! 30 
19.15

10! 20 
19.03 
19.08
19.22 
19.25 
18.54

19.26
19.25
19.29
19.31
19.31 
19.18
19.28
19.29 
19.23
19.29
19.28
19.29 
19.07

made on com sirup within 6 or 8 hours, which also would re
move the criticism that decomposition occurs through pro
longed heating. •

M oistu re  by D ryin g  o n  F ilter  Paper

During the investigation for such a condition, the authors 
considered various proposals but finally settled on one which 
has given highly satisfactory results.

The sirup was diluted and dried on filter-paper coils (Figure 1), 
held together with a paper clip. The coils were made by rolling a 
strip of filter paper onto a corrugated phosphor-bronze separator, 
the paper being longer and wider than the separator, in order that 
the ends and the outer layers of the coils might be made of filter 
paper. The filter paper must show a pH of less than 7 when an 
indicator is applied to it. This precaution is sufficient when com 
simp is dried, since this material contains a small amount of 
residual acid and is fairly well buffered, but when pure sugar 
solutions are dried, it often becomes necessary to acidify the 
solution slightly with an acid such as lactic in order 
to prevent decomposition. Several types of filter 
paper were examined and Whatman No. 1 proved 1 
to be the most satisfactory.

A p p a r a t u s . Filter paper. A  strip o f  crepe filter 
paper 4.375 X 50 cm. (1.75 X 20 inches) with a 
pH o f  less than 7.

Separator. Corrugated strip of phosphor-bronze 
1.25 X 40 cm. (0.5 X 16 inches) No. 36 B. & S., 
made by running the original strip through small- 
size meshed gears.

Weighing bottle. Medium form, 40 X 65 mm. 
with a 40/20 standard-taper ground-glass stopper.

Paper clip. Common type, to hold the filter 
paper in position with reference to the metal sepa
rator.

P r o c e d u r e . A paper coil and weighing bottle 
were dried in an air oven at 100° C. for 6 hours, 
cooled in a desiccator, and weighed. The weighing 
bottle must always be closed with its stopper 
before it is removed from the oven to the desic
cator, in order to prevent the adsorption of 
moisture not only by the filter paper itself but 
also when it is covered by corn simp, which is =
quite hygroscopic. The coil was removed, ap
proximately 1 gram of sirup was run into the
weighing bottle, and the exact weight was obtained. To this 
sirup was added 1 or 2 ml. of distilled water; the bottle was 
warmed, and the water and sirup were mixed to form a dilute 
solution. The paper coil was then introduced and allowed to 
absorb the sirup solution. The last trace was taken up by 
shaking the coil across the bottom of the weighing bottle. The 
weighing bottle should not be placed in the oven until the filter 
paper has thoroughly absorbed the sirup, as evidenced by the
disappearance of excess sirup where the edge of the filter paper
touches the bottom of the weighing bottle.

The steps in the determination of the proper amount of 
sirup for filter paper are shown in Table II. In computing 
the area of the filter paper, both sides are counted as effective.

Table II shows clearly that as the area of the filter paper

per gram of sirup increases, the time for ef
fecting a moisture determination correspond
ingly decreases. With 451 sq. cm. (70 sq. 
inches) and 1 gram of sirup, the time for a 
test should not exceed 6 hours in a vacuum 
oven at 100° C. Again, the moisture content 
is found to be equal to that obtained by toluene 
distillation.

The above procedures were applied to “70” 
sugar. The dextrose equivalent of the sample 
used was 80.8; otherwise the sugar conformed 
to the general specifications above. The data 
obtained are similar to those for corn sirup and 
are found in Table III.

■■■ -......—1 C on clu sion s
The A. O. A. C. method docs not seem par

ticularly adapted to corn sirup and sugar for accurate work.
The usual moisture determinations of corn sirup and sugar 

on sand in an air oven are invariably low.
Moisture determinations of corn sirup and corn sugar on 

sand in a vacuum oven can be made satisfactorily, provided 
sufficient time is taken and the ratio of sample to sand is cor
rect. The latter involves dish size.

Moisture determinations of corn sirup and corn sugar by 
means of the proposed filter paper method are more accurate 
and much more rapid.

Moisture determinations on corn sirup by the toluene dis
tillation method, although higher than the A. O. A. C. method, 
have the same precision as vacuum oven methods at 100° C., 
provided the latter are carried out under conditions adaptable 
to the viscous characteristics of corn sirup. However, both 
these methods are subject to the general criticism that both 
temperatures might produce decomposition, which could be 
avoided at lower temperatures.

T a b l e  III. M o is t u r e  o p  C o r n  S u g a r

(M oisture by toluene d istillation, 17.45%. Vacuum oven used)
Tem -
pera- m ate M ethod of M oisture

tu re  of W eight Adding Sirup 4 0 S 10 20
Oven of Sample to  Sand hours hours hours hours hours
° C. Grams % % % % %

By D rying on Sand
70 1 A. O. A. C. 17.00 17.11 17.14 17.15 17.30

1 A. O. A. C. 16.90 17.02 17.08 17.11 17.22
100 2 D irect 17.25 17.28 17.30 17.42

2 D irect 17.30 17.31 17.31 17.38

By D rying on F ilter Paper
Area of

W eight of F ilter
W ater Added Paper

Grams Sq. in.
100 1 2 70 17.30 17.44 17.44 17.45 17.45

1 2 70 17.37 17.40 17.42 17.44 17.44

L iteratu re  C ited
(1) Assoc. Official Agr. Clicm., Official and T entative Methods of

Analysis, p. 463 (1935).
(2) Bidwell, G. L., and Sterling, W. F., I n d . E n g l  C h em ., 17, 147

(1925).
(3) Carr and Sanborn, U. S. Bur. Chemistry, Bull. 47, 134 (1895).
(4) Dean, E . W., and Stark, D. D., J. In d .  E n g .  C h em ., 12, 486

(1920).
(5) Fetzer, W. R., and Evans, J. W., In d .  E n g .  C h em ., A n a l .  E d . ,

7,41 (1935).
(6) Fetzer, W. R., Evans, J . W., and Longenecker, J. B., Ibid., 5,

81 (1933).
(7) Rice, E . W., Ibid., 1, 31 (1929).
(8) Rice, E . W., and Boleracki, P., Ibid., 5, 11 (1933).
(9) Rolfe, G. W., and Faxon, W. A., J . Am . Chem. Soc., 19, 698

(1897).



Determ ination o f M oisture in Sugar Products
Use of Filter-Cel for Corn Sirup

J. E. CLELAND AND W. R. FETZER, Union Starch and Refining Company, Granite City, 111.

IN THE belief that the controversy over the moisture con
tent of corn sirup would never be settled until lower tem

peratures were used, which in turn would require a more 
complete sample dispersion or a still thinner surface film for 
drying than was obtained in the filter paper method, it was 
decided to attempt to apply Filter-Cel, used in the toluene 
distillation as a dispersing medium, to a straight vacuum-oven 
method, thereby not only obtaining a very large surface area 
but also employing a larger sample weight. The technique 
proved unusually successful, and since the procedure has been 
adopted as official for the corn products industry by the 
Technical Advisory Committee of the Corn Industries Re
search Foundation, it is described here in detail.

T a b l e  I. D a t a  o n  C o r n  S i r u p

Tim e

M oisture Found a t 100° C. 
10.6382-gram 10.0545-gram 

sam ple sample
Hours % %

S 14.89 14.87
18 14.98 15.03
39 14.99 15.02

15

A t 60° 
10.5626-gram 

sample
14.55

C.
10.6021-gram

sample
14.54

38 14.88 14.89
00 14.96 14.92

100 14.98 14.96

M ateria ls and  A pparatus
F i l t e r -C e l . A large quantity of Filter-Cel is washed by perco

lation with distilled water that has been slightly acidulated with 
hydrochloric acid. This treatment is continued until the effluent 
is acid to litmus. Washing with distilled water follows until the 
effluent is essentially neutral, and the Filter-Cel is then air-dried. 
A quantity, usually a quart, is transferred to an air oven at 
105 C. and kept for use.

S a m p l e  C o n t a in e r s . For the determination, two types of 
apparatus are used—one for referee samples, or those requiring 
the highest degree of precision, and one for factory or routine 
procedure. _

R e f e r e e  S a m p l e s . A 250-ml. Pyrex Erlenmeyer or wide
mouthed Erlenmeyer flask, neck ground to 40/50 standard taper 
is used. This is the same flask that is used for distillation tests. 
The closure is a 40/12 standard-taper weighing bottle stopper.

R o u t in e  S a m p l e s . A 7.5-cm. (3-inch) aluminum disn with 
deep slip cover, which is sold as a small crucible desiccator, or 
1-pound friction-top tins in use in com products plants for pack
aging of mixed table sirups are used.

S t i r r e r . The stirrers or pestles are 100 X 15 mm. Pyrex test 
tubes. The stirrer extension is a glass rod, fitted at one end with 
two rubber rings, cut from tubing and so spaced that when in
serted into the test tube a rather snug fit is obtained at top and 
bottom of tube. The rod, with its glass test tube end, makes an 
easily manipulated stirrer. The rod is removed after the stirring 
operation, leaving the test tube with the Filter-Cel sample mass.

P rocedure
Filter-Cel (25 grams) is run in duplicate flasks, the test tube is 

added, and the stopper is set at a 90° angle in the mouth of the 
flask, which is brought to constant weight in the vacuum oven at 
the temperature at which the drying test is to be carried out. A 
third flask, with stopper only, is used as a tare in weighing and 
put through the same procedure as flasks used for samples.

Because of surface moisture adsorption, it was found desirable 
to use individual desiccators: 5- or 10-pound friction-top cans,

commonly used for packaging mixed table sirup. The desiccant 
is phosphorus pentoxide.

The sample weight always is taken so that 5 to 8 grams of solids 
result. Samples below 35° BA are handled by means of a pipet 
(from which the tip has been cut off) by running approximately 
20 to 40 ml. of solution on the Filter-Cel, stoppering, and re
weighing for sample weight. For samples over 35° BA, 8 to 10 
grams are weighed in a nickel scoop, to which 10 ml. of distilled 
water are added. The scoop is warmed on a steam bath to facili
tate the formation of a homogeneous sirup; which is run onto the 
Filter-Cel. The scoop is washed successively with three 5-ml. 
portions of distilled water. The Filter-Cel-sirup mixture is then 
gently worked to a damp mass. This is an important step, as the 
ratio of Filter-Cel to sample plus washings must always yield a 
damp mass, so that the Filter-Cel retains its powdered form. A 
wet mass will produce a concretelike structure after drying.

In order to remove the excess water, the flasks are then placed 
in a vacuum oven maintained at a pressure of 50 to 75 mm. by 
a water pump. This usually requires 2 to 4 hours. The flasks 
are removed, the Filter-Cel mass is quickly reworked to a powder, 
and the flasks are replaced in the vacuum oven, this time actuated 
by a Hyvac or Megavac pump. It is important to rework at 
an early stage, as the mass is then very' friable and easily handled, 
whereas it may become difficult if left until the final stage of 
dryness. Constant weight—i. e., within 1 mg. or 0.01 per cent— 
is usually obtained in 15 hours or more, depending upon the 
original condition of the Filter-Cel mass.

The precision by this method is surprisingly good, checks 
often agreeing in the second decimal place. The dispersion 
of the sample is so complete that lower temperatures in the 
vacuum oven can be used for drying, a particularly valuable 
technique with heat-sensitive materials. Some idea of results 
obtainable can be gained from experimental data (Table I) 
on a sample of 45° BA corn sirup, which is nearly a plastic 
at room temperature, and from which a sample can be ob
tained with difficulty.

The method has been in successful use in the corn products 
industry for 3 years. ,

O b jection s to  
F ilter-C el

I t is difficult to bring 
to constant weight. The 
material used here did 
not present this prob
lem, as it had been 
calcined by the manu
facturer and washed as 
described above.

I t is prone to dust 
under vacuum or during 
manipulation. This was 
not found to be the 
case when used with 
reasonable care.

I t is a good heat in
sulator and hence per
mits only a slow heat 
transfer to the sample. 
The mass is wet in the 
initial stages of drying 
and the heat transfer is 
good, while in the latter 
stages, as the Filter-

Û

F i g u r e  1 . A p p a r a t u s
W eighing bo ttle  ground-glass stop
per T 4 0 /1 2 . S tandard  flask used 
in toluene distillation  m ethod for 
corn sirup  ^ 4 0 /5 0 .  15 X  100 mm. 

te s t tube
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T a b l e  II. H y g r o s c o p ic it t  o p  F i l t e r - C e l

Elapsed
Tim e, ,— G ain in W eight a t  R elative H um idities of:— •
Hours 35% 45% 52% 66% 78%

5 0.020 0.031 0.036 0.041 0.075
15 0.028 0.041 0.041 0.058 0.085
72 0.039 0.048 0.048 0.063 0.096

119 0.060 0.071 0.079 0.096 0.12
143 0.060 0.071 0.079 0.096 0.13
167 0.060 0.071 0.079 0.096 0.13

Cel mass becomes drier, the heat transfer is slower. A maxi
mum recording thermometer placed in the mass showed 
that approximately 1 hour was required for the center 
to reach the oven temperature, either 70° or 100° C. Pieces 
of fine copper wire (1.25 to 2.5 cm., 0.5 to 1 inch) incorpo
rated with the Filter-Cel did not sufficiently improve the 
heat transfer to warrant their use. The heat transfer can 
be improved in a vacuum oven by soldering the tray to the 
wall support.

I t is hygroscopic. The Filter-Cel used had a notable lack 
of hygroscopicity, despite its large surface area. This was 
shown by placing 10-gram samples of Filter-Cel in aluminum 
moisture dishes (25 X 75 mm.) and bringing them to con
stant weight in a vacuum oven at 100° C. The dishes were 
then transferred to humidity chambers with relative hu
midities of 35, 45, 52, 66, and 78 per cent (average tempera
ture 30° C.). The dishes were weighed periodically, the mass 
being stirred after each weighing. Equilibrium was reached 
in 119 hours, as shown in Table II.

A d a p ta tio n  o f  F ilter -C e l M eth o d

The Filter-Cel method can be adopted to usual routine 
conditions.

Ten grams of prepared Filter-Cel were run into aluminum 
moisture dishes (25 mm. in height, 75 mm. in diameter) and 
brought to constant weight. Five grams of com sirup, weighed 
in a nickel scoop, were diluted with 5 ml. of distilled water and 
run onto the Filter-Cel. The scoop was then washed with three 
successive 2-ml. portions of distilled water which were added to 
the Filter-Cel. These proportions yielded a damp workable ma 
which, after thorough incorporation of sirup and Filter-Cel, w: 
dried in the vacuum oven at 100° C.

mass 
as

The results in five dishes run simultaneously were as 
follows:

P er C ent M oisture 
42 .0  dextrose 55 .0  dextrose

equivalent equivalent
19.46
19.46
19.44 
19.49
19.44

20.48
20.49
20.50  
20 .47  
20.49

These results show satisfactory precision. However, con
siderable patience and care are necessary to obtain checks 
within 0.1 per cent.

The success of the method at 60° C. suggested that the 
drying might be carried out at still lower temperatures if 
suitable apparatus could be devised to handle the Filter-Cel 
method under higher vacuums than obtainable in a vacuum 
oven. This evidence would provide the final proof of the sta
bility of corn sirup at temperatures of usual moisture deter
minations.

The experimental work went through several stages of de
velopment. The design which has proved most successful 
from the standpoint of manipulation is shown in Figure 1.

A review of the literature shows that a similar problem con
fronted Lobry de Bruyn and Van Laent (3). Their apparatus 
was essentially two small flasks, connected by a curved glass 
tube employing rubber tubing joints. One flask contained the

sample and the other phosphorus pentoxide.
_ _ through a stopcock scale 

Morris, and Millar (/), Rolfe and Faxon (4), and later

Vacuum was ap- 
pcock sealed in a curved tube.plied to the apparatus through a stop

Brown, ”    ' )
Walker (3) applied the device. None of these investigators had 
employed dispersion of sample in the use of the apparatus.

The basic idea of the original authors was reincorporated 
in a new design, which made possible the application of the 
Filter-Cel method to the sample in one of the flasks. Several 
designs were tried, and from the experience gained a type 
was developed which has proved exceptionally easy to ma
nipulate and, through standard tapered joints, holds high 
vacuums for extended periods without recourse to the vacuum 
pump (Figures 2 and 3).

P roced u re w ith  N ew  A pparatus

The Filter-Cel and flasks are prepared as for the procedure 
at 100° C. Success in drying is obtained by having sufficient 
water present in the sample, so that a damp powder can be 
worked easily with the pestle.

The flasks containing the damp Filter-Cel mass are placed in a 
Weber vacuum oven at 38° C. (100° F.) which is connected, 
through a receiver containing a large quantity of calcium chloride, 
to a Hyvac pump and allowed to remain there overnight. The 
next morning the Filter-Cel mass in the flask is reworked to a fine 
powder, phosphorus pentoxide is run into the other flask, the 
flask joints are lubricated with a small amount of Cello grease, 
and the apparatus is connected to a high-vacuum pump, until 
the system is thoroughly pumped down. The apparatus is dis-

F ig u r e  3 . P h o t o g r a p h  o f  A p p a r a t u s
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connected from the pump, the flask containing the Filter-Cel mass 
is placed in an air bath at 37-38° C. (100° F.), and the other flask 
in a bath of running water for cooling, in order to maintain a 
temperature drop through the apparatus.

The vacuum on the apparatus is checked daily by means of a 
McLeod gage, and repumped when necessary. For weighing, 
the vacuum is released by carefully introducing air through the 
following train: two 19-liter (5-gallon) bottles containing about
1.25 cm. (0.5 inch) of sulfuric acid; sulfuric acid tower, fitted 
with fluted diffuser; tower with cotton; tower with Drierite; 
and large vessel fitted with trap covered with phosphorus pent- 
oxide. Cello grease is removed from the joint of sample flask 
before capping by wiping with a cloth moistened in benzene.

The flasks containing the Filtcr-Cel mass and the phosphorus 
pentoxide should be rotated daily to expose a fresh surface. If 
the latter shows any signs of crust formation, it should be re
newed.

Phosphorus pentoxide is often criticized as a desiccant (5), 
although conceded to be the most efficient of the common 
ones. A liter of air in equilibrium with it will contain 2 X 
10"6 mg. (0.00002 mg.) of water, compared to 0.003 mg. for 
¡Specially concentrated sulfuric acid or for dry ice ( —70° C.). 
The most common criticism is that it very quickly becomes 
“surface sealed” by liquid acid, whereby its efficiency falls. 
This criticism is valid but it can be avoided if proper precau
tions are taken. The procedure for low-tcmperature drying 
(38° C.) recognized the desirability of maintaining a fresh 
surface of phosphorus pentoxide. In the first place, it was 
not used until evacuation had reduced the moisture as far as 
possible. The phosphorus pentoxide was changed frequently 
and between drying periods the flask was tapped or rotated 
so as to expose a fresh surface.

The method proved to be most successful and the tech
nique is easily acquired. Some idea of the data obtained can 
be observed from Table III.

Other typical data on corn sirup, employing 100° C. in the 
vacuum oven by the Filter-Cel method are given in Table IV.

T a b l e  I I I .  D e t e r m i n a t i o n  o f  M o i s t u r e
(M aterial, Corn Sirup, Commercial Baum é 43.22°, D . E . 42.6)

M oisture
^ 10.3005- 10.1260-

Elapsed gram gram
Tim e Conditions sam ple sam ple
Hours %  %

Filter-C el with 100° C. Vacuum Oven 
6 27-inch w ater vacuum  and

sam ple reworked 
9 Ilyvac  pum p 19.14 19.17

34 Ilyvac  pum p 19.20 19.17
66 Ily v ac  pum p 19.22 19.19

Lobry de B ruyn-F ilter-C el M ethod, 38° C. (100° F.)

27 V acuum  oven
48 Lobry de B ruyn pressure 40 mm.
92 Lobry de B ruyn pressure 2 to  4 mm.

113 Lobry dc B ruyn pressure <0.1 mm.
157 Lobry de B ruyn pressure <0.1 mm.
177 Lobry de B ruyn pressure <0.1 mm.
222 Lobry dc B ruyn pressure <0.1 mm.

9.4712-gram
sample
17.13 
18.72 
19.00
19.14
19.14
19.20
19.20

Flask transferred to vacuum  oven a t  100° C.
227 H yvac pum p 19.20

Lobry dc B ru j'n -F ilte r-C el M ethod, 38° C. (100° F.)
8.8289-gram

20 Vacuum oven
41 Lobry de B ruyn pressure < 0.2  mm.
69 Lobry de B ruyn pressure <0.2 mm.

150 Lobry do B ruyn  pressure < 0.2  mm.
216 Lobry de B ruyn  pressure < 0.2  mm.
373 Lobry de B ruyn pressure <0.1 ram.

sample 
IS .38
19.02 
19.10 
19.16 
19.19 
19.22

378
Flask transferred to vacuum  oven a t  100° C.

H y vac pum p 19.22

Two further examples are shown in Figure 4, one a 43° B6. 
and the other a 45° B6. grade corn sirup.

C o n clu sion s
New methods of dispersion of viscous sirups for standard 

vacuum oven procedure and of drying at loiv temperatures 
have been developed.

The stability of corn sirup at 100° C. in vacuum and at 
112° C. wTith boiling toluene has been demonstrated by essen
tially identical results obtained through drying at 38° C. 
under low pressure.

The moisture-Baume-dextrose equivalent relationship as 
shown in the original Fetzer-Evans (2) tables is correct.

Filter-Cel (diatomaceous earth) is an excellent medium for 
dispersal of viscous materials.

T a b l e  IV . D e t e r m i n a t i o n  o f  M o i s t u r e
Elapsed .

Tim e Pressure Sam ple W eight M oisture
Hours M m . Grains Grams %  %

Commercial Baum é 39.68° (Bé. =  Bé. 140°/60° F . +  1.00° Bé.), D. E . 55.0. 
S tream  of a ir passing through oven, 2 hours. Small s tream  of d ry  air 

passing th rough oven, 2 hours.
4 . . .  11.2014 12.2193 24. S5 23.13

15 <1 25.41 25.44
22 <1 25.43 25.44
37 <1 25.45 25.45
44 <1 25.45 25.45

4
Commercial Baum é 41.03°, D . E . 42.0 

Through calcium chloride
trap , M cgavac pum p 12.2920 11.7820 23.48 23.40

19 <1 23.60 23.60
24 <1 23.61 23.62
39 <1 23.62 23.63
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Spectrochem ical Analysis o f A lk a li Products
E. A. BOETTNER, Michigan Alkali Co., W yandotte, Mich.

THIS laboratory was installed for making daily control 
analyses of sodium hydroxide, soda ash, sodium bicar
bonate, and sodium chloride brine. Additional quanti

tative analyses are made on precipitated calcium carbonate, 
calcium hydroxide, and calcium chloride.

The analyses use the internal control method (S, 4)< 'n 
which an element not already present in the solution to be 
analyzed is added in a fixed and constant amount and the 
spectral lines of this element are used for control. The rela
tive intensities of the line of the element to be tested and a 
line of the control element are measured and the log ratio be
tween them is determined. Because the control element is 
present in a constant amount, the ratio between the lines is a 
function of the test element only.

Working curves are made by plotting the log of the ratio of 
the line intensities against the log of the concentration of the 
impurity, giving a linear function.

E q u ip m en t
A Bausch & Lomb Littrow spectrograph equipped with quartz 

optics is used. A quartz condensing lens is placed between the 
light source and the slit of the spectrograph to shorten the ex
posure time. An image of the arc is focused on the collimator 
lens.

Two fixed slits (30 and 40 microns wide) mounted on a single 
slide are used in place of the adjustable slit on the spectrograph; 
because of the constant changing of the slit width, the adjustable 
slit on the instrument became inaccurate and required frequent 
checking. The slide, containing the two fixed slits, is so mounted 
that either slit opening can be placed directly in front of the ad
justable slit, open at 1.5 mm. This wide opening of the adjust
able slit is used when placing the calibrating pattern on the plate. 
The 40-micron slit is used for spectrograms in the ultraviolet, 
while the 30-micron slit is for the visible region of the spectriun.

The arc source is the high-voltage arc developed by Duffendack 
and Thomson (I), and is capable of operating up to 5 amperes at 
2300 volts or 2.2 amperes at 4600 volts. A small inductance is 
placed in the primary side of the circuit.

F ig u r e  1

The arc stand is the same design as that used by Duffendack 
and Wolfe (2). Figure 1 shows the stand, with other parts 
of the source in the background. A 110-volt direct current arc 
is connected with the same stand and can be used in place of 
the alternating current source by throwing a single switch.

The photographic plates (Eastman Polychrome) arc calibrated 
with a rotating stepped sector placed in front of the slit. The 
light source for the calibrating pattern is a high-voltage (20,000 
volts, 25 milliamperes) spark across aluminum electrodes in a 
hydrogen atmosphere. This source can be seen to the right in 
Figure 1.

A Hilger nonrecording microphotometer with a Cambridge 
galvanometer is used for determining the line intensities.

A n alysis o f  C au stic  Soda
The method of analyzing sodium hydroxide is that developed 

by Duffendack and Wolfe (2), except that the 2300-volt alter
nating current arc operating at 5 amperes is used after preburning 
the coated electrodes at 2.5 amperes.

The sample to be analyzed is diluted to 25 per cent and 25 
p. p. m. of molybdenum as a solution of sodium molybdate are 
added for an internal standard. For caustic solutions weaker 
than 25 per cent, the sample is diluted to 10 per cent and 10 p. p. m. 
of molybdenum are added. Separate sets of calibration curves 
are necessary for the 25 and 10 per cent solutions.

The coating and burning procedures have been described (2).

Calibration curves for silicon, aluminum, calcium, magne
sium, iron, manganese, copper, nickel, strontium, and lead 
have been completed.

Because of the small amount of iron and manganese pres
ent, the faint lines are influenced by the background of the 
spectrum. This effect was overcome by using a faint molyb
denum line (2649.5) for standardizing. In this manner both 
the impurity line and the molybdenum line are. equally 
affected by the background.

In the determination of nickel and copper in sodium hy
droxide, the heavy background around the principal impurity 
lines was again a serious problem. There is no faint molyb

denum line near to calibrate against, 
which will correct for a change in 
background intensity. The chang
ing background will shift the bot
tom of the calibration curve in the 
manner shown in Figure 2. The 
resulting error may be as great as 
50 per cent in the range from 0.8 to
2.5 p. p. m. of nickel.

This error was overcome by deter
mining the log ratio of the line with 
the background next to the line in
stead of using a molybdenum line. 
Such a calibration is used only in the 
lower range of analysis where a cor
rection of background is necessary.

P reparation  o f W orking  
Curves

Working curves for analysis are 
determined by running the prepared 
solutions, in which the amounts of 
the test elements are varied, over 
the range of analysis desired. The 
lines of the test element and the in
ternal standard are read and the 
log ratios of the various concentra
tions are determined. . . ,
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The test element is added to a solution of the purest prod
uct obtainable to keep the residual amount of the element 
to a minimum. In many cases this minimum amount is in the 
range of analysis desired. Therefore, it is desirable to deter
mine this residual amount as accurately as possible. This is 
not always possible by chemical methods because of the small 
amount of the element present.

The procedure used for determining the residual, using alumi
num as the impurity in a solution of 25 per cent of sodiumhydrox- 
ide as an example, is as follows:

The solutions, containing varying amounts of aluminum 
(beginning with a solution containing no added aluminum) and 
the constant amount of molybdenum, are prepared, coated on the 
electrodes, and burned, and the spectrograms are made. The 
lines and the plate-calibrating pattern are read on the micro
photometer and the relative intensities of the lines are deter
mined. Then the log differences of the relative intensities of the 
aluminum line and the molybdenum line are determined.

A value is assumed for the residual aluminum in the first solu
tion and this is added with the additional amounts in the other 
solutions. These concentrations are plotted against the respec
tive log intensity ratios, using semilog paper. If the assumed 
quantity of aluminum is higher than actually present, the curve 
will bend upward (Figure 3, A). If the assumed value is low, 
the curve will bend down, B. When the actual amount is as
sumed, the curve will become a straight line, C.

By overcorrecting and undercorrecting the calibrating curve, 
and approaching the corrected value with a series of curves on 
both sictes (Figure 3, E), the amount of the impurity in the sample 
used for calibration can be determined to within 20 per cent of 
the actual amount present.

This method of correction is shown also in a case where the 
lower end of the curve bends down, owing to the effect of the 
background (Figure 4). Curve A is overcorrected, B is under
corrected, while in C the correct value is assumed.

This method of preparing working curves is based on the 
linear relation obtained when plotting the log ratio of the in-

Si

T a b l e  I. P r e c i s io n  a n d  R a n g e  o f  A n a l y s e s

. Deviatic 
Spectral Lines Range of from 

Im purity  M o Analysis M ean
A. A. % %

25%  Sodium Hydroxide 
2881.6 3158.2 0 .0005 -0 .0 0 5 0  3 .2

Si 2087.7 3158.2 0.0190 -0 .0 7 0 0 4 .2
A1 3092.7 3158.2 0.00015-0 .0010 2 .0
A1 3082.2 315S.2 0.0002 -0 .0015 2 .6
A1 2600.4 3158.2 0.0010 -0 .0040 4 .0
Ca 3968.5 3903.0 0.0001 -0 .0015 4 .5
Mg 2802.7 2816.2 0.0004 -0 .0010 4 .3
Fo 2483.3 2649.5 0 .00007-0 .0005 5 .0
M n 2794.8 2649.5 0.00002-0 .00005 3 .0
M n 2794.8 3158.2 0.00005-0.0001 1.8
Cu 3247.6 a 0.00004-0 .0002 2 .5
Ni 3002.5 a 0.00008-0 .0006 2 .6
Ni 3050.8 a 0 .00008-0 .0006 3 .2
Sr 4077.7 3903.0 0.0001 - 0.0020 7 .8
Pb 2833.1 3158.2 0.00002-0 .0003 8.0

Si 2881.6
10% Sodium Hydroxide 
3158.2 0.0002 -0 .0030 2.2

A1 3002.7 3158.2 0 .00005-0 .0006 4 .6
A1 3082.2 3158.? 0.0001 -0 .0015 3 .9
Ca 3006.9 3158.2 0.0010 - 0.0110 6 .8
Mg 2779.9 3158.2 0.0001 -0 .0 0 3 6 7 .4
M g 2783.0 3158.2 0.0009 -0 .0 0 5 0 6 .9
Fe 2483.3 3158.2 0.00005-0 .0002 7.3
Mn 2794.8 3158.2 0 .00002- 0.0002 3 .0

Si 2881.6
10% Sodium  C arbonate 
3208.9 0.00006-0 .0005 5.9

Ca 3000.9 3208.9 0.0004 -0 .0 0 5 0 7.6
A1 3092.7 3208.9 0.00001-0 .0003 5 .2
Mg 2779.9 3208.9 0.0002 - 0.0020 5 .6
Mg 2783.0 3208.9 0.0002 - 0.0020 5 .5
Fe 3020.7 3208.9 0.00004-0 .0004 6 .6

Mg 2802.7
20% Sodium Chloride 
2816.2 0.00006-0 .0006 3.1

Ca 3968.5 3903.0 0.0001 -0 .0007 4 .8
a Background next to line.

-4  - 3 - 2 - 1 0 1 2
I « 1 3 0 9 2 .7  
IM o3l58.2

F ig u r e  3
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T a b l e  II. A n a l y s is  o p  S o d iu m  H y d r o x id e

A naly
sis
No.

«--------- Iron

P . p. m.

D evia
tion0

%

'— Mange 

P . p. m.

ineae— » 
D evia

tion
%

'— Magn< 

P . p. m.

îsium-j—»
D evia

tion
%

•------- Silic

P . p. m.

on--- -N
D evia

tion
%

-------Alumic

P . p. m.

um------'
D evia

tion
%

1 2.0 4 .2 0 .30 2 .2 3 .7 8 .0 19 5 .6 4 .9 3 .2
2 1.9 1.0 0 .39 0 .0 4 .2 12.0 18 0 .0 5 .2 2 .8
3 1.85 3 .0 0 .30 2 .2 3 .4 8 .8 18 0 .0 5.1 2 .0
4 1.9 1.0 0 .30 2 .2 3 .3 11.5 17 5 .0 4 .9 3 .2
5 2.0 4 .2 0 .30 2 .2 3 .5 0 .2 18 0 .0 5 .2 2 .8
6 1.95 1.0 0 .37 0 .5 4 .0 7 .2 18 0 .0 5 .0 1.2
7 1.9 1.0 0 .37 0 .5 3 .3 11.5 18 0 .0 5 .1 0 .8
8 2 .15 11.4 0 .38 3 .2 3 .9 4 .0 19 5 .6 5 .2 2 .8
9 1.95 1.0 0 .30 2.2 3 .0 3 .5 18 0 .0 5 .1 0 .8

10 1.7 11.4 0 .30 2 .2 3 .5 0 .2 17 5 .6 5 .1 0 .8
11 1.85 3 .0 0 .37 0 .5 3 .9 4 .0 18 0 .0 5 .0 1.2
12 1.9 1.0 0 .37 0 .5 3 .8 1.9 18 0 .0 5 .0 1.2
13 2 .0 4 .2 0 .30 2 .2 4 .0 7 .0 18 0 .0 4 .9 3 .2
14 1.95 1.0 0 .37 0 .5 3 .9 4 .0 18 0 .0 5 .2 2 .8
15 1.7 11.4 0 .37 0 .5 3 .9 4 .0 18 0 .0 5 .0 1.2
10 1.95 1.0 0 .37 0 .5 3 .8 1.9 18 0 .0 5 .0 1.2

Av. 1 .92 4 .0 0.308 1.8 3 .73 6 .6 18 1.4 5 .00 2 .0
% deviation from average.

LOG IM3..2 8 Q 2 .7  
Mo 2 8 1 6 .2

F ig u r e  4

tensities of the two lines (impurity and control) against the 
log of the concentration.

This relationship may be affected by extraneous factors, 
causing it no longer to hold true. Therefore, it has been cus
tomary with this laboratory, when making a new calibration, 
to calibrate two lines of the impurity so that one line may 
be checked against the other. However, the only interfering 
factor encountered in the low concentration range described 
here has been the effect of the background on the very faint 
impurity line.

The effect of the background can be overcome to an appre
ciable extent, by working for the following conditions:

Choose impurity and control lines near each other, so that 
there is little difference in the background around the lines.

Adjust the concentration 
of the internal standard, so 
that the intensity of the 
control line is near the in
tensity of the impurity line.

A n alysis o f  S o d iu m  
C arbonate and  

B icarb on ate
The sodium carbonate is 

dissolved in distilled water 
to give a 10 per cent solu
tion and 25 p. p. m. of 
molybdenum standard are 
added. The electrodes are 
coated, dried, and burned 
as in a caustic analysis.

Because of the wide range 
of a n a ly s is  covered  by  

— ■ ■ ■ ■ various grades of ash, it is
necessary to use several 
lines for some of the ele

ments. The lines used and the range of analysis are shown in 
Table I.

Sodium bicarbonate is first calcined to sodium carbonate, and 
then the sodium carbonate procedure and curves are used. If the 
sodium bicarbonate is burned at 200° C. for 1 hour, there is no 
loss nor gain of impurities.

A n alysis o f  S o d iu m  C hloride
The sodium chloride comes into the laboratory as a saturated 

solution (25 to 26 per cent sodium chloride), which is diluted to 
20 per cent sodium chloride with 25 p. p. m. of molybdenum as 
internal standard.

If this 20 per cent salt solution is coated on an electrode and 
burned, the arc will burn through one spot on the electrode, and 
after the salt in this spot is gone, the arc burns on bare carbon 
only. This tends to make very erratic analytical results. It 
can be avoided by adding sufficient redistilled nitric acid to make 
the final solution approximately 7 per cent nitric acid. The arc 
will then wander over the entire face of the electrode. Using 
this method, very reproducible results are obtained.

PER CENT DEVIATION FROM THE MEAN

F i g u r e  5
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Accuracy and  P recision

It is possible to determine the amount of impurity in the 
sample used for calibration to within 20 per cent of the amount 
present. Therefore, if the sample to be analyzed is as pure 
as the sample from which the calibration was made, the 
analysis may be =*= 20 per cent from the actual amount. This 
error decreases on analyses made farther up on the calibration 
curve. If there is again as much impurity in the sample ana
lyzed as in the sample from which the calibration was made, 
the possible error will be half, or 10 per cent.

The precision of analysis, the range of analysis, and the 
spectral lines used are shown in Table I.

The precision (per cent deviation from the (rnean) was cal
culated from control analyses made in duplicate over a pe
riod of 3 months. During this time, 3600 determinations 
were made.

The distribution of the deviations from the mean for 25 per 
cent sodium hydroxide is given in Figure 5. Any duplicate 
determinations having deviations greater than 10 per cent 
are not accepted and the analysis is repeated. Less than 
2 per cent of the analyses lie in this range.

The precision of analysis was also calculated for a sample 
of 25 per cent sodium hydroxide analyzed sixteen times over

a period of 24 days (Table II). No two of these analyses 
were made on the same photographic plate. Calcium and 
copper were not determined because a separate exposure is 
necessary. Nickel, lead, and strontium were below the limit 
of detection.
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Company for permission to publish the analytical data in
cluded in this paper.

L iteratu re  C ited
(1) Duffendack and Thomson, Proc. Am . Soc. Testing Materials, 36,

P art 2 (1936).
(2) Duffendack and Wolfe, Proc. F ifth  Summer Conference on Spec

troscopy and Its  Applications, 1937, pp. 24-7, New York, 
John Wiley & Sons, 1938.

(3) Duffendack, Wolfe, and S m ith , I n d . E n o . C u e m ., A n a l . E d ., 5,
226-9 (1933).

(4) Gerlach and Schweitzer, "Chomische Emissionsspcktralanalyse” ,
Leipzig, Leopold Voss, 1930.

P r e s e n t e d  a t the  Second M idwest Conference on Spectrographic Analysis, 
U niversity of Chicago, M arch 29, 1941,

R apid D eterm ination o f the Specific G ravity 
o f Plastic M aterials

HENRY F. PALMER AND WARREN E. JONES, Xylos Rubber Company, Akron, Ohio

T h e specific  gravity o f  a p la stic  m a ter ia l 
is  in d ica ted  d irectly  b y  a m a ch in e  as a resu lt  
o f  th e  con tro lled  com p ression  o f  a k n ow n  
w eig h t o f  sa m p le . T h e  specific  gravity  o f  
u n v u lca n izcd  recla im ed  rubber or rubber  
com p o u n d s m a y  b e d eterm in ed  in  approxi
m a te ly  on e  m in u te .

THE usual method of measuring the specific gravity of re
claimed rubber requires a number of time-consuming 
operations. The reclaimed rubber, sulfur, and accelerator 

must be weighed and mixed on a mill, and the mixture vul
canized in a press. The specific gravity is then determined 
on the vulcanized sample by any method in which the sample 
is weighed in air and in water, or by testing for buoyancy in a 
series of salt solutions of known specific gravity.

The purpose of this paper is to describe a mechanical device 
for measuring very rapidly and accurately the specific gravity 
of reclaimed rubber, rubber compounds, or other materials 
which are plastic at room temperature.

D escrip tion

The specific gravity is determined in this machine by 
measuring mechanically the volume of a weighed sample of 
plastic material when compressed under a definite pressure, 
the result being indicated on a calibrated dial.

Although the machine actually measures density instead of 
specific gravity, the results correspond to the specific gravity 
as measured by other methods. Specific gravity at 20° C.

equals 1.002 times density, and compensation is made for 
this small difference by compressing the sample to slightly 
greater than its normal cured density.

The principle of the machine is illustrated in Figure 1. The 
weighed sample is compressed in the hardened steel measuring 
cylinder, A, which has a diameter of 5.08 cm. (2 inches). The 
cylinder is covered on the upper end by the quick-opening cap, B. 
Pressure is applied to the sample by the bronze piston, C, which 
is moved up and down in the measuring cylinder by the double
acting hydraulic piston and cylinder assembly, D and E. The 

osition of piston C is indicated on the 15.2-cm. (6-inch) dial, F, 
y a pointer rotated by a rack and pinion mechanism. The mo

tion of the piston is transmitted to the dial by the push rod, G, 
which is behind the piston rod and connected to it at II. Piston 
D is moved by means of hydraulic pressure controlled by the 
quick-acting four-way valve, I. A constant hydraulic pressure 
of 28.1 kg. per sq. cm. (400 pounds per sq. inch), indicated on 
gage Ar, is maintained by diaphragm valve controller K, 
and air cushion L to give a pressure on the sample of 112.5 kg. 
per sq. cm. (1000 pounds per sq. inch). The compressive force 
on the sample is 2280 kg. (5020 pounds) with no correction for 
friction loss.

Since density is defined as mass per unit volume and since the 
weight of the sample and the diameter of the measuring cylinder 
are constant, the length of the space occupied by the compressed 
sample varies inversely with its density. This length is indicated 
on dial F, which is calibrated to read specific gravity directly in 
the range of 0.900 to 1.850 in intervals of 0.010. The divisions 
range in size from 8.90 to 2.54 mm. (0.35 to 0.10 inch), and the 
third decimal place is easily estimated over the entire scale.

Convenience and speed of operation were dominant factors in 
the design of the machine. The indicating dial is at eye level for 
easy and accurate reading. The compression chamber and operat
ing'valve are placed at a convenient working height. The cap 
for the cylinder is suspended by a spring on a swinging arm 
fitted with positioning stops so that the cap may be swung into 
place and out of the way rapidly, as shown in Figures 2 and 3. 
An interrupted thread allows locking or. releasing of the cap with
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a one-cighth turn of the handles. The floor space required is 
small, since the base of the machine is 58 X 33 cm. (23 X 13 
inches).

O peration

In operation, a 100.0-gram sample of reclaimed rubber or other 
material to be tested is cut into pieces which will enter the 5.08
cm. (2-inch) opening of the cylinder and is then placed in the 
cylinder, after which the cap is closed. The lever M, of the 
operating valve is pulled forward, causing piston C to compress 
the sample, whereupon the specific gravity is read immediately 
from the dial. The lever is then pushed back, which releases the 
pressure momentarily, thereby allowing the cap to be removed. 
By bringing the lever forward again, the sample is ejected by the 
piston. The piston is lowered and the machine is ready for the 
next determination.

The complete operation of weighing a sample and deter
mining the specific gravity is accomplished in approximately 
one minute. In the case of reclaimed rubber, the sample is 
frequently hot and must be cooled to room temperature be
fore testing, and this increases the elapsed time of a deter
mination to 10 minutes. With the older methods of measur
ing the specific gravity of reclaimed rubber, 5 to 10 minutes 
of working time were required per determination, and the 
elapsed time was about 30 minutes.

F actors In flu en cin g  A ccuracy

Several factors influence the accuracy of the machine. 
The sample must be weighed to 100.00 =*= 0.05 grams to 
eliminate variations from this source. For a specific gravity

5 0 0  LB . /SO. IN. 
W ATER PRESSURE

F ig u r e  1. D ia g r a m  o f  M a c h in e
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of 1.000 the error from this variable is =*=0.0005 and for a 
sample with a specific gravity of 2.000 the error amounts to 
±0.001. Since changes smaller than 0.001 cannot be seen 
on the dial, this error is small. The sample is usually weighed 
to ±0.1  gram for factory control work in order to save time. 
The weight of the sample may be changed from 100.00 grams 
to test materials with a specific gravity outside the range of 
the dial (0.960 to 1.850) if proper corrections are made. If, 
for example, a sample of 80.00 grams is used, the indicated 
reading is multiplied by 0.8.

Temperature has an appreciable effect on the specific grav
ity of reclaimed rubber, as shown in Figure 4. A rise of 10 C. 
lowers the specific gravity of reclaimed rubber about 0.0005. 
The temperature coefficient of volume expansion (increase in 
unit volume per degree centigrade) as calculated from these 
curves ranges from 37 X 10-1 to 51 X 10~5 for various types 
of reclaimed rubber at 25° C. The temperature coefficient 
for purified crude rubber has been given (1) as 67 X 10~£ 
at 25° C. Room temperature (24° to 30° C.) is sufficiently 
constant to maintain satisfactory accuracy for factory control 
work. The samples to be tested are placed on wire trays 
across which air is circulated by a fan, and in 10 minutes are 
cooled to room temperature.

Variation in the pressure exerted on the reclaimed rubber 
causes variation in the specific gravity, as shown in Figure 5. 
The coefficient of compressibility of whole-tire reclaim is 
shown within the limits of these curves to be 52 X 10_6 
(contraction in unit volume per atmosphere) at 25° C. 
Scott (2) found the coefficient for rubber vulcanized with 3 
per cent sulfur to be 48 X 10-6 in the same pressure range. A 
pressure of 112.5 kg. per sq. cm. (1600 pounds per sq. inch) 
was selected by experiment as that which compressed the 
sample to a density corresponding to the specific gravity 
results obtained with other methods. The air in the com
pression cylinder is pressed out at the cap through a clearance 
of 0.025 mm. (0.001 inch), whicli is too small to pass any rub
ber. A small amount of air is probably entrapped, but it is 
compressed to an insignificant volume, and no variations in 
specific gravity can be shown from this source. The hydraulic 
pressure winch operates the machine is controlled to 28.1 
±  1.4 kg. per sq. cm. (400 ±  20 pounds per sq. inch) by the 
system described above. Since a variation of 7.0 kg. per sq. 
cm. (100 pounds per sq. inch) is necessary to cause a

measurable variation in the specific gravity, 
errors from this source are eliminated.

When very plastic reclaim is tested, a 
film of the sample is left on the walls of the 
compression chamber. The error resulting 
from the volume of this film being added 
to the next sample is negligible because its 
weight varies from 0.00 to 0.05 gram. 
This does not have a measurable effect on 
the result, as shown above in the discus
sion on weight of the sample.

The maximum error of the machine as 
operated for factory control tests is showm 
in Table I to be 0.32 per cent for a sample 
with a specific gravity of 1.000. The maxi
mum error for a sample with a specific 
gravity of 2.000 is 0.0042 or 0.21 per cent. 
When necessary for exact work, all the 
variables may be controlled to reduce the 
maximum error to the point where the 
third decimal place of the result is not 
affected.

The errors in the usual methods of specific 
gravity measurement are much larger than 
those showm above. Microscopic porosity of 
vulcanized samples of reclaimed rubber can 

cause variations of at least 0.010 in the specific gravity, a factor 
which alone is much larger than the total experimental error 
of the machine method. Other variations may result from

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

F acto ry  C ontrol TeBts E xac t Tests
Effect on Effect on

M axim um  specific M axim um  specific
Variable error g rav ity  error gravity

W eight of sam ple ± 0 .1  gram  ± 0 .0 0 1 0 ° ± 0 .0 0 1  gram  ± 0 .0000
T em perature  of sam ple ± 3 °  C. ± 0 .0015  ± 0 .5 °  C. ± 0 .0 0 0 3
H ydraulic pressure ± 1 . 4kg. per ± 0 .0 0 0 2  ± 0 .7  kg. per ±0 .0001

sq. cm. sq. cm.
Residue in cylinder + 0 .0 5  gram  —0.0005 ± 0 .0 0 0  gram  ± 0 .0 0 0 0
T o ta l m axim um  error ............ + 0 .0 0 2 7   *. ± 0 .0004

-0 .0 0 3 2

° For a  sam ple w ith a  specific g rav ity  of 1.000.

5 0  lO O  1 5 0  2 0 0
P r e s s u r e  o n  S a m p l e  ( K g . / s q . c m )

F i g u r e  5 . E f f e c t  o f  P r e s s u r e  o n  S p e c if i c  G r a v it y  o f  
R e c l a im e d  R u b b e r
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errors when weighing and mixing the sulfur and accelerator 
with the sample, from varying vulcanization periods and 
temperatures, and from incomplete wetting of the vulcanized 
sample when weighing in wrater. The method which makes use 
of a series of salt solutions of known specific gravity is the 
most dependable and rapid of the older methods for checking 
the specific gravity of vulcanized rubber samples, but the 
accuracy is limited to the interval between consecutive solu
tions, which for practical purposes is usually 0.010. Hence, 
in these methods a total error of 0.020 is not uncommon.

A p p lication s

This machine can be used to measure the specific gravity of 
unvulcanized natural or synthetic rubber compounds or de
vulcanized scrap rubber in process of manufacture without 
additional treatment. Its value is most apparent when 
testing materials which ordinarily must be mixed with vul
canizing ingredients to obtain a cured sample for the usual 
specific gravity methods.

The specific gravity of nonplastic materials such as rubber 
compounding materials or ground scrap rubber may be de
termined if mixed with a plastic material such as crude or re
claimed rubber. The plastic material must be present to 
flow under pressure and fill the voids between the nonplastic 
particles. It is usually convenient to mix equal parts of the 
nonplastic material and reclaimed rubber of a known specific

gravity on a mill and to test the mixture in the specific gravity 
machine. The unknown component in such a mixture may be 
found by using the formula or alignment chart show'n in 
Figure 6.

S u m m ary

A machine for the determination of the specific gravity of re
claimed rubber or other plastic materials has been described. 
The determination is made on an unvulcanized sample which 
is compressed to 112.5 kg. per sq. cm. (1600 pounds per sq. 
inch) in the case of reclaimed rubber and rubber compounds, 
and the specific gravity is indicated on a dial. The time re
quired for a determination is approximately one minute. The 
weight and temperature of the sample and the pressure ap
plied to it affect the result, but with proper control of these 
variables the specific gravity is reproducible to the third 
decimal place. This is much more accurate than other 
specific gravity methods for rubber compounds.
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Methods o f Light H ydrocarbon A nalysis
J .  J .  S A V E L L I, W . D . S E Y F R IE D , AND B . M . F IL B E R T , H u m b le  O il a n d  R e fin in g  C o m p a n y , B a y to w n , T ex as

Various m eth o d s for th e  a n a lysis  o f  m ix 
tures o f  l ig h t  hydrocarbons from  m eth a n e  
th rou gh  iso p en ta n e  have b een  stu d ied  and  
com pared  as to th e ir  accuracy and  s u it 
a b ility  for ro u tin e  op eration s. T h e  m e th 
ods stu d ied  have in c lu d ed  th e  a u to m a ti
cally  con tro lled  P od b ie ln iak  (M odel L) 
c o lu m n , th e  W ard m eth o d  u t iliz in g  low - 
pressure fraction a l d is tilla tio n  and  co n 
d en sa tio n , a dew -pressure m eth o d  for n -b u -  
ta n e -iso b u ta n e  m ix tu res, th e  d e term in a tio n  
o f  olefins by ab sorp tion  in  various re
agen ts and  by ca ta ly tic  h y d rogen ation , and  
th e  d e term in a tio n  o f  iso b u ten e  by absorp
tio n  in  various reagen ts and  by it s  reaction  
w ith  an h yd rou s h ydrogen  ch loride. S y n 
th e tic a lly  prepared m ix tu res have been  
u sed  for th e  fu n d a m en ta l in v estig a tio n s . 
V arious m eth o d s o f  sa m p lin g  and  h an d lin g  
liquefied  lig h t  hydrocarbon  m ix tu res have  
b een  stu d ied  and com pared .

IN RECENT years, the various light hydrocarbons have 
assumed an increasingly important role as raw materials 

and there is every indication that this trend will continue. 
The application of conversion and polymerization processes 
for the production of gasoline stocks has been a prime factor 
in the demand for certain light hydrocarbon stocks of definite 
composition. Concurrently with these developments, there 
has been an increasing interest in the reproducibility and ac
curacy of methods of analysis for these light paraffins and 
olefins, especially the group of four-carbon-atom hydrocar
bons.

The present work has included studies of a number of the 
more widely accepted methods of analysis. Where results 
indicated it to be desirable, the methods were modified. In 
many cases, the methods were subjected to a theoretical 
analysis of the maximum accuracy to be expected. Considera
tion was given to accuracy, reproducibility, simplicity, 
speed, and economy of materials. Synthetically prepared 
mixtures were used for the fundamental investigations, and 
studies were made of methods of sampling and handling the 
mixtures prior to analysis.

The types of apparatus studied for the fractional analysis of 
light hydrocarbon mixtures were the automatically controlled 
Podbielniak column, the modified California Natural Gasoline 
Association's (McMillan) column (6), and a modification of 
the Ward apparatus (15) for the fractionation of light hydro
carbons at reduced temperatures and pressures. In conjunc
tion with the study of these apparatus, a dew-pressure ap
paratus for the determination of isobutane and n-butane in 
their twTo-component mixtures was developed. Included in 
the study of methods for unsaturatc analysis were the deter
mination of total unsaturates in gaseous samples by absorp
tion in various reagents and by the McMillan catalytic hy
drogenation method (7), and the determination of isobutene in

gaseous samples by absorption in various reagents and by the 
McMillan anhydrous hydrogen chloride method (5).

P u rifica tion  o f  G ases and  B len d in g  o f  S y n th e tic  
M ixtures

In order to obtain exact and comparable data as to the 
relative and absolute accuracies of the methods of analysis 
that were studied during this investigation, a large number of 
analyses were made using synthetic mixtures of known com
position, accurately blended from purified gases. In addition 
to the analyses made with synthetic samples, numerous 
routine plant samples were analyzed to determine the appli
cability of the apparatus to routine testing work.

In general, the procedure employed for the purification of the 
saturated hydrocarbons used in preparing synthetic blends con
sisted of scrubbing the gas (to remove such impurities as un
saturates, carbon dioxide, sulfur dioxide, etc.) and fractionating 
the scrubbed gas in a Podbielniak column to remove higher- and 
lower-boiling impurities. The apparatus employed for the puri
fication of these gases consisted of (a) a series of six glass scrub
bers, three of which were packed with glass beads ana contained 
sulfuric acid in concentrations ranging from 79 to 20 per cent 
fuming and the remaining three of which contained 43 per cent 
potassium hydroxide solution, Ascarite, and calcium chloride 
pellets: (6) a Podbielniak column, to which the scrubbed gases 
were charged; (c) a condensation bulb and 11.4-liter (3-gallon) 
bottle for collecting pure and impure fractions, respectively, from 
the Podbielniak distillation; and (d) suitable connections to the 
storage and blending apparatus and to the vacuum line.

The ethane, propane, isobutane, and n-butane used in this 
work were purified from commercial gases according to the pro
cedures described by McMillan (6). Isopentane was purified by 
a series of prolonged distillations in which the front and tail ends 
from each distillation were discarded. Isobutene was prepared 
by contacting ieri-butyl alcohol and oxalic acid in equal parts 
by weight in a suitable apparatus equipped with a stirring device 
and reflux condenser, the evolved gases being repeatedly scrubbed 
with caustic and condensed before being tested for purity by ab
sorption in 94 per cent sulfuric acid. The 2-butene was prepared 
by contacting sec-butyl alcohol and phosphoric acid, the appara
tus and procedure for treating the evolved gases being the same 
as for isobutene. Constancy of boiling point (within 0.1° C.) 
after repeated fractionations in which the front and tail ends from 
each distillation were discarded was the criterion employed for 
determining the purity of saturated hydrocarbons; in the case of 
isobutane and n-butane, this test was usually supplemented by 
dew-pressure determinations.

After purification, the gases were transferred to the storage 
and blending system. This system consisted essentially of four 
banks of five 11.4-liter (3-gallon) bottles each, all the bottles in 
each bank being connected to a common manifold, which was in 
turn connected to the purification system and to the vacuum line. 
Each bank of bottles was connected to a condensation bulb, a Y- 
t3rpe manometer, and a calibrated receiver (immersed in a water 
bath) of approximately 2000-ml. capacity. Each receiver was 
connected through a second manifold to the vacuum line and to 
the analytical equipment. A Toepler pump and condensation 
bulb, together with manometers and calibrated receivers, were 
also connected to this manifold. All apparatus used in the blend
ing and transferring of synthetic mixtures was constructed of 
fused glass.

When preparing a synthetic mixture, the desired portion of gas 
in each bank of bottles was transferred to its respective receiver 
by condensation and revaporization in the condensation bulb. 
To ensure the removal of any air that may have leaked through 
stopcocks into the storage bottles during prolonged storage peri
ods, the condensation bulbs were always opened to vacuum for 
approximately 15 minutes after the gas had been condensed with 
liquid nitrogen. The molar volume of each gas was determined 
by manometer readings in the respective receivers, all of which 
were immersed in a common water bath to eliminate errors 
caused by possible temperature differences. Inasmuch as all re
ceivers were calibrated with respect to volume, a simple ealeu-



December 15, 1941 A N A L Y T I C A L  E D I T I O N 869

T a b l e  I. A u t o m a t ic  P o d b ie l n ia k  A n a l y s e s

Propane
Ieobutane
n-B utanc

Propane 
Ieobutane 
n-B utane 
Butenea 
Isopcntanc 
n -re n ta n e  
Hexanes 
H eptanes and 

heavier

2 .6  *  0 .2
80 .8  =*= 0 .2
16.6 *** 0 .2

Synthetic  M ixture 
2

 Mole per cent-----

4 .8  =** 0 .2

8.4'* 0.2
6 .5  «fe 0 .2  

19.2 *  0 .2

61 .1  *  0 .2

R un 1

2 .3  ±  0 .2  
83.1 a, 0 .2  
14.6 a, 0 .2

Refinery Sample 
Run 2 

— Mole per cent—
1.9  ±  0 .2

83 .0  ai 0 .2
15.1 a* 0 .2

Average

2 . 1  *  0 . 2  
83 .0  ^  0 .2  
14.9 a. 0 .2

Analysis of Synthetic M ixture

3 .1  a, 0 .2  
i  9 5 .8  as 0 .2

1 .Ï  *  0.2

2 .7  a» 0 .2
80 .6  a= 0 .2
16.7 as 0 .2

-M ole per cent-

4 .7  as 0 .2

8 .4  ‘ai 0 .2
6 .4  as 0 .2  

19.0 as 0 .2

61 .5  as 0 .2

3 .2
95.6

as 0.2 
as 0.2

1 . 2  as  0 . 2

lation, based on the difference in pressure in the receivers before 
and after removal of the gas, evaluated the quantity of each gas 
in the blend. All gases used in the blend were, after measurement, 
condensed in a common condensation bulb, from which the 
blended mixture was revaporized and transferred by means of 
the Toepler pump to any part of the apparatus desired. Before 
introducing gases into the blending system, the pressure in the 
system was reduced to 0.001 mm. of mercury or less (as deter
mined by a McLeod gage) with the aid of a mercury diffusion 
pump.

To compensate for errors in blending introduced by devia
tions from the ideal gas laws, the measured volume of each 
gas has been corrected to its volume as an ideal gas, using the 
compressibility data of Jessen and Lightfoot (S) and Roper 
(10). These corrections usually amounted to less than 0.4 
mole per cent of any component based on the total sample. 
Assuming manometric readings to be accurate to within 
± 0 .5  mm. of mercury, the over-all probable uncertainty in 
blending has been computed to be between ±0.1  and ±0 .2  
mole per cent on each component based on the total sample. 
The probable uncertainties in composition incurred when 
measuring gas volumes or pressures in blending and in analyz
ing by the various methods have been included in the data 
tables.

A u to m a tica lly  C ontrolled  M icro fraction ation  
C olu m n s

Criticism has been directed in recent years toward standard 
microfractionation columns because of their failure to give 
consistent, reproducible analytical results. In this labora
tory, serious discrepancies were sometimes encountered when 
duplicate samples were analyzed on different columns, or by 
different operators on the same column. Although it was 
suspected that these discrepancies were attributable more to 
variations in the operating technique employed by different 
operators and minor differences in the construction of the 
columns themselves than to any fundamental fault of the 
columns, the lack of definite data as to the absolute accuracy 
of the columns when operated under different conditions pre
cluded, until recently, the establishment of a standardized 
operating procedure.

Inasmuch as Podbielniak (8, 9) and McMillan (6) have re
ported thorough studies of the various factors affecting the 
analytical accuracy of the manually controlled Podbielniak 
and modified California Natural Gasoline Association’s 
columns, this report will be limited to a discussion of results 
from the automatically controlled columns only.

Although analyses of synthetic mixtures demonstrated 
that more accurate results could be obtained from the manu
ally controlled modified C. N. G. A. column than from the 
manually controlled Model L Podbielniak column, it was 
found that the modified C. N. G. A. column as developed by

McMillan was not adaptable 
to the type of automatic 
control currently used in this 
la b o r a to r y  for operating  
Podbielniak columns. Al
though further modifications 
of the M cM illan column 
(such as removing the alu
minum slugs from the con
denser head) resulted in 
improved operation under 
autom atic control, tlftse  
m odifications necessitated  
the removal of many of the 
basic features to which 
McMillan attributed the im
proved accuracy obtainable 

in lus column. Except for the improved packing in the 
McMillan column (consisting of a six-turn-per-inch No. 13 
gage brass spiral wire with a No. 23 gage straight wire insert), 
there was little difference between the automatically controlled 
McMillan and Podbielniak columns. In view of this, only 
the automatically controlled Podbielniak column was studied 
during this investigation; it is assumed that comparable re
sults would be obtained from the modified McMillan column.

Several analyses of typical routine and synthetic light 
hydrocarbon samples in the automatically controlled Pod
bielniak Model L column have indicated (Table I) that 
samples containing no olefins can be analyzed with a maxi
mum error of about ± 0 .3  per cent on any component based 
on the total sample, including isobutane and n-butane, pro
vided the operating conditions are adapted to the type of 
sample being analyzed and are carefully controlled through
out the distillation. These results compare with an average 
maximum error of about ± 0 .7  per cent reported by McMillan 
for the manually operated Podbielniak “micro” precision 
column.

This investigation has indicated also that light hydrocar
bon samples containing unsaturates may be separated satis
factorily into groups of the same number of carbon atoms in 
this column, but that fractionation between unsaturates and 
saturates containing the same number of carbon atoms is ex
tremely difficult except possibly in the case of ethene-ethane. 
(No attempt has been made to evaluate, in this investigation, 
the accuracy of the ethene-ethane separation.) It is feasible, 
of course, to analyze a sample containing unsaturates by 
operating a fractionating column in conjunction with auxiliary 
equipment, analyzing segregated fractions by absorption, 
hydrogenation, or the method described by Lang (4).

In order to achieve consistently accurate results from’ the 
Podbielniak column, the operator must adhere to the following 
standardized procedure, with modifications as noted, accord
ing to the nature of the sample.

After charging the sample, the temperatures in the still and 
head of the column are so balanced that the column is operated 
under total reflux at slightly reduced pressure (about 100 mm. less 
than atmospheric) for a period of time depending upon the nature 
of the sample. From 30 to 60 minutes of refluxing is usually suf
ficient to bring the column to equilibrium. (If the sample con
tains large quantities of methane, the distillation may be started 
without bringing the column under total reflux.) The pressure 
in the column is then slowly increased to atmospheric, and the 
distillation is begun with the temperature in the head of the 
column at the boiling point of the lightest component in the 
sample.

During the distillation, the temperature in the condenser sec
tion of the column, as recorded by the potentiometer, is taken 
as an indication of the purity of the overhead product and, on 
plateaus, is maintained as near as possible to the true boiling 
point of the component being withdrawn. If, on a plateau, the 
temperature should rise above the boiling point of the component
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being withdrawn, the take-off should be discontinued immedi
ately and the column operated under total reflux until the tem
perature returns to its former value. The take-off should then 
be recommenced at a slower rate and the distillation allowed to 
proceed. If the temperature should again rise, this procedure 
should be repeated until a take-off rate which will maintain the 
plateau temperature at a constant value has been established or 
until a break is certain.

When a break between components is imminent (as indicated 
by a decrease of pressure in the column, a “thinning out” of the 
reflux on the column packing, or both) the column should be 
operated under total reflux for several minutes while the boiling 
rate in the still is reduced. By reducing the boiling rate the 
liquid reflux on the column packing is further thinned out, thus 
materially reducing the column holdup (while maintaining a 
high reflux ratio) and increasing the sharpness of the break. After 
these conditions have been established, the take-off is again begun 
at a very slow rate and continued until the break is completed. 
This procedure may be considerably modified for different types 
of samples. For samples containing large amounts of methane, 
ethane, or propane, the distillation conditions may be so con
trolled on plateaus (by controlling the heat input to the still) 
that the boiling rate in the still is automatically reduced when a 
break is approached. Under these conditions, the reflux will 
thin out and the take-off rate will be lowered automatically, thus 
obviating the necessity for operating the column under total re
flux.

In the analysis of gaseous samples, the pressure in the column 
is reduced to 500 to 600 mm. of mercury and the still is filled with 
mercury toward the end of the distillation in order to minimize 
dead space errors within the column. In the analysis of liquid 
samples, the pressure in the column is reduced to 500 mm. of 
mercury after the n-butane plateau has been reached, and to 
250 mm. of mercury after the isopentane plateau has been 
reached. After each reduction in pressure the column is operated 
under total reflux for at least 15 minutes to bring it to equilibrium.

When a sample is distilled under the above conditions, the 
appearance of the finished distillation chart is taken as the 
best indication of the fractionation, and hence, analytical 
accuracy, obtained during the analysis. In appearance the 
distillation curve should have the following characteristics: 
(a) the plateaus should be horizontal, with few fluctuations 
(such as are caused by excessive pressure variations, flooding 
in the column, and other undesirable operating conditions), 
and should show no rise in temperature even when approach

ing a break; (6) breaks between components should be sharp, 
exhibiting little sloughing off at the plateaus, except in the 
case of separations between isomers or between saturates and 
unsaturates containing the same number of carbon atoms. A 
typical distillation curve, obtained in this laboratory when 
employing this standardized operating procedure for the 
analysis of a refinery sample containing unsaturates, is shown 
in Figure 1. (The percentage of ethene in this distillation was 
estimated by the equal-area method; however, the accuracy 
of the ethene-ethane separation has not been evaluated in 
this laboratory and ethene is usually determined by hydro
genation of the C2 fraction.)

It is obvious that the accuracy of automatic Podbielniak 
analyses depends not only upon the skill and experience of 
the operator but also upon the cleanliness and mechanical 
conditions of the column and automatic equipment.

Although smooth operation of the automatic Model L type 
column used in this investigation was considerably enhanced 
by several minor changes in the automatic control equipment 
and in methods employed for inducing reflux and controlling 
the heat input to the still, the necessity for the majority 
of these modifications has been obviated by the introduction 
of the new Podbielniak "supercool” column. This column in
cludes certain construction features (such as the extension of 
the vacuum jacket to cover the still as well as the column, and

T a b l e  II. C o n d it io n s  f o r  S e p a r a t io n  o f  C o m p o n e n t s

Final 
Sepa- Pres- 
ra tion  sure 

M m . 
Ho

No. 5
 ------------ Condenser T em peratures---------
No. 4 No. 3 No. 2 No. 1

° C. ° C. 
- 1 7 5  -1 6 0

-143

C i-Cj 0 .03  Liquid
nitrogen

C i-Cj 0 .03  Liquid —ICO
nitrogen

Ci-C« 0 .03  Liquid - 1 3 6  -1 2 2
nitrogen

C«-C» 0 .0 3  Liquid —112 —96 Room  tem p. Room temp,
nitrogen

0 C. 
-1 4 2  

-1 2 8  

- 1 0 7

° C. 
- 1 2 8  

- 1 1 3  

Room  temp.
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E thane
Propane
Butanes
Isopentane

Run 1

15.7 0 .2
16.2 *  0.2 
68.1 ±  0 .2

 S yn thetic  M ix tu re---------------------------- > ,------------------
Run 2 R un  3

Mole per cent

T a b l e  III. M o d if ie d  W a r d  A p p a r a t u s  A n a l y s e s

R un 4

7 .6  *  0 .2  
41 .6  *  0 .2  
42 .1  =»= 0 .2

8 .7  *  0 .2

70 .7  *  0 .2  
2 .8  *  0.2  
4 .5  0 .2

22.0  ^  0.2

2 .3  «*= 0 .2
3 .4  db 0 .2  

89 .9  =*= 0 .2
4 .4  *  0 .2

R un 1

15.4 ^  0 .2  
16.2 *  0 .2
68 .4  *  0 .2

-A nalysia-
R un 2 R un 3

Mole per cent 
7 .7  =*= 0 .2  71 .1  *  0 .2

4 1 .7  *  0 .2  
4 2 .0  =*= 0 .2  

8 .6  0 .2

3.1  *  0 .2  
4 .3  *  0 .2  

21 .5  *  0 .2

R un 4

2 .4  *  0 .2  
3 .3  0 .2

90 .2  *  0 .2  
4 .1  *  0 .2

an improved method for applying liquid nitrogen) which 
practically eliminate superheating within the still and column.

H ig h -V a cu u m  G as A n alysis
In general, methods for the fractional analysis of light hy

drocarbon mixtures may be divided into twro classifications, 
both of which are dependent upon the relative volatilities 
(alpha) of the various hydrocarbons in the mixture and to 
some extent upon rectification. In the type of apparatus de
veloped by Ward (16) as a modification of the apparatus 
originally developed by Shepherd and Porter (14) and im
proved upon by Shepherd (18), separation of the components 
in a mixture is achieved through a series of simultaneous 
partial distillations and condensations in a series of highly 
evacuated condenser tubes across which is maintained a 
temperature gradient (each condenser being maintained at a 
constant temperature) throughout a given separation. The 
final separation of each component from the remainder of the 
mixture is achieved in these apparatus at pressures below 0.1 
mm. of mercury absolute, at which pressure the relative vola

tilities of the various hydrocarbons are several times greater 
than they are at atmospheric pressure. Thus the fraction
ating efficiency of this type of apparatus is obtained as a result 
of these large values of alpha; in a microfractionation column, 
where the values of alpha are relatively small, effective frac
tionation is achieved primarily through rectification at low 
temperatures and at pressures ranging from about 100 mm. 
of mercury to atmospheric. Consequently, many of the in
herent difficulties of a column analysis, such as holdup, 
maintenance of reflux ratios, etc., are not encountered in the 
type of apparatus developed by Shepherd and Porter and by 
Ward. Because of these and other intrinsic advantages, an 
apparatus similar to that used by Ward was investigated.

As used in this investigation, the modified Ward apparatus 
(Figure 2), constructed ofPyrex glass and mounted on Transite 
board, consisted essentially of a condenser train consisting of four 
condenser tubes for fractionation, plus a fifth condenser for col
lecting gases distilled from the train; a constant-volume buret 
with a calibrated capacity of 256.4 cc. for measuring gas quanti
ties; an internal pumping system consisting of a mercury diffusion 
pump and a Toepler pump (controlled with compressed air);

Vacuum
Line

/Control 
Fbnel

Triple Junction Copper 
Constanian T h erm o
Couple (4 0Gauge wire)

•7 mm.] Transformers 
t Y  (7-ii volts) o.o^,

( \ A u totran sform ers
V ) (v a ria c s )

Tmm.o.D.

7 mm.
Condensers

k

Copper Cylinders 
wrapped with 
Resistance wire 

k

u-jszmm. 15 mm. o.D.
De-t a i l  o p  c o n d p n s e -r.

F i g u r e  2 . M o d i f ie d  W a r d  
A p p a r a t u s
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T a b l e  IV .  M o d if ie d  W a r d  A p p a r a t u s  A n a l y s e s

Straigh t Sample 
Run 1 R un 2

Mole per cent

H ydrogenated Sample0 
R un 1 R un 2

Mole per cent

Average 
R un 1 R un  2

Mole per cent
E thane  and ethene 
Propane and propene 
B utanes and  butcnea 
Iaopcntane and heavier 
T o tal unsatu rate  con ten t

3 . G *  0 . 2  
8 2 .0  =*=0.2 
1 4 .4  =*= 0 . 2

20." Í *±*0.2

2.1 =*= 0.2 
9 7 . 5  =*= 0 . 2  

0 . 4  =*= 0 . 2  
3 1 .2  *  0 . 2

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

2 . 7  
9 6 .9  

0 . 4  .

: 0 . 3  
0 . 3  
0 . 3

3 . 6  =b 0 . 2  
8 2 .2  =*= 0 . 2  
1 4 .2  =*= 0 . 2

2 . 4  =*= 0 . 2  
9 7 .2  =*= 0 . 2  

0 . 4  =*= 0 . 2

° R esults calculated on hydrogen-free basis.

and a McLeod gage for measuring the pressure in the condenser 
trains (controlled by vacuum).

The following system of temperature control was used on each 
of the four condenser tubes: A copper cylinder wrapped with 
resistance wire and containing light gasoline was slipped over 
each condenser and the wire was attached to contact points on 
the control panel. The contacts for each cylinder were in turn 
connected to an autotransformer (Variac) and transformer in 
series, the latter giving a range of 7 to 11 volts and the former 
giving 0 to 100 per cent control of the transformer voltage. A 
glass cylinder containing light gasoline and a pint-size Dewar 
flask containing liquid nitrogen were then slipped concentrically 
over the copper cylinder. The temperature in the condenser was 
adjusted and maintained at any desired value by adjusting the 
Variac. Temperatures were read by means of triple-juncture 
coppcr-constantan thermocouples constructed of 40-gage wire, 
having an ice-and-water cold junction, and calibrated against the 
boiling point of nitrogen, the sublimation point of carbon dioxide, 
and the freezing point of water. The procedure employed during 
the analysis of samples in this apparatus was essentially the same 
as that described by Ward, except that the temperatures and 
pressures shown in Table II were used for the separation of the 
various components in a mixture rather than the values given by 
Ward.

In actual practice, it was found convenient to start withdrawing 
each component while the temperatures were lower than required 
for the separation, and to warm the condensers gradually to the 
desired temperatures while the distillation was in progress. Be
fore the separation of any component was considered complete, 
however, the pressure in the condenser train was reduced to the 
value shown in Table II while the condensers were maintained at 
the proper temperature gradient.

Analyses of synthetic mixtures consisting of various 
amounts of ethane, propane, butanes, and isopentane in the 
modified Ward apparatus have demonstrated (Table III) 
that saturated light hydrocarbon mixtures containing no com
ponent heavier than isopentane can be analyzed with an 
average accuracy of about ±0 .3  mole per cent or less for each 
component, regardless of the relative quantity of the com
ponent in the mixture.

No attempt has been made in this laboratory to separate in 
this apparatus either isomers or unsaturates from saturates 
containing the same number of carbon atoms; however, in 
view of the relatively small values of alpha for such separa
tions, it is doubtful if satisfactory fractionation could be 
achieved. Since the butane cut is the only fraction obtainable 
in this apparatus in which isomers may be present, a dew- 
pressure apparatus has been developed for the analysis of 
saturated C< fractions from the modified Ward apparatus and 
is described below.

It has also been demonstrated (Table IV) that light hydro
carbon samples containing unsaturates can be separated into 
groups of the same number of carbon atoms in the modified 
Ward apparatus with about the same degree of accuracy that 
is realized in the analysis of saturated mixtures. Although an 
adequate variety of pure, unsaturated hydrocarbons was not 
available for synthetic blends, the effect of unsaturates upon 
the fractionating efficiency of the apparatus was determined 
by analyzing identical refinery samples containing unsatu
rates, one analysis being made of the straight sample and 
another of a hydrogenated portion of the same sample (cor
recting in the latter case for hydrogen).

In view of the fact that hy
drocarbon samples containing 
unsaturates can be accurately 
separated into groups of the 
same number of carbon atoms 
in the modified Ward appara
tus, a further investigation 
has been made of the possi
bility of determining the un- 

_ _ _ _ _ _ _ _ _ _  saturate content of segregated
fractions from the apparatus 
by absorption in auxiliary 

equipment. Because of the small sample volumes (about 200 
gaseous ml.) employed for an analysis, it was necessary to 
choose an apparatus for the unsaturate determinations in which 
gas samples of 10 ml. or less could be analyzed accurately. 
A Haldane-IIenderson gas analysis apparatus was selected for 
this investigation; a 40 per cent solution of potassium hy
droxide was used as the confining liquid in the buret, and 
one-fourth saturated bromine solution (containing 50 grams 
per liter of potassium bromide) was used as the absorption 
reagent in the pipet.

Analysis of several refinery light hydrocarbon samples 
containing unsaturates have indicated (Tables V and .VI) 
that such samples can be analyzed satisfactorily by determin-

• Mercury 
Reservoir

F i g u r e  3 . D e w - P r e s s u r e  A p p a r a t u s

ing the unsaturate content of segregated fractions from the 
modified Ward apparatus by absorption in one-fourth 
saturated bromine water. Although no synthetic mixtures 
were used in this phase of the investigation, and consequently 
no direct proof of the accuracy of this method of analysis for 
unsaturates is as yet available, the fact that the total un
saturate content of each sample, as determined by hydrogena
tion, checked well with the total unsaturate content calcu
lated from the bromine absorption of the segregated cuts 
(Table V) indicates that this method is comparable in accu
racy to the hydrogenation method for determining unsatu-
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T a b l e  V. C o m b in e d  M o d if ie d  W a r d  a n d  H a l d a n e -  
H e n d e r s o n  A p p a r a t u s  A n a l y s e s

R un 1 R un 2
M ethane 61 .0  =*= 0 .2
E thene 0 .4 ’±  0 .2 3 .5  ± 0 . 2
E thane 9 .4  ±  0 .2 25 .3  ±  0 .2
Propene 21.1 ±  0 .2 3 .1  ±  0 .2
Propane 08 .3  =*= 0 .2 ) 7 .1  ±  0 .2Butanes 0 .8  ±  0 .2  }
T o ta l unaaturatea:

By hydrogenation 21 .7  =*= 0 .2 6 .7  ±  0 .2
B y brom ination 
B y brom ination of

21 .7  ±  0 .1

aegregated fractiona 21 .6  ±  0 .1 6 .6  ±  0.1

T a b l e  VI. A u t o m a t i c  P o d b i e l n i a k  a n d  C o m b in e d  M o d i f i e d  
W a r d  ( a n d  D e w - P r e s s u r e  o r  H a l d a n e - H e n d f . r s o n  A p p a r a 

t u s )  A n a l y s e s

M ethane
E thene

(estim ated)
E tnanc
Propene
Propane
Isobutane
n-B utane

A utom atic 
Podbielniak Column 
Run 1 Run 2

00. 9 =*=0.2 ___

Modified W ard A pparatus 
and Auxiliary Equipm ent 

Run 1 R un 2
0 1 . 0  ± 0 . 2  _____

3 .0  = 
25 .0  . 
(9 .4

0.2 
0.2 

= 0 . 2

0 .5  =*= 0 .2
2.1

83.0
14.9

= 0.2 (
= 0 . 2  <
■ 0.2 I

3 .5
25.3

3.1

■ 0 . 2  
= 0 . 2  
• 0 . 2

7 .1  ±  0 .2
2 . 0  ±  0 . 2  

83 .0  ±  0 .2  
14.4 ±  0 .2

rates in the C2 and C3 fractions. The relative merits of various 
absorption reagents for olefin determination are discussed be
low.

No operating difficulties were experienced when analyzing 
samples in the combined modified Ward and Haldane-Iiender- 
son apparatus. Approximately 10 ml. of each fraction (except 
methane) segregated in the modified Ward apparatus were 
transferred by means of the Toepler pump to the absorption 
apparatus while the condensers in the modified Ward ap
paratus were being warmed to the temperatures required for 
the separation of the next fraction. Constant volume read
ings were usually obtained in the Haldane-Henderson 
sample buret after six passes through the reagent (each pass 
consuming approximately 2 0  seconds), although a minimum 
of ten passes was used for each analysis in order to ensure com
plete absorption.

D ew -P ressure A pparatus

In view of the fact that the accurate quantitative separa
tion of isobutane from n-butane is a difficult and time-con
suming operation and often gives undependable results when 
attempted in ordinary microfractionation columns, and since 
such a separation would probably be impracticable if at
tempted in a high-vacuum apparatus, an investigation has 
been made of methods of analysis for isobutane-n-butane mix
tures which are based on differences in the physical properties 
of the gases but do not depend upon their quantitative sepa
ration. Of the two such physical methods most applicable to 
routine laboratory work (determination of the refractive index 
of the liquid mixture and determination of the dew-point 
pressure of the gaseous mixture), only the dew-point pressure 
method has been investigated in this laboratory.

Several investigators, notably Hachmuth (2) and Woog, Sig- 
walt, and Gomer (16), have developed apparatus for determining 
the dew pressures of isobutane-n-butane mixtures at 0° C. The 
dew-pressure apparatus developed during the course of this in
vestigation (shown in Figure3) consists simply of a Y-type manom
eter connected to a mercury reservoir, with half of one arm of 
the manometer immersed in an ice-and-water bath. The ice- 
and-water bath is constructed of 7.5-cm. (3-inch) glass tubing 
and is connected to the manometer by means of a rubber stopper. 
In order to read the mercury level in that portion of the manom
eter surrounded by the bath, a scale is attached to the back of a

metal trough which is placed around the manometer arm and ex
tends to the wall of the bath. This scale is calibrated with respect 
to the scale on the other arm of the manometer by raising the 
mercury in both arms under atmospheric pressure and taking 
blank readings on both scales.

The following procedure is followed during the analysis of 
an isobutane-n-butane mixture in this apparatus:

After evacuating the apparatus and connecting lines to an 
absolute pressure of 0.001 mm. or less and filling the bath with 
chipped ice and water (the temperature in the bath must be 
maintained at 0° C. throughout an analysis by agitating the ice- 
water mixture and adding ice if necessary), enough sample is ad
mitted through the stopcock into the left arm of the manometer 
so that the mercury level in the sample arm of the manometer is 
about even with the bottom of the ice-and-water bath under at
mospheric pressure. The mercury in the manometer is then 
raised in increments of 5 to 10 mm. by increasing the air pressure 
in the mercury reservoir (by means of a pressure-regulating 
valve), allowing sufficient time after each increase for the tempera
ture of the sample to readjust itself to 0° C.

The dew pressure is determined by plotting the pressure on 
the sample in millimeters of mercury, against A V /A P , 
A V /A P  being the ratio of the incremental decrease in sample 
volume (plotted as the incremental increase in the height of 
mercury in the sample side of the manometer) to the incre
mental increase in pressure 011 the sample for each rise of 
mercury in the manometer. This ratio, which remains 
nearly constant as long as the sample remains in the gaseous 
phase, increases rapidly as the dew pressure is reached and 
passed. The dew pressure is taken as the point where the 
change in slope of the pressure vs. A V /A P  curve begins, and 
the composition of the sample is computed from the formula:

(1)

where
Fi =  mole per cent of isobutane in vapor in equilibrium with 

liquid at dew pressure
Pi = vapor pressure of isobutane at 0° C. (1190 mm. of mer

cury)
Pi = vapor pressure of n-butane at 0° C. (770 mm. of mer

cury)
ic =  total pressure on system at dew point, mm. of mercury

A somewhat simpler method of obtaining the dew pressure 
would be to plot the pressure, in millimeters of mercury, on 
the sample against the decrease in volume (plotted as the 
increase in the height of mercury in the sample side of the 
manometer) and extrapolate the lines plotted from the points 
obtained before and after the dew pressure is passed until 
they intersect. This would, however, necessitate the use of 
an empirical table in which the dew pressures corresponding 
to various percentages of isobutane (as determined by the 
dew-pressure analyses of synthetic mixtures) were given; 
such a table has not yet been developed in this laboratory.

The vapor pressure values used in Equation 1 differ some
what from some of the values quoted by Sage and Lacey 
(11, 12, obtained by extrapolation), Dana (1), and AVoog, 
Sigwalt, and Gomer (16). Since these literature values differ 
by as much as 10 to 15 mm. for both isobutane and n-butane, 
and there seemed to be no way of selecting the correct vapor 
pressures from these data, the vapor pressures for the bu
tanes were determined experimentally in this laboratory by 
the method described above. In view of the accurate results 
obtained by the dew-pressure method on synthetic mixtures 
when using these values, it appears that the experimentally 
determined vapor pressures are very nearly correct. After 
the dew pressure has been determined, and before the com
position of the sample is calculated from Equation 1, it is 
necessary to correct the manometer readings at the dew 
pressure to standard conditions. By taking an imaginary
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reference plane through the bottom of the ice-and-water 
bath on the dew-pressure apparatus (Figure 3), the following 
temperature correction formula may be derived:

where

Po =  
I I L  =

H r  =

K

P o  =  H r K  -  H l

corrected dew pressure, mm. of mercury 
height above reference plane of mercury in left arm 

(sample side) of manometer at dew pressure, mm. 
height above reference plane of mercury in right arm 

of manometer at dew pressure (equal to IIl plus dif
ference in mercury heights in manometer at dew 
pressure), mm. 

coefficient of reduction for correcting mercury heights 
at room temperature to 0° C.

A typical dew-pressure curve and calculations are shown 
in Figure 4.

Analyses of synthetic isobutane-n-butane mixtures by the 
dew-pressure method have resulted (Table VII) in an average 
analytical accuracy of about =*=0.5 per cent (about the limit 
of experimental accuracy for this method of analysis). From 
an inspection of Equation 1, however, it is evident that the 
inclusion of even small amounts of higher- or lower-boiling 
impurities with the butanes would have an appreciable effect 
upon the accuracy of the analysis. In order to ascertain quan
titatively the effects of small quantities of impurities upon 
the accuracy of the dew-pressure method of analysis, several 
synthetic samples containing small amounts of either propane 
or isopentane in addition to the butanes were analyzed by 
dew-pressure determinations, the composition of the samples 
being calculated on the assumption that no gases other than 
the saturated butanes were present. It was found (Table 
VIII) that the presence of small quantities of either gas 
caused errors in the analysis about three times greater than 
the magnitude of their concentrations. (In the case of very 
small concentrations of impurities, the error could not be 
determined accurately because the probable experimental 
error in blending the synthetic mixtures was about =*=0.2 
mole per cent for each component; however, the errors in
troduced by less than 0.2 per cent of an impurity are probably 
within'the limit of experimental accuracy of the dew-pressure 
determinations.) It is also evident that the extent to -which 
these impurities affect the dew-pressure determination is de
pendent not only upon the concentration of the impurity but

also, to a lesser extent, upon the proportion 
of isobutane to n-butane in the sample.

In view of the marked effect of higher- 
and lower-boiling impurities upon the ac
curacy of the dew-pressure determination 
for isobutane-n-butane mixtures, it is evi
dent that, in order to obtain reliable results 
from the analysis of hydrocarbon samples 
containing components other than the bu
tanes, the butane fraction must be segre
gated from the other constituents of the 
mixture in such a way that it contains sub
stantially no impurities. In this labora
tory, no attempt has yet been made to 
segregate impurity-free C* fractions from a 
Podbielniak distillation; however, it is 
doubtful if a pure fraction could be obtained 
from a column distillation unless the cut 
were collected well after the propane-iso
butane break and before the n-butane-
isopentane break. Although, in such a 
procedure, the accuracy of the dew-pres
sure determination would still depend to 
a large extent upon the fractionating 

efficiency of the column, it is probable that a consider
able saving in time and liquid nitrogen would be realized
(over attempting the isobutane—n-butane split on the Pod
bielniak-type apparatus).

The feasibility of segregating saturated butane mixtures 
from samples containing propane and air in addition to the 
butanes in the modified Ward apparatus has been demon
strated in this laboratory with synthetic mixtures; analyses 
of such mixtures in the combined modified Ward and dew- 
pressure apparatus have resulted in average deviations from 
the true composition of about =*=0.6 mole per cent or less for 
each component in the mixture (Table IX). Inasmuch as 
propane-butanes and butanes-isopentane separations are 
achieved in the modified Ward apparatus with about the 
same degree of accuracy, and small amounts of isopentane 
have about the same effect (although in the opposite direc
tion) as equal amounts of propane upon the accuracy of dew- 
pressure determinations, it appears reasonably certain that 
saturated butane cuts, when properly segregated in the 
modified Ward apparatus, do not contain sufficient quanti
ties of these impurities to affect materially the accuracy of the 
dew-pressure determination.

Although no attempt has been made to determine experi
mentally the effects of C< unsaturates upon the accuracy of 
dew-pressure determinations, it is obvious that appreciable 
quantities of these unsaturates would introduce a consider
able error into the analysis. When analyzing samples con
taining unsaturates, therefore, it is necessary to remove the 
unsaturates by absorption or to saturate them by hydrogena
tion before analyzing them by the dew-pressure method. 
The practicability of analyzing hydrogenated samples in the 
combined modified Ward and dew-pressure apparatus has 
been demonstrated by numerous analyses of routine samples.

T a b l e  V I I . D e w - P r e s s u r e  A n a l t s e s  o f  I s o b u t a n e -  
n -B uT A N E  M ix t u r e s

R un 1 R un 2 R un 3
 Mole per cent--------

Synthetic  M ixture

R un 4

Isobutane
n-B utane

Isobutane
n-B utane

S i .  3 
1 5 .7

84.4
15.6

■ 0.2 
: 0.2

: 0 . 4  
0 .4

5 6 .3  ± 0 . 2  
4 3 .7  ±  0 . 2

4 9 .4  : 
5 0 .6

■ 0 . 2  
« 0.2

19.5 «
50.5

0.2 
= 0 . 2

Analysis
5 6 . 8  ±  0 .4  
4 3 . 2  ±  0 . 4

4 9 . 8  ±  0 .4  
5 0 .2  ±  0 . 4

1 9 .3  ±  0 . 4  
8 0 .7  ±  0 .4
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Propane 
Isobutane 
n-B utane 
Isopentane

T a b l e  V III. E f f e c t  o f  I m p u r it i e s  u p o n  D e w - P r e s s u r e  A n a l y s e s

R un 1
------------ S ynthetic  M ixture------------

Run 2 R un 3 R un 4 R un 5

49 .8  *  0 .2  4 8 .6  *  0 .2
49.9  *  0 .2  60 .0  *  0 .2  
0 .3  *  0 .2  1 .4  *  0 .2

Mole per cent

49*6 * 0 . 2  
47 .7  *  0 .2  
2 .7  *  0 .2

0 . 2  *  0 . 2  0 . 6  *  0 . 2  
89 .9  *  0 .2  81 .3  *  0 .2

9 .9  *  0 .2  18.2 *  0 .2

R un  1

49 .4  *  0 .4  
60 .6  *  0 .4

R un  2
— Analysis------

R u n  3 
Mole per cent

R un 4

46 .5  *  0 .4
53 .5  *  0 .4

43 .3  *  0 .4  
56 .7  *  0 .4

9 0 .5  *  0 .4  
9 .5  0 .4

R un  5

8 2 .8  *  0 .4  
17 .2  *  0 .4

T a b l e  IX. C o m b in e d  M o d if ie d  W a r d  a n d  D e w - P r e s s u r e  A n a l y s e s

Propane
Isobutane
n-B utane

Synthetic  M ixture 
Run 1 R un 2 R un 3 R un 1

Mole per cent
3 .9  =*=0.2 4 .1  ± 0 . 2  17.1 ±  0 .2  4 .1  ¿=0.2

80.3  ¿=0.2 8 0 .8  ¿= 0 .2  69 .7  *  0 .2  80 .9  *  0 .4
15.8 *  0 .2  9 .2  *  0 .2  23 .2  *  0 .2  15.0 *  0 .4

Analysis 
R un  2 

Mole per cent
R un  3

10.0  *  0 .1  17.1 *  0 .2
81 .1  *  0 .4  5 9 .0  *  0 .4

8 .9  *  0 .4  23 .9  *  0 .4

C om p arison  o f  S tan d ard  M icro fra ctio n a tio n  C ol
u m n s  w ith  H ig h -V a cu u m  A n alysis A pparatus and  

Auxiliary' E q u ip m en t

In view of the wide differences between the types of ap
paratus discussed above, it might be well to compare these 
apparatus with respect to accuracy, speed and economy of 
operation, versatility, and adaptability to routine laboratory 
operation. Although final conclusions regarding the relative 
merits of the automatically controlled Podbielniak column, 
modified Ward apparatus, and dew-pressure apparatus can
not be made until each apparatus has been further tested with 
synthetic mixtures under routine laboratory operating condi
tions, the following comparisons, on the basis of data obtained 
thus far, appear to be justified.

A c c u r a c y . When properly operated, the automatic Pod
bielniak Model L type column and combined modified Ward 
and dew-pressure apparatus are comparable in accuracy 
(about =*=0.5 per cent or less maximum deviation from the 
true composition on any component through isopentane) in 
the analysis of saturated light hydrocarbon mixtures. Al
though samples containing unsaturates can be satisfactorily 
separated into groups of the same number of carbon atoms in 
either apparatus, individual olefins must be determined by 
analyzing the segregated fractions in auxiliary equipment. 
Unsaturates must be removed from C. fractions before satis
factory analyses for isobutane or n-butane can be made in 
either apparatus.

O p e r a b i l i t y . Consistently accurate analytical results 
from either apparatus are dependent to a large extent upon 
the proper condition and operation of the apparatus. Oper
ating conditions for the modified Ward and dew-pressure ap
paratus are standardized and, after a little practice, easily 
followed; the establishment of optimum operating conditions 
in the automatic column depends to a large extent upon the 
skill of the operator and the mechanical condition of the 
equipment.

S p e e d  a n d  E c o n o m y  o p  O p e r a t i o n . The time and liquid 
nitrogen required for an accurate analysis in the combined 
modified Ward and dew-pressure apparatus are, for nearly 
every type of sample, considerably less than for a comparable 
analysis in the automatic Podbielniak (Model L) column; 
this is especially true of the analysis of butane samples.

V e r s a t i l i t y . Both the microfractionation column and the 
modified Ward and dew-pressure apparatus have certain 
limitations in the analysis of light hydrocarbon mixtures. 
Since, in the modified Ward apparatus, the original sample 
and all the individual components thereof are measured as 
gases, no sample containing appreciable amounts of any 
hydrocarbon heavier than isopentane—i. e., liquid under or
dinary atmospheric conditions—can be analyzed without 
the use of auxiliary equipment. It would, of course, be pos-

sible to operate the apparatus in con
junction with a calibrated topping 
still, analyzing the overhead by frac
tional condensation and, if desirable, 
analyzing the residue by a column dis
tillation.

On the other hand, it is possible to analyze small gaseous 
sample volumes (200 ml. or less) in the modified Ward and 
dew-pressure apparatus; samples of at least 1500 ml. (gase
ous) and preferably several times larger are required for a 
column analysis. Small amounts of individual components, 
especially if they are the lightest or heaviest components of a 
mixture, are detected and measured much more easily in the 
modified Ward apparatus than in a column distillation.

In this laboratory, it has often been found convenient to 
operate the combined modified Ward and dew-pressure ap
paratus in conjunction with a microfractionation column for 
some types of samples.

_ For example, a cracked gas sample containing a small propor
tion of butanes-butenes is fractionated in a column; the butanes- 
butencs cut, along with some propane and isopentane, is segre-

fated from the other components of the sample. This cut is then 
ydrogenated, the C, hydrocarbons are separated from the hydro
gen, propane, and isopentane in the modified Ward apparatus, 

and the iso-n-butane ratio is determined in the dew-pressure ap
paratus. From the dew-pressure analysis, the hydrogenation of 
the total Ct cut, and an analysis for isobutene (by the anhydrous 
hydrochjoric acid method or by absorption) the amount of iso
butane, isobutene, n-butenes, and n-butane in the sample may be 
determined with a far greater degree of accuracy than would 
have been possible by the column analysis alone.

D eterm in a tio n  o f  T o ta l U n sa tu ra te s  in  G aseous  
S am p les

Among the available methods for the determination of 
total unsaturates in gaseous samples are absorption in satu
rated bromine solution, absorption in solutions containing 
bromine in the form of a complex salt, absorption in various 
concentrations of sulfuric acid, and catalytic hydrogenation 
at room temperatures and atmospheric pressures according 
to the procedure developed by McMillan et al. (7).

Because bromine reacts rapidly and completely with gase
ous unsaturated hydrocarbons, this reagent is often used for 
the determination of total unsaturates. However, it is ap
parent that saturated bromine solution as it is usually pre
pared (containing excess free bromine) attacks isobutane and, 
to a lesser extent, n-butane and therefore does not give ac
curate determinations of unsaturate content. It was found 
(Table X) that on refinery butane-butenes samples (which 
had been analyzed previously by hydrogenation), three passes 
into the reagent gave approximately correct results, whereas 
determinations in error by 20 per cent or more were experi
enced if nine or more passes were used. Reproducible results 
were, however, obtained by using one-fourth saturated bro
mine solutions (with and without excess potassium bromide, 
or containing mercuric nitrate) as the absorption reagent. 
These solutions do not appreciably attack saturated butanes, 
as indicated by the fact that approximately the same un-
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T a b l e  X. C o m p a r a t i v e  A n a l y s e s  f o r  T o t a l  U n s a t u r a t e  
C o n t e n t  o f  P l a n t  S a m p le s  U s i n g  B r o m i n e  S o l u t i o n s

A bsorption Reagent

S atu rated  bromine solution

One-fourth satu rated  bromine 
solution

O ne-fourth satu rated  bromine 
solution containing excess 
K Br

N um ber
of Passes
through T otal U nsaturates
Reagent Found by Analysis

Mole per cent
3 10.4 ±  0.1 , 10.7 ± 0 . 1
6 11.3 ±  0.1 , 11.8 ±  0.1
9 12.4 ±  0 . 1, 12.6  ±  0.1
3 10.8 ±  0.1
9 14.8 ±  0.1

15 17.7 ±  0.1

12 34.1 ±  0.1
15 34.5 ±  0.1
40 34.3 ±  0.1

12 34.1 ±  0.1
12 34 .7 ±  0.1
12 34 .8 ±  0.1
12 34 .8 ±  0.1
16 35.4 ±  0.1
17 35 .7 ±  0.1
22 35.7 ±  0.1
22 35 .8 ±  0.1
40 35 .2 ±  0.1

saturate content was found after twelve to forty passes 
through the reagent (Table X ). In addition, these reagents 
failed to react with pure gaseous isobutane. It is believed 
that failure to obtain exactly reproducible results with dilute 
bromine solutions is attributable to the absorption of small 
quantities of saturated components in the liquid dibromides 
formed from the reaction of bromine with unsaturates.

In general, sulfuric acid solutions are not desirable reagents 
for the determination of total gaseous unsaturates. These 
reagents (especially concentrated solutions) apparently dis
solve different amounts of saturated hydrocarbons, depend
ing upon the types and concentrations of unsaturates ab
sorbed, and either high or low analytical results are possible 
(Table X I). In the absence of ethene, fairly accurate results 
are obtainable when using 86 per cent sulfuric acid as the ab
sorption reagent (Table XI), but the procedure is time-con
suming (sixty to eighty passes through the reagent are neces
sary in order to obtain constant readings).

The McMillan catalytic hydrogenation method for the de
termination of total gaseous unsaturates was found to be both 
rapid and accurate in the analysis of synthetic butanes- 
butenes mixtures (Table XI), provided suitable correction 
factors were applied to compensate for the deviations of the 
various hydrocarbons from the perfect gas laws. Five passes 
over the nickel catalyst were usually sufficient to react all the 
unsaturates in the majority of the samples, and complete re
action was obtained in all cases after ten passes. This method 
possesses the disadvantage, however, that the nickel catalyst 
employed is easily poisoned and must be activated frequently. 
In order to determine the state of activation of the catalyst, 
frequent analyses of samples of known unsaturate content 
should be made.

D eterm in a tio n  o f  Iso b u ten e  in  G aseous S am p les

Absorption methods for the determination of isobutene in 
gaseous samples usually employ 60 to 70 per cent sulfuric 
acid, or sulfuric acid solutions, as the absorbing medium. In 
all such procedures, the reagent usually absorbs small quanti
ties of n-butenes and butadienes in addition to isobutene, thus 
necessitating the employment of correction factors to compen
sate for errors introduced by the absorption of the n-olefins 
and diolefins. Such corrections are usually applied by passing 
the sample through the reagent until a constant rate of ab
sorption pier pass is obtained, and extrapolating the curve

of “per cent absorbed vs. number of passes” back to 0 pass 
(Figures 5 and 6).

In this laboratory, the following reagents were investi
gated: 60 per cent sulfuric acid (2-minute passes), 60 per 
cent sulfuric acid saturated with copper sulfate (2-minute 
passes), and 65 per cent sulfuric acid containing 0.5 per cent 
by volume of ferf-butyl alcohol (20- and 45-second passes). 
Analyses of synthetic mixtures by each of these procedures 
have shown (Table X II and Figures 5 and 6) that comparable 
analytical results, accurate to within a few tenths of 1 per 
cent, are obtainable by each of these methods, provided the 
procedure is carefully carried out and a sufficient number of 
passes are employed. Since the rate at which isobutene is 
absorbed by these reagents decreases as the isobutene content 
of the sample decreases, it is important that a sufficient num
ber of passes be made to ensure that the absorption values 
used in the extrapolation do not represent the absorption of 
small amounts of isobutene as wTell as n-butenes; otherwise, 
the curve of per cent absorbed vs. number of passes for 
samples containing appreciable amounts of n-butenes would 
become difficult to interpret. For this reason, at least twenty 
passes should be made before extrapolating the curve obtained 
in this type of analysis.

T a b l e  XI. C o m p a r a t i v e  A n a l y s e s  f o r  T o t a l  U n s a t u r a t e  
C o n t e n t  o f  S y n t h e t i c  L i g h t  H y d r o c a r b o n  M i x t u r e s

T otal U nsaturatea 
2-Butcnc U nsatu rates Found by 

in Sample in Sample Analysis 
Mole per cent

0 .0  ±  0 .2  10.4 ±  0 .2  10.3 ± 0 . 1
19.4 ±  0 .2  19.4 ±  0 .2  21 .3  ± 0 . 1
20.9  ±  0 .2  20 .9  ±  0 .2  20.1 ± 0 . 1
21.2  ± 0 . 2  21 .2  ±  0 .2  22 .4  ± 0 . 1

Analytical M ethod

A bsorption in 94% 
HtSO«

Isobutene 
in Sample

Absorption in 86.3% 
H jSO*

M cM illan cataly tic  
hydrogenation 
m ethod

10.4
0.0
0.0
0.0

0 .0
0 .0

0.0
0 .0

50.1
41.1 

0. 0

±  0 .2  
±  0.2  
±  0.2  
±  0 .2

±  0. 2  
±  0. 2

±  0 . 2  
±  0 . 2  
±  0 . 2  
±  0 . 2  
±  0 . 2

28 .0
28.1

: 0 .2  
= 0 . 2

30 .9  ±  0 .2
40 .5  ±  0 .2  

0 . 0  ±  0 . 2
26 .7  ±  0 .2
9 3 .6  ±  0 .2

28 .0  ±  0 .2  
28.1 ±  0 .2

30.9  ±  0 .2
40 .5  ±  0 .2  
50.1 ±  0 .2  
67 .8  ±  0 .2
9 3 .6  ±  0 .2

28 .5
28.9

: 0 . 1  
0.1

31 .0  ±  0 .2
40 .2  ±  0 .2
50 .2  ±  0 .2  
67 .9  ±  0 .2
93.1  ±  0 .2

10 IE. 14 16 IÖ 20

; >—O—' ►-0—0—0—■

A b so rp tio n  E e o q e n trso j. h *504 
^"aturdted w ith tu S o 4
com p osition  of c/cmnple :
Isobutene. 10. 17.
Total Butene./- 24 .5 7 .
&ut o n e s  70.57.
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F ig u r e  5 . A b s o r p t io n  o f  I s o b u t e n e  i n  6 0  P e r  
C e n t  S u l f u r ic  A c id

Lower curve, acid sa tu ra ted  with copper sulfate
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T a b l e  XII. C o m p a r a t iv e  A n a l y s e s  f o r  I s o b u t e n e  C o n t e n t  
o f  S y n t h e t ic  L ig h t  H y d r o c a r b o n  M ix t u r e s

A nalytical M ethod

bsorption in 60% 
H 1SO4 +  C 11SO4

Absorption in 60% 
H îSO< +  0.5 volume 
% of feri-butyl alcohol

M cM illan anhydrous 
HC1 m ethod

Com position of 
Synthetic Sample 

Isobutene 2-Butene

Isobutene 
Found by 
Analysis

10.2 ±  0 .2 20.1  ±  0 .2 10.4 ±  0.1
11.6 ±  0.2 64.4  ±  0 .2 11.8 ±  0.1
19.1 ±  0 .2 53 .0  ±  0 .2 19.2 0.1

6 .0 *  0 .2 22.2  ±  0 .2 6.1 *  0.1
7 .3 ±  0 .2 20.0 ±  0 .2 7.4 ±  0 .1
7 .9 ±  0.2 81 .7  ±  0 .2 7 .8 *  0.1

10.1 ±  0.2 11.8 ±  0 .2 10.0 ± 0.1
21.0 ±  0 .2 0 .0  ±  0 .2 20 .9 ±  0.1

0 .0 ±  0 .2 100.0 ±  0 .2 0 .0 ±  0 .2
20.1 *  0 .2 79.1 ±  0 .2 20.2 ±  0 .2
22.3 ±  0 .2 77.7  ±  0 .2 22.2 ±  0 .2
30.8 ±  0 .2 62.6  ±  0 .2 30.1 ±  0 .2

100.0 ±  0.2 0 .0  ±  0 .2 100.6 ±  0 .2

Of the above reagents, the 65 per cent sulfuric acid con
taining 0.5 per cent ierf-butyl alcohol was found preferable 
for use in routine analyses because of its greater rapidity and 
the smaller absorption of n-butenes per pass (thus permitting 
more accurate extrapolation).

The McMillan method (5) for the determination of iso
butene by its reaction, in the liquid phase, with anhydrous 
hydrogen chloride, was found to be accurate within about 
± 0 .2  per cent for concentrations of isobutene below about 25 
mole per cent (Table XII). The reagent is, apparently, 
specific for isobutene, as evidenced by its failure to react with 
2-butene. However, the apparatus in its original form is not 
well adapted to routine laboratory work because of the in
definiteness of the end point of the reaction; also, appreci
able quantities of air or moisture in the sample introduce er
rors in the determinations. When properly operated by ex
perienced operators, however, this method is probably 
superior to any of the absorption procedures now available 
for the determination of isobutene.

T a b l e  XIII. C a l c u l a t e d  C h a n g e  i n  C o m p o s it io n  o f  L iq u id  
S a t u r a t e d  H y d r o c a r b o n  S a m p l e  d u r in g  S a m p l in g  f r o m  

C o n t a in e r

Original Sample Volume Rem aining in Bomb 
Com ponent 100% 90%  70%  50% 30%

,----------------------------------M ole per cent----------------------------------*
. Sam pling under Vapor Pressure of Sample

E thane 10.00 9.89 9 .58 9.06
Propane 80 .00  80.08 80.30 80.65
Isobutane 10.00 10.03 10.12 10.29

Sam pling by  D isplacem ent w ith T ap  W ater
E thane 10.00 9.99 9 .98 9.94 9 .89
Propane 80.00  80.01 80.02 80.05 80.09
Isobutane 10.00 10.00 10.00 10.01 10.02

M eth od s o f  S a m p lin g  and  H a n d lin g  L igh t  
H ydrocarbon S tock s

It has been the usual practice in many laboratories to trans
fer liquefied hydrocarbon samples from containers to analyti
cal equipment by (1) withdrawing the liquid sample under its 
own vapor pressure, or (2) eliminating the vapor space within 
the bomb by water repressuring and withdrawing the liquid 
sample by water displacement. (It is also customary to col
lect liquid samples by water displacement.) Under certain 
conditions, described below, the employment of either of 
these methods may effect a change in the composition of the 
sample sufficient to cause measurable errors in the subsequent 
analysis.
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T a b l e  XIV. C a l c u l a t e d  C h a n g e  i n  C o m p o s it io n  o f  L iq u id  
H y d r o c a r b o n  S a m p l e  C o n t a in in g  U n s a t u r a t e s  d u r in g  

S a m p l in g  f r o m  C o n t a in e r

Original Sample Volume Rem aining in Bomb 
Com ponent 100% 90%  70%  50%  30%

*---------------------------------- M ole per cent----------------------------------*
Sam pling under Vapor Pressure of Sample

Propene
Propane

Propene
Propane

50.00
50.00

49.99
50.01

49.90
50.10

49 .75
50.25

Sampling by  D isplacem ent with T ap  W ater
50.00
50.00

49.98
50.02

49.92
50.08

49.82
50.18

49 .58
50.42

Sampling by D isplacem ent with S a tu ra ted  N aCl Solution
Propene
Propane

50.00
50.00

50 .00  — 
5 0 .0 0 -f

49 .98
50.02

49.96
50.04

49.92
50.08

When method 1 is employed, the magnitude of the error 
introduced depends upon several factors, including the com
position of the sample, the amount of liquid withdrawn, and 
the size of the container. From the calculated data in Table 
X III it is apparent that, when a sample consists of a mixture 
of hydrocarbons having widely separated boiling points, a 
detectable change in composition occurs when more than 10 
per cent of the contents of the container is withdrawn. On 
the other hand (Table XIV), a negligible change in composi
tion is experienced when more than 50 per cent of the con
tents is withdrawn from a bomb containing a sample whose 
constituents boil closely together.

When method 2 is employed, the magnitude of the error 
introduced depends upon the relative water solubilities of the 
components in the sample, the amount of water added to the 
bomb, and the size of the bomb. From data reported in the 
literature and obtained by experiment (Table XVII), it is 
evident that there is a wide variation in the water solubilities 
of the different hydrocarbons, especially between paraffins 
and olefins. According to calculated data based on experi
mentally determined solubilities (Table X III and XIV), 
water repressuring causes no appreciable change in the com-
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T a b l e  X V . E x p e r im e n t a l l y  D e t e r m i n e d  E f f e c t  o f  W a t e r  
S o l u b il it y  o n  C o m p o s it io n  o f  L iq u id  H y d r o c a r b o n  S a m p l e s  

C o n t a in in g  U n s a t u r a t e s

Sample

Refinery propane 
Refinery propane 
Refinery butanes 
Refinery butanes

Approxi
m ate C ontact

T otal 
U nsatu
ra tes in Reduc

T otal Un %  of 
Bomb

Time Sample tion
satu rates between after in

in Filled W ater C ontact U nsatu 
Original with and with ra te
Sample W ater Sample W ater C onten t
Mole % Hours Mole % Mole %

19.1 90 24 17.8 1.3
20.8 50 24 20.3 0 .5
30 .6 80 24 30.0 0 .6
31 .2 50 24 30.9 0 .3

T a b l e  XVI. E x p e r im e n t a l l y  D e t e r m in e d  S o l u b il it y  o f  
N it r o g e n  i n  T a p  W a t e r  a n d  i n  S a t u r a t e d  NaCl S o l u t io n  

u n d e r  V a r io u s  P r e s s u r e s

Bomb
Absolute Tem 
Pressure pera
in Bomb ture Solvent Solubility® K

Atmos
pheres ° C. M l./100 cc.

4 .4 0 22 .8 W ater 7 .5 0 .76  X 10-«
7 .SO 23.1 W ater 13.6 0 .7 8  X 10-«

10.32 22 .2 W ater 18.7 0.81 X 10-«
S atu ra ted  NaCl

10.32 18.7 solution 2 .1 5 0 .09  X 10-*

° M l. of gas reduced to  0° C. and 760-mm. pressure per 100 ml. of 
B o iv e n t .

position of a sample consisting of saturated hydrocarbons, 
although the composition of samples containing unsaturates 
may be materially changed. Direct experiments (Table 
XV) on the effects of water rcpressuring on the composition of 
refinery samples containing unsaturates (made by determin
ing, by hydrogenation, the unsaturate content of the samples 
before and after repressuring) have qualitatively confirmed 
the calculated data in Table XIV.

For many types of liquid samples, either of the above 
methods of transferring may cause a measurable change in the 
composition of the sample, especially if the sample container 
is small enough to necessitate the removal of a considerable 
percentage of its contents for analysis. Alternative methods 
of transferring samples are repressuring with mercury, or 
repressuring with a saturated solution of salt in water. Al
though mercury repressuring is probably the best method of 
transferring liquid samples contained in small bombs, no ex
periments have yet been made in this laboratory to determine 
the effect of this method upon the composition of various types 
of samples. Laboratory experiments have demonstrated, 
however (Tables XVI and XVII), that the solubility of various 
gases is about 80 per cent less in saturated sodium chloride 
solution than in water and calculations based on this fact 
have shown that repressuring samples with this solution re
sults in comparatively small changes in the composition of 
liquid hydrocarbon samples, even when such samples contain 
a large proportion of unsaturates (Table XIV).

In evaluating the changes in composition of liquid hydro
carbon samples effected by the various methods of transferring 
such samples, an attempt has been made, whenever possible, 
to base all calculations upon experimental data and to check 
the calculated results experimentally. Calculations on the 
effects of water repressuring of samples were based on water- 
solubility values for hydrocarbons quoted in the literature 
and obtained by direct experiment in this laboratory.

It was assumed that Dalton’s law' and Henry’s law (ex
pressed in this case as K  =  C /P , w’here K  is the solubility 
coefficient, C the concentration of dissolved gas in moles per 
100 ml. of solvent, and P  the partial pressure of the gas in 
atmospheres) applied to the hydrocarbon-water systems stud
ied.

Values of K  determined by experiment for the system nitro- 
gen-water were nearly constant for pressures ranging from 4.4 
to 10.32 atmospheres; values of K  for various hydrocarbon- 
W'ater systems were found to be slightly higher at pressures 
under which the hydrocarbon existed as a liquid than at at
mospheric pressure (Table XVII).

The extent to which hydrocarbon-water systems followed 
Dalton’s law' wras ascertained roughly by determining the 
W'ater-solubility of a refinery propane-propene sample w'hich 
had been analyzed in the combined modified Ward and 
Haldane-Henderson apparatus, and comparing the observed 
solubility (52.6 ml. of gas per 100 ml. of water) with the 
solubility calculated from the K  values for the individual com
ponents in the sample (54.5 ml. of gas per 100 ml. of water).

Finally, the calculated changes in composition were checked 
qualitatively by observing the reduction in unsaturate con
tent (as determined by several check hydrogenations) of 
several refinery samples that w'ere repressured with various 
proportions of water (Table X V ). It w'ill be noted from Table 
XV that a detectable analytical error is introduced when 50 
per cent or more of the bomb is filled with wrater, and that the 
error increases considerably as the w'ater content of the bomb 
is increased.

The following procedure was employed for determining the 
solubilities of hydrocarbons in water and in saturated sodium 
chloride solution:

A 3.785-liter (1-gallon) bomb wras filled with water (or solution) 
and approximately half the liquid was then displaced by the liquid 
hydrocarbon sample. The bomb, w'ith vigorous intermittent 
shaking to ensure thorough contact between liquid and sample, 
was allowed to stand for 24 hours or more under the vapor pres
sure of the sample (it was found that the systems reached equi
librium within 24 hours), and then connected to an evacuated ap
paratus consisting of a 1-liter flask connected through a reflux 
condenser (through which ice water was circulated) and a calcium 
chloride tube to a calibrated (300-ml.) glass bulb, to which were 
attached a Y-type manometer and Toepler pump. A portion of 
the water in the bomb was then admitted to the flask and heated 
under partial vacuum, the evolved gases being transferred to the 
calibrated bulb by means of the Toepler pump and measured by 
noting the pressure change recorded on the manometer. Vapors 
were withdrawn until a constant pressure was obtained in the 
flask. By computing the volume of gas obtained and by weigh
ing the flask and calcium chloride tube before and after admitting 
water to the system, the volume of dissolved gas per 100 ml. of 
water (or saturated sodium chloride solution) could be computed 
easily. In order to apply corrections for dissolved gases originally

T a b l e  XVII. E x p e r im e n t a l l y  D e t e r m i n e d  W a t e r  
S o l u b i l i t i e s

(Liquefied hydrocarbons and  m ixtures of hydrocarbons under the ir own 
vapor pressure)

C ontact
Tim e

betw een
W ater

A bsolute Bomb and
Pressure Tem pera- H ydro- Solu-

Sample in Bomb tu re  carbons bility® K
Atmos- M l./
pheres ° C. Hours 100 ml.

n-B utane 2 .09  20 .2  24 10.9 2 .33  X 10“«
Propane 9 .43  20 .9  24 27.9  1.32 X 10 “«
Refinery

butane 6 7 .32  21 .7  24 25 .3  .........
Refinery

p ropanee 13.32 22 .9  24 57.1 .........
Refinery

propane0 12.22 20 .0  48 57.1 .........
Refinery

propane«* 9 .1 6  19.8 24 52 .6  .........
Isobutene 3 .04  18 .6  24 59 .1  8 .67  X 10"*

Solubility of Isobutene in Sa tu ra ted  N aC l Solution
Isobutene 2 .7 7  17 .4  72 12.1 1.95 X 10"«

® Ml. of gas reduced to  0° C. and 760-mm. pressure per 100 ml. of solvent. 
b T o tal unsatu rates (by hydrogenation) 30 .6% . 
e T o ta l unsatu rates (by hydrogenation) 2 0 .8 % .
<* T o ta l unsatu rates (by hydrogenation) 19.1%.
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present in the tap water, blank determinations of this water were 
also made in the apparatus.

In computing the change in composition of various liquid 
light hydrocarbon samples caused by the progressive removal, 
under their own vapor pressure, of the samples from their con
tainers, it was assumed that this removal consisted of a suc
cession of small single flashes, in each of which a volume of 
vapor equal to the volume of liquid withdrawn was formed. 
By assuming Raoult’s law to apply and setting up material 
balances between vapor and liquid after each withdrawal of 
sample, a series of equations was obtained which could be 
solved either directly or by trial and error.
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Chem ical D eterm ination o f N icotinic Acid 
Content o f  F lour and Bread

D A N IE L  M E L N IC K , B E R N A R D  L . O S E R , AND L O U IS  S IE G E L , F o o d  R e se a rc h  L a b o ra to r ie s ,  L o n g  I s la n d  C ity , N . Y.

THAT the new synthetic vitamins would ultimately be 
used on a major scale for the nutritional enhancement of 

some of our more refined foods was almost a foregone conclu
sion. Much emphasis has been directed toward the nutri
tional improvement of white flour by the restoration of the 
members of the vitamin B complex to the level of whole 
wheat. Nicotinic acid is one of the principal vitamins used 
in the enrichment of flour and bread, but because of limita
tions in the biological method for testing foods of low nicotinic 
acid content, no reliable data have been available up to the 
present time on the concentration of this vitamin in flour and 
related products. Previously reported chemical methods 
lack specificity when applied to materials of plant origin (/.().

In the present study the Melnick-Field chemical method (8) 
for the determination of nicotinic acid has been adapted for 
use in analyzing flours and breads. The nicotinic acid content 
of a variety of such products is presented. Particular atten
tion has been directed toward study of the reliability of the 
extraction procedure and of the subsequent chemical analysis, 
the specificity of the method for nicotinic acid in these ma
terials, and the fate of the vitamin during the fermentation of 
the dough and baking of the bread.

P rin cip le  o f  M eth od
A concentrated aqueous extract is digested with hydrochloric 

acid to liberate any nicotinic acid from its compounds. The 
hydrolyzate is made alcoholic and is subjected to preferential 
charcoal adsorption for the removal of most of the interfering pig
ments without loss of nicotinic acid. The neutralized filtrate is 
treated with cyanogen bromide and aniline reagents, yielding a 
yellow color which is measured. Calculation is based on suitable 
correction for residual interfering color and on the increment in 
photometric density obtained with a known addition of nicotinic 
acid to an aliquot of the test solution.

R eagen ts
C y a n o g e n  B r o m id e . Water saturated with bromine at 5° to 

10° C. is just decolorized"in the cold by the addition of a 10 per 
cent potassium cyanide solution. From 70 to 75 cc. of the 
potassium cyanide solution are used in the titration of 500 
cc. of bromine water. This reagent when stored in the refrigera
tor at about 5° C. will keep almost indefinitely (more than 5 
months).

A n i l i n e  S o l u t io n . Redistilled aniline is dissolved in absolute 
ethyl alcohol to make a 4.0 per cent solution. When stored in a 
brown glass bottle at room temperature, this reagent will keep for 
months.

St a n d a r d  N ic o t in i c  A c id  S o l u t io n . This contains 100 
micrograms per cc. of absolute ethyl alcohol and will keep perma
nently.

B u f f e r  S o l u t io n . Composed of 19G0 cc. of water, 10 cc. of 
phosphoric acid (85 per cent), 30 cc. of 15 per cent sodium 
hydroxide, and 333 cc. of absolute ethyl alcohol.

H y d r o c h l o r ic  A c id  S o l u t io n s . Concentrated (specific 
gravity about 1.18), and approximately 1 N.

S o d iu m  H y d r o x id e  S o l u t io n s . Concentrated (approxi
mately 18 AO, and approximately 1 N.

P i i e n o l p i i t i ia l e in  S o l u t io n . 1 per cent in alcohol.
C h a r c o a l . Darco-G-60, a  vegetable charcoal (obtainable 

from the Darco Corp., 60 East 42nd St., New York, N. Y.).

E xtraction  o f  N ic o tin ic  Acid
A 2-gram sample of flour or air-dried bread is weighed into a 

250-cc. Erlenmeyer flask, 100 cc. of distilled water are added, and 
the suspension is autoclaved for 30 minutes at 7 kg. (15 pounds) 
pressure. The material is centrifuged and the precipitate 
washed twice with 50 cc. of boiling water. The pooled extract 
and washings may be concentrated in vacuo (if speed is a factor) 
or in an oven at 115° C. overnight to a volume of 5 cc. or less. 
[The distillation apparatus described by Melniek and Field (7) 
with slight modifications lends itself readily to concentration of 
extract. Caprylic alcohol (10 drops) is added to the pooled 
extracts to prevent foaming. An air-inlet tube extending to the 
bottom of the distillation flask controls bumping. While con
centration to dryness involves no loss of nicotinic acid, subsequent



solution is facilitated by evaporating short of dryness.] Five 
cubic centimeters of concentrated hydrochloric acid are added 
and the material is substantially dissolved by immersing the flask 
or beaker in a boiling water bath. The solution, or suspension, is 
transferred to a calibrated test tube and diluted to the 15-cc. 
mark with water previously used to rinse the flask (or beaker). 
The acidity is approximately 4 Ar.

H ydrolysis, D eco lor iza tion , and  C hem ical 
• R eaction

The test tube is immersed in a boiling water bath and the 
hydrolysis allowed to proceed for 30 to 40 minutes with occa
sional stirring. If foaming occurs, a few drops of caprylic alcohol 
may be added. The sample is cooled to room temperature and 
the volume restored to the original 15 cc. Ten cubic centimeters 
of absolute ethyl alcohol arc added, and the solution is transferred 
to a 125-cc. Erlenmeyer flask followed by 300 mg. of charcoal. 
The mixture is shaken and filtered at room temperature. (Whitall 
Tatum filter paper, 3-inch, manufactured by the Armstrong Cork 
Co., Lancaster, Penna., is suitable.) A one-half aliquot of the 
filtrate, 12.5 cc., is pipetted into the graduated test tube, one drop 
of phenolphthalein is added, and the solution is neutralized in 
the cold to pH 7, and diluted to 15 cc. (Concentrated sodium 
hydroxide solution is used at first; the final pH adjustment is 
made with the 1 Ar reagents, using litmus paper as an outside 
indicator.)

For the colorimetric tests 3-cc. portions of this test solution 
(equivalent to one-tenth aliquots of the original sample) are used,
(o) To the first sample 7 cc. of the alcoholic buffer solution are 
added. (6) To the second aliquot, 6 cc. of the cyanogen bromide 
reagent are added from a buret, followed immediately with the 
addition of 1 cc. of the aniline solution. The solutions are 
stirred after the addition of each reagent, (c) To the third ali
quot of the test solution, 0.1 cc. of the standard nicotinic acid solu
tion (10 micrograms) is added, followed by the reagents as in (6).
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T a b l e  I. N ic o t in ic  A c id  V a l u e s  o f  A q u e o u s  E x t r a c t  a n d  
E n t ir e  T e s t  M a t e r ia l

Nicotinio Acid Values

Sample Flour
Ash

C onten t

D irect 4 
hydrolysis 
of sam ple

H ydrolysis of 
concentrated 

aqueous extract

A W hole w heat, hard , spring
%

1.82
_  M 0. %  

9 .25
Mg. %  

6 .49
B 1.84 9.60 6.20
C W hole w heat, soft, w inter 1.92 9 . SO 5.43
D 1.77 9 .50 5.24

E E n tire  w heat 0 .82 4 .02 2.09
F P a ten t, hard  (bread flour) 0 .45 2 .27 1.90
G 0.44 2 .56 1.78
11 P a te n t, soft (cake flour) 0 .40 2 .19 1.73
I P a ten t, soft (pastry  flour) 0.43 2 .30 1.32

J R ye, m edium 1.22 3 .63 2 .40
K Rye, light 

Rye, white
0 .85 3 .35 1.78

L 0.83 2 .30 1.40
M Clear, hard , spring 0.71 3.32 2.51
N 0 .73 3 .OS 2 .17

R ead in gs and  C a lcu la tion s
The maximal yellow color, developed within 3 to 5 minutes and 

generally stable for at least the next 5 minutes, is read in a photo
electric colorimeter with a 420 millimicron filter. By subtracting 
from the photometric density of solution (5) that of solution (a) 
due to the color remaining after decolorization, the photometric 
density of the reacted nicotinic acid is obtained. This is con
verted into absolute units of nicotinic acid by correlating the in
crement in photometric density, solution (c) minus solution (6), 
with the amount of nicotinic acid added.

In the colorimetric measurements it is necessary to have two 
center settings, one for evaluating the residual color in the test 
solution, the other for the color developed by the chemical reac
tion. The photoelectric colorimeter is set to give a galvanometer 
reading of 100.0 (zero photometric density) with a solution con
taining 2 cc. of water, 1 cc. of alcohol, and 7 cc. of alcoholic buffer 
solution. Using the resulting center setting (No. 1, galvanom
eter reading with the test tube or cuvette containing the pure 
solution now removed), the blank solutions are read in turn to 
determine residual color of each of the test solutions (blank). 
The colorimeter is then set to give a galvanometer reading of 
100.0 with a solution containing 2 cc. of water, 1 cc. of alcohol,

6 cc. of cyanogen bromide reagent, and 1 cc. of aniline solution. 
AH the subsequent solutions containing reacted nicotinic acid are 
read using the new center setting (No. 2). Galvanometer read
ings are converted into photometric density by the formula

L =  2 — log G

where L =  photometric density and G =  galvanometer reading. 
(Most instruments have a dual scale which allows direct reading 
in terms of photometric density; others are supplied with a con
version table.)

If the colorimeter cell requires more than 10 cc. (and less than 
20 cc.) of solution, the alcoholic, decolorized, neutralized test 
solutions arc diluted to double volume with a 33 per cent ethyl 
alcohol solution and 6-cc. aliquots are used for testing. Double 
quantities of reagents are also used. If in place of the test-tube 
type of ceU, a flat cuvette is used, the center settings wiU be 
greater than 100.0 and therefore will be off the scale. In such 
cases the instrument is set to give a galvanometer reading of 50.0 
instead of 100.0 and all readings are multiplied by 2 to give the 
correct value for conversion to photometric density.

T y p ic a l  C a l c u l a t io n . Test substance =  2.000 grams of 
whole-wheat flour, cell =  flat cuvette, and volume of solutions 
to be read = 20 cc.

Center setting (No. 1) = 53.5 galvanometer reading (observed) 
= 107.0 galvanometer reading (corrected).

Center setting (No. 2) = 57.5 galvanometer reading (observed) 
= 115.0 galvanometer reading (corrected).

Solution (a) using center setting (No. 1) =  46.5 galvanometer 
reading (observed) =  93.0 galvanometer reading (corrected) =  
0.032 photometric density.

Solution (6) using center setting (No. 2) =  20.25 galvanometer 
reading (observed) =  40.5 galvanometer reading (corrected) =  
0.392 photometric density.

Solution (c) using center setting (No. 2) = 9.75 galvanometer 
reading (observed) = 19.5 galvanometer reading (corrected) = 
0.710 photometric density.

0.392 — 0.032 =  0.360 photometric density due to reacted 
nicotinic acid.

0.710 — 0.392 = 0.318 photometric density due to 10 micro
grams of reacted nicotinic acid.

X 10 = 11.3 micrograms of nicotinic acid in testsolution.U.oJLo
11.31 X 10 =  113 micrograms in sample of test material.
113 X s~nnH = 66.5 micrograms per gram of whole-wheat flour.¿.UUU

V alid ity  o f  M eth od  for A n a lysis  o f  F lou r and  Bread

N i c o t i n i c  A c id  C o n t e n t . Fourteen di’fferent samples of 
flour were analyzed. In one series the 2-gram samples were 
subjected to direct acid hydrolysis according to the procedure 
originally reported (8); in the second series the samples were 
subjected to aqueous extraction as described above. The 
results are presented in Table I.

The figures obtained by direct acid hydrolysis of the test 
materials are from 50 to 100 per cent higher than those ob
tained on the aqueous extract. It was conceivable that in
complete extraction rather than increased specificity of the 
method for nicotinic acid was responsible for the smaller 
values noted in the latter series. The original procedure of 
direct acid treatment eliminates the possibility of low values 
due to faulty extraction, inasmuch as the test material is 
almost completely dissolved during the hydrolysis. Accord
ingly, both series of analyses were repeated after the addition 
of nicotinic acid to flours E to N, in amounts sufficient to 
bring the vitamin content to 5.0 milligrams per cent. In both 
series good recovery values were obtained, varying from 90 to 
110 per cent of the added nicotinic acid.

However, a satisfactory recovery experiment does not 
necessarily prove that the nicotinic acid naturally present 
within the particles themselves has been extracted. The ex
istence of this possibility was emphasized by experience with 
the chemical analysis for thiamine in foods. In order to test 
further the efficiency of the procedure for effecting complete 
extraction of nicotinic acid from within the flour granules 
themselves, analyses were conducted on breads baked with 
ordinary and nicotinic acid-enriched flours. The results are

N E E R I N G  C H E M I S T R Y  Vol. 13, No. 12



December 15, 1941 A N A L Y T I C A L  E D I T I O N 881

summarized in Table II. As expected, the basal breads 
yielded higher values when subjected to the procedure of 
direct acid hydrolysis. Approximately 85 per cent of the 
added nicotinic acid was recovered by this method, which in
volves solution rather than extraction of the sample. When 
the tests were conducted on the aqueous extracts, smaller 
values were obtained, but the recovery of the added nicotinic 
acid was the same as that noted in the initial tests. This 
agreement is good evidence of the complete .removal of 
nicotinic acid by the preliminary aqueous extraction proce
dure. The low recoveries of the added nicotinic acid (85 per 
cent) noted in testing the enriched breads are not due to errors 
in either method, since direct additions of nicotinic acid to 
air-dried bread samples are followed by complete recoveries. 
The smaller values obtained by the modified method appear 
to be due to improvement in the specificity of the procedure for 
nicotinic acid in plant products.

Reproducibility tests using the modified method were con
ducted with the fourteen flours listed in Table I and with ten 
ordinary and enriched breads. These have indicated that, on 
the average, duplicate values agree to within =>=3 per cent of 
the mean, the maximal difference being =»=7 per cent of the 
mean.

T a b l e  II. C o m p l e t e n e s s  o f  A q u e o u s  E x t r a c t i o n  o f  
N i c o t i n i c  A c id  f r o m  E n r i c h e d  B r e a d

D irect H ydrolysis H ydrolysis of Concen-
of Sample tra te d  Aqueous E x trac t

' Incre R e * Incre R e
Sample Found m ent covered Found m ent covered“

M o-/lb. M o./lb. % M o./lb . M o./lb . %
B asal bread  A 7 .9 ,. 5 .7
E nriched  bread& 16.3 8 .4 83 14.5 8 .8 87
Basal bread  B 7 .8 5 .8
Enriched b read 0 16.5 8 .6 84 14.9 9 .1 88

° Recoveries expressed as per cent of added nicotinic acid. 
b Increm ent expected, 10.12 mg. of nicotinic acid per pound (assuming no 

loss in baking).
c Increm ent expected, 10.35 mg.

Sp ecific ity  for N ic o tin ic  Acid

This chemical reaction with cyanogen bromide and aniline 
is not specific for nicotinic acid alone but for the pyridine ring 
with the alpha position unsubstituted {14). The method as 
originally published by Melnick and Field {8) has received 
much study in the University of Wisconsin laboratory, where 
it gave good agreement with the black-tongue assay on dogs 
in the case of animal and yeast products. For this reason the 
simpler and less time-consuming procedure of direct acid 
hydrolysis is used in analyses of such products. The earlier 
papers {6, 8) indicate what quantity of the test materials may 
be taken for testing and how much charcoal should be used for 
the decolorization. Other points are discussed, such as the 
stability of the reagents, thé necessity for using acid in prefer
ence to alkaline hydrolysis, the validity of the method of 
calculation, and the necessity for carrying out the two inde
pendent blank corrections. The much higher values obtained 
when testing products of plant origin {14) can be attributed to 
the widespread occurrence of pyridine compounds in plant 
materials. The animal organism does not synthesize pyridine 
compounds but has a marked ability to destroy and excrete 
such compounds, regardless of how they are administered {10).

The values obtained in the present study agree very well 
with those found by Snell and Wright {12) using their micro
biological assay for nicotinic acid (Table III). The fact that 
two totally unrelated methods, one involving a chemical 
reaction, the other the growth and metabolism of bacteria, 
yield essentially the same values, is highly presumptive that

T a b l e  III. A g r e e m e n t  b e t w e e n  C h e m ic a l  a n d  M ic r o 
b io l o g ic a l  M e t h o d s

N icotinic Acid C onten t 

M aterial Chem ical assay M icrobiological assay“
M0. % Mg. %

W hole-wheat flour 5 .2 -6 .5  4 .5 -7 .0
P a te n t flour 1 .3 -1 .9  1 .0 -2 .0

“ M ethod of Snell and W right (persona .‘com m unication).

both procedures measure the same substance, and that both 
methods are specific for nicotinic acid in these products. 
More recently at the University of Wisconsin biological assay 
of whole-wheat flour with dogs has indicated a value of 5.4 mg. 
per cent {18), in good agreement with the values listed in 
Table III.

Some of the published chemical methods may yield lower 
values than those recorded in the present paper, notwith
standing their good reproducibility and good recoveries of 
added nicotinic acid. However, it can be readily shown that 
in such cases the smaller values are not due to greater speci
ficity for nicotinic acid but to errors inherent in the methods.

Data obtained for nicotinic acid in flour and bread by a 
chemical procedure which does not involve preliminary 
hydrolysis are unreliable. Nicotinic acid exists in nature 
almost entirely as free and combined nicotinamide {4) and in 
such forms reacts in variable degrees with the reagents to 
give colors of much smaller intensity than would be expected 
for an equivalent amount of free nicotinic acid {4, 8). Ac
cordingly, total nicotinic acid in enriched bread and flour 
cannot be evaluated under such circumstances. Only 
through hydrolysis to the free nicotinic acid stage can all these 
related compounds be converted to a common denominator 
and thus be capable of chemical estimation.

Improper evaluation of the blank value (residual color of 
the test solution) can also yield erroneous—i. e., smaller—  
values. The blank described by Bandier {2) for making this 
correction involves the addition of all reagents except the 
aromatic base to an aliquot of the test solution. However, 
since cyanogen bromide reacts to give the same color to an 
appreciable extent with nicotinic acid even in the absence of 
the base, false low results are obtained. It was found in tests 
with pure solutions containing 3 to 50 micrograms of nicotinic 
acid, that the yellow color developed without aniline is 
equivalent to 33 to 20 per cent, respectively, of that obtained 
when the base is included.

In other methods {1, 8, 5, 6) the cyanogen bromide reagent 
is omitted but the aromatic amine included in the blank test. 
The base was observed to react directly with substances in the 
hydrolyzates to yield colors indistinguishable from that of the 
reacted nicotinic acid. Though this observation was con
firmed, it has been shown that in the presence of cyanogen 
bromide these interfering side reactions do not occur {9). 
Thus, inclusion of the base in the blank test will give too high 
a value for the blank correction with an associated decrease in 
the calculated nicotinic acid content. In the earlier study 
{9) which established this point, a wide variety of test ma
terials ivas investigated, but flours and breads were not in
cluded. It was of interest, therefore, to conduct comparable 
studies on these products, especially since the present proce
dure includes the use of the concentrated aqueous extract 
rather than the whole test material for the hydrolysis.

In Table IV representative data are presented. For con
venience the procedure already reported (<?) for making the 
blank correction is referred to as the “dilution blank” while 
the other, which includes the addition of the aromatic amine, 
is called the “aniline blank”. (In the latter case, 6 cc. of



882 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 13, No. 12

T a b u :  IV. E f f e c t  o f  A n i l i n e  i n  B l a n k  i n  N i c o t i n i c  A c id  D e t e r m i n a t i o n

(Indication of Specificity)
P hotom etric D ensity  

(2 -  log O)

T est
w ith N icotinic Acid

T est

Sample
(2.000

Grams)
Tim e of 

Reading0
D ilution

blank
Aniline
blank

cyanogen
brom ide

and
aniline

Using 
dilution 

blank 
Mg. %

Using
aniline
blank
Mo. %

A W heat germ& 5 min. 
IS hours 
48 hours

0 .058
0.051
0.050

0.119
0.248
0.310

0.211
0.105
0.066

6 .3 3 .S

B W hole-wheat 
flour C

5 min. 
18 hours 
48 hours

0.048
0.051
0.056

0.16S
0.420
0.538

0.475
0.168
0.061

5 .9 4 .2

C P a te n t flour I 5 min. 
18 hours 
48 hours

0.071
0.071
0.071

0 . 1S1
0.420
0.545

0.174
0.100
0.070

1 .4 0 .0

D Bread from ordi
nary  p a ten t 
flour

5 min. 
18 hours 
48 hours

0 .046
0.060
0.051

0.155
0.409
0.553

0.194
0.094
0.056

2.1 0 .6

Micrograms
E 10 microgram s of 

nicotinic acid
5 min. 

18 hours 
48 hours

0.000
0.000
0.000

0.000
0.000
0.000

0.323
0.066
0.000

10 10

° R eaction between nicotinic acid and reagents reaches maxim um  in 5 m inutes.
& Solution from th is sam ple was dilu ted  1 to 3 (1 +  2) for colorimetric tests. All readings 

were m ade on 1/10 aliquots of final te st solutions.

0.03 M  orthophosplioric acid, in addition to the aniline, were 
added in place of the buffer to 3 cc. of the test solution in order 
to simulate test conditions with respect to pH and titratable 
acidity.)

The data in Table IV indicate that the initial blank value 
(read after 5 minutes) for the solution containing aniline is in 
every case greater than that obtained following simple dilu
tion to volume with the buffer. For this reason the nicotinic 
acid values show a marked discrepancy between the two series, 
depending upon which blank value is used in the calculations. 
In every case smaller values are obtained when the aniline 
blank is used.

When solutions tested for nicotinic acid are allowed to 
stand, there is a fading of the yellow pigment (test E, Table 
IV). The dilution blanks remain constant. However, the 
aniline blanks progressively increase in color intensity, so 
that at the end of 48 hours they are exceedingly large and bear 
no possible relationship to the solutions tested with the 
reagents. (Use of p-aminoacetophenone in an equivalent 
amount gave the same results.) What is especially pertinent 
is that in these latter tests the same solutions were used with 
the same amount of aniline. Apparently, the cyanogen bro
mide added in order to test for the nicotinic acid inhibited the 
aniline side reactions. Only by carrying out an independent 
blank determination of the residual color subsequent to de- 
colorization, in addition to that on the reagents, can the color 
due to reacted nicotinic acid be evaluated.

Study of the rate of fading of the reacted nicotinic acid 
yields further evidence of the specificity of the present method 
for nicotinic acid in flour and bread. In tests with pure solu
tions of nicotinic acid (E, Table IV) the color produced 
reaches a maximum in 5 minutes, is stable for the next 5 to 10 
minutes, and then slowly fades. Within 18 hours after the 
initiation of the reaction SO per cent of the original color is 
lost and within 48 hours it completely disappears. The same 
rate of development and fading of color was observed in test
ing each of the materials described in this paper. At the end 
of 48 hours, the residual color in each test solution was 
practically the same as that for the dilution blank, indicative 
of complete fading of the color produced by the chemical 
reaction. This parallelism in the course of the reaction and in

reaction velocities further supports the view 
that the material measured by the chemical 
method is actually nicotinic acid.

F a te  o f  N ic o tin ic  A cid  d u rin g  Fer
m e n ta t io n  o f  D o u g h  an d  B a k in g  o f  

Bread
Using the chemical method described in this 

paper, analyses were conducted on aliquots of 
mixed bread ingredients prior to the addition of 
water and on the final baked loaves. Twro 
methods of enrichment were used in these tests: 
the use of flour containing added nicotinic acid; 
and the use of ordinary flour, the extra nicotinic 
acid being supplied by a high-vitamin yeast. 
The values obtained are presented in Table V. 
From 83 to 99 per cent of the total nicotinic 
acid present in the bread ingredients was re
covered on analysis of the air-dried bread 
samples. This small loss in nicotinic acid dur
ing the fermentation of the doughs and the 
baking of the breads is in keeping with the 
known stability of this vitamin to oxidation (11) 
and heating, even in the presence of strong acid 
or alkali (10).

  S u m m a ry
The Melnick-Field method for the chemical 

determination of nicotinic acid has been adapted for use in 
testing flour and bread. The completion of the preliminary 
aqueous extraction, reproducibility of results, recovery of added 
nicotinic acid, and specificity of the method for nicotinic acid 
in such products have been found to be highly satisfactory.

Whole-w'heat flour contains from 5.2 to 6.5 mg. of nicotinic 
acid per cent; patent flour from 1.3 to 1.9 mg. per cent. The 
more flour is refined, the lower is its nicotinic acid content. 
During the fermentation of dough and baking of bread only 
small losses of nicotinic acid occur.

A ck n o w led g m en t .

The authors are indebted to Harry A. Waisman of the 
University of Wisconsin for suggesting the use of the aqueous 
extraction in analyzing plant products for nicotinic acid, and 
to W. A. Lohman, Jr., General Mills, Inc., New York, N. Y.,

T a b l e  V. F a t e  o f  N i c o t in ic  A c id  d u r in g  F e r m e n t a t io n  o f  
D o u g h  a n d  B a k in g  o f  B r e a d

Nico
tin ic
Acid T o tal N icotinic Acid V al

M eans of Incre
Sample E nrichm ent m ent Expected Found Rccovi

M g./lb.
bread M g./lb . bread %

A -l, w hite bread N one 0 .0 6 . 1° 5 .7 93
A-2, w hite bread Nicotinic acid

added to flour 10.12 16.22 14.5 89

B -l, w hite bread N one 0 .0 6 .4° 5 .8 91
B-2, w hite bread N icotinic acid

added to  flour 10.35 10.75 14.9 89

O l ,  w hite bread None 0 .0 7 .0° 6 .4 92
C-2, w hite bread H igh-vitam in

yeast 9 .7 10.7 14.7 8S
C-3, w hite bread H igh-vitam in

yeast 9 .7 16.7 13.9 83
C-4, w hite bread H igh-vitam in

yeast 6 .0 13.0 12.2 94
C-5, w hite bread H igh-vitam in

yeast 4 .1 11.1 10.8 97

D -l, whole-wheat
bread None 0 .0 19.7° 19.4 99

° Based on analyses of bread  ingredients prior to  addition of water.
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and R. S. Swanson and H. S. Cullens, Thomas Baking Co., 
Long Island City, N. Y., for kindly supplying the flours used 
in this study.
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Sam pling o f Im ported W ool for the 
D eterm ination o f Clean W ool Content

I I .  J .  W O L L N E R , U . S . T r e a s u r y  D e p a r tm e n t ,  W a s h in g to n ,  D . C ., AND 

L O U IS  T A N N E R , U . S . C u s to m s  L a b o ra to ry ,  B o s to n ,  M a ss .

RAW wool is a composite of wool fiber, grease, suint, ex
.  creta, dirt, sand, clay, vegetable matter, moisture, and 

occasionally paint. Its content of clean wool varies from 20 
to 80 per cent, averaging around 50 per cent. In this condi
tion it is marketed in bales or bags ranging in weight from 90 
to 540 kg. (200 to 1200 pounds).

Commercially, the determination of “shrinkage”, or its op
posite, the percentage of clean wool content, of a lot of raw 
wool is based upon visual examination by specialists, an ad
mittedly unsatisfactory procedure. When differences be
tween the opinions of specialists exist, settlement tests are 
often made by scouring from 5 to 25 per cent of the bales in 
controversy. Sometimes one o r . more “representative” 
fleeces are drawn for test.

The accurate determination of the wool content of a lot of 
raw wool is of great importance to the textile industry, wool 
growers, the Government, and others. No completely satis
factory laboratory method has hitherto been developed, pri
marily because of the lack of a practical 
procedure for obtaining a representative 
sample. Several factors have contributed 
to this, most important being the nonuni
form character of the material. The im
purities are not uniformly distributed over 
a fleece, very wide variations from portion 
to portion being common. Furthermore, the 
percentage of “clean wool” content of the 
individual fleeces in a package varies more 
or less widely, and this is also true of the 
different packages in a lot. The second 
major difficulty is the practical one of remov
ing portions of wool from heavy, bulky, 

n^Bhtlv compressed bales or bags under con
gested conditions where the time element is 
of the utmost importance.

Some experimental work on the sampling 
of ravv w'ool has been done by various in
vestigators. Jones and Lush (3) studied 
the representativeness of a sample composed 
of 10 per cent of the fleeces, drawn at fixed 
numerical intervals at the time of shearing.
Wilson (7) composited small handfuls taken 
from random locations in each fleece.

Spencer, Hardy, and Brandon (6) compared the shrinkage of 
specific areas of fleeces with that of the entire fleeces. The 
Bureau of Agricultural Economics of the U. S. Department 
of Agriculture is conducting investigations along similar 
lines.

The present investigation was undertaken to determine the 
possibility of obtaining small samples of known and con
trolled levels of accuracy by the application of well-knowrn 
and accepted principles of statistics.

T h eoretica l
R a n d o m  S a m p l e s  f r o m  H o m o g e n e o u s  L o t s . The mean of 

the observed values of a given quality of a number of units or 
small portions taken at random from a large homogeneous lot of 
merchandise is, in general, closer to the true average value of the 
quality for the entire lot than is any single observed value. The 
greater the number of such observations and the lesser the degree 
of nonuniformity among the observed values, the closer will the 
mean of the observations be to the true value for the lot. This
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can be expressed by the following closely a,_r__
ship, which is based upon the theory of probability

E  = t <r' 
■\/n

relation-

(1)

where E  is the sampling error, n is the number of random portions 
tested, and t is the probability factor. The value chosen for this 
factor determines the theoretical probability that the mean of the 
test values will not differ from the true value for the lot by more 
than the sampling error, E. Several such factors for various 
probabilities follow:

P robability t
0 .50 0.675
0.60 0.842
0 .7 0 1.036
0 .80 1.282
0.90 1.645
0 .95 1.960
0.99 2.576

a' is the universe standard deviation for all merchandise similar 
to the lot being sampled. The standard deviation, a, of a set of 
observations is a measure of the degree of uniformity of the obser
vations, and its value is the square root of the average of the 
squares of the deviations, d, of the observations from their mean,

a' may be estimated from the average standardVSd»

deviation of previous determinations or from a single sample when 
n is large (/, £).

Equation 1 may be used also to determine the number of test 
portions, n, of which a sample must consist in order that the 
sampling error, E, shall not exceed a specified value for a given 
level of probability, provided the universe standard deviation, 
<r', for the lot is known or can be estimated.

By the use of Figures I, II, and III, B orn  may be obtained di
rectly.

R e p r e s e n t a t i v e  S a m p l e s  f r o m  S t r a t if i e d  L o t s . A lot 
which is not homogeneous but is composed, instead, of a number 
of sublots having different mean values of the quality under con
sideration, or different universe standard deviations, or both, is 
known as a stratified lot. A “representative” sample is one 
drawn from a stratified lot in such a manner that each sublot is 
represented by a proportionate number of test portions taken at 
random from within the sublot.

When the universe standard deviations within the sublots are 
equal—i. e., arii =  crLx =  . . .  . <ri—it can be shown (4) that for 
representative samples of n portions the sampling error, E, de
pends only upon the variability within a sublot, o-J, and not upon 
differences between the mean values of the sublots or upon the 
proportions of the sublots in the entire lot. Equation 1 applies, 
using for a' the universe standard deviation within a sublot.

From Equation 1 it is obvious that, given the limit of per
missible sampling error, E, for a specified ’probability, the 
number of random test portions, n, to be taken from a lot of 
material to constitute a sample thereof can be calculated, 
provided the universe standard deviation, tr', is known. 
This is practically never the case in actual practice, but a rea
sonably close value can be selected when sufficient previous 
determinations of standard deviation have been made on ran
dom samples from similar material. Any serious change of 
practice on the part of the producer, or variation in the nature 
of the material, or difference in the sampling procedure, is re
flected in the changed level of the standard deviations of sub
sequent samples, so that necessary revision of the selected 
value of a' can be made. Whatever the selected value may 
be, statistical procedure provides a method whereby the 
sampling error at any level of probability may be reliably es
timated from the actual data obtained by testing the samples.

The choice of particular values for the probability and the 
allowable sampling error is a matter for judgment and de
pends upon many factors, such as the use to be made of the 
test results, the cost of sampling and testing, etc. A prob
ability of 95 per cent, or chances of 95 in 100, is often used. 
For the sampling of lots of imported greasy wool for the de
termination of wool content a maximum sampling error of 
0.5 per cent of wool content, with a probability of 95 in 100, 
is satisfactory for most purposes.

Experimental
N a t u r e  o f  W o o l  I n v e s t i g a t e d . The initial phase of 

this investigation was limited to Australian and South Ameri-
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can wools, each of which 
represents a major type 
of imported raw apparel 
wool, in so far as methods 
of preparation and pack
aging are concerned. The 
former type includes wool 
not only from Australia, 
but also from New Zealand 
and South Africa; the 
latter type includes wool 
from both Argentina and 
Uruguay. Bales of Au
stralian type wool contain 
about forty graded fleeces 
from which the inferior 
portions and the grosser 
impurities have been re
m oved. T h e a v er a g e  
weight is about 135 kg.
(300 pounds), and average 
dimensions about 90 X 
75 X 75 cm. (36 X 30 
X 30 i n c h e s ) .  So ut h  
American bales are larger; 
they weigh about 450 kg. (1000 pounds) and measure 
approximately 150 X 90 X 75 cm. (60 X 36 X 30 inches). 
They are more tightly compressed than are bales of Australian 
wool and the fleeces are not, as a rule, so carefully prepared 
and graded. The outstanding characteristic of both these 
types of imported wool is the relative uniformity, as com
pared with domestic wool, of the contents of each package, 
reflective of the greater care with which the foreign fleeces 
are graded and prepared for packing. This higher degree 
of uniformity aids greatly the development of a practicable 
method for sampling imported wool.

Lots of Australian and South American greasy apparel 
wool, as imported, are usually composed of a number of sub
lots of one or more bales. It is generally accepted that all 
the bales in a sublot contain wool similar in character, quality, 
and grade, have the same level of percentage clean content, 
and have been produced, treated, and packed in substantially 
the same manner. Such sublots, therefore, are the “uni
verses” to which the universe standard deviation, a', of 
Equation 1 applies.

M e t h o d  o f  S a m p l i n g  U s e d . The experimental work was 
directed toward the determination of the possibilities of rep
resentative sampling of imported greasy apparel wool.

An equal number of cores (one or more) were taken from each 
bale by means of specially designed equipment, consisting essen
tially of a hand-operated, motor-driven, revolving tube provided 
with easily replaceable cutting edges. The locations of the bor
ings in any bale were chosen at random, limited by the presence 
of baling bands or metal closure devices. Practical considerations 
led to the adoption of 5 cm. (2 inches) as the most suitable diame
ter for the tube. The maximum feasible depth of penetration 
was 40 cm. (16 inches); usually, however, a depth of 20 to 25 cm. 
(8 t ’̂ JO inches), yielding a core weighing 100 to 150 grams, was 
founcl^satisfactory. Contamination of the sample with burlap 
was avk;.led by cutting a V-shaped slit in the bale covering and 
raising the flap before boring. Each core was immediately put 
into a labeled waxed paper bag which was kept in a moisture- 
proof drum container until weighed.

L a b o r a t o r y  P r o c e d u r e  i n  D e t e r m in a t io n  o f  C l e a n  C o n 
t e n t . The weighed cores, in labeled cotton net bags of fine 
mesh, were degreased with a volatile solvent, then fluffed by 
hand. In this condition the wool, still in the cotton bags, was 
horoughly washed by suspension in warm dilute soap solutions 

and passage between the rolls of a wringer. During this process 
the bulk of the vegetable impurities was carefully removed by 
hand. The wool w’as then rinsed, hydroextracted, and dried to 
constant weight at 105-110° C . in electric conditioning ovens.

Total extractives and ash in the dried wool were determined on 
test portions. Remaining vegetable matter was determined by 
picking it out by hand or by comparing with prepared standards. 
All percentages of clean wool content were computed to the same 
content of moisture, extractives, and ash in the final product.
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T a b l e  I .  R e p r e s e n t a t i v e  V a l u e s

No. of Clean
Average 
W eight 

per Core

No. of 
T est S tandard

Origin Bales C onten t Portions, n D eviation,

Australia 4
%

48.6
Grams

96 40 2.1
3 56 .0 112 54 1.9
1 60.2 124 18 1.6
1 01 .0 130 16 1.1
1 62.4 n o 16 1.9
1 67.0 93 IS 1.9
1 68.6 128 18 1.2
1 71.3 117 18 1.8

8outh  Africa 5 54.2 145 30 2 .2
Argentina 1 48.1 211 20 2 .3

1 50.4 200 20 2 .8
1 46.8 210 20 2 .4
1 48.5 218 20 1.8

Uruguay 1 57.4 162 15 1.7

S t a t i s t i c a l  C h a r a c t e r i s t i c s  o p  I m p o r t e d  W o o l . Form 
of Distribution. The probabilities associated with Equation 
1 are based upon the so-called normal distribution of the 
means of samples about the true average. The distribution 
of means of samples is approximately normal no matter what 
the original distribution of the individual observations (5); 
however, the more nearly “normally” these observations are 
distributed, the more exact is the relationship.

Figure IV is typical of the distribution of the observations 
of percentage clean content in individual bales of Australian 
wool. Figure V shows the distribution for a large lot of such 
wool. The theoretical “normal” curves corresponding to the 
experimental data are shown for comparison.

Standard Deviation. Table I shows some representative 
values of standard deviation found for samples from single 
bales and from sublots of Australian and South American 
types of greasy apparel wool drawn with the equipment and 
in the manner described above. The average value for the 
standard deviation of the Australian wool samples was about

.
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1.7, while that for the Argentine samples was about 2.3. 
For both types of wool the individual standard deviations ob
served for the samples (a majority comprising 15 to 20 test 
portions) covered a range of 1.0.

Among the factors that contribute to the variations in a for 
samples of each type of wool is nonuniformity in the weight 
of the individual cores. The standard deviation may be ex
pected to decrease if the weight of the test portions is in
creased, because the observed value of the percentage clean 
content of each core is in itself of the nature of an average. 
From the data available it appears that variations in the in
dividual core weights not exceeding 25 per cent of the average 
have relatively little effect upon the value of tr. However, 
since it is probable that greater variations may produce sig
nificant effects, it would be necessary to specify the weight of 
cores and the limits of permissible variation in any standard 
wool sampling method based upon the statistical approach.

E x p e r i m e n t a l  V e r i f i c a t i o n . The applicability of rep
resentative sampling to imported wool by the procedure out
lined above was studied experimentally by sampling and test
ing a number of lots of such wool. In these tests information 
was sought on reproducibility and accuracy. The distinction 
between precision and accuracy is well known. The former 
is a measure of the reproducibility of the results; it may or 
may not be reflective of the accuracy, depending upon the 
adequacy of the test methods and the homogeneity of the 
material with respect to the particular method of sampling 
used. The ultimate proof of the accuracy of a sample is a 
comparison of the results found by testing the sample and 
then by testing the entire quantity of material.

Table II shows the results of tests of triplicate representa
tive samples from each of three lots of imported greasy wool. 
Table III compares the percentage clean content of represen
tative samples from each of ten lots of wool with the actual 
clean content found by carefully controlled scouring and car
bonizing tests in a commercial scouring plant. Strict control 
of the commercial tests was essential if the comparison was 
to be significant, since it was found that precisions of the order 
desired were not normally obtained in ordinary practice. 
As a result of the special precautions taken, the commercially 
determined percentage clean contents have a precision of the 
order of ± 0 .5  per cent of clean content.

For a probability of 95 per cent, assuming a universe stand
ard deviation, a', of 2.0 the anticipated maximum sampling 
errors, E, for samples of size n =  103, 89, and 129 are ±0.39, 
±0.42, and ±0.35 per cent, respectively, or ranges of 0.8, 
0.8, and 0.7 per cent. Reference to Table II shows that the 
test results are well within the computed ranges.

The agreement found between the percentage clean con
tents of the samples and the entire lots (Table III) is consid
ered very good, particularly in view of the fact that the com
mercially determined values are not absolute, their precision

T a b l e  II. T e s t s  o n  T r i p l i c a t e  S a m p le s  o p  I m p o r t e d  W o o l
Average W eight

Sample per Core No. of Cores C lean C onten t
Grams %

From  103-Bale L o t of A ustralian  Wool
1 99 103 55.4
2 103 103 55 .2
3 104 103 55 .6

From  89-Bale L o t of A ustralian  Wool
1 75 89 56 .4
2 74 89 55 .9
3 76 89 56 .4

From  129-Bale L o t of Cape M erino Wool
1 105 129 50 .9
2 106 129 50 .7
3 101 129 50 .9
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T a b l e  III. C o m p a r i s o n  o f  P e r c e n t a g e  C l e a n  C o n t e n t  o f  S a m p le s  w i t h
T h a t  o f  E n t ir e  L o t s

No.
No. of 
Cores Average 

W eight 
per Core

C lean C ontent
L ot Origin 

and  T ype
of W eight in E n tire Differ

No. Bales of L o t Sample Sample lo t ence
Pounds Grams % % %

1 B. A. 5’a 5 4789 50 244 67.1 07 .0 - 0 . 5
2 B. A. C otta 5 4824 75 194 71.3 71.7 - 0 . 4
3 Aua. m erino 17 4917 102 97 54.7 55 .5 - 0 .8
4 Cape, pulled 16 4806 111 102 61.0 60 .0 1.0
5 B. A. 68-00’s 5 4856 50 215 51 .0 51 .5 0.1
0 Greasy C hubut 7 5509 70 217 41 .5 41.1 0 .4
7 B. A. lambs 6 4709 100 237 69.7 70 .5 - 0 .8
8 B. A. 2nd clip 5 4805 50 234 63.1 64.3 - 1.2
0 M . V. 58-60's 5 4752 50 196 57.9 67 .7 0 .2

10 M. V. 60- 04 'b 5 4980 50 202

M ean

58.1

59.60

58 .0

69.79

0.1

0 .55

content. The work of laboratory testing may 
thus be greatly facilitated and reduced.

T a b l e  IV. U n i f o r m it y  o f  W o o l  i n  B a l e

No. of Average Clean S tandard
W eight Fleeces C onten t D eviation

Lbs. % %
M iddle half 117 15 60.1 3 .5
O uter half 114 15 59.7 4 .1

being no better than ±0.5 per cent of clean content. Par
ticularly significant is the fact that the means of the sample 
results and of the mill results are in practical agreement (dif
ference less than 0.2 per cent). It indicates that in these 
tests the sampling method was free of significant constant 
errors and therefore suitable for obtaining representative 
samples for the determination of the clean content of the lots 
of wool.

D iscu ssio n
The success of the sampling method outlined is dependent 

upon truly random sampling within the bale. By taking 
cores, complete randomness is somewhat limited, because the 
boring always takes place from the surface of the bale to the 
interior, generally about one quarter of the depth. Ob
viously, if we define the exterior of the bale as that depth to 
which the tube penetrates, then if the interior of the bale were 
to have a constant different level of clean content than the 
exterior, the accuracy of the result would be affected. Such a 
condition did not exist in any of the bales tested in the course 
of this investigation. The results of the comparative tests 
on the ten lots of wool (Table III) give strong evidence that 
no significant constant difference existed between the ex
terior and interior of those bales.

Additional evidence of the comparative uniformity of the 
wool throughout a bale is afforded by the data obtained in 
another line of investigation of sampling methods. All the 
fleeces in a bale of Australian wool were removed individually 
and their respective clean contents determined. Those in 
the middle half of the bale were compared with the remainder. 
Table IV summarizes the results.

While uniformity in the statistical sense has been found to 
obtain in the past within bales of Australian and South Ameri
can apparel wools, there is no assurance that temporary local 

iim ditions affecting this uniformity may not occur, or that 
co&mercial practice may not change in the future. Ade
quate precautions must be taken to ascertain any changes in 
the statistical character of the material and, if present, suit
able modifications in sampling procedure must be introduced, 
as indicated in the suggested practice discussed below.

■When the universe standard deviation, a', for any type of 
wool has been established after sufficiently broad experience, 
and when statistical uniformity is known or judged to obtain, 
the individual cores need not be tested separately. Under 
such conditions all the cores may be composited into a single 
sample for the determination of the average percentage clean

S u g g e s t e d  P r a c t i c e  f o r  S a m p l in g  I m p o r t e d  
G r e a s y  A p p a r e l  W o o l .  1. E stab lish  th e  uni
verse s tan d ard  deviation , a ',  for single bales, o r for 
sublots of sim ilar bales hav ing  th e  sam e average 
clean con ten t, for each ty p e  of wool, by  dete rm in 
ing th e  s tan d ard  deviations of a  sufficient num ber 
of sam ples of 25 or m ore cores under th e  conditions 
of sam pling th a t  ob tain .

2. F rom  these d a ta  select represen ta tive  values 
of a ' for each ty p e  of wool. C onservative judgm en t 
m akes i t  advisable to  select approxim ately  th e  
highest values found.

3. Decide upon th e  lim it of perm issible sam 
pling error, E ,  and th e  p robability  factor, t, which

________  m eet th e  requirem ents of th e  use to  w hich th e  te s t
results a re  to be p u t. I t  should be borne in m ind 
th a t  sam ple size and , hence, sam pling  costs, rise 

rap id ly  w ith  lower lim its of perm issible sam pling error.
4. F rom  E q u atio n  1 or F igure I, I I ,  o r I I I ,  ascertain  th e  num ber 

of cores, n , to  be tak en  for a  sam ple. C onsider th is num ber as a  
m inim um .

5. I f  th e  lo t does n o t consist of bales of wool approxim ately  
equal in)weight, contain ing the  sam e kind  of wool o r ha ir (sheep, 
goat, camel, alpaca, e tc ,) from  th e  sam e co u n try  of origin, having 
th e  sam e general character (in fleeces, m atchings, etc .) and  in th e  
sam e general condition (greasy, scoured, sk irted , pulled, etc .), 
subdivide th e  sh ipm en t in to  “sam pling u n its” in each of w hich 
these conditions are m et. C onsider each such u n it as a  separate  
lo t for sam pling and tes tin g  purposes.

6. F rom  random  locations in  each bale in  a  sam pling u n it tak e  
an  equal num ber of cores 5 cm. (2 inches) in  d iam eter and  22.5 
cm. (9 inches) long; th e  to ta l num ber of cores should n o t be less 
th an  th e  calculated  num ber, n. F o r rou tine  te s ts  th e  cores m ay 
be com posited and  an  average percentage of clean co n ten t de te r
m ined thereon.

7. Periodically redeterm ine th e  universe s tan d ard  deviation , 
o ' ,  to  establish  i ts  constancy and  continued applicability . A t 
these tim es th e  relative un ifo rm ity  of th e  wool w ith in  th e  bales 
should be verified. T h is m ay  best be accom plished by tak in g  a 
second core, by  m eans of a  longer sam pling tube, from  th e  sam e 
borings m ade in  sam pling for verification of o ' .  T h e  m ean per
centages of clean con ten t and  th e  s tan d ard  deviations of such 
duplicate sam ples m ay  th en  be com pared for evidence of “ contro l” 
(I, 5 )—th a t  is, agreem ent w ithin th e  lim its of norm al varia tion .

The procedure outlined above should be followed if many 
routine sampling tests are to be made. As a guide for the 
occasional sampling of shipments of Australian or South 
American apparel greasy wool the data obtained in the ex
perimental work described in this paper may be used, pro
vided the sampling tool and procedure described above are 
employed. A value of 2.5 for the universe standard devia
tion, cr', which is about the highest value observed in these 
tests, is suggested. Under these conditions the sampling 
error of the average of 100 cores should not exceed 0.5 per 
cent of clean content, approximately 95 times in 100.
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Spectrographic Studies o f Coprecipitation
Fourth-Period Elements with Barium Sulfate, and Copper and Zinc 

with Lead Sulfate

L O U IS  W A L D B A U E R , F . W . R O L F , AND H . A . F R E D IA N I, S t a te  U n iv e rs i ty  o f  Io w a , Io w a  C ity , Io w a

T h e  cop rec ip ita tion  o f  iron , cob a lt, 
n ick e l, ch ro m iu m , an d  m a n g a n ese  w ith  
b ariu m  su lfa te  an d  copper and  z in c  w ith  
lead  su lfa te  w as s tu d ied  sp ectrograp h ica lly . 
All p recip ita tes o f  b a r iu m  su lfa te  w ere pre
pared by th e  m eth o d  o f  P opoff and  N eu m a n , 
w h ich  co n sists  o f  a d d itio n  o f  th e  su lfa te  
io n s  to  th e  so lu tio n  o f  th e  b ar iu m  io n s. 
I t  w as fo u n d  th a t  cob a lt and  n ick el do n o t  
co p recip ita te  w ith  b a r iu m  su lfa te , w hereas  
iron , m a n g a n ese , an d  ch ro m iu m  d o. Cop
per and  z in c  co p recip ita te  w ith  lead  su lfa te .

IN  QUANTITATIVE analysis it is of extreme importance 
that the precipitate used in the determination of any ele

ment or group be as pure as possible. In practically all cases, 
other ions are present in addition to the one being deter
mined. It is, therefore, of prime importance to know whether 
the elements or groups present will coprecipitate with the sub
stance being precipitated and to what extent the weight of 
the resulting precipitate will be affected.

Since the elements in the fourth period are frequently en
countered in the determination of sulfate as barium sulfate 
and since lead is commonly determined as the sulfate in 
brasses with both copper and zinc in solution, the problem 
deserves careful study.

Spectrographic methods as carried out by Popoff, Wald
bauer, and McCann (8) and Waldbauer and Gantz (11) were 
used in this study.

M aterials U sed
Water, sulfuric acid, and nitric acid were purified by distilla

tion. All water used in making solutions and in recrystallizations 
was redistilled from alkaline permanganate solution in an all- 
Pyrex still having a block tin condenser. Nitric acid and sulfuric 
acid were distilled in a Pyrex still. Upon examination in the 
spectrograph, the water and acids showed no trace of the ele
ments to be studied.

All salts were recrystallized from redistilled water to remove 
any impurities that were initially present.

Fifty per cent alcohol was prepared from commercial 95 per 
cent ethyl alcohol decanted from silver nitrate, and distilled from 
calcium hydroxide.

A sulfuric acid solution, made up from the distilled acid so that 
40 grams of solution were equivalent to approximately 0.8 
gram of barium sulfate, was used in all barium sulfate precipita
tions. This solution was standardized against Bureau of Stand
ards potassium acid phthalate (7). The barium chloride solution 
was made to contain 21 grams per liter.

When the presence of any of the cations was desired as an im
purity in the solution of barium chloride, solid chlorides of the 
metals were added instead of stock solutions, to eliminate any 
change, such as hydrolysis, which would make it difficult to deter
mine exactly the quantity of metal being added. In the case of 
iron, ferric ammonium chloride was used because it is a crystal- 
fine substance of definite composition, whereas ferric chloride 
tends to hydrolyze.

The lead, copper, and zinc standard solutions were prepared 
by dissolving spectrographically pure metals in distilled nitric 
acid. Ten milliliters of each solution contained a weight of other 
metal equivalent to 0.5 gram of lead sulfate.

All barium sulfate precipitates for spectrographic analysis were 
obtained by the method of Waldbauer and Gantz (11). Purified 
salts were used in the preparation of spectrographic standards, 
the range of which was 0.01 to 1 per cent of each cation. The 
spectrographic standards had the same barium sulfate and lead 
sulfate content as the precipitate under examination.

A pparatus
The apparatus for the preparation and study of precipitates is 

essentially that used by Popoff and Neuman (7) and Popoff, 
Waldbauer, and McCann (8). Platinum Gooch crucibles were 
used in the barium sulfate precipitations, while Jena glass 
crucibles were used in the study of lead sulfate precipitations in 
order that the precipitates studied gravimetrically could be used 
in the spectrographic study without the danger of contamination 
with asbestos. It was necessary to use asbestos in the case of 
barium sulfate, since no Jena crucibles suitable for use with 
barium sulfate were available.

The graphite electrodes were found to show a slight lead con
tamination. Line 2614.2 A. appeared when a photograph of the 
spectrum, emitted by the pure electrodes alone, was taken. This 
is one of de Gramont’s “raies ultimes" for lead (1). No traces 
of the other elements involved were found.

G eneral M eth od s o f  A nalysis
B a r it jm  S u l f a t e  P r e c i p it a t io n s . T w o  hundred fifty milli

liters of water were added to an acidified (3 to 4 ml. of 6 N  hydro
chloric acid) solution containing a 10-ml. excess of barium chloride 
and that amount of cation impurity equivalent to all the barium 
to be precipitated as the sulfate. The barium chloride solution 
was kept just below the boiling point by means of a hot plate 
while 40 grams of the standard sulfuric acid were added dropwise 
with constant stirring. The precipitates were digested for one 
hour at 65° C. on a constant-temperature air bath. The mother 
liquor was decanted, and the precipitate was washed with four 
15-ml. portions of water, and then washed into the crucible. The 
precipitates were heated for one hour at 800° C. •

For spectrographic determination, the electrodes and solutions 
were prepared as previously described (8). An equal number of 
drops of standard, or of solution to be analyzed, were placed in 
each electrode, and the electrodes dried in an oven for 8 hours at 
a temperature of 250° to 300° C. The high temperature is neces
sary to dry the electrodes completely, for they do not bum well 
when there is even a small quantity of sulfuric acid in the graphite.

L e a d  S u l f a t e  P r e c i p it a t io n s . Stock solutions o f  the ni
trates of lead, copper, and zinc were prepared. Equivalent por
tions of lead solution were then placed in each of four beakers. 
The first and third portions were analyzed for lead sulfate con
tent merely with the addition of 10 ml. of nitric acid followed by 
5 ml. of concentrated sulfuric acid. The second and fourth por
tions contained 10 ml. of the foreign metallic solution (either 
copper or zinc) added previous to the addition of the sulfuric 
acid.

The method of precipitation of lead sulfate was essentially the 
same as described for barium sulfate. The solutions containing 
the precipitates were evaporated on hot plates until all the nitric 
acid was removed. The beakers and contents were then cooled 
to room temperature, each watch glass was rinsed off into its re
spective beaker with 50 ml. of redistilled water, and the solution 
and precipitate were warmed gently for 5 minutes and then cooled 
for one hour in an ice bath. The precipitates were then filtered 
through the Jena crucibles, and washed with 100 ml. of 2 per cent 
sulfuric acid solution and then with 30 ml. of the 50 per cent alco
hol solution. Finally they were dried in the oven between 130° 
and 140° C. for 4 hours, weighed, replaced in the oven for one 
hour, and reweighed. In no analysis was it necessary to dry the 
precipitates more than three times for them to reach constant 
weight.

The procedure for spectrographic determination was essentially 
that of Nitchie (5) and Popoff, Waldbauer, and McCann (8). 
The visual analysis of the plates was made with a bifocal micro
scope (magnifying power of X7) using transmitted light reflected 
from a sheet of white paper.
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Lines Used
Copper 2961.18 and 2961.89 A. .
Zinc 3282.3, 3302.0. and 3345 A.
C obalt 2094 A.
Nickel 2410 A.
Iron 2598 A. -
M anganese 2570, 2593.7, and 2605.7 A. .
Chrom ium  2843.25, 2835.64, and 2830.47 A.

E xp erim en ta l R esu lts

Of the elements in the fourth period, titanium and va
nadium were not studied because of the inherent difficulties 
in their use, no scandium salts were available, and potassium 
(7) and calcium (If) had previously been studied.

The first procedure was to determine qualitatively whether 
or not the element in question did coprecipitate. The pre
cipitates of barium sulfate were prepared from barium chloride 
solutions containing amounts of barium chloride and impur
ity, each equivalent to 0.8 gram of barium sulfate. Lead sul
fate precipitates were prepared from solutions containing 
lead nitrate and impurity, each equivalent to 1.0 gram of lead 
Bulfate. Spectrograms were taken, and the presence of 
elements being studied was determined by the presence or 
absence of the most persistent lines. The absence of the 
lines of the element in question was considered as conclusive 
evidence that the element was not present only after careful 
check by recognized analytical procedures.

Cobalt and nickel were the first elements studied. Mellor 
(4) states that cobalt coprecipitates with barium sulfate, and 
Johnston and Adams {£) and Lange and Berger (S) report 
that nickel coprecipitates with barium sulfate. However, 
neither cobalt nor nickel could be found in the precipitates 
by spectrographic methods. When regular qualitative 
methods using organic reagents were used, no trace of either 
element could be found. The organic reagents used were: 
for cobalt, nitroso-beta-naphthol and for nickel, dimethyl- 
glyoxime (6).

C o n t a m in a t io n  o p  I r o n , M a n g a n e s e , a n d  
C h r o m iu m  i n  B a r iu m  S u l f a t e

E lem ent

T a b l e  I .

E lem ent

None

Iron

M anganese

Chrom ium

like manner iron, manganese, and chromium with 
im  sulfate and copper and zinc with lead sulfate were 

studied. Iron and manganese were found to be coprecipitated 
with barium sulfate. Because of the juxtaposition of other 
lines with the “rates ultimes” of chromium, the spectrographic 
study of the coprecipitation of this element was considered of 
little value. Indications, however, pointed strongly toward 
coprecipitation of chromium.

It was also found that copper and zinc were coprecipitated 
with lead sulfate. The gravimetric study, therefore, was de
voted to iron, manganese, chromium, copper, and zinc; the

Difference in B aS04 b;
B arium  Sulfate from Spectro

Calculated Found Theoretical graph
Gram Gram Mo. %

0.8236 0.8234 -  0 .2
0.8315 0.8317 +  0 .2
0.8015 0.8015 0 .0
0.7860 0.7861

Av.
+  0.1 
+  0.025

•*

0.8604 0.8512 -  9 .2 0 .75
0.8195 0.8096 -  9 .9 0 .75
0.8624 0.8521 - 1 0 . 3 0 .75
0.8128 0.8024

Av.
- 1 0 . 4
- 10.0

0 .75

0.8115 0.8099 -  1 .6 0.01
0.8165 0.8146 -  1 .9 0.01
0.8244 0.8220 -  2 .4 0.01
0.8567 0.8542

Av.
-  2 .5
-  2 .1

0.01

0.8859 0.8795 -  6 .4
0.8075 0.8008 -  6 .7
0.8050 0.7975 -  7 .5
0.7957 0.7868

Av.
-  8 .9
-  7 .4

••

quantitative spectrographic study was limited to iron, man
ganese, copper, and zinc for the reasons mentioned above.

Standards were prepared for the elements in question, and 
by comparison with these standards the approximate per cent 
of the element coprecipitated was determined. The results 
are recorded in Tables I and II.

D iscu ssio n
In the cases of iron, manganese, and chromium the weights 

of precipitates obtained were less than the theoretical, indi
cating that some phenomenon other than adsorption took 
place. This phenomenon may possibly be due to the forma
tion of complex ions containing iron, manganese, and chro
mium similar to those discussed by Recoura (9,10) in which 
iron and chromium are in the form of “ferrisulfuric acid” 
and “chromosulfuric acid”.

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

Pure Pb

C u present

Pure  Pb

Zn present

PbSO< 
Caled.° 
Gram

0.4106
0.4106
0.4106
0.4106
0.4106
0.2875
0.2875
0.2875
0.2875

PbS04
Found
Gram

0.4107
0.4107
0.4124
0.4120
0.4121
0.2876
0.2878
0.2888
0.2890

Dif
ference
from

Caled.
Mg.
0.1
0.1
1.8
1.4
1.5
0.1
0 .3
1.3
1 .5

Dif
ference
from

A ctual
Mo.

1 .7
1.3
1 .4

1. 1
1.3

Elem ent
in

PbS04
%

0 .4
0 .3
0 .3

0 .4
0 .4

° C alculated PbSC>4 value was determ ined electrolytically  by  depositing 
lead in  a  known weight of s tan d ard  lead n itra te  solution as PbO i on anode.

The data seem to indicate that zinc contamination of lead 
sulfate could be due to mixed crystal formation, since zinc 
sulfate and lead sulfate crystallize in the orthorhombic sys
tem. It does not seem probable, however, that copper con
tamination was due to mixed crystal formation, since the 
pentahydrate of cupric sulfate crystallizes in the triclinic sys
tem. It is more likely that adsorption, occlusion, or possibly 
postprecipitation occurred in these cases.

Conclusions
Iron, manganese, and chromium are coprecipitated with 

barium sulfate. Cobalt and nickel are not coprecipitated 
with barium sulfate. The data for iron, manganese, and 
chromium indicate the formation of complex ions containing 
these elements.

Copper and zinc are coprecipitated with lead sulfate. The 
data for zinc indicate the possibility of mixed crystal forma
tion, whereas the data for copper indicate the possibility of 
adsorption, occlusion, or postprecipitation.
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D eterm ination o f M ercury in 
O rganic Com pounds

An Iodometric Procedure Based upon the Method of Rupp

HENRY A. SLOVITER, WALLACE M. McNABR, AND E. C. WAGNER 
D e p a r tm e n t  o f  C h e m is try  a n d  C h e m ic a l  E n g in e e r in g , U n iv e rs i ty  o f  P e n n s y lv a n ia ,  P h i la d e lp h ia ,  P c n n a .

I N THE iodometric method of Rupp (20) mercury is pre
cipitated as metal by reduction of the double iodide with 

formaldehyde in alkaline solution, the liquid is acidified, and 
the mercury is dissolved in standard iodine solution, excess of 
which is finally titrated with thiosulfate. The procedure is 
less convenient than appears, because long shaking may be 
required to dissolve the globulated mercury in iodine solu
tion, and because the presence of minute particles of undis
solved mercury is hard to detect in the liquid strongly colored 
with iodine. Results are in general inaccurate: negative 
errors were reported by Kolthoff and Keijzer (14) and by 
Bruchhausen and Hanzlik (S), and persistently high results 
by Fenimore (7) and by Deal (4).

Low results due to incomplete reduction of mercury to the 
metallic state or to incomplete solution of the metal in iodine 
should be preventable (SI). In order to facilitate the dis
solution of mercury, by precipitating and keeping the metal 
in finely divided condition, various additions have been sug
gested—viz., ether and alcohol (1), calcium chloride (2), and 
gelatin (11), and Kolthoff (18) recommended precipitation by 
hydrogen peroxide added to the solution alkaline with barium 
hydroxide (IS). These devices were found to be either only 
partially effective or not conveniently applicable.

The high results generally obtained by Rupp’s method, 
hitherto unexplained, are probably due to reduction of iodine 
by formic acid (6) produced from formaldehyde by action of 
alkali and during the reduction of mercuric salt, and present 
in formalin. Kolthoff and Keijzer (14) reported that after 
heating formalin with alkali the acidified solution absorbed 
iodine, and attributed this result to formation of “a polymer 
or a condensation product of formalin”. A better interpreta
tion is that formic acid is produced by the Cannizzaro reaction 
and is the compound which combines iodine. The ability of 
formic acid to interfere was shown by the series of tests re
corded in Table I.

Twenty-five milliliters of 0.1 N  iodine were pipetted into an 
iodine flask and 5 ml. of 50 per cent acetic acid added. Formic 
acid (99 per cent) was introduced in the amount indicated in 
column 1, and the stoppered flask was allowed to stand in the 
dark for the period indicated, after which the solution was diluted 
and the iodine titrated with 0.1 N  sodium thiosulfate.

Table I shows that formic acid is not immediately oxidized 
by iodine under the conditions of analysis, but that continued 
contact leads to appreciable reaction. In Rupp’s method this 
interference would be operative during the more or less pro
longed shaking required to dissolve the mercury, and would 
be the cause of positive error.

T a b l e  I. 
Form ic Acid 

M l.

R e d u c t i o n ' o f  I o d i n e  b y  F o r m i c  A c id  
Tim e 0.1 N  NaiSiOi
M in . M l.

0 (blank)
1 
3 
3 
3

45
45
0

45
60

25.60 
25.20
25.60 
24.95 
24.80

Unsuccessful attempts were made to replace formaldehyde 
by a reducing agent such that neither the excess of reagent nor 
its oxidation product would introduce later complication. 
The substances tried were acetaldehyde, chloral hydrate, 
glucose, glycerol (22), and ethanolamine (19, 23). As no 
satisfactory agent was found, it became obvious that the metal 
must be isolated by filtration. When the liquid is acidified 
with acetic acid before filtration the mercury globulates to an 
extent which makes its rate of dissolution in iodine solution 
prohibitively slow. It had been expected that this difficulty 
could be overcome by use of bromine (from Koppeschaar’s 
bromide-bromate solution, 15) instead of iodine, but this was 
shown not to be the case under the conditions of analysis. It 
was found, however, that bromine is superior to iodine for the 
purpose, as its lighter color makes possible the easy detection 
of traces of undissolved mercury, and because under similar 
conditions it dissolves mercury more rapidly than does iodine 
(24). Filtration of the precipitated mercury from the still 
alkaline solution is not a uniformly satisfactory operation, 
as the metal is in part so finely divided that it creeps badly 
and may not be wholly retained on the filter. This remaining 
difficulty is avoided by precipitating with the finely divided 
mercury some basic magnesium carbonate, presence of which 
facilitates the operations of decantation and filtration and in 
no way interferes with completion of the analysis. In this 
manner the mercury is separated from all substances which 
might interfere, unless the sample contains some other metal 
readily reducible to the metallic state, a condition seldom en
countered. Removal of mercury by filtration "is advanta
geous also because dissolution of the metal by bromine can be 
effected in a restricted volume and hence without undue dilu
tion of the bromine.

Comparative trials of several reducing agents, especially 
formaldehyde and hydrazine (6, 12), led to selection of the 
latter as the reagent which most uniformly caused rapid and 
complete separation of mercury in satisfactory physical con
dition from alkaline solutions of the double iodide.

It was found that an immoderate excess of potassium io
dide may partially or wholly prevent reduction of potassium 
mercuric iodide to mercury in presence of the usual amount of 
alkali, but that this effect can be counteracted by addition 
of more alkali.

A solution of 0.1 gram of mercuric chloride in about 50 ml. of 
water, to which were added 3 ml. of concentrated sulfuric acid 
and several drops of Koppeschaar’s solution, to simulate the in
itial conditions of analysis, was treated with 15 ml. of 20 per cent 
potassium iodide solution (instead of the usual 5 ml.). The solu
tion was neutralized with 20 per cent sodium hydroxide and the 
usual excess of 5 ml. was added. Introduction of 15 ml. of 2 per 
cent hydrazine sulfate solution caused no precipitation of mer
cury. Addition of a second 5 ml. of the alkali produced a slight 
turbidity, and a third 5 ml. of alkali caused a heavy precipitation 
of mercury. After removal of the metal by filtration no mercury 
could be detected in the filtrate (sodium stannite test).

In the application of the entire procedure to the analysis 
of organic compounds, the samples are decomposed by heat
ing with potassium persulfate and concentrated sulfuric acid

8 9 0



(5) in an all-glass apparatus with air-cooled condenser. The 
sulfur dioxide finally present in the mixture may be sufficient 
to cause separation of mercurous sulfate or metallic mercury 
upon dilution, to prevent which enough Koppeschaar’s solu
tion is added to generate bromine in excess, assuring oxida
tion of sulfur dioxide and presence of mercury as soluble mer
curic salts. The effectiveness of a simple air-reflux (Figure 1) 
In preventing volatilization losses during decomposition of 
halogen-containing samples was tested by attaching a water 
trap to the upper end of the condenser. After normal de
compositions of chloromercuriphenol and of diacetoxymercuri- 
phenol mixed with sodium chloride no mercury could be de
tected in the trap, and the results for mercury were satis
factory.

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

Mercury can be precipitated from the alkaline solution of 
the double bromide (K2HgBr() by formaldehyde, an opera
tion which would permit a small economy with respect to po
tassium iodide. Tests presented in Table II showed this pro
cedure to be accurate enough for the purpose. It could not 
!; e employed in the method developed, becausq the con
centration of salts in the solution (after decomposition by 
persulfate and sulfuric acid) was sufficient to decrease the 
stability of the double bromide to such an extent that pre
cipitation of mercuric oxide by alkali could not be prevented 
by any reasonable excess of potassium bromide.

A 25-ml. aliquot of a solution of mercuric sulfate (from the 
pure metal), or a weighed sample of purified mercuric chloride in 
25 ml. of water, was treated with 10 ml. of 50 per cent potassium 
bromide solution in an iodine flask. The solution was neutral
ized with sodium hydroxide, and an excess of 5 ml. of 20 per cent 
sodium hydroxide solution was added. Mercury was precipi
tated by addition of 5 ml. of 18 per cent formalin followed by
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T a b l e  II. P r e c i p it a t io n  o f  M e r c u r y  f r o m  A l k a l i n e  S o l u 
t io n  o f  P o t a s s iu m  M e r c u r ib r o m id e  b y  F o r m a l d e h y d e

M ercury Taken M ercury Found E rro r
Mg. M q. Mo.
19.7 19.3 - 0 . 4
39.4 39.2 - 0 . 2
39.4 39 .2 - 0 . 2
50.5 50.8 +  0 .3
50.9 50 .5 - 0 . 4
89.2 89.3 + 0 .1
98.8 9S.1 - 0 . 7
98.8 98.0 - 0 . 8
98 .8 98.4 - 0 . 4
98 .8 98.5 - 0 . 3

warming. The metal so precipitated was bulky and somewhat 
granular in appearance. It was removed by filtration and de
termined by the procedure described below.

A pparatus
The 250-ml. flask (Figure 1) is in effect a lemon-shaped iodine 

flask, with a ground-glass seat for the air-condenser interchange
able with a ground-glass stopper. The flange above the mouth of 
the flask is provided with a lip for convenience in pouring. It is an 
advantage to have several flasks for each condenser. In the pro
cedure described the flask serves for decomposition of the sample 
and for precipitation of the mercury, solution of the metal oy 
bromine, and the final titration.

P rocedure
Weigh the sample (about 50 to 100 mg. of mercury) on a piece 

of cigaret paper or in other convenient manner and transfer to the 
flask. Introduce 0.5 gram of potassium persulfate, and from a 
Mohr pipet add 3 ml. of concentrated sulfuric acid in such a way 
as to wash into the flask any solid particles adherent to the neck. 
Attach the air-condenser and apply to the tip of the flask the 
flame of a “micro” burner. Heat gently at first until action sub
sides, and then heat more vigorously (in presence of chlorine the 
upper half of the condenser should not become hot; see note 6, 
Table III) until organic matter is completely destroyed and the 
mixture is colorless. This ordinarily requires 20 to 30 minutes. 
If after heating for some time it becomes obvious that decompo
sition is slow, allow the mixture to cool somewhat, add through 
the condenser a suspension of 0.5 gram of potassium persulfate 
in 1 ml. of concentrated sulfuric acid, and continue the digestion. 
When decomposition is complete allow the flask and its content* 
to cool. Through the condenser add Koppeschaar’s solution 
(2.8 grams of potassium bromate and 50 grams of potassium bro
mide per liter) until excess of bromine persists, llinse the con
denser with water and remove it. If the sample contains iodine 
some mercuric iodide may sublime into the neck of the flask and 
the lower part of the condenser. To remove it dip the end of the 
condenser into a little diluted potassium iodide solution, and 
pour this into the flask so as to dissolve any mercuric iodide in 
the neck of the flask. Wash down the surfaces with water and 
set the condenser aside. The volume at this point should be 
about 100 ml.

Introduce 5 ml. of 20 per cent potassium iodide solution, or 
suitably less if some potassium iodide was used previously. Add 
slowly 20 per cent sodium hydroxide solution until the liquid is 
alkaline (disappearance of color of iodine) and then 5 ml. in ex
cess. If the liquid becomes turbid owing to separation of mer
curic oxide, add 20 per cent potassium iodide solution in 1-mL 
portions until a clear solution results. While rotating the flask 
introduce in a slow stream 10 to 15 ml. of 2 per cent hydrazine 
sulfate solution, and agitate the mixture occasionally during 
about 10 minutes. Then add 10 ml. of 5 per cent sodium bicar
bonate solution and 5 ml. of 1 per cent magnesium sulfate (Mg- 
SOi.7HjO) solution, both with agitation o f the mixture. After 
about 5 minutes add 5 ml. more of the magnesium sulfate solu
tion, mLx well, and allow the flask to stand until the precipitate 
settles, leaving the supernatant liquid practically clear (10 to 15 
minutes).

Decant the solution through a retentive filter paper—e. g., 
Whatman No. 42, diameter 11 cm.—using a filter cone and light 
suction. The familiar device of tearing off a comer of the folded 
paper is not advisable here, as some mercury creeps into the notch. 
Retain in the flask the greater part of the precipitate, and wash 
three times with water by decantation. linally wash the filter 
three times with water, and transfer the paper and contained 
precipitate bodily to the flask. Wipe the flange and lip of the 
flask with a fragment of moistened filter paper, and add this to 
the contents of the flask.
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T a b l e  III. D e t e r m in a t io n  o f  M e r c u r y  i n  O r g a n ic

C om pound

D iacetoxym ercuriphenol (£7)

D iacetoxym ercuriphenol w ith 
50 mg. of N aCl

Diacctoxym ercuriphenol w ith 
50 mg. of K I

M ercury di-p-tolyl, E astm an  
No. 1448, H g calcd., 52.42%

M ercury di-p-tolyl w ith 100 
mg. of o-iodobenzoic acid

Chloromercuribenzoic 
E astm an  No. 1858

acid,

p-D im ethylam inophenylm er- 
curiaceta te  (26), m. p. 165°,
Hg calcd., 52.83%  

-C hlo  ' *

C o m p o u n d s

M ercury
M ercury M ethod of

Sample Found W hite
M g.a % %
99.95 64.51 64.54
99.97 64.58 64.73

100.07 64.54
100.10 64.85

Av. 64.62 64.64
100.02 64.50
100.70 64.88
100.60 64.64* (64.64)

Av. 64.67
99 .98 64.84

100.02 64.88 (64.64)
Av. 64.86

100.28 52.16
100.13 52.26
99.84 52.01

100.72 51.97 51.90
102.45 51.85 52.02
105.98 51.92
118.37 51.98

Av. 52.02 51.96
100.33 51.96
100.19 52.06

Av. 52.01 (51.96)
100.23 51.40 51.80«
100.43 51.50 51.93«

Av. 51.45 51.87«
100.82 53.07
99.98 53.24

Av. 53.16
100.84 60.75
110.15 61.14
100.16 61.25

Av. 61.05
100.43 79.32 79.35
99.96 79.08 79.40

Av. 79.20 79 .38
110.40 43.39
110.10 43.27

Av. 43.33
100.30 44.81
101.44 44.73

Av. 44.77

uorom ercuriphcnol (17), 
m. p. 152.5°, Hg calcd.,
60 .95%

M ercuric cyanide«*, H g calcd.,
79 .4%

M ercuric n -hepty l mercap- 
t id e a, m. p. 74-76°, Hg 
calcd., 43 .34%

M ercuric p-tolyl m ercap tide/, 
m. p. 159-161°, H g calcd.,
44 .91%
°  Samples weighed on semimicrobalance.
* In  this analysis a trap  containing w ater was a ttached  to  upper end of 

condenser and  decom position m ixture was heated so vigorously th a t  con
denser became hot th roughout its length. T his resulted in appearance of 
some m ercurous chloride in trap . To complete analysis the  trap  liquid was 
trea ted  with several drops each of K oppeschaar's solution and  sulfuric acid, 
and combined with decom position m ixture.

« M ercury p recip ita ted  os sulfide, dissolved in sodium  sulfide solution, and 
reprecip ita ted  by Volhard m ethod. R esults probably som ew hat high (5).

4 Decomposition effected in open flask (w ithout reflux) to  perm it escape 
of hydrogen cyanide, which otherwise appeared to  p reven t com plete reduc
tion of m ercury by hydrazine.

« Prepared from n-heptyl m ercaptan (E astm an  No. 2122) and mercuric 
cyanide, both  dissolved in alcohol. Recrystallized from alcohol.

/  P repared  from p-thiocresol and purified as above.

Introduce about 25 ml. of water, and then add from a pipet 25 
ml. of 0.1 N  Koppeschaar’s solution. While holding the flask 
quiet add rapidly 5 nil. of 6 N  sulfuric acid and at once insert the 
ground-glass stopper. Shake the flask vigorously until the filter 
paper is completely disintegrated and no dark particles of mercury 
are visible (about one minute). Immerse the flask in ice water to 
produce subnormal pressure within, and after a minute or two 
pour 10 ml. of 20 per cent potassium iodide solution into the gut
ter of the flask, and loosen the stopper slightly to allow the po
tassium iodide solution to pass into the flask. Shake the tightly 
stoppered flask to absorb in the liquid the vapors of bromine, then 
remove the stopper and rinse it and the mouth of the flask with 
water.

Titrate the iodine with 0.05 N  sodium thiosulfate solution 
standardized against potassium iodate (16). When the iodine 
color is faint stopper the flask and shake well, to dislodge traces of 
iodine adherent to the paper. Then add 3 ml. of 0.5 per cent 
solution of soluble starch and complete the titration. Deter
mine the effective strength of the bromide-bromate solution in a 
blank titration conducted exactly as described in the preceding 
paragraph, a filter paper being introduced to compensate any 
effect due to the filter paper present in the analysis (about 0.07 
cc. of 0.05 N  thiosulfate). Calculate the mercury present from 
the difference between the two titrations (1 ml. of 0.05 N  thiosul
fate represents 0.005015 gram of mercury).

A n a ly tica l R esu lts

The accuracy of the procedure described in the last four 
paragraphs—i. e., exclusive of the decomposition of organic 
material—was tested by determinations of mercury in mer

curic chloride purified by two recrystallizations from water. 
Using samples of about 0.1 gram the results were 73.83, 73.74, 
73.82, and 73.72 per cent, average 73.78 per cent. The calcu
lated value is 73.88 per cent.

Results obtained in the analyses of organic mercury com
pounds are presented in Table III. As some of the com
pounds examined contained other than the theoretical 
amounts of mercury, and in many cases the purity of organic 
mercury compounds may not be ascertainable except by 
analysis, the accuracy of the new procedure was tested by 
parallel analyses using an umpire method. The method of 
White (25) served for compounds containing no halogen, the 
mercury being titrated with potassium thiocyanate solution 
standardized against pure silver. The presence of halogen 
increases the likelihood of loss of mercury during the White 
decomposition, and excludes the thiocyanate titration, mak
ing necessary the determination of mercury as mercuric sul
fide, a procedure affected in this case by relatively large posi
tive errors (8, 18). That the method described is applicable 
to halogen-containing compounds was shown by the analysis 
of halogen-free organic compounds in presence of added so
dium chloride or potassium iodide. It is an advantage of 
Rupp’s method, and therefore of the new procedure, that the 
presence of halogen, and especially of iodine (10), introduces 
no obstruction. The method described was tested finally 
by independent trials made by an analyst previously un
familiar with it. The two sets of results, included in Table 
III, show no important differences.

The analysis requires about 3 hours for a single sample. 
If several decomposition flasks are available, a like number of 
analyses may be completed in little more time. The method 
is believed to be widely applicable, and it yields results con
siderably better than those obtainable by the Rupp procedure. 
The accuracy of the results appears to be satisfactory, and 
the variations among duplicates are not greater than is to be 
expected of a volumetric method in view of the high equiva
lent weight of mercury. It seems probable that good results 
need not be attributed to compensatory errors, but to ab
sence of irregularities in the individual operations of the 
analysis.

Work is now in progress on an analogous method for the 
determination of arsenic in organic compounds.

S u m m a ry
The high results obtained by Rupp’s iodometric method for 

determination of mercury are probably due to reduction of 
some iodine by formic acid produced from formaldehyde dur
ing precipitation of mercury or by Cannizzaro reaction in the 
initially alkaline liquid. Reducing agents other than formal
dehyde also interfere in some way with completion of the 
analysis by the Rupp procedure. It is therefore necessary 
to remove mercury by filtration before it is determined iodo- 
metrically.

Mercury can be precipitated similarly from alkaline solu
tion of the double bromide, but in presence of dissolved salts 
in quantity (following decomposition of organic samples) the 
double bromide becomes too unstable to prevent precipitation 
of mercuric oxide upon addition of alkali.

Mercury is precipitated in such physical condition as to 
be both filterable and rapidly dissolved by action of bromine 
by addition of hydrazine sulfate to the alkaline solution of 
the double iodide, and it is kept in this condition during the 
operations of filtration and washing by presence of some pre
cipitated basic magnesium carbonate.

Bromine (from Koppeschaar’s bromide-bromate solution) 
is preferable to iodine for re-solution of the separated mer
cury, as it acts more rapidly and avoids the visual difficulty in 
detecting minute particles of undissolved metal in the liquid 
colored by excess iodine.
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Based on Rupp’s original method and the findings men
tioned above, a new procedure for determination of mercury 
in organic compounds was elaborated. The organic sample 
is decomposed by means of persulfate and sulfuric acid. The 
procedure is convenient, moderately rapid, and applicable in 
presence of halogens.
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P hotom etric M ethod for Estim ation o f M inute 
A m ounts o f M ercury

A L B E R T  E . B A L L A R D  A N D  C . D . W . T IIO R N T O N , E a s tm a n  K o d a k  C o ., R o c h e s te r ,  N . Y.

I T HAS been shown by a number of investigators {4, 5, 7) 
that mercury resonance radiation of wave length 2537 A. 

is absorbed by mercury vapor. If a constant source of this 
radiation (General Electric 4-watt germicidal lamp) is placed 
at one end of a tube and a narrow-band photoelectric cell 
sensitive to this line is placed at the other end, a micro
ammeter, connected through an amplifying system to the 
photocell, will indicate the amount of light falling on the cell. 
It is evident that, if the tube contains mercury vapor, some 
of the light will be absorbed and the microammeter will give 
a different reading from that given when no mercury vapor is 
in the light path.

This is the principle of the mercury-vapor detector de
veloped by Woodson (6) to determine the 
amount of mercury vapor in air. Hanson 
(2) has shown that a number of organic solvent 
vapors absorb this radiation (although to a 
much lesser degree than an equal weight of 
mercury vapor), and his Tri-Per-Analyzer is 
based on the same principle.

These instruments have been designed to 
estimate mercury or solvent vapors in large 
volumes of circulating air, and are not ap
plicable to the estimation of minute amounts of mercury 
pS'sent in solution.

The authors have observed that, on heating mercuric sulfide 
in a closed system in a quartz-ended cell (Figure 1), the 
amount of absorption of the 2537 A. radiation is constant and 
reproducible for a given amount of mercuric sulfide.

It is obvious that if a simple means were available for con
verting mercuric ions to the sulfide and collecting the mercuric 
sulfide formed, the photometric method could be used for the 
determination of mercuric compounds in solution.

Clarke and Hermance (I) have shown that minute amounts 
of mptniB (the sulfides of which are less soluble than cadmium

sulfide) are completely removed by allowing solutions of the 
metal ions to filter slowly through filter paper impregnated 
with cadmium sulfide. Some modification of this recovery 
method is required, since filter paper or other organic matter 
would be decomposed on subsequent heating, with the forma
tion of smoke, and this would seriously affect the photometric 
method for the estimation of mercury. The authors have 
observed that a pad of preignited asbestos fibers impregnated 
with cadmium sulfide is equally efficient in removing mercury 
ions from solution and the mercury sulfide so obtained is in an 
ideal condition for the subsequent thermal treatment. These 
adaptations of well-known principles are the basis of the 
method presented.

F ig u r e  1 . A b s o r p t io n  C e l l



R ecovery o f  M ercury
R e a g e n t s . Cadmium Sulfide-Impregnated Asbestos Fiber.

Acid-washed and ignited long-fiber asbestos is cut into pieces ap
proximately 1.25 cm. (0.5 inch) long and fluffed up in a stream of 
air (S). Five grams of the well-fluffed material (generally freed 
from any hard pieces) are placed in 100 cc. of 15 per cent cadmium 
acetate solution and allowed to soak for 5 minutes. The asbes
tos is drained off through a coarse sintered-glass funnel. The pad, 
weighing approximately 45 grams, is peeled from the sintered- 
glass disk, placed in 100 cc. of 5 per cent sodium sulfide solution, 
and stirred gently for 5 minutes. The impregnated asbestos 
fibers are separated from the solution again on the coarse sintered- 
glass funnel and most of the excess sodium sulfide is removed by 
washing directly on the funnel with distilled water, using suction.
The slightly moist pad is peeled off and stirred in 100 cc. of 5 per 
cent cadmium acetate solution for 5 minutes. The fibers are 
washed as before, but much more thoroughly, the moist asbestos 
pad being removed from the filter and dispersed by stirring in 2 
liters of water and refiltering. This procedure is repeated 8 to 10 
times before the final sucking down to dryness on the filter funnel.

The pad is removed, dried in the oven at 105°, and ignited in 
a muffle furnace at 550° for 1 hour. After cooling, one half of the 
sample is placed in a 2000-cc. glass-stoppered flask, 1000 cc. of 
mercury-free water are placed in the flask, and the flask is well 
shaken to disperse the fibers. A certain amount of the asbestos 
will settle to the bottom of the flask, as it was not possible to fluff 
it enough to give complete dispersion. This should be disre
garded and the suspension should be only gently swirled before 
taking a sample for the final dilution, in which 100 cc. of the above 
suspension are diluted to approximately 450 cc. with mercury- 
free water.
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F ig u r e  3 . B a t t e r y  o f  E x t r a c t o r s

a triangular file across the bore of the stopcock plug In flask A, 
along the circumference of rotation extending equidistant on either 
side of the bore. This facilitates regulation of flow.) The pad 
is prepared in holder B by means of the funnel, C.
_ The asbestos pad is held in B by means of a piece of coarse 

sintered glass, approximately 3 mm. thick, ground to fit about 
half way down the standard taper joint. This is easily prepared 
by cementing a piece of sintered glass (ground to approximately 
the right size on a slow-speed wet emery wheel) to a piece of glass 
tubing with de Khotinsky cement. It is then finally ground into 
the standard taper joint manually, using a slurry of medium fine 
emery as abrasive.

P r o c e d u r e . A sintered-glass disk is introduced into tube B 
by running a glass tube up from the bottom of the tube, placing 
the glass disk on it, and gently withdrawing the tube; the disk 
will readily seat itself. The tube is then connected to funnel C, 
and 25 cc. of the well-shaken asbestos suspension are poured into 
the funnel and allowed to settle slowly onto the disk. The tube 
is disconnected from the funnel and the pad is drawn down on the 
glass disk by means of suction applied at the lower end of the tube.

If the pad is not uniformly distributed over the surface of the 
disk, it is wetted with mercury-free water from an all-glass wash 
bottle and again drawn down on the disk. This procedure is 
repeated until the pad appears to be uniformly distributed. 
Twenty-five cubic centimeters of mercury-free water are placed 
in A (Figure 2) and the stopcock is opened slightly to fill the tube 
to the bottom of the ground joint, in order to forestall the possi
bility of bubble formation, either in the stopcock or directly above 
the asbestos pad.

Tube B containing a freshly prepared pad is filled with water 
above the asbestos pad by holding it under A and carefully open
ing the stopcock; it is then quickly connected to A by means of 
the standard taper joint. The solution under investigation (150 
to 400 cc.) is adjusted to pH 5 to 7 and immediately placed in 
the flask, and the stopcock is turned so that the sample passes 
through the cadmium sulfide pad at about 2 to 4 cc. per minute. 
After the solution has passed through tbe pad, B is disconnected 
from the flask, washed with mercury-free water, and finally 
rinsed a few times with SO per cent metbyl alcohol (mercury-free) 
from a glass-stoppered wash bottle. The pad is finally sucked 
down to a compact pad on the sintered-glass disk, and air is 
drawn through it for a few minutes by means of a water suction

F ig u r e  2 . A p p a r a t u s  f o r  R e c o v e r y  o f  M e r c u r y

Mercury-Free Water. This is prepared by stirring 25 cc. 
of the cadmium sulfide-impregnated asbestos fiber suspension 
with approximately 2 liters of distilled water and, after allowing 
to stand a few minutes, filtering the solution through a sintered- 
glass funnel.

Mercury-Free 80 Per Cent Methyl Alcohol. Eight hundred 
cubic centimeters of methyl alcohol and 200 cc. of distilled water 
are treated with 10 cc. of the cadmium sulfide-impregnated 
asbestos fiber suspension and, after standing a few minutes, the 
solution is filtered through a clean sintered-glass funnel.

A p p a r a t u s . The apparatus required (Figure 2) is a simple 
long-stemmed flask, A (having at its end a shortened T  joint), 
to hold the sample solution, and tube B to hold the cadmium sul
fide-impregnated pad. (Two short V-shaped slots are made with
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F i g u r e  4 . S c h e m a t ic  D ia g r a m  o f  C i r c u i t

C -l. 0.002 mfd.
C-2. 0.002 mfd.
C”3. 8 -8  mfd.
F J-405. Photo tube
L. 15-henry ohoke
/?-l. Bridge balance, 3000 «.

Sensitivity control, 1000 w. 
1000 a».
1000 «.
15.000 w.
5.000.000 w.
500.000 ta.

R-2. 
Ä-3. 
Ä-4. 
Ä-5. 
R-6. 
ß-7.

i?-8. 5000 «.
Af-1. 0-300 D. C. m icroam m eter 
M -2. 0-130 A. C. voltm eter
SFP-1. D. P. S. T. on-ofl power 

supply switch 
STP-2. S. P. S. T. bridge balanc

ing  and  pho to tube dis
connecting switch 

T -1. VL-0 Universal V aritran  
T-2. Power transform er 
T-3. VL-2 U niversal V aritran

pump. A glass rod is introduced from the bottom of the tube 
and the glass disk is gently forced up to the level of the top of the 
standard taper joint. The asbestos pad is peeled off from the 
glass disk, using a pair of steel tweezers, and placed in the depres
sion of a spot plate in a vacuum desiccator and the desiccator is 
evacuated by means of a water pump for approximately 1 hour. 
The pad is now ready for determination as directed below.

N o t e s  o n  R e c o v e r y . The cadmium sulfide-asbestos pad 
should contain no very thin spots through which the solution 
could pass without completely removing all the mercury pres
ent; a simple visual observation will suffice to detect any thin 
spots. The dried pads weigh approximately 10 mg. Through 
properly prepared pads the rate of flow of solution has been in
creased to approximately 10 cc. per minute with complete 
recovery of mercury. But, using a battery of eight extractors 
(Figure 3), there is no advantage in speeding up the rate be
cause the pads must be prepared with much greater care and 
the routine can be so organized that no time is lost at the rate 
of 4 cc. per minute.

The efficiency of the pads in recovering mercury from solu- 
tioii'. should be tested by allowing 0.5 microgram of mercury 
as nitrate in 200 cc. of solution to flow through a pad at the 
rate selected. The solution is collected in a flask and again 
passed through a new pad at the same rate. The pads are 
dried and the mercury is determined in each pad by the 
method given below. The second pad should not contain 
over 0.01 microgram of mercury (corrected for blank or un
treated pad) as calculated from the calibration curve.

A blank pad, when tested as directed below, should not give 
a deflection on the microammeter greater than that given by 
0.02 microgram of mercury.

The dried pads containing mercury 
are stable and a number of them may 
be prepared, using a battery of re
covery units and the mercury deter
mined later in a group, or for routine 
determinations the recovery and de
termination of groups can be alter
nated, so that the operations are 
carried on simultaneously.

If the solution contains suspended 
material, this must be removed by fil
tering through a clean sintered-glass 
filter or a filter paper that has been 
washed with 1 to 4 nitric acid solution.

Mercuric ions are adsorbed to 
glass from dilute solutions. The 
solutions used for calibration and 
those under investigation should, 
therefore, be run as soon as prepared. 
All solutions should be prepared in 
Pyrex glass.

Tube B (Figure 2) containing the 
sintered-glass disk is rinsed with 
strong nitric acid, washed, and 
finally rinsed with mercury-free water 
just before use.

D eterm in a tio n  o f  R ecovered  
M ercury

A p p a r a t u s . Figure 4 is a schematic 
diagram of the circuit. Figure 1 is a 
front and side view of the absorption 
cell, a 4-cm. Pyrex tube ground and 
polished on the ends, to which two 
stopcocks and a standard taper male 
joint are sealed. The stopcocks allow 
the cell to be swept out with nitrogen 
and the standard taper joint is usea to 
attach the pad-holding tube, which is 
heated to evolve mercury vapor. To 
facilitate cleaning the cell, detachable 

quartz ends are employed. Male threaded collars are cemented 
over the outside of the 4-cm. tube, which projects 1 to 2 mm. 
through the collars. Quartz disks 2 mm. thick are held tightly 
against the polished glass ends by means of metal screw caps, 
fitting the male collars. The screw caps are fitted with rubber 
gaskets similar to those used in polariscope tubes.

Figure 5 (coded to agree with Figure 4) shows the arrangement 
of essential electric circuit controls and reading dial. Figure 6

F ig u r e  5 . E l e c t r ic  C i r c u i t  C o n t r o l s  a n d  R e a d in g  D i a l
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F ig u r e  6 . E v o l u t io n  a n d  A b s o r p t io n  U n i t

shows the arrangement of parts of the evolution and absorption 
unit. The metal cell holder and the photocell are thermally 
insulated from other metal parts of the unit, which, although 
well vented in the rear and bottom, become warm by radiation 
from the tube furnace. This is made by winding 155 cm. of 22BS 
0.0643-cm. (0.0253-inch) Nichrome wire on a 30-mm. diameter 
SO-mm. high Alundum extraction thimble, and covering the wind
ings and bottom with asbestos cloth. The inner furnace tem
perature was measured with a thermocouple for various settings 
of the Varitran and the observed voltages necessary to maintain 
temperatures of 450° and 550° C., respectively, were used in sub
sequent mercury determinations. When a series of diaphragms 
was used to collimate the beam falling on the photocell, after 
passing through the absorption cell, the amplified electrical re
sponse was unsatisfactory because the light energy falling on the 
photocell was too low. The lamp and photocell were, therefore, 
mounted close to the quartz ends of the absorption cell to take 
advantage of reflections from the inner glass wall. The cell was 
held in a fixed reproducible position.

P r o c e d u r e . The two operating switches of the instrument 
are turned on (SJV-2, Figure 5, the electrical bridge-balancing 
switch, and STV-l, Figure 5, the control switch for the quartz 
low-pressure mercury-vapor source) and the furnace Varitran 
(T-3, Figure 6) is plugged into a 110-volt alternating current line 
The Varitran is then set to the predetermined voltage necessary 
to maintain the tube furnace at about 550° C. The voltage regu
lator (7'-2, Figure 5), which supplies a constant voltage to the 
electrical circuit and light source, is permanently plugged into a 
110-volt alternating current line in order to minimize the warm-up 
period. About 15 minutes after the switches have been turned 
on, the instrument may be tentatively adjusted to the initial 
settings as outlined below.

The Varitran controlling the source voltage (T-l, Figure 5) is 
adjusted to deliver 110 volts, as read on the voltmeter (Af-2, 
Figure 5). The bridge-balancing adjustment switch (S1V-2, 
Figure 5) is turned off and the bridge-balance dial (72-1, Figure 5) 
is turned until the microammeter gives a reading of exactly 300 
divisions. The bridge-balance switch (SIF-2, Figure 5) is then 
turned on, and if no light is falling on the photocell, the micro
ammeter will maintain the same reading. The sampling tube 
(C, Figure 6) is swept out with nitrogen for a minute to remove 
any residual vapors, and the shutter (F, Figure 6) is then opened. 
The microammeter shunt adjustment knob (sensitivity control, 
72-2, Figure 5) is adjusted until the meter reads exactly zero. The 
shutter is then closed.

This routine of tentative adjustment is followed every 10 to 15 
minutes until the change in microammeter readings is less than 5 
divisions per 15-minute interval. The instrument as finally ad
justed should give a microammeter reading of 300 divisions when 
the shutter is closed, and zero when the shutter is open. A 
sample pad is placed in the evolution tube (A, Figure 1), nitrogen

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

gram s of 
M ercury Readings, C orrected for B lank P ad Average

0 .10 39 30 34 37 34 30 30 30
0 .20 70 74 08 70 . .  72
0 .30 91 93 91 94 95 92 . .  93
0 .40 113 111 118 114 . .  114
0 .50 135 135 143 139 138 133 . .  137
0 .70 153 159 149 157 150 . . . . .  150

is passed through the absorption cell for 2 to 3 minutes, and the 
stopcock is closed. The tube furnace (D, Figure 6) is raised to 
enclose the evolution tube, by means of handle E (Figure 6).

The furnace Varitran is now readjusted to the predetermined 
voltage necessary to maintain 450° C., and a timing clock is 
started. The deflection of the microammeter is read alter 4 min
utes with the shutter open only long enough to make the reading. 
Successive readings are made at 2-minute intervals; when the de
flection changes only 2 to 3 divisions from the previous reading, a 
final reading is taken. (This normally occurs 6 to 10 minutes 
after beginning the heating of the pad.)

It is necessary to construct a calibration curve for converting 
the microammeter readings to the mass of mercury. Tbis is pre
pared by allowing known amounts of mercuric nitrate contained 
m 200 cc. of solution to be recovered as above. The mercury is 
evolved from the pads as outlined and the readings on the micro
ammeter are observed.

Table I shows the reproducibility of readings. Figure 7 
was plotted from the data given in Table I and was used for 
converting microammeter deflections given by unknowns to 
mass of mercury.

F ig u r e  7 . D e t e r m in a t io n  o f  M e r c u r y

For subsequent determinations the furnace is run down, and 
the Varitran controlling its voltage is altered to the voltage neces
sary to hold the temperature at 550° C. The mercury vapor is 
swept out for a few minutes with nitrogen, or until on opening the 
shutter the instrument again gives a scale sweep of 300 units, 
showing that the cell has been freed of mercury vapor. Tube A 
is detached at the standard taper joint, a tube containing another 
sample pad is connected, and, just prior to raising the furnace to 
heat the pad, the scale sweep of the microammeter is checked.

If necessary, the instrument is adjusted so that a full-scale 
sweep of 300 divisions is obtained when the shutter is opened. 
After the instrument has been brought to temperature equilib
rium (approximately 1 hour), the instrument is fairly stable and 
necessary readjustments are slight.

N o t e s  o n  D e t e r m i n a t i o n . If the shutter is kept open 
and light is allowed to pass continually through the cell, the 
reading on the microammeter will slowly sink to zero, even 
when mercury vapor was present in the cell before opening the
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shutter. This is not observed, or at least is not of the same 
time order, when the shutter is kept closed and only opened 
for a few seconds while readings are being made. Whether or 
not this effect is caused by mercury being deposited on the 
walls of the glass cell under the influence of the light has not 
yet been ascertained. (Calculations show that the amount 
of mercury required to saturate the nitrogen in the cell is 
much larger than the amounts present.) If the cell is filled 
with vapor containing mercury and the light source allowed to 
pass through until a zero reading is obtained, the shutter 
closed, and the cell allowed to stand, a partial regain of the 
absorption effect will be observed. If carried over to a subse
quent determination, this in effect will cause erroneous read
ings, and a probable explanation is that the ionized mercury 
vapor is more readily adsorbed to the glass surface than the 
unionized vapor. In accordance with the above observation, 
the authors have found it necessary to keep the shutter closed 
except for the shortest time required to make a deflection read
ing.

The apparatus should not be operated in a room illuminated 
by daylight, which is variable, unless the evolution unit (Fig
ure 6) is shielded from the light. An inside room lighted arti
ficially has been found satisfactory.

S u m m a ry
The method presented allows the determination of 0.02 to 

0.60 ±  0.02 microgram of mercury in 150 to 400 cc. of solution. 
Using a battery of recovery units as shown, an operator in

these laboratories has been able to make 25 determinations per 
day. The instrument described has been in operation for 6 
months without noticeable change in operating characteristics.

The method has been used with water-miscible solvent mix
tures and with solutions from the digestion of solid organic 
materials. It would appear to be applicable to the estima
tion of mercury in biological materials after suitable prelimi
nary digestive treatment.
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Separation o f Bism uth from  Lead with 
Am m onium  Form ate

S IL V E  K A L L M A N N  
W a lk e r  &  W h y te ,  I n c . ,  409 P e a r l  S t . ,  N ew  Y o rk , N . Y.

T h e  s o d iu m  f o r m a te  m e th o d ,  p ro p o se d  b y  B e n -  
k e r t  a n d  S m i th  fo r  t h e  q u a n t i t a t i v e  s e p a ra t io n  o f  
b i s m u th  f ro m  le a d , sh o w s d e f in i te  a d v a n ta g e s  over 
o t h e r  p ro c e d u re s ,  b u t  t h e r e  a r e  o b s ta c le s  to  i t s  
g e n e ra l  a d o p tio n .

A n e w  p ro c e d u re  is  p ro p o se d , s u i t e d  fo r  b o t h  t h e  
q u a n t i t a t i v e  s e p a ra t io n  a n d  d e te r m in a t io n  o f  b is 
m u t h  a n d  le a d  a n d  fo r  t h e  q u a n t i t a t i v e  s e p a ra t io n  
o f  s m a l l  a m o u n t s  o f  b i s m u th  f ro m  la rg e  a m o u n t s  
o f  le a d .

T h e  n i t r i c  a c id  s o lu t io n  o f  b i s m u th  a n d  le a d  is  
n e u tr a l iz e d  w i th  a m m o n ia  a n d  a m m o n iu m  c a r 
b o n a te .  A m m o n iu m  f o r m a te  is  a d d e d  a n d  th e  
p r e c ip i t a te  o f  b a s ic  b i s m u th  f o r m a te  is  f i l te re d  off, 

: w a sh e d  w i th  h o t  w a te r ,  r e p re c ip i ta te d ,  a n d  f in a lly  
i g n i t e d  to  t h e  o x id e . T h e  p r e c ip i t a te  c a n  a lso  b e  
d isso lv e d  in  h y d ro c h lo r ic  a c id  a n d  b i s m u th  d e te r 
m in e d  a s  o x y c h lo r id e . I f  t h e  b i s m u th  f o r m a te  
p r e c ip i t a te  is  v e ry  s m a ll  i t  c a n  b e  d isso lv e d  in  
d i lu t e  s u l f u r ic  a c id  a n d  b i s m u th  d e te r m in e d  
c o lo r im e tr ic a lly  w i th  p o ta s s iu m  io d id e .

L e a d  is  p r e c ip i ta te d  i n  t h e  f i l t r a te  o f  t h e  b is 
m u t h  f o r m a te  a s  c h r o m a te  w i th  p o ta s s iu m  o r  a m 
m o n iu m  d ic h ro m a te .

M ANY laboratories engaged in industrial or research 
analysis find it necessary to carry out numerous quan

titative separations of bismuth from lead, and many cases 
arise where the time required to perform such a procedure 
must be kept at a minimum. A comprehensive survey of the 
literature shows that a large amount of work has been done on 
methods for the quantitative separation of bismuth from lead, 
but in general the procedures have not been entirely satis
factory.

The investigation here reported was undertaken with a 
view to developing a method which would be simple and easy 
of manipulation and at the same time give results comparable 
with those obtained by the more complicated methods—in 
other words, a strictly routine method that could be really 
depended upon.

Existing Methods

Methods given by standard texts for quantitative separa
tion of bismuth from lead are, with few exceptions, based 
upon the fact that in weak nitric acid solution the bismuth 
ion is decomposed upon the addition of water or salts of weak 
acids, forming basic bismuth compounds.

Probably the best known of these methods was suggested by 
Loewe (IS). Briefly, it consists in precipitating bismuth as



basic nitrate of indefinite composition, by evaporating the nitric 
acid solution to sirupy consistency, adding water, evaporating 
to dryness, and repeating this operation until furtiier addition of 
water fails to produce a turbid solution. Lead is finally ex
tracted with a cold 0.2 per cent solution of ammonium nitrate. 
This method is generally considered very reliable, although 
Hillebrand and Lundell (7) and Herzog (6) state that the separa
tion is not entirely satisfactory. Its chief weakness lies in the 
fact that its application is confined to the separation of bismuth 
from moderate amounts of lead. Furthermore, chlorides and 
sulfates, which also form basic compounds with bismuth and 
cause the retention of some lead, must be absent. The method 
is time-consuming because of the repeated evaporations.

Various modifications of this method have been proposed 
since its early use. Luff (16) reduces the hydrogen-ion concen
tration of the solution by adding sodium nitrite to the weak nitric 
acid solution of bismuth and lead which has previously been 
neutralized with sodium bicarbonate. According to its author, 
this method is limited to amounts of bismuth and lead not ex
ceeding 100 mg. Ammonium salts must be absent. The 
method is not accurate because of the retention of alkali by the 
precipitate and is not attractive because of the necessity for more 
or less tedious purification procedures.

Blumenthal (S) suggests neutralizing the excess nitric acid 
with a freshly prepared emulsion of mercuric oxide, and states 
that as much as 50 mg. of bismuth can thus be separated from 
10 grams of lead in one operation. The method is not suited to a 
simultaneous determination of the lead and bismuth content. 
The mercuric oxide-bismuth subnitrate precipitate must stand for 
at least 12 hours to guarantee complete precipitation of the bis
muth. The procedure makes it necessary to precipitate and 
determine bismuth finally as the phosphate, a method that, 
according to Hillebrand and Lundell (9), should not be considered 
in accurate analyses. In addition, Blumenthal’s method is 
subject to many interfering elements and is hence not practical 
for commercial analysis. The present writer proposed in a 
previous paper the use of zinc oxide, in a similar procedure (IS). 
One zinc oxide precipitation does not yield a quantitative separa
tion of bismuth from lead, but permits precipitation as bismuth 
oxy chloride.

A separation of bismuth from lead, based on precipitation of 
the bismuth as basic acetate, is suggested by Herzog (6). The 
method is very time-consuming and has obviously not given 
satisfactory results in hands other than those of its author (1). 
The separation of bismuth from lead by precipitating the lead as 
lead sulfate, first suggested by Fresenius (3) and recommended 
by such trustworthy investigators as Scott (19) and the Gesell
schaft Deutscher Metallhiitten- und Bergleute (5) is worthless, 
although often used by many analysts. The lead sulfate, 
whether thrown out from dilute nitric acid solution by adding 
an excess of sulfuric acid, or obtained by fuming with sulfuric 
acid the nitric acid solution of bismuth and lead, invariably oc
cludes bismuth, as stated by Hillebrand and Lundell (8), Herzog
(6), Hills (10), Blumenthal (S), and Low (H). The precipitation 
of bismuth as bismuth oxychloride, first advocated by Rose (18), 
does not yield a quantitative separation of bismuth from lead, 
particularly when large amounts of the latter are involved, two 
reprecipitations being necessary to guarantee complete separa
tion of the two metals. However, a procedure for the prelimi
nary separation of small amounts of bismuth (5 to 50 mg.) from 
large amounts of lead, as recommended in the well-known 
Ledoux method (16), is based on precipitation of bismuth as 
bismuth oxychloride. The method is rapid and accurate under 
certain conditions, but variations in conditions may produce 
erratic and irregular results. Considerable difficulties are also 
encountered if only minute quantities of bismuth are involved 
(11). '

The only other method which needs to be considered here calls 
for precipitation of bismuth as oxy bromide (17), as proposed by 
Moser and Maxymovicz. It is on a par with the oxychloride 
method, though not so widely used. Its authors state that the 
oxybromide furnishes a better separation from lead than does 
precipitation as oxychloride or basic nitrate. Ammonium salts 
and chlorides, however, should be absent and not more than 0.35 
gram of lead must be present. The method calls for reprecipita
tion of the bismuth oxybromide precipitate, bismuth finally being 
determined as phosphate because of the volatility of the oxy
bromide. This method is not suited for a simultaneous deter
mination of lead and bismuth.

Other methods for the separation of bismuth from lead add 
nothing of value to those mentioned, although some, such as 
precipitation of bismuth by means of cinchonine hydrochloride
(4), are capable of giving good results in special cases.

Of all the methods mentioned, only the one suggested by 
Loewe (IS) is suited for the quantitative separation and de
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termination of the two metals. All other methods depend 
largely on the ratio of the amounts of bismuth and lead and 
are suited only for the quantitative determination of bis
muth.

I N E E R I N G  C H E M I S T R Y  Vol. 13, No. 12

T a b l e  I. A c c u r a c y  o f  B e n k e r t  a n d  S m it h ’s  M e t h o d
■n* .1 n  t

BiBrauth In .--------------------- In  F iltra te s—
Used precip itate I II I I I IV
Mg. Mg, Mg. Mg. Mg. Mg.
10.0 9.1 0 .3 0 .2 0 .3 0.1
20.0 18.6 0 .4 0 .2 0 .5 0.1
50.0 48.3 0 .6 0 .2 0 .6 0.1
50.0 48.5 0 .6 0.1 0 .5 0.1
75.0 73.2 0 .8 0 .2 0 .7 0 .2

100.0 97.5 1.0 0 .3 0 .9 0 .2
100.0 97.1 0 .9 0 .3 1.3 0 .3
200.0 197.0 1.1 0 .4 1.3 0 .3
300.0 290.8 1.4 0 .3 1.2 0 .3

S o d iu m  F orm a te  M eth od

A method which has scarcely been mentioned in the 
literature was proposed by Benkert and Smith (1) who, some 
50 years ago, in calling attention to the defects in Herzog’s 
procedure (6), reported that they were able to separate bis
muth and lead by means of sodium formate, an idea closely 
related to that of Herzog.

The nitric acid solution of bismuth and lead is “almost neu
tralized with sodium carbonate, or until the incipient precipitate 
dissolves slowly, when considerable sodium formate solution of 
specific gravity 1.084 and a few drops of aqueous formic acid are 
added”. The solution is heated to boiling and held at this 
point for 5 minutes. The precipitate is allowed to settle and 
filtered while hot, then dissolved in nitric acid and precipitated 
with ammonium carbonate. The basic bismuth carbonate con
taminated by some lead carbonate is dissolved in nitric acid and 
the formate precipitation is repeated. The resulting precipitate, 
which is contaminated by sodium salts, is again dissolved in 
nitric acid and bismuth is finally precipitated with ammonium 
carbonate and ignited to the oxide.

The experimental data submitted by Benkert and Smith 
are extremely meager, and in the investigation here reported 
the method was tested as regards completeness of precipita
tion and separation with a view toward possible simplifica
tion and improvement. A new procedure incorporating the 
best features of Benkert and Smith’s method has been de
veloped which, in the writer’s opinion, has definite advan
tages over the methods in use at present.

To test the completeness of the bismuth precipitation, varying 
amounts of bismuth were dissolved in nitric acid and the pre
cipitation of basic formate was carried out, as called for by the 
authors. The precipitate was filtered off and washed with hot 
water, retaining the filtrate (I). The precipitate was dissolved 
in nitric acid and bismuth precipitated as basic carbonate. The 
filtrate of the basic bismuth carbonate was also retained (II). 
The precipitate was redissolved in nitric acid and the basic form
ate and basic carbonate precipitations were repeated, yielding 
two more filtrates (III, formate, and IV, carbonate). The 
final basic bismuth carbonate precipitate was ignited to and 
weighed as bismuth oxide, Bi,Oj. In addition, the four filtrates 
were colorimetrically tested for bismuth (Table I).

Table I shows conclusively that bismuth subcarbonate is 
somewhat soluble in an excess of ammonium carbonate. 
The precipitation of bismuth as subcarbonate should there
fore be avoided, whenever possible. The data also indicate 
the obstacles to a general adoption of Benkert and Smith’s 
method—namely, the incomplete precipitation of bismuth as 
basic formate under the conditions called for.

Endeavoring to ascertain why such low results are ob
tained with this method, comprehensive tests were carried
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out and it became apparent that tiie primary cause of the 
discrepancies is lack of information concerning the exact 
acidity at which the precipitation of basic bismuth formate 
should be carried out. The authors merely state that the 
nitric acid solution of bismuth and lead should be “almost 
neutralized with sodium carbonate or until the incipient 
precipitate dissolved slowly”. That these data are too vague 
and inexact is shown by the following illustration:

Portions of 25 mg. (I) and 200 mg. (II) were dissolved in 8 N 
nitric acid and the solution was carefully neutralized with a 10 
per cent (1.89 N) solution of sodium carbonate, until the addition 
of one more drop of sodium carbonate would have caused pre
cipitation of bismuth carbonate. Methyl orange was added at 

i this point, indicating a hydrogen-ion concentration lower than 
that equivalent to pH 3 (red color). The neutralization with 
sodium carbonate was continued until the yellow color developed, 
indicating a hydrogen-ion concentration greater than that 
equivalent to pH 4.5, using in I 1.4 ml. and in I I  1.8 ml. Then 
8 N  nitric acid was added until the precipitate which had formed 
during the neutralization procedure just dissolved, using in I 
0.8 ml. and in I I  1.3 ml. The volume of the solution was in I
150 ml. and in I I  200 ml. As 1 ml. of 8 N  nitric acid neutralizes
4.3 ml. of 10 per cent sodium carbonate, the excess nitric acid 
required to keep the bismuth in solution can thus be calculated.

Excess HNOj =  0.8 -  = 0.47 ml.

Excess HNOj =. 1.3 — = 0.88 ml.

Accordingly the acidity in I  amounted to 0.025 N and in I I  
to 0.035 N.

The foregoing data would indicate that Benkert and Smith 
by precipitating bismuth formate from a clear nitric acid 
solution, neutralized with sodium carbonate, carried out the 
precipitation at an initial acidity of between 0.02 and 0.04 N  
(pH 1.7 to 1.4). It is obvious that the excess nitric acid will 
react with sodium formate, causing the formation of formic 
acid. The concentration of the latter is, as suggested by 
the authors, even increased by a further addition, thus making 
it necessary to add “considerable” amounts of sodium formate 
as buffer. But even this precaution does not yield a com
plete precipitation of bismuth (as shown in Table I), prob
ably because of the formation of complex bismuth formate.

To determine the accurate permissible acidity range, 200-mg. 
portions of bismuth were dissolved in nitric acid. The solution 
was neutralized with 10 per cent sodium carbonate, using methyl 
orange as indicator, until the addition of one more drop of sodium 
carbonate would have produced the yellow color of methyl 
orange, indicating a hydrogen-ion concentration equivalent to 
about pH 4 (at this stage a part of the bismuth had already 
separated). The solution was acidified with varying amounts 
of 8 N  nitric acid, and 40 ml. of 10 per cent sodium formate 
solution were added, the total volume of the solution being about 
250 ml. The precipitate was treated as above and the filtrate 
tested for bismuth.

The results presented in Table II indicate the importance 
and necessity of an extremely careful neutralization of the 
bismuth nitrate solution prior to the addition of sodium

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

(200 mg. of bism uth  used)
8 N  HNO» Approxim ate H + Bi Found in

Added Concentration F iltra te
M l. Mg.
0.1 2 .5 0 .2
0 .3 2 .0 0 .2
0 .5 1 .8 0 .5
0 .6 1.7 0 .6
0 .7 1 .6 0 .8
0 .9 1 .5 , 1.0
1.2 1 .4 1.2
1 .5 1.3 1.3

T a b l e  III. S e p a r a t io n  o f  B is m u t h  f r o m  L e a d

-Bismuthi Found— ---------Le nd Foumd-------
Cor In  2 F iltra tes In  2 F iltra tes In

Bi In rected of PbSO« P pt. Pb of Bi Form ate BiiOi
Used ppt. value I 11 Used I II pp t.
Mo. Mo. Mo. M 0. Mo. Mo. Mo. Mo. Mo.

10 9 .9 9 .8 0 .10 0 .12 25 22 .7 2 .2 0 .1
20 19.8 19.5 0 .19 0 .22 50 46 .3 3 .4 0 .3
20 19.9 19.4 0.32 0 .26 100 92 .3 7 .0 0 .5
50 50.1 49.1 0 .31 0.34 100 90.4 8 .7 1.0
50 51.6 49.1 0 .31 0.29 200 185.9 11.6 2 .4

100 102.0 99.0 0 .34 0.34 200 184.0 12.2 3 .0
100 104.0 99 .1 0 .32 0 .33 500 462.7 31 .8 4 .9
300 302.8 298.8 0.46 0.41 200 182.3 13.5 4 .0
300 305.2 299.0 0.43 0 .40 500 450.0 43.2 6 .2

Grams
300 309.0 299.1 0 .32 0 .35 1 907.6 80.9 10.0

25 25.1 24 .9 N ot determ ined 20 N o t determ ined 0 .2
50 53.7 49 .7 N o t determ ined 20 N ot determ ined 4 .0

100 107.0 100.2 N ot determ ined 20 N ot determ ined 6 .8
200 209.4 199.8 N ot determ ined 20 N ot determ ined 9 .6
300 312.8 300.4 N o t determ ined 20 N o t determ ined 12.4
300 311.2 300.1 N o t determ ined 5 N ot determ ined 11.1

formate. The hydrogen-ion concentration should not be below 
pH 2, and the addition of extra formic acid, suggested by 
Benkert and Smith, should be omitted. The data in Table 
II prove that, provided the acidity of the solution is carefully 
adjusted, fairly good but slightly low results are obtained with 
Benkert and Smith’s method as far as the precipitation of 
bismuth is concerned.

To test the separation of bismuth from lead, the writer dis
solved varving amounts of the two metals in nitric acid and 
determined bismuth with the above method, using all precau
tions during the neutralization process and employing two form
ate separations. Lead was determined separately in the two 
filtrates of the bismuth formate, by precipitating and weighing 
it as the sulfate. The bismuth oxide was tested for lead and 
the filtrates of the lead sulfate were tested for bismuth.

The results in Table III show conclusively that Benkert 
and Smith’s method does not yield a clear-cut separation of 
bismuth from lead, particularly when large amounts of the 
latter are involved and only two sodium formate separations 
are employed. This is, in the writer’s opinion, mostly due 
to the failure to expel by boiling all carbon dioxide (resulting 
from neutralizing nitric acid with sodium carbonate) prior 
to the addition of sodium formate. With increasing amounts 
of lead the influence of formic acid upon the complete pre
cipitation of bismuth diminishes and is negligible when 5 
grams of lead are present. This will facilitate considerably 
the determination of small amounts of bismuth in test or 
refined lead, or in lead buttons obtained by scorifying or fusing 
ores.

The major factors which affect the efficiency and accuracy 
of Benkert and Smith’s method pointed out in detail above, 
make it appear that the method in its original form is incom
patible with accuracy. Hence the present writer has worked 
out a modified scheme of analysis, incorporating the best 
features of the above method but obviating the attending 
difficulties.

N ew  P rocedure

This method is suited both for the quantitative separation 
and determination of bismuth and lead, and for the quanti
tative separation of small amounts of bismuth from large 
amounts of lead (10 to 50 grams). No other method has this 
particular advantage.

Extreme care is given to the neutralization of the bismuth 
and lead nitrate solution when bismuth has to be separated 
from small or moderate amounts of lead and the hydrogen
ion concentration of the solution should not be lower than 
that equivalent to pH 1.7. An extremely careful neutraliza-



tion is less important when more than 5 grams of lead are 
present.

Extensive tests revealed that basic bismuth formate is 
slightly soluble in sodium salts in general, and in sodium 
formate in particular (0.1 to 0.4 mg. of bismuth was colori- 
metrically found in the filtrate of varying amounts of bismuth 
formate which had been treated with 6 to 10 grams of sodium 
formate). Therefore, all sodium salts are replaced by am
monium salts. The use of ammonium salts has another im
portant advantage in preventing the contamination of the 
bismuth formate precipitate by sodium salts. This in turn 
enables the elimination of the objectionable carbonate pre
cipitation of bismuth with ammonium carbonate. Bismuth 
formate can be ignited directly to the oxide in the same way 
as the carbonate. This procedure is new and reduces con
siderably the time required to perform the separation and 
determination of bismuth and lead.

If a simultaneous lead determination is not required, 
the precipitation of the bismuth as basic formate can be 
connected with a final determination as the oxychloride, only 
one formate separation being necessary.

If only minute amounts of bismuth are present, the basic 
formate precipitate can be dissolved in hot dilute sulfuric 
acid and bismuth determined colorimetricaOy with potassium 
iodide.

The final determination of lead with this method is equally 
simple and easy of manipulation. The two filtrates from the 
bismuth formate precipitate are combined, nitric acid is 
added, and the formic acid is expelled by boiling and evapora
tion. Ammonium acetate is added and lead is finally pre
cipitated as lead chromate with ammonium or potassium di- 
chromate.

E x p e r im e n t a l  P r o c e d u r e . Iteagonts required: nitric acid, 
8 N; ammonia, 4 N  and 6 N; ammonium carbonate solution,
5 per cent; and ammonium formate solution, about 40 per cent. 
Dilute 300 ml. of 90 per cent formic acid with 100 ml. of water. 
Neutralize with 12 N ammonia, using litmus paper as indicator 
(about 650 ml. of ammonia are required).

Neutralize the warm nitric acid solution of bismuth and lead 
(containing not more than 400 mg. of bismuth) with 4 N  am
monia until a permanent precipitate develops. Add 8 N  nitric 
acid, drop by drop, until the precipitate just dissolves. Neu
tralize excess nitric acid carefully with 5 per cent ammonium 
carbonate until further addition would cause precipitation of 
basic bismuth carbonate. The solution should be definitely 
clear at this stage.

Heat the solution to boiling and hold at that point for 5 
minutes to expel all carbon dioxide. Disregard any precipitate 
which forms (luring the heating. Add 7 to 8 ml. of ammonium 
formate solution, heat to boiling, and allow to stand on a hot 
plate or water bath for about 15 minutes. (If as little as 1 mg. 
or less of bismuth is present, allow to stand for about 2 hours.)

Filter through No. 42 Whatman or similar paper and wash 
precipitate 5 times with hot water. Wash precipitate back into 
original beaker and dissolve in 5 to 6 ml. of 8 N  nitric acid.

Kepeat the ammonium formate separation and filter through 
original paper into original filtrate, washing the precipitate 8 
times with not water. Retain filtrates. Wash precipitate once 
with alcohol. Ignite cautiously in a weighed porcelain crucible. 
The carbon of the paper is likely to have a reducing action on 
the precipitate; therefore, after the paper is burned off, cool 
the crucible and moisten the precipitate with 8 N  nitric acid, 
dry on a hot plate, and ignite cautiously to the oxide, Bi,Oj.

Add 30 ml. of nitric acid to the combined filtrates of the 
bismuth formate, evaporate to a small volume (20 to 30 ml.) 
until heavy white fumes escape, and add 5 ml. of 16 N  nitric 
acid and 30 ml. of 33 per cent ammonium acetate solution. 
Dilute to 250 ml., heat to boiling, add an excess of hot am
monium or potassium dichromate solution and boil for 2 to 3 
minutes until the precipitate turns to a shade of orange. • Filter 
on a weighed Gooch crucible, wash with hot water, dry at 
105° C., and weigh as lead chromate.

Bismuth in Lead. To determine bismuth in lead bullion and 
refined lead, and in lead buttons, obtained by scorifying or fusing 
ores, place 10 to 50 grams of lead in a 600-ml. beaker, dissolve 
in nitric acid (1 to 4), and neutralize the warm solution with
6 N  ammonia until further addition would cause precipitation
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of lead and bismuth. The solution should be definitely clear at 
this point, but the acidity should not exceed 0.05 N—that is, 
2 ml. of 8 N  nitric acid in 300 ml. of solution. Add 7 to 8 ml. 
of ammonium formate solution, allow to stand, and settle on 
hot plate. As little as 1 mg. of bismuth will separate in one 
hour. Filter off precipitate and wash 8 times with hot water. 
Dissolve with warm 4 N hydrochloric acid into original beaker, 
almost neutralize with 6 N ammonia, and dilute with hot water 
to 500 ml. Allow to settle, filter on a weighed Gooch crucible 
and wash with hot water, dry at 105° C., and weigh as bismuth 
oxychloride.

Colorimetric Determination of Bismuth (less than 0.7 mg.). 
Dissolve the bismuth formate precipitate in hot sulfuric acid 
(1 to 3), transfer the solution (or an aliquot portion) to a 50-ml. 
Nessler tube, add 2 or 3 drops of dilute sulfur dioxide water, 
then about 2 grams of potassium iodide, and make up to the 
50-ml. mark. Compare in a colorimeter with another tube 
containing the same amounts of sulfurous acid and potassium 
iodide and the same volume of solution. Add to this tube a 
standard bismuth sulfate solution (containing 0.1 gram of bis
muth per liter) until the colors of the two solutions are the same 
depth.

C orroboration  an d  V erification

Varying quantities of bismuth and lead have been deter
mined with the method described above, by adjusting the 
acidity of the nitric acid solution of the two metals and pro
ceeding as shown in “Experimental Procedure”. The ac
curacy of the method is indicated by Table IV.
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T a b l e  IV. A c c u r a c y  o f  P r o p o s e d  M e t h o d

B ism uth Found Lead Found
Bi Used Original D uplicate Lead Used Original D uplicate

Mg. M 0. Mg. Grama Mg. Mg.
0 .5 ° 0 .48 0 .50 20 N ot determ ined
1.0° 0 .99 0 .96 20 N o t determ ined

10.0«» 9 .9 9 .8 100 mg. 9 9 .7  99 .7
2 0 .0«» 19.6 20 .0 100 mg. 99 .8  99 .6
50.0«» 49 .7 49 .7 100 mg. 9 9 .6  99 .7
50.0* 49.9 49 .8 20 N ot determ ined

100.0«» 99 .8 99 .6 300 mg. 299.3  299.5
100.0 C 100.0 99 .7 20 N ot determ ined
200.0«» 199.5 199.9 500 mg. 499.2  500.1
300.0«» 299.9 300.2 1000 mg. 1000.3 1000.2
300 .0 C 300.3 299.6 20 N o t determ ined

° B ism uth determ ined colorimetrically, & as oxide, c as oxychloride.
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D eterm ination o f Sm all Quantities o f  Fluoride 
in W ater

A  Modified Zirconium-Alizarin Method

W IL L IA M  L . L A M A R  AND C H A R L E S  G . S E E G M IL L E R  
G e o lo g ic a l S u rv e y , D e p a r tm e n t  o f  t h e  I n te r io r ,  W a s h in g to n ,  D . C .

M ETHODS for the determination of fluoride reviewed 
in a report (1) prepared in 1941 by the American 

Water Works Association Committee on Methods of Deter
mining Fluorides were not found satisfactory for the routine 
analysis of a large number of samples of natural waters that 
generally contain less than 0.4 part per million of fluoride. 
A report (4) published in 1941 by the United States Public 
Health Service, pointing out that small quantities of fluoride 
in water may inhibit dental caries, has given added signifi
cance to the accurate determination of small quantities of 
fluoride.

Using the zirconium-alizarin indicator of de Boer (2), 
methods of determining fluoride, or modifications, have been 
developed by Casares and Casares (S), Thompson and Taylor 
(<S), Elvove (5), Sanchis (6), and Scott (7). In these methods 
the waters were acidified with hydrochloric acid or with 
hydrochloric and sulfuric acids. It is known that when the 
color of the zirconium-alizarin indicator is developed with 
hydrochloric acid, the effect of sulfate present in the water 
must be taken into account. When the waters are acidified 
with both hydrochloric and sulfuric acids the interference 
of sulfate is less than when hydrochloric acid alone is used, 
but tests have confirmed the statement of Walker and 
Finlay (3) that sulfate over about 120 parts per million inter
fered with the colorimetric determination of fluoride by the 
zirconium-alizarin method when both hydrochloric and sul
furic acids were used. By the procedure reported here the 
waters are acidified with sulfuric acid, thereby decreasing the 
interference of sulfate to the extent that waters containing 
less than 500 parts per million of sulfate may be analyzed for 
fluoride without resorting to a correction curve. The alka
linity of a sample may interfere with the fluoride determi
nation by its effect on the pH of the solution. This effect 
is negligible up to about 1000 parts per million of bicarbonate 
in methods (5) using fairly strong hydrochloric acid. The 
bicarbonate should be neutralized if it is more than about 
150 parts per million for methods using hydrochloric and 
sulfuric acids at a lower concentration (6). Neutralization 
of the alkalinity with nitric acid as prescribed in the proposed 
method eliminates any uncertainty due to the alkalinity of 
the sample. The zirconium-alizarin indicator appears to be 
more stable in sulfuric acid than in hydrochloric acid or in 
a mixture of hydrochloric and sulfuric acids.

-Low or moderate quantities of fluoride in water can be 
mk>sured conveniently and accurately by selecting the ap
propriate concentrations of the reagents.

R eagen ts
P r e p a r a t io n  o f  I n d ic a t o r . (1) Zirconyl nitrate, 1.75 grams 

of ZrO(NOi)j.2HjO in 250 ml. (2) Alizarin red, 0.35 gram of 
alizarin monosodium sulfonate in 250 ml. (3) When the indi
cator is needed add 10 ml. of the zirconyl nitrate solution to 
approximately 50 ml. of distilled water, then add slowly with 
constant stirring 10 ml. of the alizarin solution and make up to 
a volume of 200 ml. with distilled water. The indicator should 
be stored in the dark and it should be used before it is more 
than a few days old.

Sulfuric acid, 2.10 N  (±0.02 N).

Nitric acid, 0.1G39 N (1 ml. will neutralize 10 mg. of HCO,).
Sodium fluoride. Stock solution, 0.2210 gram of sodium 

fluoride in 1 liter. Standard solution, dilute 100 ml. of the stock 
solution to 1 liter (1 ml. equals 0.01 mg. of fluoride).

Procedure
Transfer 100 ml. of the clear samples to be analyzed to com

parison tubes, neutralize the alkalinity with the 0.1G39 N  nitric 
acid (neutralization not necessary for waters containing less than 
100 parts per million of bicarbonate), make up to a volume of 
105 ml., and add exactly 5 ml. of the 2.1 N sulfuric acid. Trans
fer to a series of comparison tubes 0, 2, 4, 6, 8, 10, and 12 ml. of 
the standard fluoride solution (1 ml. equals 0.01 mg. of fluoride), 
make up to a volume of 105 ml., and add exactly 5 ml. of the 
2.1 N  sulfuric acid. Add 5 ml. of the zirconium-alizarin indicator 
to each sample and standard, mix well, and allow to stand over
night. An inspection made promptly after the indicator has 
been added will show any samples out of the range of the stand
ards. Take smaller quantities of water for any samples that 
appear to contain more fluoride than the highest standard. 
After the samples and standards have stood about 18 hours, 
mix well, and compare in a 3-hole colorimeter in which each 
sample is compared with the two nearest standards.

D iscu ssio n  o f  M eth od

When the samples of water to be analyzed are acidified 
with 5 ml. of 2.1 N  sulfuric acid a good color range is obtained 
for amounts of fluoride ranging from 0.0 to 0.12 mg. For 
waters containing more than about 1.2 parts per million of 
fluoride, samples smaller than 100 ml. should be used. For 
waters containing appreciably higher fluoride the samples 
and standards may be acidified with exactly 5 ml. of 1.8 N  
sulfuric acid. When 1.8 N  sulfuric acid is used a good color 
range is obtained for amounts of fluoride ranging from 0.04 
to 0.18 mg. In either case the fluoride may be read to 0.01 
mg. within the ranges indicated.

Although satisfactory results are sometimes obtained when 
comparisons are made at considerably less or more than 18 
hours, comparisons at about 18 hours are likely to give the 
best results. For samples and standards that have stood 
about 18 hours it is found that as much as an hour difference 
in time of adding the reagents does not appreciably affect 
the determination. This fact can be used to advantage when 
any sample is shown by prompt inspection to be out of the 
range of the standards. A smaller sample can be taken, so 
that when comparisons are made after about 18 hours all 
the samples will be within the range of the standards.

Studies of the major ions usually found in natural waters 
have shown that sulfate causes the most interference. By  
acidifying the samples with sulfuric acid the interference of 
sulfate is reduced. On the basis of 100-ml. samples the error 
that may be introduced by sulfate or chloride is as follows: 
500 parts per million of sulfate are equivalent to about +0.01  
mg. of fluoride and 1000 parts per million of chloride are 
equivalent to about —0.01 mg. of fluoride. Since the errors 
introduced by sulfate and chloride are plus and minus, re
spectively, the effect of the one will tend to counteract the 
effect of the other. The effect of nitric acid added to neu
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tralize the alkalinity and of nitrate usually found in natural 
waters is negligible.

•Sum m ary

The zirconium-alizarin method has been modified to facili
tate the convenient and accurate determination of small 
amounts of fluoride in a large number of water samples. 
Sulfuric acid is used to acidify the samples to reduce the 
interference of sulfate. The pH is accurately controlled to 
give the most sensitive comparisons. Most natural waters 
can be analyzed by the modified procedure without resorting 
to correction curves. The fluoride content of waters con
taining less than 500 parts per million of sulfate, 500 parts 
per million of bicarbonate, and 1000 parts per million of 
chloride may be determined within a limit of about 0.1 part 
per million when a 100-ml. sample is used.
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D eterm ination o f M elibiase A ctivity
P H IL IP  P . G R A Y  a n d  H A R O L D  R O T H C H IL D  

W a lle r s te in  L a b o ra to r ie s ,  180 M a d iso n  A ve.. N ew  Y o rk . N . Y .

I N SUGAR analysis, methods which are based on enzyme 
hydrolysis are recognized (6, 7) to possess an inherent 

accuracy superior to customary acid hydrolysis methods. A 
reason why such invertase methods have not been more 
generally adopted may be an impression (6, 7) that each 
laboratory must first laboriously prepare and standardize suit
able invertase preparations from yeast. Highly active in
vertase preparations specifically suited for analytical purposes, 
however, have been available for a number of years.

In the case of beet sugar refinery control and generally in 
the determination of sucrose and raffinose, a further difficulty 
is the lack of a satisfactory procedure for determining the 
melibiase activity of the enzyme preparations as a basis for 
their standardization.

Invertase hydrolyzes raffinose to produce levulose and 
melibiose. The melibiose thus formed may then be hydro
lyzed by the enzyme melibiase into its constituent mono
saccharides, galactose and glucose. This has been the basis of 
methods for determining raffinose and sucrose for many years 
(5, 5, 8). Bau (2) as well as Fischer (4) established long ago 
that bottom-fermenting yeast contains melibiase, whereas top- 
fermenting yeast does not. Based upon this fact, methods 
were devised for the determination of raffinose by differential 
fermentation with the two yeasts.

The literature contains few references to the determination 
of the activity of the enzyme melibiase.

Reynolds (9) was concerned mainly with the preparation of the 
enzyme; nevertheless, he refers to the unimolecular reaction 
velocity constant as a measure of the activity of his melibiase 
preparations. The course of hydrolysis was followed by observ
ing the changes in polarization of a 20° V. melibiose solution. 
Since the total range of polarization between 0 and 100 per cent 
hydrolysis is only from +18.2° to +9.1° V., the method is not 
very sensitive. Pure melibiose being unobtainable at the time, it 
was necessary to prepare the melibiose from raffinose by fermen
tation with top-fermenting yeast.

The present A. O. A. C. (I) procedure for raffinose determination 
employs enzyme preparations as prepared from the tw'o types of 
yeast, invertase with and without melibiase. This is based on the 
work of Hudson and Harding (5) and Reynolds (9), and particu
larly the comprehensive paper by Paine and Balch (<?).

The method requires that the enzyme solution employed for the 
hydrolysis of raffinose solutions be capable of hydrolyzing 10 
times its volume of 20° V. melibiose solution in ’30 minutes at 
20° C. to specified degrees of hydrolysis, depending on the

amount of raffinose present in the material to be analyzed. The 
polarizations in degrees Ventzke corresponding to the percentages 
of hydrolysis which are shown, however, do not allow for dilution 
of the melibiose by the enzyme. Actually, after such correction, 
the polarizations equivalent to 35, 50, and 70 per cent hydrolysis 
would be 15.0, 13.6, and 11.6° V., respectively! instead of 16.4, 
14.9, and 12.9° V. as indicated. A considerable difference, 
amounting to almost 100 per cent of the concentration of enzyme 
to be employed, is involved in the differences between the two 
series of polarization values.

In any case, the A. O. A. C. method represents merely a means of 
ascertaining approximately whether a minimum of enzyme 
activity will be present to ensure the complete hydrolysis of the 
raffinose present at each level and is not represented to be a 
method for expressing by a numerical value the melibiase activity 
of an enzyme preparation.

Weidenhagen {11, IS) described a method in which" the meli
biose hydrolysis is followed by determining the changes in reducing 
action towards Fehling’s solution and subsequent titration of the 
reduced copper with permanganate. This method also has the 
disadvantage of having only a limited range and hence limited 
sensitivity (18.7 to 10.5 ml. of potassium permanganate).

In 1932, Tauber and Kleiner (10) published a method for de
termining monosaccharides in the presence of reducing disac
charides, pointing to its probable usefulness in studying sac- 
charases and glycosidases. Their method involves selective re
duction of a Barfoed solution, modified by addition of lactic acid,

F ig u r e  1. R e l a t io n s h i p  b e t w e e n  P e r  C e n t  
H y d r o l y s is  a n d  S c a l e  R e a d in g
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F i g u r e  2 . E f f e c t  o f  C o n c e n t r a t io n  o n  H y d r o l y s is

and then permitting the cuprous copper formed to reduce an acid 
molybdate solution, the resulting blue color being measured 
photometrically. Because of the greatly increased sensitivity 
possible with relatively minute amounts of material, as compared 
with existing rotation methods, the procedure appeared excellently 
suited for following the hydrolysis of melibiose by melibiase. At 
about this time pure melibiose also became available.

These facts made it possible to investigate the course of the 
hydrolysis of melibiose as a basis for a method for determining 
the activity of melibiase preparations used in the analysis of 
raffinose-containing materials.

C alibration  H ydrolysis Curve
Mixtures of melibiose, glucose, and galactose representing the 

products present in the course of the hydrolysis were prepared to 
correspond to varying hydrolysis percentages. After the reduc
tion, photometer readings (an American Instrument Co. neutral 
wedge photometer was used) in a 1.25-cm. (0.5-inch) cell were 
taken, using a 0100 A. filter (since maximum absorption is ob
tained in the red portion of the spectrum). Because of the tend
ency of the color to fade, readings were made 2 minutes after 
dilution.

Figure 1 shows the linear relationship between scale read
ings and per cent hydrolysis, permitting calculation of per 
cent hydrolysis corresponding to any photometer reading as 
follows:

% hydrolysis Sx — iSo 
<Sioo — So

X 100

where S, =  scale reading obtained at a given stage in hydrolysis 
So = scale reading at 0 per cent hydrolysis, and 
Sioo = scale reading at 100 per cent hydrolysis

C on d ition s o f  H ydrolysis

he following test conditions were employed for measuring 
ydrolysis:

The substrate, except where otherwise indicated, consisted of 
1.104 grams of melibiose hydrate (equivalent to 1.000 gram of 
anhydrous melibiose) and 5 ml. of Walpole’s acetate pH 4.5 buffer 
diluted to 100 ml. Phosphate buffers may not be used because of 
subsequent precipitation with the copper reagent.

Ten milliliters of substrate and 25 ml. of water were attemper- 
ated at 20° C. and then 5 ml. of the enzyme solution were added. 
At the end of the specified time of hydrolysis, 2 ml. of a sodium 
carbonate solution, containing 2 grams per 100 ml., were added to 
stop the hydrolysis and the volume was adjusted to 50 ml. with 
water. Ten milliliters of the hydrolysis mixture were diluted to 
100 ml., and the monosaccharides were determined on a 5 ml. 
aliquot as in the method described below.

The enzyme preparation used in the preliminary work was an 
invertase preparation in scale form similar to the product regu
larly available for analytical use and obtained by precipitation 
and purification from bottom yeast autolyzates.

H ydrolysis a t  V arying C o n cen tra tion s

A few preliminary tests were conducted to determine the 
most satisfactory concentration of melibiose to employ to 
permit a study of the hydrolysis reaction. Melibiose con
centrations were varied from 10 mg. per 50 ml. to 200 mg. per 
50 ml. (final volume), the ratio of enzyme to substrate re
maining constant at 1 to 2. Figure 2 represents the course of 
hydrolysis for these hydrolysis mixtures.

A concentration of 100 mg. per 50 ml. represented by curve 
C appears to represent a satisfactory melibiose concentration 
for such studies and further tests were carried out accordingly 
on this basis.

T a b l e  I. H y d r o l y s i s  a t  V a r y i n g  E n z y m e  C o n c e n t r a t i o n s
Enzym e 

Concentration 
G./100 ml.

0.1

0.2

0.4

r  logw .t a — x

H ydrolysis w ith  V arying A m o u n ts  o f  E n zym e

Reynolds and Weidenhagen have referred to the uni- 
molecular reaction velocity constant, k, as a measure of 
melibiase activity. Table I contains hydrolysis data includ
ing the velocity constants, k, obtained. This is represented 
also by Figure 3, showing the course of hydrolysis at three

Tim e Hydrolysis
A/in. %

15 ‘ 14.2 0.0044
30 21.3 0.0035
45 34.3 0.0041
60 40 .0 0.0037
90 57.3 0.0041

Av. 0.0040
15 21.0 0.0068
30 42.5 0.0080
45 57.1 0.0082
60 69.3 0.0085
90 82.5 0.0084

Av. 0.0080
16 42.2 0.0169
30 68.6 0.0164
45 82.5 0.0168
60 94 .6 0.0211
90 97 .5 0.0178

Av. 0.0176

F i g u r e  3 . H y d r o l y s is  a t  V a r y in g  E n z y m e  C o n c e n t r a t io n s
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T a b l e  I I .  P r o p o r t i o n a l i t y  o f  E n z y m e  C o n c e n t r a t i o n  
w i t h  k  V a l u e s  a s  O b t a i n e d  f r o m  3 0 - M i n u t e  H y d r o l y s i s

Enzym e
C oncentration H ydrolysis

A ctiv ity  of 
D iluted Enzym e

A ctivity  of 
Original Enzyi

G./100 ml. % A A ra/u«®
0.10 14 .6 0.0023 2 .3
0 20 30 .6 0.0053 2 .6
0 .30 44 .1 0.0084 2 .8
0 .40 55 .9 0.0119 3 .0
0 .50 63 .9 0.0147 2 .9
0 .70 79 0 0.0229 3 .3
1.00 89 .2 0.0322 3 .2

° R ep r^ en ts  velocity constan t, A, m ultiplied by  dilution factor
enzyme concentration of 1 gram  per 100 ml., k  value — A X  100.

-fo r

T a b l e  I I I .  H y d r o l y s is  o f  S u c r o s e  a n d  R a f f in o s b  w i t h  V a r y in g  
A m o u n t s  o f  M e l i b i a s e

A m ounts Taken
In v e rt Polarizations

Invertase  +
Invertase  melibiase 

° V  ° V
Sucrose

O./tOO ml. 
13 .00  0 .20

Raffinose 
(anhy- D irect 
drous) Polarization 

° V.

M elibiase 
A ctivity  

k
0.01 13 .00  0 .2 0  + 5 1 .3 8  - 1 5 .2 0
0.05
0.10
0.20®
0 .02  13.00 0 .65  + 5 4 .3 4  - 1 3 .6 0
0.10
0.20 .
0.35®

0 .04 13.00 1.30 + 5 9 .2 0  - 1 1 .3 0
0.20
0 .40
0.60®

® Enzym e activities recommended by  A. O. A. C.
6 Incom plete hydrolysis.
Invertase  ac tiv ity  more th an  0.1 (A value) in all tests.

A m ounts Found 
8ucrose Raffinose 

0 ./1 0 0  ml.
- 1 5 .6 2
- 1 5 .6 5
- 1 5 .7 5
- 1 5 .6 8

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

- 1 2 .7 5  
- 1 4  27 
- 1 4 .7 7  
- 1 4 .7 5

13 00
12.98 
12.96
12.98

13.20k
12.98 
12.09
12.98

13.52& 
13.17& 
13 05 
13.05

enzyme concentrations under the conditions described. As in 
the case of the application of such k values to invertase the 
reaction appears to follow a unimolecular course within limits.

For simplicity, it would be desirable for the determination 
of melibiase activity of unknown preparations to involve de
termination of per cent hydrolysis after a single hydrolysis 
period. Accordingly, Table II shows calculated k values ob
tained when varying amounts, from 5 to 50 mg., of a particular 
enzyme preparation were employed in the hydrolysis of a 
melibiose solution for exactly 30 minutes and the per cent 
hydrolysis and corresponding k values obtained. A satis
factory linear relationship between enzyme concentration and 
k value is shown to exist between the limits of 30 and 70 per 
cent hydrolysis.

Based on these data, the use of calculated k values for ex
pressing melibiase activity appears justified under the pre
scribed test conditions.

The method in detail is described below. The monose de
termination, which is essentially the method of Tauber and 
Kleiner, is included for convenience.

E n zy m a tic  H ydrolysis
M e l i b i o s e  S u b s t r a t e . Dissolve 1.104 grams of melibiose 

hydrate (obtained from the Eastman Kodak Co., Rochester, 
N. Y.) in water, add 5 ml. of Watpole acetate pH 4.5 buffer, and 
dilute to 100 ml. One ml. s> 10 mg. of anhydrous melibiose. 
(The buffer solution is prepared by diluting 114 ml. of 1 M  acetic 
acid and 86 ml. of 1 M  sodium acetate to 1000 ml.)

H y d r o l y s is . To 10 ml. of substrate solution in a 50-ml. volu
metric flask, add 25 ml. of water and hold in a 20° C. water bath 
for at least 10 minutes. Add 5 ml. of enzyme solution of appro
priate concentration (adjusted to 20° C.) and start stop watch at 
introduction of enzyme. After exactly 30 minutes, add 2 ml. of 
sodium carbonate solution (2 grams of sodium carbonate per 100 
ml.) to stop the reaction. Make up to volume, dilute 10 ml. to 
100 ml., and determine monosaccharides on a 5-ml. aliquot in 
duplicate.

D e te r m in a tio n  o f  D egree o f  H ydrolysis
R e a g e n t s . Acid Copper Reagenl. Dissolve 48 grams of 

copper acetate (Merck, normal, c. p .) in 850 ml. of boiling water

contained in a beaker. (Remove from flame before adding cop
per salt.) Add 50 ml. of 8.5 per cent lactic acid to the hot solu
tion. Any precipitate that may have formed should dissolve 
upon stirring. Cool, dilute to 1000 ml., and filter.

Molybdenum Color Reagent. Place 150 grams of molybdic acid 
anhydride (free from ammonia) and 75 grams of pure anhydrous 
sodium carbonate in a 2-liter Erlenmeyer flask and add water in 
small portions until 500 ml. have been added. (Caution: The 
water should be added slowly and the flask shaken continuously, 
as considerable carbon dioxide and heat are evolved.)' Heat to 
boiling or until all of the molybdic acid has been dissolved. 
Add 300 ml. of 85 per cent phosphoric acid, cool, dilute to 
1000 ml., and filter.

D e t e r m in a t io n . Pipet 5 ml. of the sugar solution
_______ into a test tube (preferably about 15 X 200 mm.)

and add 5 ml. of the copper reagent. Place tube in 
a boiling water bath (containing double bottom) and 
start stop watch. After exactly 8 minutes remove 
and place in a 20° C. water bath. Hold 5 minutes 
at 20° C. (13 minutes on watch), and add 5 ml. of 
the molybdenum color reagent. Mix by lateral 
shaking and after 2 minutes transfer to a 50-ml. 
volumetric flask, rinse, and dilute to mark. (If color 
is too intense, standardize the test for dilution to a 
higher volume.) Read in photometer, using a red 
filter, within 2 to 3 minutes after dilution (17 to 18 
minutes on stop watch), as the color fades fairly 
rapidly. Since the method is empirical, conditions 
must be closely adhered to.

C a l c u l a t io n  o f  k V a l u e . Determine the pho
tometer reading for the 0 and 100 per cent hydrolysis. 
The 0 per cent hydrolysis is represented by the solu
tion of the enzyme added to the substrate after addi
tion of the sodium carbonate. The 100 per cent hy
drolysis is obtained by hydrolyzing the substrate with 
sufficient enzyme overnight at room temperature.

. Calculate the per cent hydrolysis as indicated
above and the equivalent unimolecular constant:

, 1 , 100 k =  t log,, 10() _  x

where x =  % hydrolysis
Example. 0.2% enzyme solution used in hydrolysis 

S. =  37.9 
5 , =  10.6
5,0, =  74.9

% hydrolysis =  X 100 =  42.5

0 .15
o 16
0. 19 
0 .17

0.22k
0 .59
0 .55
0 .59

0.51k
1.05k
1.23
1.22

. 1 , 100 
30 ogI° 100 -  42.5

74.9 -  10.6 _

0.0080 (activity of enzyme solution as 
used for hydrolysis)

100
k  value of original enzyme = X 0.008U.z 4.0

T a b l e  IV .
N um ber

1
2
3
4
5
6
7
8

M e l i b i a s e  A c t t v it ie s  o f  B r e w e r s ’ Y e a s t s

A Value (D ry  Yeaat)T ype  of Y east
Ale
Lager
Lager
Ale
Lager
Lager
Lager
Lager

Nil
0 .70
0 .24
Nil
0 .85
0 .76
0 .25
0 .95

A p p lica tio n  to  R affin ose D eterm in a tio n s
The difficulty encountered in the proper interpretation of the 

A. 0 . A. C. procedure for determining the amount of enzyme 
to use at varying expected raffinose levels has been referred to.

It would, no doubt, be of advantage to establish the activity 
requirements of melibiase in terms of k values. Experiments 
which were made to establish the relationship between k 
values by the proposed method and per cent hydrolysis as 
determined by the A. O. A. C. procedure indicate that enzyme 
solutions of k values of 0.2, 0.35, and 0.6 are required to yield 
respectively, 35, 50, and 70 per cent hydrolysis under the 
A. 0 . A. C. conditions.
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It was also considered of interest to determine the melibiase 
activities actually required to bring about overnight complete 
hydrolysis of various amounts of raffinose at 20° C. Three 
sugar mixtures, each containing 13 grams of sucrose and 0.2,
0.65, and 1.3 grams of raflinose per 100 ml., respectively, were 
hydrolyzed according to the method of the A. O. A. C. with 
various amounts of enzyme solution of known activities. The 
results, as shown in Table III, indicate that the present 
A. O. A. C. requirements involve a considerably larger excess of 
melibiase than is actually necessary. Further investigation 
might profitably be conducted in this connection.

A ctiv ities o f  V arious Y easts

Using this procedure, the melibiase activities (& value) 
were determined on a series of yeasts as obtained from a 
number of breweries and representing both ale (top) and lager 
(bottom) yeasts in use (Table IV). In determining the 
enzyme activity of live yeast, consideration must be given to 
the procedure used for extracting the enzyme. The prepara
tion of invertase from yeast usually involves some means of 
autolysis of the yeast, toluene being the most common reagent 
referred to. Weidenhagen, in investigating melibiase activities 
as obtained with different autolyzing solvents, found that 
ethyl acetate appeared to give the most satisfactory result. 
This has been confirmed, and accordingly ethyl acetate was 
used in these tests.

D eterm in a tio n  o f  M elib iase  A ctiv ity  o f  Y ea st
Drain the liquid yeast as received, on a Büchner funnel, and 

wash several times with cold water. Plasmolyze 5 grams of the 
yeast cake by adding 1 ml. of ethyl acetate and stir intermittently 
for 10 minutes. Add 5 ml. of water, stir well, and after 5 minutes 
dilute to 100 ml. Use 5 ml. of this suspension directly for the hy
drolysis as described above. Filter immediately after addition 
of sodium carbonate at end of hydrolysis and proceed as directed. 
Make a blank determination on another portion of substrate by 
adding sodium carbonate prior to the yeast and then continuing 
as above.

The procedure represents also a convenient rapid chemical 
method for distinguishing between ale and lager yeasts.

S u m m a ry

A new method for the determination of the activity of the 
enzyme melibiase utilizes the Tauber and Kleiner procedure 
for determining monosaccharides in the presence of disac
charides as a means of following the course of hydrolysis of 
melibiose. The hydrolysis has been found to follow a uni- 
molecular course within limits and hence the activities have 
been expressed as k values as determined after a 30-minute 
hydrolysis period. Experiments made on various sucrose- 
raffinose mixtures indicate that the amounts of enzymes 
specified by the A. O. A. C. for hydrolysis are probably un
necessarily high. A method for determining the melibiase 
activity of yeast is described and the values for a number of 
brewery yeasts are given; the method has also been found 
suitable for distinguishing between top- and bottom-ferment
ing yeasts.
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Method for D eterm ination o f E thyl A lco h o l 
for M edicolegal Purposes

F . L . K O Z E L K A  A N D  C . H . H IN E , U n iv e rs i ty  o f  W is c o n s in , M a d is o n , W is .

C ONSIDERABLE interest exists regarding methods for 
the determination of ethyl alcohol in body fluids, since 

the alcohol content of these fluids is used to determine the de
gree of inebriety. Most of the methods proposed depend 
upon the direct oxidation of the volatile substances separated 
from the body fluids by aeration or distillation from an acid 
medium. Direct aeration or distillation from an acid me
dium must necessarily assume the presence of only relatively 
small amounts of other volatile substances which might re- 
diicLthe oxidizing agent and be interpreted as alcohol.

Hisje (7) reports that other reducing substances are not 
present in sufficient quantity to increase the alcohol reading 
significantly. However, sufficient formaldehyde or acetone 
may be present to increase the alcohol reading to a level con
sidered intoxicating. Methenamine is commonly used as an 
urinary antiseptic and significant quantities of formaldehyde 
appear in the urine after its administration. While acetone 
is not oxidized quantitatively under the conditions commonly 
employed, its presence does increase the readings for alcohol.

In medicolegal work, the state of health of the individual 
or whether or not some kind of medication had been taken is

not always known. Consequently, there always exists the 
possibility of the presence of other volatile substances, such 
as aldehydes, acids, phenols, and acetone. Since ethyl 
alcohol is the only alcohol ordinarily present to any appreci
able extent in beverages, it is not so imperative that the 
method distinguish between the different alcohols as it is to 
separate the ethyl alcohol quantitatively from the other in
terfering substances. Where it may be necessary to dif
ferentiate between the alcohols, the distillate obtained may 
be used for this particular purpose. It is more essential to 
simplify the procedure and to increase the specificity of the 
test without sacrificing accuracy than it is to have available 
a less specific microtechnique which requires only one or two 
drops of blood for the determination. The proposed micro
techniques have the advantage that blood specimens can be 
obtained by skin pricks. However, for medicolegal purposes, 
it is desirable to have some of the specimen available for fu
ture checks, which would scarcely be feasible when the micro
technique is employed.

Gettler and Siegel (5) suggested isolation of the alcohol and 
determination of its physical constants; however, this technique
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¡8 intended for the determination of alcohol in tissues and rela
tively large quantities of material are required. Gorr and Wag
ner (<?) studied the removal of aldehydes and ketones from alcohol 
solutions by refluxing the mixture with mercuric chloride in 
1 N  or 2 N  sodium hydroxide for 2 to 5 hours and then distilling 
the alcohol. They found that the acetaldehyde and acetone 
were removed completely with recoveries of 94 to 96 per cent of 
the added alcohol.

A further study of the efficiency of mercuric oxide to remove 
aldehydes and ketones was made by Friedemann and Klaas (4), 
who substituted calcium hydroxide for sodium hydroxide. These 
authors suggest distilling the alcohol from an acid medium after 
precipitating the proteins with sodium tungstate and mercuric 
sulfate, and a second distillation from calcium hydroxide con
taining mercuric oxide to remove any volatile substances, other 
than alcohol, which were distilled from the acid medium. This 
technique requires a second transfer and distillation of the speci
men, which is quantitatively undesirable for routine purposes.

The method described in this paper has been developed 
for routine analysis of specimens for medicolegal purposes. 
The authors found that the interfering substances are removed 
quantitatively by passing the distilled vapor from the acid 
medium through a solution of concentrated sodium hydroxide 
containing mercuric oxide. The alcohol is distilled and the 
interfering substances are removed in one operation, consider
ably simplifying the technique. It provides a simple means 
of separating the alcohol quantitatively from the other sub
stances which may be present in biological material and dis
penses with the necessity of testing for the presence of these 
contaminants. The acid medium removes any basic vola
tile substances, while the concentrated sodium hydroxide 
containing mercuric oxide removes the acids, aldehydes, ace
tone, and phenols. The method has the added advantage of 
distilling and digesting the specimen in an all-glass apparatus 
and hence prevents contamination from cork or rubber 
stoppers.

The authors have also observed that low recoveries are 
obtained by oxidizing the alcohol in an open container, un
doubtedly owing to loss of between 10 and 20 per cent or even

more acetaldehyde during the digestion. To prevent this 
loss, the alcohol is oxidized in a closed flask. The method of 
oxidizing the alcohol, or the determination of the excess oxidiz
ing agent, is a matter of preference. Apparently all the 
reagents suggested for this phase of the determination give 
accurate results. However, the authors prefer to use potas
sium dichromate because the solution will keep indefinitely, 
which obviates the necessity of periodic restandardization. 
The excess dichromate is reduced with potassium iodide and 
the liberated iodine titrated with a 0.1 N  sodium thiosulfate 
solution.

A pparatus
The distillation apparatus and the digestion flask are shown in 

Figure 1. The two tubes, F and G, are held in place during the 
distillation by springs attached to the top of the tubes ana the 
side arms. The foam trap, C, as constructed will prevent the 
mechanical carrying over of material, even when considerable 
foaming occurs. The vapor passes through the opening at 1, 
and the condensate, together with any fluid forced through the 
opening, returns to the distillation tube through the opening at 2. 
The alcohol is collected from the condenser in flask D.

The male portion of the joint of tube G must be covered with 
graphite to prevent sticking. The graphite is best applied by 
using a carpenter’s pencil, although an ordinary pencil will 
Berve the purpose.

A 2-liter beaker may be used for the boiling water bath, H. 
The digestion flask, D, is constructed from a 125-cc. Erlenmeyer 
flask and a No. 15 interchangeable ground-glass joint. The cap 
is kept in place with two coil springs, 0.6 cm. (0.25 inch) in 
diameter, made from 20-gage spring steel wire. Considerable 
tension must be maintained on the springs to prevent the cap 
from being raised by the vapor pressure and breaking the cap or 
the flask when it snaps back into position. Two 10-cc. all-auto
matic burets are most convenient for the 0.1 A  potassium di
chromate and 0.1JV sodium thiosulfate solutions.

R eagen ts
Potassium dichromate solution, 0.1 Ar, 4.903 grams per liter, 

reagent quality. A solution prepared from reagent quality

gotassium dichromate agrees with the theoretical yield of alcohol 
y direct digestion of standard alcohol solutions. One cuhic 
centimeter of the solution is equivalent to 1.15 mg. of alcohol. 

(A 0.1 N  solution is preferred to more dilute solutions because it 
covers the range of the quantities of alcohol commonly found 
in the blood or urine specimens, and if reasonable care is exer
cised, excellent checks can be obtained even with as small quan
tities as 0.005 per cent.) •

Sodium thiosulfate solution, 0.1 N, 25 grams of sodium thio
sulfate plus 0.1 gram of sodium bicarbonate per liter. This 
solution is standardized against the 0.1 N  potassium dichromate 
solution.

Potassium iodide crystals, analytical reagent, must be free from 
iodates.

Arrowroot starch, 1 per cent solution.
Sulfuric acid, concentrated, reagent quality.
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T a b l e  I. R e c o v e r ie s  o p  A l c o h o l  f r o m  U r i n e  a n d  B l o o d

Alco Ace Form 
hol tone aldehyde Alcohol

M aterial Sample Added Added Present Recovered
Cc. Mg. Mg. Mg. Mg. %

W ater 2 .5 2 .35 ,, 2 .32 98 .7
W ater 5 4 .7 0 4 .70 100.0
W ater 5 4 .7 0 10* 4 .70 100.0
W ater 5 4 .70 15 4.69 99 .7
W ater 5 5 .00 7 .5 7 .5 4.92 98 .4
Uriiie 2 4 .70 4 .68 99 .5
Urine 5 4.72 15* 4.72 100.0
Urine 5 4.72 15 .. 4 .77 101.1
Urine 5 4 .72 20 4 .77 101.0
Urine 5 4.72 25 4 .60 9 7 .5
Urine® 2 1.90 10 1.2 1.89 99 .4
Urine® 2 1.90 10 1.2 1.91 100.5
Urine® 5 1.90 10 3 .0 1.90 100.0
Urine® 5 5.00 20 19.2 4.91 98 .2
Urine® 5 5.00 20 19.2 4 .8 8 9 7 .6
Blood 4 7 .60 .. 7 .62 100.2
Blood 2 3 .80 3 .76 99 .0
Blood 1 1.90 5* ,, 1.88 98.9
Blood 2 0 .95 10 0 .96 101.0
Blood 1 0.47 . . 0.47 100.0

® Specimen from  patien ta  a fter adm inistra tion  of 4 gram s of m ethenam ine.
Urine was steam -distilled from acid solution and  form aldehyde approxi-
m ated  colorim etrically.



Mercuric chloride, saturated aqueous solution.
Sodium hydroxide, saturated solution.
Sodium tungstate, 10 per cent solution.
Sulfuric acid, 1 N  solution.

P rocedure
The blood or urine specimen (1 or 2 cc.) is measured into the 

distillation tube, F, and the protein is precipitated by the addi
tion of 5 cc. of 10 per cent sodium tungstate and 5 cc. of 1 N sul
furic acid. These quantities of tungstate and sulfuric acid for a 
2-cc. blood specimen effect a complete precipitation of the pro
teins, and little, if any, foaming occurs during the distillation. 
Since urine specimens do not ordinarily contain protein, it is 
usually unnecessary to add the tungstate. The analyses can be 
made on coagulated blood; however; care must be exercised 
when taking a sample for the determination to obtain propor
tionate amounts of the serum and clot. Whenever possible, 
an anticoagulant, such as sodium citrate, oxalate, or fluoride, 
should be employed.

Ten cubic centimeters of a saturated solution of mercuric chlo
ride and 10 cc. of a saturated solution of sodium hydroxide are 
measured into tube G. The tubes are then connected to the 
distillation apparatus and immersed in the hot water bath, which 
should be kept at the boiling temperature during the distilla
tion process. The alcohol is steam-distilled directly into the diges
tion flask, D. After 25 to 30 cc. are distilled, 10 cc. of the 0.1 N 
potassium dichromate solution and 5 cc. of concentrated sulfuric 
acid are added to the distillate. The sulfuric acid should be al
lowed to run down the side of the flask to prevent it from mixing 
with the aqueous solution and causing the heat of solution to 
raise the temperature before the flask is closed. After the flask is 
closed and the cap fastened with the two springs, the solution is 
mixed. The flask is then placed in a boiling water bath for 20 
minutes. The solution is cooled, and the dichromate solution is 
washed down the sides of the flask with a stream of water from 
a wash bottle. Enough water should be added to dilute the acid 
to a 10 per cent solution or less. The excess dichromate is deter
mined by adding approximately 0.2 gram of potassium iodide crys
tals and titrating the liberated iodine with the standardized 
solution of 0.1 N  sodium thiosulfate. Addition of the starch 
indicator should be delayed until the iodine color is nearly re
moved. Five drops of the 1 per cent starch solution are then 
added and the titration is completed.

E xp erim en ta l
Standard alcohol solutions were made from absolute alcohol 

which was prepared according to the technique suggested by 
Noyes (£) and Castille and Henri (2). Pure acetone was pre
pared according to the method suggested by Frankforter and 
Cohen (S). A U. S. P. solution of formaldehyde was assumed to 
contain 37 per cent of formaldehyde.

Alyea and Backatrom’s method (/) was used to test for the 
presence of acetone and the modified Schiff’s reagent (9) was 
used to test for the presence of formaldehyde in the distillates.

Alcohol was recovered from pure solutions, blood, and 
urine, according to the procedure outlined above. Table I 
shows that quantitative recoveries of the alcohol are obtain
able and that the acetone and formaldehyde are completely 
removed.

The efficiency of the method in removing acetone and form
aldehyde was determined by distilling known quantities of 
these compounds and testing the distillates. It was found 
that the method will remove 75 mg. of formaldehyde and 30 
mg. of acetone, quantities considerably in excess of those which 
would she present in blood or urine specimens under the most 
extremtvjonditions.

Table II shows the effect of distilling urine specimens 
through concentrated sodium hydroxide containing mercuric 
oxide. In the absence of the mercuric oxide-sodium hy
droxide reagent the alcohol readings are erroneously high, 
especially on materials obtained from individuals receiving 
methenamine. On these specimens the commonly employed 
methods would indicate that the individual was under the 
influence of alcohol. While acetone does not present a very 
serious problem, its presence in borderline cases may increase 
the alcohol reading to a level considered intoxicating, es
pecially where certain levels of alcohol in the blood or urine
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T a b l e  I I .  D i f f e r e n c e  i n  A p p a r e n t  A l c o h o l  R e a d in g  w it h  
AND WITHOUT SODIUM HYDROXIDE-M ERCURIC O.XIDE REAGENT

A pparent Alcohol Reading 
W ithou t reagent W ith reagen t 

M g./ce. o f urine
0.115  0.036
0.159 0.040
0.050 0.010
0.152 0.038
0.060 0.010
0.960 0.010
0.920 0.010
2.250 0.020
1.770 0.030
2.890 0.030
1.040 0.020
1.950 0.020
1.060 0.030
1.090 0.010
1.180 0.010

• D iabetic pa tien ts  were em ergency cases, either in coma or approaching 
com atose condition when urine specimens were taken.

* P a tien ts  received 2.5 to  4.0 gram s (one daily therapeutic  dose) of m eth
enam ine in 8-hour period in four divided doses. Urine specimens were col
lected a t  intervals a fter first dose and up to 14 hours after last dose.

are being accepted for defining intoxication. It will be 
noted in Table II that the mercuric oxide-sodium hydroxide 
reagent reduces these readings to insignificant quantities.

It has been suggested that the accumulation of intermediate 
metabolites in the system during various forms of anoxia 
may be a source of error in the alcohol determination. To 
test the possibility of this error, rabbits were asphyxiated in 
an airtight chamber until they were maximally dyspneic and 
cyanotic; others were rendered anoxic by exposure to carbon 
monoxide or to oxygen at a partial pressure of 60 mm. of mercury 
(equivalent to 8 per cent of oxygen at 760 mm. of mercury). 
These conditions failed to produce any reducing substance 
which would pass over with the distillate and be read as 
alcohol.

S u m m a ry
A method for the determination of alcohol in biological 

material is described. Its advantages over previously de
scribed methods are; (1) the alcohol can be separated from 
interfering substances, such as acids, bases, aldehydes, and 
ketones, in one operation and it is not necessary to test for 
the presence of these contaminants; (2) the distillation and 
digestion of the specimen are done in an all-glass apparatus, 
preventing contamination from stoppers. Alcohol can be 
recovered quantitatively when acetone or formuldehyde is 
present in greater concentration than would be present under 
the most extreme conditions. Although Table I shows that 
alcohol was quantitatively recovered in the presence of ace
tone and formaldehyde, a few samples are included in Table 
II to illustrate the operation of this principle on natural 
samples: urine from diabetic patients containing acetone 
bodies and from patients receiving methenamine containing 
formaldehyde. Accumulation of intermediate metabolites 
due to various types of anoxia has no effect on the alcohol 
reading. The method largely overcomes the criticism of 
nonspecificity of the methods commonly employed.
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Two Im proved Pressure-Regulation Devices
JA C K  I I .  T I IE L IN 1, R u tg e r s  U n iv e rs i ty ,  N ew  B ru n sw ic k , N . J .

T HE regulators described in this article resulted from 
a need for a sensitive and positive vacuum control in ex

periments on vapor pressures of binary mixtures.
The first instrument (Figure 1) possessed certain features and 

characteristics which may be useful for other purposes. No 
rubber tubing is necessary, for the regulator may be attached 
directly to the system to be controlled. Articles ordinarily 
found in the laboratory were used in its construction. It 
may be used either with weights or with the mechanism 
shown in Figure 2.

Using weights, any pressure in a range from 1 to 200 mm. 
is quickly obtained and kept, but above 400 mm. the pres
sure fluctuates and the instrument “spills”, letting in large 
amounts of air. Control in the range from 200 to 400 mm. 
requires some care. The precision attainable with both 
regulators is 0.1 mm. in the pressure range above 100 mm. 
Below 100 mm. the variation in pressure is inappreciable.

The operation is shown by Figure 1. A decrease in pressure 
in the system decreases the force exerted on the left balance pan, 
indicated by the rise of the height of mercury, and permits the 
right-hand balance pan to lower and let air in through the capil
lary. The dynamic equilibrium set up in this way may be altered 
to raise or lower the pressure in the system by the simple addition 
or subtraction of weights on the right-hand pan. A table of 
weights corresponding to various pressures may be made, but 
these are subject to slight changes in the atmospheric pressure.

1 Present address, Calco Chem ical Division, American Cyanam id Co., 
Bound Brook, N. J.
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Using the mechanism shown in Figure 2, any pressure from 
atmospheric down to 1 mm., with definite control at any point, 
may be obtained. This mechanism eliminates the disadvantages 
of the weights. When pressure on the balance pan is increased 
by turning the screw down on the perforated rubber stopper, ft, 
more air is admitted to the system until the increase of air pres
sure in the system closes valve B against the pressure of ft. 
Heavy sponge rubber can be used in ft. For pressures in the 
system close to 760 mm. it is best not to have the source of vac
uum running at full capacity.

The balance was bolted to a ring stand, which in turn was 
bolted to a wooden base, so that the regulator could be carried 
from place to place as a unit. To ensure smooth operation a 
ballast flask was included in the system and the bottom of the 
tube dipping into the mercury was constricted. About 70 ml. 
of mercury were used, but this could be reduced by using a smaller

\ Capillary

y '- Bobber Tubing G 

'G lass Collar

■%,co2

Bottom s o f  
# 8  Bobber 
Stoppers

Bobber Stopper
B

Lever firm  o f Pegu/ator

flask. The glass tubing was 6 mm. and the capillary was 1.5 mm. 
in inside diameter.

The rubber stopper used as a valve seat was an ordinary stop-

Eer boiled in sodium hydroxide solution for approximately 0.5 
our. The capillary was ground down on an emery wheel and 

the flat portion which presses against the rubber stopper was 
ground down, using first a coarse and then a fine grade of emery 
powder in glycerol as a grinding medium. The grinding was 
facilitated by clamping a cork borer in a vertical position and 
using it as a bearing for the capillary tube as it was rotated. In 
this way the plane end of the capillary is made perpendicular to 
the axis of the capillary.

In order to have a more compact unit and to avoid exposure 
of the mercury to the air, a lever arm was substituted for the 
balance and a closed manometer was used. An excellent instru
ment has been designed by Schierholtz (/).

Figures 3 and 4 show the construction in some detail. The 
screw which constitutes fulcrum 1 is not tightened up completely 
so that the entire glass portion moves with it as a center. As the 
mercury falls in the small glass arm and rises in the large portion, 
owing to lowering of pressure in the system, less weight is sup
ported by the clamp pressing on the lever arm at B and more 
by fulcrum 1. The more firmly the screw mechanism presses 
on rubber stopper 2, the higher will the pressure rise in the system 
and the higher will the mercury rise in the small side arm to force 
rubber stopper 1 against the capillary and shut off the supply of 
air.

About 0.75 ml. of air left in tube C increases the range of pres
sure over which the instrument is sensitive. With the air pocket,

F i g u r e  6

— Capillary

R ubber lu b e  

Glass

, C0S . 
e tc .

F ig u r e  5

Mercury 

y~ Glass

L e v e r firm  o f  R eg u la to r 

F i g u r e  7



the range of control due to the movement of mercury extended 
from 1 to 350 mm.; without the air pocket the range was from 
1 to 220 mm. Besides increasing the effective range of the regu
lator 100 mm., the air pocket helps to prevent the breaking of the 
glass arm by the mercury if the pressure in the system suddenly 
increases.

No rubber tubing is used in the regulator itself. Since con
nection to the system is made close to the fulcrum, heavy pres
sure tubing may be used without interfering with the action of 
the regulator.

If gases other than air are desired in the system during a dis
tillation, the apparatus shown in Figures 5 and 6 may be added. 
This addition is facilitated by the relatively little movement be
tween the capillary and the rubber stopper. If side arms D and 
E are left open to the air, air will be drawn into the system, but 
if nitrogen or carbon dioxide is passed through D and out E, 
these gases will be drawn into the system instead. Before start
ing a distillation the system should be flushed out with the gas to 
be used by applying a vacuum and having the capillary open as 
much as possible. The glass collar is fastened to the capillary by 
a short length of rubber tubing, G. A glass-to-glass seal is better, 
since no flexibility is desired at this point. Rubber stopper II,
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forming the valve seat, tvss cut halfway through with a  cork 
borer and then the outside portion was cut away with a  razor 
as shown in Figure 5. Two No. 8 rubber stoppers were bored to 
fit G and II, respectively, and a 4-mm. section was taken from the 
bottom of each. They were fastened together with a short 
length of Gooch rubber tubing to provide free movement between 
the capillary and rubber valve seat.

In Figure 7 the same effect is accomplished using a mercury 
seal. This is much more rugged and easily handled( but a sudden 
increase of nitrogen or carbon dioxide pressure might blow out 
the mercury.

A ck n ow led gm en  t
The author wishes to acknowledge the helpful encourage

ment of P. A. van der Meulen and D. L. Cottle. Apprecia
tion is also due F. G. Horstmann, Belleville, N. J., for the un
limited use of his machine shop.
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Disposal o f Acid Fumes in Wet Assaying
E D G A R  J .  P O T H  A N D  G E O R G E  A . E L L IO T T  

S u rg ic a l  H u n te r i a n  L a b o ra to ry ,  D e p a r tm e n t  o f  S u rg e ry ,  T h e  J o h n s  H o p k in s  S c h o o l o f  M e d ic in e ,  B a lt im o r e ,  M d .

W ORKERS in old or improvised laboratories are fre
quently confronted with the problem of disposal of 

acid fumes from wet-assay digestions. If the fume-laden 
gases are passed through zeolite sand covered with water, the 
fumes are effectively removed. The surface afforded by the 
grains of sodium aluminum silicate adsorbs and reacts with 
the fumes rapidly and completely and allows relatively large 
volumes of inert gas to be passed without the passage of the 
acid fumes. The fumes are removed so completely that any 
type of evacuating pump can be employed with the exhaust 
open to the laboratory.

The commercial grade of synthetic zeolite sand gradually

dissolves and passes off with the condensed overflow. The 
absorbent is most economical.

The application of this procedure to micro-Kjeldahl diges
tion is illustrated in Figure 1.

Bottle B contains zeolite sand covered with water. A acts as a 
trap for sand grains from B. A spray trap, C, employing the 
indentations featured in the Vigreux type of fractionating head, 
drains well and efficiently breaks up the spray. The tip, D, 
drains the side arm and prevents the formation of fluid locks in 
the system, which wrould cause fumes to escape at the open con
nections. A trap, C, fits into the mouth of each digestion tube or 
flask and serves to prevent loss of sample in the spray and to con
nect the digestion vessel to the fume-absorbing system.
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A Reaction Tube for Determination o f 17-Ketosteroids
F R E D E R IC  E . H O L M E S

C h i ld r e n ’s H o s p ita l  R e se a rc h  F o u n d a t io n  a n d  th e  C o lleg e  o f  M e d ic in e ,  U n iv e rs i ty  o f  C in c in n a t i ,  C in c in n a t i ,  O h io

I N THE method of Holtorff and Koch (2) for the 
determination of 17-ketosteroids, the presence 

of more than a trace of carbonate in the reaction 
mixture results in turbidity in the final diluted 
alcoholic solution. Absorption of carbon dioxide 
during the reaction may be prevented by use of 
the tube shown in the accompanying figure, in 
which the concentrated alkaline solution is pro
tected from contact with the air in the small space 
at the bottom of the tube below the long-handled 
stopper.

To avoid wetting the ground joint between the 
stopper and the shoulder of the tube, with resulting 
exposure of part of the solution, the 0.2-ml. portions 
of«,alcoholic extract, m-dinitrobenzene, and aqueous 
potassium hydroxide are delivered onto the top of a 
short glass rod fused into the bottom of the tube. 
The spiral form of this rod aids in rapid thorough 
mixing with the diluent later. When sufficient time 
has elapsed for completion of the reaction, 10 ml. of 
alcohol are pipetted into the tube above the stopper. 
From a series of tubes the stoppers may be removed 
in rapid succession, thus decreasing the interval be
tween dilutions to more nearly that required in mak
ing the readings. The concentrated solution and the 
diluent alcohol are.mixed by a rapid swirling motion,

and are transferred to the Evelyn colorimeter tubes 
as required. By the use of this reaction tube, long con
tact of strongly alkaline solutions with the colorimeter 
tubes is avoided.

The small bottom part is of 15-mm. tubing (outside 
diameter) and has a depth below the ground joint of 
approximately 20 mm. The upper part is of 25-mm. 
tubing of any convenient length (an over-all length of 
115 mm. was used). The stopper is easily made of 1
mm. capillary tubing which gives it sufficient weight 
to sink in bichromate-sulfuric acid cleaning solution. 
The stopper is ground in with a simultaneously lateral 
and rotary motion of the handle to produce spherical 
ground surfaces which fit in any position of the handle.

In this laboratory, the potassium hydroxide solu
tion is stored in and delivered from a small mercury- 
sealed buret (/, Figure 3) having a delivery tip suffi
ciently long to reach to the top of the spiral glass rod. 
The tip of the Koch buret (3) is also long enough for 
this purpose. Many ordinary burets require an ex
tension of the tip, preferably fused on.

L iteratu re  C ited
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Sample Carrier for Organic Liquids
F R A N K  O . G R E E N 1 

G re e n v ille  C o lleg e , G re e n v ille , 111.

I N THE ultimate analysis of organic liquids the common 
sample carriers are sealed bulblets or open porcelain 

boats, the sealed bulblets for use with low-boiling liquids and 
the open boats for use with high-boiling liquids.

A carrier device suggested for use with liquids of inter
mediate boiling temperatures does away at once with the 
time consumed when sealed bulblets are used and the loss by 
evaporation when open boats are used. Figure 1 shows the 
device suggested.

Using a piece of Pyrex tubing approximately 6 X 30 mm., the 
container is prepared as follows: One end is melted completely, 
blown slightly, and pressed firmly onto a flat, noncombustible 
surface. The stem is given a curvature and the open end is 
constricted by rotating in a flame until the opening is approxi
mately 1 mm. in diameter.

The container is filled by means of an eye dropper with a 
capillary tube, and may be used over and over again. The flat 
bottom makes it possible to stand the object directly upon the 
balance pan.

For the actual combustion the container is put into a porcelain 
boat with the opening downward and toward the end of the boat 
nearer the catalyst (Figure 1, right). The curve in the neck keeps 
the liquid in the container until it is distilled out. Small pieces 
of glass in the container aid in the regular distillation of the 
sample into the boat. The speeds of distillation and combustion 
are thus controlled.

Just as some liquids do not volatilize completely when 
distilled from a bulblet carrier, so some liquids will leave a 
small carbonaceous deposit when distilled from the suggested

c

1 Present address, Bauer and Black, 2500 South D earborn St., Chicago, 111.

F i g u r e  1

carrier. This difficulty may be partly overcome by decreas
ing the speed of distillation. However, if a small deposit does 
occur, it may be completely removed by heating the carrier 
to a dull red temperature for a few minutes while the oxygen 
flow is continued. Nevertheless this device will undoubtedly 
be limited, for practical use, to liquids which char very little 
or not at all when distilled.

The author has obtained very satisfactory results with 
liquids of intermediate boiling temperatures.
A i d e d  by a g ran t from  the  Illinois A cadem y of Science, and  certain  a p 
para tu s  loaned by  D r. Lauder of the  P e t M ilk Laboratory .
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Iodobism uthite D eterm ination o f Bism uth 
in B iological Samples

Application of Neutral Wedge Photometer

C . J .  W E S L E Y  W IE G A N D , G E O R G E  H , L A N N , AND F R A N K  V . K A L IC H  
G e o rg e  A. B re o n  &  C o ., I n c . ,  K a n s a s  C ity ,  M o .

THE estimation of bismuth by the iodobismuthite method 
was originated by Thresh in 1880 (6). Application of 
this method to the determination of bismuth in biological 

samples was attempted by various investigators and their 
efforts were consummated in a method published by Leon
ard (S) in 1926. Several modifications (1, S) of the Leon
ard procedure have been employed since that time. A re
view of the several methods and their modifications has been 
compiled by von Oettingen (4).

In the early nephelometric methods it was necessary to em
ploy small quantities of reagents and in most cases to employ 
the entire analytical sample in making a determination, so that 
any error due to faulty manipulation in the color developing 
stage could not be readily corrected. The precision of the 
determinations was limited by the visual interpolation of the 
operator.

The method which has been developed for use with a neu
tral wedge photometer overcomes these difficulties. This 
method is applicable to the estimation of quantities of bis
muth of the order of 50 to 500 micrograms in any solution 
which has been freed of interfering substances. With proper 
modifications as little as 10 micrograms could be determined 
accurately, since samples containing only 3 micrograms of the 
element in 15 cc. are needed.

R ea g en ts
S t a n d a r d  B is m u t h  S o l u t io n . Dissolve 1.0000 gram of 

freshly fractured and pulverized bismuth in 5 to 10 cc. of con
centrated nitric acid in a covered casserole. When solution is 
complete dilute with 100 cc. of distilled water. Wash the cover 
glass thoroughly and add the washings to the solution in the cas
serole. Transfer the solution quantitatively to a 1-liter volu
metric flask and dilute to the mark with distilled water. This 
solution contains 1.00 mg. of bismuth per cc.

S u l f u r i c  Acid, 2 0  P e r  C e n t .  Slowly add 2 0 0  grams of con
centrated sulfuric acid to 8 0 0  grams of distilled water.

P o t a s s iu m  I o d id e , 5 P e r  C e n t . Dissolve 50 grams of po
tassium iodide (U. S. P.) in 950 grams of distilled water.

H y p o p h o s p h o r o u s  A c id ,  10  P e r  C e n t . Dilute 2 0 0  grams 
o f  hypophosphorous acid (purified, 5 0  per cent) with 8 0 0  grams 
o f  distilled water.

M eth od
The yellow potassium iodobismuthite solution which con

stitutes the basis of the method is stated by Rasmussen,

Jackerott, and Schou (5) to absorb light up to 4500 A. They 
employed the mercury line at 4359 A. in a photometric investi
gation of the method of Leonard. •

To determine the most satisfactory wave band for use in 
the determinations with the neutral wedge photometer, 
absorption curves for solutions containing different concen
trations of bismuth were made. The data appearing in Table 
I and plotted in Figure 1 show that concentrations of bismuth 
up to 300 micrograms per 50 cc. can be effectively deter
mined, using a 100-mm. cell and a filter transmitting light of 
460-millimicron wave length.
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T a b l e  I . A b s o r p t io n  D a t a  f o r  P o t a s s iu m  I o d o b is m u t h it e  
S o l u t io n s “

Absorption Readings a t  W ave Length*:
B ism uth 440 460 490 510 560 580 610

Aficrograma/
50 cc.

20 7 .5 7 .6 4 .7 2 .3 0 .5 0 .3  0 .2
50 17.6 18.4 10.6 2 .5 0 .7 0 .3  0 .2

100 34.5 37.3 18.8 2 .7 0 .4 0 .3  0 .2
200 65.2 70.5 35.5 5 .5 0 .3 0 .5  ° 0 .2
300 92 .5 99.3 46 .2 8 .5 0 .3 0 .4  0 .2

° Using 100-mm. absorption tube. #
* Effective wave length in millimicrons of eyepiece filters supplied by 

American In s tru m en t Co.

Adding 10 cc. of 5 per cent potassium iodide and 10 cc. of 
10 per cent hypophosphorous acid to a sulfuric acid solution of 
bismuth and making up to 50-cc. volume with water provide a 
satisfactory medium for conducting the estimation. Since the 
instrument cell has a volume of about 15 cc., not all of this solu
tion is needed; part of it provides a rinse for the cell before mak
ing the reading. These solutions may be prepared in any 50-cc. 
volumetric container.

The data in Table II, which have been plotted in Figure 2, 
present the evidence for the choice of the above components 
of the solution. Potassium sulfate and ammonium sulfate

iOO

ID
z
o
<
UJ
CC

6 0

4 0

20

3 0 0 r B ;/ 5 0 c c .

f FICI E ffe c t  

e n tra t io n  

I s o rp t io n  

m icrons

3 U R E  2 .  

of K l  co n c-  

on light a b 

a t 4 6 0  milli -

^ —
‘ lO O r B i / 5 0 c c '

I
r

3 0 y B ;/ 5 0 c c .

Kl C O N C . IX ZV.

have been included in the experiment because they are usu
ally present in samples prepared by the digestion of organic 
materials. Inspection of the data shows that only the po
tassium iodide affects the color intensity to any appreciable 
extent. Therefore it is the only reagent included in Figure 2.

The choice of hypophosphorous acid was made after the 
sulfites and sulfurous acid which are usually employed as re
ducing agents were found to contain an impurity that de
veloped an interfering yellow color with potassium iodide in 
acid solution. Samples from different manufacturers showed

the presence of the same impurity. Sulfurous acid prepared 
from sodium thiosulfate crystals also produced an interfering 
color. It was found that both photographic glycin (p-hy- 
droxyphenyl aminoacetic acid) and hypophosphorous acid 
were free of-such impurities. Glycin was abandoned be
cause it develops an interfering color in the presence of ferric 
iron. Hypophosphorous acid proved suitable in every re
spect.

The calibration curve for the instrument was made by de
termining the absorption at 460 millimicrons with known 
quantities of bismuth. A blank solution of the reagents was 
used to establish the zero point of the instrument. These 
data are shown in Table III and Figure 3. The slight devia
tion from Beer’s law apparent in the curves is probably due 
to the potassium iodide-bismuth ratio in the solution. The 
deviation is not of sufficient magnitude to warrant an increase 
in the potassium iodide content in the solution from which 
color absorption readings are to be made.

E stim a tio n  o f  B ism u th  in  U rine

For the estimation of bismuth in biological samples the 
organic matter is first destroyed by wet-digestion of the sam
ple in a sulfuric acid mixture. The ultimate product is a solu
tion of bismuth sulfate in 100 cc. of dilute sulfuric acid. Ali
quot portions of this solution are taken for the preparation of 
the iodobismuthite solution from which the final estimation is 
made.

The presence of small quantities of elements other than 
bismuth in the prepared urine samples causes considerable

T a b l e  I I .  E f f e c t  o f  S o l u t io n  C o m p o n e n t s  o n  D e v e l o p 
m e n t  o f  P o t a s s iu m  I o d o b is m u t h it e  C o l o r

A bsorption
Reading

Bi
Added sl i

10%
H j P O j

10%
KsSO«

10%
(NH*)iSOi

T ube a t  
Millimicr

Aftero-
grama Cc. Cc. Cc. Cc. Cc.

300 10 1 10 54.2
300 10 2 10 78 .6
300 10 5 10 95 .5
300 10 10 10 99.9
300 10 20 10 100.0
100 10 1 10 20.7
100 10 2 10 29 .6
100 10 5 10 35.2
100 10 10 10 37.7
100 10 20 10 37.7
30 10 1 10 6 .7
30 10 2 10 9 .4
30 10 5 10 11.3
30 10 10 10 11.9
30 10 20 10 12.0

100 2 10 10 36.4
100 20 10 10 38.5
100 10 10 10 39.6
100 10 10 5 38.3
100 10 10 20 37 .5
100 10 10 10 *5 38.7
100 10 10 10 20 38.8
100 10 10 10 *5 38.2
100 10 10 10 20 38 .8

T a b l e  III. B is m u t h  C a l ib r a t io n  C u r v e

(100-mm. absorption cell w ith 460-millimicron filter. Solutions m ade to  
contain in 50 cc.f 10 cc. of 20%  H jSO«, 10 cc. of 5%  K l, and  10 cc. of 10% 

H jPO j)
B ism uth 
Added 

MicroPro ma
10
20
30
50
80

100
150
200
250
300

A bsorption
R eading

3 .6
7 .2

11.4
17.9 
29 .2
36.9
53.4 
70.1 
86.0
98 .9
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error when determinations are made in the lower range. This 
is due to the deviation of the curve from the bismuth cali
bration curve (Figure 3). However, by establishing a work
ing curve for urine samples using samples containing known 
amounts of bismuth (Table IV, Figure 3) determinations can 
be made with less than 5 per cent error in the range of 20 to 
3000 micrograms of bismuth per sample (Table V). Operating 
similarly, the method may be employed for tissue analysis. 
Some selected results are shown in Table VI.

Pipet an aliquot portion (20 cc.) of the prepared sample into a 
50-cc. volumetric flask and add 10 cc. of 5 per cent potassium 
iodide from a delivery pipet. Mix the two by shaking. To this 
add 10 cc. of 10 per cent hypophosphorous acid and sufficient 
distilled water to make up the volume. Mix the sample and 
rinse the absorption cell with a portion of it. Fill the cell with 
the solution and wipe the polished ends with a clean dry cloth 
before making the absorption reading. The micrograms of bis
muth corresponding to the absorption readings are read off from 
the working curve and the bismuth content of the prepared sam
ple is calculated.

The above sequence of reagent addition must be followed 
because potassium iodide is oxidized to iodine by ferric iron 
and other oxidizing impurities. This is capable of reduction 
by hypophosphorous acid, whereas the original oxidizing 
agents are not. This procedure yields a solution which does 
not change in color for several hours.

T a b l e  V. D e t e r m in a t io n  o f  B is m u t h  i n  U r i n e

B ism uth 
Added to 
100 Cc. Absorption

Reading
Bism uth

of Urine Found Error
Mo. Mo. %
0.02 2 .0 0 .02 0

2 .0 0 .02 0
2.3 0 .02 0

0 .10 8 .5 0 .10 0
8.1 0.095 5
8.1 0.095 5

0 .20 16.2 0 .20 0
16.2 0 .20 0
16.4 0.21 5

0 .50 37 .0 0 .48 4
37.3 0 .49 2
37.2 0 .49 2

1.0 71.3 1.01 1
71.5 1.01 1
71.4 1.01 1

2 .0 a 69.8 1.98 1
69.0 1.95 3
69.3 1.96 2

3 .0 a 98.0 2.98 0
98.2 2.9S 0
98 .5 2.99 . o

° 10-cc. portion  of the  100-cc. prepared sam ple employed instead of usual 
20-cc. portion.

P rocedure

Place 100 cc. of urine in a 500-cc. Iijeldahl flask with 10 cc. of 
concentrated sulfuric acid, 10 grams of potassium sulfate, and 25 
cc. of concentrated nitric acid. Add two glass beads and con
centrate the urine to a small volume by rapid boiling. Digestion 
of the organic matter follows and proceeds smoothly. When the 
solution is clear and usually colorless (about 1 hour) allow it to 
cool and add 40 to 50 cc. water. Filter the solution into a 100-cc. 
volumetric flask, wash the Kjeldahl flask and filter with suc
cessive small portions of water, and add the washings to the main 
portion of the filtrate. Finally adjust the volume to the mark 
with water and mix well. This constitutes the prepared sample 
from which the bismuth determination is made.

T a b l e  IV. C a l ib r a t io n  C u r v e  f o r  B is m u t h  i n  U r i n e

(100-mm. absorption cell w ith 460-millimicron filter. Solutions m ade to 
con tain  in  50 cc. 10 cc. of 5%  K I, 10 cc. of 10% H iPO i, and  s ta ted  q u an tity  

of 100-cc. prepared samples. 100 cc. of urine digested)

T a b l e  VI. T y p ic a l  T i s s u e  A n a l y s e s

Bism uth
Bism uth

in A bsorption Reading D eviation
from

Added A liquot A liquot I II I I I Av. M ean

Mo.
0 .0 2

Cc.
20

M  icro- 
Or a ms

4 2 .0 2 .4 2 .2
%

10
0 .10 20 20 ¿!9 8 .8 8 .3 8 .7 5
0 .2 20 40 15.9 16.6 15.5 16.0 3
0 .5 20 100 3 8 .S 38.5 38.5 38.6 1
1.0 20 200 70.5 70.3 70.4 70.4 0 .2
2 .0 10 200 70 .2 70.3 69 .8 70.1 0 .4

B ism uth B ism uth E rror
Tissue W eight Added Found %

Grams Mo. Mo.
Liver 75 0.1 0 .10 0
Muscle 75 0 .5 0 .50 0

75 0 .5 0.49 2
75 1.0 1.01 1
75 1 .0 1.01 1
75 4 .0 3.96 1
75 4 .0 3 .96 1

S u m m a r y

The concentration of bismuth in biological samples by the 
iodobismuthite method may be rapidly and accurately deter
mined with the neutral wedge photometer. The method is 
not recommended when less than 20 micrograms of the ele
ment are available in the analytical sample. For analyses of 
various materials, working curves may be prepared and em
ployed, as in the example for bismuth in urine.

The major factor in analyses by this method is the concen
tration of potassium iodide. This factor has not been previ
ously considered of critical importance and different investi
gators have employed varying concentrations of this reagent 
in developing the iodobismuthite color. The effect of small 
variations in the volume of 5 per cent potassium iodide solu-
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tion is shown in Figure 2. In determining bismuth in the 
range 20 to 3000 micrograms, the concentration of potassium 
iodide should be at least 1 per cent. The Leonard method 
employs about 0.3 per cent potassium iodide. In this range 
of potassium iodide concentration a small error in measure
ment of the potassium iodide could result in an appreciable 
error in the bismuth content. The technique here described, 
if followed precisely, will result in the minimum error due to 
measurement of reagents.

This method has been employed routinely in the investiga
tion of the bismuth content of biological samples in conjunc
tion with studies on the absorption and excretion of bismuth 
by the animal organism originating in these laboratories (7).

(1) Bodnar and Karell, Biochem. Z., 199, 29-40 (1928).
(2) Lehman, Hanzlik, and Richardson, J . Lab. Clin. Med., 21, 95-7

(1935).
(3) Leonard, J . Pharmacol., 28, 81-7 (1926).
(4) Oettingen, von, Physiol. Rev., 10, 221-81 (1930).
(5) Rasmussen, Jaekerott, and Schou, Dansk. Tide. Farm., 1, 391

403 (1927).
(6) Scott, "S tandard M ethods of Chemical Analysis” , 4th ed., p. 79,

New York, D. Van Nostrand Co., 1925.
(7) Sondern, Pugh, Kalich, Lann, and Wiegand, J . Am . Pharm.

Assoc., 29, 346-7 (1940).

P r e s e n t e d  before the  Division of Analytical a n d  M icro C hem istry  a t tha  
101st M eeting of the  American Chem ical Society, St. Louis, Mo.
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D eterm ination o f A rsenic in B iological M aterial
A Photometric Method

DONALD ¡VI. HUBBARD
Kettering Laboratory of Applied Physiology, College of Medicine, University of Cincinnati, Cincinnati, Ohio

STUDIES necessitating the accurate quantitative deter
mination of arsenic in biological material made apparent 

the need for a rapid and flexible method of analysis by which 
large numbers of samples, containing arsenic in amounts 
ranging from less than a microgram to several milligrams, 
could be handled simultaneously. Recent literature describes 
a number of methods (1, 2, 4, B, 6) of acceptable accuracy but 
none of them filled the author’s needs completely. Combina
tion of the better features of these methods plus some slight 
modifications resulted in the development of a procedure 
which met all requirements. This modified method consists

F ig u r e  1. W e t -A s i i i n g  A p p a r a t u s

essentially of the wet-ashing procedure suggested by Kahane 
and Pourtoy (4) and later used by Morris and Calvery ((?), the 
evolution of arsenic trichloride from the prepared sample in 
the manner described by Scherrer (8) and Rodden (7), and a 
final photometric measurement similar to that described by 
Morris and Calvery (6 ).

R ea g en ts  an d  A pparatus
High-grade chemicals are used throughout the analysis to en

sure a low arsenic blank. Grasselli c. p . reagent nitric, sulfuric, 
and hydrochloric, and Mallinckrodt analytical reagent perchlorio 
and hydrobromie acids and ammonium molybdate have been 
found suitable.

Before use all glassware (Pyrex) is washed thoroughly with hot 
dilute nitric acid (50 ml. of nitric acid, specific gravity 1.42, per 
100 ml.) and rinsed wTith distilled water to remove arsenic present 
as surface contamination from previous use.

The photoelectric spectrophotometer, previously described (3), 
is employed for density measurements. Readings are taken with 
the monochromator set at 620 my.. Aminco, Style D, class 3, 
high-precision matched cells, holding approximately 8 ml. and 
with an internal length of 100 mm., are used.

Samples are wet-ashed in 1-liter distilling flasks provided with 
three necks cariying f  interchangeable ground-glass connections, 
into which are fitted the distilling head and two separatory fun
nels, as described by Morris and Calvery (3). Heat is furnished 
by electric heaters connected with Variacs for voltage control 
and subsequent temperature regulation. The essential portions 
of the complete setup are illustrated in Figure 1, which also shows 
the stand holding a battery of three flasks.

The apparatus for isolation of arsenic from the ashed sample 
is shown in Figure 2. Two units wrere found to be sufficient. 
The device is similar to that described by Scherrer (S) and Rod
den (7), but has been modified by the introduction of three T  
interchangeable ground-glass connections which greatly facilitate 
charging and cleaning the apparatus. The thermometer used 
(range 0° to 250° C.) has a 7.5-em. (3-inch) stem below the T  
joint which fits into a female connection in the side of the flask. 
No trouble has been encountered with sticking joints, especially 
if the apparatus is dismantled while warm. The distilling head 
is connected with a downward water-cooled Allihn condenser, the 
lower end of which dips below the surface of the distilled water 
contained in a tall cylinder surrounded by an ice-water bath. A 
Cenco adjustable electric heater is used as the source of heat.

P rocedure
A s h in g  t h e  S a m p l e . Place the sample (100 ml. or less of 

urine, or 10 grams or less of other biological material such as 
blood or tissue) in the 1-liter distillation flask (Figure 1). Add 20
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ml. of concentrated sulfuric acid (specific gravity 1.84), 20 ml. of 
concentrated nitric acid (specific gravity 1.42), and several pieces 
of Carborundum, and mix well. Then insert the flask with con
tents, connect with the apparatus, and gently heat. One separa
tory funnel contains 5 ml. of perchloric acid (70 to 72 per cent) 
and the other, 30 ml. of concentrated nitric acid (specific gravity 
1.42). Raise the temperature by Variac adjustment just to boil
ing and start the addition of the nitric acid drop by drop, catch
ing the distillate in an open beaker. When approximately 15 ml. 
have been added, the major portion of the organic matter will have 
been oxidized, and the color of the solution will have become 
lighter; at this point, add the perchloric acid, drop by drop, until 
the entire 5 ml. have been introduced; meanwhile continue to add 
the remainder of the nitric acid, reserving 1 ml. in the funnel. 
Continue heating until dense white fumes of perchloric acid begin 
to appear. If charring occurs at this point, dispel by drop-by- 
drop addition of the remaining 1 ml. of nitric acid. In any case, 
add the remainder of the nitric acid and continue heating for 30 
minutes after the initial formation of copious fumes of sulfur 
trioxide. (Excessive charring should be avoided by the immedi
ate addition of nitric acid when charring occurs. Excess per
chloric acid in the presence of sulfuric acid as used here has not 
been found dangerous.) Allow the distillation flask with con
tents to cool, disconnect, and transfer the entire contents to a 
50-ml. glass-stoppered cylinder, rinsing several times with small 
portions of distilled water. Mix well and when cool dilute to the 
mark at 20° C.

T a b l e  I. A r s e n i c  R a n g e ,  V o lu m e s  o f  D e v e l o p i n g  S o l u t i o n ,  
a n d  F i n a l  D i l u t i o n s  o f  D e v e l o p e d  C o l o r

F i g u r e  2 . D is t il l a t io n  A p p a r a t u s

I s o l a t i o n  o f  A r s e n i c  a s  T r i c h l o r i d e .  Transfer one half of 
the prepared sample (25 ml.) by means of the separatory funnel 
to the distillation flask (200-mi. capacity) used for volatilization 
(Figure 2). In the same manner add 5 ml. of hydrobromic acid 
(40 per cent) and 40 ml. of concentrated hydrochloric acid 
(specific gravity 1.19). Mix 1 gram of hydrazine sulfate with 30 
mi. of concentrated hydrochloric acid (specific gravity 1.19), 
crushing lumps with the flattened end of a glass stirring rod, and 
add this also through the separatory funnel, sealing the stopcock 
with a few milliliters of distilled water. Connect a carbon dioxide 
cylinder to the side opening and allow gas to bubble through the 
liquid in the distillation flask at a rate of approximately 4 bubbles 
per second. Heat by means of the Cenco adjustable heater and

Range
Micrograms

0- 10 
0 -  50 
0-100

Volume Used 
Ml.

5
25
50

Final D ilution 
M l.
10
50

100

T a b l e  II. R e c o v e r y  o f  K n o w n  A m o u n t s  o f  A r s e n i c  A d d e d  
t o  U r i n e

(50-ml. samples)
R ange Used Arsenic Added Arsenic Found Arsenic Recove
M  xerogram* Micrograms Micrograms Micrograms

0 -  10 Nil 2 .0 “
0 -  10 Nil 2 .1 “ • .  • •
0 -  10 Nil 3 .9 ....
0 -  10 Nil 3 .9 • » • •
0 -  10 1.0 4 .9 1 .0
0 -  10 1.0 5.1 1 .2
0 -  10 5 .0 9 .0 5 .1
0 -  10 5 .0 9 .1 5 .2
0 -  50 10.0 14.0 10.0
0 -  50 10.0 14.5 10.5
0 -  50 15.0 19.5 15.5
0 -  50 15.0 19.0 15.0
0 -  50 25 .0 29 .0 25 .0
0 -  50 25 .0 28 .5 24 .5
0 -  50 50 .0 53 .5 49 .5
0 -  50 50 .0 53 .5 49 .5
0-100 75 .0 79 75
0-100 75 .0 78 74
0-100 100.0 103 99
0-100 100.0 104 100
0-100 2000.0 1980 1980
0-100 2000.0 1980 1980

“ Calculated as a reagent blank, 50 ml. of distilled w ater being substitu ted  
for 50 ml. of urine.

allow the temperature to rise gradually to 111° C., catching the 
distillate in 40 ml. of distilled water in a tall glass cylinder im
mersed in ice water (about 20 ml. of distillate come over during a 
heating period of approximately 35 minutes). Transfer the dis
tillate plus a few milliliters of distilled water used to rinse down 
the condenser walls to a 100-ml. flask containing 25 ml. of concen
trated nitric acid (specific gravity 1.42) and make up the volume 
to the mark with distilled water. Transfer all or a suitable ali
quot to a 100-ml. beaker, cover with a Fisher Speedyvap beaker 
cover, and evaporate to dryness. Remove beaker cover and heat 
the beaker with contents in an electric oven at.approximately 
120° C. for one hour to remove all trace of oxidizing agents.

D e v e l o p m e n t  o f  C o l o r .  Add the correct amount of develop
ing solution, as indicated in Table I, to the beaker containing the 
dried residue; cover with a cover glass and place in a water bath 
(temperature maintained at 70° to 75° C.), until the development 
of the blue color is complete—generally 30 minutes suffice but 45 
minutes will not harm the developed color. [The developing 
solution contains 10 per cent by volume of acid molybdate solu
tion (1 gram of ammonium molybdate per 100 ml. of 5 N  sulfuric 
acid) not more than one week old, 89 per cent by volume of dis
tilled water, and 1 per cent by volume of a freshly prepared aque
ous hydrazine sulfate solution (0.15 gram per 100 ml.), added and 
mixed together in the order given. The solution should be mixed 
in necessary amounts as usecl.l When the color has developed to 
its full intensity, remove the beaker with contents from the water 
bath, allow to cool, and transfer quantitatively to the proper-sized 
graduated cylinder (Table I), mixing well and diluting to the 
mark at 20° C. _

P h o t o m e t r i c  M e a s u r e m e n t  o f  C o l o r  D e n s i t y .  Density 
measurements may be made immediately or 24 hours later. The 
same pair of cells is used for all ranges, one containing the solvent 
(distilled water), and the other the solution. The readings are 
evaluated from working curves obtained with known amounts of 
arsenic (as an aqueous solution of arsenic pentoxide) treated in 
the same way as the evaporated and dried distillate residues.

A n a ly tica l R esu lts

In Table II are listed results obtained by the analysis (in 
duplicate) of 50-ml. samples of urine containing known added 
amounts of arsenic, and in Table III, results from 5-gram 
samples of whole blood. The first two results in the “Arsenic 
Found” column in each table represent the actual reagent 
blanks obtained by substituting equivalent amounts of dis-
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10 20 30 40  50 60  70 80 90 100 B
MICROGRAMS ARSENIC

F ig u r e  3 . A r s e n ic  C u r v e

tilled water for 50 ml. of urine and for 5 grams of blood, re
spectively. •

D iscu ss io n

The size of the aliquots of prepared samples chosen for dis
tillation and color development is dictated by experience. In 
most cases one half of the prepared sample may be used if the 
quantity of arsenic present in the aliquot is not greater than 1 
mg., the maximum quantity ordinarily distilled under the con
ditions outlined above. Aliquots of the distillates also may 
be used for color development, but the amount of arsenic in 
the aliquot should not exceed 100 micrograms. If more than 
this amount is present, the color development should be re
peated with a smaller aliquot of the distillate; if this is not 
possible, the distillation step must be repeated with a smaller 
portion of ashed sample. In the latter event, care must be 
taken to see that 10 ml. of sulfuric acid (specific gravity 1.84) 
are present during the distillation. In the case of certain 
materials, particularly blood and spinal fluid, usually low in 
arsenic, and when only very small samples are available, the 
entire sample is used for the analysis.

The technique of wet-ashing employed reduces to a mini
mum the amount of arsenic lost by entrainment in the distil
late, in confirmation of Morris and Calvery’s (6) work. A 
definite excess of nitric and perchloric acids is maintained at 
all times during the destruction of organic matter, and entrain
ment losses are negligible as compared with the sensitivity of 
the final photometric measurement. A separate analysis of 
the distillate from the wet-ashing of 100 ml. of urine contain
ing 4000 micrograms of arsenic showed a loss of only 12 micro
grams or 0.3 per cent of the original content.

The blue color produced in the conversion of arsenic acid 
to an arsenic-molybdenum compound by treatment with a 
solution containing hydrazine sulfate and ammonium molyb- 
date has been found to be very stable; density measurements 
have remained constant over a period of 24 hours, obeying 
Beer’s law; this confirms the findings of Rodden (7). The 
temperature of the water bath used in color development may 
range from 70° to 75° C. Constant temperature has proved 
to be unnecessary. The distillation step separates the arsenic 
from silica and phosphorus, which also give blue-colored

molybdenum compounds, while other volatile chlorides of 
antimony, selenium, and germanium do not interfere in the 
subsequent color development.

It is essential to run a reagent blank for each lot of reagents 
used, because of their variability in arsenic content (Tables II 
and III). Dust and other particulate matter such as cigaret 
ashes contain small amounts of arsenic; therefore it is neces- 
ary to guard carefully against dust contamination, particu
larly when dealing with small quantities of arsenic.

The use of battery-type equipment with adjustable elec
trical heating facilities makes possible the uniform, rapid, and 
convenient handling of a large number of samples daily in a 
small working space. What is more, after the digestion proc
ess has started, it requires little attention. The use of inter
changeable joints at strategic places in the distillation appara
tus also makes the operation more convenient, particularly in 
respect to rapid cleaning. The accuracy of recovery by this 
method is superior to that of the method described by Chaney 
and Magnuson (1), and equal to that obtained by Morris and 
Calvery (6), but in the author’s hands, at least, the procedure 
seems to be more rapid and the substitution of the distillation 
step for the arsine evolution and combustion technique makes 
for simplicity as well as compactness of apparatus. A further 
advantage lies in the fact that a single pure color is employed, 
instead of the “mixed color” obtained by Chaney and Mag
nuson (i).

The method has been found applicable to a wide variety of 
biological materials and has been especially useful in the analy
sis of the normal daily fecal and urinary excretions of rabbits, 
which entails an accurate determination of arsenic in amounts 
of less than 10 micrograms, and in the analysis of small samples 
of blood and spinal fluid. Several modifications would aid 
in accelerating the analyses in certain cases—for example, 
when extremely large amounts of arsenic are present, the dis
tillate may be titrated directly by Scherrer’s method (<S). 
Again, the possibility of determining arsenic polarographically 
is being investigated in this laboratory, and the preliminary 
work promises a sensitivity comparable to that of the method 
here reported, with the advantage of increased simplicity. It  
is hoped that the data on this development will be available 
shortly.

T a b l e  III. R e c o v e r y  o f  K n o w n  A m o u n t s  o f  A r s e n i c  A d d e d
t o  W h o l e  B l o o d

(5-gram  samples)
R ange Used Arsenic A dded A rsenic Found A rsenic Recovered
Micrograins Micro grams Micrograms Micrograms

0 -  10 Nil 0.5«
0 -  10 Nil 0.7« ...
0 -  10 Nil 0 .6
0 -  10 Nil 0 .7 ...
0 -  10 1 .0 1 .7 1.1
0 -  10 1 .0 1 .5 0 .9
0 -  10 5 .0 5 .5 4 .9
0 -  10 5 .0 5 .7 5 .1
0 -  50 15.0 16.0 15.5
0 -  50 15.0 15.5 15.0
0 -  50 50 .0 50 .5 50.0
0 -  50 50 .0 50 .0 49 .5
0-100 100.0 100 100
0-100 100.0 99 99

« C alculated as reagen t blank, 5 gram a of distilled w ater being su b stitu ted  
for 5 gram s of whole blood.

S u m m a ry
A photometric method has been applied to the micro

determination of arsenic in small samples of biological ma
terial—for example, 100 ml. or less of urine and 10 grams or 
less of blood or other tissue.

The sample is prepared for analysis by the wet-ashing 
method, employing perchloric, nitric, and sulfuric acids. The 
arsenic contained in the ashed sample is isolated completely
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from other interfering constituents, such as silica and phos
phorus, by distillation as the trichloride, in a distillation ap
paratus designed to ensure ease of cleaning and charging. 
The arsenic is oxidized to arsenic acid and the density of the 
blue color obtained by formation of the stable arsenic- 
molybdenum compound is measured photometrically.

Three ranges are used for the quantitative estimation of the 
arsenic—namely, 0 to 10, 0 to 50, and 0 to 100 micrograms— 
the accuracies for the above ranges being, respectively, ±0.1, 
±0.5 , and ± 1 .0  micrograms. A reagent blank which varies 
from 0.5 to 2.0 micrograms is run simultaneously with each 
set of analyses and it is determined with an accuracy of ±0.1  
microgram, thus securing an accuracy of ± 0 .2  microgram for 
the lowest range.
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Apparatus for Extraction o f Lipoids 
from  W et Tissues

F R E D E R IC  E . H O L M E S
C h i ld r e n ’s H o s p ita l  R e s e a rc h  F o u n d a t io n  a n d  D e p a r tm e n t  o f  P e d ia t r ic s ,  C o lleg e  o f  M e d ic in e , U n iv e rs i ty  o f  C in c in n a t i ,

C in c in n a t i ,  O h io

T HE small apparatus shown in Figure 1 has been used in 
this laboratory since 1932 for the extraction of lipoids 

from blood in the determination of cholesterol. The method 
used has been published only in the abstract (<?) without a 
sketch of the apparatus. The essential modification in this 
extractor from previous ones of similar type, such as those 
of LeibofT (IS, 18), Ling (14), and numerous others, is the trap 
fixed to the refl.ux condenser at its lower end. Moisture from 
the sample distills with the solvent and is retained in the trap. 
A notable improvement in consistency of results has been ob
tained, and there are reasons for concluding that direct ex
traction with chloroform under these conditions results in 
complete, or nearly complete, removal of cholesterol from the 
sample. However, although most of the author’s work has 
been done with chloroform as the solvent, this extractor, and 
the larger ones shown in Figures 2 and 3, are adaptable to use 
with other solvents.

M icroextractor
The apparatus (Figure 1) consists of an extraction tube having 

a bulb at the bottom calibrated to contain 5 ml. of extract and 
four lugs to support the sample, and a separate one-piece as
sembly of condenser and trap which fits into the top part of the 
tube. The body of the tube above the constriction is of 24- 
to 25-mm. tubing and has an approximate length of 230 mm. 
The four lugs, shown laterally and in section, are approximately 
50 mm. above the top of the constriction. The constricted 
part is of 11-mm. tubing and has a length of 13 to 15 mm., 
these dimensions having been found best to give sufficient accuracy 
in making up to volume and still to permit rapid and thorough 
mLxing of the extract with the reagents in the determination of 
cholesterol. The condenser has a long skirt which serves to hold 
it and the trap in the center of the extraction tube and also to 
deflect any moisture from the air down the outside of the ap
paratus. The extraction tubes and condenser skirts are kept 
within close enough tolerances so that a large number of tubes and 
several condensers are interchangeable. The outer shell of the 
trap and the part of the condenser hanging in the extraction tube 
are of 16-mm. tubing. The inner tube of the trap is of 11-mm. 
tubing extending at least 12 mm. below the ring seal joining it to 
the shell, and the shell extends like a collar at least 12 mm. above 
the seal. The openings through the supporting member connect
ing the trap to the condenser have a diameter of not less than 
5 mm. The holes to the outside through the shell below the ring

seal have approximately 3 mm. diameter. The bottom of the 
trap should De between 15 and 30 mm. above the lugs.

hor operation, 5 to 6 ml. of solvent are placed in the bulb, a 
iece of fat-free filter paper 20 X 20 X 1 mm. with its comers 
ent at right angles 

is dropped “ears 
up” onto the lugs,
0.25 ml. of the 
specimen (serum, 
heparin plasm a, 
w h o l e  b l o o d ,
"saline” suspension 
of cells, or other 
fluid) is delivered 
onto the paper from 
a graduated 1-ml. 
pipet or from a spe
cial pipet (7), and 
the extraction tube 
with the condenser 
in p lace is im 
mersed to the level 
of the sample in a 
boiling water bath.
(Atall-form 400-ml. 
beaker makes a 
satisfactory bath 
for two tubes.) The 
extraction is con
tinued for 1 hour.

Vapor of the boil
ing solvent passes 
around and bathes 
the sample, carry
ing moisture from 
the sample to the 
con d en ser. The 
condensate flows 
i n t o  t h e  t r a p  
through the open
ings in the sup- 

rting member.
Ivent and water 

sep arate in the 
inner tube of the 
trap, the water be
ing retained and 
the solvent flowing 
around the bottom 
of the inner tube

D e t a i l  
of T r a p

fiO
*0

. .  j
r* ^  Section

5ml. Mark
r

F ig u r e  1 . M ic r o e x t r a c t o u  f o r  
E x t r a c t io n  o f  L i p o id s  f r o m  B l o o d

Condenser and tra p  in position in tube
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and out the small 
holes in the outer shell 
of the trap and drip
ping back onto the 
sample (heavy sol
vents).

For solvents lighter 
than water, a simple 
cup supported by a 
rod extending to the 
bottom of the cup 
seems to be adequate. 
Such a trap has been 
tested with ethyl ether 
in two or three deter
minations.

A trap suitable for 
both heavier and 
lighter solvents could 
be made by extending 
the outer shell of the 
trap shown in Figure 1 
about 15 mm. below 
the bottom of the 
inner tube. Such a 
trap has not been 
tested.

Large Extractors  
w ith  W ater Traps

The performance 
of the microextractor 
( d i s c u s s e d  below)  
suggested the use of 
similar apparatus for 
extractions on a larger 
scale.

In 1940, Kaye and 
co-workers ( A ) d e
scribed an apparatus 
for drying ana extract
ing specimens in a 
practically continuous 
operation  wi thout  
transfer from the one 
apparatus. The water
trap in Kaye’s apparatus could easily have been redesigned to 
retain water above a heavier solvent. Instead, the entire ap
paratus was redesigned to accomplish several objectives: (1)
to eliminate the large ground joints at the top of the extraction 
chamber and below the reflux condenser, (2) to eliminate fragile 
outside tubes, and (3) to make the parts of the apparatus coaxial 
in order to save space and to eliminate the extra water bath. 
Whether or not these objectives are also advantages de
pends upon the personal preference of the person using the 
apparatus.

The first extractor tested is shown in Figure 2. This was 
again redesigned with the object of forcing vapor through the 
sample to produce vigorous agitation of the sample in the 
solvent, and the extractor shown in Figure 3 was built.

These two extractors have been tested only to the point of 
performing extractions in them. It was intended to com
pare extracts of wet material with those of dried material in 
respect to total lipoid extracted, volatile constituents, and 
possibly the changes in labile constituents such as unsatu
rated fatty acids, vitamins, etc., but this work has been in
definitely postponed. It seems advisable to make the ap
paratus available now, rather than to wait until work can 
be resumed.

L a r g e  E x t r a c t o r  f o r  U s e  w i t h  a  T h i m b l e . In the ex
tractor shown in Figure 2, Type A, solvent vapor from the 
boiling flask passes upward through the large center tube (con
taining the siphon) into the drainage chamber, through the vapor

F ig u r e  2 . T y p e  A  L a r g e  E x 
t r a c t o r  f o r  U s e  w i t h  T h im b l e

Left half of pressure tra p  in detail a t 
rig h t; arrow  shows p a th  of vapor

tube (side tube, not labeled) to the extraction chamber, and up
ward to the condenser. The reflux fills the water trap and flows 
down the walls of the extraction chamber and back into the drain
age chamber. When the drainage chamber becomes full enough 
to cover the lower end of the vapor tube, solvent is forced up into 
this tube, and the pressure of the vapor is increased, forcing it 
through the small amount of reflux collected in the pressure trap. 
The purpose of the pressure trap is to prevent drainage of all 
but a small portion of the liquid solvent from the extraction 
chamber. Small increments of refluxed solvent draining into the 
lower chamber raise the level in the vapor tube and hence the 
pressure of the vapor below the trap, so that the vapor can sup
port, and is forced through, an increasing depth of liquid in the 
extraction chamber.

When solvent in the extraction chamber reaches sufficient 
depth to fill the thimble to within about 8 mm. of the top edge, 
it begins to splash over into the vapor tube. The bulblike ex
pansion in the top of the extraction chamber allows this splash 
to be directed outward toward the wall instead of into the top of 
the thimble. Continued increase of solvent in the extraction 
chamber results in overflow into the vapor tube, and this excess 
flows into the drainage chamber until it overflows through the

siphon. D ra in a g e  of 
solvent from the thimble 
can then continue dur
ing a considerable period 
of time until the level 
of liquid in the lower 
chamber again reaches 
the bottom of the 
vapor tube.

The pressure of the 
vapor against the liquid 
in the drainage chamber 
is practically equal to 
that exerted through the 
siphon from the boiling 
flask, and consequently 
the siphon operates like 
an ordinary siphon at 
atmospheric pressure. 
It is essential that the 
top of the siphon be 
correctly designed to 
prevent dripping and 
failure to trip. The 
design shown here has 
worked well. The arm 
of the siphon in the 
drainage chamber  
should have a slightly 
larger inside diameter 
than that of the arm 
descending into the boil
ing flask (inside the large 
center tube), and should 
be of a size that will 
not entirely damp the 
small surges of liquid 
which aid in tripping 
the s iphon.  Inside  
diameters of 4 and 3 
mm., respectively, were 
found to be satisfactory. 
To prevent its tripping 
too soon, the top of the 
descending limb of the 
siphon should be be
tween 15 and 20 mm. 
above the level of the 
top of the opening into 
the vapor tube.

The extractor may be 
built in two parts, the 
upper diaphragm of the 
trap being formed on 
the lower end of the ex
traction chamber and 
the lower half of the 
trap on the top of the 
drainage chamber. The 
upper and lower halves 
of the vapor tube may 

F i g u r e  3 . T y p e  B  L a r g e  E x -  then be joined, and
t r a c t o r  P r o d u c i n g  A g i t a t i o n  while the glass is still

o f  S a m p le  soft, the halves of the



trap may be brought together and fused, a fine glass rod being 
used to encircle the junction, filling any cracks and forming a 
smooth ring seal. Immediate thorough annealing is necessary.

L a r g e  E x t r a c t o r  P r o d u c i n g  A g i t a t i o n  o p  S a m p le .  In the 
extractor shown in Figure 3, Type B, the operation of the siphon 
and solvent vapor ducts is the same as in the Type A apparatus. 
The solvent backs up in the vapor tube and produces pressure 
on the vapor in the chamber below the filter disk in the same 
manner. However, the reflux, instead of flowing down the walls 
of the extraction chamber, is caught in the annular channel at 
the top of the chamber and 
directed down the solvent 
tube. It passes down this 
tube, up through the outer

gortion of the filter, over the 
Iter, and down through the 

center part of the disk (Figure 
4), flushing any residual ex
tract from the preceding cycle 
out of the bottom of the mass 
being extracted. When the 
pressure of the vapor below 
the disk becomes sufficiently 

reat to stop this flow, 
ubbles of vapor begin to 

pass upward into the extrac
tion chamber. As soon as 
the hot vapor has warmed 
the solvent in the extraction 
chamber to its boiling point, 
the bubbles pass through the 
chamber, producing an al
most violent agitation of the 
solvent and of the solid ma
terial suspended in it.

The pressure required to 
force liquid solvent up 
through the outer part of 
the filter is so low that the 
level of the top of the liquid 
in the solvent tube remains within a few millimeters of that 
of the liquid in the extraction chamber. When the liquid in the 
extraction chamber has been sufficiently augmented by reflux from 
tlie condenser and water trap, solvent flows over the top of the 
vapor tube and down into the drainage chamber, raising the 
level in this chamber gradually until it trips the siphon. The 
drop in pressure resulting from the emptying of the vapor tube 
permits solvent to drain from the extraction chamber through 
the filter. After flow stops in the siphon, all the solvent in the 
extraction chamber can be accommodated in the drainage 
chamber. Extract and the continuing reflux fill the chamber 
to the bottom of the vapor tube, and the cycle of operations 
begins to repeat itself.

The relationship between the height of column in the vapor 
tube and the porosity of the filter disk in the extractor tested is 
satisfactory for a disk of the porosity of the one described. The 
disk used was rather coarse. A greater head, to force vapor 
through a finer filter, could be obtained by making the vapor 
tube and drainage chamber longer. In the apparatus used, a 
maximum elevation of solvent (chloroform) of 370 mm. in the 
vapor tube could be reached, but it actually operated most of 
the time at between 230 and 300 mm.

The filter disk was made by sintering powdered Pyrex in a 50
ml. beaker, with the center tube in place which divides the filter 
into central and peripheral parts. A layer 1 mm. deep of 60- 
to 80-mesh grains was spread on the bottom of the beaker and 
over it was laid a layer 2 mm. deep of 40- to 60-mesh grains. The 
center tube, cut to final length, was pushed into the ground 
Pyrex to the floor of the beaker, and the beaker and contents 
were heated in a furnace at about 800° C. until the walls of the 
beaker began to thicken and bend slightly. After annealing, 
the glass of the beaker was ground away against a grindstone 
(Norton, No. 37150-1).

920

W ater T raps an d  C ondensers

The trap of the microextractor is not suitable for measuring 
the volume of water collected, and separation of trap and 
condenser would sacrifice the convenience and rapidity with 
which they can be handled. The separate construction of 
trap and condenser in the large extractors facilitates inter
change of parts and removal of the water collected. The 
condenser shown has been adequate.

A variety of traps could be designed for the large extractors. 
Of several types tested, that shown, for solvents heavier than 
water, retains the least amount of moisture when its contents 
are poured into a cylinder or buret for measurement. The Type 
B extractor would accommodate a deeper trap having an inner 
tube, similar to the one in the trap of the microextractor, gradu
ated for direct reading of small amounts of moisture. How’evcr, 
from largo samples having the waiter content of fresh tissues, the 
amount of water recovered is so large that the loss of one or two 
drops would constitute a small error. For the micro- and Type 
A extractors, the method of weighing the dry residue is always 
available. Traps for solvents lighter than w-ater were not 
tested. A plain cup similar to the trap shown but without the 
overflow tube is suggested. A small powder funnel in the top 
w’ould direct water below the surface. Small amounts of mois
ture can be recovered with a pipet with capillary tip, and can be 
measured by drawing up chloroform below the water until the 
water is in the graduated part.

A satisfactory tool for inserting or removing the trap or ex
traction thimble can be made of 3-mm. (0.125-inch) drill rod or 
4-mm. (0.156-inch) brass rod. A deep V with a short coil at 
the apex is made by bending the rod one and a half times around 
a piece of pipe. The ends are then bent outward slightly to 
engage the top of the trap or the inside surface of the thimble.
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P erform an ce o f  M icroextractor

Since the apparatus is adaptable for use with other solvents 
and for the extraction of other lipoids, its performance in the 
extraction and determination of cholesterol is a rather narrow 
criterion of its general usefulness. However, the results 
shown in Table I are satisfactory in significance and implica
tion as to the possibility of approaching complete extraction, 
especially when it is considered that, up to 6 or 8 per cent, 
a large part and probably the greater part of the differences 
can be attributed to small variations in both the rate of 
development and the reading of the Liebermann-Burchard 
color. The consistency of values of duplicates, in the first 
line of the table, suggests a close approach to a limit.

The comparison of extraction in the microextractor and 
colorimetric determination of cholesterol with alcohol-ether 
extraction and determination by the digitonide method of 
Kirk, Page, and Van Slyke (If) must be interpreted with 
caution. Excess color due to esters (Kelsey, 10) could be 
thought to have compensated for and concealed a deficiency 
in the extraction, particularly a failure to extract a definite 
portion associated with the proteins (5, 6). That the de
ficiency, if any, in the extraction itself is much smaller than 
might be inferred, is showm by the small amount of residual 
cholesterol found after saponification in previously extracted 
samples (saponified, acidified, and re-extracted). The ex
planation of the small effect of the esters and of other sub
stances producing excess color (2, Ą, IS, 16) has been learned 
only in part. “Recovery” of added cholesterol, since it is so 
easily extracted, has only the negative value of showing that 
no gross errors occurred in the colorimetry.

T a b l e  I. P e r f o r m a n c e  o f  M i c r o e x t r a c t o r

N um ber Differences Found 
of M axi- In  95%

N atu re  of D ata*  Tria ls m um  of cases Average
% % %

Difference between duplicate colorimetric
determ inations on chloroform extracts 603 13 < 6 .2  0 .7

Com parison of values in sam e sam ple by
above m ethod and by K irk’s m ethod 65 15 <«**9.2 + 1 .3

Recovery of added cholesterol by above 
method (per cent of to ta l, th a t  in sam 
ple +  th a t  added) _ 9 —4. 3 <«**4.1 —1.0

R e-extraction after saponification of ex
trac ted  sam ple (24 samples combined, 
yield o  22 mg. % , W ra ttan  No. 71-A _
red  filter in eyepiece, ex tract, brown) (Color, olive green) < 5 .3

* F irst-nam ed m ethod against second as s tandard .

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

F i g u r e  4 . D e t a i l  o f  F i l 
t e r  D i s k  i n  T y p e  B 

E x t r a c t o r
P lan  below and longitudinal sec

tion  of column above
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T a b l e  I I .  C o l o r im e t r ic  V a l u e s

N atu re  of D a ta0

N um ber Differences Found 
of M axi- In  95%

Trials m um  of cases Average
% % %

Com parison of readings on sam e ex
trac ts  through red filter with direct 
readings of green color a fter extrac
tion in m icroextractor 

Sim ilar comparison after alcohol-ether 
extraction and careful drying in 
open beaker 

Comparison on sam e specimens of 
color from alcohol-ether ex tract 
w ith th a t  from m icroextractor

03 -  7 .4  < -  4 .2 1.0

11

11

-35

+ 2 3

< - 2 0  - 1 5

<**»18 + 11
° F irst-nam ed m ethod against second as standard .

U se o f  C h loroform  as S o lv en t

Chloroform was used in the large extractors merely as a 
starting point, because it was convenient and had given good 
results in the small apparatus. A c. p . grade containing “up 
to 1 per cent” absolute alcohol was used. There is no pur
pose implied here of an indiscriminate defense of its general 
use as a lipoid solvent.

It is generally accepted that alcohol-ether extraction of 
blood, serum, etc., is complete. However, Mueller (16) and 
others have found, and the author’s data confirm the fact, 
that such extracts contain substances which produce excess 
of color in the Liebermann-Burchard reaction if the alcohol- 
ether extract is taken to dryness in an open beaker, even with 
the utmost care. Bloor (8) avoids this difficulty by evaporat
ing off the solvent in a flask covered by a watch glass, and 
others interpose an additional step in which the residue is 
extracted with petroleum ether. Chloroform extraction in 
the mieroextraetor solved the difficulty in this laboratory. 
Not only is it not necessary to evaporate to dryness, but if an 
extract accidentally goes dry, the residue appears to be much 
less sensitive to these color-producing changes. A com
parison of colorimetric values obtained after chloroform 
extraction in the microextractor with those found after care
ful evaporation of alcohol-ether extracts in open beakers is 
given in Table II. The light filter (Wrattan No. 71-A), 
transmitting above 620 m/u, decreases or eliminates the effect 
of yellowish tints on the readings. Since esters are equally 
present in both kinds of extract, it is probable that other sub
stances are involved in the discrepancy.

P erform an ce o f  L arge E xtractors

T y p e  A. The operation of the extractor was reliable and 
satisfactory except as noted. Considerable latitude was 
permissible in the rate of refluxing and boiling of the solvent. 
Chloroform was used. The rate of drying of the specimen 
was disappointing; about three times as much time was re
quired to drive off moisture as with the Type B extractor. 
This extractor would be useful when ample time could be al
lowed, and under such circumstances its fully automatic 
operation would effect a saving in actual working time.

T y p e  B. A mash of canned peas containing 83 per cent 
of moisture required about 20 hours to dry to constant weight 
in an oven at 90° C. No significant amount of weight was 
lost on further drying at 105° C. From 62 grams of the 
original wet mash in the chamber of the extractor shown in 
Figure 3, water equal to 77 per cent was recovered in the trap 
in 12 hours, using chloroform as the solvent. At this time 
the extraction seemed to become accelerated as gaged by the 
increase of green color in the extract. After 8 hours more, 
83 per cent had been recovered as water in the trap. These

rough measurements serve sufficiently well as a basis for com
parison. The drying and extraction appear to be somewhat 
faster than the conventional drying and extraction of the 
same material separately.

It was planned to use the apparatus for the extraction of 
animal tissues, chopped, rather than ground, to avoid loss of 
watery constituents. The conditions of the extraction were, 
therefore, made intentionally more than ordinarily rigorous. 
Pieces of the seeds ranging from 2 to 5 mm. across and large 
pieces of seed coat were seen in the extracted residue.

D iscu ssio n

It is hardly necessary to present data or cite references in 
support of the assertion that the extraction of wet samples by 
chloroform in extractors of the Soxhlet or Leiboff types is 
incomplete. Extraction by chloroform or ethyl ether from 
carefully dried samples may be nearly complete or far from 
complete, depending upon circumstances. Preliminary ex
periments in this laboratory showed three out of seven ex
tractions of air-dried samples to lack more than 10 per cent 
of completion in apparatus identical with the microextractor 
except that it had no trap. The water trap definitely con
tributed to an improvement in the chloroform extraction. 
Since alcohol dissolves small amounts of nonlipoid material, 
and since acid or alkaline hydrolysis may produce undesired 
changes, any improvement in extraction may be of definite 
value.

A few experiments, using other alkyl chlorides in the micro
extractor, tend to show that the chemical nature of the 
solvent, and not the temperature of the extraction, deter
mines the completeness of extraction (5 ) in one hour’s time.

It may be of some importance in the rate of drying the 
sample that the water vapor appears to be layered above the 
chloroform vapor, but this observation was not subjected to 
comparative test.

An important advantage of conducting the drying and the 
extraction in the same vessel, in the presence of the solvent 
and with the outlet closed by the condenser, was pointed out 
by Kaye and associates—volatile fractions were retained 
that would be lost by drying with heat in an open vessel.

Agitation in the Type B apparatus undoubtedly contributes 
much to the rate of both drying and extraction; there is no 
chance for imprisonment of moisture in lumps of particles 
of the sample, all surfaces of every particle are continuously 
bathed in moving solvent, and the temperature of the solvent 
is maintained at near its boiling point throughout the cham
ber.

It is likely that minute coagula or varnishlike films may 
oppose a barrier to the extraction of portions of material 
(1). The writer was unable to demonstrate such coagula or 
films microscopically, but they might well be of submicro- 
scopic- size. However, the pea mash dried in the oven showed 
a shiny varnishlike appearance and adherence of particles 
in mosslike masses, while that dried in the solvent in the ex
tractor (Type B) below a water trap showed discrete particles 
down to the fineness of a powder with “flat” powdery- 
appearing surfaces.

As for the mechanism of the extraction, it is conceivable 
that, with solvent present as the material dries out, the solvent 
enters the material in more minute division and in more in
timate contact with its ultimate particles. In a hypothetical 
picture the solvent enters interspaces before they are closed 
by the receding of the moisture. The marked tendency of 
chloroform to form emulsions with water may be a factor, 
to which the trace of alcohol may contribute. Since the 
material goes through all degrees of moisture content, it 
must at some point pass through the optimum for extraction.
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Su m m ary
Three extractors are described in which the moisture of the 

specimen or material to be extracted is driven off in the pres
ence of the solvent and its vapor. In the micromethod, at 
least, specimens are extracted more nearly completely than 
when they have been previously dried or when they remain 
wet throughout the extraction. The moisture is removed in 
all three extractors by means of a trap interposed in the re
flux between the condenser and the sample. One extractor 
provides for vigorous agitation by a stream of bubbles of 
solvent vapor flowing upward through the solvent and sample 
in the extraction chamber. In all three, the specimen is 
dried and extracted in the same apparatus without inter
ruption of its automatic operation. The parts are coaxial 
to save space.

A ck n ow led gm en t
Nearly all the determinations by the method of Kirk, Page, 

and Van Slyke were made by Mildred Kaucher.
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Estim ation o f Sm all Am ounts o f  A ntim ony 
with Rhodam ine B

W IL L IA M  G . F R E D R IC K , B u re a u  o f  I n d u s t r i a l  H y g ie n e , D e t r o i t  D e p a r tm e n t  o f  H e a l th ,  D e t r o i t ,  M ic h .

R h o d a m in e  B reacts w ith  S b ' in  hydro
ch loric  acid  so lu tio n  or su lfu r ic  acid  so lu 
tio n  co n ta in in g  ch loride io n  to  form  a red, 
w a ter-in so lu b le  s ta b le  com p o u n d , so lu b le  
in  organ ic so lv en ts . T h e  excess reagen t is 
d estroyed  w ith  b ro m in e , th e  rh o d a m in e  B 
com plex p u t  in to  so lu tio n  by ad d itio n  o f  
a lco h o l, and  th e  a m o u n t p resen t e stim a ted  
co lor im etrica lly . P ractica lly  a ll acid  radi
cals except ch lorid e and  su lfa te  in terfere, 
as do arsen ic , iron , and  certa in  m eta ls  o f  
th e  d ith izo n e  group . T h e  la tter  in te r 
feren ce can  b e  avoided by p relim in ary  
extraction  w ith  d itliizo n c . T h e  m eth o d  
w ill d e tec t as l i t t le  as 0.1 m icrogram  o f  
S b ' in  5 m l. o f  so lu tio n , and  is  rapid , in 
expensive, and  specific . T h e  exact pro
cedure is  described  for th e  con cen tra tio n  
range 0.1 to  300 m icrogram s o f  a n tim o n y .

T HE determination of small amounts of antimony, sucli 
as are encountered in tissue and air hygiene analysis, is 

extremely difficult and in some instances impossible with the 
usual methods for determining this metal. The chemistry of 
antimony and its compounds has been inadequately investi
gated and frequent cases of anomalous behavior are encoun
tered in ordinary analytical experience. The difficulty be
comes more marked when the concentration of the metal in 
the sample under study falls below 1 mg. The industrial hy- 
gienist and toxicologist have need for a method which will 
function in the range 1 to 1000 micrograms.

This paper reports the result of an investigation of the reac
tion between Sbv and rhodamine B and describes a colori
metric procedure based upon this reaction.

R eagen ts
Sulfuric acid, 25 per cent solution, 125 ml. of sulfuric acid, 

specific gravity 1.84, made up to 500 ml. with distilled water.
Ceric sulfate, 0.1 N  solution, 3.3 grams of anhydrous eerie sul

fate made up to 100 ml. with 3 per cent sulfuric acid.
Sodium thiosulfate, 0.1 N  solution, 2.5 grams of sodium tliio- 

sulfate pentahydrate made up to 100 ini. with distilled water.
Lithium chloride solution, 25.5 grams of lithium chloride made 

up to 100 ml. with distilled water.
Saturated bromine solution, an excess of liquid bromine in ap

proximately 100 ml. of distilled water.
Rhodamine B, 0.2 per cent solution, 1 gram' of rhodamine B 

dissolved in 500 ml. of distilled water ana filtered. The rhoda
mine B used in this work was a practical grade obtained from the 
Eastman Kodak Company.

Hydroxylamine hydrochloride, 1 per cent solution, 1 gram of 
hydroxylamine hydrochloride made up to 100 ml. with distilled 
water.

Ethanol, 95 per cent, or absolute methanol.

S tan d ard  S o lu tio n s
Dissolve 0.5 gram of reagent grade antimony metal in 125 ml. 

of hot concentrated sulfuric acid, cool, and dilute to 500 ml. 
Dilute 50 ml. of this solution to 500 ml. with 25 per cent sulfuric 
acid solution; 1 ml. of the dilute standard contains 100 micro
grams of antimony. Experience in this laboratory indicates that 
a solution of the theoretical amount of undried tartar emetic 
will serve as a satisfactory standard. Samples obtained from 
three manufacturers (Mallinckrodt, Merck, and J. T. Baker) 
were found to be identical in antimony content. A given lot of 
tartar emetic should be checked against an antimony metal 
standard before use.

To prepare a standard for color comparison, add an appro
priate amount of the dilute standard solution from a 5- or 10-ml. 
microburet to a 50-ml. glass-stoppered graduated cylinder and 
make the total volume up to 5 ml. with 25 per cent sulfuric acid, 
using this solution to rinse down the sides of the cylinder. Then 
develop the color as described below. Standards should be made 
in duplicate and for colorimeter work should be within 25 micro
grams of the unknown for best accuracy. The color is stable and 
the standard may be kept for several days without showing color 
change.

P rocedure for C olorim eter
At the start of the analysis, the antimony must be in an approxi

mately 25 per cent sulfuric acid solution. Place from 1 to 5 ml.



of the sample (keeping the total antimony content between 50 
and 250 micrograms) in a 50-ml. glass-stoppered graduated cyl
inder. Bring the total volume to 5 ml. with 25 per cent sulfuric 
acid solution, adding the solution down the sides of the cylinder 
by means of a buret. Add 1 ml. of lithium chloride solution, 
mix, add 0.1 N  eerie sulfate solution (approximately 2 drops) 
until a pale yellow color persists, and then add sufficient 1 per 
cent hydroxylamine solution (approximately 2 drops) to discharge 
the yellow color. Cool in an ice bath for 15 minutes. Remove, 
add 1 ml. of 0.2 per cent rhodamine B solution from a 25-ml. 
buret, mix, and cool in an ice bath for 10 minutes.- Add 10 ml. 
of water and cool in the ice bath for 10 minutes. Remove, add 2 
drops of saturated bromine water, quickly mix, immediately add 
a similar volume of 0.1 N  sodium thiosulfnte solution, and mix. 
Then immediately add 20 ml. of alcohol, shake, bring the volume 
to 50 ml. with distilled water, and shake. Let stand 20 to 30 
minutes and compare with similar standards in a Duboscq 
colorimeter. Add all reagents directly to the solution and not 
down the side of the cylinder. Mixing implies gentle swirling 
in contrast to shaking. Run blanks on the reagents.

When the antimony content of the sample taken for analysis is 
below 25 micrograms, use only 0.5 ml. of rhodamine B and make 
the comparisons in Nessler tubes using the standard series pro
cedure.

December 15, 1941

T a b l e  I. R e a g e n t  R e q u i r e d

A ntim ony C onten t of Sample R hodam ine B R eagent Required
Aficrogratns All.

0-50 0 .5
50-150 1 .0

150-200 1 .5
200-300 2 .0

P reca u tio n s

The bleaching operation is the most critical step in the pro
cedure. The temperature of the solution must be kept below 
10° C. to ensure complete insolubility of the complex. Ex
posure to bromine must be no longer than necessary to pro
duce a bleach. Only a moderate excess of reagent is permis
sible, and this excess must be promptly destroyed with thio- 
sulfate. If the acidity is too high or too low the bleach is not 
satisfactory. As bromide ion forms a colored complex with 
the reagent, the presence of too large an excess of reagent in 
the sample will give a positive blank. Blank reactions con
ducted with 1 ml. of rhodamine B reagent should result in no 
more than a pale pink color and with 0.5 ml. of reagent should 
be water-white. The proper amount of reagent to use in re
spect to the antimony content of the sample is shown in 
Table I.

The colorimetric method described is sensitive to the ma
nipulative procedure used. Most analysts become proficient 
with the method after 2 or 3 days of practice. Samples con
taining no antimony should be run until satisfactory blanks 
can be obtained, then samples containing 100 micrograms of 
antimony should be run until reproducible results can be ob
tained. In this laboratory about 4 per cent of the analyses 
made by this procedure fail for one reason or another. Ac
cordingly, samples should always be analyzed in duplicate. 
All precautions common to trace analysis, such as scrupulous 
cleanliness, tested reagents, use of Pyrex glassware, and ac
curate volumetric glassware, must be observed.

In order to obtain a high sensitivity the volume of solution 
at the time of reaction must be kept as small as possible. 
Sensitivity could probably be increased by reducing the final 
working volume to 10 ml. instead of 50 ml.

Although care has been taken to select quantities of re
agents in such amounts as to make their measurement non- 
critical, reasonable accuracy must be employed in their meas
urement. The depth of color is dependent upon the alcohol 
concentration up to about 36 per cent. The sulfuric acid 
content must be within five per cent of the indicated amount.

The volume of water added prior to bleaching should be held 
to within 2 ml. of the indicated value.

As the color intensity is influenced by temperature, stand
ards and samples should be at the same temperature when 
compared. The apparent color may be influenced by the 
deposition of air bubbles on the bottom of the colorimeter 
plungers; alcoholic solutions are especially troublesome in 
this respect.

If too large an excess of sodium thiosulfate is added, a tur
bidity forms, due probably to colloidal sulfur, which inter
feres with the determination.

D iscu ssio n  o f  M eth od

In a qualitative test utilizing the reaction mentioned in 
tliis paper (1 ,2), the rhodamine B solution is treated on a spot 
plate with the test solution strongly acidified with hydrochlo
ric acid and previously oxidized with sodium nitrite. In the 
presence of antimony, the light red dye solution changes to 
violet. A quantitative reaction could not be developed from 
this procedure, because of interference of excess sodium ni
trite and excess reagent in the solution at the completion of 
the test.

Sbv reacts with an aqueous solution of rhodamine B in a 
solution strongly acid with hydrochloric acid or one strongly 
acid with sulfuric acid and containing chloride ion, to form a 
dark red compound, extremely insoluble in aqueous solvents. 
In fine suspension it has a bluish purple fluorescence and when 
precipitated in the presence of a protective colloid such as 
gum ghatti, the suspension appears blue in a colorimeter. 
Under proper conditions the reaction appears to be quantita
tive and upon filtering no antimony can be detected in the 
filtrate. The compound formed is soluble in many organic 
solvents, filters ■ readily, and is unusually stable. Attempts 
at analysis have not met with success, but apparently one 
atom of antimony is associated with one molecule of rhoda
mine, possibly as a complex salt. The presence of adequate 
chloride ion is absolutely essential to the reaction, and chlo
ride is present in considerable amount in the final compound. 
Although several attempts were made to determine the chlo
ride content, using the Parr bomb and the Willard-Thompson 
method, consistent results were not obtained, perhaps because 
of variable composition of the compound or failure to obtain 
satisfactory decomposition of the complex, which is exceed
ingly stable. It is most conveniently decomposed a few 
tenths of a gram at a time by digesting with hot 30 per cent 
fuming sulfuric acid until well in solution and then cautiously 
adding 30 per cent hydrogen peroxide until the mixture is 
colorless.

The compound may also.be formed in 50 per cent hydro
chloric acid solution but a 25 per cent sulfuric acid solution is 
preferable for colorimetric determination.

The choice of oxidizing agents for converting Sbm to Sbv is 
limited. If sodium nitrite is used, the excess nitrite inter
feres with the reaction and must be destroyed with urea, and 
under some circumstances the nitrate formed by the reaction 
interferes. Sodium chlorite is satisfactory and preferable if 
the reaction is carried out in hydrochloric acid solution and 
the excess reagent is destroyed with hydroxylamine hydro
chloride. The reagent of choice is eerie sulfate, when a sul
furic acid solution is used. It serves as its own indicator and 
the excess is readily removed with hydroxylamine hydrochlo
ride. A slight excess of eerie or cerous ion influences the 
final color.

It is important that the complex be formed at high acidities 
if a quantitative reaction is to be obtained. The acidity is 
not critical except in the colorimetric method, where the shade 
of the final color is influenced by the acidity and the range in 
which bromine will function as a bleach is somewhat limited.

923A N A L Y T I C A L  E D I T I O N
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F ig u r e  1

Many bleaching agents were tried, but only bromine water 
is satisfactory. Rhodamine B itself is not easily decolorized. 
On the other hand, a too active reagent will attack the solid 
rhodamine B-antimony complex.

The color produced when the complex is dissolved in alco
hol appears to follow the Beer-Lambert law in all concentra
tion ranges studied. The ethyl alcohol solution showed a 
marked absorption to light of about 530 millimicrons wrave 
length as determined by the Coleman R. S. photometer 
(Figure I).

Lithium chloride must be used as a source of chloride ion, 
since it is the only readily available inorganic chloride salt 
which will not interfere with the reaction and still be suffi
ciently soluble in 40 per cent alcohol to avoid precipitate for
mation.

The procedure here described is rapid and requires little 
unusual or expensive equipment or reagents. In routine, an 
analyst can conveniently prepare standards and analyze 30 
samples in the usual working day if samples are handled in 
groups of 12 or 24.

In terfer in g  S u b sta n ces
The effect of several metallic ions, salts, and acids is shown 

in Table II. Nearly all acid radicals except chloride and sul
fate will cause trouble. When the sample contains 10 micro
grams or less of antimony, the effect of many interfering sub
stances is greatly diminished. Metals of the dithizone group, 
such as mercury, copper, nickel, cadmium, and zinc, may be 
conveniently removed by preliminary extraction of the 
sample at approximately pH 8.5 with 100 mg. of dithizone per 
liter of carbon tetrachloride solution, using the usual dithizone 
technique. Antimony does not appear to react with the di
thizone or be lost in the extraction process.

R esu lts  o f  A n alysis
Typical analytical results based on synthetic samples of 

known antimony content are shown in Table III. These

data were obtained by five different analysts and represent 
single determinations on single samples. Some samples have 
permissible amounts of other compounds present, some repre
sent antimony added to beef tissue and ashed, and some rep
resent results obtained by making the analysis in 50 per cent 
hydrochloric acid solution, employing sodium chlorite as the 
oxidizing agent. No attempt has been made to classify the 
data further, inasmuch as more than 1000 separate analyses of 
all kinds showed no significant deviation or trends among 
themselves.

Analysts using this method only occasionally may expect to 
obtain results within =±= 5 per cent of the truth for antimony con
centrations in the range of 25 to 200 micrograms, and within 
25 per cent of the truth for concentrations below 10 micro
grams. In routine use somewhat better accuracy may be ob
tained. Deviations greater than =±= 10 per cent are rarely en
countered in the range of 25 to 300 micrograms of antimony, 
even though the technique may be faulty. The accuracy and 
precision have about the same order of magnitude.

T a b l e  I I .  I n t e r f e r e n c e  T a b l e

(100 m icrograms of SbV in sample)
Sub

stance A m ount
Interference

Effect
Sub

stance A m ount
Interference

Effect

IT1PO4
Mg.

200.0 None Ce
Mg.
1.0® Off color

Al 7 5 None
?!

0.5® Deepens color
M n 7 .5 None 3.0® Deepens color
Bi 7 .5 None Zn 3 .5« Deepens color
CaSO* S aturated None KCIO« Trace® Deepens color

M g
solution

7 .5 None Sn 3.5« Deepens color
PbSO* Satu ra ted

solution
4 .0 °

None HC10< Trace® Deepens color

Fe Off color Cu Trace® W eakens color
A sill. V Trace® Off color Ni 7.5® W eakens color
N aNO i 1.0® Off color N aN O i Trace® W eakens color
N aF 1.0® Off color N aB r 0 .5« W eakens color
TI Trace® Off color H 1O1 Trace® W eakens color

® M axim um permissible am ounts for sam ples containing 100 microgramB 
of antim ony.

T a b l e  I I I .  A n t im o n y  R e c o v e r y

Added Found E rro r A dded Found E rro r

200
— icT ogra  t / ij  

105.7 - 4 . 3 50 50 .2 + 0 .2
190 6 - 0 . 4 50 .2 + 0 .2
200 5 +  0 .5 4 7 .5 - 2 . 5
107 I - 2 . 9 50.1 + 0 .1
198.0 - 2 . 0 49 .4 - 0 . 0
194.3 - 5 . 7 51.2 +  1 .2
200.5 + 0 .5 50.2 + 0 .2

100 99.0 - 1 . 0 100 102.8 + 2 .8
(dried beef)

99 .0 - 1 . 0 96 .6 - 3 . 4
98 .5 - 1 . 5 98 .0 - 2 . 0
92 .2 - 7 . 8 100.5 + 0 .5
98 .5 - 1 . 5 96.1 - 3 . 9

101.0 +  1 .0 101.5 +  1 .5
102.6 +  2 .6 99 .6 - 0 . 4
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M e c lt x i* ü ÿ & â  f y iW i a t io s i

Acting in robot-like fashion, this filtering apparatus 
does a complete and continuous filtration during the 
course of which the usual manual operations preliminary 
to washing are automatically performed without personal 
supervision.

'll/U a t th e. SaA JfO n t 

A u to * n a tic  ty ilte A i+ U f A p ^ a A a tu A  doeA .

Decants completely prior to precipitate transfer.
Allows precipitate to settle and does not disturb it during filtration.
Passes filtrate through funnel before precipitate and so increases 
speed of filtration because the filter paper is not obstructed, and 
minimizes the possibility of loss of precipitate from filter.
Eliminates all losses incident to the manual, interrupted transfer 
practice.
Provides continuous heating of beakers for hot filtrations by means 
of a detachable electric heating plate which can be supplied if 
desired. The heater is not supplied as regular equipment.
Automatically stops rotation of the beaker when it reaches the end 
of its normal arc of rotation.

Beakers are held in a correct position in the beaker 
mount by an adjustable bottom stop and a coil spring 
retainer, and may be of 250, 400, or 600 ml capacity. 
Funnel sizes may be similarly varied to suit liquid and 
precipitate volume. Speed may be adjusted over a 
range such that the decantation time is any value be
tween about 13 and 38 minutes, based on the assumption 
of a liquid volume l/ 3 to Vs beaker capacity. The heat
ing plate delivers 75 watts and is suitable for use with 
beakers from 250. to 600 ml capacity. A receptacle in 
the base is provided for its connection and a switch for 
its control.

S - 3 3 m  FILTERING A P P A R A T U S—Automatic, 
King, Sargent. Complete with stirring rod, but without 
beakers, funnels, or heater. For operation from 115 
volt 60 cycle circuits...............................................  $64.00

E .  H .  S A R G E N T  & C O .
SCIENTIFIC LABORATORY SUPPLIES 

1 5 5 -  1 6 5  E .  S U P E R I O R  S T R E E T ,  C H I C A G O ,  I L L I N O I S
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X I  r  I V /  I  C entrifuge C at. N o . 17 7 IC  
l y  L .  Y V  .  J usf  i ; Sued , W r ite  fo r a co p y I

’’p  QUALITY ™
LABORATORY FURNITURE

CLAY-ÂDAMS CO
44  EAST 23 r d  STREET,  NEW YORK,  N . Y .  W Ê W -1

IN D U S T R IA L  
L A B O R A T O R Y  T A B L E  6610

D E S I G N E D  A N D  B U I L T  W I T H  
A N  U N D E R S T A N D I N G  O F  Y O U R  P R O B L E M S
T o d a y ’s c o n d it io n s  d e m a n d  u t m o s t  e ffi
c ie n c y  f ro m  ev ery  p ie c e  o f  e q u ip m e n t  in  
y o u r  l a b o r a to r y  . . . a n d  t h a t ’s w h e re  
P E T E R S O N  L A B O R A T O R Y  F U R N IT U R E  
r is e s  a n d  s h in e s  . . . d e s ig n e d  b y  m e n  w h o  
a r e  c o g n iz a n t  o f  t h e  v e ry  l a t e s t  r e q u ir e 
m e n t s  a n d  b u i l t  b y  m e n  to  w h o m  th e  
t r a d i t io n  o f  f if ty  y e a rs  o f  q u a l i ty  is  a  c ree d  I 
O u r  stafi" o f  e x p e r ts  w ill,  a t  y o u r  r e q u e s t ,  
a s s i s t  i n  t h e  p la n n in g  o f  m o re  e f f ic ie n t 
l a b o r a to r y  la y o u t  . . . w i th o u t  c h a rg e  o r  
o b l ig a t io n .

Write lor 
PETERSO N 'S  

Furniture Catalog. 
Gratis of course.

L E O N A R D  P E T E R S O N  & CO. ,  Inc.
1222-34 FULLERTO N AVE. C H IC AG O , U . S . A .

With an
ELMES H YD RAU LIC  

LABORATORY PRESS

This Elmes H ydraulic  
L a b o ra to ry  P ress is  
strictly a  precision in 
strument . .  . accu rate  
a n d  d e p e n d a b le .  It 
saves time, m oney and  
n e e d le ss  d u p lica tio n  
of tests. Results easily  
convertible into m anu
facturing terms.

SPECIAL FEATURES
1. M aintains constant 

p r e s s u r e  w ith o u t  
ap p reciab le  loss for 
a  long period of 
t i m e  —  a c h i e v e d  
through a  new  va lve  and  a  sp ec ia lly  designed  
packing.

2. Solves a  variety of scientific and  com m ercial 
laboratory problems.

3. Offers improvements not ordinarily a v a ila b le .
4 . Entirely self-contained.

MANY APPLICATIONS
Som e of the specific uses of this press are: 

B lo c k in g  G lu in g  E x tr u s io n
B re a k in g  T e s ts  L a m in a t in g  P la s t ic  M o ld in g
B r iq u e t t in g  C o m p re s s io n  T e s ts  P r e s s in g
C a k e  F o r m in g  D e h y d r a t in g  S p r in g  T e s t in g
F o rc in g  D ra w in g  V u lc a n iz in g
F o r m in g  E m b o s s in g

W rite to d a y  for a  bulletin  g iv in g  com plete  de ta ils .

CHARLES F. ELMES ENGINEERING WORKS
246 N. Morgan St. •  Chicago, Illinois

Also  M anufactured  in Canada  
W ILLIAM S & W ILSO N , LTD., Distributors

with underguard 
N o . CT-1055  
with six 15 ml. 
tubes loaded. 
(4 2 0 0  R .P .M . on 
A .  C.)

ADAMS ANGLE CENTRIFUGES
Tubes are  suspended at a fixed 52° angle. Faster sedim enta
tion is achieved by the shorter distance particles a re  req u ired  
to travel. W hen  at rest, the tubes rem ain  in the angular 
position and  no stirring up  of sedim ent results.
C T -1 0 0 0  A D A M S  S E N IO R  S A F E T Y -H E A D  C E N T R IF U G E  fo r  S ix  
15 m l. TU EE S, c o m p le te  w ith  s ix  ro u n d  b o tto m  b r a s s  s h ie ld s  w ith  r u b b e r  
c u s h io n s  a n d  th re e  e a c h  g r a d u a te d  a n d  u n g r a d u a te d  t a p e r  b o tto m  15m l.
g la s s  tu b e s .  W ith o u t  U n d c r g u a r d ................................................................ $ 5 2 .5 0
S a m e  w i t h o u t  s h i e l d s  o r  t u b e s ......................................................................$4 9 .5 0
C T -1 0 5 5  U N D E R G U A R D ......................................................................................$ 3 .5 0
A b o v e  C e n tr i fu g e s  h a v e  110 V U n iv e rs a l  (A C  a n d  D C ) m o to rs . 220-vo lt 
U n iv e rs a l  m o to rs  $ 2 .0 0  e x tr a .



December 15, 1941 A N A L Y T I C A L  E D I T I O N 13

PYREX
\o

’W e added to the line to add to your greater convenience. ----

Two new sizes of Pyrex brand Petri Dishes are now available— 60 mm. x 15 mm. 

and 150 mm. x 20 mm. Fabricated from Pyrex brand Chemical Glass—“Balanced” 

properties, providing high chemical stability and greater resistance against ther

mal and mechanical shock, are combined for over-all economy. All five sizes 

offer excellent transparency and will not cloud after repeated sterilization (steam 

or hot air). Tops and bottoms are interchangeable. Beaded edges prevent 

chipping.

All sizes are now available through your regular source of supply.

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

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



HELLIGE-DILLER

PHOTOELECTRIC COLORIMETER
A self-contained colorimeter emphasizing the three primary 

considerations o f accuracy, foolproofness and universality 
This precise instrum ent for accurate and a lw a y s  reproducible 
colorimetric determinations has already proven to be the 
solution of numerous extraordinary and difficult colorimetric 
problems. No standards are required.

H E  L  L I  G  E
I N C O H P O R A T  E D

3718 NORTHERN BLVD. LONC ISLAND CITY. N.Y.

HEADQUARTERS FOR COLORIMETRIC APPARATUS

Vol. 13, No. 12

H E L L I G E
COLORIMETERS

Ä

V IS U A L  AMD 
PHOTOELECTRIC 
C O L O R I M E T R Y

DIRECT
REHDER C O L O R I  M  E T E  R

H e llig e  Duboscq

EMBODIES  
AN UNUSUAL 

COMBINATION 
OF 10 

STRIKIN G  
FEATURES

Complete, 
as illustrated, $65.00.

LaMOTTE c h e m i c a l  
CONTROL SERVICE

LaM O T T E  PO M ERO Y  
SU LFID E T E S T IN G  SET

T h is  outfit w as d ev elo p ed  fo r th e  accu rate  d e te r 
m in a tio n  o f  T o ta l Sulfides, D isso lv ed  Sulfides, 
and  Free H y d ro g e n  Sulfide in  A ir  a n d  G ases. 
T h e  m e th o d s  o f  te s tin g  em p lo y ed  are  th o se  o f  
D r. R ich a rd  P o m ero y , w ith  w h o se  co o p e ra tio n  
th e  ap p ara tu s has b een  d ev elo p ed . O utfit com es 
co m p le te  w ith  necessary  re ag e n ts , p ip e tte s , g lass
w are  an d  full in s tru c tio n s .

' W rite f o r  fu r t h e r  inform ation

LaM O T T E
C H E M IC A L  PR O D U C T S CO.

O rig in a to rs  o f  P ra c tic a l A p p lic a tio n  o f  p H  C o n tro l  
Dept. F, T ow son , B altim ore, M d.
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'Ik e . Aleut SPENCER

POLARIMETER
Its L  o w  C o s t  M a k e s  

this  N  e w  P o l a r i m e t e r  

A v a i la b le  for Classroom  

W o r k  and " L a b 77 Routine

• Lippich Half-Shade Polarizer, same 
as in more expensive instruments.

• Polaroid Elements make the use of 
high-priced Nicol Prisms unneces
sary.

• Careful workmanship and high 
quality materials insure accuracy.

• Simplified design and rugged con
struction mean long service.

, Three sizes of Sample Tubes avail
able for many purposes.

W rite  fo r B u lle tin  S 3 2  
lo r  ad d ition a l inform ation

S C H A A R  & C O M P A N Y
Complete Laboratory Equipment 

754  WEST LEXINGTON ST., CHICAGO

N o w !  A

H O M O G E N I Z E D
. .. Perfect Emulsions 

Instantly !

Indicators for Determining 
Hydrogen-ion Concentration

^  /  / > International Emulsifiers, Inc.
Dept. c-17, 2409 Surrey Court, Chicago, III.

h a n d  H o m o g e n i z e

F i f t y  i n d i c a t o r s  th a t cover the entire pH  range are included in the 
most recent price list of Eastman Organic Chemical's. Careful labora

tory tests assure the dependability and uniform ity of these compounds. 
In  addition, each indicator of the sulfonphthalein type is specifically 
tested spectrophotom etrically to make certain th a t it exhibits max
imum color change and sensitivity.

A table giving the solvents employed and the  concentrations in which 
these Eastm an indicators are generally used, as well as a chart showing 
their pH  ranges and color changes, will be supplied free upon request. . . . 
Eastm an K odak Company, Chemical Sales Division, Rochester, N. Y.

■There a r e  m o r e  t h a n  3 4 0 0 ------------------------------------------------------------------------------------

E A S T M A N  O R G A N I C  C H E M I C A L S
< O D A K ................. ............... .......... ............................................................. ............. ............................................. .

No emulsion-fallures w ith the 
H and Homogenizer— no time 

wasted re-doing — provided the ingredient ratio 
is sound. One easy stroke of the hand-lever 
applies pressure up to 600 lbs.; instantly  ejects 
a je t  of completely emulsified liquid. Provides 
perm anent suspension. N ote in photos a t  left, 
fine degree of dispersion secured (above) com
pared with coarseness of same mixture emulsi
fied with m ortar and pestle (below). H un- 

Abote— with Hand Homogenizer dreds of laboratories find the H and Homo- 
Bclow— with mortar and pulle genizer an invaluable convenience and time- 

saver. Portable, easy to operate and  clean, 
strongly built of molded aluminum, with stain
less steel piston. 101/* in. high, 12 oz. bowl. 
Only $6.50 com plete— order direct or from your 
laboratory supply house (satisfaction guaran
teed)— or write for further details.
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K l e t t . . . .
Photometers

l U K U ü

ty lu o siitn e te si

K lett Manufactu r ing  Co.
179 EAST 87TH S T R E E T  NEW YORK N.  Y.

No. 2071

D e s i g n e d  f o r  t h e  
r a p id  a n d  a c c u r a te  
d e t e r m i n a t i o n  of 
th ia m in ,  r ib o f la v in , a n d  o th e r  s u b s ta n c e s  w h ic h  
f lu o re sce  i n  s o lu t io n .  T h e  s e n s i t iv i ty  a n d  s t a 
b i l i ty  a r e  s u c h  t h a t  i t  h a s  b e e n  fo u n d  p a r t i c u 
la r ly  u s e fu l  i n  d e te r m in in g  v e ry  s m a ll  a m o u n t s  
o f  th e s e  s u b s ta n c e s .

T o  f u r t h e r  in c re a s e  i t s  a d a p ta b i l i ty  a  s e p a ra te  
c i r c u i t  a n d  sc a le  is  p ro v id e d  fo r  c o lo r im e tr ic  
d e te r m in a t io n s .

LITER A TU R E SE N T UPON REQUEST

K U it- B u M m e s U o s i

ß lw to e le c t'i ic . 

Q la id . C e i l  

C o lx v U m e l& i

■

No. 900-3

F o r  t h e  v a r ie d  n e e d s  o f i n d u s t r ia l ,  c lin ic a l  
a n d  a g r ic u l tu r a l  l a b o r a to r ie s .  C o m p le te  
a n d  se lf  c o n ta in e d  —  n o  a c c e s so ry  e q u ip 
m e n t  n e c e s sa ry .  F u s e d  c e lls  fo r  r e a d in g s  
o n  s o lu t io n  d e p th s  o f 2 .5 , 10, 20, a n d  40 m m . 
S e le c tiv e  l ig h t  f i l te r s  a v a ila b le .

LABORATORY  
F U R N A C E S

This furnace, the inside 
dimensions of which, are 
3" high X 41/*' wide X 
5 Vs" deep, will attain 
any temperature up to 
1800 degrees F. A heavy 
embedded niclirome wire 
element provides a uni
form muffle temperature 
which is varied by a 3- 
heat switch and recorded 
on an accurate pyrome
ter mounted on rear of 
furnace.

The furnace is housed in a black porcelain enameled 
iron casting and is exceptionally well insulated— 
requiring only 850 watts at 120 volts, A.C. or D.C., 
for maximum temperature operation.

Write for complete details on this furnace and other 
sizes in this temperature range as welt as furnaces 

for use up to 2600 degrees F.

W E S T E R N  G O L D  A N D  P L A T I N U M  W O R K S
5 8 9  Bryant S treet San Francisco, Calif.

W ESGO TY PE  6 
$51.75

A N H Y D R O U S
ALUMINUM CHLORIDE

in

ORGANIC CHEMISTRY
By

C H A R L E S A L L E N  T H O M A S 
C en tra l R esearch D irector, M onsan to  Chem ical C om pany 

In collaboration w ith 
M ary  B aluk  M oshier, H erb ert E . M orris and  R . W . M oshier 

T hom as and  H ochw alt L aboratories,
M onsanto  Chem ical C om pany

American Chemical Society Monograph No. 87

This volume has been eagerly awaited for some 
time by all those concerned with the catalysis and 
isomerization of organic compounds. The reac
tions of aluminum chloride with hundreds of com
pounds are discussed in detail; and a feature of the 
book is the presentation of the exact changes 
which occur in structure. A resume of the work 
of Friedel and Crafts, who did the pioneer work 
in this field, is included. This is indeed a monu
mental compilation which will be invaluable to 
research workers in the fields of petroleum, plas
tics, rubber, synthetic coalings, flotation agents, 
dyes, fats and waxes, cleansing and dry-cleaning 
agents, perfumes and textiles.
990 Pages Illustrated $15.00

Due December IS

Reinhold Publishing Corporation, 330 w. 42nd st.
New York, U. S. A.
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H ow  Y ou 
C an Ignite in the D evice 

Y ou U se  to F ilte r

D ue to its great refraccoriness, 
ALUNDUM  ( A I 2 O 3 )  laboratory ware 
can be washed and ignited to constant 
weight as soon as you have finished 
a filtration. Thus the devices (dishes, 
cones, crucibles, discs, thimbles) can be 
used over and over. Besides their 
chemical inertness, detailed in the next 
paragraph, and their semipermanent 
usefulness, ALUNDUM  devices have 
the advantage o f  being offered in 
various porosities. RA 84 is dense, 
RA 360 medium, RA 98 coarse.

R A  is H igh ly  R esistan t to 
A b rasion , R eagents and 

Solvents

ALUNDUM  laboratory ware —  the 

letters RA refer to ALUNDUM  mix
tures chemically controlled —  resist all 
organic solvents, and can be attacked 
only by hydrofluoric acid and strong 
caustic solutions.

RA 98. Perhaps you have a specific problem  
in laboratory ware requiring the more-than- 
ordinary attention which we w ould give it.

G etting the R igh t R efrac to ry  
C em ents for R esistor- 

W ound  E lec tric  F u rn aces

The picture shows an externally 
wound ALUNDUM  Conical Core with 

cement partially applied. Occasionally, 
the cement will react with and destroy 
the resistor element under operating 
conditions. It’s something to look out 
for, if  you’re designing or constructing 
electric furnaces for your laboratory. 
Write for our booklet, "The Construc
tion o f  Electric Furnaces for the 
Laboratory. ” 11 gives the complete story.

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

Prepared in cooperation with the technical and research 
staff o f N O R T O N  CO M PANY, Worcester, Mass.

If you are filtering or extracting, 
these shapes are especially adapted for 
the following uses:

D IS C S
For small am ounts o f  suspended matter. 

C O N E S
For Invert Sugar, organic and inorganic 
filtrations and determinations.

D IS H E S
For washing and drying crystals and washing 
precipitates.

T H IM B L E S
For extraction o f feeds, tar, chocolate, rubber 
and fats. Copper and fatty acid determ ina
tions.

C R U C IB L E S
For fine (Barium Sulphate) and coarse (Silver 
Chloride) precipitates. Used also in Mn, Pb, 
Sn and Si determinations.

Im portant Footnote: for Crude Fibre de
terminations, you may obtain the special 
m ixture RA 766, o f  greater porosity than

NORTON RESEARCH
INGREDIENT NUMBER ONE IN FUSED 

ALUMINA LABORATORY WARE

NORTON LABORATORY WARE
D istribu ted  by the fo llow ing:

Central Scientific Co., Chicago and O ther Cities 
Elmer and Amend, New York City Fisher Scientific Co., Pittsburgh
Arthur H. Thomas Co., Philadelphia E. H. Sargent & Co., Chicago

Braun Corp., Los Angeles 
Braun, Knecht, Heiman, San Francisco 

O r simply order through your favorite Laboratory Supply House
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Ir la in
jjO S i t e it in c f . a f i ¿ H e le n ie

2500°F in 1 HOUR

Atwiau+uzi+Uf . . . The Braun Shell-
Design Kinematic Uiscosimeter Bath

B U R R E L L  T E C H N I C A L  S U P P L Y  C O M P A N Y
1936-42 FIFTH A V E N U E ................................................................................................................PITTSBURGH, PA., U. S. A.

A new bulletin gives complete details and 

specifications. Write Department 1-12 for your

copy today.

B urrell c a ta lo g  No. F241  
w il l  be se n t on request.

BURRELL TYPE "K" (Illustrated) . ,  . .
. . . has m any practica l applications includ ing  heat treating, 
tool hard en in g  an d  techn ical research . Sam ples a re  ex
posed to d irect rays oi the heating  elem ents and are  quickly 
heated  w hen p laced  upon the hearth .

The heating  elem ents are  designed  to give long life and 
can  be  rep laced  in five m inutes w ithout cooling the  furnace.

The heating  cham ber m easures 4 '  x  4 '  x 1 3 J4 ' deep. 
O verall outside dim ensions of the  fu rnace  without the  table 
are  2 6 ' w ide x  3 0 ' h igh  x  2 4 ' long.

O ther standard  m odels include muffle types —  com bus
tion tube types —  and  pit types. Special sizes can  b e  
built to order. Just ask for B urrell Engineering  Service. B urrell T ype " K "

A convenient manifold with valves for easy  operation of the viscosim eter tubes is built into the bath. This 
manifold, with its vacuum  system, m akes cleaning a n d  drying the tubes a  fast an d  simple procedure. A 
motor stirrer permits suitable agitation.

BRAUN SHELL-DESIGN KINEMATIC VISCOSIMETER BATH

This new  bath  fills the need for an  extrem ely precise constant 
tem perature ap p ara tu s  for kinem atic viscosity m easurem ents 
in accordance with the A. S. T. M. tentative test m ethod 
D445-39T. Constructed with double w all insulation, tem pera
ture is closely controlled to less than  ±.025°F. variation over 
long periods of time, enabling the operator to obtain con
tinuously reproducible results.

A very  precise an d  extremely sensitive Resisto-Therm 
Electronic Tem perature Regulator Unit permits variable set
tings a t an y  point up to 24CTF. Cooling coils a re  provided for 
use w here lower than room or atm ospheric tem peratures 
a re  required.

The ba th  h a s  a  capacity  of nine tubes. W hile it is designed 
prim arily for use with the new  an d  im proved Zeitfuchs vis
cosim eter tubes, it is entirely suited to accom m odate other 
types of tubes, an d  can  be  used  for kinem atic viscosity 
m easurem ents of asphalts an d  dark  oils. A double safety- 
g lass face an d  a  special built-in tubular light provide excel
lent visibility for reading the tube meniscus.

BRAUN CORPORATION
2 2 6 0  EAST 15TH ST., LOS ANGELES, CALIF.
B r a u n -K n e c h t -H e im a n n - C o . S c ie n t if ic  S u p p l ie s  C o .
San Francisco. California Seattle. Washington
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Today, in  universities and technical schools 

the country over, Baker & Adam son Reagents 

are helping many an aspiring young chemist 

on his way.

. . . This is im portant work because 

these are the chemists o f tom orrow  . . . 

and the trend o f the times indicates that 

the incom ing chemist must be equ ipped  as 

never before to assume responsibilities and 

to solve the problem s which we know are 

ahead in the years to come.

G ood reagents, o f  course, are only a small 

part o f a chem ical education . . . yet, like 

sound teaching, thorough textbooks and 

fine quality equipm ent, they contribute 

something definite toward com p letin g  a 

man's technical education.

. . . T hat is w h y B a k er & A dam son  

Reagents for fifty-nine years, have been con 

sistently chosen for student and graduate 

work in the chem istry departments o f  the 

country's leading educational institutions.

0 ) p £ &  ^

W S 7 Z ^ / 0 / V

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

Ba k e r  A d a m s o n
Division of G E N E R A L  C H E M I C A L  CO M PA NY ,  40  Rector  St., N e w  York C .V A c d s

Sales O ffices:  A tlan ta  • B altim ore • Boston • B ridgeport (C onn.) • Buffalo • C harlo tte  (N . C.) • Chicago • Cleveland 
Denver • D etro it • H ouston • K ansas City • Milwaukee • M inneapolis • M onroe (L a .) • New York • Philadelphia

P ittsbu rgh  • Providence (R. I .)  • S t. Louis • U tica  (N . Y .)
P acific  Coasf Sales O ffices : San F rancisco  • Los Angeles 

Pacific  N orthw est Sales O ff ices: W enatchee (W ash .) • Y akim a (W ash.)
----------------------—In Canada : The Nichols Chemical Company, L im ited • M ontreal • T oronto  • V ancouver-------------------------
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T h e  C h e m i c a l  R u b b e r  C o m p a n y
2310 S u p e r io r  A ve. . . .  C lev e la n d , O h io
L A B O R A T O R Y  A P P A R A T U S  •  C H E M IC A L S  •  RUBBER G O O D S ^ j ^ N Q B O O K  O F  CHEM ISTRY A N D  PHYSICS

HOOPER-WILLIAMS
LABORATORY FURNACE

Complete with A ^^50
PYROMETER and RHEO STAT 4 /  nov.
Designed for continuous operation at temperatures up to 1500° F. and 
intermittent use up to 1850° F. A lso  available for use with 220 V  
and special voltages at prices slightly higher. Finest of materials and 
rugged, heavy-duty construction thruout. Descriptive literature on 
request.

Expanded production has made possible the prompt delivery of identical furnaces to the 

United States N avy , the United States A rm y  and the Chem ical Warfare Service Developm ent 

Laboratory. A t  this time all other defense orders are in production to meet required shipping 

dates. W e are happy to announce that we are again making deliveries to our dealers and that 
you may have

PRO M PT  D E L I V E R Y  from BETTER D E A L E R S

FERNALD SPECIALTY CO.
332 W EST 69th STREET P rice s su b je c t  to change w ithou t n o tice  C H IC A G O , IL L IN O IS

A veritable "Readers Digest" 
edition of the newer equipment 
and supplies in demand by modern 
laboratories.

The text has been carefully edited 
and arranged for quick, easy ref
erence and reading —  to save 
valuable time, yet give you the es
sential details of all items illustrated.

S U P P L E M E N T
" D "

You are sure to find many items 
you can use in both your present 
and approaching operations.

A  request for "Supplement D "  on 
Just off the Press your |etterhead, will bring a copy

to bring you new s of prompt|y .
the best in practical, 
efficient aids.............

I P M E N T
SUPPLIES


