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Send for the new catalog of Mallinckrodt Analytical 

Reagents and Laboratory Chemicals showing 

maximum limits of impurities of nearly 500 

chemicals for research and control labo

ratories.

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

2nd & Mallinckrodt Sts. CHICAGO MONTREAL 70-74 Gold St. 
ST. LOUIS, M O . PHILADELPHIA TORONTO NEW YORK, N. y.

CEMENT ANALYSIS requires
ACCURATE ALKALI DETERMINATIONS

For vital analytical accuracy many cement chemists 
prefer the J. Lawrence Smith method for detecting 
minute quantities of alkali. This procedure requires 
a calcium carbonate reagent with particularly low 
alkali content, such as—

CALCIUM  CARBONATE A.R. L O W  A LK A LI
(Mallinckrodt)

Refined to predetermined standards, this reagent has 
been especially developed for use in the J. Lawrence 
Smith method of alkali determinations. I t  is always 
uniform in composition and reaction.

O ther Reagents for the Cement Chemist
AMMONIUM OXALATE SODIUM AMMONIUM PHOSPHATE
POTASSIUM CARBONATE SODIUM ACID PHOSPHATE
POTASSIUM HYDROXIDE SODIUM CARBONATE
POTASSIUM PERMANGANATE SODIUM HYDROXIDE
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Send for free technical bulletins on 
these two essential instruments.

Coleman Electric Co., Inc. 
310 Madison St. Maywood, III.

50 0  6 0 0  7 0 0  8 0 0  9 0 0  I000
WAVE LENGTH— MILLIMICRONS

*Curves fo r  C o b a lt Sulfate Solution
1. I gram C o b a lt Sulfate pe r lite r.
2. 10 grams C o b a lt Sulfate per lite r.
3. 0.0 I gram  C o b a lt Sulfate per lite r. 

* Using nitroso-R-salt fo r  de tec tion .

are the keys to accurate 
control of complex liquids in chemistry!

All liquids are coloredl The Coleman M odel 10 Regional Spectro
photom eter allows a continuous selection o f m onochrom atic ligh t values, 
through and fa r beyond both ends o f the visible spectrum. Curves 
can thus be established fo r even so-called colorless liquids; curves 
which show color absorption characteristics and the relative concen
tra tion  o f colored ingredients in these solutions. These curves are o f 
inestimable commercial value because they perm it accurate duplication 
o f colored liquids and readily disclose the presence o f fo re ign color 
ingredients, often invisible to  the human eye. The Coleman M odel 3 pH 
Electrometer, undisputed leader in the fie ld  o f pH  measurements, is 
used on the ou tpu t o f the M odel 10 R-S-Photometer to  ind icate the 
ra tio  o f ligh t intensity through a test solution to  tha t through a standard 
solution d irec tly  as percent transm ittance w ithou t computations. Submit 
two one-ounce samples of any liquids from your regular production for 
free color analysis and pH determination. Instructions for handling 
must accompany toxic, volatile, explosive, or bacteria laden solutions.

Model I0  
R-S-Photometer

z
LUo

WAVE LENGTH— MILLIMICRONS

Curves fo r  Linseed O il
1. Special refined linseed oil.
2. Boiled linseed o il.

Model 3 
pH Electrom

eter

z
u

4 0
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DETERMINATIONS

jg/ j t a 'F '  A r e  you  co n cern ed
1 ] J l . ^  w i t li a m m o n i u m

j& T  1 com pou n ds, n itrates
1 m  o r  n i t r o g e n o u s

organic com pounds?  
Do you wish to know total Nitrogen content?

W hichever you are determ ining, you will want 
to use Reagents whose uniform ity assists in as
suring consistent results . . . and, in the case of 
Kjeldahl determ inations, whose low Nitrogen con
tent enables you to obtain the uniform ly sm all 
blanks which lead to higher accuracy.

To fill this need, standardize on  B & A  Reagents!

A few  o f  the B & A  R eagen ts m ost o f te n  used  for N itrogen  
d eterm in ation s are:
CODE NO.

1050 Acid B oric , P o tcd er , R e a g en t, A .C .S .
1180 A cid S u lfu r ic , C .P ., S p e c . Gr. 1 .8 4 , A .C .S ., Loiv in I\
1217 A lu m in u m  M etal, G ran. 2 0  M esh , R ea g en t  
1651 C upric S u lfa te , F in e  C ryst., R e a g en t, A .C .S .
1681 D evarda’s A lloy , 2 0  M esh , P o w d er , R ea g en t
1964 M ercuric C h loride, C ry st., R e a g en t, A .C .S .
1969 M ercuric O xid e, R e d  P o w d er , R ea g en t
2118 P otassiu m  H y d ro x id e , P e lle ts , R e a g en t, A .C .S .
2120 P o ta ssiu m  Io d id e , C ry st., R e a g e n t, A .C .S .
2129 P otassium  P ersu lfa te , R e a g en t
2138 P o ta ssiu m  S u lfa te , P o w d er , R e a g e n t, A .C .S .
2255 S o d iu m  H y d ro x id e , P e lle ts , R e a g e n t, A .C .S .
2256 S od iu m  H y d ro x id e , F la k e , 7 6 % , f o r  N itrogen

D e te rm in a tio n  
2296 S o d iu m  S u lfa te , A n h yd ro u s , P o w d er , R ea g en t
2422 Z inc M etal, G ran., 3 0  M esh , R e a g e n t, A .C .S .,

L ow  A s, P b  a n d  Fe

Ba k e r  ^  A d a m so n
FINE CHEM ICALS

LA BO RA TO RY 
. REAGENTS y
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THE STANDARD
IN MOST LABORATORIES

MULTIPLE UNIT 

ELECTRIC FURNACES
ORGANIC COMBUSTION FURNACE 

3 STANDARD SIZES

A B O V E -

CRUCIBLE FURNACE 
5 STANDARD SIZES

M UFFLE FURNACE 
4 STANDARD TYPES

A T L E F T -

SOLID COMBUSTION TUBE  
FURNACE 

10 STANDARD SIZES

HINGED COMBUSTION TUBE  
FURNACE 

10 STANDARD SIZES
HOT PLATE— 6 STANDARD SIZES

W RITE FO R  DESCRIPTIVE BULLETINS

H E V I  D U T Y  E L E C T R I C  C O M P A N Y
TR A D E  M AR K

LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY
REG. U . S . P A T . O FF.

M I L W A U K E E ,  W I S C O N S I N
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C E N C O  P R E S S O V A C  4 P U M P
Large free air displacement . . .  34 liters per minute •  Tested to attain  a 
vacuum of 0.1 mm or less. . .  test data show all pumps produced so far attain 
much lower pressures •  When compressed air is required . . . this pump will 
satisfy the need . . .  10 lbs per square inch. May be used to circulate or col
lect gases . . .  fumes from distillations may be conducted to vents •  These 
features are of value to the chem ist. . .  and a t a price lower than ever before •  
Specify No. 90510A for 115 volts 60 cycle current.

S C I E N T I F I C  F f f l f f j  LABORATORY  
INSTRUMENTS U IlU J  A P P A R A T U SKEau&pAT.̂ ri.

New York • Boston • C H IC A G O  • Toronto • Los Angeles

1700 IRVING  PARK BOULEVARD, CHICAGO, ILL.
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C H R O M E L - A L U M E L
L E A D S  A N D  C O U P L E S

th a t  h e a d -lin e  sa y s w h a t you  k n o w  to  b e tru e , 
w e s u g g e s t  th a t  y o u  in v e s t ig a te  th e  lea d  w ire  y o u  are  
u s in g  w ith  y o u r  C h ro m e l-A lu m el co u p le s . I f  th e  lea d s  

C h ro m e l-A lu m el, to o , th e n  y o u ’re a ll r ig h t. . . .B u t  
if  y o u  are u s in g  so -c a lle d  “ c o m p e n s a t in g ” lea d s, y ou  
o u g h t  to  k n o w  th a t  th e y  co m p e n sa te  o n ly  a t  p r e tty  low  
te m p era tu re s . B u t o fte n  th e ir  ju n c t io n  w ith  th e  co u p le  
g e ts  very h o t, an d  s o m e t im e s  o n e  s id e  is  h o tte r  th a n  th e  

U n d er th e s e  c ir c u m sta n c e s  y o u  g e t  a n  error  
t h a t ’s  s ig n ific a n t. S o , sen d  for F o ld er-G Y , an d  learn  
w h y  y o u  sh o u ld  u se  C h rom el-A lu rriel lea d s  w ith  
C h ro m e l-A lu m el co u p le s  . . . .  H o sk in s M a n u fa c tu r in g  

, D e tro it, M ich ig a n .

ALWAYS WHAT

' w i ' a r *
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7890. Large M odel, Double D epth  7886. Sm all M odel
Showing door closed and  clam p in position Show ing door and  clam p rem oved

WEBER ELECTRIC VACUUM OVENS. W ith au tom atic control and pointer scale for approxim ate 
setting directly a t any desired tem perature up to  150°C, and w ith a cylindrical vacuum  cham ber w ith 
three rem ovable shelves as shown above. T he exterior is m ade of Stainless steel th roughout; the 
vacuum  cham ber is of pressed steel, bo th  copper and nickel plated. This construction reduces the 
possibility of leakage sometimes encountered w ith cast chambers.

A new type door clamp, suggested by Dr. Samuel E. Pond, of the Marine Biological Laboratory, Woods Hole, Mass., makes 
it  possible to use the Vacuum Oven as a low pressure oven, i.e., for internal pressures not exceeding 5 lbs. per square inch, 
which facilitates rapid and complete interchange of gases. The door clamp, with hand screw for tightening, bears centrally 
on the door and a t four points on its frame.

The unique feature of the vacuum chamber is the tight fit secured by means of a lead gasket on the door. Seating is 
simply and quickly accomplished by slight rotation of the door into position, and final adjustment by tightening the screw 
clamp. Since the seal is not dependent upon machined surfaces, there is no possibility of nicks with the consequent delay 
and inconvenience involved in their repair. After continued use, the gasket can be quickly replaced from the spare set 
furnished with the oven. The lead gasket forms such an excellent seal that a vacuum can be held almost indefinitely. For ex
ample, on an Oven evacuated to 29l/ i  inches of mercury, there was no change in  the gauge reading four months after evacuation 
ceased.

A snap switch on the front of the temperature regulator compartment provides for convenient turning on and off of the 
current. A combined vacuum and pressure gauge, with red sector above safe working pressure, is mounted on the top of the 
Oven, together with two hand valves. The upper valve admits air or any desired gas to the vacuum chamber through a tube 
“A” which runs down the back and to the bottom of the vacuum chamber, where it terminates near the front; the lower valve 
connects to a larger concentric tube “B” with opening in the back of the vacuum chamber below the bottom shelf. This 
valve is connected to the vacuum line through its intake coupling.
7886. W eber Electric Vacuum Oven, Small Model, as above described, outside dimensions 1372 X 12y2 X IOV2 Code 

inches, with vacuum chamber 8 inches deep X 73A inches diameter, with three shelves. Maximum cur- Word
rent consumption 500 watts. With thermometer. For 110 volts a.c............................................. 200.00 Lydha

7888. Ditto, Large Model, outside dimensions I 6 V2 X 153/sX  121/ ,  inches, with vacuum chamber 9 V2 inches deep X
9 72  inches diameter. Maximum current consumption 800 watts. For 110 volts a.c.................... 275.00 Lyean

7890. Ditto, Large Model, Double Depth, identical with 7888 but with vacuum chamber 19 inches deep X 972
inches diameter. Maximum current consumption 1800 watts. For 110 volts a.c.......................350.00 Lyepi

Copy of pam phlet EE-106 giving detailed description o f above Vacuum Ovens, together w ith  
Weber Drying Ovens o f various sizes, sent upon request.

ARTHUR H. THO M AS COMPANY
R E T A IL —W H O LESA LE— E X P O R T

LABORATORY APPARATUS AND REAGENTS
WEST W ASHINGTON SQUARE 

PHILADELPHIA, U. S. A.

Cable Address, “Balance,” Philadelphia

WEBER ELECTRIC VACUUM OVENS
OF STAINLESS STEEL, W IT H  VACUU M  C H A M B ER  OF PRESSED STEEL

A1H0RGAS
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Determination of High Viscosities
By Means o f the Gardner M obilometer

E . L . B A L D E S C H W IE L E R  AND L. Z. W IL C O X , S ta n d a r d  O il D e v e lo p m e n t  C o ., L in d en , N .  J.

A setu p  for Gardner m ob ilom eters is de
scribed, w hereby accurate tem perature con 
trol and easy operation  are obta ined . T he  
con clu sions o f C ornthw aite and  Scofield th a t  
th e  correlation  b etw een  ab so lu te v iscosity  
and m ob ility  is a stra igh t lin e  have been  
checked by th e  authors for m u ch  h igher vis

cosities, a t various tem peratures, and  for 
different d isks. Provided rigid con trol o f  
tim e  and tem p eratu re is ob tained  and im 
provem ents in  m ech an ica l con struction  are 
m ade, th e  m ob ilom eter can be u sed  as a 
precision  in stru m en t for th e  d eterm in ation  
o f ab solu te viscosity.

THE mobilometer, originally described by Gardner and 
Parks (3), was designed to be used as a production con
trol instrument to secure uniformity in consistency between 

different batches of a given product. The instrument was 
first recommended for control in paint and lacquer manu
facturing. Later, Gardner and Van Hueckeroth (4) extended 
its use to the testing of food products, mineral oils, vaseline, 
and coal tar. The instrument has also been described at 
length by Sward and Stewart (6). While no claim for high 
accuracy of results obtained with the instrument was made by 
Gardner and Parks (S), Cornthwaite and Scofield (2) showed 
that under rigid control of temperature and time the apparatus 
gave a remarkably close correlation with the absolute vis
cosity of a number of samples possessing true fluid flow. This 
correlation resulted in a straight line passing through the 
origin whsn plotted on rectangular coordinates.

The work of Cornthwaite and Scofield (2) was, however, 
limited to oils of relatively low viscosities (about 8 poises). 
I t was necessary for this laboratory to determine a number of 
mobilities and viscosities of much higher values with a fair 
degree of accuracy. For this purpose the relationship be
tween viscosity and mobility for true fluids was obtained at 
various temperatures, using oils of much higher viscosities. 
The apparatus is described below.

Apparatus
In  order to obtain flexibility and, a t the same time, accurate 

temperature control, the barrel of the mobilometer was provided 
with a brazed outer brass jacket about 0.5 inch wide fitted with 
outlets a t the top and bottom. These outlets are connected by 
means of rubber tubing to the circulation outlets of a Hoeppler 
(5) therm ostat which is capable of controlling the temperature 
to within =*=0 .0 2 ° F. This apparatus provides a very flexible 
control of the temperature and, by using the proper circulation 
fluid and regulator in the Hoeppler thermostat, it is also suitable 
for low-temperature work, as shown by the authors in a previous 
article (/). The necessity of immersing the whole mobilometer in 
a bath is thereby avoided, which is an important advantage when 
working a t extreme temperatures.

Timing in this laboratory is obtained by Veeder-Root magnetic 
counters, reading directly in tenth seconds. These are run by a 
contactor connected to an American Time Products constant- 
frequency generator. This generator, which is run by the plant 
power, allows a fluctuation of ± 1 0  volts and a frequency varia
tion of ± 2  cycles in the current. Under these conditions the 
frequency does not vary by more than =“=0.001 cycle. This ar
rangement has given complete satisfaction, the frequency fluctua
tions having seldom exceeded the above limits. A more com
plete description of this equipment will be published in the near 
future. Viscosities were carried out by means of Ubbelohde (7) 
suspended level viscometers. A No. 4 capillary (constant C — 
10.04) was generally used, except for the lower viscosities which 
were obtained with a No. 3 capillary (constant C = 1.015). The 
results thus obtained were in kinematic units. The absolute 
viscosities were calculated by multiplying the kinematic results 
by the density (obtained by pycnometer) of the individual 
samples a t the various temperatures. The above procedure will 
give kinematic viscosities within ± 0.2  per cent while the densi
ties were accurate to about 0.001. Tne constant-temperature 
bath used for the determination of kinematic viscosities can be 
controlled to within ± 0 .0 2 ° F.

R esu lts
The choice of materials available for the determination of 

viscosities by means of viscometers of the glass capillary type 
is limited by the following considerations:

1. The material must have true viscous flow—i. e., the rate 
of shear should be proportional to the shearing stress.

2. I t  must be a true solution, absolutely free of suspended 
particles.

3. I t  must be transparent, so tha t a sharp meniscus can be 
seen when determining the viscosity.

The heaviest Pennsylvania bright stock available had a 
viscosity of about 163 poises at 77° F. In order to obtain 
high viscosities, especially at the higher temperatures, it was 
necessary to prepare blends of the above mineral oil with 
various amounts of an isobutylene polymer of very high 
molecular weight. Thus viscosities as high as 800 poises at 
77° F. and 300 poises at 150° F. were obtained. Determina-



FIGURE I 

CORRELATION CF GARDNER MOBILOMETER 
TIME WITH ABSOLUTE VISCOSITY

LEGEND 
77 °F. — 

100 °R — 
13 0  —
150 °F.—  
2 1 0  ° F  —

HOLE 01 SC.

5 1 -  HOLE O IS C

2600

tions of both viscosities and mobilities were carried out at 
77°, 100°, 130°, 150°, and 210° F. Mobilities were also 
carried out with both a 51-hole and a 4-hole disk. The results 
are shown in Figure 1, which is self-explanatory. (Con
centric rings indicate determinations made on different 
materials having the same viscosities.)

C onclusions
From an examination of the curves shown in Figure 1, 

the following conclusions can be drawn:
The correlation between Gardner mobilometer time (in 

seconds) and absolute viscosity (in poises) is a straight line 
passing through the origin.

The above statement holds true for determinations made at 
various temperatures, and for different disks, although, as 
should be expected, changing the disk changes the slope of the 
curves. In other words, each disk has its own curve passing 
through the origin.

The results check the work and conclusions of Cornthwaite 
and Scofield (2) in every respect. However, the slope of the 
curve obtained by these authors for their 51-hole disk is not 
quite the same as that presented in this paper. This is due 
to the fact that it is mechanically impossible to manufacture 
disks identical in all respects; small variations in the shape 
of the disk as well as in the sizes and spacing of the holes will

cause changes in mobilities and thus alter the slope of the 
curve.

While admittedly the mobilometer is primarily a control 
instrument, it is susceptible of mechanical improvement. It 
is based on sound principles and the data presented show that 
it can be used for the determination of viscosity, being par
ticularly useful for opaque materials of very high viscosities. 
I t is only necessary to calibrate each disk against a material 
of known viscosity at any given temperature, plot this point, 
and draw a straight line through the origin. The sizes and 
number of holes in a given disk can be varied at will to suit any 
particular case.
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Phenols in Low-Temperature Tar
T H O M A S B .  S M IT H  a n d  LEO  K A SE H A G E N  

C oal R e se a r c h  L a b o ra to ry , C a rn eg ie  I n s t i t u t e  o f  T e c h n o lo g y , P it t s b u r g h , P e n n a .

VARIOUS workers have identified individual dihydric 
phenols in the products of the low-temperature carboni

zation of bituminous coals, including resorcinol (13, 1/+), 
hydroquinone (18,14), catechol (1,2,3,5,9,11-17), and some 
of the homologs of catechol (4, 13, 14), but ratios of the 
dihydric to the monohydric phenols produced during car
bonization have not been reported. This paper describes a 
method by which this ratio, or, more specifically, the average 
number of hydroxyl groups per molecule of the phenols of 
a tar, may be determined, and gives the results obtained by 
applying it to the tars produced by carbonizing several 
bituminous coals at temperatures from 400° to 600° C.

The usual method of analysis, which involves the double 
distillation of the tar and alkali extraction of the distillate 
in the presence of air, is not satisfactory for the determination 
of the quantity of dihydric phenols present in a tar, because 
of the instability of these phenols toward heat and oxidation, 
particularly in the presence of alkali. The double distilla
tion causes sufficient decomposition of these phenols to pre
clude the possibility of an accurate quantitative determina
tion of their presence in the tar as originally produced. The 
alkali extraction of the tar distillate in the presence of air 
continues the decomposition to such an extent that by the 
time the phenols have been separated from the other con
stituents of the tar, only a small portion of the dihydric 
phenols may be left. In the present method, the tar is not 
distilled. The quantity and type of the phenols as they exist 
in the whole tar, rather than in the tar distillate, are deter
mined.

Briefly, the method consists of extracting a tar with alkali 
in an inert atmosphere to prevent oxidation, methylating 
the alkali phenolates to stabilize the hydroxyl groups, and 
recovering the methylated phenols. From the methoxyl 
percentage and average molecular weight of these latter, their 
average number of methoxyl groups per molecule is calcu
lated. This value also represents the average number of 
hydroxyl groups per molecule of the phenols originally in the 
tar. From it the ratio of dihydric to monohydric phenols 
may be calculated, provided it be assumed that dihydric 
phenols are the only polyhydric ones present.

Carrying out the alkali extraction of the tar, and the subse
quent methylation, in an atmosphere of nitrogen was effective 
in preventing oxidation of the tar. When a 500° tar from 
a Pittsburgh Seam coal was extracted with alkali in the pres
ence of air, an appreciable quantity of a solid decomposition 
product was precipitated out on the sides of the separatory 
funnel. When a similar extraction was carried out in an 
atmosphere of nitrogen, this evidence of decomposition was 
absent. The alkali extraction offers another difficulty, how
ever, in that the alkaline solution dissolves not only phenols 
but neutral material as well, because of the solubility of 
hydrocarbons in the solution of alkali phenolates. This 
difficulty was overcome by extracting the alkali phenolate 
solution with benzene, again carrying out the extraction in 
an atmosphere of nitrogen. The benzene, however, removed 
not only the hydrocarbons, but also a small quantity of the 
phenols. These phenols were recovered by extracting the 
benzene solution with fresh alkali. There was slight tend
ency for the hydrocarbons to redissolve in the alkali, as their 
solubility in the alkaline solution depends upon the presence 
of appreciable quantities of - alkali phenolates.

The methylation was effected by means of dimethyl sul
fate, which apparently gave a complete reaction when used in

excess. The excess was destroyed with alkali, which also 
hydrolyzed any esters that may have been formed from the 
carboxylic acids in the alkali phenolate solution. The 
methylated tar phenols are much more stable than the cor
responding phenols. They are not so unstable toward heat 
as the phenols, and show little tendency toward oxidation 
when standing in air. This last property made it possible 
to discontinue the use of an inert atmosphere as soon as the 
methylation was completed, and permitted the methoxyl 
percentage and the average molecular weight of the methyl
ated phenols to be determined with little danger of decom
position during the necessary handling.

F i g u r e  1. T e m p e r a t u r e  P r o g r a m s  f o r  C a r b o n i z a t io n s  i n  
t h e  F i s c h e r  A l u m in u m  R e t o r t

The entire method was applied to a mixture made up of 
2,6-xylenol, tetralin, p-cymene, n-heptane, cyclohexanol, 
biphenyl, o-toluidine, and acetic acid. The methylated 
xylenol was obtained in a pure form with a yield of better 
than 93 per cent of theory. The methylation step alone 
was checked by methylating catechol. The veratrole result
ing amounted to 97 per cent of theory.

E xperim ental
The tars analyzed in this study were produced in a Fischer 

aluminum retort (10). Each charge consisted of 100 grams of 
the coal, ground to 20- to 60-mesh size. The retort was subjected 
to the temperature programs shown by the curves of Figure 1. 
For each carbonization the sample was heated rapidly to the 
desired temperature and maintained a t this temperature until 
there was no visible evidence of distillation of ta r  from the exit 
tube of the retort. Throughout the heating, nitrogen was passed 
into the retort a t a rate of 20 cc. per minute. The ta r  and liquor 
were collected in a small side-arm separatory funnel immersed in 
crushed ice. As soon as a carbonization was completed, the 
receiver was stoppered and weighed to determine the amount of 
ta r  plus liquor formed. A source of nitrogen was then con
nected to the side arm of the receiver, and the tar and liquor were 
extracted successively with 15-, 10-, and 10-cc. portions of 5.5 N  
potassium hydroxide. The solution of phenolates was ex
tracted with three 20-cc. portions of benzene, which was then 
extracted with two 10-cc. portions of 5.5 N  potassium hydroxide. 
All the extractions were carried out in an atmosphere of nitrogen. 
The alkaline solutions were combined, and enough 15 iV potas
sium hydroxide was added to make the solution 6 N , allowing 
for the diluting effect of the liquor tha t was formed with the 
tar.
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Seam

P ittsb u rg h  
Illinois No. 6 
H igh S p lin t

M ine

E denborn  
O rien t No. 1 
C lo-Splint

T a b l e  I. A n a l y s e s  o p  C o a l s  U s e d

B itum inous
R ank

H igh-volatile  A 
H igh-volatile  B 
H igh-volatile  A

*------P rox iruate  A nalysis'I______ s M oisture
V olatile Fixed in  Sam ple
m a tte r carbon Ash C arbonized

% % % %
33.6 5 7 .0 7 .5 1 .4
3 3 .9 50 .3 9 .1 8 .2
30 .4 57 .3 3 .4 3 .9

° A nalyses of m ine and  tip p le  sam ples, courtesy  of U . S. B ureau  of M ines, P it tsb u rg h  E xperim en t S ta tion . 
6 D ry , m inera l-m atte r-free  basis (m ineral m a tte r =  1.1 tim es ash). 
c O rganic su lfu r only, 
d T o ta l su lfu r. >;i.

C H N S O
%. % % % %

8 5 .0 5 .7 1 .7 0 .7* 6 .9
80 .6 6.1 2 .1 0 .7« 10.5
8 3 .8 5 .7 1 .8 0 .0  d 8 .1

T a b l e  II. A n a l y s e s  o f  T a r s  P r o d u c e d  i n  F i s c h e r  R e t o r t

Carbonizing  tem pera tu re , ° C.
T a r  yield, gram s“
L iquor yield, gram s“
M eth y la ted  phenols, yield, gram a“ 
M eth y la ted  phenols, %  MeO 
M eth y la ted  phenols, m olecular weight 
Average hydroxyls per phenol molecule 
D ihydroxy  com pounds in phenols, % 
Phenols, yield, g ram s“
Phenols, yield, %  of ta r
Phenolic oxygen, g ram s0
Organio oxygen in  100 gram s of coal, gram s
Phcnolio  oxygen, %  of organic oxygen

“ F rom  100 gram s of coal.

.------ H igh S p lin t C oal------n<nn enn 400
5 .0

—E d en b o rn  C o a l-  
500 600

14 .5

.------------------ Illinois No. 6 C oal-------
An n  e r t n 600

12.98 .3  16 .5 16.2 14.2  13 .8 6 .2 6 .4 13 .4  13 .5
5 .6  6 .2 6 .1 2 .3 3 .9  3 .8 3 .7 11.0 11.4 11 .2  11 .2 13.2
2 .0  4 .7 4 .7 0 .6 3 .7  3 .4 3 .6 2 .6 2 .9 5 .0  5 .1 5 .4

17.50 17.86 17.96 18.53 16.89  16.86 16.72 22.23 21 .84 19.10  18 .98 20 .76
192 181 181 207 206 207 202 173 174 165 168 154

1.084 1.043 1.049 1.237 1.123 1.127 1.091 1.241 1.227 1.017 1.029 1.031
8 .4  4 .3 4 .9 23 .7 12 .3  12 .7 9.1 24.1 22 .7 1 .7  2 .9 3 .1
1 .8  4 .3 4 .3 0 .5 5 3 .4  3 .1 3 .3 2 .3 2 .6 4 .6  4 .7 4 .9

2 1 .7  2 6 .0 2 6 .5 11 .0 2 4 .0  2 2 .4 2 2 .8 37.1 4 0 .6 3 4 .3  3 4 .8 3 8 .0
0 .182  0 .433 0.435 0.057 0 .3 2 2  0 .296 0.311 0.298 0.326 0 .494  0 .500 0.579

7 .5 0 6 .3 4 8'. 68
2 .4  5 .8 5 .8 0 .9 5 .1  4 .7 4 .9 3 .4 3 .8 5 .7  5 .8 6 .7

The benzene extraction of the plienolate solution was neces
sary because of the high solubility of hydrocarbons in the phenol- 
ate solution. In  one case the weight of neutral material dis
solved by the alkali was 40 per cent of the weight of the phenols 
dissolved. The quantity of phenols redissolved by the benzene 
was small, but these phenols were lower in molecular weight than 
those remaining in the alkaline solution, so th a t it was necessary 
to recover them in order to get a true picture of the average 
composition of all the phenols.

Méthylation was carried out by adding the alkali phenolate 
solution slowly to a stirred mixture of dimethyl sulfate and 
benzene held a t about 70° C. The quantity of dimethyl sulfate 
used was about 50 per cent in excess of th a t required to convert 
all the alkali to potassium methyl sulfate. Initial heating only 
was necessary, as the reaction was exothermic. Once the reaction 
was started, the temperature could be regulated by means of the 
rate of addition of alkali phenolate solution. After this solution 
had been completely added, twice the amount of 15 N  potassium 
hydroxide equivalent to the remaining dimethyl sulfate was 
added to the hot methylating mixture. After the destruction of 
the excess dimethyl sulfate, two layers remained. The aqueous 
layer contained the salts of the carboxylic acids originally in the 
tar, and the benzene layer the methylated phenols. This layer was 
washed several times with alkali and water, and dried, and the 
benzene was removed by distillation followed by evacuation.

Themethoxyl percentage of the methylated phenols was de
termined by a modified Viebôck micromethod. Analyses for 
sulfur were made to ascertain whether the dimethyl sulfate, 
which would raise the methoxyl percentage, had been com
pletely removed from the methylated phenols. Their average 
molecular weight was determined cryoscopically using biphenyl 
as a solvent. Apparent molecular weights were determined for 
several different concentrations, and the value obtained by 
extrapolating to zero : concentration taken as the true average 
molecular weight. The molecular weights of several pure aro
matic ethers were determined by this method with errors of less 
than 2 per cent, and checks within 4 per cent were obtained on 
the methylated phenols from the tars.

Analyses of the coals used are shown in Table I. The 
Pittsburgh Seam coal is a high-volatile A coking coal, the 
Illinois No. 6 coal is high-volatile B and has a high oxygen 
content, which barely falls within the limits for coking coals. 
The High Splint coal is likewise high-volatile, but in contrast 
to the other two is dull and contains a high percentage of 
attritus.

Table II gives the results of the analyses of the tars pro
duced under the indicated conditions from the various coals. 
Yields of tar and liquor were determined in separate car
bonizations, as no separation of tar from liquor was made dur
ing the analyses. The average numbers of hydroxyl groups 
per phenol molecule were calculated from the methoxyl 
percentages and average molecular weights of the methylated

phenols, shown just above in Table II. The percentages of 
the phenols which are dihydric, assuming that there are no 
trihydric or higher phenols present, follow directly. This 
assumption is based on the facts that the probability of 
forming trihydric phenols is much lower than that of forming 
dihydric phenols, and that the presence of trihydric phenols 
in tar has never been reported. The yields of phenols, as 
calculated from the experimentally determined yields of 
methylated phenols, and the phenolic oxygen, as per cent 
of the organic oxygen in the coal, are also shown in Table II.

D iscu ssion  o f R esu lts

The high ratios of dihydric to monohydric phenols in the 
tars made from Edenborn coal are the most striking feature 
of the results. The ratio decreased as the temperature of 
carbonization was raised (see Figure 2). This change may 
be accounted for if the known instability toward heat of the 
dihydric phenols is considered. The tendency to produce 
oxygenated compounds high in polyhydric phenols appears 
to be characteristic of this Pittsburgh Seam coal. This 
tendency, however, cannot be linked to the classification of 
the coal, on the basis of the present data. The High Splint 
coal, which differs from Edenborn coal mainly in that it is a 
dull instead of a bright coal, gave less than half the yield 
of dihydric phenols that was obtained from Edenborn coal.

The Illinois No. 6 coal, because it has a higher oxygen con
tent, might be expected to produce phenols having a larger 
average number of hydroxyl groups per molecule than those 
from Edenborn coal. The increased oxygen content might 
increase the probability of two oxygen atoms being attached 
to the same nuclear grouping. However, when the size of 
these nuclear groupings as possibly indicated by the molecular 
weights of the phenols produced from the two coals is con
sidered, these probabilities for the two coals are not so very 
different. The nuclear groupings in Edenborn coal must 
definitely be larger than those in the Illinois coal because the 
molecular weights of the phenols from Edenborn coal, as 
calculated from the experimentally determined molecular 
weights of the methylated phenols, are close to 190, while 
those from the Illinois coal are only 150. This difference in 
nuclear size almost compensates for the effect of the difference 
in oxygen contents when considering the probability of having 
two oxygen atoms linked to the same nucleus. The higher 
oxygen content of the Illinois coal is, however, reflected by
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the increased productions of phenols, and by the fact that 
the phenolic oxygen from the Illinois coal represents a larger 
percentage of the organic oxygen of the coal than is the case 
with the phenols from Edenborn coal.

The very sharp drop from 23.4 to 2.3 in the percentage of 
dihydric phenols in the total phenols, as the temperature of 
carbonization was raised from 400° to 500° C., for the Illinois 
coal may perhaps be explained on the basis of the instability 
toward heat of the dihydric phenols. However, this drop 
in the same temperature interval for the dihydric phenols 
from Edenborn coal was only from 23.7 to 12.5 per cent. 
Thus it may be assumed that the dihydric phenols produced 
from the two coals are different. These phenols are not uni
form in their stability toward heat. For example, of the 
three dihydroxybenzenes, the meta compound is decomposed 
more rapidly than either of the other isomers, when pyrolyzed 
at 350° C. (18). If the oxygen distribution in Illinois coal 
is such that only very thermally unstable dihydric phenols 
can be produced, then only a very low temperature of car
bonization will permit this production to take place.

In Table III  is given a comparison between the yields of 
phenols obtained by the Bureau of Mines (7, 8) using a 
standard method of analysis (6), and the yields obtained by 
the method described in this paper. The latter are uni
formly higher than the ones given by the standard method, 
and indicate that appreciable amounts of the phenols origi
nally present in the tar are either destroyed during the stand
ard analysis, or else remain in the pitch, since in the standard 
method only the phenols in the tar distillate are determined.

T a b l e  III . C o m p a r is o n  w i t h  R e s u l t s  o f  S t a n d a r d  M e t h o d  
o f  A n a l y s is
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F i g u r e  2 . C o m p o s it io n  o f  P h e n o l s  a s  a  F u n c t i o n  o f  
C a r b o n i z i n g  T e m p e r a t u r e

This conclusion is open to the objection that the tars made 
by the Bureau of Mjnes, and those studied in this investiga
tion, were produced in different types of retorts and therefore 
are not necessarily similar. For this reason, the phenols in a 
500° tar from Edenborn coal were determined by the three 
methods indicated in Table IV with the results there given. 
I t  is clearly shown that the method described in this paper 
(method 1) does give higher yields of phenols than the stand
ard method (method 3). The results given by method 2 
show that most of the decomposition of phenols in the stand
ard method of analysis occurred during the double distillation. 
Not only was the quantity of phenols in the distillate smaller 
than that in the crude tar, but the nature of the phenols 
was also quite different. For example, in the crude tar the 
phenols had an average molecular weight of 213 and an av
erage of 1.04 hydroxyls per molecule, while in the distillate 
obtained by the double distillation of the crude tar, they had 
an average molecular weight of only 149 and an average of 
1.02 hydroxyls per molecule.

P ittsb u rg h
Coal

Illinois No. ( 
Coal

T em p era tu re  of carbon ization , 0 C.
T a r acids by  s tan d a rd  m ethod , %  of 

d ry  ta r
Phenols b y  m ethod described in th is  

paper, %  of d ry  ta r

500 000 500 600

17.4 15.8 2 9 .8 30 .0

23.2 2 2 .8 34 .5 3 8 .0

T a b l e  IV. P h e n o l s  i n  a  500° T a r  f r o m  E d e n b o r n  C o a l

Yield of Phenols, A verage A verage N um ber 
P e r C en t of M oleoular W eight of H ydroxyls

D ry  T a r of Phenols per M olecule
M ethod  1° 
M ethod 2 b 
M ethod  3 C

20 .7
15.1
14.2

213
149

1.04
1.02

a A lkali ex trac tion  of crude ta r  in  absence of air, followed by  m éthy la tion  
of pheno late  solution.

o D ouble d is tilla tion  of crude ta r, w ith d is tilla te  trea ted  as in m ethod 1. 
c D ouble d is tilla tion  of crude ta r , w ith ta r  acids in d is tilla te  determ ined 

by  con trac tion  on shaking  w ith alkali.

Sum m ary

A method for determining the quantity and average num
ber of hydroxyl groups per molecule of the phenols of a low- 
temperature tar has been developed and applied to tars made 
from several bituminous coals at temperatures from 400° to 
600° C. The results on a tar from a Pittsburgh Seam coal 
show that this coal yields tar containing large amounts of 
dihydric phenols. Results on tars from Illinois No. 6 coal 
show that this coal can also yield tars containing large quan
tities of dihydric phenols if the carbonization temperature is 
kept sufficiently low, but that as the temperature is increased 
these dihydric phenols are not found in the tar, probably 
because of their instability toward heat.

Yields of phenols obtained by this method are higher than 
those obtained by the standard method of analysis, because 
of decomposition during the double distillation, and probably 
also because of failure of the phenols in the crude tar to dis
till at the temperatures reached in the distillation.
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Barometric Correction Nomograph for 
Hydrogen Electrode

G . F . K IN N E Y , P r a t t  I n s t i t u t e ,  B r o o k ly n , N . Y .

MEASUREMENT of pH with certain types of hydrogen 
electrodes must include a correction for pressure of 

the hydrogen when it differs from standard one atmosphere 
of 760 mm. of mercury. The hydrogen pressure may not be 
standard because of barometer fluctuation, the vapor pres
sure of solution, hydrostatic head, or other reasons. The 
correction for these, which Clark (1) calls “E ^ r0motcr” , 
may easily be evaluated, and tables for selected pressures and 
temperatures are included by Clark (1), Kolthoff (2), and 
others.

A nomograph, once constructed, offers a convenient method 
of evaluating this barometric correction for any pressure 
and temperature within its range; it avoids interpolation in 
the tables and gives a precision satisfactory for most purposes. 
Such a nomograph is given here, and as a further convenience, 
has been made to include the correction for thermal expansion 
of the mercury in the barometer.

This chart is limited to use when the barometer has a

brass scale and is a t approximately the temperature of the 
solution. When the two temperatures are not identical, a 
small error may be introduced, but the difference must be 
nearly 5° C. before an error of 0.01 millivolt results. Hydro
static head and vapor pressure lowering by the solute, neg
lected here, are usually more important than this.

A ckn ow led gm en t

Data for construction of this nomograph were taken from 
Clark (1). Thanks are due W. W. Smith and Daniel Rodier 
for assistance in calculation and drawing.
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Determination o f Bismuth by the Quinaldine 
Salt o f Iodobismuthous Acid

J . R . H A Y E S  a n d  G . C . C H A N D L E E  
S c h o o l o f  C h e m is tr y  a n d  P h y s ic s ,  T h e  P e n n sy lv a n ia  S ta te

IT HAS long been known that many organic bases, such as 
quinoline (4), quinine (S) and the like, form, in the pres

ence of iodides and certain metals, compounds which because 
of their characteristic colors are suitable for the detection of 
these metals. However, very few of these organic bases 
have been investigated from a quantitative standpoint. 
Berg and Wurm (2) were able to determine cadmium and 
bismuth, as well as separate these metals from others, by the 
use of naphthoquinoline and o-hydroxyquinoline. The latter 
reagent was also studied by Kolthoff and Griffith (6). In 
view of the many compounds available, some of which are 
more basic than o-hydroxyquinoline, it seemed advisable to 
investigate this field further.

Quinaldine was found to give good results in the determina
tion of bismuth. In the presence of dilute sulfuric acid and 
excess of potassium iodide, the bismuth is completely precipi
tated by this reagent, and may then be readily determined 
volumetrically, through the relationship of four iodides to one 
bismuth. Many other ions, both metallic and nonmetallic, 
either do not affect the determination at all or may be readily 
prevented from interfering.

D eterm in a tio n  o f B ism u th
M a t e r ia l s  U s e d . The quinaldine used was obtained from 

the Eastman Kodak Company and used without further purifica
tion. Pure solutions of bismuth nitrate were prepared and 
standardized both as the phosphate and the oxide. The potas
sium iodate solutions were prepared from the pure salt by direct 
weighing. Solutions of potassium iodate are very stable, accord
ing to Jamieson (5), but as a further check were occasionally 
standardized against pure, dry potassium iodide. No significant 
change was found in any case. All other reagents used were of 
c. p . grade.

P r o c e d u r e . The sample (containing about 0.03 gram of bis
muth) is dissolved in sulfuric acid and diluted to about 200 cc., 
and the acidity is adjusted to about 1 N. After the addition of 
15 cc. of a  10 per cent sodium sulfite solution, bismuth is precipi
tated by the dropwise addition, with stirring, of 20 cc. of a solu
tion containing 150 cc. of quinaldine, 50 cc. of concentrated 
sulfuric acid, and 75 grams of potassium iodide per liter. After 
being allowed to settle, which requires 15 to  20 minutes if well 
stirred, the red precipitate is filtered with suction on a Gooch 
filter or a fritted-glass filter cell. The precipitate may stand 
several hours before filtering without apparent decomposition, 
but preferably not overnight. I t  is first washed with 40 to 50 cc. 
of a solution of 35 cc. of quinaldine, 15 cc. of concentrated sulfuric 
acid, and about 0.8 gram of potassium iodide per liter. As 
washing with water must be avoided to prevent decomposition of 
the precipitate, the small amount of excess iodide left by the first 
wash solution is removed by washing with 30 cc. of a solution of 
10 per cent acetone in N  dibutyl ether.

The crucible containing the well-washed precipitate is then 
transferred to a beaker and about 100 cc. of a 5 per cent sodium 
hydroxide solution are added. To ensure complete decomposi
tion of the precipitate the solution is heated almost to boiling for 
about 20 minutes, after which it is cooled and neutralized with 
concentrated hydrochloric acid, and an excess of 10 cc. is added. 
After adding 8 cc. of a 0.5 M  potassium cyanide solution, the 
iodide is titrated to iodine cyanide according to Lang’s method
(7). Each milliliter of the 0.1 N  (0.025 M ) potassium iodate 
solution is equivalent to 0.002612 gram of bismuth.

An average error of about 0.30 per cent was found in analyz
ing pure bismuth samples by this method.

Separation  o f  B ism u th  from  M ixtures
With slight modifications the procedure described above 

may be used for the determination of bismuth in the presence

C o lleg e , S t a le  C o lleg e , P e n n a .

of a considerable number of other metallic ions and many of 
the common anions.

A n t im o n y . In  the case of antimony a synthetic sample was 
prepared containing 0.044 gram of antimony sulfate and 0.0303 
gram of bismuth. Before precipitating the bismuth about 4 
grams of ammonium tartrate were added and the bismuth was 
determined as described above. The average value for six such 
determinations was 0.0304 gram of bismuth, with an average 
error of 0.29 per cent.

L e a d . To the standard bismuth solution, containing 0.0303 
gram of bismuth, was added 0.08 gram of lead nitrate. The 
bismuth may be precipitated directly, after the usual dilution and 
acidification with sulfuric acid, but it was found to be slightly 
more accurate to remove the lead first. This was done by adding 
excess sodium sulfate and filtering oS the precipitated lead sul
fate. The average of six such determinations was 0.0303 gram of 
bismuth, with an average error of 0.27 per cent.

C a d m iu m . A  composite sample, containing 0.0303 gram of 
bismuth and 0.08 gram of cadmium chloride, was analyzed for 
bismuth after the addition of 5 cc. of pyridine. The average of 
six analyses was 0.0303 gram of bismuth, with an average error of 
0.29 per cent.

C o p p e r . In this case a sample was prepared to consist of 
0.0303 gram of bismuth and 0.075 gram of cupric sulfate. Before 
precipitating the bismuth, 15 cc. of a 10 per cent sodium sulfite 
solution were added. The average of eleven such determinations 
was 0.0303 gram of bismuth, with an average error of 0.14 per 
cent.

I r o n . The separation of 0.0303 gram of bismuth from 0.22 
gram of ferric nitrate offered no difficulty. The bismuth was 

recipitated in the presence of about 3 grams of sodium sulfite, 
even such determinations gave an average value of 0.0303 gram 

of bismuth, with an average error of 0.18 per cent.
T in. The determination of bismuth in the presence of stan

nous tin gave no trouble. In  this case the average of eight deter
minations of 0.0303 gram of bismuth in the presence of 0.80 gram 
of stannous chloride was 0.0303 gram of bismuth. If the tin was 
present in the stannic form, it was found best to add about 15 cc. 
of 10 per cent sodium sulfite solution prior to precipitation of the 
bismuth. The average of six determinations of 0.0303 gram of 
bismuth in the presence of 0.90 gram of stannic chloride was 
0.0305 gram of bismuth, with an average error of 0.43 per cent.

A r s e n i t e . In this case 0.0303 gram of bismuth was deter
mined in the presence of 0.04 gram of arsenic trioxide, proceeding 
exactly as for a pure bismuth sample. The average of six deter
minations was 0.0304 gram of bismuth, with an average error of 
0.30 per cent.

A r s e n a t e . The determination of 0.0303 gram of bismuth in 
the presence of 0.036 gram of arsenic acid presented no difficulty. 
Proceeding as for a pure bismuth sample, the average of six 
analyses was 0.0303 gram of bismuth, with an average error of 
0.05 per cent.

P h o s p h a t e . The procedure in the presence of phosphate was 
the same as for a pure bismuth sample, with one exception. 
Here the acidity was adjusted to about 4 N, in order to prevent 
the precipitation of any bismuth as the phosphate. Under these 
conditions the average of six determinations of 0.0303 gram of 
bismuth in the presence of 0.20  gram of sodium orthophosphate 
was 0.0303 gram of bismuth, with an average error of 0.10 per 
cent.

N i c k e l , C h r o m iu m , C o b a l t , M a n g a n e s e , C a l c iu m , B e r y l 
l iu m , U r a n y l , A l u m i n u m , T i t a n i u m , a n d  B a r i u m . A  syn
thetic sample was prepared containing 0.0303 gram of bismuth 
and 0.10 gram of chromium nitrate, 0.06 gram of manganese 
sulfate, 0.05 gram of cobalt sulfate, 0.08 gram of calcium nitrate, 
0.16 gram of beryllium carbonate, 0.03 gram of uranyl acetate, 
0.05 gram of nickel sulfate, 0.125 gram of aluminum sulfate, 0.08 
gram of titanium sulfate, and 0.04 gram of barium nitrate. The 
bismuth was then precipitated and determined exactly as in a 
pure sample. The average of seven such determinations was 
0.0303 gram of bismuth, with an average error of 0.05 per cent.

A n t im o n y , Z i n c , A l u m in u m , N i c k e l , S o d iu m , a n d  P o t a s 
s i u m . A  composite sample was prepared to contain 0.0303 gram
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of bismuth and 0.02  gram each of antimony, zinc, aluminum, 
nickel, sodium, and potassium, each present as the sulfate. Be
fore precipitation of the bismuth, 4 grams of ammonium tartrate 
were added and the determination was completed as usual. The 
average of five such analyses was 0.0306 gram of bismuth, with an 
average error of 0.60 per cent.

L e a d , A n t im o n y , T i n , a n d  C o p p e e . A synthetic lead-base 
bearing metal was prepared by adding 0.0303 gram of bismuth to
0.8  gram of lead, 0.1 gram of tin, 0.1 gram of antimony, and 0.02 
gram of copper. The sample was dissolved in sulfuric acid, the 
lead sulfate was filtered off, 4 grams of ammonium tartra te and 10 
cc. of 10 per cent sodium sulfite solution were added, and the 
bismuth was precipitated and determined as usual. The average 
of three such determinations was 0.0302 gram of bismuth, and the 
average error was 0.22  per cent.

D eterm in a tio n  o f Very S m all A m ou n ts o f  
B ism u th

For the determination of very small amounts of bismuth the 
procedure previously outlined is slightly modified.

The precipitation of the bismuth is done in the same manner, 
except tha t smaller amounts of quinaldine and potassium iodide 
are used. The precipitate is filtered, washed, and dissolved as 
usual, but the titration in this case is done with 0.01 N  (0.0025 M ) 
potassium iodate solution (1 cc. =  0.0002612 gram of bismuth). 
The iodide is titrated to iodine chloride according to Andrews’ 
method (1), which, in accordance with the findings of Kolthoff 
and Griffith (6) gives better results. A microburet was used in 
these titrations. The average of twelve samples, each contain
ing 0.00032 gram of bismuth, was 0.00033 gram, with an average 
error of 2.3 per cent.

In terfering  Ions

In the presence of any appreciable amount of chloride the 
results were generally low, in all probability because of a par
tial replacement of the iodide in the precipitate by chloride.

The largest amount of chloride present in any of the deter
minations reported was represented by 0.90 gram of stannic 
chloride.

Bismuth could not be determined in the presence of silver 
and mercury by this method.

S um m ary
A new method for the determination of bismuth, which in

volves the precipitation of bismuth as the quinaldine salt of 
iodobismuthous acid, is described. This method is applicable 
to amounts of bismuth as low as 0.3 mg.

By this method bismuth may be separated and determined 
in the presence of lead, antimony, tin, cadmium, copper, iron, 
chromium, manganese, cobalt, calcium, barium, uranyl, 
nickel, beryllium, aluminum, titanium, zinc, sodium, potas
sium, arsenite, arsenate, and phosphate.

The determination may be successfully carried out in 
acidities ranging from 2.5 to 10 per cent of sulfuric acid by 
volume.

The determination of bismuth in the presence of mercury 
and silver is not feasible. High concentrations of chlorides 
lead to low results.
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Direct Determination o f Alumina in  
Certain Silicates

E . W . K O E N IG , C o n so lid a te d  F e ld sp a r  C o rp o r a tio n , E rw in , T e n n .

THE direct determination of alumina in silicates, without 
regard to the other constituents, is often of considerable 
interest to the analytical chemist. Under ordinary con

ditions the determination follows a preliminary separation of 
silica by the conventional alkali carbonate—mineral acid 
solution—double dehydration procedure. If silica is not 
desired and volumetric means of evaluating the alumina con
tent are to be used, single dehydrations suffice, provided that 
the acid-insoluble oxychlorides of the R20 3 group are added 
to the main silica filtrate. This procedure is extremely 
lengthy.

Knowles and Redmond (10) used a Berzelius decomposition 
for the removal of silica in feldspar, ultimately determining 
aluminum volumetrically as quinolate. Certain precautions are 
necessary to ensure complete removal of hydrofluoric acid, for 
the presence of this acid, even in minor quantities, prevents the 
complete precipitation of the aluminum complex. Excellent 
results are to be obtained by the use of this procedure.

Stuchert and Meier (18), who claim tha t the Berzelius decom
position leads to low results, modified the method to some extent. 
The sample is evaporated with hydrofluoric acid alone, and the 
residue is heated gently to remove the free acid and finally taken 
into solution by fusion with potassium pvrosulfate. The fused 
mass is dissolved in 1 to 10 sulfuric acid and the aluminum is de
termined as quinolate. Experience with the method in the au
thor’s laboratory indicated a partial loss of aluminum, and

there was some evidence of incomplete decomposition of the more 
refractory materials.

Procedures dependent upon removal of silica as silicon 
tetrafluoride find application only when the material under 
analysis is completely soluble in hydrofluoric acid or hydro
fluoric-sulfuric acid. Ideal conditions for the determination 
of aluminum in silicates would be based upon (1) complete 
and rapid decomposition of the sample, (2) a volumetric de
termination, and (3) the presence of silica.

Inasmuch as silica does not form a complex with 8-hydroxy- 
quinoline in the absence of a molybdic acid salt, it was thought 
that the aluminum could be precipitated directly from the 
acid solution of the alkali carbonate melt, as was first sug
gested by Krinke (12) for the determination of aluminum in 
glasses. Unfortunately, upon adjustment of the pH to the 
point of precipitation of aluminum as quinolate, the separa
tion of silica presented a particularly difficult filtration prob
lem and this mode of attack was abandoned. This separa
tion of silica appears to be a function of the amount of alu
minum present in the sample under analysis.

The rapid reaction with molten alkali and the amphoteric 
nature of aluminum oxide suggested an initial decomposition 
based upon fusion with potassium or sodium hydroxide, fol
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lowed by acidification to redissolve the aluminum hydroxide 
and precipitation of aluminum as the quinolate. Most sili
cates proved amenable to this fusion treatment, but sepa
ration of the silica, upon acidification of the water solution 
of the alkali melt, again caused difficulty.

Taking advantage of the property that 8-hydroxyquinoline 
removes the complex-forming metals from their insoluble salts
(9), a method based upon the alkali fusion discussed above 
was devised. This involved fusion of the sample with an 
alkali flux in a nickel beaker, solution of the fused mass in 
water, and subsequent boiling to precipitate nickelic and ferric 
hydroxides. These were removed by filtration, and the clear 
solution was treated with an excess of an acetic acid solution 
of the reagent, the aluminum complex being soluble in the 
highly alkaline original solution. Hydrochloric acid was 
added, through the stage of complete precipitation, continuing 
until practically all of the precipitate was dissolved. The pH 
was finally adjusted with ammonium acetate. For some 
reason the presence of the organic reagent allows a greater 
acidity, before precipitation of silica, than does the modifica
tion previously outlined. This procedure was productive of 
excellent results when working with materials having a rela
tively low iron content—0.1 per cent or less.

Application of the method to the analyses of materials of 
relatively high iron content soon made it apparent that a 
portion of both the nickel and iron had escaped precipitation 
as hydrous oxide and was to be found in the filtrate. Quan
titative determinations of the iron indicated that the amount 
escaping separation, probably as an alkali ferrate, was by no 
means constant. Previous work in the author’s laboratory 
did not substantiate the broad statement of Stuchert and 
Meier (18) that iron to the extent of 3 per cent of the alumi
num content is without effect upon the final results for alumi
num. (Unpublished results of H. R. Shell show that ferric 
iron, introduced as ferric chloride into feldspar samples, pre
cipitated quantitatively as the quinolate with the exception of 
a constant amount of 0.09 mg. which escaped as colloid. 
This value proved to be true for ferric oxide additions of 0.1 
to 5.0 mg.)

The problem of iron interference presents itself most for
cibly in the analysis of clays, unprocessed nepheline syenites, 
certain lepidolites, and other silicates most often bearing high- 
iron accessory minerals. Corrections based upon the ferric 
iron content of the alkali filtrate are not permissible, for the 
analyst has no assurance that the iron is to be found com
pletely in the ferric condition at the time of precipitation of 
aluminum with 8-hydroxyquinoline. The analyst has two 
alternatives for the elimination of this difficulty: complete 
removal of iron before attempting precipitation of aluminum 
or the formation of a soluble iron complex which will inhibit 
the iron-quinolate reaction.

Both Haslam (6) and Skinner (17) remove iron as the sul
fide from alkali tartrate solutions and Skinner has used this 
method as a basis for the determination of iron in glass sands. 
Fainberg and Tel (4) reduce the iron with sodium thiosulfate 
and form the stable alkali ferrocyanide by the addition of 
potassium cyanide. Iieczko (7) uses a similar method, sub
stituting hydrogen sulfide as the reductant. By either of the 
latter two methods aluminum can be determined in the pres
ence of both silica and iron. Each, however, has the dis
advantage inherent in the use of potassium cyanide in slightly 
acid solution.

Separations based upon controlled acidity (15, 20) or upon 
the formation of aluminum complexes with salicylic (1), ma- 
lonic (2), or oxalic acid (21) all depend upon precipitation of 
iron as quinolate in acid solution and in some of the latter 
cases the carboxylic acid must be completely removed before 
the aluminum quinolate can be precipitated. These methods 
find their greatest usefulness in the separation of iron when

in relatively greater proportion than the aluminum. None 
would find application in the present instance because of the 
possibility of separation of silica at the optimum pH for 
the iron separation.

Churchill and Bridges (3) state that iron must be in the fer
ric condition before precipitation as quinolate can be accom
plished and they resort to an oxidation before precipitation of 
iron and aluminum preliminary to the determination of beryl
lium in aluininum-beryllium alloys. I t  appeared that on re
ducing the iron to the ferrous state, precipitation of iron as 
quinolate would be prevented and reliable values for alumina 
would result. The ferrous salts proved unstable, however, as 
was shown by Willard and Tang (19), and precipitation of 
ferric quinolate invariably took place upon exposure of the 
previously reduced solutions to the atmosphere.

Ferrari (5) has recently shown that the ferrous complex of 
a,a'-bipyridine, Fe(CioHsN2)3X 2, where X  is a monovalent 
acid radical, is so stable that the iron cannot be removed from 
this complex as the hydroxide, ferricyanide, or sulfide. Hill
(8) has shown that, though the complex is easily dissociated 
in mineral acid solutions of high concentration, it is stable in 
the pH range of 3.5 to 8.5. Saywell and Cunningham (16) 
used the analogous complex-forming properties of o-phenan- 
throline for the same purpose, while Mayr and Gebauer (13) 
proposed the use of thioglycollic acid in ammoniacal solution 
to prevent the precipitation of iron as hydroxide. In all 
these the iron is previously reduced with sulfurous acid or an 
organic reductant such as hydroxylamine hydrochloride. 
These data indicated that an inhibition of the ferric quino
late precipitation might be possible if the iron were held as 
the ferrous complex. Early experimental trials proved this 
premise to be true with either o-phenanthroline or a,a'-bi- 
pyridine. The use of thioglycollic acid was not studied in this 
investigation. o-Phenanthroline may have some advantage, 
in the direction of greater stability (14), over the a,a'-bi- 
pyridine reagent.

R eagents and  E q u ip m en t
c. P. pellets of sodium hydroxide are satisfactory.
Dissolve 100 grams of 8 -hydroxyquinoline (Eastman Kodak 

Co.) in 200 ml. of glacial acetic acid and add to 3 liters of water 
previously heated to 80° C. Filter if necessary, and dilute to
4 liters.

Ammonium Acetate Buffer. Three grams of the salt per 
10 ml. of solution.

One gram of o-phenanthroline or a,a'-bipyridine hydro
chloride in 100 ml. of 6 hydrochloric acid.

A saturated solution of hydroxylamine hydrochloride in water.
Potassium Bromate-Bromide, 0.25 N. Dissolve 6.97 grams 

of potassium bromate and 25 grams of potassium bromide in 
1000 ml. of water. Standardize against sodium thiosulfate or 
by the method described by the author (11).

Sodium Thiosulfate, 0.10 N. Dissolve 25 grams of sodium 
thiosulfate pentahydrate and 1 gram of boric acid in 1000 ml. of 
sterile water. Store in a dark bottle. Standardize against iodine 
or by the method previously described (11).

Potassium Iodide, 60 per cent. Dissolve 60 grams of U. S. P. 
potassium iodide in 100 ml. of water.

Add 5 grams of a cold suspension of soluble starch to 500 ml. of 
boiling water. When cool add 15 grams of potassium iodide and
5 grams of sodium hydroxide in 25 ml. of water. Store in a dark 
bottle.

A 250-ml. nickel beaker of the same shape as the Griffin low- 
form glass beaker is suitable.

Procedure
A quantity of the dried (105° C.) and finely ground (200-mesh) 

sample sufficient to produce between 10 and 30 mg. of alumina 
is transferred to a nickel beaker containing a t least ten times the 
sample weight of previously fused sodium hydroxide. The 
beaker is heated, gently a t first, to complete solution of the 
sample in the flux and finally a t 400° to 500° C. for a few mo
ments; the beaker should show a dull red through the melt. 
The beaker is covered, and cooled, and 100 ml. of water are 
added. Heating to solution of the fused mass is followed by
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T a b l e  I. D e t e r m i n a t io n  o f  A l u m in a

AhOa AlaOa Differ
Sam ple M ateria l P resen t

M g.a
Found

M g,
ence
M g.

R em arks

1 F eldspar No. 70 18.03* 18.03 =*=0.00
2 F eldspar No. 99 19.066 19.06 * 0 .0 0
3 Feldspar 15.60 15.60 * 0 .0 0
4 Feldspar 18.20 18.20 ± 0 .0 0
5 C ornw all stone* 15.15 15.17 + 0 .0 2 1 .2 % F  present
6 Lepidolite 13.40 13.40 * 0 .0 0 3 .4 % F  present
7 Lepidolite* 13.64 13.64 * 0 .0 0 2 .2 % F  present

0 .4 % M 1 1 O 2 p resen t
8 C hina clayc 17.50 17.48 - 0 . 0 2 0 .2 % TÍO 2 p resent
9 C hina  c lay c 18.10 18.10 * 0 .0 0 0 .1 % TÍO 2 p resen t

10 B eryl 11.40 11.36 - 0 . 0 4
11 Nepheline syen ite0 13.00 13.00 * 0 .0 0
12 N epheline syen ite0 11.10 11.10 * 0 .0 0
14 K yanite* 30.03 29.97 - 0 . 0 6
15 Glass sand 10.71 10.71 * 0 .0 0
16 P o tte r ’s flin tc 10.22 10.22 * 0 .0 0
17 Aplite* 23 .14 23 .14 * 0 .0 0
18 Spodum ene 14.84 14.84 * 0 .0 0
19 A m blygonite 11.03 11.06 +  0 .03 3 .5 %  F  presen t 

2 .2 %  TÍO 2 p resen t20 Burned refractory* 37.676 37 .69 + 0 .0 2
a Values ob tained  in o rd inary  m anner a fte r rem oval of silica and  recovery 

of nonvolatile  m a tte r.
t> N ational B ureau  of S tandards  recom m ended value. 
c C orrection  fo r iron  applied  a fte r p rec ip ita tio n  of iron  and  alum ina on 

basis of: T o ta l ferric  iron— 0.1 mg. X 0.0 (10).

boiling for a few moments to coagulate the precipitated nickelic 
and ferric hydroxides. The solution is filtered through a W hat
man No. 41H paper into a 250-ml. beaker. The nickel beaker is 
policed and the paper washed well with hot water. The paper is 
discarded.

The filtrate is treated with 15 ml. of 8-hydroxyquinoline solu
tion and the precipitate first formed is dissolved by stirring. 
Hydrochloric acid is now added, drop by drop, while stirring, 
through the stage of apparent complete precipitation, continuing 
until the precipitate is completely dissolved and the solution is 
distinctly acid. Dining this preliminary precipitation, observa
tion of the color of the precipitate—ferric quinolate is distinctly 
green-—will indicate whether the iron is present in sufficient 
quantity to necessitate preventing its precipitation. If this is 
required, sufficient hyaroxylamine hydrochloride solution is 
added to effect reduction of ferric iron and the solution is heated 
to 80° to 90° C. An excess of a,o:'-bipyridine hydrochloride or 
o-phenanthroline hydrochloride solution is added and the alumi
num is precipitated by the addition of ammonium acetate buffer 
solution, 10 ml. in excess of tha t required for complete precipi
tation. The precipitation reaction is as follows:

3C9H 7NO +  A1C1, = Al(C.HjNO)a +  3HC1

The suspension is coagulated by stirring if the iron quinolate 
reaction has been inhibited (the ferrous o-phenanthroline or 
ferrous bipyridine complex is dissociated by boiling) or by boiling 
if no effort was made to  prevent the iron precipitation, and filtered 
through a W hatman No. 41H paper. The beaker is rinsed and 
the residue washed with cold water, the filtrate being discarded. 
The residue is dissolved directly from the paper with boiling 1 to
1 hydrochloric acid, catching the filtrate in the beaker in which 
the original precipitation was made. The paper is washed sev
eral times with boiling 5 per cent hydrochloric acid and dis
carded. The solution of the residue in hydrochloric acid again 
produces 8-hydroxyquinoline according to the reaction

Al(CjHuNO)j +  3HC1 =  3C9H 7NO +  AICI3

The filtrate containing the S-hydroxyquinoline is made to 125 
ml. with water and a measured excess of potassium bromate- 
bromide solution is added while stirring. The following reaction 
takes place:

3C8H7NO +  2KBrOs +  lOKBr +  12HC1 =
3C9H5Br2NO +  6HBr +  12ICC1 +  6H20

The excess bromate-bromide reacts:

KB1O3 +  5KBr +  6HC1 =  6KC1 +  3Br2 +  3H20

The addition of an excess (1 ml. is sufficient) of potassium 
iodide solution converts the free bromine to free iodine and 
this excess is measured by titration w ith sodium thiosulfate solu
tion to  a starch end point

3Br2 +  GKI =  6KBr +  3I2
3I2 +  6Na2S20 3 =  6NaI +  3Na2S ,0 6

This is calculated to percentage of alumina.

The results obtained by the procedure described are 
shown in Table I.

D iscu ssion  o f  R esu lts

This procedure proved satisfactory for all the materials 
covered in Table I, though certain modifications were at 
times necessary.

The analyst can easily recognize the a,a'-bipyridine or o- 
phenanthroline requirements of the iron present as quinolate 
during the initial precipitation. Very little excess over the 
reagent required to satisfy the formula Fe(CioH8N )3Cl2 was 
necessary. In no case was any iron found in the aluminum 
quinolate residue.

Among the other metals which form quinolates and might 
interfere with the determination of aluminum as quinolate 
are titanium, zirconium, manganese, uranium, vanadium, 
and magnesium. Titanium and zirconium in the presence 
of iron will separate quantitatively as the hydroxide and will 
be found in the initial residue. Manganese separates as 
manganese dioxide in alkaline solution. Uranium and vana
dium will probably be found with the aluminum, unless a 
second precipitation of the aluminum quinolate is made in a 
solution containing hydrogen peroxide. Magnesium forms 
the quinolate only in ammoniacal solution and no interference 
of this metal need be anticipated if the aluminum is precipi
tated under the conditions described.

Although the same basic procedure was used on all the 
samples covered in the study, certain changes in sample—flux 
ratio and the temperature cycle—were sometimes necessary.

F e l d s p a r . The feldspars studied were all relatively free of 
iron. The sample (100 mg.) can be brought into solution with 
1 gram of sodium hydroxide but hydrolysis of the aluminum hy
droxide sometimes takes place unless more than 1.5 grams of the 
flux is used.

C o r n w a l l  S t o n e . The Cornwall stone fused readily with
1.5 grams of sodium hydroxide when 100-mg. samples were used 
and the iron quinolate reaction was inhibited.

L e p i d o l i t e . At least 2 grams of the flux are required for 
each 50 mg. of sample. Sample 7 proved high in iron and the 
reaction was inhibited.

C h i n a  C l a t . Because of its light, fluffy nature, the use of 
alcoholic sodium hydroxide was required. The sample and 
flux were moistened with alcohol and thoroughly dried before 
fusion. The flux-sample ratio was 40 to 1.

B e r y l  reacted in the same manner as the feldspar sample.
N e p h e l i n e  S y e n i t e . Samples 11 and 12 represent un

processed materials originally containing 4.72 and 3.70 per cent 
of ferric oxide, respectively. The ferric oxide contents of the 
alkali filtrates were 0.97 and 0.84 per cent, respectively, and 
necessitated the o-phenanthroline or bipyridine treatment. 
Because of the high alumina content a t least 2 grams of flux are 
required for each 100 mg. of sample. Samples of this material 
which had been previously processed reacted like feldspar sam
ples, though a greater amount of flux would prove advantageous 
in preventing hydrolysis.

K y a n i t e . A flux-sample ratio of 40 to 1 was required and 
it was found necessary to heat a t a higher temperature and for a 
longer period to ensure complete decomposition.

G l a s s  S a n d  a n d  P o t t e r ’s  F l in t  are similar in chemical 
composition. One gram of the sample and 5 grams of flux were 
used in either case.

A p l i t e  was easily fused with 2 grams of flux per 100 mg. of 
sample.

S p o d u m e n e . A flux-sample ratio of 20 to 1 proved suitable.
A m b l y g o n it e  can be effectively brought into solution with a 

flux-sample ratio of 20 to  1.
B u r n e d  R e f r a c t o r y . A flux-sample ratio of 100 to 1 was 

required and it was found necessary to heat a t a higher tempera
ture for a longer period of time to ensure complete decomposition.

C onclusions

The determination of alumina as the quinolate in the pres
ence of silica and iron is feasible and the method outlined 
offers definite advantages over those ordinarily employed for
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this purpose. The method is economical because no plati
num or extremely high temperatures are required and the 
reagent cost is low.
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Determining Riboflavin in Dried Milk Products
R O Y A L  A . S U L L IV A N 1 AND L. C . N O R R IS , C o rn e ll U n iv e r s ity , I th a c a , N . Y .

SEVERAL physico-chemical methods have been proposed 
for the determination of riboflavin, all of which may be 

grouped under one of three headings:

1. Preparation of a derivative whose solubility properties 
differ markedly from those of riboflavin, and determination of the 
color of the resulting solution (6).

2. Direct measurement of the color of riboflavin solutions
(3).

3. Measurement of the fluorescence of riboflavin solutions (1).

By preparing a derivative, it is possible to separate the 
pigment from other colored substances which may accom
pany riboflavin in extracts of natural products. Thus, ribo
flavin is a water-soluble pigment, whereas lumiflavin is soluble 
in chloroform. However, the preparation of lumiflavin is 
accompanied by large losses (4, 6).

The direct measurement of the color of extracts of biological 
materials is subject to error due to the presence of other 
colored substances. This method may be somewhat refined
(4) by controlled oxidation of these impurities. However, 
with more vigorous treatment, riboflavin is also destroyed, so 
that at times it is impossible to purify the extracts completely.

The determination of fluorescence is complicated by a 
number of factors, two of which are most obvious: The in
tensity of fluorescence is not a linear function of the concen
tration of riboflavin but passes through a maximum with 
increasing concentration (2). Extracts of biological ma
terials contain blue (4) and white (7) fluorescing substances 
which interfere with the accurate determination of the green 
fluorescence due to riboflavin.

Since this vitamin has received increased attention during 
the past few years, it is apparent that a rapid, quantitative 
method of estimating riboflavin is still needed. Such a 
method was developed by the authors two years ago and has 
been in constant use since that time.

P rin cip le o f  th e  M ethod

An extract of dried milk products is prepared and freed from 
unstable colored impurities by controlled oxidation. Light 
of the frequencies which are absorbed by riboflavin is passed

1 P resen t address, K raft-P hen ix  Cheese C orpora tion , Chicago, 111.

through the extract and the amount of absorption is deter
mined with a photoelectric photometer. The riboflavin is 
then reduced to the leuco form and the measurement re
peated to determine the amount of light absorbed by impuri
ties. The concentration of riboflavin is calculated from the 
difference between these two readings.

F i g u r e  1. E x t e r i o r  a n d  I n t e r i o r  V i e w s  o f  P h o t o m e t e r
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Apparatus
The photoelectric photometer, constructed for this work, em

ploys a single photocell of the blocking-layer type. The zero- 
potential circuit, proposed by Wood (9) for use with these cells, 
has made it possible to obtain a current th a t is in exact proportion 
to the light intensity.

Views of the photometer are presented in Figure 1. The rear 
wail of the Bakelite box is placed on hinges, so th a t all parts are 
readily accessible.

A schematic wiring diagram is given in Figure 2. M  is a micro
ammeter with internal resistance of 150 ohms and critical damp
ing resistance of 1000 ohms. B  is a flashlight dry cell. K\ and 
K t are contact keys, the former for controlling the dry cell and 
the latter for short-circuiting the photocell. S i, Ri, and Rs are 
potentiometer rheostats of 10,000, 1000, and 5 ohms’ resistance, 
respectively. P  is a blocking-layer photocell. Dt, Di, D3, and 
Dt are constant-aperture diaphragms which also serve to hold fil
ters F i and Fi in place. The light source, L, is a 9.6-volt flashlight 
bulb. Two 6-volt storage batteries, S, furnish the current for 
the light. A convenient type of absorption cell, A, is of 20-ml. 
capacity with a path length of 1 cm.

VNAM AW AAAAAAVW VV R.^ 

51---------------

The intense beam of light obtained from the flashlight bulb is 
rendered parallel by means of a reflector. Since the efficiency of 
the reflector has been found to decrease gradually over a period 
of months, 6 , 8 , 10, or 12 volts may be tapped off from the storage 
batteries to obtain the proper light intensity. The final adjust
ment is made by means of the 5-ohm rheostat.

Circular holes, 2.5 cm. (1 inch) in diameter, are cut in the par
titions which support the filters, so th a t the beam striking the 
photocell is essentially parallel light perpendicular to its sur
face. In  order to limit the illumination to light of the desired 
frequencies a set of H. R. lantern blue filters (Corning Glass 
Works, Corning, N. Y.) was selected. The transmission curve 
of these filters is given in Figure 3. One filter is placed between 
the light and the absorption cell, so th a t only light of the desired 
wave lengths is transmitted to the solution. This procedure re
duces unnecessary heating of the solution. An identical filter is 
placed between the absorption cell and the photocell to filter out 
fluorescence caused by illumination of the sample. Even with 
low light intensities, certain materials, such as riboflavin, pro
duce sufficient light to influence the reading. This precaution is 
particularly important when working with blue light, since the 
photocell is more sensitive to the longer wave lengths produced by 
fluorescing materials than to the original light.

O peration o f  th e  P h otom eter

An absorption cell filled with water, or other solvent to be 
used for the unknown, is placed in the path of the light. 
With switches K\ and Ki closed, the current from the dry cell 
is adjusted to give a full-scale deflection. This procedure 
enables one to predetermine the voltage required to balance 
the fall of potential across the ammeter when the photocell is 
producing a full-scale deflection. Switch K 2 is then opened 
and the light intensity is adjusted by means of the resistance 
in series with the lamp until a full-scale deflection is again 
obtained. If this has been properly done there will be no 
change in deflection upon opening and closing K t.

Another advantage in the present circuit is that with the 
photocell shorf^circuited, an unknown solution may be sub
stituted for the solvent without causing the usual violent 
fluctuation of the ammeter. The current from the dry cell is 
reduced to approximately the reading expected and Ki is 
opened. The direction in which the needle is deflected will 
indicate whether the applied voltage is too large or too small. 
Ki is then closed and the current from the dry cell is modified 
accordingly. In this way the applied voltage is again ad
justed to equal exactly the fall of potential across the am-

F i g u r e  2 .  W i r i n g  D ia g r a m

WAVC LENGTH 
4000 4SOO

F i g u r e  3 . T r a n s m i s s i o n  C u r v e F i g u r e  4 . C a l ib r a t io n  C u r v e
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T a b l e  I. D e n s i t y  o f  S o l u t io n s  o f  S y n t h e t i c  R i b o f l a v in

C oncen tra tion
M icroQratns/ml.

21.12
16.90
10.51
13.52 
12.38 
10.82
8 .2 5
6 .49
4 .13
3 .89

Log J o /I  
Found

0.569
0 .460
0.448
0.373
0.340
0.298
0.225
0.1780.111
0.106

Log Io /I  
C alcu lated

0.682
0.543
0.531
0.437
0.399
0.351
0.267
0 .209
0 .132
0.126

P e r C en t 
D eviation

- 1 6 . 6  
- 1 5 .3 ' 
- 1 5 . 6  
- 1 4 . 7  
- 1 4 . S 
- 1 5 .1  
- 1 5 . 7  
- 1 4 . 8  
- 1 5 . 9  
- 1 5 .9

C o m p a r is o n  o f  A b s o r p t i o n  C u r v e  w i t h  P h o t o m e t e r  S e n s i t i v i t y

, PE R. C E M T  C O R R E C T /O HJ------- 1__ i__ i____ i___ i
4  5  6  7  8  ?  IO II !Z  13 14

agreement with that obtained by Kuhn (6). Since the re
sponse of the photometer depends not only upon the trans
mission of the filters but also upon the sensitivity of the 
photocell to different wave lengths and the energy distribu
tion from the tungsten filament of the light bulb, the com
bined effect of these three factors has also been plotted in 
Figure 6. I t is apparent that the final sensitivity of the in
strument from 4000 to 5000 A. is veiy nearly identical with 
the absorption curve of riboflavin.

In order to determine to what extent these filters would ap
proximate the results obtained with monochromatic light, a 
sample of synthetic riboflavin was weighed on a microbalance 
and dissolved in distilled water. A series of dilutions was 
made up from this stock solution and the absorption of each 
solution was determined in the photometer. These results 
are given in Table I  and demonstrate that the density (log 
Io/I), as determined with the photometer, is 15 per cent less 
than the theoretical value obtained with monochromatic 
light. The fact that solutions of riboflavin follow Beer’s 
law is illustrated in Figure 7, in which these density values 
have been plotted against concentration.

F i g u r e  5 . C o r r e c t i o n  F a c t o r

meter, so that no change in deflection is obtained upon open
ing or closing K,_.

To demonstrate that this instrument would give a linear 
response to varying light intensities, observa
tions were made as a light bulb was moved 
along an optical bench. The current obtained 
should be inversely proportional to the square 30, 
of the distance separating the photocell from 
the light. These results are presented in Fig
ure 4 and demonstrate that, with the zero- 
potential circuit, the current obtained from the 
photocell is a linear function of the light in
tensity.

The difference between these results and the 
readings which are obtained by connecting the 
photocell directly to the meter is demon
strated in Figure 5. Readings were made first 
in the usual manner and then with the zero- 
potential circuit and the difference between the 
two readings was calculated in per cent of the 
correct reading. The dependence of this cor
rection upon the internal resistance of the 
meter is also shown in Figure 5, in which data 
are presented from two meters whose internal 
resistances were 150 and 450 ohms, respec
tively. Thus, the magnitude of the percent
age correction varies both with the current 
produced and with the external resistance in 
the circuit.

C alibration  o f P h otom eter

A sample of pure synthetic riboflavin was 
obtained for calibrating the photometer. The 
absorption curve of this material is given in 
Figure 6. Its molecular extinction coefficient, 4000 
2.78 X104 a t4450 Â . , was found to be in essential F i g u r e  6.

----------- R ’ R c u tT iy e . s c t J i / r i i s iT Y

WAVE LCUGTH
___________J___________
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For the purpose of reducing riboflavin to the leuco form, 
a solution is prepared by adding 5 per cent of sodium hyposul- 
fite to a 2 per cent solution of sodium bicarbonate. This solu
tion should be made up fresh each day and held in an ice bath 
while in use. One or two drops of tliis solution will reduce 
20 ml. of a moderately concentrated solution of riboflavin. 
Riboflavin solutions of varying concentrations were reduced 
by this method, with the results shown in Table II.

F i g u r e  7 . C a l ib r a t io n  C u r v e

The residual light absorption indicates that at equilibrium 
only 90 per cent of the riboflavin is reduced. Consequently, 
the final values for the various concentrations of riboflavin, as 
determined by the photometer, must be multiplied by a fac
tor 1.307. The deviation of the light absorption from that 
obtained with monochromatic light and the equilibrium con
centration of reduced riboflavin have been included in this 
correction factor.

To illustrate the method of calculating the concentration from 
the readings of the photometer, it is necessary to start with the 
equation for the molecular extinction coefficient

in which C ■= concentration in moles per liter and D — thickness 
of absorbing layer in centimeters.

It has been found more convenient to express the concentration 
in micrograms per milliliter, c. Since a thickness of 1 cm. is al
ways used and K equals 2.78 X 10‘, the above expression may be 
written

2.3 X 376 X 103, r ,,
° 2.78 X 10* X 1 g ^

or

Two values of c are obtained for each solution and the difference 
between these two multiplied by the factor 1.307 gives the con
centration of riboflavin in micrograms per milliliter, M.

M = 1.307 (ci -  cj)

If /o is maintained constant, a table may be prepared re
lating I  to c, so that for each reading of the microammeter the 
corresponding concentration in micrograms per milliliter will 
be given.

P reparation  o f E xtracts
Several solvents may be used for preparing extracts from 

dried milk products, but a 75 per cent solution of acetone in 
water has proved most satisfactory from the point of view of 
rapidity of extraction and purity of the extract. Varying 
amounts of sulfuric acid were added to the acetone-water 
mixture to determine the effect of acidity upon completeness 
of extraction. Table III  shows the average of two determina
tions for each concentration of acid used.

I t  appeared that some acid was necessary for complete 
extraction, even though the amount of impurities was also 
increased.

The above solutions were neutralized before reading in the 
photometer. I t  had previously been found that pH had 
little, if any, effect upon the completeness of reduction, but a 
slight variation in the light absorption had been observed. 
Aqueous solutions of synthetic riboflavin were prepared and 
adjusted to various pH values by the addition of buffer solu
tions. All these solutions contained exactly the same amount 
of riboflavin and the pH was checked with a glass electrode. 
Several observations were made of the light absorption at 
each pH value. I t  was found that the maximum absorption 
occurred at pH 7.0. Each observation was calculated in per 
cent of this maximum reading and recorded in Table IV.

T a b l e  II. R e d u c t io n  o f  S o l u t i o n s  o f  S y n t h e t i c  R i b o f l a v in
w i t h  S o d iu m  H y p o s u l f i t e

(C oncen tra tions calculated  in  m icrogram s per ml.)
O riginal A fter P e r C ent
R eading R eduction U nreduced

13.92 1.32 9 .5
10.59 1.03 9 .7
10.59 1 .08 10 .2

7.05 0 .69 9 .8
6 .9 8 0 .74 10.6
3 .53 0 .32 9.1
3 .53 0 .3 0 10.2
3 .53 0 .36 10.2

Av. 9 .8

ABLE III. E f f e c t  o f  A c i d i t y  u p o n  C o m p l e t e n e s s  o i
E x t r a c t i o n  f r o m  D r i e d  M i l k  P o w d e r s

(C oncen tra tions in m icrogram s per ml.)
Im purities

N orm ality C alcu lated  as
of Acid R iboflavin R iboflavin

0.00 2 .0 9 0 .63
0 .0 5 2.11 0 .5 0
0 .1 0 2 .27 0 .69
0 .15 2 .22 0 .8 2
0 .2 0 2 .49 0 .7 8
0 .25 2 .2 8 0 .83

T a b l e  IV. E f f e c t  o f  pH o n  L i g h t  A b s o r p t i o n  o f  S o l u t io n s  
o f  S y n t h e t i c  R ib o f l a v in

pH
P er C en t of 

M axim um  A bsorption
1.0 9 6 .0
2 .0 9 8 .7
3 .0 96 .4
4 .0 96 .8
5 .0 96 .5
6 .0 98 .4
7 .0 100.0
8 .0 97 .5
9 .0 95 .3

10.0 94 .5
c = 31.1 log h / I
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T a b l e  V. A c c u r a c y  o f  M e a s u r i n g  S y n t h e t i c  R i b o f l a v i n
(C oncen tra tions in  m icrogram s per ml.)

A ctual 
C oncen tra tion  
of R iboflavin

C alculated  
C oncen tration  
of R iboflavin D eviation

16.52 16.47 - 0 .0 4
12.39 12.49 + 0 .1 0
12.39 12.43 + 0 .0 4
8 .26 8.31 + 0 .0 5
8 .26 8 .16 - 0 .1 0
4 .1 3 4 .20 + 0 .0 7
4 .1 3 4 .14 + 0 .0 1
4 .13 4 .14 + 0 .0 1

Av. =*=0.05

T a b l e  VI.

Sam ple
1
2

R e p r o d u c i b i l i t y  o f  M e a s u r e m e n t  o f  R i b o f l a v in  
i n  D r i e d  M i l k  P r o d u c t s

(C oncen tra tions in m icrogram s p e r gram )
N um ber of P robab le  E rro r of

O bservations M ean  Single O bservation
12
10

2 9 .8
21 .4

=*=0.87
=*=0.62

After neutralizing the extracts, it is necessary to filter off 
the residual milk powder. Considerable difficulty was ex
perienced in washing these precipitates free from riboflavin. 
With a known volume of solvent, it should be possible to use 
the filtrate without washing the precipitate or making the 
filtrate up to volume, provided that riboflavin is not prefer
entially adsorbed by the precipitate. In order to test this 
hypothesis, two 10-gram samples of dried whey were taken, 
a known amount of pure riboflavin was added to one sample, 
and both samples were then extracted, neutralized, and fil
tered. The light absorption of the filtrates was determined 
without washing the precipitates or making the filtrates up 
to volume.

R iboflavin
A dded

M icroorams
0

160

Riboflavin
Found

Mxcrourams
300
460

Based upon these experiments, the following method of ex
tracting riboflavin from dried milk products was devised.

An acid-acetone solution is prepared by making 750 ml. of 
acetone up to 1 liter with N  sulfuric acid. A 15-gram sample 
of milk powder is weighed into a 250-ml. Erlenmeyer flask and 
100 ml. of the acid-acetone solution are added. I t  has been found 
th a t certain impurities are readily destroyed by the addition of 
hydrogen peroxide. Therefore, depending upon the degree of 
caramelization exhibited by the sample, from 1 to 3 ml. of 30 per 
cent hydrogen peroxide are added to the sample. The flask is 
connected to a reflux condenser, and the solution is boiled for 
20 minutes, although complete extraction is generally obtained 
by 15 minutes of refluxing. The flask is allowed to cool while 
still connected to the condenser to prevent loss of solvent. I t  
is then tightly stoppered with a paraffined cork and placed in the 
refrigerator for 30 minutes.

The flask is then removed and the solution neutralized by the 
addition of 25 ml. of N  sodium hydroxide. Depending upon the 
amount of hydrogen peroxide used, from 22 to 24 ml. of a buffer 
solution are added, which makes a total of 150 ml. of solvent for a 
15-gram sample. For dried whey, a buffer solution of pH 6.8 is 
used. For dried skim milk and dried buttermilk a buffer solu
tion of pH 4.6 is used. The flask is returned to the refrigerator 
for 30 minutes, after which the solution may be filtered. The fil
trate represents a 10 per cent solution of the sample and may 
now be read in the photometer. The amount of sodium hypo- 
sulfite required to reduce this solution will vary with the com
pleteness with which the hydrogen peroxide has been decomposed. 
Usually from 15 to 30 drops will be required, and a correction may 
be made for the increase in volume of extract caused by this 
addition.

In order to demonstrate the accuracy with which pure ribo
flavin may be measured in the photometer, reference will be 
made to the data presented in Table II regarding solutions of

synthetic riboflavin of known concentration. Table V pre
sents the actual concentrations, as well as the concentrations 
calculated from the photometric reading by means of the 
correction factor.

The reproducibility with which riboflavin may be extracted 
from dried milk products and measured in the photometer is 
illustrated in Table VI, based upon observations of two dried 
milk products. The probable error of a single observation is 
less than 1 microgram per gram.

D iscussion

The manufacturers of blocking-layer photocells frequently 
state that no external potential should be applied to these 
instruments. However, this invariably results when a photo
cell is connected directly to a meter. The use of the zero- 
potential circuit enables one to use the cell a t all times in the 
manner in which it was intended to be used. I t  might have 
appeared possible to dispense with any correction had the 
magnitude of the correction been a constant percentage of the 
correct reading, since in absorption spectrophotometry only 
the ratios of two readings are used. However, the correc
tion is not a constant factor and other considerations influence 
the choice of circuit.

The use of the zero-potential circuit greatly reduces the 
variability which is ordinarily found between photocells of the 
same manufacturer. This is true because the greatest source 
of variation between cells lies in the internal leakage resist
ance, which no longer influences the readings when the elec
trodes are maintained at zero potential. Also, changes in the 
internal leakage resistance due to differences in atmospheric 
conditions will no longer influence the readings. Conse
quently, identical readings are obtained by operators in widely 
separated laboratories.

By the proper selection of filters, the photometer may be 
used for many types of colorimetric measurements. One of 
the limitations in the use of filters instead of a monochromator 
is that strict proportionality between concentration and den
sity (log Io/I) is obtained only over a limited range of concen
trations, if the transmission curve of the filter does not 
exactly coincide with the absorption band of the pigment (8). 
Consequently, if the photometer itself does not give a linear 
response to varying light intensities, a calibration curve must 
be plotted for each pigment. The curvature of this line will 
be made up of two components: (1) inherent in the pho
tometer itself, and (2) due to a failure of the filters.

With the present instrument it is only necessary to deter
mine over what range the filters fit the absorption curve of the 
unknown in order to make direct calculation of the concentra
tion from the readings of the photometer. This becomes 
important when it is necessary to determine one component 
of a mixture of pigments by the difference between two read
ings. This may be done when it is possible to destroy or 
decolorize the pigment being measured. I t  is obvious that an 
error will be involved if such a pair of readings is applied to a 
curved calibration curve, since the error due to the filters 
depends only upon the concentration of the pigment being 
measured. However, if the photometer is constructed to 
give a linear response to varying light intensities and the 
concentration of the unknown pigment is within the limits set 
by the filters, the change in light absorption upon removing 
the pigment will be a linear function of the concentration of 
the pigment.

The method of determining riboflavin which has been pre
sented in this paper will give accurate and reproducible re
sults when applied to well prepared samples of dried milk 
products, but when the milk powders have been caramelized, 
or when other feedstuffs are present in the sample, it is neces
sary to subject the extracts to further purification.
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In several cases the method has,been applied to milk prod
ucts which were also assayed for riboflavin by means of 
chicks. The chick assays upon six samples gave an average 
value of 21.2 micrograms per gram. An average value 
of 21.5 micrograms per gram was obtained by the photometric 
test. The method presented in this paper is preferred be
cause of its rapidity, and because biological assays may be 
complicated at times by the presence or absence of nutri
tional factors which are not as yet clearly defined.

The absolute accuracy of this method depends upon the 
purity of the sample of synthetic riboflavin used as a stand
ard. Several samples of crystalline riboflavin were obtained 
from different sources at the time of standardizing the method 
and none of these appeared to be quite so pure as the sample 
used. This conclusion was based both upon the light absorp
tion and the completeness of reduction. Since that tune an 
occasional sample has been encountered which appeared to be 
reduced to a greater extent than the standard. When a 
satisfactory standard of .reference has been obtained it may 
be necessary to alter slightly the above correction factor for 
calculating the concentration of riboflavin.

When other instruments are set up according to the above 
directions the same correction factor may be used for cal
culating riboflavin concentration. Some care must be taken 
to assure that exactly 90 per cent reduction of the riboflavin is 
obtained. Variation in the completeness of reduction may 
Occur through incomplete removal of the peroxide or decom
position of the hyposulfite solution. • '

C onclusions

A photometer has been described which utilizes a zero- 
potential circuit in connection with a .blocking-layer photo
cell. Such an instrument gives a linear response to varying 
light intensities, and offers advantages in regard to proper use 
of the photocell, reproducibility of results, and application to 
certain spectrophotometric measurements.

Riboflavin may be extracted from dried milk products by 
refluxing with a dilute solution of acid in 75 per cent acetone.

Certain unstable colored impurities may be destroyed by in
cluding from 1 to 3 per cent of hydrogen peroxide in the solv
ent. The resulting solution, after neutralizing and filtering, 
may be used for quantitative measurements since riboflavin 
is not preferentially adsorbed by the precipitated milk solids. 
By reduction with sodiimi hyposulfite, 90 per cent of the 
color of riboflavin is removed. Observation of the light ab
sorption before and after reduction enables one to calculate 
the concentration of the solution to ±0.05 microgram per ml.
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Boron Determination in Soils and Plants
Using the Q uinalizarin Reaction

K . C. JtE R G E R  AND E . T R U O G , U n iv e r s ity  o f  W isc o n s in , M a d iso n , W is.

IN HUMID regions, boron often exists in soils largely as 
tourmaline, a boroaluminum silicate which is not readily 

av ailable. The available boron, probably existing often largely 
as the calcium salt, is usually present in humid regions in 
amounts of less than one part per million. In plant tissue, 
boron is often present to the extent of 25 parts per million, 
and since it is now recognized as an essential plant nutrient, 
its determination in both soils and plants assumes consider
able importance. Methods used in the past for making these 
determinations have not been very satisfactory in some re
spects, and the present paper reports the results of an attempt 
at improvement.

In the past, the turmeric paper test described by Bertrand 
and Agulhon (1) has often been used in the determination of 
small amounts of boron. As the turmeric paper is not very 
sensitive to small differences in amounts of boron, and difficul
ties are encountered in making accurate comparisons with 
the standard, the method leaves much to be desired. The 
spectroscopic method has recently been used by a number of

investigators (3, 6) to determine the boron content of plant 
materials. I t  seems to give fairly good results, but requires 
rather elaborate equipment and is time-consuming. The ti- 
trimetric procedure, involving the use of polyhydroxy alcohols 
and discussed in detail by several workers (8, 11), is not well 
adapted for the rapid determination of the small amounts 
sometimes encountered in soil and plant analysis, because 
the method involves distillation which is time-consuming, 
and because traces of buffering substances which are difficult 
to remove may seriously interfere with the results.

Q uinalizarin  R eaction
I t  has been known for a considerable number of years 

that the addition of boric acid to many of the hydroxyanthra- 
quinones in concentrated sulfuric acid will cause a marked 
color change which may be used for the identification of these 
quinones. Recently this color change was applied to the de
termination of boron. For this purpose, Feigl and Krumholz
(5) tried purpurin, alizarin S, and quinalizarin. Quinaliz-
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arin (1,2,5,8-tetrahydroxyantliroquinone) was found to be the 
most sensitive, changing from a pink color to a bluish hue with 
increasing concentrations of boron. Scharrer and Gottsclmll 
(<S) found quinalizarin to be better than purpurin. These in
vestigators found that fluorides, nitrates, dichromates, and 
other oxidizing compounds interfere in the test by turning the 
solution colorless.

The authors found that if there are over 500 parts per 
million of water-soluble fluorides in soils, or 5000 parts per 
million of total fluorides in soils or plant tissue, the color on 
which the procedures to be described depend will be partially 
destroyed. Because of the insolubility of calcium fluoride, 
the presence of appreciable amounts of water-soluble fluorides 
in soils is rare. The small amounts ordinarily present in soils 
and plants do not interfere. Larger amounts will destroy it 
entirely. When necessary, fluorides are removed easily by 
precipitation with thorium chloride and subsequent filtration.

The only oxidizing substance found in soils and plants that 
interferes in the quinalizarin reaction is nitrate. In the pro
cedures to be described, this is removed by ignition.

The only known substance (7, 10) that is similar to boron 
in causing a color change with quinalizarin is germanic acid. 
Poluektov (7) found that this also forms complex acids with 
polyhydroxy alcohols and thus enters into an alkalimetric ti
tration like boric acid. In tests made by the authors, it was 
found that it takes over 200 times as much germanium as 
boron to produce a certain color change in the quinalizarin 
reaction. This means that in the procedures described below 
there would have to be over 20 parts per million of water- 
soluble germanium in soils, and over 200 parts per million 
of total germanium in soils or plant tissue, to produce a visible 
color change. Since the occurrence of germanium in soils and 
plants is rare, and since it takes considerable amounts of 
germanium to produce a visible color change, interference 
by germanium in the quinalizarin test for boron in soils and 
plants appears to be remote.

An all-important factor in the determination of boron by 
means of the quinalizarin reaction is the concentration of 
sulfuric acid in which the color is developed. Smith (9) found 
that at least 44 per cent by weight of sulfuric acid must be 
present in the solution in order to produce a visible color 
change due to boron. He found that the sensitivity or color 
change increases as the concentration of sulfuric acid in
creases until about 93 per cent of acid by weight is present; 
beyond this the sensitivity decreases. Smith indicates that 
the method is sensitive to 0.001 mg. of boric acid. He applied 
the method to the determination of boron in alloys.

The interaction of boric acid with quinalizarin is undoubt
edly very similar to its reaction with dihydroxyanthraqui- 
nones, which form chelated compounds with boric acid as 
shown by Feigl and Krumholz (5). In accordance with this, 
the quinalizarin reaction with boric acid takes place:
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Four molecules of water are split off and a chelated ring 
forms as indicated. A similar reaction takes place between 
boric acid and open-chain polyhydroxy alcohols (4). The 
reaction given reflects the necessity of the presence of con
centrated sulfuric acid to aid in splitting off the water and 
prevent the reaction from reversing.

For the determination of easily soluble boron in soils, the 
writers first tried the turmeric paper test but the results ob
tained were not entirely satisfactory. The quinalizarin color 
reaction was then applied to both soil and plant analysis, and 
a satisfactory procedure was developed, the details of which 
follow.

A pplication  o f Q uinalizarin  R eaction

In the application of the quinalizarin reaction, it was found 
that a concentration of about 93 per cent by weight of sulfuric 
acid in the final test solution, obtained by adding 98.5 per 
cent acid by weight, gives the most satisfactory results for 
small amounts. With this concentration and method of 
comparison used, it was possible to distinguish 0.0001 mg. of 
boron from a blank test.

Nitrates in amounts usually found in soil solutions may be 
reduced and removed by adding potassium carbonate and 
powdered aluminum to the soil extract and evaporating. 
Later it was found that evaporation and gentle ignition in 
the presence of potassium carbonate or calcium hydroxide 
were more convenient and fully effective in removing the 
nitrates ordinarily found in soil extracts. This also destroys 
organic matter which otherwise produces a brown color and 
interferes with the test color.

Organic matter and many other substances may also be 
separated by distilling the boron as the methyl ester of boric 
acid. To do this, the soil extract is evaporated to dryness 
and then taken up in 85 per cent phosphoric acid and some 
absolute methyl alcohol. The solution is placed in a distilling 
flask (boron-free glass) and the methyl borate distilled into an 
aqueous solution of potassium carbonate. The presence of a 
small amount of free water prevents the complete distillation 
of the boron. This may be guarded against by the addition 
of a small amount of phosphoric anhydride.

The distillation and subsequent evaporation necessary to 
obtain the desired concentration were time-consuming and 
laborious; hence, the simple ignition procedure was adopted 
to destroy both nitrates and organic matter, which appear 
to be the only interfering substances ordinarily present in soil 
extracts. When 0.1 gram of potassium carbonate was added 
to the soil extract, and the extract was then evaporated to 
dryness and gently ignited, there was no loss of boron, while 
nitrates and organic matter were destroyed. Platinum con
tainers must be used when the ignition is made with potassium 
carbonate, since this reagent attacks both quartz and por
celain ware. Calcium hydroxide may be used in place of 
potassium carbonate, making possible evaporation and ig
nition in porcelain or quartz dishes. The ignition and distil
lation procedures gave identical results when applied to syn
thetic solutions and soil extracts.

Standard color solutions for the colorimetric comparisons 
may be prepared by adding the appropriate amounts of the 
reagents to varying amounts of boron as in testing unknown 
solutions. These standards are permanent if kept in stop
pered comparison tubes, so as to prevent absorption of water. 
Since it is necessary to remove the stoppers to make compari
sons most advantageously, absorption of water cannot be 
entirely prevented; hence, these standards usually deterio
rate in the course of a week or so, depending upon amount of 
exposure. The color comparisons can, of course, also be made 
by means of a photoelectric colorimeter.
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T a b l e  I. P r e p a r a t io n  o f  C o l o r  S t a n d a r d s

B oron P resen t in

A m ounts R equired  to  P roduce 
C orresponding S tandards 

Boron
D istilled  stock  solutions

No. Color S tandards w ater B  and  C
Mg. Cc. Cc.

1 0.0000 1.00 0 .0 0
2 0.0002 0 .8 0 0 .2 0  (C)
3 0.0004 0 .6 0 0 .4 0  (C)
4 0.0006 0 .4 0 0 .6 0  (C)
5 0 .0008 0 .2 0 0 .8 0  (C)
6 0.0010 0 .0 0 1 .00  (C)

7 0.0015 0 .8 5 0 .1 5  (B)
8 0.0020 0 .80 0 .2 0  (B)
9 0.0025 0 .75 0 .2 5  (B)

10 0.0030 0 .7 0 0 .3 0  (B)
11 0 .0035 0 .6 5 0 .3 5  (B)
12 0 .0040 0 .6 0 0 .4 0  (B )

Preparation  o f  R eagents
S u l f u r i c  A c id , 98.5 P e r  C e n t  b y  W e i g h t . Although the 

strength of sulfuric acid may vary from 98 to 99 per cent by 
weight, for small amounts of boron it is very important to keep 
it within these limits, and this requires accurate work in its 
preparation and great care in its use and storage. The acid is 
prepared by mixing ordinary concentrated sulfuric acid with 
fuming sulfuric acid! To facilitate the calculations involved in 
determining the proportion of each to be mixed, strengths are 
best expressed in terms of sulfur trioxide rather than sulfuric 
acid. Accordingly, the desired 98.5 per cent sulfuric acid be
comes 80.4 per cent sulfur trioxide. The proportion of each to 
be mixed varies, of course, with the strengths of the acids. The 
concentrated acid usually contains about 95 per cent of sulfuric 
acid by weight, and the fuming 20 to 30 per cent of free sulfur 
trioxide. The exact strength in each case is determined by 
weighing out 2 grams or more of the acid in a  25-cc. weighing bot
tle, and after diluting, titrating with 1.0 N  sodium hydroxide. In 
the case of the concentrated sulfuric acid, the weighing bottle 
with contents is placed in a beaker of water, and, after mixing, 
the acid is titrated. In the case of the fuming acid, the weigh
ing bottle containing the acid is dropped into a second 100-cc. 
weighing bottle containing about 30 cc. of water. As the 
bottle is dropped, the cover of the 25-cc. bottle is removed, and 
then the cover of the larger bottle is quickly replaced. After 
standing overnight or until fuming has entirely ceased, the two 
weighing bottles with covers removed are placed in a liter beaker 
containing 300 to 400 cc. of water. I t  is advisable to place the 
cover of the larger bottle in the beaker also, to prevent any loss of 
acid which might be on the cover. After mixing, the acid is 
titrated. The strengths in terms of sulfur trioxide are then 
calculated by means of the following formula:

cc. NaOH titration X normality X 0.04003 
weight of concentrated or fuming H2S 04 by weight 'of' Sol

in each case

After the strengths of the acids have been determined in terms 
of sulfur trioxide, the proportion of each to be mixed to make 100 
grams of 98.5 per cent sulfuric acid, which contains 80.40 per 
cent of sulfur trioxide, is calculated as follows:

L et x  =  gram s of concen tra ted  sulfuric acid needed
100 — x  »  gram s of fum ing su lfuric  acid needed
L et a =  s tren g th  of concen tra ted  su lfuric  acid in  term s of su lfu r trioxide 

expressed decim ally
b =» s tren g th  of fum ing su lfuric  acid in  te rm s of su lfu r trioxide expressed 

decim ally
T hen , ax  +  6 (100—a;) =  80 .40 , and  x  is solved for
E x a m p l e . S treng th  of concen tra ted  sulfuric acid  found by  t itra tio n  was 

77.78 per cen t su lfu r trioxide. S treng th  of fum ing sulfuric acid found b y  
t itra tio n  was 87.41 per cent su lfu r trioxide. S u b s titu tin g  these values in  th e  
form ula above and  solving for s , th e re  is ob tained :

0.7778 x +  0.8741 (100 -  x) ■= 80.40 
0.0963 a: =  7.01

x  =  72.79 gram s, am o u n t of concen trated  
acid  needed

100 — 72.79 =  27.21 gram s of fum ing acid needed in 
m aking 100 gram s of desired 
m ix ture  con tain ing  98.5 per cent 
HtSO«

Q u i n a l i z a r i n  S o l u t i o n . Dissolve 0.01 gram of quinalizarin 
in 100 cc. of strong sulfuric acid made by diluting 9 volumes of
98.5 per cent by weight sulfuric acid with one volume of water. 
Store in a glass-stoppered bottle.

S u l f u r i c  A c i d , A p p r o x i m a t e l y  0.36 N. Dilute 5 cc. of 95 to 
96 per cent by weight sulfuric acid to 500 cc. with distilled water.

S u l f u r i c  A c i d , A p p r o x i m a t e l y  4 N. Dilute 50 cc. of 95 to 96 
per cent by weight sulfuric acid to 450 cc. with distilled water.

C a l c iu m  H y d r o x id e , S a t u r a t e d  S o l u t i o n . Add 5 to 
10 grams of calcium hydroxide to 500 cc. of distilled water. 
Shake well and allow to settle.

P o t a s s iu m  C a r b o n a t e  S o l u t i o n . Dissolve 40 grams of 
anhydrous potassium carbonate in 100 cc. of distilled water. 
Five drops of this contain about 0.1 gram of potassium car
bonate.

P reparation  o f  Color Standards
Dissolve 2.8578 grams of boric acid in 1000 cc. of distilled 

water. This solution contains 0.5 mg. of boron per cc. and 
serves as the primary (A) base stock solution. Prepare a second 
(B) stock solution containing 0.01 mg. of boron per cc. by diluting 
20 cc. of the primary base stock solution to 1000 cc. with distilled 
water, and a third (C) stock solution containing 0.001 mg. of 
boron per cc. by diluting 100 cc. of the second stock solution to 
1000 cc.

Transfer varying amounts of the second stock solution for 
amounts above 0.001 mg. of boron, and of the third stock solution 
for the others, to boron-free test tubes or glass vials. Glass vials 
approximately 20 X 100 mm. are convenient and satisfactory for 
this purpose, and the amounts of boron given in Table I  pro
duce a satisfactory range of colors. In order to have the correct 
concentration of acid when the color is developed, it is necessary 
to have exactly 1 cc. of boric acid solution in ea h vial. This is con
veniently done by dispensing the boron stock solutions from burets, 
and then adding water from another buret to bring the volume to 
1 cc. in each case. Now, add 9 cc. of the 98.5 per cent sulfuric 
acid, or other acid, to be used with the unknown test solutions. 
Stopper the vials, cool, and add 0.5 cc. of the quinalizarin solu
tion. After 15 minutes or more the color becomes fully developed 
and the standards are ready for use. These colors are permanent 
if the vials are kept stoppered to prevent absorption of water.

D eterm in ation  o f  A vailable B oron in  Soils
Most of the available boron in soils is undoubtedly water- 

soluble. I t  was found that when a known amount of soluble 
boron in the form of boric acid was added to several soils 
free of water-soluble boron, and the soils were then dried, the 
added boron could be completely recovered by adding water, 
boiling for 5 minutes, and then filtering. The addition of 
hot water, followed by shaking for 30 minutes and then 
filtering, did not result in complete recovery. Complete 
recovery may be effected by extraction with dilute acid. 
This procedure, however, raises complications when calcare
ous soils are encountered, because of the difficulty of regu
lating the acidity. Furthermore, tests made with acid ex
tractions of calcareous soils indicated that the results thus 
obtained often do not correlate well with crop indications of 
the boron status. After numerous tests, refluxing of the soil- 
water suspension for 5 minutes appeared to be the best pro
cedure. More boron was extracted by refluxing from 5 to 
10 minutes than either for shorter or longer periods. Roiling 
with a reflux condenser, the volume remains constant, and 
thus an aliquot is later more easily taken. The details of the 
analytical procedure finally adopted follow.

A n a l y t ic a l  P r o c e d u r e . Place a 20-gram sample of the soil 
(air-dried and 20-meshed) in a 125-cc. Florence flask (boron- 
free glass), add 40 cc. of distilled water, and then attach a reflux 
condenser. Boil for 5 minutes, disconnect the condenser, stopper 
the flask, cool contents, and filter with suction on a Büchner fun
nel or centrifuge until the supernatant liquid is clear. Clarifi
cation may be facilitated by working with a warm solution or 
adding not more than 0.05 gram calcium chloride dihydrate. Place 
a 20-cc. aliquot of the clear extract in a platinum dish and add 5 
drops of the potassium carbonate solution, or in a porcelain 
crucible and add 2 cc. of a  saturated solution of calcium hy
droxide. Evaporate to dryness and ignite gently to destroy ni
trates and all organic matter. After cooling, add 5 cc. of ap
proximately 0.36 jV sulfuric acid, and triturate thoroughly with a 
policeman.
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T a b l e  II. A v a i l a b l e  o r  W a t e r - S o l u b l e  B o r o n  F o u n d  i n
F i e l d  T e s t  P l a t s  F e r t i l i z e d  w i t h  B o r a x

Source Boron A vailable Boron
of A pplied Found  in Soils

Sam ple T ype of Soil p H  ae\ Borax A B Av.
—P . p. m .-----

P la t  10 C lyde silt loam 8 .0 0 .0 0 0 .5 0  0 .5 0 0 .5 0
P la t  11 C lyde si It loam 7 .8 0 .5 5 1 .00  1 .00 1.00
P la t  12 Clyde silt loam 7 .0 1.10 1.00  1 .10 1.05
P la t 13 C lyde sjlt loam 7 .5 1 .65 1 .30  1.30 1.30
P la t  14 C lyde s ilt loam 7 .4 2.20 2 .6 0  2 .50 2 .5 5
P la t 15 C lyde s ilt  loam 7 .8 2 .7 5 2 .3 0  2 .2 0 2.25
P la t 100 C lyde sandy  loam 8 .0 0.00 0 .4 0  0 .4 5 0 .4 3
P la t 101 C lyde sandy loam 8 .0 1.10 0 .9 0  0 .9 5 0 .93
P la t 23 Poygan clay loam 6 .3 0.00 0 .4 5  0 .47 0 .4 6
P la t 24 Poygan clay loam 6 .4 1.10 1 .5 0  1 .40 1 .45

T a b l e  III. B o r o n  F o u n d  i n  S o il s  t o  W h i c h  K n o w n  A m o u n t s
o f  B o r o n  a s  B o r ic  A c id  H a d  B e e n  A d d e d

Boron -T o ta l Boron F o u n d -
T ype  of Soil A dded A B C Av.

r> «

Plainfield sand  0 2 .0 2 .0  2 .0 2 .0
10 12.0 12 .0 12.0 12.0
20 22 .0 2 2 .0 2 2 .0 22 .0

P oygan  clay loam  0 2 0 .0 2 0 .0 2 0 .0 20 .0
10 28 .0 30 .0 3 0 .0 29 .3
20 4 0 .0 4 0 .0 3 8 .0 39 .3

M iam i silt loam  0 2 8 .0 28 .0 2 9 .0 28 .3
10 38 .0 3 8 .0 38 .0 38 .0
20 4 6 .0 4 8 .0 4 8 .0 4 7 .3

Place a 1-cc. aliquot of this solution in a comparison vial (20 X 
100 mm.), add 9 cc. of the 98.5 per cent sulfuric acid, stopper the 
vial, and cool. After cooling, add 0.5 cc. of the quinalizarin re
agent to the test solution and mix thoroughly by gently whirling 
the vial. Allow to stand for at least 15 minutes, and then deter
mine the boron content by comparing with a set of standards. 
The final comparison is best made by removing the stopper from 
the standard and making a vertical observation against a white 
background, as is usually done in colorimetric comparisons.

T y p ic a l  R e s u l t s . Table II gives the amounts of avail
able boron found in a number of field plats variously fer
tilized with borax. The borax was applied several months 
in advance of the soil sampling, and hence, some losses 
due to leaching undoubtedly occurred, which probably ex
plains in part the incomplete recovery of the added boron. 
Some of the boron may also have become fixed in unavailable 
form. With these limitations in mind, the correlation be
tween amounts of boron added and found appears satisfac
tory. Additional results, recently obtained and to be pub
lished elsewhere, correlate well with the crop in
dications. —

A n a l y t ic a l  P r o c e d u r e . Fuse 0.5 gram of soil with 3 grams 
of anhydrous sodium carbonate in a platinum crucible. Cool and 
place the crucible in a 250-cc. beaker containing about 50 cc. of 
distilled water. Place a  cover glass on the beaker and add ap
proximately 4 N  sulfuric acid from time to time until the melt has 
disintegrated and the solution has a reaction in the range of pH 5.5 
to 6.0. Transfer the resulting solution to a 500-cc. volumetric 
flask. Wash the beaker and crucible several times with distilled 
water and add the washings to the flask. The total volume of 
solution should now not exceed 150 cc. Add methyl or ethyl 
alcohol to the flask until a volume of 500 cc. is reached and mix 
the contents thoroughly. Filter the solution or centrifuge until 
the supernatant liquid is clear.

Place a 400-cc. aliquot of the clear solution in a 500-cc. beaker 
(boron-free glass) and add 100 to 150 cc. of distilled water to 
prevent subsequent precipitation. Add potassium carbonate 
until the solution is alkaline, evaporate to a small volume, and 
transfer to a platinum dish. Evaporate to dryness and ignite 
to destroy organic matter. After cooling, add 4 cc. of approxi
mately 0.36 N  sulfuric acid, and triturate thoroughly with a  
policeman. Place a 1-cc. aliquot of this solution in a comparison 
vial, add 9 cc. of the 98.5 per cent sulfuric acid, stopper the vial, 
and cool. After cooling, add 0.5 cc. of the quinalizarin reagent 
to the test solution and mix thoroughly by gently whirling the 
vial. Allow to stand at least 15 minutes before comparing with 
standards.

R e s u l t s . Table III  gives results obtained in the analysis 
of several soils with this procedure. To some samples of these 
soils known amounts of boron had been added; recovery of 
the added boron was satisfactory. A Bureau of Standards 
sample of glass containing 0.22 per cent of boron was analyzed 
with the procedure just described, and six determinations 
gave 0.21, 0.23, 0.225, 0.22, 0.20, and 0.225 per cent of boron. 
The quinalizarin colorimetric procedure, because of its ex
treme sensitivity, is thus well adapted for the determination 
of the small amounts of boron usually found in soils, plants, 
and many other substances. When materials containing sev
eral per cent of boron are analyzed, the sample involved in the 
final comparison is so small that any slight error at this stage 
becomes multiplied many times in the calculations that follow. 
The titrimetric procedure may thus be better adapted to 
analyses involving high contents of boron. I t is possible 
that a better adaptation of the colorimetric procedure for high 
contents might be attained by lowering the acidity of the test 
solution so as to require a larger amount of boron to effect a 
certain change in color intensity. The color standards 
whether for direct comparison or photoelectric calibration 
would, of course, need to be developed with the lower acidity 
also.

D eterm in ation  o f T ota l B oron in  Soils

In determining the total boron content of soils 
by means of the fusion method, it is necessary to 
use a high proportion of sodium carbonate to 
soil. Treatm ent of the melt obtained with water 
alone will bring all the boron into solution, but 
is inconvenient, being slow and requiring much 
water. Addition of sulfuric acid to the water, so 
that the final reaction of the solution falls within 
the pH range of 5.5 to 6, hastens the disintegra
tion of the melt and leaves most of the sesquioxides 
and silica in insoluble form. Addition of alcohol 
up to 60 to 70 per cent by volume at this point 
serves to throw down most of the large amount 
of sodium sulfate which has beui formed. This 
leaves all the boron and only a small amount of 
salts in solution. After the final evaporation, it is 
necessary to ignite because of the small amount 
of nonvolatile organic matter usually introduced 
with the alcohol.

T a b l e  IV. B o r o n  F o u n d  i n  P l a n t  T i s s u e  A s h e d  w i t h  a n d  
w i t h o u t  P o t a s s iu m  C a r b o n a t e

(O ven-dry  basis)
-A m o u n ts  of B o ro n -

N a tu re  of N a tu re Ashed w ithou t K jCO j Ashed w ith KiCOa
P la n t Tissue of C u ltu re A B Av.

p
A B Av.

Alfalfa, leaves Q uartz  po t
and stem s culture 3 6 .0 3 6 .0 36 .0 3 5 .0 3 4 .0 3 4 .5

L ettuce, leaves Q uartz  po t 14.0 14 0 14.0 13.0 13.5 1 3 .2 5
culture

Beet, red, leaves
and  petioles F ield  cu ltu re 3 0 .0 3 0 .0 3 0 .0 2 8 .0 3 0 .0 2 9 .0

B eet, red, leaves
and petioles F ield cu ltu re 2 6 .0 2 4 .0 2 5 .0 2 5 .0 24 .0 2 4 .5

Beet, red, roots F ie ld  cu ltu re 9 .0 9 .0 9 .0 8 .0 8 .0 8 .0
R e d  cabbage,

leaves Field culture 11.5 12 .0 11.75 12.0 12 .0 1 2 .0
O kra, leaves F ield  culture 2 6 .0 2 6 .0 2 6 .0 2 6 .0 24 .0 2 5 .0
T om ato , leaves

and petioles F ield  cu ltu re 4 0 .0 3 8 .0 3 9 .0 40 .0 4 0 .0 4 0 .0
Shortleaf p i n e

seedlings F ield cu ltu re 9 .0 9 .0 9 .0 9 .0 9 .0 9 .0
H orsetail, leaves F ield cu ltu re 11 .0 11 .0 11.0 11.0 11.0 1 1 .0
C atta il, leaves Field cu ltu re 1 2 .0 12.0 12.0 11.0 12 .0 11 .5
Lemon, fru it pulp F ield  cu ltu re 11.6 11 .5 11.5 11.5 11 .5 1 1 .5
Lemon, f r u i t

ju ice0 F ield cu ltu re 0 .3 0 .3 0 .3 0 .3 0 .3 0 .3

a R esu lts  calcula ted  on basis of juice, n o t oven-dried residue.



•544 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 11, NO. 10

T a b l e  V . B o r o n  C o n t e n t  o f -Va r i o u s  P l a n t s  G r o w n  o n  
S a m e  S o il

(O ven-dry  basis)
A m ounts of B oron Found

Species of P lan t P o rtion  of P la n t A B
---P . p. W.—

Av.

Sw eet corn Leaves 4 4 4 .0
K ale Leaves and  petioles 

Leaves and  bulb
12 13 12.5

Leek 12 13 12.5
R ed  cabbage Leaves 12 12 12.0
G reen beans Leaves and  stem s 15 15 15.0
C arro t Roots 15 14 14.5
C arro t Leaves and  petioles 10 18 17.0
W hite  cabbage Leaves 16 18 17.0
O kra Leaves 18 18 18.0
T om ato Leaves 40 39 39 .5

D eterm in ation  o f T ota l B oron in  P la n ts  .
A n a l y t ic a l  P r o c e d u r e . Place a 0.25- to 0.50-gram sample 

of plant tissue (oven-dried and ground) in a platinum crucible or 
porcelain evaporating dish and ignite gently to  a white or gray ash. 
After cooling add 5 cc. of approximately 0.36 N  sulfuric acid and 
triturate with a policeman. After settling, place a 1-cc. aliquot of 
the clear supernatant liquid in a comparison vial, add 9 cc. of the
98.5 per cent sulfuric acid, stopper the vial, and cool. Then add 
0.5 cc. of quinalizarin solution, stopper, and mix well by whirling 
gently. Allow to stand a t least 15 minutes and then determine 
the boron content by comparing with a set of standards.

R e s u l t s .  Tlie results of analyses with and without the 
addition of potassium carbonate prior to ashing, given in 
Table IV, show that it is not necessary to add a base to the 
plant tissue to prevent loss of boron on ashing. Several 
plants—namely, shortleaf pine, horsetail, and cattail—-which 
have a preponderance of acidic constituents in their ash, 
were ignited with and without the addition of a base; no sig
nificant differences in boron content were noted. A sample 
of lemon juice was neutralized, and this juice, together with a 
sample to which no base had been added, was evaporated to 
dryness and ignited. The results show that even with tins 
very acid juice the boron suffers no loss on ignition. Other 
workers {2, 6) have obtained similar results. Apparently 
practically all plant tissue and juices release sufficient bases 
from organic combination when ignition takes place to hold 
the boron as a nonvolatile borate.

Table V gives the boron content of a number of species of 
plants grown on the same soil. The amounts found corre
spond well with the amounts found by other investigators (2). 
The boron content of corn leaves is much lower than that of 
many vegetables. Vegetables, fruits, truck crops, and leg
umes seem to süffer sooner from a lack of boron than the 
grasses, and this seems to be correlated with the boron con
tent of these plants.

Table VI gives the boron content of a number of species of 
plants and the available boron in the culture mediums in 
which the plants were grown. These data show that there is 
some correlation between the amount of available boron in 
the culture medium and that found in plant tissue grown 
thereon. This is especially true in the case of quartz cul
tures in which the amount of available boron can be closely 
controlled.

P recautions

Since many c. p .  chemicals contain appreciable amounts of 
boron, it is essential that all chemicals used in the determina
tion ¡of boron be tested for freedom from this element. Pyrex 
glass contains about 11 per cent of boric oxide and may cause 
serious contamination if used in this determination. Kavalier 
or other boron-free glassware should be used. All reagents 

- should-be-stored in containers made of boron-free glass.

Common soft-glass bottles are usually satisfactory. Great 
care must be exercised in measuring the 1-cc. aliquot of the 
unknown to which are added the reagents for color develop
ment, because an error of 1 drop in this measurement may 
cause an error of from 5 to 10 per cent in the final result, 
through its influence on the final acid concentration in the 
mixture. The 98.5 per cent sulfuric acid reagent and the 
quinalizarin solution should be stored in bottles equipped 
with tightly fitting glass stoppers to prevent absorption of 
water, and these bottles should not be left unstoppered. The
98.5 per cent sulfuric acid solution should be tested from 
time to tune, so as to be certain of its strength. Pipets, 
burets, and all other measuring instruments should be cali
brated.

T a b l e  VI. B o r o n  F o u n d  i n  P l a n t  T i s s u e  P r o d u c e d  u n d e r  
V a r i o u s  C o n d i t i o n s

(O ven-dry  basis)

Species 
of P lan t P o rtion  of P la n t N a tu re  of C ultu re

A m ounts of B oror 
A vail
able  in  T o ta l in 
cu ltu re  p la n t 

m edium  tissue
-------P .  p., m.------ »

B eets, red Leaves and  petioles 
R oots
Leaves and  petioles 
R oots

F ie ld  cu ltu re  
F ield  cu ltu re  
F ield  cu ltu re  
F ie ld  culture

0 .4 3
0 .43
0 .9 3
0 .9 3

14.5
6 .0

2 4 .0
9 .0

L ettuce Leaves Q uartz  p o t cu ltu re 0 .0 0
0 .2 5
0.50
1.00
2.00

3 .8
7 .0

10.3
13.5
10.5

Alfalfa Leaves and  stem s Q uartz  p o t cu ltu re 0 .0 0
0 .5 0
1.00
2 .0 0

8 .0
3 3 .5
4 1 .5  
5 1 .0

Sum m ary

By means of the quinalizarin color reaction it is possible 
with proper control of the acidity to detect 0.0001 mg. of 
boron. This reaction was found to be well adapted for the 
detection and colorimetric determination of the small amounts 
of boron found in soils, .plants, and many other materials. 
Interfering substances ordinarily present in soil extracts and 
plant tissues are easily removed by a simple ignition pro
cedure.

The available boron of soils is extracted by refluxing with 
water for 5 minutes. An aliquot of the filtered extract is 
then made alkaline and evaporated to dryness. The residue 
is ignited to destroy organic matter and nitrates, and then 
taken up with dilute acid, after which the quinalizarin colori
metric test for boron is applied.

In the determination of total boron in soils and silicates, a 
sodium carbonate fusion is made and the resulting melt is 
dissolved at pH 5.5 to 6.0 so as to leave insoluble most of the 
silica and sesquioxides. The bulk of the sulfate is thrown 
out of solution by the additon of alcohol. The filtered solu
tion is made alkaline, evaporated to dryness, and the residue 
ignited. After dissolving in dilute acid, the quinalizarin test 
is applied.

In the determination of the total boron of plants, the plant 
tissue is ignited to a gray ash which is taken up with dilute 
acid. The quinalizarin test is then applied to some of the 
clarified extract.

A considerable number of soils, some of which had been 
fertilized with borax, and plants variously fertilized with 
boron were analyzed. The results obtained were fairly con
sistent with the treatments given. The test for available 
boron of soils appears to be well adapted for determining the 
boron status of a soil.
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Volume-Shape Factor of Particulate Matter
Probable Errors in  the Computation

J . M . D A L L A  V A L L E  A NI) F . I I .  G O L D M A N , U . S . P u b lic  H e a lth  S erv ice , W a sh in g to n , D . C.

THE volume of an aggregate of irregularly shaped particles 
can be determined from their average diameter by the 
simple relation

7  = SND* (1)

where 8 is the volume-shape factor (for spheres =  ir/6), N  
the number of particles, and D the average diameter. The 
value of 5 is always less than ir/6 = 0.5236, and depends upon 
characteristics of the material, its mode of cleavage during 
crushing, and perhaps to some extent the particle size. The 
shape factor of small particles should approximate that for a 
sphere as their particle size decreases, particularly since the 
methods used for the measurement of their diameters fre
quently does not distinguish any dominant irregularities. 
However this may be, there are data to warrant the assump
tion that a representative sample of an aggregate has a fairly 
constant shape factor (1, 3). This paper furnishes experi
mental evidence of the variation in shape factor for crushed 
quartz particles between the range of 10- and 40-mesh Bureau 
of Standards calibrated screens.

Two sieve sizes were used in the experiments described— 
namely, those particles passing a 10-mesh sieve and retained 
on a 20-mesh, and those passing this and retained on a 40-

mesh. The sizes of sieve openings were: 10-mesh, 0.2 cm.; 
20-mesh, 0.084 cm.; and 40-mesh, 0.042. The sample was 
taken from the sieve and stored in a glass container. When 
aliquots were to be counted and weighed in accordance with 
the procedure discussed below, the total sample was placed 
upon a sheet of glazed paper and quartered.

The particles were carefully sieved and average diameters 
of upwards to 1000 particles in each sample determined by 
the technique developed by Hatch and Choate (S). The di
ameters of particles having an average volume were 0.214 
and 0.089 cm., indicating rather significant differences from 
the sieve sizes given above. (Logarithmic mean sizes of the 
corresponding samples are 0.19 ±  0.05 and 0.089 ±  0.05 cm.) 
These differences have been discussed at length by Hatch in a 
paper on the determination of average size from sieve analy
sis (£). No significant variations were found in the particle 
sizes for each of the two samples for aliquots less than 1000 
but more than 100 particles. Thus, the average diameters 
may be assumed as representative of the aggregates in ques
tion.

To determine the variation in shape factor, portions of 
each sample were weighed and counted and the average 
weight of each particle was calculated. This procedure

T a b l e  I . A v e r a g e  W e i g h t  o f  Q u a r t z  P a r t i c l e s  P a s s in g  
1 0 - M e s h  a n d  R e t a i n e d  o n  2 0 - M e s h

W eight of 
Particles

N um ber of 
Particles

A verage
W eight

per
P artic le D eviation D ev ia tio n 2

Grams 10 ~6 gram ¿ 0 " 5 lO -io
0 .5572
0.9811

128
187

435
525

-  2 
+ 8 8

4
7744

2.0674
2 .0979
2 .4995

443
495
472

467
424
530

+ 3 0
- 1 3
+ 9 3

900
169

8649
4 .0260
4.1882
4 .2124
4 .2855
4.8081

947
930

1028
1090
1284

425
450
409
393
374

- 1 2  
+  13 
- 2 8  
- 4 4  
- 6 3

144
169
784

1936
3969

5 .5026 1111 495 +  58 3364
6 .0034 1521 395 - 4 2 1764
9.1695 2084 440 +  3 9

17.6686
17.6951
17.8439
17.8482

4170
4139
4455
4396

424
428
401
406

- 1 3  
-  9 
- 3 6  
- 3 1

169
81

1296
961

A verage weight per pa rtic le  =■ f  X 1 0 - ■5 =  437 X 10 gram .

/•ai i i o
S tan d a rd  d ev ia tion  =  =±= V*~Y7—  * -  =*=428 X 10"« gram .

P robab le  error of 
10-« =  6.9% .

any  de te rm ina tion  *» 428 X 10-« X 0.6745 «  301

T a b l e  II. A v e r a g e  W e i g h t  o f  Q u a r t z  P a r t i c l e s  P a s s in g  
2 0 - M e s h  a n d  R e t a i n e d  o n  4 0 - M e s i i

W eight of 
Sam ple

N um ber of 
Particles

A verage
W eight

per
P article D eviation D eviatio

Grams 10~* gram Î0-« lO - i  2
0 .8805 3500 252 - 1 8 324
0 .8844 3500 253 - 1 7 289
0 .9366 3600 260 - 1 0 100
0.9889 3700 267 -  3 9
0.9962 3600 276 +  6 36
1.0014 4150 241 - 2 9 841
1.0037 3700 271 +  1 1
1.0069 3800 265 -  5 25
1.0310 3600 287 +  17 289
1.0324 4230 245 - 2 5 625
1.0413 3800 274 +  4 16
1.0504 3679 285 +  15 225
1.0920 4228 258 - 1 2 144
1.1125 3529 300 + 3 0 900
1.1171 3800 294 + 2 4 576
2.0010 6817 293 + 2 3 529
2.1484 8030 268 -  2 4
3.0039 11328 265 -  5 25
4.0189 14779 272 +  2 4
5.0043 18129 276 +  6 36

erage w eight per p artic le  = S g ïx io - . =  270 X 10 '« gram .

Î4998
S tan d ard  dev ia tion  «  =*= ^y ~2Q~ X 1 0 “ « — =*=50 X 1 0 “ ®. 

Probab le  error *  5 0  X 1 0 ~ «  X 0 .6 7 4 5  -  3 3 .7  X 1 0 " «  »  1 2 . 5 % .
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is in itself a measure of the shape factor, since the weight of 
the particles is obtained from Equation 1 by multiplying by 
the density

W  =  Sp N D 3 (2)

Since D  and p are known and may be considered constant,

rW5 =  K N (3)

Hence, the shape factor is as accurate as the average 
weight of the particles constituting the sample. Average 
particle weights were obtained by counting all particles 
from several portions of each sample, and reweighing. The 
results of this procedure are given in Tables I and II.

The tables show that the average particle weights as de
termined above are not constant. Nor does there appear to 
be any trend toward constancy, even when large numbers of 
particles are counted. The probable errors of individual 
samples are 6.9 and 12.5 per cent, which may be considered 
as being rather large.

The shape factors calculated from Equation 1 for the 
samples in question are 0.17 and 0.15, respectively (taking 
p = 2.65). These values correspond with the shape factors 
determined by Hatch and Choate for very small particles (S). 
These investigators obtained volume-shape factors as low as 
0.14 for particles of the order of 10 microns (0.001 cm.). 
Actual particle counts, however, were not made, but obtained 
by an indirect procedure.

Without question, the size distribution of the aggregate is 
most important. A small number of large particles can 
alter the ratio of W /N  although no significant change in the 
size distribution, and hence the average diameter, is apparent. 
The volume of a particle is as the cube of the diameter. 
Hence, a single particle of an aggregate with a diameter 10 
times that of the smallest has a volume (and mass) equivalent 
to 1000 particles of the latter. This fact undoubtedly ac
counts for the differences in average particle weights. (As 
a matter of experiment, the extremes of size-frequency plots 
vary from sample to sample without materially affecting 
the average or the median sizes.) It is questionable whether 
a size-weight distribution for calculating average diameters 
would yield better results since, as Hatch has pointed out, 
summation curves by weight and count will plot as parallel 
lines on logarithmic probability paper (£). I t may be con
cluded, therefore, that the best value of the volume-shape 
factor is that determined from the average particle weights of 
several aliquots of the aggregate, each including a large 
number of particles.
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Judging Adhesiveness of Bitumen to Silica Sand
A Comparison o f M ixing M ethod and W ash Test

IIANS F . W INTERKORN AND GEO. W. ECKERT 
M issouri S ta te  H ighw ay D e p a rtm e n t a n d  U niversity  of M issouri, C o lum bia , Mo.

THE fact that a certain parallelism exists between wetting 
and adhesiveness phenomena has tempted a number of 
investigators to apply the principles and methods of flotation 

to the problem of testing and improving the adhesiveness of 
bitumen to mineral aggregate. The inherent theoretical and 
practical limitations of such an undertaking have been out
lined previously (4). Here it need only be mentioned that 
while wetting phenomena are usually instantaneous, the de
velopment of maximum adhesion between a mineral surface 
and bituminous material is a function of time. A recent 
contribution applying flotation principles to the problem of 
bitumen adhesion is the work of McLeod (£), who while using 
activators and wetting agents assumes that the ease of cover
ing wet Ottawa sand with asphaltic bitumen is a measure of 
adhesiveness. Since the ease and speed with which the 
mixing test by McLeod can be performed would represent 
an advantage over the more lengthy procedure of the com
monly used wash test (1, 3, 5), it appeared desirable to com
pare results of these two tests on the same set of samples.

E xperim ental Procedure
The testing procedures used were the mixing method as re

ported by McLeod and the wash test with a machine previously 
described by the authors (5). For the experiments on mixing, 
Ottawa sand was thoroughly washed with distilled water and 
dried, and the fraction passing No. 8  and retained on a No. 40 
sieve was employed. Two asphaltic materials having the prop
erties given in Table I, and 0.05 N  solutions of sodium oleate 
and activator salts, respectively, were used for the tests. A

preliminary experiment showed tha t various MC and SC oils 
had different mixing efficiencies with the sand in the presence of 
water. However, the addition of from 0.2 to 0.5 cc. of 0.05 AT 
sodium oleate solution to any of the asphalt-sand-water mixtures 
resulted in a complete stripping of the coated sand and the balling 
up of the asphalt into numerous particles. The addition, there
after, of the activator solutions had different effects, varying 
with the concentration and type of compound. The mixtures 
for testing adhesion were made in the following manner:

Thirty grams of sand and 1 gram of asphaltic material were 
thoroughly mixed in the presence of water, enough water being 
added to cover the sand and the excess drained off.

T a b l e  I. P r o p e r t i e s  o f  A s p h a l t s

S aybolt-F uro l viscosity a t  122° F ., sec.
Specific g rav ity . 60° F . /6 0 0 F.
Flash p o in t, 0 F.
Oliensis 
Residue, %
P en e tra tio n  of residue a t  77° F ., 100 gram s, 0  sec. 
D u c tility  of residue a t  77° F ., cm.
Loss on heating  50 gram s 5 hours a t  325° F ., %

Varying degrees of coverage were obtained.
One-half cubic centimeter of 0.05 N  sodium oleate was added 

and the mixture stirred; complete stripping occurred.
The activator solution was added in 0.1-cc. increments with 

thorough mixing after each addition until the sand was uniformly 
coated or until it was seen th a t no coating would be accomplished.

Slow -Curing R oad
Oil

No. 1 No. 2
171 327

1.0402 0 .9766
240 260
P ositive N egative

7 1 .8 7 3 .2
86 85

101 150 +
9 .9 2 8 .3 6
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The adhesion data and mixing observations are given in 
Table II. The adhesiveness tests were made after the 
samples had cured in air 3 days and then stood in water one 
day.

R esu lts
Asphalt 1, when mixed with the sand in the absence of 

water, wetting, and activating agents gave a very good coat
ing, and after the same curing period as described above gave 
the best possible adhesion. Mixed in the presence of water, 
the mixing was still very good, whereas after the same curing 
period as above the asphalt stripped at 60° C., being not af
fected at 30° and 45° C., which can be called fair adhesion.

Asphalt 2, when mixed with the sand in the absence of 
water, wetting, and activating agents, gave a poor mix and 
poor adhesion. Mixing and adhesion were also very poor 
when this asphalt and sand were mixed in the presence of 
water.

These two asphalts provide the two extremes for observa
tion—e. g., very good and very poor adhesion. The data in 
Table II indicate a similarity in the results of mixing observa
tions and adhesion tests if both activator and wetting agent 
are used. There is, however, no exact correlation, because 
several mixes which were very good on the basis of efficient 
mixing gave poor adhesion. These cases are magnesium 
chloride and silver nitrate with asphalt 2. These two salts 
also lowered the adhesion of asphalt 1.

Since the wetting agent (sodium oleate) in the absence of 
an activator caused the complete stripping of the asphalts 
from the sand, the effect of omitting the wetting agent and 
adding only the so-called activator solution was investigated. 
Results of these experiments are given in Table III. In this 
case, the amount of water present is more important than 
where the activator and wetting agent are used.

These tests indicate that the salt solutions which are bad 
with soap are also bad when soap is not used. However, 
some of the salt solutions which have a good effect in con
nection with soap do not give good results when soap is not 
used. Lead nitrate appeared to be the best reagent in re
gard to both mixing and adhesion results, although potassium 
aluminum sulfate was almost as good. Calcium chloride, 
magnesium cldoride, and silver nitrate were generally not 
good with regard to adhesion, although magnesium chloride 
and silver nitrate tended in proper amounts to give good 
mixing (with soap). Ferric chloride used without soap gave

T a b l e  II. M i x i n g  a n d  A d h e s io n  D a t a

(0.5 co. of sodium oleate used)

Soap Salt

Salt
Solu
tion,
Cc. M ix

A dhesion Value® 
30° 45° 60° 70°

1 C o(N O j)j 0 .2
A sphalt 1 

Uniform 1 1 1 1
2 KAKSOOj 0 .1 U niform 1 1 1 1
3 FeCla 0 .1 U niform 1 1 1 1
4 Pb(NO a)i 0 .1 U niform 1 1 1 1
5 ZnSO< 0 .2 U niform 1 1 1 1
6 AgNO* 0 .9 U niform 1 1 1 3
7 CaCU 0 .5 U niform 1 1 3
8 B aC h 0 .2 Uniform 1 1 1 1
9 M gC h 0 .5 Uniform 1 1 1 3

10 CuSO* 0 .2 Uniform 1 1 1 1

1 C o(N O s)2 0 .2

A sphalt 2 
C oating 
Uniform 1 1 1 1

2 KAKSO«)* 0.1 U niform 1 1 1 1
3 FeCla 0 .3 U niform 1 1 1 1
4 Pb(NO a)i 0 .1 U niform 1 1 1 1
5 ZnSO< 0 .2 U niform 1 1 1 1
6 A gN O j 1.2 P oor u n til 1.2 cc. were added 3
7 CaCU 2.1 V ery poor 

Good
3

18 B aC h 0 .1 1 1 1
9 M gClî 0 .5 P oor u n til 5 cc. were added 2 3

10 CuSO< 0 .1 U niform 1 1 Ï Ï

° 1 = no s tripp ing , 2 = 25%  or less s tripped , 3 =  m ore th a n  25%  stripped

T a b l e  I I I .  R e s u l t s  U s i n g  A c t i v a t o r AND O m i t t i n g  W e t t in g

/-------R eagen t-------*
0.05 N H20

A g e n t

Mix 30° 45° 60 o 70o

Co(N O  zh

Cc.

1

Cc.

7
A sphalt 1 

M edium 1 l 1
5 3 M edium 1 l 1

M gClj 1 7 Poor 1 l 1
5 3 Poor 1 l 1

C aC h 1 7 Poor 1 l 1
5 3 Poor 1 l 3

BaCl: 1 7 M edium 1 l 3

Pb(NO a)2
5 3 M edium 1 l 1
1 7 Very good 1 l 1

KA1(S04)j
5 3 Very good 1 l 1
1 7 V ery good 1 l 1

C uSO*
5 3 V ery good 1 l 1
1 7 V ery good 1 i 1

FeCla
5
1

3
7

V ery good 
Good

1
1

l
l 1

5 3 Poor 1 l 1
AgNOa 1 7 Good 1 i 2

5 3 Good 1 l 1 1
ZnSO* 1 7 V ery good 1 i 3

None
5 3 V ery good 1 l 3

N one Very good 1 l 1 Ï
8 V ery good 1 l 3

CaCIi 1 7
A sphalt 2 

Poor 3
5 3 Poor 3

KA1(SO0î 1 7 Poor 1 3*
5 3 Poor 1 1

Pb(NO a)i 1 7 Poor 1 1

iBaCh
5 3 Poor 1 1
1 7 Poor 1 1
5 3 Poor 1 1

AgNOa 1 7 Poor
5 3 Poor 1 3

FeCla 1 7 Poor 1 1
5 3 Poor 1 1

CuSO« 1 7 Poor 3
5 3 Good 1 3

M gClj 1 7 Poor 3
5 3 Poor 3

Co(NOa)i 1 7 Poor 3
5 3 Poor 3

N one 8 Poor 3
N one Poor 3

good mixing when added in very small quantities, but as the 
quantity was increased the mixing efficiency decreased. 
However, any particles which were coated in the presence of 
ferric chloride gave very good adhesion.

C onclusions
The ease of covering a sand with a bituminous material by 

means of simple mixing may be a general indication, but is 
not a dependable measure of the adhesion relationship be
tween the bitumen and the sand.

The best agreement of the mixing test data with those 
from the wash test occurs where wetting agents are used in 
conjunction with aluminum, iron, and lead ions—i. e., with 
those ions which are generally recognized as favorably af
fecting adhesion of bitumen to aggregate. For such cases 
and where the aggregate has to be coated in the wet condition 
with the help of soap-type activators the McLeod test ap
pears to have some merit.

The mixing test cannot be substituted for the wash test if 
definite information on the adhesion relationship between 
bitumen and aggregate is desired.
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A Table for Ebulliometers
For Use with A lcoholic Liquids Containing Solid Matter

R . F . L O V E , A lc o h o l T a x  U n it  L a b o ra to ry , B u r e a u  o f  I n te r n a l  R e v e n u e , S a n  F r a n c isc o , C a lif .

THE ebulliometer is used in many industrial plants such 
as wineries, breweries, and distilleries for rapid determi
nation of the alcohol content of wine, beer, mash, and distilled 

liquors. The tables or scales which accompany the ebulli
ometers are constructed for liquids containing either no solid 
matter or one rather definite quantity of solids such as would 
be found in beer or light wine.

Since the variety of alcoholic liquids which the ebulliometer 
may be called upon to analyze is rather large and may cover 
solid contents of considerable range, a table which takes into 
account such solid matter may be of value.

To obtain data with which to construct such a table, mixtures 
of 192-proof alcohol, sucrose, and distilled water were prepared 
containing approximately 1, 3, 5, 7, 9, and 11 per cent of alcohol 
by volume accurately determined by a pycnometer, and 0, 2, 4, 
6 , 8 , and 10 grams of sucrose per 100 ml.—a total of 36 solutions. 
Dilutions were made with a buret and a volumetric flask which 
were checked against each other, and the liquids were measured 
a t 20° C.

Each solution was tested, simultaneously, in a Juerst and a 
Salleron ebulliometer. The thermometer used with the Juerst 
was manufactured by the Taylor Instrum ent Company, was 
graduated the same as the Juerst thermometers, and was certified 
by the National Bureau of Standards. The thermometer used 
with the Salleron was the one furnished with the ebulliometer,

and although it had not been certified by the National Bureau 
of Standards, it agreed very closely with the Taylor instru
ment. In a third ebulliometer, water was kept boiling con
tinuously to detect any change in boiling point during the 
periods of testing.

Before each series of tests, the ebulliometers were cleaned by 
boiling with a strong solution of alkali to remove the film of solid 
m atter which collects inside the boiler after only a few tests are 
made and which causes bumping. Solutions containing more than 
10 grams per 100 ml. of sucrose were not used because of the 
tendency of liquids of high-solid content to bump. Such liquids 
are best analyzed by diluting the samples. Even after thorough 
washing of the boiler, the first boiling point of water was usually 
different from the succeeding ones; therefore the boiling point of 
water was obtained by boiling successive portions of water until 
several duplicate results were obtained.

The boiler was then thoroughly rinsed with the alcoholic liquid 
to be tested,, but in spite of th a t fact, the boiling point of the solu
tion was affected by the previous presence of water and the first 
reading had to be discarded, as it was usually high, corresponding 
to a percentage of alcohol which was too low.

The boiling point of each solution was determined at least 
six times with each ebulliometer. The readings were made 
by observing the thermometers every 15 seconds from the 
time boiling started until the mercury remained constant dur
ing several observations. The point at which the mercury was

T a b l e  I. B o i l i n g  P o i n t  D i f f e r e n c e s , J u e r s t  E b u l l io m e t e r

-G ra in s  of Sucrose per 100 M l. of So lu tion -
Alcohol 0 2 4 6 8 10

%
0.9585 0 .9 5 0 .9 2 0 .8 9 0 .8 6 0 .83 0 .8 2
2.8755 2 .6 8 2 .6 8 2 .6 9 2 .7 2 2 .67 2 .70
4.7925 4 .2 0 4 .23 4 .22 4 .2 5 4 .2 7 4 .3 0
6.7095 5 .60 5 .6 5 5 .6 6 5.71 5 .73 5 .76
8.0265 6 .83 6.91 6 .92 7 .0 2 7 .07 7 .1 2

10.5435 7 .9 6 8 .0 2 8 .1 2 8 .19 8 .17 8 .2 7

T a b l e  II. A d j u s t e d  R e s u l t s  U s e d  i n  C o n s t r u c t i n g  a  
T a b l e , J u e r s t  E b u l l i o m e t e r  

.-----------G ram s of Sucrose per 100 M l. of S o lu tion----------- .
Alcohol

%
0.9585

0 2 4 6 8 10

0 .9 5 0 .9 2 0 .8 9 0 .8 6 0 .8 3 0 .8 0
2.8755 2 .0 8 2 .6 8 2 .6 8 2 .6 8 2 .6 8 2 .6 8
4 .7925 4 .2 0 4 .2 2 4 .2 4 4 .2 6 4 .2 8 4 .3 0
6.7095 5 .6 0 5 .03 5 .6 6 5.69 5 .72 5.75
8.6265 6 .82 6 .8 8 6 .9 4 7 .0 0 7 .0 6 7.'12

10.5435 7 .9 6 8.02 8 .0 8 8 .14 S .20 8 .26

T a b l e  III. B o i l i n g  P o i n t  D i f f e r e n c e s , S a l l e r o n

Alcohol 0

E b u l l io m e t e r

— G ram s of Sucrose per 100 M l. of So lu tion - 
2 4 6 8 10

%
0.9585 0 .9 4 0 .9 2 0 .8 9 0 .8 8 0 .8 5 0 .8 4
2.8755 2 .6 8 2 .6 8 2 .6 9 2 .7 0 2 .70 2 .70
4 .7925 4 .2 0 4 .23 4 .2 6 4 .29 4 .31 4 .3 5
6.7095 5 .6 0 5 .65 5 .6 6 5.71 5 .77 5.81
8.6255 6 .84 6 .90 6 .9 2 6 .96 7 .06 7 .1 0

10.5435 7 .9 6 8 .02 8 .0 9 8 .1 6 8 .17 8 .2 6

T a b l e  IV. A d j u s t e d  R e s u l t s , S a l l e r o n  E b u l l io m e t e r

-G ra m s  of Sucrose per 100 M l. of S o lu tion-
Alcohol 0 2 4 6 8 10

%
0.9585 0 .9 4 0 .92 0 .9 0 0 .8 8 0 .8 6 0 .8 4
2 .8755 2 .69 2 .69 2 .6 9 2 .6 9 2 .69 2 .6 9
4 .7925 4 .2 0 4 .23 4 .2 6 4 .2 9 4 .3 2 4 .3 5
6 .7095 5 .60 5 .64 5 .6 8 5 .72 5 .76 5 .8 0
8 .6255 6 .84 6 .89 6 .94 6 .99 7 .0 4 7 .0 9

10.5435 7 .95 8.01 8 .0 7 8 .13 8 .19 8 .2 5

T a b l e  V. R e a d in g s  w i t h  J u e r s t  E b u l l io m e t e r

Boiling P o in t 
Difference

Sucrose 
G ram s/100 ml.

Alcohol 
%  by volume

Found High Low V aria tion

0 0 .9585 0 .9 5 0 .9 5 0 .9 4 0 .01
0 2.8755 2 .6 8 2 .6 9 2 .6 7 0 .0 2
0 4 .7925 4 .20 4 .2 2 4 .1 9 0 .0 3
0 6.7095 5.61 5 .63 5 .5 9 0 .0 4
0 8.6265 6 .8 3 6 .85 6 .82 0 .0 3
0 10.5435 7 .9 8 7 .9 9 7 .9 7 0 .0 2
2 0 .9585 0 .9 2 0 .9 3 0 .9 2 0.01
2 2.8755 2 .6 8 2 .69 2 .6 7 0 .0 2
2 4.7925 4 .2 3 4 .2 4 4 .2 2 0 .0 2
2 6.7095 5 .6 5 5 .6 8 5 .62 0 .0 6
2 8.6265 6.91 6.93 6 .8 7 0 .0 6
2 10.5435 8 .0 4 8 .0 5 8 .03 0 .02
4 0.9585 0 .8 9 0 .8 9 0 .9 0 0 .01
4 2.8755 2 .6 9 2 .7 0 2 .67 0 .03
4 4.7925 4 .2 2 4 .25 4 .20 0 .0 5
4 6.7095 5 .66 5 .70 5 .63 0 .0 7
4 8.6265 6 .92 6 .93 6 .9 0 0 .0 5
4 10.5435 8 .1 2 8 .14 8 .1 0 0 .0 4
6 0 .9585 0 .8 6 0 .8 7 0 .8 5 0 .0 2
6 2.8755 2 .7 2 2 .73 2 .70 0 .0 3
6 4 .7925 4 .25 4 .27 4 .2 2 0 .0 5
6 6.7095 5 .71 5 .74 5 .6 8 0 .0 6
6 8.6265 7 .0 2 7 .0 4 7 .0 0 0 .0 4
6 10.5435 8 .19 8.21 8 .1 8 0 .0 3
8 0.9585 0 .8 3 0 .8 4 0 .8 2 0 .0 2
8 2 .8755 2 .67 2 .70 2 .6 3 0 .0 7
8 4.7925 4 .2 7 4 .3 0 4 .23 0 .0 7
8 6.7095 5 .73 5 .7 6 5 .71 0 .0 5
8 8.6265 7.07 7.11 7 .03 0 .0 8
8 10.5435 8 .1 7 8 .1 8 8 .1 3 0 .0 5

10 0.9585 0 .8 2 0 .8 4 0 .81 0 .03
10 2.8755 2 .7 0 2 .71 2 .6 8 0 .03
10 4 .7925 4 .3 0 4 .3 2 4 .2 6 0 .0 6
10 6.7095 5 .76 5 .7 8 5 .73 0 .0 5
10 8.6265 7 .1 2 7 .15 7 .1 0 0 .0 5
10 10.5435 8 .2 7 8 .2 9 8 .2 4 0 .0 5

T a b l e  VI. F o r m u l a s  f o r  C a l c u l a t i n g  E b u l l io m e t e r  T a b l e

(F igures in  first colum n rep resen t gram s of sucrose per 100 ml. of solution)

0 y  -  0.98469* +  0.03004** +  0.00158*’
2 y  =  1.00018* +  0.02088*2 +  0.00219*’
4 y  =  1,03436* 4- 0.00997*! +  0.00291*’
6 y  =  1.05861* +  0.00072*’ 4- 0.00348*’
8 y  — 1.08209* -  0.00817*’ 4- 0.00402*’

10 y  =  1.11577* -  0.02054*’ 4- 0.00484*’

548
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stationary for the longest period was recorded and the total 
of such readings averaged. Readings were estimated to 
hundredths of a degree on each thermometer. Results ob
tained, in boiling point differences, are shown in Table I for 
the Juerst and in Table III for the Salleron. Since these 
figures were slightly irregular, they were adjusted so that 
when plotted, smooth curves would be obtained. Table II 
shows the adjusted results used for constructing the table for

the Juerst ebulliometer. The adjusted results for the Salleron, 
shown in Table IV, were so nearly like the corresponding ones 
for the Juerst that one table was considered satisfactory for 
both ebulliometers. Table V shows the highest and lowest 
readings obtained for each solution and proves that consistent 
results can be obtained by using care in all of the manipula
tions. The variations in individual readings on the Salleron 
thermometer were larger than those on the Juerst because the

T a b l e  VII. T a b l e  t o  A c c o m p a n y  E b u l l io m e t e r

(P er cent of a lcohol b y  volum e corresponding to  differences in boiling po in ts for quan titie s  of sucrose betw een 0 and  10 gram s per 100 ml.) 
Boiling 
P o in t

D ifference
-G ram s of Sucrose per 100 M l. of S o lu tio n -

4 6
Per cent by volume

8 10

Boiling
P o in t

Difference 0 -G ram s of Sucrose per 100 M l. of S o lu tio n -
4 6

Per cent by volume
8 10

- 0 . 1 5 0 .0 3 .9 5 4 .4 5 4 .4 3 4 .4 2 4 .41 4 .4 0 4 .3 9
- 0 . 1 0 0 .01 0 .04 4.00 4 .5 2 4.50 4 .4 8 4 .47 4 .4 6 4 .4 5
- 0 . 0 5 o!o 0iÔ3 0 .06 0 .09

4 .0 5 4 .59 4 .5 7 4 .5 30 .0 o io 0 .0 2 0 .0 5 0 .0 8 0.11 0 .1 4 4 .5 5  • 4 .5 2 4 .51
4 .1 0 4 .6 5 4 .6 3 4 .61 4 .5 9 4 .5 8 4 .5 7

0 .0 5 0 .0 5 0 .0 7 0 .1 0 0 .1 3 0 .1 6 0 .19 4 .1 5 4 .7 2 4 .7 0 4 .6 8 4 .6 6 4 .6 4 4 .6 3
0 .1 0 0 .1 0 0 .1 2 0 .1 5 0 .1 8 0.21 0 .2 4 4 .2 0 4 .7 8 4 .7 6 4 .7 4 4 .7 2 4 .7 0 4 .6 8
0 .1 5 0 .1 5 0 .1 7 0 .1 9 0 .2 2 0 .2 5 0 .2 8 4 .2 5 4 .8 5 4 .8 3 4.81 4 .7 8 4 .7 6 4 .7 4
0 .2 0 0 .2 0 0 .2 2 0 .2 4 0 .2 7 0 .3 0 0 .33 4 .3 0 4 .91 4 .8 9 4 .8 7 4 .8 4 4 .8 2 4 .8 0
0 .2 5 0 .2 5 0 .2 7 0 .2 9 0 .3 2 0 .3 5 0 .3 8 4 .3 5 4 .9 8 4 .9 6 4 .9 3 4 .9 0 4 .8 8 4 .8 6
0 .3 0 0 .3 0 0 .3 2 0 .3 4 0 .3 7 0 .4 0 0 .43 4 .4 0 5 .04 5 .0 2 4 .9 9 4 .9 6 4 .9 4 4 .9 2
0 .3 5 0 .3 5 0 .3 7 0 .3 9 0.41 0 .4 4 0 .4 7 4 .4 5 5 .11 5 .0 8 5 .0 5 5 .02 5 .0 0 4 .9 8
0 .4 0 0 .4 0 0 .4 2 0 .4 4 0 .4 6 0 .4 9 0 .5 2 4 .5 0 5 .1 8 5 .15 5 .12 5 .09 5 .0 6 5 .04
0 .4 5 0 .4 5 0 .4 7 0 .49 0.51 0 .5 4 0 .5 7 4 .55 5 .25 5.22 5 .19 5 .16 5 .13 5 .1 0
0 .5 0 0 .5 0 0 .5 2 0.54 0 .5 6 0 .59 0 .6 2 4 .6 0 5 .32 5 .2 8 5.25 5 .22 5.19 5 .1 6
0 .5 5 0 .5 5 0 .5 7 0 .59 0.61 0 .6 4 0 .6 7 4 .6 5 5 .3 8 5 .3 4 5.31 5 .2 8 5 .25 5 .22
0 .0 0 0 .6 0 0 .6 2 0 .64 0 .6 6 0 .6 9 0 .7 2 4 .7 0 5 .45 5 .41 5 .3 8 5 .35 5 .3 2 5 .29
0 .6 5 0 .6 5 0 .6 7 0 .6 9 0.71 0 .7 3 0 .7 6 4 .7 5 5 .5 2 5 .4 8 5 .45 5.41 5 .3 8 5 .3 5
0 .7 0 0 .7 0 0 .7 2 0 .7 4 0 .7 6 0 .7 8 0 .81 4 .8 0 5 .59 5 .5 5 5.52 5 .4 8 5 .4 5 5 .42
0 .7 5 0 .7 6 0 .7 8 0 .8 0 0 .8 2 0 .8 4 0 .8 6 4 .8 5 5 .6 6 5 .6 2 5 .59 5 .55 5 .52 5 .4 8
0 .8 0 0 .81 0 .83 0 .8 5 0 .87 0 .8 9 0 .91 4 .9 0 5 .73 5 .69 5 .6 6 5 .62 5 .5 8 5 .54
0 .8 5 0 .8 6 0 .8 8 0 .9 0 0 .9 2 0 .9 4 0 .9 6 4 .9 5 5 .8 0 5 .7 6 5 .73 5.69 5 .65 5 .61
0 .9 0 0 .91 0 .9 2 0 .9 4 0 .9 6 0 .9 8 1.00 5 .00 5 .8 7 5 .83 5.79 5 .75 5.71 5 .67
0 .9 5 0 .9 6 0 .9 7 0 .9 9 1.01 1.03 1 .05 5 .05 5 .9 4 5 .9 0 5.86 5 .82 5 .7 81 .00 1.02 1.03 1 .04 1 .06 1.08 1 .10 5 .74

5 .1 0 6 .01 5 .9 6 5.92 5 .8 8 5 .84 5 .8 0
1.05 1 .07 1 .08 1.09 1.11 1.13 1.15 5 .15 6 .0 8 6 .03 5 .99 5 .9 5 5.91 5 .87
1.10 1.12 1 .13 1.14 1.16 1 .18 1.20 5 .20 6 .15 6 .1 0 6 .06 6.01 5 .9 7 5 .93
1.15 1 .17 1 .18 1.19 1.21 1.23 1.25 5 .25 6 .2 2 6 .17 6 .1 3 6 .0 8 6 .0 4 6 .0 0
1 .20 1.22 1 .23 1.24 1.26 1.28 1.30 5 .30 6 .30 6 .2 5 6.20 6 .15 6 .11 6 .0 6
1.25 1 .28 1.29 1 .30 1.32 1.34 1.36 5 .3 5 6 .37 6 .3 2 6.27 6 .22 6 .1 7 6.12
1 .30 1.33 1.34 1.35 1.37 1.39 1.41 5 .4 0 6.44 6 .39 6 .34 6 .2 9 6.24 6 .1 9
1.35 1.39 1 .40 1.41 1.43 1.45 1.47 5 .45 6.52 6 .4 6 6.41 6 .36 6 .31 6 .2 6
1.40 1 .44 1.45 1.46 1.48 1.50 1.52 5 .5 0 6 .59 6 .53 6 .4 8 6 .43 6 .3 8 6 .33
1 .45 1.50 1.51 1.52 1.54 1.56 1.58 5 .55 6 .6 6 6 .6 0 6 .55 6 .49 6 .44 6.39
1 .50 1.55 1.56 1 .57 1.59 1.61 1.63 5 .6 0 6.73 6 .6 7 6 .62 6 .56 6.51 6.45
1.55 1.61 1.62 1.63 1.65 1.67 1.69 5 .6 5 6.81 6 .7 4 6 .69 6 .63 6 .57 6.51
1.60 1.66 1.67 1.68 1.70 1.72 1 .74 5 .70 6 .8 8 6.81 6 .76 6 .7 0 6 .64 6 .5 8
1.65 1.72 1 .73 1.74 1.76 1 .78 1.80 5 .75 6 .9 5 6 .8 8 6 .83 6 .77 6.71 6.55
1.70 1.77 1.78 1.80 1.82 1 .84 1.86 5 .80 7 .03 6 .96 6 .90 6 .84 6 .7 8 6 .72
1.75 1 .83 1.84 1.86 1.88 1 .90 1.92 5.85 7.11 7 .0 4 6 .9 8 6.92 6 .86 6.80
1.80  . 1 .88 1.89 1.91 1 .93 1.95 1.97 5 .90 7 .1 8 7.11 7 .0 5 6 .99 6 .93 6.87
1.85 1 .94 1.95 1.97 1.99 2.01 2 .0 3 5 .95 7 .2 5 7 .1 8 7 .12 7.06 7 .00 6.93
1.90 1.99 2 .00 2 .0 2 2 .04 2 .0 6 2 .0 8 6 .0 0 7 .3 3 7 .2 6 7 .1 9 7 .13 7 .07 7 .0 0
1.95
2 .0 0

2 .0 5
2 .1 0

2 .0 6
2.11

2 .0 8
2 .1 3

2 .1 0
2 .1 5

2 .1 2
2 .17

2.14
2.19 6.05 7 .40 7 .3 3 7 .2 6 7 .2 0 7 .13 7 .0 6

6 .1 0 7 .4 8 7.41 7 .3 4 7.27 7 .20 7 .1 3
2.05 2 .1 6 2 .1 7 2 .19 2 .21 2 .2 3 2 .25 6 .15 7 .5 5 7 .4 8 7.41 7 .34 7 .2 7 7.20
2 .1 0 2.21 2.22 2 .2 4 2 .2 6 2 .2 8 2.30 6 .20 7 .63 7 .56 7 .49 7.42 7 .3 5 7 .2 8
2.15 2 .2 7 2 .2 8 2 .3 0 2 .3 2 2.34 2 .36 6 .25 7.71 7 .6 4 7 .5 6 7.49 7.42 7 .3 5
2 .2 0 2 .3 3 2 .3 4 2 .3 6 2 .3 8 2 .39 2.41 6 .30 7 .79 7 .7 2 7 .64 7 .5 7 7 .5 0 7 .43
2 .2 5 2 .39 2 .4 0 2 .4 2 2 .4 4 2 .4 5 2 .47 6 .35 7 .8 7 7 .8 0 7 .72 7 .6 5 7 .5 7 7 .5 0
2 .3 0 2 .4 4 2 .45 2 .4 7 2.49 2 .5 0 2 .5 2 6 .40 7 .94 7.87 7 .79 7 .7 2 7 .64 7 .57
2 .3 5 2 .5 0 2 .5 0 2 .5 2 2 .5 4 2 .5 5 2 .57 6 .45 8 .02 7.95 7 .87 7 .80 7 .7 2 7 .6 5
2 .4 0 2 .5 6 2 .5 6 2 .5 8 2 .5 9 2 .6 0 2.62 6 .50 8 .1 0 8 .03 7 .95 7 .8 7 7 .79 7 .72
2 .4 5 2 .6 2 2 .6 2 2 .6 4 2 .6 5 2 .6 6 2 .6 8 6.55 8 .1 8 8 .1 0 8 .02 7 .9 4 7 .8 6 7 .7 9
2 .5 0 2 .6 7 2 .6 7 2 .6 9 2 .7 0 2.71 2 .73 6 .6 0 8 .2 6 8 .1 8 8 .1 0 8 .02 7 .9 4 7 .8 6
2.55 2 .73 2 .7 3 2 .7 5 2 .7 6 2 .7 7 2 .79 6 .6 5 8.34 8 .2 6 8 .1 8 8 .1 0 8 .0 2 7 .94
2 .6 0 2 .79 2 .7 9 2.81 2 .8 2 2 .8 3 2 .8 5 6.70 8.42 8 .34 8 .2 6 8 .1 8 8.10 8 .0 2
2 .6 5 2 .85 2 .8 5 2 .8 7 2 .8 8 2 .8 9 2.91 6.75 8 .5 0 8 .42 8.34 8 .2 6 8 .17 8 .0 9
2 .7 0 2.91 2 .91 2 .9 3 2 .9 4 2 .9 5 2 .97 6.80 8 .5 8 8 .49 8.41 8 .33 8 .24 8 .1 6
2 .7 5 2 .9 7 2 .9 7 2 .9 8 2 .9 9 3.01 3 .03 6.85 8 .66 8 .5 7 8.49 8 .40 8.31 8 .13
2 .8 0 3 .0 3 3 .0 3 3 .0 4 3 .0 5 3 .0 7 3 .0 8 6 .9 0 8 .74 8 .65 8 .57 8 .4 8 8 .39 8.31
2.85 3 .0 9 3 .0 9 3 .1 0 3 .11 3 .1 2 3 .1 3 6 .95 8 .82 8 .73 8 .6 5 8 .56 8 .4 7 8 .3 8
2 .9 0 3 .1 5 3 .1 5 3 .1 5 3 .1 6 3 .1 7 3 .1 8 7 .0 0 8.91 8 .8 2 8 .7 3 8 .64 8 .5 5 8 .4 6
2.95 3 .21 3 .21 3 .21 3 .21 3 .2 2 3 .23 7 .05 8 .99 8 .90 8.81 8 .7 2 8 .63 8 .5 43 .0 0 3 .2 7 3 .2 7 3 .2 7 3 .2 7 3 .2 8 3 .29 7 .1 0 • 9 .07 8 .9 8 8 .89 8 .8 0 8.71 8 .6 2
3 .0 5 3 .3 3 3 .3 3 3 .33 3 .33 3 .3 4 3 .3 5 7 .15 9 .1 5 9 .0 6 8 .97 8 .86 8 .7 9 8 .7 0
3 .1 0 3 .3 9 3 .3 9 3 .39 3 .3 9 3 .4 0 3.41 7 .2 0 9 .2 3 9 .1 4 9.05 8 .9 6 8 .87 8 .7 8
3 .1 5 3 .4 5 3 .4 5 3 .4 5 3 .4 5 3 .4 6 3 .4 7 7 .2 5 9.31 9 .2 2 9 .1 3 9 .0 4 8 .9 5 8 .8 6
3 .2 0 3.51 3 .5 0 3 .5 0 3 .5 0 3.51 3 .5 2 7 .30 9 .4 0 9.31 9 .2 2 9.12 9 .03 8 .9 4
3 .2 5 3 .5 7 3 .5 6 3 .5 6 3 .5 6 3 .5 7 3 .5 8 7 .35 9 .4 8 9 .3 9 9 .3 0 9 .2 0 9.11 9 .01
3 .3 0 3 .6 3 3 .6 2 3 .6 2 3 .6 2 3 .6 3 3 .6 4 7 .4 0 9 .5 7 9 .4 8 9 .3 8 9 .2 8 9 .19 9 .0 9
3 .3 5 3 .6 9 3 .6 8 3 .6 8 3 .6 8 3 .6 9 3 .69 7 .45 9 .6 5 9 .5 6 9 .4 6 9 .3 6 9 .2 7 9 .1 7
3 .4 0 3 .7 5 3 .7 4 3 .7 4 3 .7 4 3 .7 4 3 .74 7 .5 0 9 .7 4 9 .65 9 .5 5 9 .4 5 9 .3 6 9 .2 6
3 .4 5 3.81 3 .8 0 3 .8 0 3 .8 0 3 .8 0 3 .80 7 .5 5 9 .82 9 .73 9 .63 9 .53 9 .4 4 9.34
3 .5 0 3 .8 7 3 .86 3 .8 6 3 .86 3 .8 6 3 .8 6 7 .60 9.91 9.81 9 .71 9.61 9 .5 2 9 .4 2
3 .5 5 3 .9 4 3 .9 3 3 .93 3.92 3 .9 2 3 .9 2 7 .65 10.00 9 .90 9 .8 0 9 .7 0 9 .61 9.51
3 .6 0 4 .0 0 3 .9 9 3 .99 3 .9 8 3 .9 8 3 .9 8 7 .70 10.09 9 .99 9 .8 9 9 .79 9 .7 0 9 .6 0
3 .6 5 4 .0 6 4 .0 5 4 .0 5 4 .0 4 4 .0 4 4 .0 4 7 .75 10.18 10.08 9 .9 8 9 .88 9 .7 8 9 .6 8
3 .7 0 4 .1 3 4 .1 2 4 .1 2 4 .11 4 .10 4 .1 0 7 .8 0 10.26 10.16 10.06 9 .9 6 9 .8 6 9.76
3 .7 5 4 .2 0 4 .19 4 .1 8 4 .1 7 4 .1 6 4 .1 6 7 .8 5 10.35 10.25 10.15 10.05 9 .95 9 .8 4
3 .8 0 4 .2 6 4 .2 5 4 .24 4 .2 3 4 .2 2 4 .2 2 7 .9 0 10.44 10.34 10.24 10.14 10.03 9 .9 2
3 .8 5 4 .3 2 4.31 4 .3 0 4 .2 9 4 .2 8 4 .27 7 .95 10.52 10.42 10.32 10.22 10.11 10.00
3 .9 0 4 .3 9 4 .3 7 4 .3 6 4 .3 5 4 .34 4 .3 3 8 .00 10.61 10.51 10.40 10.30 10.19 10.09
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F i g u r e  1

th e  J u e rs t  tab le  a t  
boiling point difference 
5.00 and from 6.20 to 
7.75.

A correction table (1) 
to be used for beer and 
beverages having a real 
extract (solids) of from 
3 to 12 per cent gives a 
factor to be added to 
the alcohol found, ac
cording to the amount 
of solids present. I t 
agrees ex ac tly  w ith  
Table VII at 5.66 per 
cen t alcohol, for the  
various percentages of 
sucrose, but it cannot 
be used for liquids con
taining other percent
ages of alcohol.

L iterature C ited
(1) E i m e r  a n d  A m e n d ,

Bull. 600, p. 6.
(2) U. S. In ternal Revenue

Regulations, 7, Table 
V II.

(3) Ibid., Table V III.
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scale divisions of the Salleron are smaller and consequently 
more difficult to read.

A formula was obtained for each series of solutions con
taining the same quantity of sucrose, by use of the equation 
y = ax +  bx1* +  cx3, in which y is the difference between boil
ing points, x is the per cent of alcohol by volume, and a, b, and 
c are constants whose values were calculated from the experi
mental data, by the method of least squares. These formulas 
are shown in Table VI. By their use Table VII was con
structed, showing per cent of alcohol by volume, for each 0.05 
degree difference between boiling points, from 0 to 8, for solu
tions containing 0,2,4,6,8, and 10 grams of sucrose per 100 ml. 
This table may be used with any ebulliometer whose ther
mometer is based on the Centigrade scale. Using boiling point 
differences as ordinates and percentage of alcohol as abscissas, 
the author plotted a curve for each quantity of sucrose used. 
These curves are shown in Figure 1.

The column of Table VII for solutions containing no sucrose 
agrees very well with the table which accompanies the Lefco 
ebulliometer (S) except at one point. When the boiling point 
differences in the Lefco table are plotted against percentages 
of alcohol, they form a smooth curve, except for the boiling 
point differences 4.00 to 6.00, where they form a straight line. 
Evidently the interpolations at that part of the table were 
made by proportion rather than by use of a formula. Almost 
exactly the same discrepancy is noticed at the corresponding 
part of the Juerst table (2).

At boiling point difference 6.20, Table VII and the Juerst 
table again begin to separate and at 7.75, the highest point 
on the Juerst scale, the discrepancy is 0.07 per cent alcohol. 
Repeated attempts to check the Juerst table at its upper limit 
were unsuccessful. Table VII agrees very well with the Lefco 
table at its upper limit. I t  is concluded that there is a small 
error in the Lefco table at boiling point difference 5.00 and in

A Modified Jones Reductor

W . A . T A E B E L , U n iv e r s ity  o f  I l l in o is ,  U r b a n a , 111.

THE Jones reductor is a convenient apparatus for effect
ing the reduction of certain compounds. Its efficiency 

in certain cases, however, is governed by the rate at which 
the solution containing the substance to be reduced flows 
through the reductor. A definite rate of flow through a 
Jones reductor equipped with an ordinary stopcock can be 
obtained only by trial and error; furthermore, duplicate rates 
are practically impossible.

The modified Jones reductor herein described enables one 
to obtain a definite and constant rate of flow. This may be 
accomplished by fitting the delivery tube of the reductor 
with replaceable ground-glass capillary tubes of various
sized orifices.

The tip of the delivery tube is first expanded to form the fe
male joint. A 15-cm. (6-inch) length of capillary tubing, pos
sessing an inside diameter of 1.5 mm. and an outside diameter 
approximately equal to th a t of the delivery tube of the reductor, 
is heated a t one end until the orifice is barely closed. The cap
illary tube is then heated a t a point 5 cm. (2 inches) from the 
closed end and drawn out until it possesses a taper simulating 
th a t of the female cone. The male cone is obtained by cutting 
the tubing a t the constriction. Three or four male cones should 
be made and ground into the delivery tube of the reductor, care 
being taken not to grind too long on any one cone before grinding 
in the next. In  this way all the cones are gradually ground to 
the same size and may be used interchangeably in the reductor. 
The closed tips of the cones are then ground down on a piece of 
plate glass until each cone possesses the desired orifice size. In 
this way cones delivering approximately 20, 50, 100, or any de
sired number of milliliters per minute may be obtained. The 
volume delivered must be determined by trial. If too large a 
volume is delivered, the orifice may be closed slightly by reheat
ing the tip.



D evice for Subliming Iodine
JA C O B  C O R N O G  a n d  L E O N A R D  O L SO N  

U n iv e r s ity  o f  Io w a , Io w a  C ity , Io w a

MANY books on analytical chemistry give directions for 
subliming iodine in quantities of a few grams, but the 

authors have not found in the literature a description of a 
device that may be assembled from materials found in most 
laboratories and used for subliming iodine in lots ranging up 
to 500 grams (1 pound) in weight. Such a device is described 
in this article.

As indicated in the figure, the device consists of a desiccator 
of Pyrex glass, having a diameter of approximately 250 mm., and 
bearing a 40- to 60-watt light bulb in the lid. Lead wires from an 
ordinary municipal lighting circuit are soldered to the metallic 
base, E, of the bulb, which is sealed in the hole in the desiccator 
lid with plaster of Paris, D, in such a way that no metallic surface 
is exposed to the interior of the desiccator and also so that the 
plaster does not touch the wire soldered to the central terminal 
of the bulb, which is covered with de Khotinsky or a similar 
cement. The tile, C, supports the beaker or evaporating dish. A, 
containing the iodine to be sublimed and the beaker, B, contain
ing a drving agent such as phosphorus pentoxide. If a resistance 
is placed in series in the external circuit, closer regulation of 
heating temperatures is assured.

When a current is passed through the bulb, the top of the 
desiccator becomes warmer than the bottom and iodine vapor
izes and condenses on the lower sides and the bottom. The 
rate of sublimation may be increased by using devices which 
increase the difference in temperatu-e existing between the 
upper and lower parts of the desiccator, such as insulating 
the top or cooling the bottom of the desiccator.

This apparatus has found a variety of uses in this labora
tory, such as drying and subliming iodine recovered from ac
cumulated iodine “residues” by wet methods, recovering

iodine mixed with broken glass and dirt resulting from the 
breaking of bottles in transit or by dropping them on the 
floor, and in the drying and purification of substances, such 
as iodine monochloride, that are volatile, corrosive, and easily 
decomposed at relatively low temperatures.

Rapid Operating D evice for Orsat Apparatus
F R E D  CO O K , B it u m in o u s  C a su a lty  C o r p o r a tio n , R o ck  I s la n d , 111.

Ù /s c h a rc je

THE o p era
tion of ordi
nary gas analy

sis equipment is 
somewhat tedi
ous and requires 
the constant at
tention of the 
analyst. Auto
matic absorption 
pipets (1, 2, S) 
and a hydrauli- 
cally  operated  
device for trans
porting the mer
cury bulb (4) 
have been sug
gested to de
crease the time 
consumed and to 
relieve the oper
a to r  du ring  a 
portion of the an
alysis. Each has 
a d v a n ta g e o u s  
application.

A study of the operation of a standard analysis procedure 
will indicate that a large portion of the total time is used in 
returning pipet solutions to their original marks, balancing 
the pressure, and reading the buret. These operations are 
complicated by the fact that the confining liquid in the buret 
is not perfectly controlled, but is free to surge between the 
buret and the leveling bulb, and cannot be brought to rest 
quickly.

The device described below permits a positive control on 
the confining liquid (mercury must be used) by the presence 
of an incompressible fluid (water) over the mercury in the 
leveling bulb. This means of control so facilitates the opera
tion of any type of gas analysis equipment that considerable 
saving of time should result. In the analysis of coal-mine 
air (carbon dioxide, oxygen, carbon monoxide, methane) with 
a standard laboratory-type apparatus, using contact and slow- 
combustion pipets, the total time of analysis may be cut in 
half with this device.

D escription
The essential difference between this device and the conven

tional Orsat apparatus is that the motivating force here is water 
pressure which is applied over the mercury in the leveling bulb. 
This change necessitates the use of a leveling tube (a tube parallel 
to the buret, open at the top and connected at the bottom to the 
buret and to the leveling bulb) so that an estimate of the pressure 
in the buret may be obtained if desired. The usual long rubber
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tube connecting the leveling bulb to the buret is replaced by 
short lengths of glass tubing connecting the leveling bulb to the 
buret and to the leveling tube. A stopcock is inserted between 
the leveling bulb and the leveling tube.

W ater a t a pressure slightly in excess of tha t required to raise 
the mercury to  the top of the buret may be conveniently supplied 
through a reducing valve from the laboratory tap. Higher 
pressures than needed might prove dangerous and would make 
manipulation difficult. The water is led into the top of the 
leveling bulb through a three-way plug valve, the third side 
of which is connected to the drain. By rotating this valve 
through a 90-degree arc the direction of flow of mercury in 
the buret is reversed. At the center of the arc the mercury is 
held stationary.

The ease and speed of manipulation depend to a large extent 
on the functioning of this valve. As a suitable valve was not 
available a t any of the equipment houses in the neighborhood of 
the author’s laboratory, a standard three-way 0.25-inch brass 
plug valve was remodeled. The plug was filled with solder and 
drilled to form an L-sbaped port only 0.09 inch in diameter. A 
slight groove in the surface was tapered into each end of the drill 
hole, as is sometimes done with glass stopcocks, to provide for a 
more readily adjustable flow. Grooves were then machined 
about the circumference of the top and bottom of the plug to 
provide for lubrication. As a  lubricant, automobile water-pump 
grease was found superior to any of the common laboratory 
greases. All water comiections were made with copper tubing 
0.25 inch in outside diameter.

Because of the more accurate control th a t may be maintained 
on the mercury level in the buret, it is possible to replace the 
conventional mercury manometer with one of water. This 
makes leveling off somewhat easier and increases the accuracy 
of the apparatus. The flow of water over the mercury in the 
leveling bulb serves to keep the mercury clean, and it has not

been necessary throughout the analysis of over a thousand 
samples of mine air to provide any additional cleaning.

O peration
Operation is similar to the conventional procedure except 

that the mercury is raised in the buret by passing water into 
the top of the leveling'bulb instead of raising the leveling 
bulb. In leveling off, the mercury level in the leveling tube 
is adjusted to approximately that in the buret. Then the 
stopcock is closed to the leveling tube, the stopcock to the 
water manometer opened, and the pressure balanced with 
that in a conventional compensating tube.

After the operator is familiar with the apparatus, an esti
mate of pressure may be obtained from returning the solu
tions in the absorption pipets to their original marks and the 
use of the leveling tube may be largely eliminated, affording 
an additional saving of time.

This equipment, in addition to saving time, takes much of 
the drudgery out of routine analysis by eliminating the con
tinual raising and lowering of the mercury-filled leveling bulb. 
It is particularly well suited to procedures that require a slow 
or even flow of gas, such as slow combustion.

L iterature Cited
(1) B lair and Purse, I n d .  E n g .  C h e m ., Anal. Ed., 11, 6G6 (1939).
(2) Bonney and Huff, Ibid., 9, 157 (1937).
(3) Egcrton, A. C., and Pidgcon, L . M., J .  Sci. Instruments, 8, 234

(1931).
(4) Tauch, E . J., I n d .  E n g .  C h em ., 19, 1349 (1927).

A Laboratory Lifting D evice
G E O R G E  C A L IN G A E R T  

E th y l G a so lin e  C o r p o r a tio n , D e tr o it ,  M ic h .

MANY opera
tions in the 

laboratory call for 
the lowering and 
raising of a heating 
bath, such as an oil 
bath under a reac
tio n  flask  or a 
still. This opera
tion is normally 
accompanied by a 
decided hazard on 
accoun t of the  
difficulty of han
dling a container of 

F i g u r e  1 hot oil, especially
when it must be

done quickly to prevent a reaction from getting out of control. 
A very simple device for doing this, which has been used in this 
laboratory for several years, is illustrated in Figure 1.

I t  consists of an automobile jack mounted on a plate equipped 
with leveling screws which are long enough to enable the plate to 
clear the base of a ring stand. The jack is equipped on top with 
a  plate approximately 20 X 20 cm. which is made to support the 
oil bath, with or without a hot plate, or any other piece of equip
ment. Several makes and designs of automobile jacks have been 
tried out. The hydraulic type is unsatisfactory because it will 
not come down readily except with a large load, and also because 
raising and lowering require two different kinds of lever operation. 
The ratchet type is also unsatisfactory because an up-and-down 
lever operation might result in cither raising or lowering, depend
ing on the setting of the trip control lever.

The preferred type is th a t calling for a  rotary motion clockwise 
for raising and counterclockwise for lowering. The dreadnaught 
jack No. 2 6 ,1-ton capacity, made by the Auto Specialties Manu

facturing Company, St. Joseph, Mich., is suitable from the stand
point of size, stability, and design and gives a total lift of 15 cm. 
(6 inches). I t  is illustrated in Figure 1. Another jack of the 
scissor type, illustrated in Figure 2, has a lift of 23 cm. (9 inches) 
but is unnecessarily bulky for general operations where the smaller 
jack has sufficient lift.

This type of lifting device has been found very satisfactory, 
not only for the repeated raising and lowering of heating baths, 
but also for the accurate control of heat that is required in 
fractional distillation.

F i g u r e  2



R . N . E V A N S, J . E . D A V E N P O R T , AND A . J . R E V U K A S

Determination o f Water in Paper-Insulated 
Cables and Insulating Oil

R e se a rc h  B u r e a u , C o n so lid a te d  E d iso n  C o m p a n y  o f  N ew  Y o rk , I n c . ,  B r o o k ly n , N . Y .

THE determination of water in insulating oil, and more 
especially oil-impregnated paper of high-voltage cable, 
has received considerable attention by analysts because of 

its deleterious effect when present in insulating material. 
The procedures which have been used in the past may be 
divided into two main classes: gas evolution and water 
evolution. The former group comprises reagents such as 
sodium, yielding hydrogen (7); calcium carbide, yielding 
acetylene (1); sodamide, giving ammonia; and Grignard 
reagents—for example, methyl magnesium halide—producing 
methane (8).

In the second group the water is removed in such a manner 
that it is possible to ascertain its weight or volume. This is 
done by evacuating at room temperature and retaining the 
water in a low-temperature trap (solid carbon dioxide or 
liquid air); heating the sample to 110° to 150° C. in a cur
rent of nitrogen, absorbing the evolved material in phos
phorus pentoxide, Dehydrite, or calcium chloride (2, 13, 14); 
refluxing with high-boiling hydrocarbon (3, 16), and centrifug
ing (15). The use of the quartz fiber balance for unimpreg
nated paper has been employed successfully by some investi
gators (11, 17). Critical solution in aniline (19) and heat of

hydration (10) have been used, together with many modifica
tions of the above procedures (6). Electrical methods are 
inherently unsatisfactory for the determination of water.

The general criticism which may be directed at the first 
group of procedures is that the reagent combines with other 
constituents in the sample. The Grignard reagent, for ex
ample, may evolve methane by reaction with alcohols, acids, 
peroxides, and some hydrocarbons and, until a correction be 
applied to the result, the percentage of water so obtained is 
in error. A correction is obtained with some uncertainty 
for acids (5) but the other interfering substances are ex
tremely difficult to determine in small amounts. Removal of 
the water by heat or evacuation, as called for in the second 
procedure, is almost impossible to accomplish without at 
the same time carrying along ail impurity which would cause 
one to doubt the actual weight of water obtained by absorp
tion. When the sample contains cellulose, the problem of 
total elimination of water presents itself, making it necessary 
to decide between water of absorption (free, 18), and water 
of composition (bound). The manner in which some of the 
difficulties of the second procedure are treated experimentally 
is described in the present paper. The apparatus is !pri-

F i g u r e  1. D ia g r a m  o p  A p p a r a t u s  f o r  t h e  D e t e r m i n a t io n  o f  W a t e r

D ALTERNATE FOR OIL

A-B U B B LE  COUNTERS 
-  COPPER OXIDE 4 5 0  *C

REDUCED COPPER OXIDE 4 5 0 *  C 
C-ASCARITE AND DEHYDRITE 
D-SAM PLE WITH AIR BATH 105° C 
E-DEHYDRITE AND ASCARITE WEIGHING TUBES 
F -D R Y  ICE TRAP IN DEWAR FLASK 
G -  MARIOTTE BOTTLE 

v H -Q U A R TZ TUBE 8 5 0 -
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marily applicable to impregnated paper tape, but where a 
somewhat larger oil sample is available a slight modification 
makes it suitable for analysis of water in oil.

In Figure 1, the apparatus for the determination of water is 
diagrammatically shown. The bubble counters, A, enable one 
to observe a constant gas velocity in the separate gas streams. 
The actual volume of gas is measured a t the exit end of the train 
by the Mariotte bottle, G. This value determines the time of 
the experiment. The purification of the nitrogen is accomplished 
by passing the gas over reduced copper oxide a t 450° C., B, and 
thence over Ascarite and Dehydrite, C. The same furnace 
serves to remove the combustibles from the oxygen in its passage 
over copper oxide. Cell D is designed for the determination of 
water in impregnated paper tape.

The perforated cylinder sealed to the ground-glass stopper 
serves as a receptacle for the sample. A minimum of handling 
of the sample is accomplished by merely poking the paper tape 
into the cylinder, cutting the ends which were handled, weighing, 
and immersing in the heated oil as the stopper is put in place. 
The oil in which the sample is immersed is the type tha t is used 
in d ffusion pumps such as n-butyl phthalate or Apiezon oil. 
The latter is practically nonvolatile and is maintained a t a tem
perature of 105° to 110° C. The quartz tube a t H  is filled with 
quartz fragments and held a t a temperature of 800° to 850° C. 
The microchemical absorption tubes a t E  were prepared, weighed, 
and handled as discussed by Pregl (12) and Niederl (ft). The 
cold trap, F, retains the expelled water and other condensable 
constituents but allows the passage of any hydrogen, methane, 
carbon monoxide, and other carbonaceous substances which if 
present would render the carbon dioxide correction extremely 
uncertain.

The general scheme of analysis is apparent from the de
scription of the apparatus. The novel points are the immer
sion of the sample in hot oil, thus ensuring good thermal con
tact with rapid evolution of water, and the application of a 
correction for the volatile hydrocarbon constituents obtained 
by burning them and calculating the water correction from 
the carbon dioxide weight (4). The general formula CnH2n 
is arbitrarily chosen as representing the evolved carbonaceous 
material and thus for every milligram of carbon dioxide found, 
0.4 mg. is subtracted from the weight of the evolved water. 
This correction was generally not large—0.5 mg. of water or 
less—and should represent not more than the equivalent of 
5 to 10 per cent of the total water evolved. When com
paratively large amounts of carbon dioxide are encountered, 
the method suffers in accuracy, but it is evident that the re
sult would be more uncertain when the possibility of the 
absorption of hydrocarbon by the Dehydrite is considered if 
the expedient were not taken. In Table I, the experimental 
results are given in which the percentage of water for a 3- 
liter gas flow is listed as calculated from a ratio of 0.4 and 0.6. 
No great difference in the numerical result is observed, while 
at the same time one is assured that increase in weight of the 
Dehydrite tube is due solely to water. In these experiments,

T a b l e  I. P e r c e n t a g e  o f  W a t e r  i n  C a b l e  P a p e r

HiO

Sam ple

H jO 
M in us 
Blanko

C O í 
M inus 
Blank*»

H îO /C O î
ra tio ,

0.4

H iO /C O i
ratio ,

0.6

H iO . 9.8 mg.
M g.
9 .95

M g.
0 .0 0

% %

U nim pregnated  cable paper 
(30 d ay s’ exposure to  50%  
hu m id ity ) 30 .40 0 .05 6 .46 6 .4 6

Im pregnated  paper (5 m in
u tes exposure to  50%  
hum idity)* 0 .7 5 0 .4 0 0 .0 9 0 .0 8

Im pregnated  paper (24 hours 
exposure to  50%  hum idity)* 11.00 0 .3 0 1.57 1.55

1936— solid, COa-purged, 27- 
kv . cable 1 .50 0 .5 0 0 .1 7 0 .1 5

1923— solid, 27-kv. cable 2 .7 0 0 .9 0 0 .3 6 0 .33

F ig u r e  2 . R a t e  o f  R e m o v a l  o f  W a t e r
A . 9.8 mu. of w ater
B . 470 mg. of unim pregnated  cable paper previously  exposed to  a ir  of

50 per cent re la tive  h u m id ity  for 1 m on th

it was previously established that no difference in the ex
perimental results was obtained whether or not the cold trap 
was used.

One of the chief drawbacks with all methods for the de
termination of water in cellulose products is the difficulty of 
removal of the last trace of water from the sample. If one 
wishes to avoid an arbitrary time limit to distinguish be
tween free and bound water, it is possible to follow the time- 
water evolved curve and stop the experiment when it is in-

T a b l e  II. D e t e r m i n a t i o n  o f  W a t e r  i n  P y r a n o l

N itrogen
Liters

Blank
T rap  in place 
T rap  rem oved

T ra p  in  place 
T ra p  rem oved

1
3
2
1 add itiona l
1 add itiona l

Gross 
Less b lank  
COi correction 
N e t w ater 
W ater, %b

15
2
1 add itiona l

H jO
M g

0 .0 6

11.19
0 .47
0 .5 2

12.18
11 .94

1 .48
10.46

0 .0035

5 .8 6
2 .53

CO*
Mg.
0.02

7 .74
3 .5 2
3 .3 0

14.56
14.48

38.04c
18.18

R atio

1 .45
0 .116a
0.130

0 .154
0 .140

a Av. 0.03 mg. per lite r of N*. 
b Av. 0.05 mg. per lite r  of Nj.
c C able  paper and oil were dried separa te ly  u n d er a  v acu u m  a t  100° C. and  

the  p ap er was im pregnated  before break ing  vacuum .

a 0.05 mg. less w ater would have produced th e  theoretical ra tio . 
b 0.0008%  should be added to  th is percen tage of w ater as calculated  from 

th e  15-hour heating  period. H ow ever, in no case was th e  original blank 
(0.06 m e.) during  th e  heating  period su b trac ted . If  th is  represen ts  free 
w ater which would be trap p ed  in th e  cold tra p  th e  0.0008%  would be con
siderably  reduced.

f  T his value is approx im ate ly  5 tim es th e  value ob tained  in  th e  first 2 
lite rs  of nitrogen a fte r th e  in itia l 3 -hour h e ating  period.

dicated that the rate of evolution of water is comparatively 
low. In the present apparatus, 2-hour immersion was usu
ally adequate and weighings (two pairs of absorption tubes) 
were taken at the end of 1, 1.5, and 2 hours. In Figure 2, 
the evolution of water from a sample of cable paper is illus
trated. The return of 9.8 mg. of water weighed in a small 
capillary is also included. The weighings were carried out 
on the highest precision macro- and microbalances manu
factured by Wm. Ainsworth & Sons, Inc., Denver, Colo. 
The weights of the absorption tubes could be duplicated to 
within 0.05 mg. on the macrobalance and considerably below 
this figure on the microbalance.

Where large samples (300 grams) of insulating oil are available, 
the alternate cell (D , Figure 1) may be used. Several samples of
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Pyranol—a noninflammable transformer oil—were analyzed for 
water content, the results ranging from 0.002 to 0.004 per cent 
of water by weight. In these experiments the cold trap, solid 
carbon dioxide and methanol, was employed. The Pyranol, 
maintained a t a temperature of 105° C. for 3 hours, was freed of 
water by passage of the purified nitrogen. The water and Py
ranol vapors were retained by the cold trap. The trap  was now 
removed, the Pyranol cell was isolated by means of the by-pass, 
and the water and Pyranol vapors were carried into the combus
tion furnace where combustion took place. The halogen was re
tained in the furnace by means of silver wool and from the ratio 
of water to carbon dioxide established on dry Pyranol, the net 
water may be readily computed.

The ratio C2JInCln (aromatic) is desired by the manu
facturer in order that the hydrogen and chlorine may be 
present in equivalent amounts. The ratio IIn/C2n in terms 
of water and carbon dioxide equals 0.102. This value was 
never reached in actual experiment, as is shown in Table II.

A dvantages o f  M ethod

The procedure enables one to determine water per se with
out the possibility of contamination of the absorbent.

The net water may be calculated by means of a correction 
based on the ratio of water to carbon dioxide.

The extent of the removal of water from the sample may 
be judged by periodic weighings.

The determination of water is as rapid as is commensurable 
with accuracy.
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Microscopic Identification of Sugars
JO H N  A . Q U E N S E  AND W IL L IA M  M . D E IIN  

U n iv e r s ity  o f  W a sh in g to n , S e a t t le ,  W a sh .

THIS study was undertaken because there is no exclu
sively characteristic test for glucose and some other sugars 
(7). Refractive indices and certain other optical properties 

have been used to identify sugars (22, 42, 43), but the deter
mination of these constants is time-consuming. The crystal 
habit of a few sugars has also been used for purposes of identi
fication (8, 24, 26, 32) and it is desirable to extend this use of 
the crystal habit to the whole group. Microscopic fields 
containing sugar crystals can easily be compared for identity 
with the photomicrographs presented here (X 80).

Since the habit of a ciystal is affected by the conditions of 
its formation (9, 12, 17, 18, 20, 21, 33, 39), a prescribed 
method of crystallization is necessary for useful comparisons.

Wernicke (41) and Hudson and Yanovsky (19) have success
fully crystallized sugars from water solutions by addition of 
acetic acid or alcohol. This paper recites the use of alcohol, 
acetone, acetonitrile, and 1,4-dioxane in obtaining photo
micrographs showing a distinctive crystal habit for each of 
eighteen sugars in one or more of these solvents.

M ethod
A few drops of a saturated aqueous solution of the unknown 

sugar in a small vial are treated with sufficient acetone, al
cohol, acetonitrile, or 1,4-dioxane to cause crystallization. 
If the precipitating liquids are not added too rapidly, the 
sugar solutions usually become opalescent before crystalliza-

T a b l e  I .  O p t i c a l  P r o p e r t i e s  o f  S u g a r s

Sugar C ry sta l System  E longation
Z-Arabinose O rthorhom bio  b isphenoidal (5, 14, 30, 4&) ~  (22)
d-A rabinose O rthorhom bio  (87) —
Cellobiose M onoclinic sphenoidal (16) —
Fructose  O rthorhom bic bisphenoidal (16, 84) — (22)
Fucose O rthorhom bic (6) —
G alactose  O rthorhom bic (6, 23) —
a-d-G lucose O rthorhom bic bisphenoidal (2, 4, 10, 35) —
/3-Glucose N o d a ta  (85) —
a-d-L actose  M onoclinic sphenoidal (36, 38) —
/3-Lactose M onoclinic sphenoidal (43) —
M altose  N o d a ta  . . .  “*
d-M annose O rthorhom bic b isphenoidal (27, 28) =*=
M elibiose M onoclinic (81) +  (22)
Raffinose O rthorhom bic b isphenoidal (13) — (22)
Z-Rhamnose M onoclinic sphenoidal (10, 11, 30, 36) +
Z-Sorbose O rthorhom bic bisphenoidal (3, 25) 4-
Sucrose M onoclinic sphenoidal (15, 44) 4-
X ylose° O rthorhom bic bisphenoidal (0 , 30) -j-

E x tinction
P aralle l to  sligh tly  inclined (42) 
P aralle l (42)
A pproxim ately  16°
Parallel (22)
P ara lle l and  approx im ate ly  25°
Paralle l
Parallel
Parallel
Paralle l
A pprox im ately  10°
Para lle l to  s ligh tly  inclined 
Para lle l to  s ligh tly  inclined (22) 
Paralle l (22)
Paralle l (22)
Parallel
Paralle l
Paralle l and  approx im ate ly  2 2 .5 °  
A pproxim ately  6° (42)

In te rference  Colors
1st an d  2nd order (22, 42 ) 
2nd order (42)
Low 1st order 
Low 1st order (22)
1st an d  2nd order 
Low 1st order 
1st and  2nd order 
2nd an d  3rd order 
Low 1st order 
1st and  2nd order (43) 
Low 1st order 
1st and  2nd order 
1st and  2nd order 
Low 1st order 
Low 1st order 
Low 1st order 
2nd an d  3rd  order (22)
2nd and  3 rd  order (22, 42)

a W herry  (42) and  Pionchon (29) designate xylose as m onoclinic sphenoidal. T he  x -ray  d a ta  (5, 80) were considered m ofe re liab le  (1).
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tion (17, 40). When these opalescent liquids are observed 
under the microscope, the crystals can be studied during 
growth. Varying speeds of crystallization and the formation 
of colloidal suspensions may render such observation impos
sible. If immediate crystallization does not occur, insufficient 
sugar has been used and another trial may be necessary. 
Should a sirup precipitate, crystallization can frequently be 
effected by scratching the slide (8). Comparison of a repre
sentative field with the photomicrographs leads to positive 
identification of the sugar. (This method has been used by 
graduate students on single sugars and binary mixtures with 
complete success.) Further confirmation can be made by 
study of the optical properties in Table I.

A B
S u g a r  M i x t u r e s  P r e c i p it a t e d  w i t h  A c e t o n e

A . R affinose-d-Lactose
B . G alactose-C ellobiose

The feasibility, of identifying sugars in mixtures is demon
strated in the photomicrographs of raffinose and lactose and 
of galactose and cellobiose. Further study of mixtures will 
be made.

R em arks

In the application of this method, certain impure com
mercial samples failed to crystallize under any circumstances 
because, in the transition from the dissolved to the crystalline 
sugar, the impurities stabilized the colloidal stage.

Bacteriological culture slides are convenient for observa
tions; however, the vials themselves are usually adequate. 
In general, acetone is the most useful precipitating liquid.
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A Distillation Capillary
A LEX A N D ER  O. G E T T L E R

W a sh in g to n  S q u a re  C ollege, New Y ork  U n iv e rs ity ,
New Y o rk , N . Y.

IN USING the distillation capillar y described by Gettler 
and Fine (1) for the fractional distillation of 0.02 to 0.06 

ml. of liquid, it was found that occasionally, as in macro
distillations, a sudden violent ebullition throws the contents 
of the distilling bulb up into the stem of the apparatus. 
This tendency has been overcome by introducing asbestos 
fibers into the bulb of the apparatus.

The distillation capillary is made as described by Gettler 
and Fine; but before attempting to form the bulb, a small 
quantity of previously ignited and then cooled asbestos fibers 
is loosely inserted into the larger capillary to a distance of 
about 1 cm. from the end. The bulb is then made as de
scribed by Gettler and Fine. When the distillation capillary 
is completed, the asbestos in the stem is forced into the bulb 
by simple tapping.

L iterature C ited
(1) G ettler and Fine, I n d .  E n g .  C h e m ., Anal. E d . ,  11, 469 (1939).

Courtesy, M ary L . W illard

L i q u id  C r y s t a l s  o f  C h o l e s t e r y l  A c e t a t e



Preparation o f Immersion Liquids
For the Range nD = 1 .4 1 1  to 1 .7 8 5

E . 1’ . K A IS E R  A N D  W IL L IA M  P A R R IS H , M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o lo g y , C a m b r id g e , M a ss .

ONE of the most important techniques for the rapid 
identification of nonopaque minerals is the determina

tion of their index of refraction. This is done by immersing 
fragments of the unknown mineral in a liquid of known index 
of refraction and comparing the indices of the two by the 
standard techniques—central and oblique illumination tests 
with a petrographic microscope. The immersion technique 
is becoming increasingly familiar to chemists because an 
unknown nonopaque substance, inorganic or organic, may 
be uniquely identified in a fraction of the time necessary for a 
quantitative analysis.

The methods used are described in many standard texts— 
e. g., Winchell (13), Rogers and Kerr (11), and Chamot and 
Mason (5). The chemist will be especially interested in the 
last-named, since these men are leaders in the application of 
optical methods to chemistry. Tables of indices of refrac
tion and other optical constants of nonopaque minerals are 
available (9, 14). Tables of inorganic artificial substances 
have been published by Winchell (15), who is preparing tables 
for organic substances.

The desired properties of the liquids used in a set of im
mersion liquids have been described by Larsen and Berman
(9); the properties of ideal immersion liquids have been 
given by M. J. Buerger (3), who states that the index of 
refraction, temperature coefficient, and dispersion should be a 
linear function of composition. The liquids described in 
this paper represent an attempt to combine all these properties 
so far as is practical. These liquids are not in general suit
able for work with organic crystals, since they are solvents 
for most organic compounds. [For these compounds a water 
solution of K2Hgl4 (Thoulet solution) has been suggested 
(seealso 5, p. 375).]

The writers hope that the data on properties and the dis
cussion of technique will be of use to those interested in pre
paring similar sets.

Winchell’s tables (15) for artificial substances list 34 pages 
of index data; of these, only one page consists of substances 
below 1.400 in index, and only about five pages of these above 
1.785. A set of liquids as described below, with index ranging 
from 1.411 to 1.785 in steps of 0.005, suffices therefore for all 
ordinary needs. ' For index ranges not covered in this paper 
the following will be helpful: West (12) has prepared liquids 
■with index ranging from 1.78 to 2.06, using varying propor
tions of phosphorus, sulfur, and methylene iodide. Merwin
(10) has prepared solid media with index ranging from 1.68 
to about 2.10, containing three parts of antimony triiodide, 
one part of arsenic triiodide, and varying proportions of 
piperine. Barth (1) has described the preparation of mixed 
crystals of thallium iodide and thallium bromide with index 
ranging from 2.4 to 2.8. Harrington and Buerger (8) have 
used petroleum distillates for indices ranging from 1.35 to 1.46.

Previous Work

A great deal has been published concerning constituents of 
index liquids. For many years, many liquids, each with a 
different basic composition, were used to prepare a set (6). 
This allowed no gradation in index between two end members, 
and the index increment between adjacent members was 
irregular. Additional disadvantages of this type of set are 
(1) irregular changes in dispersion (2), so that the evidence of 
color fringes in oblique illumination tests is confused; (2)

different rates of evaporation of adjacent members of the set, 
so that the index of an intermediate liquid changes rapidly 
during the measurement. These factors are not so significant 
in double variation work where the properties of each liquid 
are accurately known, but they produce serious errors in oil 
immersion work with white light. Thus the tendency has 
been to use fewer liquids (4), carefully chosen to approximate 
an ideal series, from which intermediate members may be 
prepared by mixing the end members. In this way it is 
possible to prepare liquids whose components have about the 
same rate of evaporation, and whose indices remain constant 
during use.

T a b l e  I. D a t a  f o r  P r e p a r i n g  I n t e r m e d i a t e  I n d i c e s
G overn G overn

ND a t  22.0° n-D ecane m en t Oil nD a t  22.0° n-D ecane m en t Oil
Cc. Cc. Cc.

1.411 10.00 0 .0 0 1.445 3 .8 0 6 .2 0
1.415 9 .2 6 0 .7 4 1.450 2 .9 0 7 .10
1.420 8.3G 1.64 1.455 2 .0 0 8 .0 0
1.425 7 .4 4 2 .5 6 1.460 1.09 8 .91
1.430 0 .53 3 .4 7 1.465 0 .1 9 9.81
1.435 5 .62 4 .3 8 1.466 0 .0 0 10.00
1.440 4 .71 5 .29

End M em bers
The writers use the following end members to prepare 

liquids of intermediate index:
?i- D e c a n e , CH3(CH2)8CH3, is very stable ( 7 ) ,  colorless, no =

1.411 at 22.0° C., small dispersion, d = 0.730, b. p. = 174°, low 
volatility. (It is supplied by the Eastman Kodak Co., Chemical 
Sales Division, Rochester, N. Y. n-Decane, catalog No. 2405, 
100 grams S15.00. a-Chloronaphthalene, catalog No. 72, 1 kg. 
$5.00. Methylene iodide, catalog No. 167, 100 grams S4.50.)

M e d iu m  G o v e r n m e n t  O i l  is very stable, colorless, no = 
1.466 at 22.0°, —dn/dt — 0.00035, slight dispersion (7). (Leeds 
& Northrup Co., 4901 Stenton Ave., Philadelphia, Penna. Cost 
is about S5.00 per gallon.)

a-C H L O R O N A P irriiA L E N E , C10H7CI, is stable, colorless, 71 o = 
1.633 at 22.0°, —dn/dt = 0.0004, moderate dispersion (9), 
d = 1.191, b. p. = 140-143 720 mm.

M e t h y l e n e  I o d i d e ,  CII2I 2, has a light brown color, no = 
1.739 at 22.0°, high dispersion, d = 3.325, decomposes at 180°, 
— dn/dt = 0.00070. A few small pieces of c. p. copper (which is 
better for this purpose than tin) should be placed in all bottles 
containing this liquid to prevent decomposition and discoloration; 
the liquid should also be shielded from light as much as possible.

T a b l e  II. E x p e r i m e n t a l D a t a

G overn a -C hloro- G overn a-C hloro-
n D  a t m en t n ap h th a -

lene
« d  a t m en t nap h th a -

lene2 2 . 0 ° Oil 2 2 . 0 ° Oil
Cc. Cc. Cc. Cc.

1.466 1 0 . 0 0 0 .0 0 1.555 4 .6 7 5 .3 3
1.470 9 .7 5 0 .2 5 1.500 4 .3 7 5 .0 3
1.475 9 .4 6 0 .5 4 1.565 4 .0 7 5 .93
1.480 9 .1 6 0 .8 4 1.570 3 .7 7 0 .23
1.485 8 . 8 6 1 .14 1.575 3 .4 8 0 .52
1.490 8 .5 6 1.44 1.580 3 .17 0 .83
1.495 8 . 2 0 1 .74 1.585 2 . 8 8 7 .1 2
1.500 7 .9 6 2 .0 4 1.590 2 .5 8 7 .4 2
1.505 7 .66 2 .3 4 1.595 2 .2 8 7 .7 2
1.510 7 .3 6 2 .6 4 1.600 1 .98 8 . 0 2
1.515 7 .0 6 2 .9 4 1.605 1 . 6 8 8 .3 2
1.520 6 .7 6 3 .2 4 1 . 0 1 0 1 .38 8 .6 2
1.525 0 .4 6 3 .5 4 1.015 1 .08 8 .9 2
1.530 6 .10 3 .8 4 1.620 0 .7 8 9 .2 2
1.535 5 .8 0 4 .1 4 1.625 0 .4 8 9 .5 2
1.540 5 .5 6 4 .4 4 1.630 0 .1 8 9 .8 2
1.545 5.27 4 .7 3 1.633 0 .0 0 1 0 . 0 0
1.550 4 .9 7 5 .0 3

560
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F i g u r e  1. 
M i x i n g  C u r v e s

M e t h y l e n e  I o d id e  
S a t u r a t e d  w i t h  P o w 
d e r e d  S u l f u r . The 
sulfur should be dis
solved a t room tempera- *

• ture and the excess sulfur 
filtered off, preferably 
with a  suction device.
This liquid has a  light 
h o n ey -y e llo w  co lo r 
whose index varies ac
cording to the degree of 
saturation with sulfur, 
and also according to the 
i n i t i a l  i n d e x  of th e  
methylene iodide. The 
index of solutions pre
pared by the writers has 
varied from 1.7848 to 
1.7809. After the liquid 
is prepared a few grains 
of c. p. copper shot 
should be immediately 
added; it will soon turn 
black but will not affect 
the index of the liquid 
which remains perfectly 
clear for years.

P reparation
To d e te rm in e  the  

p ro p o rtio n s of the  
desired in term ed ia te
members, one can construct a graph on a suitable scale, 
plotting index of refraction as a function of composition by 
volume. The proportions necessary to make any inter
mediate index can be read directly from this graph. Only 
in the case of an ideal solution will the mixing curve be a 
straight line (2). When making up whole sets it is convenient 
to have the composition scale read in absolute volume, in
stead of in per cent.

Two burets, each filled with one of the end members, may 
be used to mix the liquids. The correct volume of each 
liquid can then be put directly into storage bottles to await 
checking. When high accuracy in the third decimal place 
is not required, if large volumes are prepared (about 35 cc. 
to each bottle) and the volumes are measured veiy carefully, 
one can be reasonably sure that the indices are correct as read 
from the graph, without checking them.

The end members are n-decane and medium government 
oil for the range no =  1.415 to 1.465. The mixing curve is a 
straight line; data (computed for a 10-cc. total volume per 
bottle) for preparing intermediate indices are listed in Table I.

The end members are medium government oil and a- 
chloronaphthalene for the range nn = 1.470 to 1.630. The 
mixing curve is a straight line; data are listed in Table II. 
Butler (4) gives excellent data for a similar series using kero
sene fractions instead of government oil.

T a b l e  III . E x p e r i m e n t a l  D a t a

a-C hloro- M eth  a-C hloro- M e th 
no a t n a p h th a - ylene nn a t n a p h th a -

lene
ylene

2 2 ,0 ° lene Iodide 2 2 .0 ° Iod ide
Cc. Cc. Cc. Cc.

1.633 10.00 0 .0 0 1.690 3.71 6 .29
1.635 9 .6 5 0 .3 5 1.695 3.29 6.71
1.640 8.90 1.10 1.700 2 .87 7.13
1.645 8 .22 1.78 1.705 2 .48 7.52
1.650 7 .59 2 .41 1.710 2.09 7 .91
1.655 7 .0 0 3 .0 0 1.715 1.71 8 .2 9
1.660 6 .47 3 .53 1.720 1.33 8 .6 7
1.665 5.95 4 .0 5 1.725 0 .9 5 9 .0 5
1.670 5 .46 4 .5 4 1.730 0 .59 9.41
1.675 4 .9 9 5.01 1.735 0 .2 5 9 .7 5
1.680 4 .54 5 .4 6 1.739 0 .0 0 10.00
1.685 4 .13 5.87

a-Chloronaplithalene and methylene iodide are the end 
members for the range nn = 1.635 to 1.735. Since the mixing 
curve is not a straight line (Figure 1) these liquids are not 
“ideal solutions” but the authors’ experience has shown that 
they are remarkably stable and form an excellent series (5). 
Experimental data for this series are given in Table III.

Methylene iodide and methylene iodide plus dissolved 
sulfur are the end members for the range no =  1.740 to 1.785. 
The mixing curve is a straight line.
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I t  is desirable to have the indices of the set graduated in 
steps of 0.005, and also to have the third figure after the deci
mal fall on 0 and 5. The mixing data in Tables I  to III  are for1 

a series whose end members have the indices listed in the tables. 
n-Decane, medium government oil, and a-chloronaphthalene 
will generally be found to have the indices listed. Different 
lots of methylene iodide, and of methylene iodide plus sulfur, 
may have different indices, however. If the index of the 
end member varies by more than about 0.0005 from the 
values listed in the tables, and if it is necessary that the third 
figure after the decimal be either 0 or 5, it will be found more 
convenient to construct a new mixing curve than use the data 
in the tables and make corrections. For this reason, tabu
lated data for the methylene iodide-methylene iodide plus 
sulfur series are not given; they can be easily computed for 
the available indices, since the mixing curve is a straight line.

S tandardization

Measurements of the refractive index are made in this 
laboratory at 22.0° C. in sodium light. For indices up to 
1.710 the Abbé refractometer is used with white light, since 
correction to reading in sodium light is made with the Amici 
prisms on the instrument. Accuracy of this instrument is 
about 0 .0 0 0 1 .

Above 1.710 a hollow' prism mounted on a single-circle 
goniometer is employed in the minimum deviation method, a 
description of which may be found in any textbook of physi
cal optics. A method of constructing a hollow prism has 
been described by Larsen and Berman (9). The writers used 
one with a 50° angle, made of plane-parallel glass plates 
cemented with high-temperature Piscein, with a triangular 
piece of glass cemented between them to form a receptacle in 
which a few drops of liquid may be placed. Plates may be 
selected from object glasses by noting the reflection at a 
nearly grazing angle of a distant straight line, such as the 
edge of a building. If two images are seen the plate does not 
have parallel faces and is not suitable for a prism. For ac
curate work it is advisable to use optical flats which may be 
procured at slight cost. With a 50° prism and optical flats, 
accuracy is of the order of 0 .0 0 0 1 , depending upon the ac
curacy of the goniometer circle.

Temperature may be regulated by a water bath or by work
ing in a constant-temperature room. I t is especially neces
sary to have a temperature control when working with meth
ylene iodide, since its dn/dt is high.

Corrections

The need for corrections may arise in mixing small quan
tities, or when old liquids are rechecked. For accurate cor
rections the amount to be added is calculated as follows:

We wish to prepare a liquid of index no, whose proportions of 
end members A (low) and B (high) are x/y, and we have a liquid 
whose index n* is too high, with proportions (whicli may be read 
from the mixing curve) of Xi/yi. An amount a of the low end 
member A must be added to this liquid to bring it to no, so that
X‘ a = -  and a — —  — , For example, if x/y, the desiredyi y y
proportion, is 4.5/5.5 (all proportions are on a 10-cc. basis), 
and xi/yi, the actual proportion of the incorrect liquid, is 3.5/
6.5, then a = ^  —3.5 = 1.8 cc. Thus 1.8 cc. of A (the

0 . 0

low end member) are to be added to 1 0  cc. of the liquid of index 
iik to change it to no (see Figure 2).

Similarly, if we have a liquid whose index ni is too low, with 
proportions Xi/yt, the high member B must be added in the
amount 6  = — ---- —.x

If considerable correction work is to be done, a correction 
curve may be drawn on the mixing curve graph.

y,  x'
F i g u r e  2 .  C o r r e c t io n s

A certain magnitude of index difference is selected-—say, 
0.001—and corrections are calculated for various parts of the 
mixing curve. The correction curve is plotted (Figure 1) and it 
shows the volume of liquid to be added to prepare any desired 
index. One curve gives values for correcting liquids whose index 
is too high; the other for those whose index is too low. In using 
such a curve two facts must be kept in m ind: ( l)  The calculation 
is based on a 10-cc. volume and must be changed by an appro
priate factor if more or less liquid is to be corrected. (2) The 
curve has been calculated for a 0.001 index difference; if the ac
tual difference is greater or less than 0.001, a or 6 will be greater 
or less by the same factor. The multiplying factor is not the 
same where the correction curve has a steep slope and in these 
cases each correction must be calculated. Where the curve is of 
moderate steepness accurate correction may be obtained for con
siderable index differences.

The curves have the general form xy =  k. For a straight- 
line mixing curve, such as n-decane and government oil, the 
high and low correction curves are similar and are symmetrical 
about the 50 per cent composition line. Hence only one side 
need be calculated, and the coordinates transferred to the sym
metrical position on the other side of the graph. Where the 
mixing curve is not a straight line, the two correction curves are 
asymmetric, as shown in Figure 1.

Storage

Storage bottles should have as little air space as possible. 
Double air seals are not necessary if caps are kept tight. 
(Small square bottles of 15-ce. capacity, with glass applicators, 
and designed for this purpose may be obtained from the 
Central Scientific Co., Cambridge A, Mass. Catalog No. 
66012; S16.12 for two gross.) Each bottle should be shaken 
before using. The caps should never be interchanged.
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LABORATORY EQUIPMENT
\\T h a t e v e r  paj-t one plays in the conduct of research or the 

application of its results to any other form of activity, there 
must be a realization that without adequate laboratory equip
ment and supplies no scientific progress would be made. Indeed, 
there are several instances where advances have been arrested, 
pending the perfection of some new laboratory device. Too 
often those using such equipment fail to pause long enough to 
remember that research along other lines was required before 
suitable tools became available. Here and there, however, we 
find one who is really interested in instruments and apparatus 
of all sorts. Some research men have collaborated closely with 
instrument makers in the design and construction of instru
ments used by themselves and later made available to other 
workers.

It is with the thought that analysts and others would like to 
know something of the relationships between the makers of sci
entific apparatus and their own work, and particularly of the 
lines along which research proceeds in the effort to improve in
strumentation, that the following articles have been assembled 
for this issue. The maker of scientific equipment is more than a 
merchant. Many manufacturers constantly seek the advice and 
assistance of the users of their wares and not a few support fun
damental research either in their own establishments or under 
their auspices in scientific institutions. In this group of papers 
we make but a beginning in what will become an annual feature, 
providing it appears to fill a need. We want to do our part in in
creasing the appreciation which the users of apparatus should 
have for the efforts of those who undertake to supply them.

Monochromators and Auxiliary Apparatus
JO H N  ST R O N G , C a lifo rn ia  I n s t i t u t e  o f  T ech n o lo g y , P a sa d e n a , C alif.

B ASICALLY new instruments depend on the development 
of new materials by chemists as well as the discovery 

of new properties, effects, and techniques by physicists. 
Tables I and II list some materials and physical effects which 
have been important in instrumental development in the past 
or from which we may expect future developments.

T a b l e  I. M a t e r ia l s

M ateria l
M ethy l m e thacry la te  po lym ers'1

V inyl resins

Low vapor pressure oils«*

K o v ar and  F ern ico  alloys 12, 22)
Alnico alloy 
Q uartz

Glass

Flexible B en ton ite  films

(3,

Properties, Uses, and  R em arks
N o t a tta ck ed  by  m ineral oils 
M achines easily, does n o t du ll cu tting  

tools
Therm oplastic , optical surfaces form ed by  

molding
Therm al expansion fou r tim es th a t  of 

p la te  glass 
E lec trica l in su la to r as good as am ber 
Very transparent*»
C an  be cem ented to  form  stro n g  jo in ts  
N ot a tta ck ed  b y  m ineral oils 
M ore im pervious to  gases th a n  rubber, 

useful for vacuum  hosec 
Aging m ore slowly th a n  rubber, more 

in e rt tow ard  ozone and  u ltrav io le t 
ligh t

N ot a tta ck e d  by m ercury  
Useful for enam el and  in su la tion  for 

electrical conductors 
S ubstitu tes for m ercury  in  vacuum  diffu

sion pum ps; no traps  needed (31)
Low vapor pressure waxes useful to  line 

s teel nigh-vacuum  vessels (27)
Sam e expansion  characteristics  as glass 

for m aking g lass-m etal seals 
S trong  p e rm anen t m agnets 
Q uartz  wool-yielding filter m ateria l 

which does no t s in te r during  ign itionse 
Q uartz  fibers, for suspensions in  in s tru 

m ents (32)
R econstructed  glass, yields odd shapes 

having  low therm al expansion / 
F ritted-g lass filters 
G lass fabrics for filters 
Sealing glasses for sealing tungsten  in to  

fused qu artz  
Inorgan ic  parchm en t 
M ica su b stitu te

° Lucite, E . I .  du  P o n t de N em ours & Co., Inc, 
P lexiglas, R ohm  & H aas, Philadelphia, Penna.

W ilm ington, D el., and

b Spec trum  range over which m ethyl m e thacry late  resins are tran sp aren t 
extends fa rth e r in to  u ltrav io le t th an  p la te  glass and  not so far in to  infrared . 
T ransm ission  of a  piece 0.5 cm. th ick  is 20%  a t 3000 A. and  again  a t  1.6 m (19). 

0 Koroaeal tub ing , Goodrich R u b b er Co., A kron, Ohio. 
d Apiezon oils, m anufac tu red  in  E ngland  and  availab le  th rough Jam es G. 

B iddle & Co., P h iladelphia , P enna. S yn the tic  organic oils, no tab ly  Octoil S, 
m anufac tu red  b y  D is tilla tion  P roducts , Inc ., R ocnester, N . Y. 

e O btainab le  from  O w ens-Illinois G lass Co., Toledo, Ohio.
/  C orning G lass W orks, C orning, N . Y.

New instruments will undoubtedly come from the ingenious 
combination of effects and materials already well known. 
Examples of this type of development are listed in Table III.

Finally, we have those developments which may be aptly 
described by the phrase “good engineering” . The present 
article is concerned chiefly with the fundamental optical 
developments in astronomical and meteorological instruments 
with which the author is most familiar. These should be of 
interest to the reader because parallel developments in some 
chemical instruments may be expected. These develop
ments, together with "good engineering” , will increase the 
usefulness to chemists of all optical instruments now limited 
by their inadequate efficiency and sensitivity. Examples are 
monochromators (or spectrometers) used with either a photo
cell or thermopile in the visible, ultraviolet, or infrared part 
of the spectrum.

T a b l e  II. P h y s ic a l  E f f e c t s  a n d  T e c h n i q u e s

Technique 
E lectron  optics

A pplications
Im provem ents in electron d iffraction  ap p ara tu s  
E lec tron  microscope 
Im proved m ass spec trograph  (15, 16)

Isotopes E nriched isotopes (exam ple, H a)
R ad ioactive  isotopes useful as ind ica to rs to  follow 

course of chem ical reactions 
Spectroscopy ( / ,  24) In fra red  spectroscopy in  chem istry  for iden tifica tion  

and  analysis 
C olorim etry  (18)

Vacuum  technique Low -pressure d istilla tions for separa tion  of horm ones, 
v itam ins, isotopes 

D elicate h ea t of reaction  p roblem s w here use of high- 
vacuum , a lum inized surfaces on containers and  sensi
tiv e  therm opiles will increase a tta in ab le  precision

T a b l e  III.
N am e

E lectrom eter tubes 
pH  m eter

V acuum  balance
Packless and  greaseless valves
Polaroid
Colorim eters
F rac tio n a tin g  colum ns

Super-high-pressure m ercury  lam p 
E lectric  titra tio n s

I n s t r u m e n t s

R em arks
E lectronics
Use of electronics techn iques w ith glass 

electrode 
Use of Alnico m agnets 
Use of ductile  brass and  glass bellow s0 
S u b s titu te  for nicols (see F igure  5)
Use of pho tovo lta ic  photocells 
E m ploym en t of principles of D ew ar 

flask
Q uartz -tungsten  seals 
Use of electric  eye

a M etallic  bellows ob ta inab le  from  F u lto n  S ylphon Co.. Knoxville, T enn., 
and  Clifford M fg. Co., Boston, M ass. F o r d escrip tion  of glass bellows see (2).

563
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Credit, Prentice-Hall, Inc .

F i g u r e  1. R e f l e c t i v i t i e s  o f  M e t a l s  U s e d  f o r  M i r r o r s  i n  I n s t r u m e n t s

Surface F ilm s by Evaporation
Glass is used for astronomical mirrors and lenses. The 

reflection coefficient of a glass surface is not ideally suited for 
either of these applications, being too low for the former and 
too high for the latter. But the reflection coefficient of the 
surfaces of mirrors and lenses is altered by thin surface films 
deposited by evaporation. This increases the efficiency in 
both cases; a thin film of aluminum (Figure 1) gives a glass 
mirror a reflectivity of approximately 90 per cent throughout 
the entire useful spectrum (27); a thin film of calcium fluorite 
on the surfaces of a lens eliminates 90 per cent of the transmis
sion losses arising at the surfaces owing to reflection (29).

These surface films have been applied to increase the effi
ciency of monochromators. The use of evaporated aluminum 
films has eliminated the expensive roof prisms 
used in the early models of one double-quartz 
monochromator (see Figure 2). The use of 
evaporated fluorite films on this same double 
monochromator will more than double its 
transmission. The high gain resulting from the 
application of fluorite films is achieved be
cause the light beam in this monochromator 
penetrates twenty quartz-air surfaces.

D ouble-Q uartz M onochrom ator for
O zone and W ater D eterm in ation s
The double-quartz monochromator, shown 

in Figure 2, is in use with the sun as a light 
source, to make routine analyses of the entire 
atmosphere for ozone and water vapor con
tent.

For the ozone determination, which takes only 
2 minutes, a sodium photocell in an evacuated 
quartz-glass envelope is used as a receiver. The 
photocell current is amplified with an electrom
eter tube (34). The intensity of the sunlight a t 
3050 A. and 3110 A. is measured. For the water 
vapor determination, which takes 5 minutes, the 
intensity of the <£-band a t 1.15 ¡i is measured with 
a thermopile (10). I t  is noteworthy th a t the 
slits of the double monochromator remain the 
same for both determinations (0.075 mm., 0.003 
inch).

Determinations have been made of the ozone 
in an absorption cell using the relative absorp
tion a t 3050 A. to 3110 A. Here a tungsten- 
filament lamp in a quartz-glass envelope serves

as the source of continuous radiation. (Tung
sten lamps in quartz envelopes are supplied by 
the Phillips Laboratory, Eindhoven, Holland.) 
This source is useful from 2800 A. to 3 fi. The 
voltage across the filament is regulated by a 
Raytheon regulator, the performance of which is 
expressed as follows (data taken with the output 
power adjusted to full load):

A pplied voltage 70 80 90 100
O u tp u t voltage 114 116 116.0  116.0
A pplied vo ltage 110 120 130 150
O u tp u t voltage 116.0  116.1 116.1 116.1

With the slits 5 A. wide the response of the 
galvanometer a t 3050 A. is about 100 divisions. 
The ratio of the emission a t 3050 A. to that 
a t 3110 A., for the empty cell, is reproducible to 
one part in 1500. With this inherent reproduci
bility one can get an accurate determination of 
the ozone in the absorption cell.

The monochromator shown in Figure 2 and 
its accessories have been used for measuring 
the reflection of mirrors, the transmission of 
optical glass, the absorption of filters, and the 
spectral response of photoelectric cells. The 
use of a double monochromator is required 

for highly selective effects like the photoelectric effect, and 
its use in colorimetric work is recommended when highly 
selective receivers are employed.

T a b l e  I V .  I n d e x  o p  R e f r a c t io n  o p  S y n t h e t i c  M a t e r ia l s
M ateria l C D e F 0

6563 5893 5461 4861 4358
F used qu artz 1.4567 1.4587 1.4604 1.4634 1.4669
CaFs 1.4325 1.4338 1.4349 1.4369 1.4395
LiF 1.3906 1.3922 1.3930 1.3943 1.397
KC1 1.4870 1.4901 1.4929 1.4981 1.5043
K B r 1.5544 1.5590 1.5631 1.5709 1.5806
ICI 1.6569 1.6655 1.6721 1.6853 1.7025
MgO 1.7337 1.7378 1.7412 1.7475 1.7550
Plexiglas 1.4856 1.4881 1.4902 1.4938 1.4992
Lucite 1.4916 1.4945 1.4967 1.5008 1.5064

q u a r t z  pr isms  
a lu mi n i zed  on  b ac h

s c r e w  t o  m a i n 
t a i n  focus  th r o u g h 
o u t  t h e  . spec t rum

d r u m  c a l ib r a te d  
in w av e  le n g th s

q u a r t z  p r i s m s  w i t h  
f ron t  f a c e s  g r o u n d  to  
f o r m  l e n s e s

q u a r tz  re f l e c t i ng

inter
med ia te

s l i t

m g  s c r e w

A  p a r t i t i o n  ( n o t  s h o w n )  
p r e v e n t s  s t r a y  l i g h t  f r o m  
o n e  s y s t e m  e n t e r i n g  
t h e  o t h e r .

This earn s l i d i n g  on  t h e  pin  
r o t a t e s  t h e  r e a r  pr i sm t a b l e  
m a i n t a i n i n g  m i n i m u m  d e v i a 
t i on  t h r o u g h o u t  t h e  s p e c t r u m .

All Lhc s l i t s  a r e  s e p a r a t e l y  
a d j u s t a b l e .  The e n t r a n c e  a n d  
e x i t  s l i t s  a r e  c u r v e d  t o  
c o m p e n s a t e  for  p r i s m a t i c  
d i s t o r t i o n .

Credit, Prentice-Hall, Inc .

F i g u r e  2 .  H i l g e r - M u l l e r  D o u b l e  M o n o c h r o m a t o r  w i t h  Q u a r t z  O p t i c s

Tw o prism a a t  le ft, show n here  backed  w ith  reflecting coats of alum inum , were form erly 
backed  w ith  q u a rtz  roof prism s
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, human eye
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v i o l e t  y e l l o w

Credit, Prenticc-IIall, Inc .

F i g u r e  3 . S p e c t r a l  S e n s i t i v i t y  o p  P h o t o v o l t a ic  C e l l

N ote  th a t  sen sitiv ity  goes to  zero on long w ave leng th  side n t approx im ate ly  7200 A.

N ew  O ptical M aterials

R ad iation  R eceiving D evices

Photocells are not treated here (they are 
adequately discussed elsewhere, IS) except to 
point out that the sensitivity of the photovoj- 
taic type vanishes completely at about 7200 A. 
(see Figure 3).

Improvement of the sensitivity of thermo
piles and other radiometric devices has been 
the object of many investigations (33) and work 
is now being done to improve their perform
ance. There seems at present no possibility 
of making “order of magnitude” improvements 
in the sensitivity of this type of instrument, 
which measures a flux of radiant energy, be
cause the delicacy of the measurements is now 
limited by the effects of Brownian motion. Re
cently, however, a novel method has appeared 
for photographing in the infrared spectrum out 
to 9 / i  ( 5 - 7 ,  17, 37). Because, in principle, 
this new method integrates the flux of energy 
over the time of exposure, it is not inherently 
limited by the effect of Brownian motion and 
we may reasonably expect that it or some modi
fication of it may be developed which will yield 
an instrument of great sensitivity.

But without radical developments in radio-

The infrared spectrum is being used now 
by chemists to identify compounds and to 
estimate the proportions in which they are 
present (1).

The growing of large synthetic crystals of the 
alkali halides was undertaken in order to supply 
prisms of new optical materials for infrared 
spectroscopy. Synthetic crystals of potassium 
chloride, potassium bromide, and potassium 
iodide were grown at the University of Michigan 
in cylinders 12.5 cm. (5 inches) in diameter by 
12.5 cm. (5 inches) long (30).

To this list have been added two synthetic 
crystals, sodium fluoride and lithium fluoride, 
which are of importance in the ultraviolet and 
visible part of the spectrum (25). These two 
materials are important (4) because they simu
late the properties of fluorite (see Table IV). 
The occurrence of fluorite in large size and 
quality suitable for optical usage is now very 
rare.

Another synthetic optical material now avail
able (from the Norton Company, Chippawa, 
Canada) is magnesium oxide, which is useful 
in infrared spectroscopy for making shutters. 
Its transmission limit in the infrared is inter
mediate between that of quartz and fluorite 
(about 7.5 fj.) and in the ultraviolet is 2300 A. 
Magnesium oxide has a high index of refraction 
and a low dispersion (see Table IV). Its inert
ness toward the alkali metal vapors suits it for 
use as a window material for absorption cells 
to contain these vapors (35).

S y n th e tic  th e rm o p las tic s  (L uc ite  and 
Plexiglas) are now used for making unbreak
able spectacle lenses and sun glasses and may 
eventually find extensive use in optical instru
ments (36). Their optical surfaces are formed 
by heat and pressure in polished molds without 
any of the customary optical working with 
abrasives and rouge.
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metric instruments we can expect definite ad
vances in the technique of working with the 
instruments now available.

For example, to measure with a thermopile most 
effectively the energy emergent from the slit of a 
monochromator (especially as applied to infrared 
spectroscopy) it is necessary to form a reduced 
image of the exit slit on the thermocouple and at the 
same time increase the solid angle within which the 
thermocouple is irradiated. At present an ellip
tical mirror is used, giving a fivefold reduction in 
the image size and an increase of angle of irradia
tion to a cone of 100° diameter (9, 20). The 
thermopile is at one focus of the elliptical mirror 
and the exit slit of the monochromator is at the 
other focus. The elliptical mirror is not completely 
suited for this application, for although the image is 
definite on the optical axis the imaged ends of the 
slit which lie off the optical axis exhibit coma (§).
This coma necessitates the use of an oversized 
thermopile receiver. The technique may be improved by apply
ing the Schmidt principle instead of an elliptical mirror. Thus, 
without any sacrifice in the solid angle of irradiation, the area of 
the thermopile receiver may be reduced three- or fourfold with 
an attendant doubling of the thermopile sensitivity.

T he S ch m id t P rincip le in  O ptical D esign
The Schmidt principle in optical design is described in a 

recent issue of the Scientific American (11). The Schmidt 
principle involves the use of a lens positioned at the center of 
curvature of a spherical mirror (Figure 4). The lens is figured 
to introduce a compensating spherical aberration in a parallel 
beam of light, so that the spherical mirror can focus the beam 
to a point. As the effect of the lens is not critical in respect 
to the angle at which the beam passes through the correcting 
lens, the combination of mirror and lens exhibits a large field. 
The Schmidt lens introduces but very little achromatism and 
because it is thin it introduces but little absorption. Many 
applications of the Schmidt principle have been discussed 
(11, S3, 26).

Although the making of Schmidt correcting plates is now 
an optical task of considerable difficulty, the principle may, 
in the future, be used in the construction of an inexpensive 
but effective double monochromator. Perhaps the Schmidt 
correcting plates will be formed from methyl methacrylate 
polymer by pressing, in the same manner that spectacle 
lenses are now made.

R eplica G ratings
Excellent replica gratings (both reflection and transmission 

types) which throw a large fraction of the incident light in a 
single order of the spectrum, are now available. [Replica 
gratings produced from matrices made by R. W. Wood are 
obtainable from the W. M. Welch Scientific Co., 1518 Sedg
wick St., Chicago, 111. Transmission replicas can be trans
formed into reflection replicas by aluminizing the cellulose 
film (27).] Combined with a fore-prism monochromator to 
eliminate overlapping orders and stray radiation, these replica 
gratings may be used in certain types of monochromators to 
obtain a Unear wave-length scale and a greater dispersion 
than a prism affords.

O ther A pplications o f  N onreflecting Surface F ilm s
Nonreflecting surface films of fluorite and other substances 

are deposited by evaporation on optical surfaces primarily to 
make optical instruments more efficient. In addition, these 
nonreflecting films eliminate halations and the thin veil of 
background light produced in a lens by internal reflections. 
Many applications of these films are possible, wherever sur
face reflections from a transparent optical body are to be elimi
nated. Promising among them are the application of non- 
reflecting surfaces of fluorite to decrease the reflectivity of 
residual-ray crystals in the near infrared and the application
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of paraffin layers 2 0  ¡x thick to quartz to increase the trans
mission of quartz lenses in the far infrared.

R esidual-R ay F ilter M ethod  in  th e  Far Infrared
The residual-ray filter method uses successive reflections 

from crystals to obtain monochromatic bands of infrared ra
diation. The method affords, in effect, a monochromator. 
Wave-length bands from 6.7 n to 150 <u are thus obtained (8, 
14). A new arrangement of the residual-ray apparatus using 
a band of radiation at 8 . 8  ¡x affords a pyrometer particularly 
suited for determining surface temperatures in the range 
— 100° to +100° C. (28). The band of radiation used in this 
pyrometer as the thermometric property lies at a position in 
the infrared spectrum where water vapor is very transparent. 
Accordingly, no corrections for absorption in the optical path 
of the pyrometer are ordinarily required. With the pyrome
ter one can measure the temperature of surfaces without in
terfering with heat loss by radiation and convection or with 
surface heating.

This instrument was intended for astronomical (sun, moon, 
star, and planet temperatures) and meteorological (ozone, air, 
tree, grass, and ground surface temperatures) applications but 
it is possible that it will find other applications. Fitted with 
appropriate crystals, the residual radiation falls exactly on the 
ozone band lying in the infrared spectrum at 9.6 ju and the in
strument so arranged is being used daily to measure the ab
sorption of sunlight by the ozone of the atmosphere. Using a 
residual-ray band at 6.7 /x obtained with calcite crystals, there 
is a linear relationship between the square root of the water 
vapor in the optical path, t , expressed as centimeters of pre- 
cipitable water, and the produced fractional absorption of the 
energy in the residual-ray band, A:

A =  4.4 V r
Thus one may determine, with the apparatus, the absolute 

humidity. The above relation on which this “chemical 
analysis” is based is valid only at ordinary temperatures and 
at atmospheric pressure (13, 21, 38).
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Coordination between Instrument Maker 
and Research

W IL L IA M  H . R E Y N O L D S, A m e ric a n  I n s t r u m e n t  C o m p an y , S ilver S p rin g , M d.

T HE close integration that may exist between instrument 
maker and research laboratories is well illustrated by the 

experience of this company. The men who founded the or
ganization 25 years ago were skilled technicians who had been 
associated exclusively with experimental groups. I t  was 
natural, therefore, that their independent activities should 
from the start have consisted in the construction, according 
to sketch or published paper, of fine instruments and equip
ment for governmental, educational, and industrial labora
tories. Many published contributions have rested strongly 
on a specialized apparatus carefully constructed by this 
establishment.

This policy of close contact and collaboration with organ
ized research groups, although greatly extended and varied, 
has remained essentially the same through the years. In a 
large new plant, generously equipped with standard and 
highly specialized tools, construction proceeds at any one 
time on a number of different instruments designed to fill 
special research needs. Scientists from governmental labora
tories and from schools in the vicinity of Washington, D. C., 
frequently avail themselves of facilities not to be found else
where. The present new plant has 20,000 square feet of 
floor space. The organization is divided into several closely 
knit sections, the principal ones being the technical and de
velopment section and the fine tools division.

The rapid tempo of scientific development requires in
cessant scrutiny and study of the literature and contact with 
leading laboratories.

New instruments and new designs of old instruments find 
their fitting counterpart in new materials of construction, ma
chines, and methods. Skill, resourcefulness, and economy of 
manufacture alone no longer suffice to meet the demands of an 
exacting scientific world, but the fabrication must be guidsd 
by and conform to inexorable theoretical requirements. This 
aspect is taken care of by the highly trained technical section, 
which is closely integrated with the production department. 
I t is not unusual for the construction of an instrument and 
its proper employment to be conditioned by exacting mathe
matical relationships.

Coordination with and service to chemical and physical 
research laboratories are, however, hardly complete if they stop 
at the point of making specialized instruments. The plant 
and skills of the organization are therefore directed toward 
the manufacture of standard instruments and routine labora
tory equipment. In all these operations the same type of 
skilled mechanic is employed as in the special instrument con-

struction. The standard apparatus is mainly for testing, for 
control, and for analysis, and fabrication is of metal, glass, or 
other material.

Services
I t  may be thought that the product of an instrument com

pany is nothing more than a home-made gadget in fancy dress. 
This is far from being true. Into each instrument enter de
sirable and indispensable values that result from much 
thought, planning, combined skills, and the application of 
special tools and methods. The product of a reputable in
strument company will give more accurate, rapid, and certain 
measurements and results than the comparative makeshift 
of the hurried and unspecialized laboratory worker. A case 
recently came to notice of the loss of time and ruination of 
experimental work caused by a home-made thermoregulator. 
The construction seemed relatively easy, but unexpected 
difficulties of fouling of the mercury, breaking of the thread, 
etc., arose which are to be contrasted with the simplicity, 
reliability, and accuracy of, for example, a metastatic thermo
regulator.

Besides offering substantial improvements over home-made 
equipment, a further type of service consists in the production 
of instruments and apparatus that the average shop is scarcely 
equipped to make. An example is the preparation of fused 
glass absorption cells with guaranteed plane parallel ends, 
which requires highly specialized skill and tools.

A third type of service consists in a more economical and 
efficient construction than is possible in the average labora
tory, yet with at least equal accuracy. Recently the com
pany was faced with the task of constructing a respirometer 
according to a published design. I t  was found possible after 
suitable consideration to prepare a very much simpler piece 
of equipment which functioned the same and just as effec
tively; the simplifications cut the cost considerably, and re
sulted, in fact, in putting the instrument on the general 
market.

A further contribution of value consists in making generally 
available, very shortly after publication or announcement, in
struments and equipment that have obvious merit. There 
have been several instances in which a demand for an instru
ment, promptly proclaimed after publication, was just as 
promptly met. In this way the findings and accomplishments 
of research laboratories come into general use a long time, 
years perhaps, before they would without the service ren
dered by the modern instrument company.
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The company has found it desirable to sustain cooperative 
fellowships and research undertakings in connection with in
strumentation. Two such are in operation at present. The 
main objective of one of these has been to develop the most 
scientific method of use and most efficient design of an im
portant instrument for fine size analysis, which is manufac
tured by the company. This fellowship has been unusually 
fruitful and has resulted in fundamental findings. The 
second research is in the automotive industry and has to do 
with the study of the various conditions of use of engine in
dicators so as to develop their widest utility.

Costs

The undeserved penalty of good appearance is sometimes 
the impression that the cost has been polished up, so to speak. 
As far as established instrument making is concerned, this is 
not true, nor can it be under competitive conditions. The 
notion may be based on a hurried and fallacious method of 
accounting. One cannot estimate the cost of an instrument, 
any more than anything else of use value, on the basis of the 
value of the component materials. There are items to be

considered of initial technical investigation, experienced engi
neering design, and skilled machine construction, all of which 
lead to a more efficient, more durable, and more presentable 
article than in the absence of these services. One need hardly 
mention also the usual economic items of capital investment, 
obsolescence, overhead, salary, etc., which should be taken 
into account when an investigator attempts his own con
struction. Finally, one may note the saving of valuable 
time and effort, as far as the real objective of the investigator 
is concerned, when he has before him a highly satisfactory in
strument, ready for use.

In conclusion, the instrument maker is interested in the 
problems of the investigator and research worker. In fact, 
he has to be, for it is only on the basis of the broadest knowl
edge of the requirements of the laboratory that he is able 
to render a fitting service. In this sense, he welcomes the 
inquiries and interest of the investigator, and he is prepared 
fully to cooperate with him.

The scientific research world has been implemented thereby 
in a manner that has created more accurate results and broad
ened research horizons beyond the fondest dreams considered 
possible only a few short years ago.

Spectrograph Design and Its Problems
J .  W. FO R R EST, B ausch  & Lom b O ptical Co., R ochester, N. Y.

tration of known substances. They are valuable for the kind 
of information they may supply, for the speed with which re
quired information may be obtained, and for the degree of 
accuracy obtainable in comparison with other methods. While 
comparisons are dangerous, one is tempted to say that the 
spectrograph is more useful to the chemist than all the above- 
mentioned instruments. I t  is deplorable that there is no 
word which includes both spectroscope and spectrograph. In 
spite of the fact that the spectrograph with its permanent 
photographic record of both visible and invisible portions of 
the spectrum is the most commonly used, the spectroscope 
is too useful to be ignored. The reader should interpret the 
word “spectrograph” in this article to include spectroscope 
and spectrometer unless it is obvious that only the photo
graphic form is meant.

For years the spectrograph was the physicist’s most power
ful tool in his search to unravel the secrets of the construction 
of matter, and unaided it led him to the necessity for recog
nizing orderly arrangement in the complex structure of the 
atom. Lockyer in 1873 for the first time advanced the theory 
that changes in line spectra, due to rise in temperature of the 
source, could be explained by the breaking up of the atom 
just as the transition from band spectra to line spectra may 
be explained by the dissociation of the molecule. The chemist 
soon recognized its power to reveal the composition of un
known materials and the astrophysicist made it his basic 
instrument. I t  has revealed the fact that the universe is ap
parently made up of the same chemical elements that com
pose the earth. Without the spectrograph it is impossible 
to imagine how we could have acquired any information 
whatever about the composition of heavenly bodies except 
what might have been gleaned from the occasional meteors 
which reach the earth. Matter, emitting or absorbing radia
tion which the spectrograph can analyze into its component 
wave lengths, reveals not only its identity but much about 
the state in which it exists. Distance is immaterial, provided 
enough light reaches the observer to affect the eye or the

O PTICAL instruments of various kinds are extremely 
valuable in chemical analysis. Microscopes, color

imeters, polarimeters, saccharimeters, and refractometers are 
extraordinarily useful tools for the identification of unknown 
substances or for the determination of the degree of concen-

S t e i n h e i l  S p e c t r o g r a p h  o f  1894
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utmost efficiency in operation. They must 
be adjusted in the factoiy and must maintain 
that adjustment during transportation and 
over a long period of possibly daily use. 
The operator must learn the mechanical 
technique of operation through the reading 
of some rather simple directions for use. In 
his hands the instrument must be depend
able in spite of a certain amount of abuse, the 
worst of which is probably experienced when 
it falls into the hands of one who cannot keep 
his fingers off the adjustments. Finally, it 
must be powerful enough for the work required 
without excess power which leads to excessive 
cost and difficulty of operation.

photographic plate. The arc on the laboratory table or the 
distant nebula tells the same story.

So long as the instrument was useful only for qualitative 
chemical analysis, it was not of great value in the laboratory. 
Its major function as a qualitative instrument was in the 
identification of trace elements, the concentration of which 
was so weak that they defied ordinary chemical analysis. 
This period of spectrographic science dates from the time 
of Bunsen and Kirchhoff to about 1875 when Lockyer pro
posed its use for quantitative work. He was followed by 
Hartley in 1884 and Pollok, Leonard, and de Gramont about 
the turn of the century. These men laid the basis for quanti
tative analysis and since their time the science has been pro
gressing so swiftly that one hesitates even to suggest what 
may represent the ultimate limits of its usefulness.

In the early days of spectroscopy, the investigator usually 
had to make his own instrument. In the graduate school of 
a university, where time is usually more abundant than 
money, this condition could be tolerated even though it 
yielded an instrument operable satisfactorily only by the one 
who designed and built it. For the modern industrial labora
tory, where time is the most valuable element and the results 
of the new investigation or of the routine analysis are the all- 
important objectives, the design of instruments must offer the

S l i t  M e c h a n is m  f o r  L a r g e  S p e c t r o g r a p h
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The present-day spectrograph is the joint product of the 
research laboratory, the instrument designer, both optical and 
mechanical, and the skilled mechanic. The fundamentals of 
the spectrograph came from the physics laboratory; the tech
nique of application to the field of chemistry, from the chemi
cal laboratory. From the fundamentals developed in labora
tories of both groups, the optical instrument manufacturer 
has built an instrument which has perhaps made its most 
startling contribution in the field of metallurgy. The com
position of a complex alloy may be completely determined in 
a few minutes from the time that the sample is taken and 
correcting alterations made while the furnace is on. Essen
tial constituents may be determined quickly and with an in
creasingly high accuracy.

The task of the designer in this advance is to produce pre
cision scientific instruments which have the speed, strength, 
and rigidity necessary to ensure unfailing performance under 
peak conditions of operation. For all practical purposes these 
instruments must exhibit the same reliability that is required 
of the modern automobile. New alloys and materials must 
be utilized to give lightness and at the same time preserve

the necessary strength. Noncorroding metals are substituted 
for the wood and iron which were common in early design. 
Increase in the speed of operation has been accomplished by 
providing designs in which motions are interlocked so that 
the operator accomplishes by a turn of the hand what formerly 
required several separate adjustments to do. Photoelectric 
apparatus has been designed for the quick evaluation of the 
photographic image, thus relieving the strain on the operator 
and affording him relief from visual fatigue.

The lines of investigation along which the designer must 
work, which arc briefly indicated above, represent only one 
phase of his task—that of the primary instrumentation. 
There are in addition several auxiliary fields which demand his 
careful attention. Since in modern practice the results are 
registered photographically by the burning of a sample in an 
arc or a high-tension spark, they must depend for their ac
curacy and reproducibility upon the production of a constant 
set of conditions in such sources. He must, therefore, invade 
the field of electricity and design equipment of such a nature 
that the source variable can be neglected. This means that 
he must study arc and spark phenomena under various con
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ditions and determine the optimum for a particular problem. 
He must study the relations of inductance and capacity, and 
eventually he must be thoroughly acquainted with the in
fluence of one element upon another when both are volatiliz
ing at the same instant. Practically in the present status of 
spectrographic science this has become a limiting factor and 
is a problem, which, when satisfactorily solved, offers promise 
for greater accuracies than can now be attained. Physicists 
and chemists in various fields are seeking the answer and it is 
hoped that major advantages will come from these investiga
tions. The Bausch & Lomb Optical Company is making the 
necessary plans to support a fellowship at the Massachusetts 
Institute of Technology, the sole purpose of which will be to 
investigate the basic phenomena occurring in sources of 
energy where metallic vapors exist. Such investigations as 
these provide the basis upon which the designer can rely to 
build into his mechanical, optical, and electrical structures 
new features which will increase the reproducibility and hence 
the reliability of the results. As is true with any growing 
science, many problems of fundamental nature are still un
solved and the solution of any one usually makes it necessary 
to redesign existing apparatus or to devise new apparatus to 
meet the need.

Another phase of design which is not often given enough 
consideration is that of the study of the materials in the 
optical structure. Today most of the work is done in the 
ultraviolet or in the infrared region where suitable materials 
are few and expensive. The designer must utilize these ma
terials to the utmost and must be sure at all times that they

are neither inferior in quality nor poorly fabricated. This 
means that he must be, to a certain extent, a student of 
crystallography in order to design and test systems which will 
function to the greatest advantage and convenience of the 
user. Quartz, calcite, fluorite, and rock-salt all enter the 
optical structure in one place or another and each offers its 
own problem in the design of specific optical systems. Quartz 
and calcite are birefringent and the former is rotatory also. 
Each requires special forms of computation to produce the 
desired results. Rock-salt is hygroscopic and offers its own 
peculiar problems. Only careful selection of material and 
careful handling of the varied optical constants can achieve 
useful results.

The combined efforts of many individuals are usually neces
sary to bring about material advances in any scientific work. 
In this brief account of developments in a single group of 
instruments, we see the designing engineer drawing his data 
from industrial and educational laboratories, combining these 
with his own knowledge of materials and design, and turning 
back instruments which contribute to increasing accuracy and 
additional achievements in many fields. The chemist, the 
physicist, the astronomer, the biologist, the geologist, the 
criminologist, and even the dealer in scrap metal in one way 
or another derive profit from the joint efforts of the labora
tories and the instrument designer. Whether it be the com
position of the universe millions of light years away, or the 
composition of the discarded bit of alloy in the junk yard, 
the spectrograph is capable of yielding the answer quickly 
and in a manner that is not usually subject to dispute.

The Laboratory Supply House
D. A. K ORM A N  

E im e r  & A m en d , N ew  Y o rk , N . Y .

L ABORATORY supply houses are not merely dispensers 
of merchandise. Very few people realize how far their 

service extends and how vital is their contribution to industry, 
science, and economic welfare. I t  is logical for laboratory 
workers to approach these institutions with their problems, 
for where else can such complete service be rendered? A 
staff consisting of chemists, physicists, bacteriologists, instru
ment makers, and glass blowers, with instrument shops, 
glass-blowing shops, literature references, files, and similar 
facilities, is maintained at great expense by these firms. The 
older laboratory supply houses are libraries of information, 
whose functions are to render willingly a practical service to 
those in the field who have perplexing problems.

We read of the progress made in developments of plastics, 
synthetic textiles, medications, etc., better materials produced 
at lower prices, better methods of preserving foods, purer 
foods, sanitary control, eradication of disease, increase in the 
span of life, creation of new industries, better homes, etc., 
all as a result of achievements by research. The significance 
of the contribution that is made by the laboratory supply 
firm is often overlooked entirely.

I t  is true that in the brain of the researcher ideas are 
created, but mental visions do not always become practical 
processes unless tools are developed or created to carry out 
the ideas. For instance, a scientist evolves a plan for manu
facturing a new product. He finds during the development

stage in the laboratory that he needs a special piece of appara
tus. Since he is no artisan and has no facilities for fabrica
tion, he approaches a laboratory supply house, as a source 
that not only makes these available but is able to conceive 
what he has in mind. Thus, frequently the task becomes the 
problem of the artisan assigned to construct an apparatus 
that will finally carry the problem to success.

Some years ago, this company was approached by a scien
tist who had an idea that the product his firm was manufac
turing could be improved in quality and produced more 
efficiently. He outlined his theory and explained the existing 
methods and processes, and in a short time a thorough knowl
edge and understanding of the problem were acquired by the 
artisans delegated to the task. I t  was necessary to devise 
an instrument for actual tests and control of the materials, 
and after many months of investigation and experimenting, 
the problem was solved most satisfactorily. The firm, there
after, was able to produce a better and more uniform product, 
and the undertaking resulted in many economies and a tre
mendous increase in sales.

Though the role that was played by the laboratory firm 
has undoubtedly long been forgotten, it certainly contributed 
substantially and in many ways to the benefit of the industry. 
This is but one of numerous incidents where the research 
worker and industry have benefited by the scientist’s co
operation.



Analytical and Microbalances
A. W . A IN SW O R T H  

W in . A in sw o rth  &  S o n s , In c . ,  D en v er, C olo .

V ERY few users of analytical balances realize or appreciate 
what has been done in recent years to improve reliability 

and reproducibility particularly at the higher sensitivities, 
and it is the intention of this article to state some of the 
difficulties encountered in the efforts to give the chemist a 
more reliable piece of apparatus than has heretofore been 
obtainable.

The beam, being the most important part of a balance, 
has of necessity been given the greatest amount of attention, 
and during the investigation of the behavior of balance beams 
under varying conditions such as load, temperature, and 
humidity, some very interesting information has been ob
tained. The first important discovery was the great varia
tion in the material (aluminum alloy) commonly used for 
balance beams, and after definitely determining these pe
culiarities, the finish was found to have a wide bearing on the

performance and stability of the beam. Various alloys, 
while varying from one another only in very small amounts, 
were discovered to behave in entirely different manners. 
Strains due to the mechanical working of the material itself 
were of major importance and it was during the above- 
mentioned investigations that a method of normalizing this 
material was discovered 

The actual production or machining of the beam from the 
blank material brought its attendant complications which 
were more easily surmounted but, nevertheless, contributed 
to some of the peculiar behavior of the beams. As these 
problems were gradually approached and carefully investi
gated, the question of the knife edges in relation to their 
attachment to the beam came to the fore, and it was during 
this particular investigation that a great deal was learned 
not only of the proper fitting of the edges to the beam but of

F i g u r e  1 . P r o d u c t i o n  o f  B e a m s  f r o m  B l a n k  M a t e r i a l  
(upper  right )

G r a d u a t i n g  o f  S t a n d a r d  A n a l y t i c a l  B a l a n c e  B e a u  
(lower right)

E n g r a v i n g  o f  N u m b e r s  o f  B a l a n c e  B e a m  (left)
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F i g u r e  2 .  F i x t u r e s  f o r  G r i n d i n g  a n d  T e s t i n g  A g a t e  E d g e s  
a n d  B e a r i n g s  (left).  S e t u p  f o r  D e t e r m i n i n g  F i t  b e t w e e n  
A g a t e  E d g e s  a n d  B e a m  (right),  a n d  J i g s  a n d  F i x t u r e s  f o r  

C h e c k i n g  P a r t s  (bottom)

the proper production of these edges. The grinding of the 
infinite knife edge, which is the actual support medium of the 
load suspended by the beam, is important, as the behavior 
of the beam is due very largely to the accuracy of this edge. 
Various methods of grinding and polishing this contact edge 
have been tried, with the result that balances have been 
constructed of a higher sensitivity and capable of handling 
heavier loads than have previously been possible. The 
various devices used in determining the qualities and quali
fications of the agate knife edges were rather ingenious and 
original. Other important problems that presented them
selves were the accuracy of the graduations and the number
ing of the beams. I t was found that where the numbers 
were stamped, the time required to obtain a stable beam 
was many times longer than when the numbers were en
graved by actually removing the material with a revolving 
cutter.

To take advantage of these new refinements in the produc
tion of balance beams, more care was necessary in the design, 
production, and assembly of the parts used in connection 
with the beam-releasing mechanism. Many conditions not 
conducive of smooth and accurate operation of this part of 
the balance detracted from the improvements obtained in 
the beam; therefore, manufacturing jigs and fixtures had to 
be made to much closer tolerances than had been previously 
used. Machining operations changed, and improved in
spection methods such as had been used only by the manu
facturers of high-grade tools were adopted. These improve
ments, together with the use of metal cases, have made it 
possible to maintain close adjustments and alignment of the 
various parts of the balance.

The photographs of Figure 1 show (upper right) the 
production of beams from the blank material. The method 
adopted assures that a minimum amount of machining 
strains will be in the beam; two separate cuts are made—a

rough cut and a finishing cut. The graduating of a standard 
analytical balance beam is shown at lower right, a highly 
accurate graduating machine being automatically compen
sated for temperature; and at left, the engraving of the 
numbers of the balance beam.

Figure 2  shows (upper left) some of the fixtures for grinding 
and testing the agate edges and bearings used on the balance 
beams; (right) setup used to determine the closeness of the 
fit between the agate knife edges and the beam; (lower) jigs 
and fixtures for checking the various parts of the releasing 
mechanism, drop levers, etc., as well as a setup for continually 
inspecting the accuracy of the work as it comes from these 
fixtures.

A great deal of work has been carried on in connection with 
the development and production of a successful microbalance 
and at this time a number of microbalances are in use whose 
performance is extremely gratifying. The information that 
is being accumulated in reference to their performance under 
varying degrees of temperature, humidity, and barometric 
pressure will J e s u i t  in making available to the chemist 
balances capable of carrying greater loads at higher sensitivity 
with greater availability and reproducibility than has here
tofore been available.

In connection with the investigation of the performance of 
microbalances, a very interesting development has been car
ried on in an effort to read more accurately the deflection 
of a microbalance beam, an entirely new principle being 
used. While this has not proved entirely satisfactory as a 
reading device, it has, nevertheless, brought to light some 
very interesting facts, heretofore unknown, regarding the 
actions of a balance beam. It is believed that the knowledge 
that has just been gained will lead to a more thorough 
understanding regarding the sometimes erratic performance 
of microbalances and will have its effect on the future de
velopment of the standard analytical balance.



Laboratory Apparatus, Its Evolution and 
Development

W M , B . W A R R E N , F is h e r  S c ien tif ic  C o ., P i t t s b u r g h ,  P c n n a .

L ABORATORY appliances, starting with the early crude 
forms shown in the accompanying illustration, have 

been improved in keeping with the advance of the various 
sciences to which they are so necessary. In fact, advance has 
been mutual; new discoveries in the sciences have led to the 
development of new laboratory tools, and in many cases, the 
development of a new tool has paved the way for great scien
tific advances.

The early chemist needed to be a versatile soul, for he had 
not only to plan and carry out his laboratory work, but also 
to be his own instrument maker. Chemist, machinist, glass 
blower, jack-of-all-trades—who knows what might have been 
the result had such great minds as those of Bunsen, Liebig, 
Lavoisier, and Kekul6  been free to concentrate on the signifi
cant matters which they were uniquely endowed to pursue?

With the growth of early scientific work abroad came the 
inevitable advent of specialization and the appearance of the 
early instrument maker and glass blower. These men worked 
closely with those in the centers of scientific investigation 
and often played important roles by developing new apparatus 
or improving the older forms.

Since so many of the original workers in this country had 
studied abroad under the older chemists, it was only natural, 
when they started to carry out their studies or to teach here, 
that they sought the equipment which the}’’ had used abroad. 
Laboratories were still rarities, and those who supplied their 
requirements were mostly importers.

The advent of the Great War found us not only without a 
significant chemical industry, but also without an adequate

domestic source of laboratory apparatus with which to create 
such an industry. I t was during the early war days that the 
American chemical industry, together with the American ap
paratus industry, began to develop to what it is today.

In the initial rush of war preparations, there was time to do 
nothing but manufacture prototypes of the foreign apparatus. 
No attempt could be made to introduce improvements; 
production was all-essential. Gradually production was 
stepped up until urgent needs were fulfilled and there was time 
available for development work. Good use was made of this 
opportunity, for with the close of the war not only had a new 
industry been founded, but it had rooted and grown to the 
extent that the laboratory worker found himself with a do
mestic supply of better glassware, more accurate balances, 
more highly refractory porcelain, and better reagents than 
ever before had been at his disposal.

This industry, today really only twenty-five years old, has 
grown and specialized just as have the industries and sciences 
which it serves. Certain organizations within the field have 
developed along specialized lines, while others have acted in 
the capacity of “service stations” where appliances made by 
the specialists are centered and distributed. A few combine 
development, manufacture, and service in one completely 
integrated unit.

It is natural that an industry in such close contact with 
science and scientists should profit from that contact, and the 
same thought methods, the same desire to uncover new facts, 
and the same critical attitude have prevailed in the labora
tories of those making scientific apparatus.

An Explanation of the fourth Table.
8 A  Hook to cle.-tr the Grate with, 
g J f \ _  A  Tufting Furnace. 
j o  A  Pair of Tout's.
1 1  A  [»mil Rewrberatory^ or an open Fur

nace, for one Retort.
1 2  A Retort,
1 3 Iron Rings to cut Giafjes withal.
1 4  A Cm.v, or Antimomai H j  
i y  A  Tefl.
16  A  Teft with its Muffle,
1 7 A  Ladle.
1 8  A/i bigot.
1 Cj A  Crucible.
20 A  lefs Crucible,
2 1  A  Pair o f Tcngs to take a Pot out of 

the Fire withal.
22 Two Bolt Heads, or Matraffcf, made 

a Circulating Glafs of.
23 An uncut Body.
24 A  Body and Head.
25 An Egg, or Oval Mat rap.
26 A  Cut Body.
27 A Dcjf ilhng Head.
28 A  Blind Head.
29 A Ballon, or Receiver.
30  A  Matrafs, with its Head.
3 1  A  Boa% with a double Heal.

E a r l y  C h e m i c a l  
A p p a r a t u s

[As dep ic ted  in  "A  
C om pleat Course in 
C hem istry” , b y  Geo. 
W ils o n , C h y m is t ,  
p rin ted  in  London in 
1709, a t  th e  Judges 
H ead  in  C hancery- 

lane]
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D e s t r u c t i v e  T e s t i n g  t o  E v a l u a t e  D e s i g n  a n d  
M a t e r ia l s

In illustration of the activities of the writer’s laboratory, a 
typical case of development of laboratory apparatus will be 
described.

die castings. Forgings were economically unsuitable and 
die castings were chosen for those parts which were complex, 
while brass screw machine parts and tubing were specified 
wherever possible.

Cooperation with the instrument shop and the die casters 
finally resulted in samples which were subsequently tested by 
the development laboratory. Before final approval, samples 
of all forms were submitted to representative users for trial 
under field conditions. Based on their suggestions further 
changes were made and, after final check with those who 
had presented suggestions, the models were approved and 
production was begun.

The responsibility of the development laboratory did not 
end here. Another of its functions is to continue to add new 
designs to the line, so that over a period of years new clamps 
and laboratory supports have been added as rapidly as 
laboratory tests and consultation with typical users have 
indicated that they will be useful and economical.

R e s u l t s  o p  C o r r o s io n  
T e s t . C o n t r o l  o n  L e f t

Im provem ent, o f  Laboratory C lam p

I t  has been wisely said that it is quite as important to know 
what not to work on as it is to know what to work on. Effort 
is obviously best directed toward apparatus of broadest 
application, and a study of 
the humble but ubiquitous 
laboratory clamp in all its 
forms was conducted in 
order that improvements 
might be brought about.
The common faults of the 
typical clamp, which had 
been fabricated in the same 
way for so many years and 
y e t had ex asp era ted  so 
many users, were brought 
to lig h t. A survey  of 
users was instituted and the
chief faults reported were that they corroded, that the 
joints froze, that the pressed sheet jaws bent under load, that 
the screws and wing nuts lacked adequate strength, and that 
the range of size capacity was too limited.

The problem was then resolved into three phases: a 
metallurgical problem to be studied with particular attention 
to corrosion resistance in laboratory atmospheres, a mechani
cal problem to be approached after a study of the stresses 
involved in the use of clamps, and a design problem to be 
worked out after a study of the versatility, positioning, and 
gripping modes required by the various parts to be clamped.

The metallurgical problem involved corrosion studies of all 
likely materials, using the ordinary laboratory clamp as con
trol. Platings and finishes were studied in the same way. 
While no material or combination of materials could be found 
which was invulnerable to every possible laboratory environ
ment, two were outstanding in comparison with the controls— 
brass and a strong zinc die-casting alloy. One element of the 
laboratory environment, mercury, is not usually encountered 
elsewhere and it was found that a double plating operation 
was very important to nullify its peculiar activities.

The mechanical problem was attacked through destructive 
testing of models. Here much was learned which influenced 
the final designs.

The design problem was naturally conducted concurrently 
with the mechanical one and the designs most consistent with 
the requirements of strength, versatility, positioning, and 
gripping mode were finally evolved.

Early in the course of the work it became evident that the 
forms would be complex and that they would have to be 
manufactured either from brass or bronze forgings or from

F u n ction s o f  D evelopm en t Laboratory

In the course of the development of some types of apparatus 
a great deal of experience with its uses is necessarily obtained. 
After an instrument is placed on the market the development 
laboratory has a further function in working with the po
tential purchaser in order that he may be able to determine 
how best to apply it to his needs. Such work has resulted 
in the development of new techniques and applications and 
in some cases in published papers.

Because of the breadth of scientific activity and the ex
tent of its specialization, such a laboratory is an interesting 
and stimulating place. I t  is necessary to have staff members 
who are versatile in the extreme, yet who are well acquainted 
with the important details of many fields of scientific en
deavor. This can be done only by careful selection of the 
personnel, and each individual must have at least one specialty 
and be able, withal, to work as did the early scientists, as 
a jack-of-all-trades.

L a b o r a t o r y  A p p a r a t u s  S u p p o r t s

1. F lexible fram e su p p o rt
2. Hose c lam p for neavy-w alled hose
3. C lam p holder
4. A djustab le  clam p w ith  th ree  jaw s 
5; C lam p w ith ro ta tab le  jaw s

The intense specialization which has developed in almost 
every line of human endeavor and especially in scientific 
fields, has resulted in special techniques and knowledge in 
every one of them. Often a method well known to one group 
of workers would be very useful if applied to the problems 
of another, yet is entirely unknown to them. The develop-
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ment laboratory of the Fisher Scientific Company has taken 
upon itself the responsibility of serving, in so far as possible, 
as a sort of multiple liaison officer among the various scien
tific groups with which it has contact.

During the past decade there has been increasing applica
tion of the tools and techniques of radio and television engi
neering to the problems of the chemist. Recognizing this 
trend, and aware of the fact that the number of chemists 
who are adept in the construction of such apparatus is rela
tively small, the development laboratory has devoted a 
large part of its attention to apparatus of this nature in an 
attempt to make these valuable tools readily available. As 
a result there have already been developed a vacuum-tube 
voltmeter setup for a variety of titration applications, a 
photoelectric photometer for quantitative colorimetric analy
sis, and an instrument for analytical work by means of the 
dropping mercury electrode.

This line is being followed with diligence and work is now 
in progress pointing toward the application of electronic and 
electrical methods to other titration apparatus, to better 
temperature control of ovens and baths, and even to the 
determination of the carbon content of steel.

Biological chemistry has recently become very active and 
the development laboratory has paid a great deal of atten
tion to this particular branch. Likewise, the needs of the 
hospital laboratory are being studied and present progress 
indicates that several new tools of value to workers in this 
field will shortly be available.

The whole line of laboratory apparatus on the shelves of 
the company is constantly being scrutinized with the intent 
of making improvements which may result in lower cost and 
greater utility.

While in the work on clamps cited above the development 
was initiated entirely within the organization, many others 
have their beginnings in suggestions of workers in the labora
tory. Hence, close contact with the scientific world through 
reading its literature as well as through attendance at local 
and national scientific meetings is essential.

I t  is inspiring to believe that a real contribution to the 
advancement of science can be made by keeping the scientist 
supplied with the best possible tools. While it is only too 
true that “a poor carpenter blames his tools” , it is equally 
true that a good workman produces finer work with finer 
tools.

Research in Instrumentation
P A U L  S H E R R IC K  A N D  L Y N N  D . W IL S O N

E . H . S a r g e n t  &  C o ., 155 E a s t  S u p e r io r  S t . ,  C h ic a g o , III.

T HE research program in the laboratories of E. H. Sar
gent & Company is restricted as closely as possible to the 

field of instrumentation. This policy has a multiple objective, 
in that it maintains intraorganizational efficiency, directs the 
efforts of the company’s personnel into the channels for 
whose exploitation they are best equipped, and avoids over
lapping excursions into the theoretical province properly 
allocated to academic and the larger industrial research insti
tutions. Obviously, the distinction between research in 
instrumentation and research in theory or analysis cannot be 
precisely drawn, and so the scope of activities is varied with 
each subject in hand in accordance with the degree of ade
quacy of pertinent theoretical or analytical knowledge ini
tially available. This borderline flexibility is made evident 
below, in a typical case of extreme distortion into the analyti
cal field.

A large proportion of the company’s research work has a 
nature sufficiently repetitive and routine as commonly to 
avoid research classification. I t occurs as essential activities 
in invention and design and its data accumulate as a group of 
facilities for production and service. Work of this classifica
tion is almost constantly carried on for investigation of (1 ) 
power transmission and conversion, (2 ) heat generation, 
transfer, and control, (3) electrical measuring and amplifying 
circuits» (4) service characteristics of materials and finishes, 
(5) measurement of physical constants, (6 ) accuracy limits 
and requirements of volumetric and gravimetric equipment, 
etc.

E lectrodeposition  S tu d ies

Distinct from this function which may be called routine 
research are the larger and more discrete programs of investi
gation required for the development or introduction of new 
analytical instruments of some importance. The company’s

last completed program of this character was aimed at an 
acceleration of deposition rates in electroanalysis. The work 
on electrodeposition was initiated by a demand for electro- 
analytical installations expressly suited to high-speed routine 
analysis of nonferrous metals and alloys. The company was 
asked to solve a laboratory problem stated approximately as 
follows:

A group of laboratories analyzing a large number of brass 
samples a day, and having available in the literature as standard
ized procedures only the relatively slow-speed methods accepted 
as quantitative by organizations such as the American Society 
for Testing Materials, was faced with the economic necessity of 
reducing the principal time component entailed in the deposition 
proper. Necessity had forced these laboratories to explore the 
possible extension of deposition rates and to improvise such equip
ment and thereby to sacrifice a certain component of mechanical 
reliability and manipulative efficiency, since practically no in
strumental equipment was available to accommodate high cur
rent densities. The study of instrumental requirements indi
cated a necessity for efficient circulation and cooling of the elec
trolyte, and an elimination of the mechanical hazard of overhead 
electrode rotating equipment. Furthermore, it was evident that 
the over-all efficiency of such a laboratory under its normal daily 
schedule was highly sensitive to the manipulative requirements 
of apparatus.

A protracted program of design yielded satisfactory solutions 
of all the principal mechanical difficulties and resulted in suf
ficient simplicity, flexibility, and durability for the heavy duty 
to be imposed upon it.

S o l e n o i d  S t i k r i n g .  Solenoid stirring has been found 
distinctly advantageous for high-speed electrodeposition. 
Its investigation was occasioned by the two principal short
comings of electrode rotating devices—namely, susceptibility 
to corrosion from rising acid vapors and delicacy of the align
ment requirements when rotating the anode within the cath
ode. The solenoid method is far from new and was suggested 
by the publication of Heath (1).
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This system was tested by the experimental construction of a 
great many different solenoids and an optimum result finally 
secured from a coreless solenoid constructed entirely of nonmag
netic materials and having the following approximate specifica
tions: wire, No. 22 B. & S. gage, enameled copper; turns, 6500; 
resistance, 150 ohms; winding diameter, 7 inches; core space 
diameter, 3.375 inches; coil height, 3.5 inches; voltage, 110 direct 
current: current 0.75 to 1.0 ampere. In the center opening of this 
solenoid is inserted a close-fitting annular metal water jacket, which 
in turn surrounds a nonmagnetic stainless-steel beaker well. This 
cooling arrangement serves the dual function of preventing large 
temperature rise, resulting from efficiency losses in electrolysis, and 
a t the same time of rapidly dissipating heat produced within the 
solenoid itself.

F i g u r e  1. A n o d e  a n d  C a t h o d e  f o r  S o l e n o id  S t ir r i n g

I t is noteworthy that in addition to its structural and ma
nipulative advantages, solenoid stirring is self-adjusting in the 
sense that increased current densities automatically produce 
increased rotation rates.

E l e c t r o d e s  f o r  S o l e n o i d  S t i r r i n g .  To employ high 
current densities large electrode area is essential, since the 
practical limit for production of good metal coatings is in the 
vicinity of 0.5 ampere per square inch of effective electrode 
area, assuming 52-mesh platinum gauze. The same require
ment obviously requires a gauze anode. Having determined 
the maximum practical cathode area, attention was focused 
on the anode with the aim of bringing its area to a value as 
nearly as possible equivalent to that of the cathode, and, at 
the same time of producing a form which would best facilitate 
thorough mixing under the influence of the motor torque 
produced by the interaction of magnetic field and electro- 
depositing current. I t  was noted that the conventional 
cylindrical cathode allowed a relatively stagnant condition 
of the electrolyte confined within it and that diffusion from 
this quiet area into the rotating stream between cathode and 
anode was undesirably slow. A special anode form was 
therefore arrived at by experimentation, consisting of two 
elliptical tubes united as illustrated in Figure 1.

S i m p l i f i c a t i o n s  b y  S o l e n o i d  S t i r r i n g .  Figure 2  illus
trates the possibilities for instrumental simplification as a 
result of solenoid stirring. Superstructure is eliminated, the 
solenoids are easily confined beneath a stainless-steel work 
plate, electrodes may be rapidly manipulated in noncorrosive 
Bakelite heads operating on grooved rods with centering and 
depth stops, and control panels are easily condensed to other
wise wasted but readily accessible spaces.

M e t h o d s  o f  R e s e a r c h .  I t  was at once evident that 
while the means of applying high current densities to fast 
routine electroanalysis had been provided, little was known 
regarding the practical limits to which such increases of cur
rent density could be carried. Furthermore, the ultimate 
adequacy of the circulatory and cooling provisions could not 
have been ensured, except as applied under the high current 
density conditions which were initially assumed to be ana
lytically feasible. I t was unavoidable, therefore, to undertake 
to establish and validate rapid methods for the principal 
analyses wherever feasible and to establish the maximum 
current density limits that could be employed. This work 
was undertaken with full knowledge that it properly belonged 
in the sphere of the institutional analytical departments, 
but under pressure of necessity and in the known absence 
of essential data pertinent to the problem.

The results of this analytical research program comprise 
25 electroanalytical procedures shown to be quantitative 
within the normal requirements for industrial nonferrous 
control work and offering substantial time-saving in most 
cases over previous authoritative procedures. It has been 
found possible, for example, in the deposition of copper from 
brass to employ a current of 8  amperes throughout most of 
the deposition, beginning and ending with 5 amperes. The 
deposit remains coherent and free from burns. In the deter
mination of zinc in brass a current of 6  amperes is allowable 
and for the same metal in silicon bronzes a current as high as 
9 amperes may be used without damage to the deposit. 
Similar marked increases in current densities with corre
sponding reductions in deposition time have been effected 
for many other metal determinations.

F i g u r e  2 . I n s t r u m e n t a l  S i m p l i f i c a t io n  R e s u l t i n g  f r o m  
S o l e n o i d  S t i r r i n g
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The following list of currents as specified in the company’s 
high-speed procedures at present will indicate the saving of 
time that has been effected in other typical cases.

Am peres
Copper assay  5 finished a t  3
C opper and  lead in silicon bronze 5
C opper in  nickel-iron alloys 8 .5
Nickel in nickel-iron alloys 7
Iron  in  nickel-iron alloys 4
Zino 9
Iro n  in  bery llium -copper 4
N ickel in  bery llium -copper 7
C opper and  lead in steel 5
A lum inum  in  zinc-base alloys 2
C adm ium  in  zino-base alloys 2
A ntim ony 3
N ickel-cobalt 3
M ercury  3
Silver 3

These procedures have been prepared in mimeographed 
form for circulation to any laboratories interested in this 
subj ect. Formal publication of this work is not contemplated, 
inasmuch as time and facilities will not permit the collection 
of a sufficiently great volume of data to determine the ulti
mate limit of accuracy in these procedures.

P olarographic Research
Current research in the company’s labora

tories is principally devoted to the establish
ment of analytical procedures by the polaro
graphic method of J. Heyrovsky. In 1933, 
when European publications in the field of 
polarography already totaled well over 2 0 0 ,
Professor Heyrovsky proposed that this com
pany undertake to introduce polarographic in
strumentation to American laboratories. The 
study of the subject, begun at that time, re
vealed its possibilities at a rapidly increasing 
rate until by 1937 it seemed urgently ad
visable to make the instrumental facilities and 
service available at least to those few who were 
then already engaged in polarographic in
vestigation in this country. As the result of L
an agreement made with Professor Heyrovsky 
in that year, the company has established sales T
and service facilities for this equipment and 
has presented to all American laboratories the q.j
essential data required for its consideration.

It was evident from the beginning that in 
spite of the extensive literature applying to 
theoretical and special analytical phases of 
polarography, a large technical responsibility 
would be incurred by the company’s labora
tories, owing to the lack of detailed analytical 
procedures for the almost unlimited number of 
analyses for which such procedures can be de
vised. I t  was essential in advance of a general 
sales program to qualify personnel for consul
tation and methods of research in this field.
The situation has been greatly relieved by re
cent publications in American j ournals, notably 
from such investigators as J. Heyrovsky, I. M.
Kolthoff, V. W. Meloche, J. J. Lingane, Otto
H. Müller, R. H. Müller, J. F. Petras, L. A.
Matheson, N. Nichols, G. T. Borcherdt, H.
Adkins, F. W. Cox, R. M. Burns, 0 . Kanner,
B. Gosman, R. L. Gorman, M. E. Droz, E. S.
Peracchio, H. G. Petering, F. Daniels, E. R.
Smith, and C. J. Rodden. References to pub
lications of all these American papers, among 
others, are compiled in the complete bibli
ography of polarographic publications main
tained by and circulated from the company’s 
laboratories.

At present writing the greatest weight of this current pub
lication is still directed at theoretical considerations and it is 
therefore necessary in most cases to base recommendations 
for the use of polarographs on methods of research currently 
carried out by the company’s facilities.

The common question that is asked by prospective polaro- 
graph users is simply, “Can we advantageously determine 
constituents A, B, and C in a substance D?" and in most 
cases the direct answer to this question can be made most 
simply by submitting a completed detailed procedure for 
the desired analysis; because any a priori scheme for such an 
analysis that might be proposed on the basis of the apparent 
chemical problems involved requires experimental confirma
tion of quantitative validity.

This is especially true in polarographic procedures owing 
to incompleteness of data regarding reduction and oxidation 
potentials at the mercury electrode under a variety of condi
tions, to the impossibility of predicting accurately the anodic 
potentials that will exist under the proposed electrolytic cir
cumstances, to solubility and stability problems in composite

F i g u r e  3 . I n s t r u m e n t a t io n
C. P ho tog raph ic  cylinder
E . T igh ten ing  bolt
G. G alvanom eter
G A. G alvanom eter a rres t
GI. G alvanom eter ligh t source
GO. Zero a d ju stm en t
GS. G alvanom eter sh u n t
I .  E xposure  slit
L . Level
L S .  Leveling screws
M . M irro r
M S . M aste r sw itch

f o r  P o l a r o g r a p h ic  A n a l y s e s
P S . D isplacem ent scale 
R . Slide wire bridge 
S .  Speed ad ju stm en t 
S H .  S h u tte r  contro l 
T . G alvanom eter telescope 
V . V oltm eter 
V A .  V oltage ad ju sto r 
VC . Sliding con tact 
V S .  V oltage calib ration  
TFS. S h u n t knob 
W V . W inding knob
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electrolytic solutions not always predictable, to the depend
ence of the discreteness of closely adjacent current steps upon 
the existing concentrations of the ions producing them, and, 
in general, to the novel viewpoint from which polarography 
requires the analytical chemist to inspect his problem.

D e v i s i n g  P o l a r o g r a p h i c  A n a l y s e s .  The peculiarities 
of the polarographic method are these:

Quantitative measurement is made by the production of a 
step in a current-voltage curve described under conditions 
such that the step height is determined by the diffusion rate 
of the ion being reduced and therefore by the existing concen
tration of that ion. The dropping mercury cathode employed 
in a solution containing an excess of other ions less easily 
reducible than the one momentarily measured provides the 
above-named condition and further assures a completely 
polarized cathode, due to which the voltage at which the 
reduction of a specific ion occurs is related to a thermodynamic 
property of that ion and is reproducible.

Measurement of the height of a reduction step provides 
the calculation of an existing concentration of the corre
sponding substance by comparison of this measurement 
against that of a step or a step increment produced by a 
known standard.

Concentration of the substance being determined is un
changed by the analysis.

The determinations of a number of constituents may be 
made in one polarogram subject to the following general con
ditions: (1) All substances are in solution in stable ionic 
states; (2 ) all substances produce reduction voltages at the 
mercury cathode within the working range of a 2- or 4-volt 
bridge; (3) the reduction voltages of all substances are 
spaced at sufficiently wide intervals; and (4) no substance 
is in a concentration substantially greater than that of any 
of the other substances following it in the reduction order. 
The essential instrumentation is indicated by Figure 3.

This apparently simple set of conditions is found to tax 
the ingenuity of the analytical chemist attempting to estab
lish a procedure that will effect the greatest possible saving 
in time in comparison w’ith the more conventional gravi
metric or volumetric procedures. In each instance a number 
of routines are feasible, but almost invariably one of them 
will eventually be found to require a definite minimum of 
manipulation and time. Furthermore, the polarographist 
must always keep in mind the justifications for polarography. 
If a polarographic procedure is worth devising, it must be 
faster and less laborious than a corresponding conventional 
analysis leading to the same approximate accuracy or it 
must offer an analytical possibility not easily to be secured 
by the gravimetric, volumetric, or colorimetric procedures. 
In its microapplications the polarographic method is likely 
to be found, in many cases, roughly equivalent from the 
standpoint of time and accuracy to such spectrophotometric 
methods as may be established for similar w'ork. In  such an 
event the polarographic option may offer the advantages of 
a lower equipment cost and of a less exacting specialization 
in technique on the part of the operator.

The most active interest in securing what are sometimes 
called cookbook procedures in this field is naturally among 
industrial laboratories where the constant pressure of limited 
time exists and where new problems are continually challeng
ing the existing knowledge of analysis. Accordingly, the 
company’s present work is planned to produce a group of 
procedures for certain of the most common routines of indus
trial laboratories, such as those in metallurgical enterprises. 
A procedure for complete analysis of zinc-base die-casting 
alloys, determining copper, lead, cadmium, tin, iron, and 
aluminum is to be ready for early publication. Results to 
date indicate the probability of producing all the determina
tions in either twro or three polarograms with a total of no

more than two chemical separations. The possible saving in 
time that such a method will yield is, of course, evident.

At present the program of research is being confined to 
problems of rather broad nature and wide interest. In view 
of the almost unlimited application of the polarograph to the 
solution of highly specialized problems and the increasing 
demand for such information, it is hoped that some of this 
work will be undertaken in the regular course of research at 
educational institutions.

Literature Cited
(1) H e a th ,  G . L ., J .  I n d . E n g . C h e m ., 3, 7 4  (1911).

Research on Optical 
Instruments

C. W . B ARTON , S p en ce r L ens C o m p an y , B u ffa lo , N . Y.

E ARLY in 1937 the Spencer Lens Company (Scientific 
Instrument Division of the American Optical Company) 

found it necessary to expand all facilities to meet a growing de
mand for optical instruments. A well-organized and com
petently manned Research and Development Division was 
the first step in the program and over eighty specialists and 
technicians have been employed since that time.

The division has three main functions—research, engineer
ing, and model making—with a personnel to perform, ade
quately, the specific tasks under these functions. The model- 
making function is handled in two separate departments, one 
making the special optical parts and the other the mechanical 
parts.

A research library, with a trained librarian in charge, en
sures availability of reference data and rapid circulation of 
current scientific and technical literature.

The fundamental research work by members of the Re
search Department is reported periodically before the scien
tific and learned societies to which the men belong, and com
prises both pure scientific endeavor and research directly re
lated to Spencer products. Contributions to science include 
lens aberrations, resolution of objectives, growrth of organisms, 
biomathematics, radiometry, color theory, crystal optics, and 
band spectra. Cooperative research with other laboratories 
has led to mutual advantage in certain problems.

In addition to the ideas arising from the company’s own 
research work, projects for the Research and Development 
Division frequently originate in the industrial, educational, 
research, or governmental laboratories of the country. Scien
tists or laboratory workers occasionally need equipment which 
is not commercially available and request assistance from the 
Spencer Lens Company, either by direct contact or through a 
Spencer representative in the field. If the needed equipment 
is a suitable product for the company to manufacture, it may 
become the subject of a problem, and be assigned to a member 
of the research staff.

The man who receives this responsibility may consult the 
other members of the staff to obtain the benefit of their back
ground and broad experience. A group may be formed of 
several men chosen from the various departments of the Re
search and Development Division.
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P o l a r iz in g  M ic r o s c o p e s

The usual order of work on a project is to survey the field 
and decide on general principles, necessary precision, and op
tical and mechanical features. Drawings are then prepared 
and a pilot model is constructed under the supervision of the 
Engineering Department and given a rigorous test under op
erating conditions. This severe, practical testing is to ensure 
stability, accuracy, convenience, durability, and suitability 
for the task for which it was designed.

The pilot model may be sent to other laboratories to be 
certain that it meets the demands for which it was designed. 
Only after it has been improved as much as possible is it ap
proved by the Sales Division and turned over to the Produc
tion Division for manufacture.

S p e n c e r  D e l i n e a s c o p e

D i r e c t - R e st tl t  C o l o r i m e t e r

In pursuit of their work, the men in the Research Depart
ment have greatly simplified optical computation. A care
ful study of existing colorimeter designs has made possible 
the development of a simplified optical system for the color
imeter. Improved methods of measuring ventilation and the 
flow of heat have been devised, reducing temperatures and in
creasing illumination in projection instruments.

Methods have been developed for testing optical glasses 
so that their optical properties can be specified within toler
ances that will ensure a satisfactory product.

Microtome knives have been studied—sharpening methods, 
bevels, cutting angles, hardness, and grain structure—in re
lationship to biological problems. Spectrophotometric data 
have been applied to the routine quantitative determination 
of biological materials by colorimetric methods.



The Testing o f Chemical Balances
ARCHIBALD CRAIG, M ars, P en n a .

V ERY little has been written on methods of testing a 
balance for accuracy. The writer has found only one 

thorough treatment of the subject (1), written from the 
manufacturer’s point of view.

A perfect balance should have a rigid beam, as light as 
possible for its capacity, supporting three straight and sharp 
agate knife edges exactly equidistant from each other, in the 
same plane, and parallel both horizontally and vertically.

The edges are made by grinding and polishing in two planes, 
so that the internal angle is a good compromise between sen
sitivity and durability. Most balances are finished with an 
internal angle between 90° and 120°. German makers prefer 
the sharper angle. American practice varies, but the most 
important makers prefer a more obtuse angle for ordinary 
analytical balances, and 90° for assay and microbalances.

The edge should be in a single vertical plane, and prefer
ably a straight line. During repairs some edges are finished 
on a slightly convex plate. If there is equal curvature on 
both sides, the edge will be in a vertical plane but low in the 
middle. This gives high sensitivity at first, but the edge 
rapidly becomes dull.

Makers prefer to get high sensitivity by cutting out some 
of the middle of the edge rather than departing from the 
straight line. A convex edge, resting on a short part of the 
middle, permits the beam or stirrup to twist when free, and 
is intolerable.

A perfectly sharp edge is an impossibility.
Even when new, an edge should be microscopically rounded, 

so that it rolls over the plate instead of turning on a line. 
As a result of the rolling movement of a dull edge, the bearing 
lines of all edges are shifted, the middle in one direction and 
the ends in the other, so that the effective beam length on the 
high side is longer. That increases the speed of the swing, but 
as the displacement reaches zero when the beam is horizontal, 
dullness is not in itself a cause of error.

When the rounding is large, the stirrup is thrown off center 
by the turning of the edge, causing it to tilt, but this move
ment is opposite to that of the beam, so that the temporary 
beam error is partly corrected.

A serious result of the rounding of a dull edge is that when 
weights are displaced to right or left on the pan the tilting of 
the stirrups may be unequal, and cause a notable shifting of 
the rest point. Theoretically this should not occur, for there 
is a joint in the hook of the stirrup which should keep the stir
rup plate level even when the pan is aslant. Friction in the 
joint, however, is often enough to cause tilting and consequent 
errors in weighing. The only balance which is fully guarded 
against such tilting is the Austrian Ruprecht, which has 
knife-edge bearings in the pan supports below the stirrups. 
I t  is important with other balances to see that the hook swings 
freely.

Balances which have grooved stirrups suffer more displace
ment when dull than those which have flat plates, as the edge 
tends to climb up the curved face of the stirrup agate and 
rest on a line farther from the middle of the edge than is pos
sible with a flat plate. Such balances should be avoided ex
cept for rough work.

As the edges wear down, the end bearings become lower than 
the middle, causing a lowering of sensitivity with increased 
load. When weighings are finished by measuring the de
flection of the pointer, there should be no such variation, or 
else it should be charted for different weights.

The lowering may be expressed as the ratio between (a) a

definite amplitude of swing with empty pans (say, 5 divisions 
of the scale of an ordinary American balance, or 2.5 divisions 
displacement of the rest point), and (6 ) the amplitude with a 
definite weight added (say, 1 0 0  grams).

In ordinary rider balances used to weigh to 0.0001 gram, 
the ratio should be as much as 5 to 4. A balance used for rough 
work, particularly for weighing out, where only small weights 
are used and the counterpoise is adjusted to rapid swing and 
low sensitivity, is not affected either in speed or accuracy 
by dullness of the knife edges, if the edges are smooth and 
not irregularly chipped.

I t  is possible to set the end edges higher than the middle, 
so that weight on the pan causes the center of mass to rise and 
the sensitivity to be greater than when the pans are empty. 
This is tolerable, except for deflection reading, within a narrow 
range, say 5 to 5.5, but it is evidence of unskillful work.

If the edges are tilted front and back with respect to each 
other, the beam length is not directly altered, but there are 
other bad results. There is an increased lag in the swing. 
The stirrup tends to shift when freed, increasing the error due 
to horizontal parallax. The wear on the edges is increased 
with danger of chipping. The edges should be free from 
tilt within visible limits.

If the edges are out of parallel horizontally, so that one end 
of an end edge is farther from the middle edge than the 
other, the effective beam length will change with every shift 
in the bearing point of weight on the edge. Such a shift may 
be caused by slipping of the stirrup front or back, due to a 
tilted edge or play in the lifting assembly of the stirrup.

Friction in the joints of the stirrup with shifting of the 
weights on the pan, front and back, is the principal cause of 
error from this parallax. The Ruprecht balance is well 
protected against this error by transverse edge bearings below 
the stirrups, but most other balances are subject to it when 
old.

The angular variation of the end edges from the middle 
should be not more than one minute of arc, and preferably a 
quarter of that.

T ests
The following tests will be useful to show whether the edges 

of an old balance need sharpening or regulating, and to learn 
the condition of a recently repaired balance or a new balance 
of cheaper grade. Some balances on the market are well 
designed and of good material, but carelessly built. Some 
of them are very good and are well worth buying if the bad 
ones can be discovered in time and rejected.

E d g e s . If an edge is chipped, it can be seen with a 10  X  lens, 
and felt by drawing the edge of a fingernail along it. A few 
nicks will not affect the use of the balance, if there is still some of 
the original edge on both sides of its middle. If the bearing is 
on broken parts there will be an erratic swing and failure to re
peat.

A sharp edge may be known by its ability to plane off a real 
shaving, not merely crumbs, from the thumb nail. A straight 
edge will make a clean sweep of a film of oil spread on an optical 
plane surface. A plane piece of glass can be bought from a manu
facturing optician. Approximate results can be obtained by tak
ing several sm all pieces of ulate glass, at least 0.3 cm. (0.125 inch) 
thick and 1.25 cm. (0.5 incn) wide, cleaning them well, and press
ing them together two at a time. The interference bands will 
show which are most nearly flat. If one is found which has 
straight lines in one direction, so that a straight edge will sweep 
it, it will do.



After an edge is shown to be straight, it can be used to test the 
middle bearing plate of the balance. This is particularly neces
sary in old balances which have two plates on the pillar. They 
may both be flat but not in the same plane, and if so they will 
soon spoil a sharp edge.

A straight edge will clean the plate when slanted in either di
rection, but one that is curved may give two different impressions. 
A gap in the middle of the edge is a good thing if it is not more 
than one third of the total length, and if the rest of the edge is in a 
straight line.

If a balance has edges dull but still able to make a clean sweep 
of the plate, it should be saved if possible for rough work, as such 
edges are practically indestructible.

B e a m  L e n g t h  E r r o r  a n d  L e v e l  o p  K n i f e  E d g e s .  Find 
the rest point with the pans empty. Add 1 mg. and record the 
deflection. Put 100 grams on each pan, add weight to the origi
nal rest point, reverse the weights, adjust again, and record 
half the algebraic sum of the two corrections. Now add 1 mg. 
and record the deflection.

The beam length error is measured by the correction made 
necessary by the added weight. In a good new balance it will be 
not more than 0.2 mg. per 100 grams. An error of more than 
1  mg. should not be tolerated.

If the edges are level with each other, the deflection per milli
gram will be the same with or without the 100 grams. This will 
be the case with a good new balance. For an old balance used 
for fine work it should be not lower than 5 to 4. For a repaired 
balance it should be at least 5 to 4.5. Ends slightly high, as much 
as 5 to 5.5, may bo tolerated for a rider balance. It will take 
them longer to get low.

T i l t i n g  o p  K n i f e  E d g e s  a n d  
V e r t i c a l  P a r a l l a x .  Take a small 
piece of plate glass, about 0.25 cm. 
(0.1 inch) thick, 4.25 cm. (1.7 inches) 
wide, and 15 cm. ( 6  inches) long, test 
it with a micrometer to make sure 
that it is of equal thickness at the 
corners as evidence that its faces are 
parallel, and with parallel jaw pliers 
chip away a rectangular gap in one 
side of it, 1.25 cm. (0.5 inch) shorter 
than the distance between the middle 
and end knife edges. The gap 
should be deep enough to permit 
the projections to cover the full length 
of the two edges without touching the 
beam or its attachments.

Cut off one end of the strip to 
leave a projection that will slip 
through the beam and cover the 
middle edge with room to turn. Cor
rect the length of the gap at the 
other end if necessary, so that the 
other side of the other end will rest 
freely on the end knife edge.

Get reflected light along the glass, 
hold the plate firmly on the middle 
edge, and tilt it until it touches the 
end. A jeweler’s loupe may be used 
for better vision. If no tilting of the 
edge is visible, the parallelism is suffi
ciently good.

The test for tilting can also be made gravimetrically as de
scribed below'.

H o r i z o n t a l  P a r a l l a x .  Take a smooth wire paper clip, 
straighten it, and bend it double about 2.5 cm. (1 inch) from one 
end, so that the two legs almost touch. With the doubled end 
make a right-angle hook about 5 mm. long. Hang this hook on 
the lower cross bar of the stirrup if the bar is horizontal. If it is 
not, fasten a narrow strip of metal across it to make a support for 
the hook.

Measure down to the regular hook on the stirrup, and make 
another hook turned up, leaving it just long enough to hold the 
pan. Hang the pan on this hook, put the stirrup in place, and 
then bend the hook around until the pan hangs free. Bend the 
free end of the wire so that it will pass both the regular stirrup 
hook and the pan bow with the least interference, and bring it 
straight down so that the whole will hang vertically. Cut 
another clip for a counterpoise.

Tilt the double hook slightly so that the weight of the pan will 
rest entirely on the wire from the lower hook. Measure the 
length of the knife edge and the inside length of the stirrup bar. 
Open the double hook to a width that will throw the weight of 
the pan slightly inside the stirrup frame, and under a point just 
inside the end of the knife edge. Measure the distance between 
the position of the supporting wire of the hook w'hen at one side
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of the stirrup and its position at the other side. In most balances 
this distance will be from 6  to 7 mm. The distance can be kept 
constant by setting the hook each time with the free wire against 
the side of the stirrup.

Set the hook at the back of one stirrup and hang the pan on it. 
Put the counterpoise wire on the other pan, disregarding a slight 
difference in weight. Make a weight correction to zero rest 
point, hang the pan in the front of the stirrup, and correct again. 
Record the difference in the weights.

Test the sensitivity—that is, the deflection per milligram—of 
the balance for both positions, if the glass plate test is not used. 
If the two edges are level with each other the sensitivity will be 
the same. It should not vary more than 5 to 4.5.

The difference in weight of the two pan positions should be 
not more than 0.5 mg., though two or three times that will not 
cause any serious error. It is not uncommon to find repaired 
balances with an error of 30 mg.

The angle of parallax can be calculated from measurements. 
For example, on a balance with a 40-gram pan and a 7-cm. beam 
arm, taking a distance of 7 mm. on the knife edge, 1-mg. varia
tion in the weight of the pan indicates an angle of 51 seconds.

For inspection the weight difference will be sufficient.
Balances of the Sartorius type, which have stirrups pivoted to 

tilt front and back, need special treatment. Set a small metal 
plate on the plate holder of the stirrup to lift the pivots slightly 
and prevent tilting. Tie the parts together, keeping the thread 
away from the agate plate, take off the loop below, and substi
tute one made of wire of the same length down to the hook, with 
two notches 7 mm. apart. The pan can then be hung in two 
positions, and the parallax determined.

Schulze’s method of testing for parallax is to take off the stir
rup and hang the pan by a hook on the knife edge. Some bal
ances have enough overhang of the agate to hang a loop of wire 
on the end of the edge with a hook belowr. If this cannot be done, 
a grooved hook can be made to fit over the end of the edge, with 
another hook below to support the pan under the end.

The writer prefers in all cases to have the stirrup in position, 
both to protect the edge, and to make sure that the supporting 
points are in the true edge, and not in an accidental irregularity.

L i f t i n g  M e c h a n i s m .  When the beam is lifted, each knife 
edge should be separated about 0.0125 cm. (0.005 inch) from its 
plate, with weight on the pans. A slip gage can be used, or a 
sheet of ordinary note paper. The paper should slide in freely, 
as most papers are slightly less than the given thickness. After 
inspecting the middle gap a fair guess may be made at the gaps 
under the stirrups, which may be hard to reach.

The lift should be vertical. A gap should not show at one end 
of the knife edge before the other, and neither the pointer nor the 
stirrups should show any tilting when raised. This is highly 
important, for a tilt greatly increases the danger of chipping and 
battering the edge. Too large a gap is bad for the same reason. 
The given gap measurement is a maximum, to make sure that 
there will always be some gap. If there is no gap, the edge will 
wear against the plate from the vibration of the building.

The stirrups should be perfectly centered above the knife 
edges, so that they will have no sidewise tilt when lot down.

A sidewise kick of the pointer when lifted is evidence that the 
stirrup lifts are either unequal in height or not vertical.

P a n  R e s t s . P a n  r e s t s  w h ic h  w o r k  b y  g r a v i t y  n e e d  l i t t l e  
a t t e n t i o n  e x c e p t  t o  s e e  t h a t  t h e y  m o v e  f r e e ly  a n d  h o ld  t h e  p a n s  
in  t h e  p r o p e r  p o s i t io n .

Pan rests which are brought by levers into fixed positions should 
not be set too high, as they will cause the stirrup to tilt and may 
damage the edges.

A ckn ow led gm en t

Acknowledgment is due to A. T. Pienkowsky of the Na
tional Bureau of Standards for advice and assistance in pre
paring these tests.
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INSTRUMENT 
PROGRESS

in research and control Laboratories 

throughout the Process Industries

O UTSIDE the range of human senses lie vastly 
intricate forces upon which modern industry de
pends. Colors no eye can see, heat and cold that 

cannot be felt, dimensions precise beyond normal com
prehension, forces too great or too small for perception, 
these are commonplace. Yet each must be detected, 
measured, and controlled with the utmost precision lest 
order in industry become chaos.

Instruments, hundreds of them, sharpen human 
senses for these vital tasks. W ithout this penetrating 
keenness significant aspects of industrial processes are 
beyond human perception.

Progress today is achieved by using to the utmost 
every available force, both physical and chemical. Re
search must continue to penetrate beyond the limita
tions of our senses and to give industry the patterns 
for shaping the future. Instruments are the tools with 
which both work.

Pi-ocessing, in even its simplest forms, requires meas
urements and control. Neither can be left to fallible 
human agencies. Temperature and hydrogen ion con
centration, specific gravity and flow rate, composition 
and pressure, color and time, all of these may well be 
involved in a single process step. Yet these are only a 
few of the variables which, singly or in a great variety 
of combinations, can be measured and brought under 
accurate control by the use of modern instruments. 
W ithout these essential aids, modern quantity produc
tion would be unthinkable. With them, industry easily 
and cheaply places comforts and conveniences in the 
hands of everyone.

The Editors

ANALYTICAL EDITION OF INDUSTRIAL AND ENGINEERING CHEMISTRY
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AMERICAN INSTRUMENT COMPANY
8010-8020 Georgia A ve...............................................Silver Spring, Md.

AMINCO’S CONTRIBUTION
t o  S c i e n t i f i c  R e s e a r c h

ROLLER PA R TIC LE SIZE  
A N A L Y Z E R

U sed in  research , analysis, and  p ro d u c tio n  c o n 
tro l fo r  de te rm in in g  partic le  size d is trib u tio n  
o f dry p ow dered  m ateria ls  be low  approx im ate ly  
the  200-m esh sieve ra n g e . Any num ber o f size 
fractions may be ob ta ined . Size lim its  may be as 
c lose as d esired . A ccurate, and  free o f in d e te r
m inab le  e rro rs.

Bulletin 2055-P

N E U T R A L  W EDG E P H O T O M E T E R
F or p rec ise  de te rm in a tio n  o f  m ic ro  and  m acro  
quan tities  o f  m any substances. O nce  calib ra ted , 
it rem ains so indefinitely  . . .  a g rea t tim e saver. 
N o  re -p rep a ra tio n  o f s tandards  is necessary. 
A bridged  sp ec tro p h o to m etr ic  curves can be p ro 
duced fo r any co lo red  so lu tio n .

Bulletin  1150-P

M AG NE-G AG E
F or m easu ring  the  local th ickness o f various 
types o f coatings on  m etals. Em ploys m ag 
ne tic  m ethod  o f m easurem ent. N on -d estru c 
tive o f the  specim en tested. Idea l fo r w orks  
c o n tro l o r  acceptance 
testing .

Bulletin 1070-P.

FUSED A B S O R P T IO N  CELLS
O f precise  o p tica l d im ensions h e re to 
fo re  unob ta inab le. W indow s fused in 
p lace and flat over en tire  area  to  w ith in  
6 w avelengths. Pyrex bod ies w ith  Py- 
rex  o r  C orex "D ” w indow s, o r  fused 
quartz  bod ies and  w indow s. Tw elve 
styles. 387 stan d ard  sizes.

B ulletin  1170-P

PO R T A B L E  C O N S T A N T  
T E M PE R A T U R E  B A T H  

COOLER
M aintains tem pera tu re  o f  liqu ids  in 
baths o r  tanks equal to  o r  below  room  
tem peratu re , to  w ith in  p lus o r  m inus 
0.1 degrees C. P u t in to  serv ice in  a 
few  m inutes. N o  in s ta lla tio n  o r  pipe 
connec tions req u ired . D oes away 

w ith  b rin e  o r  w ater- 
co o lin g  system s. 

Bulletin 1190-P

U sers o f  A m in co  products are the beneficiaries o f  the k n o w le d g e  and  
ex p erien ce  derived from  a quarter century d evoted  exclusive ly  to  the  
d esig n  and m anufacture o f  sc ien tific  instrum ents. T h is  cum ulative e x 
p erien ce  is  at your d isp o sa l, w ith ou t o b lig a tin g  you  in  any w ay, fo r  the  
so lu tio n  o f  research p rob lem s in v o lv in g  the use o f  standard or  sp ec ia l 
scien tific  laboratory apparatus.

W r i t e  f o r  th ese  C a ta lo g s

Catalog 39 
Chemical and Biological 
Laboratory Instruments

Catalog 15 
Instruments for Testing 

Cement . . . .  Soils 
Petroleum and Its Products

SU PER PR ESSURE A N D  C A T A L Y T IC  
H Y D R O G E N A T IO N  E Q U IP M E N T

Ever since th e  incep tion  o f superp ressu re  techn ique, 
A m inco has m aintained the  lead in g  position  in th is  
field. I t  bu ilt the  first com m ercial h igh -p ressu re  lab 
o ra to ry  apparatus in  th e  U. S., and  has since  kep t 
ab reast o f th e  la test developm ents in  th is  m odern  
techn ique.

Catalog 406-P

TODAY, as during the past quarter century, Aminco scientific 
instruments are playing an important part in the advancement of 
science everywhere . . .  in government departments, universities, hos

pitals, and in all branches of industry. Aminco engineers and tech
nicians are ever at w ork developing and improving methods and de
vices, and at times in collaboration with noted men of science.
In the long list of Aminco achievements, the following are of particu
lar interest and significance . . .
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Index of Instruments
Related Apparatus and Machines 

for Measuring, Testing, Controlling, Indicating and Recording
The information in this index is based on data furnished by the firms listed as 

well as from data taken from our own files. With exception of GAGES all index 
headings have been made on the basis of the subject or condition of measurement 
and control. For example, equipment for testing rubber and milk is found under 
RUBBER TESTING, and M ILK TESTING, respectively.

Frequent cross references have been made to eliminate duplication of firm list
ings. For example—-BENDING TESTING, See Tensile Testing, shows that firms 
which supply the former are identical with the firms supplying the latter. This 
does not imply that the equipment is identical.

The more important laboratory instruments have been separately indexed as 
warranted by their importance. For example POTENTIOM ETERS are sepa
rately listed and have not been cross-indexed to ELECTRICAL MEASURING.

Proprietary trade names have been used only where the trade has no other aptly 
descriptive designation for the device.

If  the product or name for which you are searching is not found in the Index, please 
communicate with the Advertising Office, Industrial and Engineering Chemistry. 
332 West 42nd St., New York.

All suggestions for additional headings, as well as calling to our attention errors 
and discrepancies will be thoroughly appreciated.
For complete name and address of companies listed in this index consult pages J O  and 32 .

A BRASION R E S IS 
TANCE

A rathor T est. lu s t. 
M orehouse M ach. Co. 
T ab e r In s t. Co.

A B SO R P T IO N , See P o 
rosity
ACID H EA T 

T ag liabue M fg.
A C TIN O M ETE R S 
(gravity), S ee H ydrom 
e te rs
ALCOHOL TE ST IN G  
SE TS

B raun  Corp.
C en tra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc., Em il

G re iner & Co., Otto 
N . Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific  G lass App. 
T hom as Co., A. H . 
■Will Corp.

ALTERN A TIN G  
ST R E SS, See T ensile  
T esting

A M M E T E R S, See E lec
trica l M easu ring

A M M O N IA  ANALYZ
E R S, See G as A nalyzers

A M P E R E H O U R  M E T - 
, E R S , See E lec trica l and 

M agnetic  M easu ring

AREA M E T E R S , See 
F low m eters

A SPH A LT T E ST IN G  
See Oil T esting

B
BALANCES

A insw orth & Sons 
A katos, Inc.
B ecker, C hristian  
B raun  Corp.
C entra l Scientific Co. 
Claflin Co.
C lay-A dam s Co., Inc. 
D aigger & Co., A. 
E im er & Am end 
E x ac t W eight Scale 
F ish e r Scientific Co. 
G aertn er Scientific 
G re iner, Inc ., Em il 
G re iner «Sc Co., O tto 
Jarre ll-A sh  Co.
K eller M fg., G. P . 
M icrochem . Service 
N. Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H. 
Torsion  B alance Co.

 ___________    JSSieESSSSs
Taber Type J Abraser Testing a A" sq. Specimen

A B R A S I O N  R E S I S T A N C E
The Taber Abraser gives a numerical rating to the ability 
of a finish to resist rubbing abrasion. Its range of applica
tion includes practically all paint, lacquer and porcelain 
enamel surface finishes, gold, silver, nickel and chromium 
electroplate.
The Abraser conforms to approved accelerated testing 
practice as calibrated wheels alternately cross-rub back and 
forth over a circular path about two square inches in area, 
producing a wear action very similar to that occurring under 
actual service. Bulletin on request.

TABER INSTRUMENT COMPANY
111 Goundry Street North Tonawanda, N. Y.

Mfgrs. Taber V -5  Stiffness Gauge

T roem ner, H enry  
Voland and  Sons 
W ill Corp.

B A R K O M ETE R S, See 
H ydrom eters

B A RO M ET ER S 
B raun  Corp.
C entra l Scientific Co. 
Claflin Co.
D aigger & Co., A. 
E im er & A m end 
F ish e r Scientific Co. 
G aertner Scientific 
G reen, H enry  J . 
G re ine r, Inc ., Em il 
G re in e r & Co., O tto 
M anning , M . & M .
N. Y. L aboratory  Sup. 
P h ila. T herm . Co. 
Precision T . & I. 
Sargen t & Co., E . H . 
Scientific G lass App. 
Scientific In s t. Co. 
Tagliabue M fg.
T ay lo r In s t. Cos. 
Thom as Co., A. H . 
U ehling In s t. Co.
W ill Corp.

B E N D IN G  T E ST IN G  
See T ensile  T esting

B O ILIN G  P O IN T  
B raun  Corp.
C entra l Scientific Co. 
D aigger & Co., A.
E ck  & K rebs 
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., Otto 
N. Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
Thom as Co., A. H . 
W ill Corp.

B O L O M E T E R S, See 
M eteorological M ea su r
ing

BRICK  T E S T IN G  
M orehouse M ach. Co.

B R ID G E S, E lectrical, 
See P o ten tio m ete rs  and  
Bridges

B RIN ELL H A R D N E SS 
See H a rd n ess  T esting

B.T.U. IN D IC A TO R S 
Prec ision  Seien. Co.

B RIT T L E N E SS, See 
T ensile  T esting

BU RN IN G  T E S T , See 
O il T esting

BU RSTIN G
ST R E N G T H , See P ap er 
T esting

C
CALIBRATING BOXES, 
Com pression T esting  

Holz, H . A.

CALIPERS, S ee L ineal 
D im ensions

15

N o . 4 1 5  Dial R ead ing  "C h a in o m a tic "

BALANCES 
and WEIGHTS

o f Precision
Analytical
Assay
“Chainomatic”
Dairy
Dial "Chainomatic"
Diamond
Drug
Gold
Grain
Keyboard
Laboratory
Magnetically Damped
Metabolism
Micro
Projection
Pulp
Specific Gravity 
Surface Tension 
Textile, etc.

Send for bulletins

T he T o rsio n  B a la n c e  C o .
Sales Offices 

92  Reade Street, N ew  York City 

228  N . La Salle Street, Chicago 

14 0 0  Sixteenth Street, San Francisco 

Factory : 1 4 7 -1 5 3  E ighth  S I., J e rs e y  C ity , N .  J .
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C A LO R IM E TE R S 
A m erican In s t. Co. 
B raun  Corp.
C entral Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G re ine r, Inc ., Em il 
G re in e r & Co., O tto 
N . Y. L aboratory  Sup. 
P a rr In s t. Co. 
P rec is ion  Seien. Co. 
Precision T . & I. 
S argen t & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H . 
W ill Corp.

CAPACITANCE, See 
E lectrical M easu ring

CARBON D IO X ID E 
See G as A nalyzers

CARBON M O N O X ID E 
See G as A nalyzers

CARBON R E SID U E  
S ee O il T esting

C A TH ET O M E R S 
B raun  Corp.
C en tra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G aertner Seien. 
G re iner, Inc ., Em il 
G re iner & Co., O tto 
N . Y. Laboratory  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H . 
W ill Corp.

CATHODE-RAY 
O SC IL LO G RA PH  

D u M o n t Lab.
R C A  M fg. Co.

C E M E N T  T E S T IN G  
S ee also T ensile  T esting  

A m erican  In s t. Co. 
B raun  Corp.
C entra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G re ine r, Inc ., Em il 
G re in e r & Co., O tto

For complete name and address o f companies listed in this index consult pages 30 and 32 . 
N. Y. Laboratory  Sup.
P rec is ion  Sclen. Co.
Sargen t & Co., E . H .
Scientific G lass App.
Scientific In s t. Co.
T hom as Co., A. H .
W ill Corp.

C H LO R IN E, See G as 
A nalyzers; See also 
O rtho-T olid in  T esting  
Se ts

CH LO R IN E TE ST IN G  
SE TS

L a  M o tte  Chem . Prod. 
T ay lo r & Co., W . A.

C H R O N O G R A P H S 
S ee Tim e

CLOCKS, See Tim e

CLOUD AND PO U R  
T E ST , S ee Oil T esting

COAL AND COKE 
TE ST IN G  

A m erican In s t. Co. 
Prec ision  Scien. Co.

COIL T E ST IN G , E lec 
tric , See E lec trica l M ea 
suring

COLOR CO M PA R A 
T O R S, V isual, See Color 
M easu ring

COLOR FA ST N ESS 
A tlas Elec. Dev.
G .E . V apor Lam p

COLOR M EA SU R IN G  
See a lsoL igh t M easuring  

A katos, Inc.
A m erican In s t. Co. 
B lack-R ay L ight.
B. & L. O ptical Co. 
B raun  Corp.
Buehler, A. I.
Cargille, R . P .
C en tra l Scientific  Co. 
Claflin Co.
Colem an E lec. Co. 
D aigger & Co., A. 
E im er & Am end 
E lectronic Res. Lab. 
F ish-S churraan  
F ish e r Scientific Co.

. . . for the determination 
of hundreds of substances . . .

K W SZ  PH O TO M ETER
For every quantitative 

analysis in which the con
centration of substance is 
related to the density of a 
color developed. Eliminates 
repeated preparation of known 
standards and provides POSI
TIVE instrumental readings.

□  W rite for “ P u ttin g  th e  
KW SZ to  W ork”

L A B O R A T O R Y  S U P P L I E S  AND C H E M I C A L S

U/ILKEN5ĄNDERSON f  0

G aertn er Seien.
G en. Elec. Co. 
G re iner, Inc ., Em il 
G re in e r & Co., O tto 
H eilige , Inc. 
J a rre ll-A sh  Co.
Leitz , E.
Loewenberg, F .  
M acbeth  D ayligh t.
N . Y. L aborato ry  Sup. 
R ubicon Co.
S argen t & Co., E . H . 
Scientific G lass App. 
S pencer L ens Co. 
T ag liabue M fg. 
T hom as Co., A. H . 
W ilkens-A nderson  
W ill Corp.
Zeiss, In c ., C arl

C O L O R IM E T E R S , 
P ho toe lec tric  and  V isual 
See Color M easu ring

C O L O R IM E T E R S , 
S ubstance  D e term in ing  

A katos, Inc.
B raun  Corp.
C entra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., E m il 
G re in e r & Co., O tto R. 
H eilige , Inc.
N. Y. L aborato ry  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H . 
W ilkens-A nderson 
W ill Corp.

C O M B U STIO N
A rea R egulato rs 
B acharach  Ind . In s t. 
Bailey M eter Co. 
Bowser & Co.
B raun  Corp.
B risto l Co.
Brown In s t. Co.
Cash Co.
C entra l Scientific  Co. 
D aigger & Co., A. 
D efender Auto. Reg. 
E im er & Am end 
Ess In s t. Co.
F ish e r Scientific Co. 
Foxboro Co.
G ow -M ac In st. Co. 
G re iner, Inc ., Em il 
G re iner & Co., O tto 
H agan  Corp.
H ays Corp.
Leeds & N o rth ru p  
N. Y. Laboratory  Sup. 
P e rm u tit Co.
R epub . F low  M eters 
S a rg en t & Co., E . H . 
S cientific  G lass App. 
vSpence Eng. Co. 
T ag liab u e  M fg.
T ay lo r In s t. Cos. 
T hom as Co., A. H . 
W heelco In s t. Co.
W ill Corp.

C O M B U STIO N ,
P o rtab le  Sets 

B raun  Corp.
C en tra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific  Co. 
G re iner, Inc ., E m il 
G re in e r & Co., O tto  
H ays  Corp.
N . Y. L aborato ry  Sup. 
P rec is ion  Scien. Co. 
S argen t & Co., E . H . 
S cientific  G lass App. 
Thom as Co., A. H .
W ill Corp.

C O M P R E S S IO N  T E S T 
IN G , See T ensile  T esting

C O N C R ET E T E S T IN G  
S ee C em ent T estin g

C O N D E N SER  T E S T 
IN G , See E lectrical 
M easuring

C ONDUCTIVITY, E lec
trical

C am bridge In s t. Co. 
Colem an E lec t. Co. 
E sterline-A ngus 
Gen. Elec. Co. 
In d u s tria l In s t. Inc. 
Leeds & N o rth ru p  
Rubicon Co. 
W estinghouse E . & M .

C O N ES, Pyrom etric  
A ccurate  Pyro. Cone 
O rton C eram . F dn .

CO N SISTEN C Y  
G ardner L ab., H . A.

C O UN TERS, S ee also 
O peration  R ecording; 
T achom eters  

B raun  Corp.
Bristol Co.
C entral Scientific Co. 
D aigger & Co.
D unn, S tru th e rs  
Eagle Signal Corp. 
E im er & A m end 
F ish e r Scientific Co. 
G eneral Elec. Co. 
G reiner, Inc ., Em il 
G re iner Co., O tto 
L uxtro l Co., Inc. 
M icro Sw itch Corp.
N . Y. L aboratory Sup. 
Photobell Corp. 
Photosw itch, Inc. 
S argen t & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H . 
V eeder-R oot Inc. 
W estinghouse E . & M . 
W ill Corp.

C R E E P , M echanical 
See T ensile  T esting

D IL A T O M E TE R S 
A m erican In s t. Co. 
D ie te rt Co.
F e rn e r Co. 
G aertn er Scientific 
Leitz , Inc ., E . 
Zeiss, Inc ., C arl

D Y N A M O M ETE R S,
(Electro-)

T rip le tt  Elec. In s t. Co. 
W eston  E lec. In s t.

C R Y PT O M E T E R , S ee 
P a in t T esting

D
D EC IB LE M E T E R S 
S ee Sound

D E F O R M E T E R S , See 
T ensile  T esting

D E N S IT O M E T E R S  
S ee Spectrom eters

D E N S O M E T E R  
G urley, W . & L. E .

D E T E C T O R S G as and  
Vapor, S ee G as A na
lyzers; H g  Vapor D etec
to rs

D E W  P O IN T  T E ST E R  
See P o te n tio m e te rs

D IFFR A C TIO N  GRAT
IN G S , See Spectrom 
ete rs

D IV ID IN G  M A C H IN E S 
S ee L ineal D im ensions

D RAFT IN D IC A TO R S 
See P re s su re  and  
V acuum

D R O P P IN G  M ERCURY 
EL EC TR O D E 

B raun  Corp.
C entral Scient. Co. 
E im er & Am end 
F ish e r Scientific Co. 
Leeds & N orth rup  
S argen t Co., E . H . 
T hom as Co., A. H . 
W ill Corp.

D R Y -O -G R A PH  
G ardner L ab., H . A.

DUCTILITY, See T en 
sile  T esting

D U ST ANALYSIS 
B. & L. O ptical Co. 
B raun  Corp.
Central Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G reiner & Co., O tto 
M ine Safety  
N. Y. L aboratory  Sup. 
S argen t & Co., E. H . 
Scientific G lass App. 
Scientific In s t. Co. 
Thom as Co., A. H . 
W ill Corp.
W illson P roducts

D Y N A M O M ETE R S,
M echanical

B aldw in-Southw ark 
Boulin In s t.
Gen. Elec. Co.
Holz, H . A.
Olsen T est. M ach. 
R iehle Div. 
Seederer-K ohlbusch 
W estinghouse E . & M .

E
E B U LL IO M ETE R S, See 
Alchol T esting  S e ts

ELECTRICAL AND 
M A G N E TIC  M EA SU R
IN G , See also P o ten 
tiom eters  and  B ridges; 
Conductivity M eters  

A m erican In s t. Co. 
A m erican T rails. 
B raun  Corp.
B risto l Co.
Brow n In s t.
B rush D evel. Co. 
B urlington  In s t. 
C am bridge In s t. Co. 
C entra l Scientific Co. 
Claflin Co.
D aigger & Co., A. 
E im er & Am end 
E ngelhard , Inc. 
E sterline-A ngus 
F erran ti E lectric 
F ish e r Scientific Co. 
Foxboro Co.
G -M  Labs. ^
G aertner Scientific 
G en. Elec. Co. 
G re iner, Inc ., Em il 
G re in e r & Co., O tto 
H eilige , Inc.
H ickok Elec. Ins.
Ideal Com . D resser 
Illinois T es t. Labs. 
Industria l In s t., Inc. 
Jarre ll-A sh  Co.
Leeds & N o rth ru p  
Lewis E ng . Co.
M u te r Co.
N. Y. L aboratory  Sup. 
R ad io  C ity  Prod. 
R aw son E lectrical 
R ay theon  M fg. 
R oller-Sm ith  
R ubicon Co.
S arg en t & Co., E . H . 
S cientific  G lass  App. 
S tan d . Elec. P rod. Co. 
T ag liabue M fg. 
T hom as Co., A. H .

HELLIGE
TURBIDIMETER

f o r

W ater  A nalysis ,  S u lfa te  D e te rm in a t io n s  a n d  
M e a s u r e m e n t s  o f  S u s p e n d e d  M a t t e r  in  

Various Colorless a n d  Colored L iqu ids

Recent improvements have greatly increased the con
venience of this instument for measuring turbidities 
without the preparation and use of standard suspen
sions. An accurate lest can be made in one minute. 
Read all turbidities down to zero.
The use of the Hellige Turbidimeter in sulfate 
determinations by the Betz-Hellige Method* gives 
sensitive and accurate results exceeding those obtain
able by gravimetric analysis.

♦ Turbidim etric D eterm ination o f Sulfa te in  Water, Betz- 
Hellige Method: Sheen, R . e t al., In d . & E ng . C hem . (Anal.). 
7:262— Ju ly  15, 1935. R eprin t on request.

H E L L I G E
I N C O R P O R A T E D

3718 NORTHERN BLVD. LONG ISLAND CITY, N.Y.
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N E W Porcelain Basket for Chemical Centrifuge
The new INTERNATIONAL CHEMICAL CENTRIFUGE, 

with PORCELAIN Basket and Draining Chamber, is the 
answer to a persistent demand. This centrifuge is for use in 
those cases where small amounts of strongly corrosive liquors, 
which would severely attack metal parts, are involved and also 
for those cases where it is desired to avoid any possibility of 
contamination from a metal basket and draining chamber.

All of the porcelain parts are housed inside a steel casing with 
a locking hinged cover for protection. The inner and outer sur
faces of the steel casings are protected by a baked Glyptal 
enamel. These porcelain parts are interchangeable with the 
metal baskets and draining chambers on any International 
Chemical Centrifuge now in use.

The motor of the International Chemical Centrifuge is of 
universal type to operate on any lighting circuit, either A.C. or 
D.C. The basket is approximately 5 inches in diameter by 2%. 
inches deep with % inch flange and has 0.3 litre cake capacity.

Descriptive Bulletin CH upon request

INTERNATIONAL EQUIPMENT CO.
352  Western Avenue M akers o f Fine Centrifuges Boston, Mass.

T hordarson  Elec. 
T r ip le tt Elec. Ins. 
W estinghousc E. & M. 
W eston  E lect. In s t. 
W heelco In s t. Co.
W ill Corp.

EL E C T R O M E T E R S 
C am bridge In s t. Co. 
C entral Seien. Co. 
E im er & Am end 
F ish e r Scientific  Co. 
R ubicon Co.
T hom as Co., A. H .

ELEC TR O PL A TIN G  
SO L U T IO N  T E S T IN G  
SE TS 

B raun  Corp.
C entra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re in e r & Co., O tto 
H eilige , Inc.
In d u s tria l In s ts ., Inc. 
L a M o tte  Chem . Prod. 
N . Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific  G lass App. 
T ay lo r & Co., W . A. 
T hom as Co., A. H . 
Thw ing-A lbert 
W ill Corp.

EM U L S IO N  AND D E - 
M ULSIBILITY  

B raun  Corp.
C entra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G re iner & Co., O tto 
In t’l. Equip. Co.
N . Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
T ag liabue M fg. 
Thom as Co., A. H .
W ill Corp.

EX PA N SIO N , See 
D ila tom eters

EX PO SU RE , See Illum i
nation  M easu ring

E X T E N SO M E T E R S 
See T ensile  T esting

F
FA D E -O M E T E R , See 
also Color F a stn ess  

A tlas Elec. Dev.

FATIQUE M EA SU R
IN G , M eta ls , See T en 
sile  T esting

FE E D  W ATER T E S T 
IN G , See W ater Analysis 
Sets

F IL M -O -G R A P H  
G ardner L ab ., H . A.

FLA M E D ET EC TO R S 
Bailey M ete r Co. 
W heelco In s t. Co.

FLA SH  P O IN T , See Oil 
T esting

FLA TN ESS, S ee Optical 
F la ts

FL O W M E T E R S
A m erican G as F u r. Co. 
Am erican M ete r Co. 
A uto . T em p. Con. 
B acharach  Ind . In s t. 
B acharach  & Co. 
Bailey M eter 
B in-D ica to r Co. 
Bowser & Co.
B raun  Corp.
Bristol Co.
Brown Inst.
Buffalo M eter Co. 
B uilders Iron  F dy . 
C am bridge In s t. Co. 
Central Scientific Co. 
C lark  B last M eter 
C ochrane Corp. 
D aigger & Co., A. 
D e tro it A ir M eter 
E im er & Am end 
E verson M fg.
F ischer & P orter 
F ish e r Scientific Co. 
Foxboro Co.

G reiner, Inc ., Em il 
G re iner & Co., Otto 
H enszey Co.
H oke, Inc.
I n t ’l. F ilte r Co.
Leeds & N o rth ru p  
M anning , M . & M . 
M ercon Reg.
M eriam  Co.
M orey & Jones 
N ationa l M ete r Co. 
New Jersey  M eter 
N. Y. L aboratory  Sup. 
P e rm u tit Co. 
P ittsb u rg h  Eq. M eter 
P rec ision  Scien. Co. 
P roportioneers 
R epublic  Flow 
S argen t & Co., E . H . 
S ch u tte  & K oerting  
Scientific G lass App. 
Selas Co.
Spray  Eng. Co. 
T agliabue M fg.
T ay lo r In s t. Cos. 
T hom as Co., A. H . 
W ill Corp.

FLU E GAS ANALYZ
E R S, S ee G as A nalyzers; 
C om bustion; C om bus
tion  Sets

FL U X M ET ER S, See 
Electrical M easu ring

FO L D IN G  AND E N 
DURANCE, See P ap er 
T esting

FO O D  T E N D E R N E SS 
See T en d ern ess  T esting

FO O T  CANDLE M E 
T E R S , S ee  Illum ination  
M easu ring

FR E E Z O M E T E R S, See 
H ydrom eters

FR E E Z IN G  P O IN T  
B raun Corp.
C entra l Scientific Co. 
D aigger & Co., A.
Eck & K rebs 
E im er & Am end 
F ish e r Scientific Co.

G reiner, Inc ., Em il 
G reiner & Co., Otto 
Leeds & N orth rup  
N. Y. L aboratory Sup. 
Sargent & Co., E. H. 
Scientific G lass App. 
T hom as Co., A. H . 
W ill Corp.

FREQ U EN C Y  M E T E R S 
See E lectrical M easuring

FU EL ANALYSIS 
B raun  Corp.
C entral Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G reiner & Co., O tto 
N. Y. L aboratory Sup. 
P a rr  In s t. Co.
S argen t & Co., E . H . 
Scientific G lass App. 
Tagliabue M fg. 
Thom as Co., A. H . 
W ill Corp.

G
GAGE T E ST E R S 

A m erican In s t. Co. 
A m tho r T est. In st. 
C rosby S team  G. & V. 
Holz, H. A.
M anning , M. & M ., 
Olsen T est. M ach. 
Refinery Sup. Co.

GAGES, L iquid Level, 
See Liquid Level

G A G ES, M ercury  
A m thor T est. In st. 
B acharach  Ind . In s t. 
Bailey M eter 
B raun  Corp.
Builders Iron  Fdy . 
C en tra l Scientific  Co. 
Connelly Iron  S. 
D aigger & Co., A. 
D efender A uto. Reg. 
D ubrov in . John  
E im er & Am end

F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re in e r & Co., O tto 
K ing Seeley 
M anning , M. & M . 
M ason-N eilan 
M eriam  Co.
M oeller In s t.
N. Y. L aboratory  Sup. 
Precision T . & I. 
S a rg en t & Co., E . H . 
Scientific  G lass App. 
Scientific In s t. Co. 
T ag liabue M fg. 
T ay lo r In s t. Cos. 
T hom as Co., A. H . 
U ehling In st. Co.
W ill Corp.

G A G ES, M icrometer* 
S ee L ineal D im ensions]

GAG ES, P a in t Film , 
S ee P a in t T esting

GAGES, P rec ision , 
M easu ring , S ee ^L ineal 
D im ensions

GAG ES, P re s su re , See 
P re s su re  a n d  Vacuum

G A G ES, S tra in , See 
T ensile  T esting

G A G ES, T h ickness, See 
L ineal D im ensions

G A G ES, TO R Q U E 
R iehle D iv.
Saxl In st.
T o ledo  Scale

GAGES, M cL eod, See 
M cLeod

G A G ES, V acuum , See 
P re ssu re  and  Vacuum

GAGES, W ire M easu r
ing, See L inea l and  D i
m ensions

GALV A N O M ETERS 
See E lectrical M easu rin g

GAS ANALYZERS 
B acharach  & Co. 
B raun  Corp.
Brown In st.
B ullard  Co.
Bushnell & N evius 
C am bridge In s t. Co. 
C en tra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
E ngelhard , Inc. 
E verson M fg.
F ish e r Scientific Co. 
Foxboro Co. 
G ow -M ac In st. Co. 
G re ine r, Inc ., Em il 
G re in e r & Co., O tto  
H ays Corp.
Leeds & N o rth ru p  
L inde Air 
M ine S afety  
N . Y. L aboratory  Sup. 
P e rm u tit Co. 
P recision  Scien. Co. 
Precision T . &. I. 
R epublic Flow 
Sargen t & Co., E , H . 
Scientific G lass App. 
Scientific In s t. Co. 
T ag liabue M fg. 
T ay lo r In s t. Cos. 
T hom as Co., A. H . 
U ehling In s t. Co.
W ill Corp.
W illson P roducts

GAS D EN SITY  
M E T E R S , S ee G as A na
lyzers; G rav itom eters

GAS LEAK 
IN D IC A TO R S 

Bushnell & N evius 
R efinery  Sup . Co. 
T ay lo r In s t. Cos.

GAS M E T E R S , S ee  
F low m eters

G A SO M E T E R S , See 
G as A nalyzers
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recent CAMERON 
pH RECORDER installations

CHEMICAL. . process control

PAPER ............ . . head boxes

STARCH settling tanks

SEWERAGE. .  . chloride feed 

TEXTILE. . .  . wool scouring 

RESEARCH . bleaching studies

Be certain . . . eliminate the 
human factor . . . the CAMERON 
pH Recorder AUTOMATICALLY 
writes the pH record of your produc
tion line . . . and SIGNALS your 
operator when changes occur.

•  Only CAMERON “Step-by- 
Step” pH equipment builds to 
AUTOMATIC recording. You 
may start with the simple M eter.. . .

1st. Cameron pH Meter.
2nd. Add Remote Sampler.
3rd. Add Automatic Recording. 

4tli. Add signal or valve.

For UNIFORM Production!
P ra c tic a l fie ld  e x p e r ien ce s  in  

M A N Y  in d u s tr ie s  g u id e  u s  in  
o u r  r e c o m m e n d a t io n  to  y o u  . . . 
a sk  T O D A Y  fo r  a c tu a l  p la n t  
la y o u ts  o f  r e c e n t  in s ta l la t io n s  
o f  C A M E R O N  “ S te p -b y -S te p ”  
p H  e q u ip m e n t!

L A B O R A T O R Y  S U P P L I E S  ANO C H E M I C A L S

U /ILKENS-ANDERSON ro
y Y ic ia ff lij ig / ^ ł i iu f łT łu i i  y., i

GEO PH Y SICAL 
M EA SU RIN G  

A m erican In s t. Co.
C am bridge In s t. Co. 
Geophysical In s t. Co.

GLARE M E T E R S , See 
L ight M easu ring

GLASS STRAIN 
T E ST E R S 

A katos, Inc.
E im er & Am end 
G aertner Scient.
Gen. Elec. Co. 
Polarizing  In s t.
Zeiss, Inc. Carl

G LO SS M E T E R S , See 
L ight M easu ring

GLUE T E ST IN G  
B raun  Corp.
C en tra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., O tto 
N. Y. Laboratory  Sup. 
S argen t & Co., E. H . 
S cientific  G lass App. 
T hom as Co., A. H . 
W ill Corp.

G L U O M ETE R S, See 
H ydrom eters

G O N IO M E T E R S 
Jarre ll-A sh  Co.
Zeiss, Inc ., C arl

G RAIN  T E ST E R S 
B raun  Corp.
C entral Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G re iner & Co., O tto 
N . Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
T agliabue M fg. 
Thom as Co., A. H . 
W ill Corp.

GRANULAR M ATE
RIAL M EA SU RIN G , 
Volume-flow

Bailey M ete r Co. 
B in-D icato r Co.
G um p Co.

G R A TIN G S, Diffraction, 
See Spectrom eters

G R A V IM ETER S, See 
Specific G ravity; Gravi- 
tom eters

G R A V ITO M ETE R S 
E im er & Am end 
P e rm u tit Co.
Precision T . & I. 
R efinery  Sup. Co.

GRAVITY IN D IC A 
T O R S AND R E C O R D 
E R S, S ee Specific G ravity

GR EA SE TE ST IN G  
S ee Oil T esting

GROU N D  R E S IS 
TANCE, See E lectric 
M easuring

G U M M ED  TA PE T E ST 
IN G , See P ap er T esting

G re in e r & Co., O tto 
H olz, H . A.
N . Y. L aboratory  Sup. 
Olsen T e s t M ach. 
Pgh  In s t. & M ach. 
Pyro-E lec tro  In s t. 
R iehle D iv.
S argen t & Co., E . H . 
Saxl Inst.
Scientific  G lass App. 
Shore In s t. & M fg. 
S u te r, A.
T est. M ach. Inc. 
Thom as Co., A. H . 
W ill Corp.
W ilson M ech. In s tr.

H A R M O N IC  ANALY
ZERS, See Sound

H E L IO  STATS, See M e
teorological M easu ring

H U M ID IST A T S, See 
H um id ity

H U M ID IT Y
A m erican M ete r Co. 
B raun  Corp.
B ristol Co.
Brow n Inst.
B ullard  Co. 
C am bridge In s t. Co. 
C en tra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
Engelhard , Inc.
Fee and Stem w edel 
F ish e r Scientific Co. 
Foxboro  Co.
Friez  & Sons 
G reen, H . J.
G re iner, Inc ., E m il 
G re iner & Co., O tto 
H -B  In s tru m e n t Co. 
Leeds & N o rth ru p  
M anning , M . & M . 
M oeller In st. Co.
N . Y. L aboratory  Sup. 
P a lm er Co. 
P arks-C ram er Co. 
Phila. T herm . Co. 
Pow ers Reg. Co. 
P recision  Scien. Co. 
Precision T . & I. 
S argen t & Co., E. H . 
Scientific G lass App. 
Scientific In st. Co. 
T agliabue M fg. 
T ay lo r In st. Cos. 
T hom as Co., A. H . 
W ill Corp.

H Y D R O G E N -IO N  
B raun  Corp. 
C am bridge In s t. Co. 
Cargille, R . P .
C entra l Scientific Co. 
Colem an Elec. Co. 
Colloid Equip . Co. 
D aigger & Co., A. 
E im er & Am end 
E lgin Softener 
F ish e r Scientific Co. 
Gen. Elec. Co. 
G reiner, Inc ., Em il 
G re iner & Co., Otto 
H eilige, Inc.
In d u st. Insts . Inc.
L a  M o tte  Chem . 
Leeds & N o rth ru p  
N a t’l. T ech. Labs.
N . Y. L aboratory  Sup. 
Sargen t & Co., E. H . 
Scientific G lass App. 
T ay lo r & Co., W. A. 
T hom as Co., A. H . 
T hw ing-A lbert 
W ilkens-A nderson 
W ill Corp.

H

H A RD N E SS TE ST IN G  
B raun  Corp.
C entra l Scientific  Co. 
D aigger & Co., A. 
D ie te rt Co.
E im er & A m end 
F ern e r Co.
F ish e r Scientific Co. 
G reiner, Inc ., Em il

H Y D R O M E T E R S 
B raun  Corp.
C entra l Scientific Co. 
Clafiin Co.
D aigger & Co., A. 
E im er & Am end 
E lgin Softener 
F ish e r Scientific Co. 
Fleischhauer 
G re iner, Inc ., Em il 
G reiner & Co., Otto 
H -B  In s tru m e n t Co. 
M oeller In s t. Co.
N. Y. Laboratory  Sup. 
P e rm u tit Co.
Phila. T herm . Co. 
Precision T . & I. 
S argen t & Co., E. H . 
Scientific G lass App. 
Scientific In s t. Co. 
T agliabue M fg.

pH

B u f f e r

S t a n d a r d s
( I I  y  d r  i o n  B r a n d )

American-made Buf
fer S tan d ard s now 
available . . .  50 dif
ferent standards . . . 
range pH 1.2 to pH 
ll.Oinstepsof 0 .2 pII /flM/Jllfj 
... in convenient assortment! Con
tents of one of these capsules or 
ampoules, dissolved in 1 0 0  ml. water, 
provide a standardized solution of 
the indicated pH value . .  . accu
rate to within ±0.05 pH. Exceed
ingly useful for checking pH meters, 
buffering chemical reactions, etc.

Fifty different Standards, as de
scribed, in wooden case $1 2 .0 0 . 
Just order Set No. H-50. Addi
tional standards at 1 0  for $2 . 0 0  any 
assortment. Descriptive leaflet on 
request.

R. P. CARGILLE
E s ta b lis h e d  1924

118 L ib erty  S tr e e t , N ew  Y ork

T ay lo r In s t. Cos. 
T hom as Co., A. H . 
U ehling In s t. Co. 
WÜ1 Corp.

IN T E R F E R O M E T E R S  
G aertn er Scientific 
Jarre ll-A sh  
P erk in , E . & M. 
Zeiss, Inc ., C arl

H Y G R O M E T E R S, See t r o n  CHTT T H um idity  IR O N  C ^ L T E S T I N G

H Y G R O STA TS, See 
H um idity

H Y G R O T H E R M O - 
G R A PH S, See H um idity

IG N IT IO N  VELOCITY 
A m erican In s t. Co. 
H ays Corp.

ILLU M IN A TIO N  
C entra l Scien. Co. 
G -M . Labs.
Genl. Elec. Co. 
In te rco n tin en ta l 
Leeds & N o rth ru p  

. L ux tro l, Inc. 
W eston  Elec. In s t.

IM PA C T  T E ST IN G , 
S ee T ensile  T esting

IN D U CTA N CE, See 
E lectrical M easuring

IN SU L A TIO N  T E S T 
IN G , See E lectrical 
M easuring

IN SU L A TIO N , Com
pactness

C entra l Scientific Co.

IN ST R U M E N T S, 
C ustom  Built 

B raun  Corp.
Bushnell & N evius 
C en tra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G re iner & Co., Otto 
L.A .B . Corp.
N . Y. L aboratory  Sup. 
S argen t & Co., E. H . 
Scientific G lass App. 
Thom as Co., A. H . 
W ill Corp.

JELLY ST R E N G T H  
S ee G lue T esting

K

K Y M O G R A PH  
G orrell & Gorrell

LABORATORY 
SU PPLY  H O U SES 

A m erican la s t .  Co. 
Becker, J .

For complete name and address of companies listed in this index consult pages 30 and 32 .



PRECISION SCIENTIFIC COMPANY
Designers and Builders of Modern Laboratory Equipment 
1790-54 NORTH SPRINGFIELD AVE.. CHICAGO. ILLINOIS. U. S. A.

ip r w iM

□  31A  E L E C T R I C  H E A T E R S  &  H O T  
P L A T E S . 16 p a g es . R h e o s ta t  h e a te r s  fo r  
u t i l i t y  a n d  A .S .T .M . a p p l ic a t io n s .  R o u n d , 
r e c ta n g u la r ,  m u lt ip le  s e c tio n  h o t  p la te s .

□  31D  LA BO RATO RY  T Y P E  W A TER  
S T IL L S . 16 p ag es . S izes 1 /2  to  4 g a llo n s  
p e r  h o u r .  S to ra g e  t a n k s ,  d o u b le  a n d  tr ip le  
s t i l ls .

□  31C  IN D U S T R IA L  T Y P E  W A TER  S T IL L S . 
24 p a g es . S izes 5 to  200 g a llo n s  p e r  h o u r .  
S to ra g e  t a n k s ,  a u to m a t ic  c o n tro ls ,  d o u b le  
a n d  tr ip le  s ti l ls .

□  151 K JE L D A H L  E Q U IP M E N T  FO R  D I
G E S T IO N S  AND D IS T IL L A T IO N S . 20 
p a g es . P o r ta b le  a n d  c o m b in a t io n  m o d e ls .

□  151A  D E T E R M IN A T IO N  O F  SO L U B L E  
AND IN S O L U B L E  N IT R O G E N  IN  F E R R O - 
C H R O M IU M , C O R R O SIO N  AND IIE A T  
R E S IS T IN G  S T E E L S . 8 p ag es .

□  165 P E T R O L E U M  T E S T IN G  A PPA RA 
T U S . 112 p a g es . A p p a ra tu s  c o n fo rm s  to  
A .S .T .M . a n d  o th e r  c u r r e n t  s ta n d a rd s .

□  180 LA BO RATO RY  B U R N E R S . 8 p a g es . 
B u rn e rs  fo r  “ c y lin d e r”  gases .

□  181 LA BO RA TO RY  B U R N E R S . 8 pag es . 
W ide ra n g e  o f  b u rn e r s  a n d  to rc h e s  fo r  a r 
t if ic ia l, m ix ed  a n d  n a tu r a l  gases .

□  210 U T IL IT Y  C L A M P S . 8 p a g es . P o in ts  
o u t  a d v a n ta g e s  o f  V -jaw s. B u r e t t e  a n d  
e x te n s io n  c la m p s  m a d e  o f  A rm co  iro n ,  b ra s s  
o r  S ta in le s s  s te e l .

□  222 S IE V E S  AND S C R E E N S . 6 p a g es . 
U* S . S ta n d a r d  s c r ie s , s u p p le m e n ta ry  
s e r ie s , m e sh  s c r ie s , so il a n d  s to n e  sieves, 
s a m p le r s ,  sieve s h a k e rs .

□  223 A PPA R A TU S FO R  T E S T IN G  C E - 
M EN T , C O N C R E T E  AND S O IL S . 12 p ag es . 
I te m s  c o n fo rm  to  A .S .T .M . a n d  o th e r  
s ta n d a rd s .

□  300 “ P R E C IS IO N ”  F R E A S  C O N STA N T 
T E M P E R A T U R E  E Q U IP M E N T . 8 p a g es . 
O v ens, in c u b a to r s :  c o n d i t io n in g ,  h u m id i ty  
a n d  low  te m p e r a tu r e  c a b in e ts .

we have con- 
eentrated on building ap
paratus that will let you con
centrate an your work. You 
can always depend on 
"Precision" products, '‘Pre
cision" performance and eur 
organiiatlott behind the prod
uct, That’s why it wsH pay 
you to check up on the 
“Precision" line when you 
replace or modernize your 
lab equipment

S e n d  f o r

I  □  350 C O N ST A N T  T E M P E R A T U R E  B A T H S. 
6 p ag es . R o u n d , r e c ta n g u la r ,  v is ib ility , 
a q u a r iu m  a n d  c u s to m  b u i l t  m o d e ls .

□  351 S E R O L O G IC A L  B A T H S . T h r e e  s izes ; 
a d a p ta b le  to  u t i l i t y  a p p l ic a t io n s .

| |  □  400 LA BO RATO RY  U T IL IT IE S . 90 p ag es . 
A u to c lav es , b u th s ,  b u r n e r s ,  c e n t r ifu g e s ,  
c la m p s , c ru c ib le s ,  d is t i l lu t io n  a n d  e x tra c 
tio n  ru c k s , f i l te r  p u m p s ,  h e a te r s ,  h o t  p la te s ,  
ov en s, p u m p s ,  rc lu y s , s h a k e r s ,  s t i r r e r s ,  
s ieves, s to p co c k s , s u p p o r ts .

| □  500 H OW  T O  O P E R A T E  T H E  “ P R E 
C IS IO N ”  S A R G E N T  G A S C A L O R IM E T E R . 
16 pu g cs. C o n ta in s  t a b u la r  d a ta ,  b r ie f  
s u m m a ry  o f  r o u t in e ,  a p p a r a tu s  l is t in g s .

| □  701 IM P R O V E D  SA Y B O LT V IS C O S IM E -
T E R . 4 p ag es . P e r fo rm a n c e  m e e ts  A .S . 
T .M .^ s ta n d a rd s . T h i r ty  im p o r t a n t  f e a tu re s  
ite m iz e d .

|  □  901 D IS T IL L E D  W A T E R . V alves w ith
p u r e  b lo ck  t i n  l in in g  a n d  s ilv e r p lu g s . 
S u m m a r y  o f  “ P re c is io n ”  la b o ra to ry  a n d  in 
d u s t r ia l  s t i l ls .

□  902 M ID G E T  S T IL L . E le c tr ic  h e a te r .  
1 q u a r t  p e r  h o u r .

| □  1600 F U L - K O N T R O L  E L E C T R I C
H E A T E R . 4  p a g es . B u il t  - in  a u to - t r a n s 
fo r m e r  e n a b le s  v ir tu a lly  s te p le s s  a d ju s t 
m e n t  f ro m  0 to  750 w a tts .

I  □  3110 H O W  T O  O P E R A T E  “ P R E C IS IO N ”  
S A R G E N T  W E T  T E S T  G A S M E T E R S . 
10 p a g es . In c lu d e s  tu b u la r  d u ta  o n  c o rre c 
t io n  fa c to rs ,  l is t in g s  o f  m e te r s ,  p a r t s ,  r e p a i r  
serv ice .

□  9052 SO M E  F U R T H E R  S T U D IE S  AND 
IM P R O V E M E N T S  ON A .O .C .S . O V EN . 
8 p ag es . By W . I I .  I rw in  o f  A m e ric a n  O il 
C h e m is ts 9 S-ocicty.

□  9726 U . S . G E O L O G IC A L  SU R V EY  
W A TER  C O LO R  AND T U R B ID IT Y  A P
PA R A T U S. 4 p a g es . D a ta  o n  u s e  a n d  
o p e ra tio n .
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I t e m i z e

YOUR W ANTS
Y ou’ll Find Them  ALL Listed 

in the W ill Catalog

Thumb through any list of laboratory sup
plies, through any number of lists. No m at
ter upon what item you stop, you will find 
it also listed and completely described in the 
Will Catalog.

T hat is why this catalog lias become a 
vital necessity on so many laboratory 
shelves. . . in industrial laboratories, re
search institutions and colleges. Here, be
tween a single set of covers, completely in
dexed and arranged for easy finding is 
nearly everything the laboratory worker 
could ever want.

Use this catalog as a reference in mak
ing up your orders for laboratory sup
plies. Contains the latest equipment 
and price lists.

W I L L C O R P O R A T I O N  

R O C H E S T E R ,  N .  Y.
Offices and Warehouses 

W ill Corporation, 596 Broadway, New York City 
Buffalo Apparatus Corp., Buffalo, N. Y.

LABORATORY 
SU PPLY  H O U SE S 

B raun  Corp. 
B raun-K .-H eim ann 
Buffalo App. Corp. 
B urrell Tech. Sup. 
Central Scientific 
Chem ical R u b b er 
Chicago A ppara tu s  
Claflin Co. 
C lay-A dam s Co. 
D enver F ire  C lay 
E berbach  & Sons 
E ck & K rebs 
E im er & Am end 
E m pire  Lab. Supply  
F isher Scientific 
G aertner Scientific 
G ilm ore D rug Co. 
G reene Bros., Inc. 
G reiner, Inc ., E. 
G re iner Co., O.
H eil Corp.
H owe & French 
K auffm an-L attim er 
L aP ine  & Co. 
M cK esson
M ine & Sm elter Sup. 
N . T. Lab. Supply 
N . Y. Lab. Supply 
Palo M eyers 
P faltz  & B auer 
P recision  Scientific 
R efinery Sup. Co. 
S argen t & Co., E . H . 
Schaar & Co. 
Scientific G lass 
T hom as Co., A. H . 
W alker & Co., G. T . 
W elch M fg. Co.
W ill Corp.
W illiams, Brow n & 

E arle  
Y onkers L ab . Sup.

LA C TO M ET ER S, See 
H ydrom eters

L A U N D ER -O M ET ER  
A tlas E lec. Dev.

LE A TH ER  T E ST IN G  
A m thor T es t. In s t. 
C en tra l Scientific Co.

Olsen T est. M ach. 
P erk ins & Son 
R iehle Div.
Saxl In s t.

LEVELS, See Lineal 
D im ensions

L IG H T  M EA SU R IN G  
A katos, Inc. 
A m erican In s t. Co. 
A pplied R es. Labs.
B & L O ptical Co. 
B uehler, A. I. 
Colem an E lec. Co. 
F ish-S churm an 
G a ertn er Scientific 
Gen. Elec. Co. 
H ellige,Inc.
Leitz, Inc ., E . 
Loew enberg, F . 
Perk in , E . & M . 
Precision T . & I. 
Spencer L ens Co. 
W ilkens-A nderson 
Zeiss, Inc ., C arl

L IG H T  M E T E R S , See 
Illum ination

LIN EA L D IM E N S IO N S  
S ee also O ptical F la ts  

A m erican In s t. Co. 
A m thor T est. In s t. 
B rau n  Corp.
Brow n & Sharpe 
C entral Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ederal Prod.
F e rn e r Co.
F ish e r Scientific Co. 
G aertn er Scientific 
G au th ier, D . A.
G en. Elec. Co. 
G reiner, Inc ., Em il 
G reiner & Co., Otto 
G urley, W . & L. Co. 
H aines G auge Co.
In d . Calipers 
Jarre ll-A sh  Co. 
K euffel & E sser

N . Y. L aboratory  Sup. 
P r a t t  & W hitney 
Precision T . & I. Co. 
S argen t & Co., E . H . 
Scherr Co., George 
Scientific G lass App. 
Sheffield Gage 
S ta rre t t
T hom as Co., A. H . 
W ill Corp.
Zeiss, Inc ., C.

LIQ U ID  LEVEL 
A rea R egulato rs 
A uto . Tem p. Con. 
B acharach  & Co. 
Bailey^ M eter 
B in -D ica to r Co. 
B risto l Co.
Brow n Inst.
Buffalo M ete r 
C ash Co.
C ochrane Corp.
C ont. Elec. Co. 
C rosby S team  G. & V. 
D efender A uto . R eg. 
E clipse Fuel Eng. 
E sterline-A ngus 
F ischer & P o rte r 
F o s te r Eng. Co. 
Foxboro  Co.
111. T es t. Labs. 
Jerguson Gage 
K ieley & M ueller 
K ing-Seeley 
L iquidom eter 
M anning, M . & M . 
M ason-N eilan 
M ercon R eg. Co. 
M eriam  Co.
M orey & Jones 
N a tio n a l M eter 
N a t. G as Equip . 
Pe tro m ete r 
Precision T . & I. 
R epublic  Flow 
S ch u tte  & K oerting  
Scientific In s t. Co. 
Spence Eng. Co. 
T ay lo r In s t. Cos. 
U ehling In s t. Co.

LIQ U ID  M E T E R S , See 
F low m eters

For complete name and address o j companies listed in this index consult 
pages 30 and 32 .

D is tillin g  C olum n D is tillin g  H ead  N ew  S tirre r

Particularly suited for use in 
Industrial and Research Laboratories

Our new 96 page catalog covers Interchangeable 
Ground Joints, three grades of Stopcocks, Micro 
Apparatus and numerous Special Apparatus.

Write for your copy now

ECK & KREBS, 131 West 24th St., NEW YORK, N. V.

PRACTICAL LABORATORY
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O T T O  R .  G R E I N E R  C O M P A N Y
M a n u fa c tu r er s  - - - - - -  D is tr ib u to r s

LABORATORY SUPPLIES
55 P la n e  S t .  N ew a rk , N . J .C opyrigh t O tto  R. G reiner Co. 1939

A  N E W  IM P R O V E D  ALL GLASS R E F L U X  R E G U L A T O R  FO R  
L A R O R A T O R Y  FR A C T IO N A T IN G  CO LUM NS

as designed by Dr. B. G. Zimmerman, Intermediate Department, General Aniline Works, Inc., Grasselli, N. J.

An easily operated regulator which 
works on the same principle as all 
total condensation of overhead vapor 
reflux regulators and embodies the 

following advantages.

Easy to operate

All glass with no metal to come in 
contact with the reflux.

Total reflux (all liquid may be re
turned to the column while the 
column is coming to equilibrium)

Temperature of reflux and product

S o le  m a n u fa c tu r e r  a n d  d is tr ib u to r

Reflux ratio easily determined 

Operates under high vacuum.

P rices g la d ly  fu r n ish e d  u p o n  r e q u e s t

On y our nex t special or s tan d a rd  appa
ra tu s  em ploying ground glass jo in ts  in sist 
on the  use of “ R E -E N F O R C E D ” and  
“ S T R A IG H T  T H R O U G H ” jo in ts .

No. J-1447A  distilling  ap p ara tu s, as 
illu s tra ted , 1000 cc. capacity , com plete 
$29.45.

T E T R A E T H Y L  L E A D
A .S .T .M . T E N T A T IV E  S T A N D A R D

To be known as “The Hydro
chloric Acid Reflux Method of De
termination of Tetraethyl Lead in 
Gasoline,” this method has been 
proposed to the A. S. T. M. as a 
tentative standard.

The Apparatus illustrated con
forms to the following specifications:

A 500 ml boiling flask, Hopkins 
reflux condenser, 70 cc filling tube 
with stopcock, heating tube with 
chimney, heating coil (250 watts) of 
Nichrome wire, and a 25 ohm rheo
stat with 2  amp. capacity.
J-1266 As tentative stand

ards without rheo
stat but with heat
ing coil 14 .50

-1266A As above without heating coil 12 .50
-1267 Rheostat 7 .0 0
-1268 Same as 1266'but with f  24/40

between condenser and flask 
with heating coil 16 .5 0

J-1268A Same as 1266 but with f  24/40 
joints between condenser and 
flask and filling tube and flask 
with heating coil 18.50

Q P I F M T I F i r  g l a s s  a p p a r a t u s  co.
O U I  t i l l  I i r i v  B L O O M F I E L D ,  N . J .
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N e w !
HIGH VACUUM GAGE

I n s ta n tly  R ead

W ide R ange  

S afely  P ortab le
W ith  t h is  n e w  S to k e s  G a u g e  d ev e lo p ed  to  m e e t  t h e  d efi

n i t e  n e e d  for b e tte r  m e a s u r e m e n t  in  h ig h  v a c u u m  p r a c 
t ic e ,  a c c u r a te  r ea d in g s  c a n  b e  ta k e n  in  ra p id  su c c e s s io n  . . . 
s in g le  r ea d in g s  in  fr o m  2 to  5 s e c o n d s . T h e  e n t ir e  r a n g e  
fro m  0 to  5000 m ic r o n s  (5 m m .)  is  co v crcd . T h e  g a u g e  
c a n  b e  ca rr ied  a b o u t , u sed  a n y w h e re , w it h o u t  d a n g er  o f  
b rea k a g e , sp il l in g  m e rc u r y  o r  o th e r  in ju r y .

I t  i s  a  M cL eo d  ty p e  g a g e , m o d if ie d , sp ee d e d  u p  to  m e e t  
p r e se n t-d a y  r e q u ir e m e n ts  . . .  a  ru g g e d , c o m p a c t , l ig h t 
w e ig h t  g a u g e  fo r  e ith e r  p o r ta b le  u s e  or  p e r m a n e n t  m o u n t in g .

(N ew  B u lle tin  N o. 902, C o n ta in s C o m p le te  In fo rm a tio n .)

F. J. STOKES M A C H IN E  C O M P A N Y
5 9 4 4  Tabor Road O ln e y  P. O .  Philadelphia, Pa.

R epresen ta tives in  N ew  Y ork , C hicago, C in c in n a ti, S t .  L ou is, 
Pacific Coast R ep resen ta tive : L . H . B u tc h er  C om pany In c .

m m

M IC R O V O L T M E T E R S 
See E lectrical M easuring

M IL K  T E S T IN G  SETS 
B raun  Corp.
C entral Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G en. Elec. Co. 
G reiner, Inc ., Em il 
G reiner & Co., Otto 
N. Y. L aboratory  Sup. 
S argen t & Co., £ .  H . 
Scientific G lass App. 
T hom as Co., A. H . 
W ill Corp.

M ILLIA M  M E T E R S,
S ee E lectrical M easuring

M IL L IO H M M E T E R S , 
See E lectrical M easuring

M ILL IV O LT M E TER S, 
See E lectrical M easuring

M O B IL O M E T E R  
G ardner L ab ., H . A.

M O IST U R E  M E T E R S 
AND T E ST IN G  

B raun  Corp. 
C am bridge In s t. Co. 
C en tra l Scientific Co. 
D aigger & C o., A. 
D ie te rt Co., H. W. 
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., Otto 
Industria l In s t., Inc. 
N . Y. L aboratory  Sup. 
P rec ision  Scientific 
S argen t & Co., E . H . 
Scientific G lass App. 
Scientific In s t. Co. 
T ag liabue M fg. 
Thom as Co., A. H .
W ill Corp.

For complete name and address of companies listed in this index consult 
pages jo  and 32 .

LU STER  M E T E R S , See 
L ight M easuring

M
M cLEO D  GAGES, See 
also  L aboratory  Supply 
H ouses

B raun  Corp.
C entra l Scientific Co. 
D aigger & Co., A.
E ck & K rebs 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G reiner & Co., Otto 
N. Y. Laboratory  Sup. 
S argent & Co., E . H . 
Scientific G lass App. 
S tokes Co., F . J . 
T hom as Co., A. H .
W ill Corp.

M A G N E TO M ETE R S 
See E lectrical M easuring

M A G N ETIC  ANA
LYZER

Gen. Elec. Co.

M ALT T E S T IN G  
B raun  Corp.
C entral Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G re iner & Co. Otto 
N . Y. L aboratory Sup. 
S argen t & Co., E. H . 
Scientific G lass App. 
T hom as Co., A. H . 
W ill Corp.

M A N O M E T E R S, See 
also B arom eters; M c
Leod G ages; P res su re  
and  V acuum

A m erican In s t. Co. 
B acharach Ind . In s t.

B raun  Corp.
Brown Inst.
C am bridge In s t. Co. 
C entra l Scientific Co. 
D aigger & Co., A. 
D efender Auto.
Eck & K rebs 
E im er & Am end 
F ish e r Scientific Co. 
Foxboro Co.
G reiner, Inc ., Em il 
G reiner & Co., Otto 
M anning, M . & M . 
M eriam  Co.
N. Y. L aboratory  Sup. 
P recision  Scientific 
Precision T . & I.
R ep. Flow  M eters 
S argen t & Co., E . H . 
Scientific G lass App. 
Scientific In s t. Co. 
T agliabue M fg. 
T hom as Co., A. H . 
U ehling In s t. Co.
W ill Corp.

M EA SU R IN G  M A
C H IN E S, L ineal, See 
L ineal D im ensions

M E G O H M M E T E R S  
S ee E lectrical M easuring

M E L T IN G  P O IN T  
A m erican In s t. Co. 
B raun  Corp.
C entra l Scientific Co. 
D aigger & Co., A.
E ck & K rebs 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G reiner & Co., Otto 
Leeds & N o rth ru p  
N . Y. L aboratory  Sup. 
P a rr  In s t. Co.
S argen t & Co., E . H . 
Scientific G lass App. 
Seientitic  In s t. Co. 
T hom as Co., A. H . 
W ill Corp.

M ERCURY-VAPOR 
D ET EC TO R  

Gen. Elec. Co.

M ETEO RO LO G ICA L
M EA SU R IN G

Friez  Sons 
G reen, H en ry  J . 
Precision T . & I. 
T ay lo r In s t. Cos.

M E T E R  PR O V ER S 
A m erican M ete r Co. 
M anning,. M . & M . 
P recision  Scientific

M IC R O A M M E T E R S , 
See E lectrical M eas
uring

M IC R O D E N S IT O M 
E T E R S, S ee Spectrom 
eters

N

N E P H E L O M E T E R S , 
S ee Color M easu ring

N IG R O M E T E R S , See 
Color M easuring

N IT R O G E N  D E T E R 
M IN A TIO N  

B raun  Corp.
C en tra l Scientific Co. 
D aigger & Co., A.
Eck & K rebs  
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., Otto 
N . Y. L aboratory  Sup. 
P rec ision  Scientific 
S argen t & Co., E . H . 
Scientific Glass A pp. 
Scientific In st. 
T hom as Co., A. H .
W ill Corp.

N O IS E  M EA SU R IN G  
S ee Sound

M ICRO FA RA D - 
M E T E R S, See E lectrical 
M easuring

M IC R O M E T E R S, See 
L ineal D im ensions

M IC R O SC O PE S 
B. & L. Optical 
B raun  Corp.
B uehler, A. I.
C en tra l Scientific Co. 
C lay-A dam s Co. 
D aigger & Co., A. 
D ie te rt Co., H . W. 
E im er & Am end 
F ish e r Scientific Co. 
G aertner Scientific 
G reiner, Inc ., Em il 
G re iner & Co., O tto 
Jarre ll-A sh  Co.
Leitz, E .
N . Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific  G lass  App. 
Spencer L ens Co. 
T hom as Co., A. H . 
Will Corp.
Zeiss, Inc ., Carl

O

O H M M E T E R S , See 
E lectrical M easu ring

O IL  T E S T IN G  
A m erican In s t. Co. 
B raun Corp.
C entra l Scientific Co. 
D aigger & Co., A.
Eck & K rebs 
E im er & Am end 
F ish e r S cientific  Co. 
G re iner, Inc ., Em il 
G re iner & Co., O tto 
N . Y. L aboratory  Sup. 
P rec ision  Scientific  
S argen t & Co., E . H . 
Scientific G lass App. 
Scientific In st. Co. 
T ag liabue  M fg. 
T hom as Co., A. H . 
W ill Corp.

O PA C IM E T E R S, See 
L ight M easu ring

M E R I A M
M A N O M E T E R S

SERVE THE PROCESS 
INDUSTRIES IN

M

V

The first Meriam ma
nometer wasmade in1911. 
Since then the Meriam  
line has been constantly 
expanded and redesigned 
to keep abreast of the 
rapid changes in the proc
ess industries. Today, we 
can furnish a manometer 
specifically adapted to al
most any operating con- 
tion.

O ur U-Tube models ac
curately indicate (by the 
difference in height be

tween the liquid columns) every 
variation in pressure. The U-Tube, 
Clean-Out model illustrated is the 
only manometer that permits clean
ing or replacement of the tube 
without disconnection of piping.

O ur W ell Type M odels have 
only one liquid column and the 
scale shows directly  the exact 
pressure in inches of water, or 
pounds and tenths of pounds. 
Thousands of Meriam W ell Type 
Manometers are used as indicating 
flow meters. They will show ac
curately the flow of water, o il, air 
or steam in any size pipe.

Here is the full story of
MANOMETERS

F R E E !
T h is 50-page, illustra ted  
booklet, “T he M anom eter 
a n d  Its Uses”, tells a l l  about 
these valuable instruments 
— applications, types a n d  
principles o f  operation.

The MERIAM Co.
C L E V E L A N D  •  O H I O
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M ICRO
exclusively presented in a 
catalog which will be of 
invaluable help in select
ing the proper apparatus 
for micro methods in in
dustrial fields.

A copy of this carefully 
planned edition will be 
sent free in' response to 
your request received on 
an institution or company 
letterhead.

New York Laboratory 
Supply Co., Inc.

525 Broadway  
New Y ork, N . Y .

Reagents
for

Chemical M icroscopy
(S h illa b e r  M o d els)

Each Set contains 60 reagents ac
cording to  Chamot & Mason’s 
Handbook of Chemical Microscopy. 
Set No. 1, for use with Volume 
No. 1, is for the physical methods of 
identification; Set No. 2, for use 
with Volume No. 2, is for inorganic, 
qualitative methods. M ost care
fully prepared and checked by 
Charles P. Shillaber, Consulting 
Microscopist. Each Set $17.50
Leaflets on  R equ est:

Clark Turbidimeter 
Ten-Gee Stainless Steel Dishes 
/?. P. C. Sample Storage Outfits 
R. P. G. Viscosity Tubes 
Payne Permeability Cups 
Hydrion pH test paper 
Hydrion-Brand Buffer Standards 
Photographic Devices

R. P. C a r g i l l e
E S T A B L IS H E D  1924

118 Liberty S treet 
N ew  York, N . Y .

O PERA TIO N  
R EC O R D IN G  

Bailey M eter Co.
B ristol Co.
Brown Inst.
Esterline-A ngus 
Foxboro Co.
T ag liabue M fg.
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O PTICAL FLATS 
B & L O ptical 
F e rn e r Co. 
F ish-S churm an 
G aertner Scientific 
Perk in , E . & M . 
S cherr Co., Inc.

ORSAT A PPARATUS 
See G as Analyzers; 
C om bustion Sets

O R T H O -T O L ID IN  
T E S T IN G  SE TS 

H ellige , Inc.
L aM o tte  C hetn. Prod. 
T ay lo r & Co., W . A.

OXYGEN, See Gas 
A nalyzers

P

PA IN T  H ID IN G  
PO W E R , See P a in t 
T esting

PA IN T  T E ST IN G  
Atlas E lec. Dev.
B raun Corp.
C argille, R . P .
C en tra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G ardner Lab. H . A. 
G re iner, Inc ., Em il 
G re iner & Co., Otto 
N. Y. L aborato ry  Sup. 
S argen t & Co. E . H . 
Scientific G lass App. 
Scientific. In s t. Co. 
Spencer L ens Co. 
T hom as Co., A. H . 
W ill Corp.

PA P E R  TE ST IN G  
A m erican In s t. Co. 
A m thor T e s t. In s t. 
A tlas Elec. Devices 
B raun  Corp.
C entra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., Otto 
G urley, W . & L. E.
N. Y. Laboratory  Sup. 
Perkins & Son, B. F . 
Precision T . & I. 
S a rg en t & Co., E . H . 
Saxl In s t. Co. 
Scientific G lass App. 
S pencer L ens Co. 
T a b e r In s tru m en t Co. 
Thom as Co., A. H . 
Thw ing-A lbert In st. 
W ill Corp.

PA R A FFIN  TE ST IN G  
See Oil T esting

PA R TICLE SIZE CLAS
SIF IE R S , See Also 
Sieves, T esting  

A m erican In s t. Co. 
Colloid E quip . Co., 

Inc.

P E N E T R O M E T E R S  
A m erican In s t. Co. 
B rau n  Corp.
C entra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re in e r & Co., O tto 
N. Y. L aboratory  Sup. 
P rec ision  Scientific 
Sargent & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H . 
W ill Corp.

PE R M E A M E T E R S, See 
Electrical M easuring

S p e n c e r  
I n s t r u m e n t s

for
INDUSTRIAL CONTROL
T he Spencer No. 33 M icroscope is 

adaptable to almost any type of micro
scopic examination and is designed for 
convenience in quickly changing magni
fications or types of illumination, 
for photomicrography, for measuring, 
counting or examination of materials.

T he Spencer R efrac to m ete r pro
vides a quick and accurate method for 
determining the refractive indices of 
liquids and solids—essential in labora
tory and plant control of food products, 
oils, fats, extracts, tars, colloids, waxes, 
resins, etc.

T he Spencer B inocu lar M icro
scope has a wide field of view and 
great depth of focus. I t produces a 
more vivid stereoscopic image because 
the objectives converge at a greater 
angle than the eyepieces. Eyepieces 
converge at the comfortable angle of 
8°, eliminating eye strain. A dust- 
tight revolving drum carries the objec
tives.

T he Spencer No. 35 P olariz ing  
M icroscope is used extensively in in
dustrial laboratories for identification 
of crystalline materials by means of 
their optical constants. A built-in 
analyzer in combination with large 
diameter eyepieces provide a larger 
field of view. Has a Bertrand lens for 
observing interference figures. Gradu
ated circular stage, with verniers, per
mits reading to 3 minutes of arc. 
Ideally suited for research or routine 
inspection in the manufacture of ce
ramics, chemicals, petroleum, food, 
pharmaceuticals, textiles and paper.

T he Spencer No. 845 M icrotom e
is used for cutting cross-sections of 
frozen foods, for study of rate of freez
ing formations of ice crystals, leakage, 
cell rupture and color factors.

Write Dept. No. X 4S f o r  catalogs describing 
these instruments more completely.

Spencer Lens Company
MICROSCOPES
MICROTOMES
PHOTOMICROGRAPHIC
EQUIPMENT

REFRACTOMETERS
COLORIMETERS
SPECTROMETERS
PROJECTORS
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PE R M E A M E T E R S ,Soil, 
A m erican In s t.

PE T R O L E U M  T E S T 
IN G ,,S ee  O il T esting

SH  M E T E R S, Ind ica ting  
; R ecording, See H y- 

drogen-ion

P H O SP H A T A SE  T E ST  
See M ilk T esting

P H O S P H A T E  T E ST 
E R S, See W ater Analy
sis Sets

PH O T O E L E C T R IC  
COLOR ANALYZERS 
See L ight M easu ring

P H O T O M E T E R S , See 
L ight M easuring

P IE Z O M E T E R S  
B rush  D evel. Co.

P IP E  AND TUBE 
T E S T IN G , S ee T en s ile  
T esting

P IT O T  TU B E S, See 
F low m eters

PL A N IM E T E R S
B risto l Co.
B row n In st.
C rosby S team  G . & V. 
Foxboro Co.
G aertn er Scientific 
Keuffel & Esser 
T ay lo r In s t. Cos.
T rill Indicator^Co.

PL A ST O M E T E R S 
A m erican In s t. Co. 
G ardner Labs.,_H . A.

PO L A R IM E T E R S, 
A katos, Inc.
B. & L. O ptical Co. 
B raun  Corp.
C entra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G a ertn er Scientific 
G re ine r, Inc ., Em il 
G re in e r & Co., O tto 
Jarre ll-A sh  Co.
Leitz , E.
N. Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H . 
W ill Corp.
Zeiss, Inc ., C arl

PO L A R ISC O PE S, See 
P o la rim ete rs

PO R O SIT Y
G urley, W . & L . E . 
Saxl In s t. Co. 
T esting  M achines

P O T E N T IO M E T E R S  
AND B R ID G E S 

B raun  Corp.
B ristol Co.
Brown Inst. 
C am bridge In s t. Co. 
C entra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
Foxboro Co.
G eneral R adio  Co. 
Gen. Elec. Co. 
G reiner, Inc ., Em il 
G re iner & Co., Otto 
Industria l In s t., Inc. 
Leeds & N o rth ru p  
Lewis Eng. Co.
N . Y. L aboratory Sup. 
R ubicon Co.
S argen t & Co., E . H . 
Scientific G lass App. 
T agliabue M fg. 
T hom as Co., A. H . 
W estinghouse E. & M . 
W heelco In st. Co. 
W eston E lec t. In s t. 
W ill Corp.
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For complete name and address of companies listed in this index consult pages 30 and 32 .

P O W E R  FACTOR, See 
E lectrical M easuring

P R E S SU R E  AND VAC
UUM
See also B arom eters; 
G ages M cLeod, M er
cury; M anom ete rs ; Vac
uum  G age, P iran i Type 

A m erican  M ete r Co. 
Ames Co.
A rea R eg., Inc. 
A utom atic T em p. Con. 
Bailey M eter Co. 
B raun  Corp.
Bristol Co.
Brown Ins t.
B ushnell & N evius 
C am bridge In s t. Co. 
C ash Co.
C en tra l Scientific Co. 
C lark B last M eter 
Cochrane Corp. 
C on tinen tal Elec. Co. 
C rosby S team  G. & V. 
D aigger & Co., A. 
D efender Auto. Reg. 
D istilla tion  P rod. Inc. 
D ubrovin , John  
Eclipse Fuel Eng. 
E im er & Amend 
F ish e r Scientific Co. 
F o ste r Eng. Co. 
Foxboro Co.
F u lto n  Sylphon 
Gen. Elec. Co. 
G leason-A very, Inc. 
G reiner, Inc ., Em il 
G re iner & Co., O tto 
H agan  Corp.
H ays Corp.
H oke, Inc.
K ieley & M ueller 
Linde A ir Prod. 
M anning , M . & M . 
M arsh  C orp ., J .  P . 
M ason N eilan Reg. 
M ercon Reg. Co. 
M eriam  Co.
N a tu ra l G as E quip . 
New Jersey  M eter 
N . Y. L aboratory  S u p . 
Pow ers Reg. Co. 
P rec ision  Scientific 
Precision T . & I.
R C A  M fg. Co.
R ep . Flow  M eters 
S argen t & Co., E . H . 
Scientific G lass App. 
Scientific In s t. Co. 
Spence E ng . Co. 
T ag liabue  M fg.
T ay lo r In s t. Cos. 
T hom as Co., A. H . 
U ehling In s t. Co. 
W heelco In s t. Co.
W ill Corp.

PR O T R A C T O R S, See 
L ineal D im ensions

PR O V IN G  R IN G S  
Bald w in-South w ark 
H olz, H . A. 
M orehouse, M ach. 
Olsen T est. M ach. 
Pgh. In s t. & M ach.

PS Y C H R O M E T E R S 
S ee H um id ity

P U L P  T E S T IN G  
P erk ins & Sons 
T estin g  M achines Inc.

PU LVERIZED  M ATE
RIA LS M EA SU R IN G  
See G ranu lar M ate ria l 
M ete rs ; P a rtic le  Size 
C lassifiers; S ieves, T e s t
ing

P Y C N O M E TER S, 
B raun  Corp.
C entra l Scientific  Co. 
D aigger & Co., A. 
E im er & A m end 
F ish e r Scientific Co. 
G re in e r, Inc ., Em il 
G re in e r & Co., O tto 
N . Y. L aboratory  Sup. 
Sargent & Co., E . H . 
S cientific  G lass App. 
T hom as Co., A. H . 
W ill Corp.

PY R O M E T E R S 
A katos, Inc. 
B acharach  In d . In s t. 
B raun  Corp.
B ristol Co.
Brow n In s t.

C E L E C T R A Y
•

B ette r  
T em p eratu re  Control 

•
M ore A ccu ra te  

T em p era tu re  Itecord s

D o y o u  w a n t  to  c o n tro l  y o u r  la b o ra to ry  f u r 
n a c e  to  0.1° -  0.01° -  1 m ic ro v o lt ,  o r  do  y o u  
w u n t a  s im p le ,  ru g g e d  in s t r u m e n t  t h a t  r e 
q u ire s  a  m in im u m  o f  a t t e n t io n  fo r p la n t  use? 
T h e n  u se  a  C E L E C T R A Y  E lec tr ic a l T h e r 
m o m e te r  o r  P y ro m e te r  . . .  T h e y  u lo n c  u t i l iz e  
th e  h ig h  sp eed  c o m b in a tio n  o f  p h o to e le c tr ic  
a c t io n ,  a  b e a m  o f  l ig h t  a n d  a  m ir r o r  g a lv a n 
o m e te r .

T h e  s im p le ,  m o d e rn  d e s ig n  o f  C E L E C T R A Y  
P y ro m e te r s  oiTcrs I n d u s t r y
T H E M OST SEN SITIV E TEM PERA 
TURE CONTROLLER. A M ORE AC
CURATE AND FASTER RECORDER

A t T A G  T E M P E R A T U R E  H E A D Q U A R T E R S

io u  w ill find  a  c o m p le te  lin e  o f  T e m p e ra tu re  
n s t r u m e n ts  fo r  In d ic a t in g ,  R ec o rd in g  a n d  

C o n tro ll in g  fro m  th e  p re c is io n  la b o ra to ry  M er- 
c u ry -In -G Ia s s  T h e rm o m e te r  to  th e  m o d e rn  
C E L E C T R A Y . O th e r  TA G  P ro d u c ts  in c lu d e  
p H , flow a n d  a n d  p re s s u re  i n s t r u m e n ts ,  o il 
t e s t in g  in s t r u m e n ts ,a n d in d u s t r i a l  th e rm o m e 
te r s  fo r  a ll p u rp o s e s .  W rite  fo r  c o m p le te  
in fo r m a tio n  to d a y .

C. J. TAGLIABUE M FG . CO.,
P ark  & N ostrand  Avcs., B rooklyn, N .Y.

C am bridge In s t. Co. 
C en tra l Scientific  Co. 
D aigger & Co., A. 
D efender A uto R eg. 
D ie te rt Co., H . W . 
E ck  & K rebs 
E im er & Am end 
E ngelhard , Inc.
F isn e r Scientific Co. 
Foxboro Co.
G ordon Co., C. S. 
G re iner, Inc ., Em il 
G re iner & Co., O tto 
H osk ins M fg. Co. 
Illinois T est. Labs. 
Leeds & N o rth ru p  
Lewis Eng. Co.
N . Y. L aboratory  Sup. 
Ph ila. T herm . Co. 
P artlow  Corp. 
P y rom eter In s t. Co. 
R aw son Elec. In st. 
R ubicon Co.
S argen t & Co., E . H . 
Scientific  G lass  App. 
Scientific In s t. Co. 
Tagliabue M fg. 
T ay lo r In s t. Cos. 
T hom as Co., A. H . 
Thw ing-A lbert 
W eston  E lec. In s t. 
W ill Corp.

R EFR A C TO M ETE R S 
B. & L. O ptical Co. 
B raun  Corp.
C en tra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G re in e r, Inc ., Em il 
G re in e r & Co., O tto 
L eitz , E .
N . Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
S pencer L ens Co. 
T hom as Co., A. H . 
W ill Corp.
Z eiss, Inc ., C arl

R E M O T E  M E T E R IN G  
S ee T elem etering

R H EO ST A T S, S ee E lec
trica l M easu ring

R ESISTA N C E BOXES 
See E lectrical M easuring

PY R O M E T R IC  CONES 
A ccurate  Pyro. Cone 
O rton  C eram . F ’d 'n

R
REACTANCE, See E lec- 
trica l M easuring

ROAD M ATERIAL 
T E S T IN G , See also 
Specific M ateria ls , Ce
m ent, etc.

A m erican In s t. Co.

R O CK W ELL H A RD 
N E S S, See H a rd n e ss  
T esting

W ilson M ech . In s t.

R O T A M E T E R S , See 
also^ F low m eters 

F ischer & P o rte r 
S ch u tte  & K oerting

D aigger & Co., A. 
E im er & A m end 
F ish e r Scientific  Co. 
G re iner, Inc ., Em il 
G re in e r & Co., O tto  
M orehouse M ach.
N . Y. L abora to ry  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H . 
W ill Corp.

RU LES, See L ineal D i
m ensions

SA C C H A R IM ET ER S 
See P o larim eters

SA C C H A R O M ETERS 
S ee H ydrom ete rs

SALINITY M EA SU R 
IN G

B raun  Corp.
C entra l Scientific Co. 
D aigger & Co., A. 
E im er & A m end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., O tto 
H -B . In s t. Co.
Leeds & N o rth ru p  
N. Y. L aboratory Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
T ag liabue M fg.
T ay lo r In s t. Cos. 
T hom as Co., A. H . 
W ill Corp.

S A L IN O M E TER S, See 
H ydrom eters

SAND T E S T IN G  
B raun  Corp.
C entral Scientific Co. 
D aigger & Co., A. 
D ie te rt Co., H . W. 
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., O tto R. 
N. Y. L aboratory  Sup. 
Sargent & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H . 
W ill Corp.

SCALES, G ravim etric 
A tla s  C ar & M fg. 
B ecker, C hristian  
B rau n  Corp.
C entra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
E x ac t W eight Scale 
F a irb an k s  M orse 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G re iner & Co., Otto 
G um p Co.
Howe Scale Co.
Kron^ Co.
M errick  Scale 
N . Y. Laboratory  Sup. 
P rec ision  Scientific 
S argen t & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H . 
Torsion Balance 
Toledo Scale 
T roem ner, H enry

SCRATCH H A RD N E SS 
D ie te r t Co., H .
Holz, H . A.
S pencer Lens 
T ab er In s t .  Co. 
T esting  M ach. Inc.

R E FL E C T IO N  M E 
TE R S, See Light M ea s
uring

R E FL E C T O M E T E R S 
See L ight M easu ring

RUBBER T E S T IN G  
A m erican  In s t. Co. 
A m thor T es t. In s t. 
B raun  Corp.
C entra l Scientific Co.

SC R EE N S, T esting , See 
Sieves, T esting

SE G E R  CO NES, S ee 
Cones, Pyrom etric

SH E A R IN G  T E S T IN G  
See T ensile  T esting

SH E E T  M ETAL T E S T 
IN G , See T ensile  T esting

SIEV ES, T esting  
A m erican In s t. Co. 
B raun  Corp.
C entra l Scientific  Co.
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D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G re iner & Co., Otto 
N ew ark  W ire 
N. Y. L aboratory Sup. 
P recision  Scientific  
S argen t & Co., E . H . 
Scientific G lass App. 
T hom as Co., A. H . 
T y ler Co., W . S.
Will Corp.

S IG H T  M E T E R S , See 
Illum ination

SL O W N E SS T E ST E R S 
Saxl In s t. Co.
Testing  M ach. Inc.

SM O K E  D EN SITY  
B ailey M ete r 
Boiler R oom  Equip. 
B ristol Co.
Ess In s t. Co.
Genl. Elec. Co.
Leeds & N o rth ru p  
Luxtro l Co. 
Photosw itch  Inc. 
W eston  E lect. In s t.

SO FT N E SS T E ST E R S 
F erner Co.
G urley, W . & L . E . 
Saxl In s t. Co.
T aber In s t .  Co. 
Thw ing-A lbert

SO IL  T E S T IN G  
A m erican In s t. Co. 
L aM o tte  C hem . P rod .

SOUND M EA SU RIN G  
Elec. Res. Prod.
Genl. E lect. Co. 
G eneral R adio Co. 
T rip le tt  Elec. 
W estinghouse E . & M. 
W eston E lect. In s t.

SPECIAL IN ST R U 
M E N T S 

B raun  Corp.
Bushnell & N evius 
C entral Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G reiner & Co., Otto 
L.A .B. Corp.
N . Y. L aboratory  Sup. 
Sargent & Co., E . H . 
Scientific G lass App. 
Thom as Co., A. EL. 
W ill Corp.

SPEC IFIC  GRAVITY 
M EA SU RIN G  

Am erican M ete r Co. 
Bailey M eter Co. 
B raun  Corp.
C entra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific  Co. 
Foxboro Co.
G reiner, Inc ., Em il 
G reiner & Co., O tto 
N . Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
Tagliabue M fg.
T ay lo r In s t. Cos. 
Thom as Co., A. H . 
W ill Corp.

SP E C T R O G R A PH S 
See Spectrom eters

SP E C T R O M E T E R S 
A katos, Inc.
A m erican In s t. Co. 
A pplied Res. Labs.
B. & L. O ptical Co. 
B raun  Corp.
Buehler, A. I.
C en tra l Scientific  Co. 
D aigger & Co., A. 
D ie te rt Co., H . W. 
E im er & .Am end 
F ish-S churm an 
F ish e r Scientific  Co. 
G aertner Scientific 
G re iner, Inc ., Em il 
G re iner & Co., O tto 
Jarre ll-A sh  Co.
Leitz , Inc ., E.
N . Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific  G lass App. 
Spencer L ens Co. 
T hom as Co., A. H . 
W ill Corp.
Zeiss, Inc ., C arl



OCTOBER 15, 1939 ANALYTICAL EDITION 25

Th is  new “ PYREX” Brand Adapter (U. S. Pat
ent No. 2,052,713) fabricated from “PYREX” 
Brand Balanced Glass meets a definite demand 
for a bushing type adapter that is more compact, 
more convenient, stronger, and lower in cost.

Its heavy, uniform wall construction with a rug
ged rim increases its mechanical strength and 
affords serviceable finger grip. The lower edge is 
fire-polished to prevent chipping. All sizes are 
plainly marked and each part is carefully ground 
in accordance with Bureau of Standards speci
fications.

The outside and inside surfaces are both care
fully ground to a 1:10 taper. The design is such

that the length of the inside ground zone is longer 
than specified (CS 21-39) but its largest diameter 
corresponds to the first number of the T  designa
tion, thus T  joints fit this inside zone also.

Stronger, easier to use and easier to buy, this 
new adapter is both economical and convenient. 
It is available from your usual source of supply. 
Prices, sizes and catalog information are shown 
below.

Number and Type f  Joint No. 
Outside Insidef

Approx.
Total

Length
mm.

Quan.
Per
Pig-

Net
Price
Each

Net
Price
Per
Pkg.

N E T  PRICE PER PKG. 
In Assortments of

20
Pkgs.

5 o 
Pkgs.

100
Pkgs.

882 5 TUBES 14/35 to  10 49 12 $1.10 $11.88 $11.29 $10.69 $10.10
Adapter, 19/38 to  14] 52 12 1.05 11.34 10.77 10.21 9.64
Reducing, 2 4 /4 0 to  14- 54 12 1.20 12.96 12.31 11.66 11.02
Bushing 24 /4 0  to  191 54 12 1.10 11.88 11.29 10.69 10.10
Type, 29/42  to  19 56 12 1.30 14.04 13.34 12.64 11.93
f  Joints 29 /42  to  24 56 12 1.20 12.96 12.31 11.66 11.02

34/45 to  24 59 12 1.60 17.28 16.42 15.55 14.69
34/45  to 2 9 t 59 12 1.50 1 6 .2 0 15.39 14.58 13.77

fN ot covered by f  specifications, but inside surfaces are ground to  a 1:10 taper and are interchangeable.

"PYREX.” 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 E W  Y O R K
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A D A M  H I L G E R

SPECTROGRAPHS

SPECTROPHOTOMETERS

MONOCHROMATORS

DENSITOMETERS

POLARIMETERS

REFRACTOMETERS

PHOTOELECTRIC COLOR
IMETERS

X-RAY DIFFRACTION 
EQUIPMENT

ELECTRON DIFFRACTION 
APPARATUS

W rite  fo r  d escrip tive  lite ra tu re

J A R R E L L - A S H  C O .
165  New bury St. Boston, Mass.

American representatives for 

A D A M  H IL G E R  Limited London, England

Complete line of

STOP WATCHES
TIMERS AND CHRONOGRAPH 

W RIST TIMERS 

For A ll

Industrial and Technical 
Purposes

Send for Our Latest Catalog 

M. J. STILLMAN CO., INC.
116 S. M ich ig an  Ave., C h icago , III.

For complete name and address of companies listed in this index consult pages 30 and 32 .

S P E C T R O P H O T O M E 
TE R S

A katos, Inc.
B. & L. O ptical Co. 
Colem an E lec tric  Co. 
D ie te rt Co., H . W . 
Frober-F aybor 
G aertner Scientific 
Gen. Elec. Co. 
Jarre ll-A sh  Co. 
Spencer Lens

SP E C T R O SC O PE S 
See S pectrom eters

SP E E D  IN D IC A TO R S 
See also T achom eters  

A rea R egulators 
Boulin In s t. Corp. 
B raun  Corp.
Central Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
Elec. Speed In d . Co. 
E lectric  T ach .
F ischer Scientific Co. 
G reiner, Inc ., E ^ i l  
G re iner & Cd., O tto 
N . Y. L aboratory  Sup. 
R epublic Flow 
Sargent & Co., E . H . 
Scientific G lass App. 
Thom as Co., A. H . 
V eeder-Root 
W eston  E lec t. In s t .  
W ill Corp.

S P H E R O M E T E R S  
C entral Scient. Co. 
Fish-S churm an  > 
G aertn er Scientific

SP H Y G M O M A N O M E 
TE R S 

B raun  Corp.
C entra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., E m il 
G re iner & Co., O tto 
N. Y. L aboratory  Sup. 
Precision T . & I. 
S argen t &. Co., E . H . 
Scientific G lass App. 
Scientific In s t. Co. 
T ay lo r In s t. Cos. 
T hom as Co., A. H . 
W ill Corp.

STEAM  M E T E R S , See 
F low m eters

ST IF F N E S S  AND 
B E N D IN G  

B raun  Corp.
C entra l Scientific  Co. 
D aigger & Co., A. 
E im er & Am end 
F erner Co.
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., Otto 
G urley, W . & L . E . 
H olz, H . A.
N. Y. L aboratory  Sup. 
R iehle D iv.
S argen t & Co., E . H . 
Saxl In s t. Co. 
Scientific G lass App. 
Su ter, A.
T ab e r In s t. Co. 
Thom as Co., A. H . 
T hw ing A lbert 
W ill Corp.

S T O P  W A TC H ES 
B raun  Corp.
C en tra l Scientific  Co. 
C lebar W atch  Co. 
Colloid E quip . Co. 
D aigger & Co., A. 
E im er & A m end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., Otto

iardu r Im p o rt Co. 
le y la n , A. R . & J .  E . 

N . Y. L aboratory  Sup. 
S argen t & Co., E . H . 
S cientific  G lass App. 
S tillm an Co.
T agliabue M fg. 
T hom as Co., A. H . 
W ill Corp.

STRA IN  T E ST IN G  
(Except G lass), See T e n 
sile T esting

ST R E SS T E ST IN G , See 
T ensile  T esting

ST R E T C H  (Except 
M etals)

H olz. H . A. 
P erk ins & Son 
Saxl In s t. Co. 
S u te r, A. 
T hw ing-A lbert

ST R O B O SC O PE S 
Boulin In s t. Corp. 
G eneral R ad io  Co.

SULFUR D E T E R 
M IN A TIO N  

A m erican In s t. Co. 
B raun  Corp.
C en tra l Scientific  Co. 
D aigger & Co., A.
E ck  & K rebs 
E im er & A m end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., Otto 
N . Y. Laboratory  Sup. 
P e rm u tit Co.
S argen t & Co., E . H . 
Scientific G lass App. 
T ag liabue  M fg. 
T hom as Co., A. H . 
W ill Corp.

SULFUR D IO X ID E 
See G as A nalyzers

TA C H O G R A PH S,
T achom eters

See

T A C H O M E TE R S 
A m thor T est. In s t. 
Boulin In s t. Corp. 
B raun  Corp.
Bristol Co.
Brow n Inst.
C entral Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
E lec tric  T ach . Co. 
E lec tric  Speed Ind . 
Esterline-A ngus 
F ish e r Scientific Co. 
Foxboro Co.
G reiner, Inc ., Em il 
G reiner & Co., Otto 
Jones-M otrola 
M anning, M . & M.
N . Y. L aboratory Sup. 
Precision T . & I. 
Sargent & Co., E . H . 
S cherr Co., G. 
Scientific G lass App. 
S tich t & Co.
Thom as Co., A. H . 
W estinghouse E . & M. 
W eston  Elec. In s t. 
W ill Corp.

T A PES, See Lineal 
D im ensions

T E L E M E T E R IN G  
A m erican M ete r Co. 
Auto. Sw itch 
Bailey M ete r 
B arber-C olem an 
B ristol Co.
Brown In s t.
E lectric  Valve 
E sterline-A ngus 
Foxboro Co. 
K ing-Seeley Corp. 
M anning, M . & M. 
M ason N eilan 
R epublic Flow 
R ichardson  Scale 
Spence Eng. Co. 
T ag liabue M fg.
Toledo Scale Co. 
W estinghouse E . & M .

TE L E SC O PE S

G aertner Scientific 
Perkin , E . & M. 
S pencer L ens Co.

TE M PE R A T U R E , See 
a lso  P y rom eters; T h e r
m om eters; Therm opiles; 
etc.

A m erican G as F u r. Co. 
A m erican In s t. Co. 
A rea R egulato rs 
A uto. T em p. Con. 
B ailey M ete r 
B arber-C olem an 
B ristol Co.
Brow n In s t.
B urling  In s t. Co. 
Bushnell & N evius 
C am bridge In s t. Co. 
Cochrane Corp. 
D efender Auto. R eg. 
E as te rn  Eng. Co. 
Edison, Inc ., T . A. 
Foxboro Co.
Friez & Sons 
Fu lton  Sylphon 
G ordon Co., C. S.
H -B  In st. Co.
H agan Corp.
H oskins M fg. Co. 
In d u stria l In s t. Co. 
Leeds & N o rth ru p  
Lewis E ng. Co. 
L iquidom eter 
M ason N eilan 
P a lm er Co.
P artlow  Corp.
Phila. T herm . C*. 
Pow ers Reg. Co. 
P recision  Scientific 
Precision T . & I. 
P y rom eter In s t. Co. 
R epublic F low  
Sarco Co.
Spence E ng. Co. 
S terling  Eng. Co.
Sup. Elec. Prod. 
T ag liabue M fg.
T ay lo r In s t. Cos. 
T hw ing-A lbert 
U ehling In s t. Co. 
W eston  Elec. In s t. 
W heelco In s t. Co.

CONSTANT TEMPERATURE CABINET
A general purpose storage cabinet for maintaining 
samples at prescribed test temperature range of 
control from plus 32 to 100° F. Recommended 
also for storage of grease samples at air tempera
ture before testing for consistency, A.S.T.M. 
D217-38T.

This mechanical refrigerated unit employs a bi-metallic thermo- 
regulator in conjunction w ith  an clcctronic micro relay. A heat
ing clement is used to compensate for the cooling effect of the 
compressor. An arrangement of wire grid platforms is provided 
which will not block air circulation, and serves as a means for 
supporting samples w ith in  the air bath. A rubber bladed fan of 
adequate capacity circulates the air for perfect temperature dis
tribution. Temperature regulation is easily maintained to plus 
or minus Vio°F- Inside dimensions are 40 long X  2 0 l/ j '  wide 
by 163/ i"  deep. External dimensions are 44l/s  long X 2 5 1/ j<’ 
wide X  3 5 ' high.

THE EMIL GREINER COMPANY
161 Sixth Avenue, N ew  Y ork, N . Y.
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FREE . . .
This New Catalog
C o n ven ien tly  arranged  fo r  ready  
reference. C o n ta in s  24 pages  
o f -prices a n d  d a ta  on a l l  A S T M  
ranges o f {double d ia m o n d )  T h e r
m om eters a n d  A . P . I .  D U R A C  
H yd rom eters. T h e  in s tru m e n t y o u  
need i s  here. W r i te  fo r  y o u r  copy 
to d a y .

H-B INSTR UM EN T CO.
2508 N. Broad St. Philadelphia, Pa.

T E N D E R N E SS 
A m erican In s t. Co. 
B raun  Corp.
C entra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G re iner, Inc ., Em il 
G re iner & Co., O tto 
N . Y. L aboratory  Sup. 
P rec ision  Scientific 
S argen t & Co., E . H . 
Saxl In s t. Co. 
Scientific G lass App. 
T hom as Co., A. H . 
W ill Corp.

T E N S IL E  TE ST IN G  
A m thor T es t. In s t. 
B aldw in-Southw ark  
B raun  Corp.
C en tra l Scientific Co. 
D aigger & Co., A. 
E im er & A m end 
F ern e r Co.
F ish e r Scientific Co. 
Gen. Elec. Co. 
G re iner, Inc ., Em il 
G re iner & Co., Otto 
Holz, H . A.
Linde A ir Prod.
N . Y. L aboratory  Sup. 
Olsen T est. M ach. 
Perkins & Son 
R iehle T e s t Div. 
S argen t & Co., E . H . 
Saxl In s t. Co. 
Scientific G lass App. 
S co tt, H . L.
S u te r, A.
T est, M ach. Inc. 
T hom as Co., A. H . 
Thw ing-A lbert 
S a rg en t & Co., E . H . 
W ill Corp.

T E N S IO M E T E R S , Sur
face T ension  

B raun  Corp.
C entral Scientific Co. 
D aigger & Co., A. 
E im er & Am end

F ish e r Scientific Co. 
G reiner, Inc., Em il 
G re iner & Co., Otto 
N . Y. L aboratory  Sup. 
S argen t & Co., E . H . 
Scientific G lass App. 
T hom as Co. A. H . 
W ill Corp.

T E S T  W E IG H T S , See 
W eights

T E S T E R S  AND T E S T 
IN G  M A C H IN E S, See 
su b jec t of m easu rem en t

TE X TIL E T E ST IN G  
A m erican In s t .  Co. 
A tlas E lec. Devices 
B rau n  Corp. 
C am bridge In s t. Co. 
C en tra l Scientific Co. 
D aigger & Co., A. 
E im er & Am end 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G re iner & Co., O tto 
G urley, W . & L. E.
N . Y. Laborabory  Sup. 
P erk in s & Son 
S argen t & Co., E . H . 
Saxl In s t. Co. 
Scientific G lass App. 
Sheffield Gage 
Spencer L ens Co. 
S u ter, A.
T a b e r In s t. Co. 
T hom as Co., A. H . 
T hw ing-A lbert In s t. 
W ill Corp.

T H E R M O -A M M E T E R S 
See E lectrical M easu ring

T H E R M O 
A N E M O M E T E R

W illson P roducts , Inc.

T H E R M O C O U P L E S 
See P y rom eters

T H E R M O -H Y D R O M E 
T E R S, See H ydrom eters

T H E R M O M E T E R S  
A m erican In s t .  Co. 
Bailey M ete r Co. 
B raun  Corp.
B risto l Co.
Brow n In st. 
C am bridge In s t. Co. 
Central Scientific  Co. 
Claflin Co.
D aigger & Co., A. 
D efender A uto . Reg. 
E ck & K rebs  
E im er & A m end 
E ngelhard , Inc.
F ish e r Scientific Co. 
F le ischhauer & Son 
Foxboro Co.
G aertn er Scientific 
G otham  In st. Co. 
G reen, H . J .
G reiner, Inc ., Em il 
G re iner & Co., Otto 
H -B  In s t. Co.
Illinois T es t. Labs. 
In d u s tr ia l In s t. Co. 
K essling T herm . Co. 
L iquidom eter Corp. 
M anning , M . & M. 
M arsh  C orp., J .  P. 
M ason N eilan R eg. 
M oeller In s t. Co.
N . Y. L aborato ry  Sup. 
Pa lm er Co.
P artlow  Corp. 
Pecorella M fg. Co. 
P e rm u tit Co.
Phila. T herm , Co. 
Pow ers R eg. Co. 
Precision  T . & I.
R ep . Flow  M eters 
Sarco Co., Inc.
S argen t & Co., E . H . 
Scientific G lass App. 
Scientific In s t. Co. 
T ag liabue M fg.

CUTS THERMOMETER COSTS!
Enduring all-metal construction provides a safe
guard against frequent breakage in handling and 
in service . . .  as well as protection against damage 
from overloads! T hat’s why W e s t o n  Thermom
eters cost less to use . . .  in the laboratory, in equip
m ent mounting, or for miscellaneous plant needs.

Other features, too, provide worthwhile advan
tages in service. The gauge-type scales can be accu
rately read without effort. The stems which encase 
the all-metal tem perature element are made of 
stainless steel to resist corrosion. No stem correc
tions ever are necessary, regardless of stem length. 
And their accuracy is guaranteed within V2 of 1% 
for the laboratory type . . .  and within 1% for the 
industrial types.

W hy not have complete details on these rugged, 
all-metal thermometers available for your next re
quirement? Catalog gladly sent on request. Weston 
Electrical Instrument Corporation, 660 Freling- 
huysen Avenue, Newark, New Jersey.

W E S T O N
INDUSTRIAL

TEMPERATURE
GAUGES

W e s t o n  I n d u s t r i a l  
T e m p e r a tu r e  G a u g e s  
a re  av a ilab le  in  b o th  
ang le  fo rm  an d  s tra ig h t 
fo rm ...  in  scale leng ths 
up  to  9" . . . s tem  lengths 
from  21/2" to  24" . . . 
ranges u p  to  1000° F. 
C om ple te  lin e  of acces
sories availab le . Send 
fo r catalog.

Thermometers and 
Hydrometers . . . .
a t your  f i n g e r  tips ! !

Your needs for thermometers and hy
drom eters— laboratory engraved stem— 
precision or regular grades—can be met 
at lowest cost in least time from our large 
factory stock. Consult our catalog and 
order w ith  safety and confidence.

A LL -M E T A L
CONSTRUCTION
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/ IC  PRODUCTION OF CHEMICAL PORCELAIN 
IS THE TOP RUNG OF THE CERAMIC LADDER

A s  p re v io u s ly  e x p la in e d , in an a d v e rt is e m e n t  o f  th is s e r ie s , th e  w a re  is fired  
in s a g g e r s . In its p ro g re ss  th rou gh  th e  kiln th e  w a re  m u st b e  p ro te c te d  from  
th e  fla m e  b y  a re fra c to ry  co n ta in e r a n d  th is is c a lle d  a sa g g e r .
S a g g e r s  a re  m a d e  from  a h e a v y  m ateria l c o m p o s e d  o f  p la s t ic  r e f r a c t o r y  
c la y  to g e th e r  w ith  a  m ixtu re  o f h igh  p e rc e n ta g e  o f n o n p lastic  m in e ra l h a v 
ing a v e r y  h igh  re s is ta n ce  to  h e a t  sho ck . T h e y  a re  fo rm e d  on  a h e a v y  m a
ch in e  c a lle d  a  s a g g e r  p re s s . W o rk m en  s h o v e l a b atch  o f th is  m a te r ia l  into 
th e  p r e s s  a n d  b y  h e a v y  p r e s s u r e  o f  th e  u p p e r  p a r t  o f  th e  d ie  in 
to  th e  lo w e r  t h e  m ix t u r e  is s q u e e z e d  into p ro p e r  form . A s  th e  p re ss  
o p e n s  a g a in  o n e  b e h o ld s  a n e a t ly  fo r m e d  s a g g e r .  T h is  o p e r a t io n  is 
sh o w n  in th e  p ictu re . T h e  s a g g e r s  a re  c a re fu lly  d r ied  a n d  fire d , o r "b a k e d ,"  
in a kiln a t a te m p e ra tu re  h ig h er than  th at to  w h ic h  th e y  will b e  s u b je c te d  
in u se . T h e  a lte rn a te  h ea tin g  an d  co o lin g  to  w hich  th e s e  s a g g e r s  a r e  s u b 
je c te d  re q u ire  th at th e y  b e  m a d e  o f  m ateria ls  w hich  h a v e  a h igh  re sista n ce  
to  th e  s tre ss  c a u s e d  b y  e x p a n io n  d u e  to  th e  h e a t  an d  th e  con traction  d u e

t0 coolin9 C O O R S
Coott broad experience in designing and manufacturing 
Chemical and Scientific Porcelain Ware for every laboratory 
need hat earned thit company widespread recognition at the 

leader in itt field.

P O R C E L A I N
C O M P A N Y
GOLDEN'COLORADO

For complete name and address o f companies listed in  this index consult 
pages 30 and 32 .

T ay lo r In s t. Co. 
T hom as Co., A. H . 
T hw ing-A lbert In s t, 
W eston  E lec. In s t. 
W ill Corp.

T H E R M O P IL E S  
C am bridge In s t. Co. 
E ppley  L ab., Inc.

T H E R M O ST A T S 
A m erican In s t. Co. 
B raun  Corp 
B row n In s t. Co. 
B urling  In s t. Co. 
B ushnell-N evius 
C en tra l Scientific Co. 
D aigger & Co., A. 
E im er & A m end 
Fenw al Inc. 
F ish-S churm an 
F ish e r Scientific Co. 
F riez  & Sons 
F u lto n  Sylphon 
G eneral Elec.
G reiner, Inc ., Em il 
G reiner & Co., Otto 
H -B  In s t. Co.
M crcoid Corp 
M icro Sw itch Corp. 
N . Y. L aboratory  Sup. 
P artlow  Corp 
Phila. T herm . Co. 
Pow ers Reg. Co. 
P recision  Scientific 
Precision T . & I. 
R obertshaw  T herm . 
S argen t & Co., E . H . 
Scientific G lass App. 
Suprem e Elec. Prod. 
T agliabue M fg. 
T hom as Co., A. H . 
T h ru sh  & Co.
W ill Corp.

TH REA D  TE ST IN G  
See T extile  T esting

T IM E  M EA SU R IN G , 
Cycle and  In terval, See 
also Stop W atches 

A uto. Elec. M fg.
A uto. Tem p. Con. 
B arber-C olem an 
B raun  Corp.
B risto l Co.
B row n In st. 
C alculagraph Co. 
C am bridge In s t. Co. 
C entra l Scientific Co. 
C lebar W atch  Co. 
C olem an Elec. Co. 
C ram er Co., Inc. 
D aigger & Co., A. 
D u n n -S tru th e rs  
E ag le  Signal Corp. 
E im er & Am end 
E sterline-A ngus 
F ish e r Scientific Co. 
Foxboro Co. 
F rober-F aybor 
G aertner Scientific 
G ordon Co.
G reiner, Inc ., Em il 
G re iner & Co., Otto 
In te r. F ilte r Co.
In te r . M ktng . Corp. 
L uxtro l Co.
M anning  M . & M .
N . Y. L aboratory  Sup. 
P e rm u tit Co.
R epublic F low  M eters 
Sargent & Co., E . H . 
Scientific G lass App. 
Service R ecorder Co. 
S tan d a rd  Elec. T im e 
T ag liabue M fg.
T ay lo r In st. Cos. 
T hom as Co., A. H . 
Thom pson Clock Co. 
W alser A uto. T im er 
W eston  Elec. In s t. 
W heelco In s t. Co.
W ill Corp.

T O R SIO N , See T ensile  
T esting

TO T A LIZ ER S, F luid 
Flow, See F low m eters

T U R B ID IM E T E R S , See 
Color M easu ring

T W IS T  CO U N TERS, 
S ee Textile  T esting

ULTRA-VIOLET
H anov ia  Chem . 
W estinghouse E . & M .

U -TUB E M A N O M E
TE R S, S ee M anom e
te rs

VACUUM GAGE, M c
Leod type, S ee M cLeod

VACUUM GAGE, P iran i 
Type; See also  P re ssu re  
an d  V acuum

D istilla tion  P rod . Inc.

VACUUM M EA SU R IN G  
See P re s su re  and  Vac
uum ; B arom eters; G ages 
M ercu ry  and  M cLeod; 
M an o m ete rs

Î No. 7 was produced with the 
filtration of Ammonium Phospho- 

^  Molybdate (Yellow Precipitate) in 
mind, but Chemists tell us tha t it is 
adapted to numerous other filtra
tions as well.

Î One large Smelter laboratory is 
using No. 7 for “Smelter Sulfurs” 

where the ash weight of the Filter 
Y  Paper is not important. Another

laboratory uses it “for rapid filtra- 
tions and are very pleased,” to 

w  quote their recent letter.

Test WHATMAN Filter Paper 
yjp No. 7 in your laboratory, you will

like it. Samples will be cheerfully 
sent upon request, and your usual 
dealer can supply you promptly.

H. REEVE ANGEL & CO., Inc.
7-11 Spruce S t. New York, N . Y .

A New Grade o f
WHATMAN

that really is “News”
WHATMAN Filter Paper No. 7 

was developed to fill a definite de
mand for an inexpensive, qualitative 
Filter Paper tha t would retain most 
precipitates, filter fairly rapidly, 
stand washing and yet would pulp 
quickly when titrating.
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VALVE P O S IT IO N  
IN D IC A TO R S 

A uto. T em p . Con. 
Bailey M ete r 
B uilders Iron  
M anning , M . & M . 
T ay lo r In s t. Cos. 
T efft-Jackson

VAPOR T R A N SM IS
SIO N

C argille, R . P . 
T hw ing-A lbert In s t.

V A RN ISH  TE ST IN G  
S ee P a in t T esting

V EN T U R I M E T E R S, 
S ee F low m eters

VIBRATION 
A m erican In s t. Co. 
B rush  D evel. Co. 
C am bridge In s t. Co. 
E lectrical R es. P rod. 
Gen. Elec. Co.
R C A  M fg. Co. 
Sheffield Gage

V ISC O SIM E T E R S 
A m erican In s t. Co. 
B raun  Corp.
Cargille, R . P .
C en tra l Scientific Co. 
Colloid E qu ip . Co. 
D aigger & Co., A. 
E im er & A m and 
F ish e r Scientific Co. 
F ish -S churm an  
G ardner L ab ., H . A. 
Gen. E lec. Co. 
G re iner, Inc ., Em il 
G re iner & Co., Otto 
N . Y. L abora to ry  Sup. 
P rec is ion  Scientific 
S a rg en t & Co., E . H . 
Scientific  G lass App. 
Scientific In s t. Co. 
T ag liabue M fg. 
T hom as Co., A. H . 
W ill Corp.

V O LT -A M M ET ER S 
S ee E lectrical M easu ring

V O L T M E T E R S, See 
E lectrical M easu ring

V O LU M ETER
G ardner L ab ., H . A.

W

W A TER  ANALYSIS 
SE TS 

B raun  Corp.
C en tra l Scien tific  Co. 
C ochrane C orp. 
D aigger & Co., A. 
E im er & A m end 
E lgin  Softener 
F ish e r Scientific Co. 
G reiner, Inc ., Em il 
G re iner & Co., Otto 
H eilige, Inc.
In d u s tria l In s t.,  Inc. 
L aM o tte  Chem . Prod. 
N . Y. L aboratory  Sup. 
P recision  Scient. Co. 
Sargen t & Co., E . H . 
Scientific G lass App. 
T agliabue M fg. 
T ay lo r & C o., W . A. 
T hom as Co., A. H . 
W ill Corp.

FADE-OMETER Accelerated. SmiiUfht
WEATHER-OMETER WedL* 
LAUNDER-OMETER a*td

W ATER AND S E D I
M E N T , See W ater 
Analysis Sets

W ATER M E T E R S, See 
F low m eters

W A TTH O U R  M E T E R S 
See E lectrical M easuring

W A TTM ET ER S, See 
E lectrical M easuring

W E A T H E R O M E T E R  
A tlas E lectric  D ev.

W E IG H IN G  M A
C H IN E S, A utom atic 

A tlas C ar & M fg. 
E x ac t W t. Scale 
F a irbanks  M orse 
G um p Co.
H owe Scale Co. 
M errick  Scale 
R ichardson  Scale 
Schaffer Poidom eter 
Toledo Scale Co.

W E IG H T S  
A insw orth & Sons 
A katos, Inc.
B ecker, C hristian 
B raun  Corp.
C en tra l Scientific  Co. 
Claflin Co.
D aigger & Co.
E im er & Am end 
E x ac t W t. Scale 
F ish e r  Scientific  Co. 
G aertn er Scientific 
G re iner, Inc ., Em il 
G re iner & Co., O tto  . 
G urley, W . &. L . E . 
Ja rre ll-A sh  Co.
K eller M fg., G . P.
N . Y. L aboratory  Sup. 
P rec ision  Scientific 
S argen t & Co., E . H . 
Scientific G lass App. 
Seederer-K ohlbusch 
T hom as Co., A. H . 
Torsion  Balance 
T roem ner, H enry  
V oland & Sons 
W ill Corp.

W E IR  M E T E R S , See 
F low m eters

X

X -R A D IA TIO N  M EA 
S U R IN G , D iffraction 

G aertn er Scientific 
Ja rre ll-A sh  Co.
G . E . X -R ay Cory.

X-RAY S P E C T R O M E 
T E R S , See Spectrom e
te rs

YARN T E ST IN G , See 
T extile  T esting

TEST EFFICIENCY

3 7 7  W. S u p e r i o r  S t r e e t  • C h i c a g o

The FADE-OMETER enables you to 
learn in a matter of hours the light
fastness of colors, materials, textiles, dye- 
stuffs, inks, papers, etc. as borne out by 
months of actual exposure to sunlight.
The LAUNDER-OMETER tells you in 
two hours the results of 2 0  launderings. 
It makes washing tests of textiles, soaps, 
d etergen ts and other m aterials and  
chemicals requiring mechanical action 
with controlled agitation.
The WEATHER-OMETER foretells the 
effects of weathering on paints, var
n ishes, lacquers, enam els, asphalts, 
roofings, outdoor textiles and other 
products. It cuts down months and 
years of outdoor exposure to days and 
weeks in the laboratory.
ATLAS OMETERS will give you accu
rate, uniform, accelerated, reproducible 
and internationally accepted tests of 
your m erch an d ise , of co m p o n en t  
materials, or of competitive products. 
S ee  that your laboratory is O m eter  
equipped at once—to better serve your 
production, sales, purchasing and ad
vertising departments.

L AU N DE R -O M ET E R

WEATHER-0

A T L A S  E L E C T R I C  D E V I C E S  C O .

Write for Catalogs 
Specify Which Ones Wanted
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Names and Addresses of Firms Listed in the Ins trum ent  Index

A
A ccurate P y rom etric  Cone Co., P a task a la , Ohio
A insw orth & Sons, W m ., 2151 Law rence S t., 

D enver, Col.
A katos, Inc ., 55 V an D am  S t., N ew  Y ork , N . Y.
A m erican Gas Furnace C o., Spring  & L afaye tte  

S ts ., E lizabeth , N . J .
A m erican In s tru m e n t Co., 8026 Georgia Ave., 

S ilver Spring, M d.
A m erican M eter Co., 60 E a s t 42nd S t.,  N ew  Y ork, 

N . Y.
A m erican T ransfo rm er Co., 175 E m m et S t.,  N ew 

ark , N . J .
Ames C o., B. C. W altham , M ass.
A m thor T esting  In s tru m en t C o., In c ., 309 Jo h n 

son S t., B rooklyn, N . Y.
A pplied R esearch L abs., 1208 San Ju lian  S t.,  Los 

Angeles, Calif.
A rea R egulato rs, Inc ., 109 T ichenor S t.,  N ew ark , 

N . J .
A tlas C ar & M fg. C o., 1120 Ivanhoe R d ., C leve

land , Ohio
A tlas E lectric  D evices Co., 361 W . Superio r S t., 

Chicago, 111.
A utom atic  E lectric  M fg. Co., M anka to , M inn.
A utom atic  Sw itch C o., 41 E . 11th S t., N ew  Y ork, 

N . Y.
A utom atic  T em pera tu re  C ontro l Co., 34 E . Logan 

S t., P h iladelphia , Pa.

B
B acharach & Co., E . W ., R ia lto  B ldg., K ansas 

C ity , M o.
B acharach Industria l In s tru m en t C o., 7000 B en

n e tt  S t., P ittsb u rg h , Pa.
B ailey M eter C o., 1050 Ivanhoe R d ., C leveland, 

Ohio
B aldw in-Southw ark  C orp ., E ddystone , P a .
B arber-C olem an  Co., 150 Loom is S t.,  R ockford, 

111.
B ausch  & Lom b O ptical Co., 659 S t. P au l S t.,  

R ochester, N . Y.
B ecker, Inc ., C hristian , 92 R eade S t.,  N ew  Y ork, 

N . Y .
Becker, Joseph, 630 W . 168th S t., N ew  Y ork, 

N . Y.
B in-D icato r Co., 14615 E . Jefferson A ve., D etro it, 

M ich.
B lack-R ay L igh ting  Co., 10415 S t. C lair Ave , 

C leveland, Ohio
Boiler R oom  E qu ipm en t, In c ., 45 W . 45 th  S t., 

New Y ork, N . Y.
Boulin In s tru m e n t C orp ., 65 M adison Ave., New 

Y ork , N . Y.
Bowser & Co., In c ., S. F .,  1360 C reighton Ave., 

F o r t W ayne. Ind .
B raun Corp., 2200 E . 15th S t.,  Los Angeles, Calif.
B raun -K nech t-H eim ann  Co., 584 M ission S t., 

S an  Francisco, Calif.
Bristol C o., W aterbu ry , Conn.
Brown In s tru m e n t Co., 4480 W ayne Ave., P h ila 

delphia, Pa.
Brow n & S harpe  M fg. C o., 237 P rom enade S t., 

P rovidence, R . I.
B rush  D evelopm ent C o., 3311 P erk in s Ave., 

C leveland, Ohio
Buehler, A dolph I., 228 N . L aSalle S t., Chicago, 

111.
Buffalo A p p ara tu s  C orp ., 180 M ain  S t.,  Buffalo, 

N . Y.
Buffalo M ete r C o., 2917 M ain  S t., B uffalo, N . Y.
B uilders Iro n  F o u n d ry , 27 C odding S t.,  P rov i

dence, R . I.
B u llard  Co., E . D ., 275 E ig h th  S t. ,  S an  Francisco, 

Calif.
B urling  In s tru m e n t C o., 241 Springfield Ave., 

N ew ark, N . J .
B urlington  In s tru m en t C orp ., B urling ton , Iow a
B urrell Technical Supp ly  C o., 1938 F if th  Ave., 

P ittsb u rg h , Pa.
Bushnell & N evius, 913 N . L a  Cienega B lvd., Los 

Angeles, Calif.

C
C alculagraph Co., 50 C hurch S t.,  New Y ork, 

N . Y.
C am bridge In s tru m e n t Co., Inc ., G rand  C en tra l 

T erm inal, New Y ork , N . Y.
Cargille, R . P ., 118 L iberty  S t., New Y ork , N . Y .
Cash C o., A. W ., E ldorado a t  T h ird  S t. ,  D eca tu r, 

111.
C entral Scientific Co., 1700 Irv ing  P a rk  B lvd., 

Chicago, 111.
C hem ical R ubber C o., 1900 W . 112th S t., Cleve

land , Ohio
Chicago A ppara tu s  Co., 1735 N . A shland Ave., 

Chicago, 111.
Claflin Co., G . L ., 150 D orrance S t., Providence, 

R . I.
C lark  B last M eter, C has. J .,  G ladbrook, Iow a

Clay-A dam s Co., Inc ., 44 E . 23rd S t., N ew  York, 
N . Y.

C lebar W atch  Co., Inc ., 551 F if th  Ave., N ew  
Y ork, N . Y.

Cochrane C orp ., 3156 N . 17th S t.,  Philadelphia , 
Pa-Colem an E lectric  Co., Inc ., 310 M adison S t., 
M avw ood. 111.

Colloid E qu ipm en t Co., 50 C hurch  S t., N ew  Y ork, 
N . Y.

Connelly Iron  Sponce & G overnor Co., 3154 S. 
C alifornia Ave., C hicago, 111.

C on tinen tal E lectric  Co., G eneva, 111.
C ram er & Co., R . W ., C enterbrook. Conn.
C rosby S team  Gage & Valve Co., 10 R oland  S t., 

B oston, M ass.

D
D aigger & Co., A., 159 W . K inzie S t., Chicago, 

111.
D efender A utom atic R eg. Co., 308 S. 8 th  S t.,  S t. 

Louis, M o.
D enver F ire  C lay Co., 23d & Blake S t.,  D enver, 

Colo.
D e tro it Air M ete r Co., P . O. Box 1473, D etro it, 

M ich.
D ie te rt Co., H a rry  W ., 9330 R oselaw n Ave., 

D etro it, M ich.
D istillation  P roducts , Inc ., 785 R idge R oad  W est, 

R ochester, N . Y.
D ubrovin , John , 2947 N . K en n eth  Ave., Chicago, 

III.
D u M o n t L abs., Inc ., Allen B ., 2 M ain  S t., 

Passaic, N . J .
D unn , Inc ., S tru the rs, 150 N . Ju n ip er S t.,  P h ila 

delphia, Pa .

E
Eagle Signal C orp ., 20 th  S t., M oline, III.
E aste rn  Engineering  Co., 45 Fox S t.,  N ew  H aven , 

Conn.
E berbach  & Sons, 200 E . L ib erty  S t., A nn A rbor, 

M ich.
E ck & K rebs, 131 W est 24 th  S t. ,  N ew  Y ork , 

N . Y.
Eclipse Fuel Engineering  C o., R ockford , Til. >
Edison E lectrical C ontro ls D iv ., Thos. A. Edison, 

Tnc., 51 Lakeside Ave., W est Orange. N . T.
E im er & A m end, 205-223 T h ird  Ave., New Y ork, 

N . Y.
E lectric  Speed In d ica to r Co., 14618 B ayes Ave., 

Lakew ood, Ohio
E lectric  T achom eter C oro ., B road  and  Spring  

G arden S ts ., P h iladelph ia , Pa.
E lec tric  V alve M fg. C o., 68 M u rray  S t.,  New 

Y ork , N . Y.
E lectrical R esearch P roducts , In c ., 195 B roadw ay, 

New Y ork, N . Y.
E lectronic R esearch L ab ., N iles C enter, 111.
Elgin Softener C orp ., Elsrin, 111.
E m pire  L ab o ra to ry  Supp ly  Co., 559 W . 132nd 

S t..  N ew  Y ork , N . Y.
Engelhard , Inc ., C harles, 90 C h es tn u t S t.,  N ew 

ark , N . J.
E pp ley  L ab o ra to ry , In c ., N ew port, R . I.
Ess In s tru m e n t Co., 30 Irv ing  Place, N ew  Y ork, 

N . Y.
Esterline-A ngus Co., P . O. Box 596, Indianapolis, 

Tnd.
E verson M fg. C o., 210 W . H uron  S t.,  Chicago, 

111.
E xac t W eight Scale Co., W est F if th  S t., C olum 

bus, Ohio

F
F a irb an k s , M orse & Co., 600 S. M ichigan Ave., 

Chicago. 111.
Federal P ro d u cts  C orp., 1146 E d d y  S t.,  P rov i

dence. R . I.
Fee & S tem w edel, In c ., 4949 N . Pu lask i R d ., 

Chicago, III.
F e rn e r C o., R . Y ., 131 S ta te  S t.,  B oston , M ass.
F e rran ti E lectric , In c ., 30 R ockefeller P laza , New 

Y ork, N . Y .
F ischer & P o rte r Co., 110 W est Penn  S t . ,  G er

m antow n, Ph ilade lph ia , Pa.
F ish-S churm an Co., 254 E . 43rd  S t. ,  N ew  Y ork, 

N . Y.
F ish e r Scientific  Co., 711-723 Forbes S t. ,  P it ts 

burgh , Pa.
F le ischhauer & Son, F ra n k , 89-36 187th PI., 

H ollis, L. I . ,  N . Y.
F o s te r Engineering  C o., 109 M onroe S t. ,  N ew ark , 

N . J .
Foxboro  C om pany, 40 N eponset A ve., Foxboro, 

M ass.
Friez & Sons, Ju lien  P ., Tow son, M d.
F ro b er F ay b o r Co., 4612 P rospect A ve., C leve

land , Ohio
Fu lton  Sylphon Co., K noxville , T enn .

G
G aertner Scientific C orp ., 1201 W rightw ood A ve., 

Chicago, 111.
G ardner L aborato ry , H en ry  A ., 2201 N ew  Y ork  

A ve., N .W ., W ashington, D . C.
G auth ier, D o n a t A ., 7408 Poe Ave., D e tro it, 

M ich.
G eneral E lectric  C om pany, 1 R iver R d ., Sche

nectady , N . Y .
G eneral E lectric  V apor L am p C o., 410 E igh th  

S t. ,  H oboken, N . J.
G eneral E lec tric  X -Ray Corp., 2012 Jackson 

B lvd ., Chicago, 111.
G eneral R ad io  C om pany, 30 S ta te  S t.,  C am bridge, 

M ass.
Geophysical In s tru m en t C o., 1315 H alf S t.,  S .E ., 

W ashington, D . C.
G ilmore D rug Co., W . J . ,  422 B lvd. of th e  Allies, 

P ittsb u rg h , Pa.
Gleason-A very, Inc ., 27 C lark  S t.,  A uburn , N . Y.
G-M  Laboratories, In c ., 1731 W . B elm ont Ave., 

Chicago, 111.
G ordon Co., C laud S., 1524 S. W estern  Ave., 

Chicago, III.
G orrell & G orrell, Chicago H eights, 111.
G o tham  In s tru m e n t C o., 127 Spring  S t.,  New 

Y ork, N . Y.
G ow -M ac In s tru m e n t Co , 20 W ashington  PL, 

N ew ark , N . J .
G reen, H enry  J . ,  1191 Bedford Ave., B rooklyn, 

N . Y.
G reene B ros., Inc ., 1810 Griffin S t., D allas, T exas
G re iner, Inc ., E m il, 161 S ix th  Ave., N ew  Y ork, 

N . Y.
G re in e r Co. Inc ., O tto R ., 55 P lane  S t., N ew ark , 

N . J.
G um p Co., B. F ., 431 S. C lin ton  S t., Chicago, 111.
G urley, W. & L . E ., T roy , N . Y.

H
H agan  C orp ., 304 Ross S t., P ittsb u rg h , P a .
H aines G auge Co., 119 S. 4 th  S t.,  P h iladelph ia , 

Pa.
H anov ia  Chem ical and  M an u fac tu rin g  Co., 

C h estn u t S t. & N .T .R .R . A ve., N ew ark , N . J.
H a y s  C orp ., 1948 Shirl Ave., M ichigan C ity , Ind .
H -B  In s tru m e n t Co., 2518 N . B road  S t. ,  P h ila 

delph ia , P a .
Heil C orp., 210 S. 4 th  S t., S t. Louis M o.
H eilige , Inc ., 3702 N o rth e rn  B lvd ., Long Island  

C ity , N . Y.
H ickok E lectrical In s tru m en t C o., 10514 D u  P o n t 

A ve., C leveland, Ohio
H oke, Inc ., 122 F ifth  Ave., N ew  Y ork , N . Y.
H olz, H erm an  A ., 116 W . 14 th  S t., New Y ork, 

N . Y .
H osk ins M fg. Co., 4455 L aw ton  Ave., D etro it, 

M ich.
H owe & French Inc ., 101 B road S t.,  B oston , M ass.
H owe Scale Co., R u tlan d , V t.

I
Ideal C om m uta to r D resser C o., Sycam ore, 111.
Illinois T esting  L abs., 420 N . LaSalle S t.,  Chicago, 

111.
Ind ica ting  C alipers C orp ., 506 E . 19th S t.,  New 

Y ork, N . Y.
Industria l In s tru m en t C o., 2249 14th  S t. ,  S .W ., 

A kron, Ohio
Industria l In s tru m en ts  In c ., 156 C ulver Ave., 

Jersey  C ity , N . J .
In te rco n tin en ta l M arketing  C orp ., 8 W . 40 th  S t., 

New Y ork, N . Y .
In te rn a tio n a l E qu ipm ent Co., 352 W estern  Ave., 

Boston, M ass.
In te rn a tio n a l F ilte r Co., 325 W . 2 5 th  P l., Chicago, 

111.

J
Jarre ll-A sh  Co., 165 N ew bury  S t., B oston , M ass. 
J a rd u r  Im p o rt C o., 21 W . 19th S t., N ew  Y ork, 

N . Y.
Jerguson Gage & V alve Co., 301 M ystic  Ave., 

Som erville, M ass.
Jones M otro la  Sales C o., 432 Fairfield  Ave., 

S tam ford , Conn.

K
K au ffm an -L attim er C o., C olum bia, Ohio 
K eller M fg. Co., G. P.. Salt Lake C ity , U tah  
K ew ling T herm om eter Co., E ., 682 Jam aica  Ave., 

B rooklyn, N . Y.
Keuffel & E sser Co., 300 A dam s S t ,  H oboken, 

N . J .
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A  A f  A f / W f  A f / * f  I M S *  A New High-Precision Unit 
A N N O U N C I N G  for X-Ray Diffraction

W ITH the new precision-built Model XRD, General 
Electric fulfills the increasing demands of indus

trial science for a compact, versatile, safe apparatus for 
application of x-ray diffraction methods to a multitude 
of industrial and research problems.

The XRD embodies features which satisfy the most 
rigorous specifications for precision research and con
trol without sacrificing the requirements for safety, 
convenience, simplicity, compactness, flexibility, ease 
of operation, and adaptability that make for econom
ical application of a method offering great advantages 
to the chemist and metallurgist. Tedious labor involved 
in  mounting specimens, registering diffraction patterns, 
and operating the apparatus has been largely elimina
ted in  the design of this new G-E X-Ray unit, thus al
lowing the operator to spend his time planning research 
routine, preparing specimens, and interpreting results.

All electrical parts are completely enclosed, to provide 
the ultimate in  electrical safety. And yet the energizing 
equipment is capable of operating the most powerful 
x-ray diffraction tubes commercially available today. 
Built primarily to provide long, reliable, economical 
service, the little details which make for convenience- 
such as the electric clock wired into the circuit for 
timing exposures, and the rubber-tired casters which 
make it easy to move about—have not been forgotten. 
In fact there are dozens of them which the industrial 
scientist will recognize instantly, and appreciate even 
more as he uses the unit.

A new catalog describing the G-E Model XRD and 
accessory items, and including much valuable infor
mation concerning the possible applications of x-ray 
diffraction, is just off the press. W rite for your copy 
today. Just ask for Publication No. 1 910.

GENERAŁ ELECTRIC X-RAY CORPO RATION

More Compact, More Versatile, Completely Safe
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Names and Addresses of Firms Listed in the Instrument Index (continued)

K ieley  & M ueller, Inc ., 40 W. 13th S t., N ew  Y ork, 
N . Y.

King-Seeley C orp., D e tro it Ave., A nn A rbor, 
M ich.

K ron  Co., 1720 Fairfield Ave., B ridgeport, Conn.

L
L. A. B. C orporation , Sum m it, N . J.
L aM o tte  Chem ical P ro d u cts  Co., Tow son, M d. 
L aP ine  & Co., A rth u r S., 114 W . H u b b ard  S t., 

Chicago, 111.
Leeds & N o rth ru p  Co., 4901 S ten to n  Ave., 

Ph iladelph ia , Pa.
L eitz, Inc ., E ., 730 F if th  Ave., N ew  Y ork , N . Y. 
Lewis E ngineering  Co., N au g atu ck , Conn.
L inde A ir P ro d u cts  Co., 30 E . 42nd S t., N ew  Y ork, 

N . Y.
L iqu idom eter Co., Inc ., 36-16 Skillm an Ave., 

Long Is la n d  C ity , N . Y.
Loew enberg, F ., 10 E . 40 th  S t., N ew  Y ork , N . Y. 
L uxtro l Co., Inc ., 54 W est 21st S t., N ew  Y ork, 

N . Y.

M
M acb e th  D ayligh ting  Co., Inc ., 227 W . 17th S t., 

N ew  Y ork, N . Y.
M anning , M axwell & M oore, Inc ., Am erican 

Schaeffer & ' B udenberg In s tru m e n t D iv., 
B ridgeport, Conn.

M arsh  C orp., Jas . P ., 2073 S o u th p o rt Ave., 
Chicago, 111.

M ason-N eilan R eg u la to r Co., 1190 A dam s St., 
Boston, M ass.

M cK esson - R obbins - D oster -  N o rth in g to n  Co., 
1706 F irs t Ave., B irm ingham , Ala.

M ercoid C orp., 4201 W . B elm ont S t., Chicago, 
111.

M ercon R eg u la to r Co., 2357 N . 29 th  S t., M ilw au
kee, W is.

M eriam  Co., 1955 W . 112th S t., C leveland, Ohio
M errick  Scale M fg. Co., 188 A u tum n  S t., P as

saic, N . J.
M eylan , A. R . & J . E ., 264-68 W . 40 th  S t., 

New Y ork , N . Y.
M icrochem ical Service, 30 V an Z an d t Ave., 

D ouglaston, N . Y.
M icro Sw itch C orp., F reep o rt, III.
M ine Safety  Appliances Co., B raddock, T hom as 

& M eade Sts., P ittsb u rg h , Pa.
M ine & Sm elter Supply  C o., 1422 17th S t., 

D enver, Col.
M oeller In s tru m en t Co., 132-12 89 th  Ave., 

R ichm ond Hill, N . Y.
M orehouse M achine Co., 233 W . M ark e t S t., 

Y ork, Pa.
M orey & Jones, L td ., 922 So. H em lock S t., Los 

Angeles, Calif.
M u te r Co., 1255 S. M ichigan Ave., Chicago, 111.

N
N atio n a l M eter Co., 4213 F ir s t Ave., B rooklyn, 

N . Y.
N a tio n a l T echnical L abs., 3330 E a s t  Colorado 

S t., P asadena , Calif.
N a tu ra l Gas E q u ipm en t, Inc ., P etro leum  Secu

r ities  B ldg., Los Angeles, Calif.
N ew ark  W ire C lo th  Co., 352 V erona Ave., 

N ew ark, N . J .
N . J . L ab o ra to ry  Supp ly  Co., 235 P lane St., 

N ew ark , N . J.
New Jersey  M ete r Co., P lainfield , N . J.
N . Y. L aboratory  Supply Co., Inc ., 525 B roadw ay, 

N ew Y ork , N . Y.

O
Olsen T estin g  M achine Co., T in ius, 500 N . 12th 

S t., Ph iladelph ia , Pa.
O rton  J r .  C eram ic F oundation , E dw ard , 1445 

S um m it St., C olum bus, Ohio

P
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W a t e r  Stills 
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L a bo ra tory  W o r k
In  a  B arn stead  W ater Still, you ge t all 
th e  fea tu res necessary for th e  production  
of pu re  d istilled  w ater— large, high 
evapo rato rs w ith special sp lash  proof 
baffles; pure  t in  lin ings; coun ter-cur
ren t condensation; raw  w ater p reh e a t
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Just Published!

The RAM AN EFFECT
and its Chemical Applications  

A.S.C. Monograph No. 80
By J a m e s  H . H ib b e n , Geophysical Laboratory 

Washington, D. C.

This new A.C.S. Monograph is the first book to be 
published on the Raman Effect. The culmination of 
years of research is marked by publication of this 
volume on a subject whose importance rivals tha t of 
the x-ray, and whose value to  science will increase as 
its principles become better known. This book, cover
ing all phases of the Raman Effect, includes a critical 
r6sum£ of investigations of hundreds of organic and 
inorganic substances; and a thorough bibliography of 
all available literature to date. A valuable feature is 
the complete theoretical discussion, written in col
laboration with Prof. Edward Teller, of The George 
Washington University.

All scientists will welcome this book as a significant 
forward step in the progress of molecular research. I t 
will be an important addition to everyscientific library.

544 Pages 29 Chapters $11.00

REINHOLD PUBLISHING CORP.
330 W e s t  42n d  St r e e t  N e w  Y o r k , N . Y .
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PRICE: $225.00, inc lud in g  H eating  
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Determination of Palladium
REAGENT—p-Nitrosodiphenylamine 

METHOD— Colorimetric

REFERENCE—Yoe &  Overholser, ./. A rtie r . C h e m . S o c .,
01. 2058 (1939)

T h e  r e a c t i o n  between palladium and p-nitrosodiphenylamine 
is extremely sensitive, and is practically specific for palladium. 
The co-ordination compound formed is of definite composition 
and is red in solution. The method is suitable for the determina
tion of small amounts of the metal, and also for spot tests.

Eastman p-Nitrosodiphenylamine, No. 1127, is of a purity 
which makes it entirely satisfactory for such analytical work. 
An abstract describing its use in the procedure referred to above 
will be forwarded promptly upon request. . . . Eastman Kodak 
Company, Chemical Sales Division, Rochester, N. Y.

E A S T M A N  O R G A N I C  C H E M I C A L S

PLATINUM EQUIPMENT

Fully described in our 
Catalog 17.

THE A M E R I C A N  P LA TIN U M  W ORKS
Newark Est. 1875 N ew  Jersey

0  Laboratory 

#  Industry

<s>
Wares are hand ham
mered of Special Pure 
Platinum.

Available in a variety 
of sizes and weights, or 
to meet specifications.
Also catalysts and salts 
of the platinum metals.
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B ra u n  UA P u lv e riz e r  w ith  V -B elt Drive

Save Dollars . . . 
... and Drudgery
with Braun Labor S a v e rs
For many years Braun Laboratory Labor Saving Ma
chines have been used in up-to-date laboratories the 
world over. Each Braun device has been conceived, 
created and developed with the requirements of the 
thoughtful laboratory man in mind. Each has, in its 
turn, satisfied a well defined need and has provided a 
new and added convenience—minimizing the labor 
drudge—speeding up the work—increasing the ac
curacy.
B ra u n  L aboratory  Labor Savers n o w  in c lu d e :
B R A U N  C H IPM U N K  C R U SH ER  for coarse reduc
tion of laboratory samples. Bulletins C-124 and C-131.
BR A U N  PULVER IZERS for finishing samples. 
Bulletins C-115, C-124 and C-125.
B R A U N  ELECTRO LYTIC APPA R A TU S. A com
plete line of outfits for routine or research determ ina
tions. Bulletins B-131 and C-112.
B R A U N -PO R T E R  SIEVE SH A K ER . An accurate, 
portable machine for either laboratory or field use. 
Bulletin C-105.
B R A U N  LABO RATO RY FURN A C ES. A complete 
line of muffle, melting and combination furnaces. 
Bulletin C-107.
B R A U N  LABO R ATO RY FURN ACE B U R N E R S for
gasoline (Bulletin C-122), oil (Bulletin S-168), cylinder 
gas (Bulletin C-114) and gas (Bulletin C-107).
W rite to Department 1-10 for bulletins which may 
interest you.

V O L U M E S  O N E  and T W O

PHYSI CAL CONS TA NTS  
OF H Y D R O C A R B O N S

by

G u s t a v  E g l o f f  
Director of Research, Universal Oil Products Company

To be published in four volumes

TH E scope of this work is such that it may be 
utilitized in pure and applied science and in 

industries such as petroleum, natural and manu
factured gas, chemical, rubber, plastic, resin and 
pharmaceutical. The ideal underlying this four 
volume study of the Physical Constants of Hydro
carbons, has been to contribute to the fundamental 
knowledge of hydrocarbons from the scientific as 
well as the pragmatic point of view. In the present 
work, the critical study of the hydrocarbon con
stants and their interrelationships to derive useful 
and sound generalizations has been the desired goal. 
The melting point, boiling point, specific gravity, 
and refractive index of all classes of pure hydro
carbons will appear in three volumes and their 
interrelationships in the fourth volume. The 
work is restricted to these four constants chiefly 
because they are the ones most frequently em
ployed in identifying hydrocarbons and in industrial 
engineering. Bibliographical sources of all experi
mental values are given.

C O N T E N T S  B Y  V O L U M E

Volume I.—Covers paraffins, olefins, acetylenes, and other 
aliphatic hydrocarbons. 416 p .............................................$9.00

Volume II.—Will include the cycloparaffins, cycloolefins, 
cycloacetylene, bi- and dicyclo paraffins and cycloolefins, 
olefin and acetylene substituted cycloparaffins and cycloolefins. 
Ready Nov. 1, about 544 Pages-—? 12.00.

Volume III.—Will present the aromatic series and more com
plex condensed ring systems of which the carcinogenic hydro
carbons are representative. To be published March, 1940. 
Price later.

Volume IV.—To systematize and correlate the physical proper
ties with the structures of" the hydrocarbons of homologous 
series, thus disclosing possible errors in experimental values. 
Interrelationships between other homologous series are also 
shown, permitting the prediction of physical properties of hydro
carbons yet unknown. To be published Fall of 1940. Price 
later.

A. C. S. Monograph No. 78 

A d d  these Volumes to your Library

Reinhold Publishing Corp
330  W . 4 2 d St., 

N e w  York, U .S .A .

BRAUN
C O R P O R A T I O N

Los Angeles, California
> Seattle, Washington  

SCIENTIFIC SUPPLIES CO.

2260 East Fifteenth Street
San Francisco, Calif. 

BRAUN-KNECHT-HEIMANN-CO.


