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TH E  appreciative reception accorded the
A n a l y t ic a l  Editio n  for October, 1940, in 

which Dr. Müller presented a report on American 
apparatus, instruments, and instrumentation, follow
ing the group of articles presented in 1939, in which 
something was published concerning the efforts 
made by manufacturers to meet with instruments and 
apparatus the needs of the analysts, led us to pursue 
the subject a step further.

In this we are once more grateful to Dr. Miiller for 
a manuscript devoted to instrumentation and the 
part it plays in modern analytical procedures. His 
monograph this year seeks to give in some detail 
the use in analysis and testing which is today being 
made of various types of modern instruments. In 
this compilation he has had the assistance of many 
specialists, and while as before the discussion may 
lack something in completeness, any oversights are 
purely accidental and this October issue will be

valued for what it contains rather than criticized for 
what may have been inadvertently overlooked.

This thoroughgoing presentation of the part instru
ments play and can play in analytical procedures is 
to be followed by contributed articles from special
ists in the several fields, beginning with January, 
1942.

Dr. Miiller’s paper comprises this entire issue, and 
consequently no reprints as such will be available. 
Those who may have need for additional copies of 
the issue should order them from the Secretary of 
the SOCIETY as already provided.

The editor wishes to acknowledge here his 
indebtedness to Dr. Müller, who has served as guest 
editor of this issue, and feels that he is speaking for 
those who practice analytical chemistry and others 
who appreciate the vital importance of such work 
in expressing sincere thanks for so valuable a con
tribution.
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Catalog on Thermocouples

T h e  first edition of the L&N T herm ocouple 
C a ta lo g  com presses in to  40 illu stra ted  pages, 
the m ost p rac tica l facts about therm ocouples, 
th e ir  pro tection  tubes and  their parts.

In  the book are  tables show ing  w hich 
couples can  be used to meet w hich  conditions 
a t w hich  tem peratu res. A n d  there’s ano ther 
table of d a ta  on tubes. A ll L&N couples are  
illu stra ted .

In  genera l, w e’ve tried  to  m ake the  ca ta log  
useful to every therm ocouple user, w h e th er or 
not he knows m uch about the devices. T h e rm o 
couples a re  sim ple an d  re liab le  devices for 
detecting  h igh  tem pera tu re  in  any  indu stria l 
fu rnace  w hich  can  use them , and  w e w ill be 
g lad  to send th is ca ta log  to anyone interested.

Pressure Controller Helps
Operate Big Furnaces

A dditio n a l help  fo r today’s busy heaters, 
m elters, helpers and  o ther operato rs of b ig  fu r 
naces is p ro v id ed  by th is b ran d -n ew  m odel of 
the tim e-tried  L&N F urnace  P ressure Con
tro ller.

If  you use or could use gas-analysis 
recorders, send for fu rther information.

EXPLOSION HAZARD JUduted
By Micromax Gas-Analysis Recorder

Jrl Ad N-0600BÇ2)

But, if hydrogen falls too low in the 
one case or rises too high in the other, 
the M icrom ax does not w ait for an oper
ator. I t  closes a relay— a solenoid yanks 
a valve open— the dangerous gas mix
ture is by-passed. A n alarm  also sounds.

M easuring, recording, by-passing and 
alarm  are all done w ith utmost prompt
ness— the equipment has, of course, a 
time lag, but it is so slight as to be 
negligible.

T o  experienced gas chemists, the de
pendability of M icrom ax analysis is 
almost as impressive as its usefulness. 
T h is  is principally because the cell is 
corrosion-proof; other reasons are elim
ination of chemical d-ryer, battery, 
charger, etc.

M EASURIN G IN STRU M EN TS • T E L E M E T E R S  ■ AUTOM ATIC CONTROLS • H EA T-TR EA T IN G  FURNACES

L E E D S  4  N O RTH RU P COM PANY, 4920 STENTON AVE., PH I LA ., PA.

L e f t ,  P r e s s u r e  C o n tro lle r ;  r ig h t ,  M icro m ax  
Pyrometer

I t  holds pressure w herev er the user w an ts 
i t ;  responds to changes as sm all as a thou
san d th  o f an inch of w ate r. I t  is p u t to w ork 
by touch ing  a bu tton  on its case ; and  ano ther 
touch puts the  fu rn ace  back on m anual control, 
w ith  the push-buttons on the C ontro ller case. 
T h e  degree of fu rnace  p ressure can  be 
changed  by  tu rn in g  a  knob. . . .  Space in n a r
row  control aisles is saved because th is Con
tro lle r  m ounts flush in th e  control panel.

W ith  a ll its ex ternal convenience features, 
the L&N F urnace  P ressure  C ontro ller uses, 
inside, the  sim ple, sensitive m achine it has 
a lw ay s used. See C a ta lo g  N-01A-600.

Effective protection against inflamma
ble m ixtures of hydrogen and oxygen is 
provided by the M icrom ax recording 
equipment pictured above. Thom as A. 
Edison, Inc., use it in the m anufacture 
of the tw o gases by electrolysis of water.

Samples of both Oo and H 2, enroute 
from electrolysis cells, are analyzed by 
the therm al conductivity method in the 
m etal boxes a t the bottom of the panel. 
Oxygen goes to the left box, hydrogen to 
the right. T h e  M icrom ax recorder, 
above each box, charts the per cent of 
hydrogen in each gas and the instru
m ent’s black arrow  is kept pointed at 
tha t figure, w here operators can see it.
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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

So, the largest pyrometer installations are 
equipped with Chromel-AIumel leads and 
Chromel-Alumel couples—  for accuracy. And 
if accuracy of temperature is vital to you, 
we invite you to get the whole story by ask
ing us for Folder G l  Hoskins Manufac
turing Co., Detroit, Mich.

T'S OFTEN a good thing to question the valid
ity of long-held opinions. So, let us talk 

about pyrometer accuracy, in relation to 
Lead Wires.

The composition of so-called "compensating" 
leads differs from that of the thermocouple. 
Hence, where the two join in the connector- 
block, they form a thermoelectric ¡unction, 
which becomes a source of possible error. If 
the connector-block is merely warm, the error 
is not vital. But this block often gets very hot, 
resulting in larger e.m.f.'s, which either add 
to or subtract from the e.m.f. of the couple, 
causing erroneous temperature indication. 
These errors are of such possible amplitude 
as to cause the owners of the largest pyrom
eter installations to standardize on lead wire 
that has the same composition as that of the 
couple— thus eliminating the above source of 
error.
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D E P E N D A B L E  STANDARDS

The Standard Troy Pound of 
8 and 4 ounces as used dur- 

Queen Elizabeth’s reign.

M allinckrodt A. R. Chem icals are m ade to m eet predeterm ined 

standards of pu rity  w ith  im purities m easured to ten  thousand ths 

of one per cent. Such controlled uniform ity in lot after lot assures 

resu lts of greater accuracy for laboratory technicians.

Send for catalogue of M allinckrodt A nalytical R eagen ts and other 

chem icals for laboratory use. C ontains detailed descriptions of 

chem icals for every type of analytical w ork . . . gravim etric, gaso- 

m etric, colorim etric or titrim etric.

ALWAYS S P EC IFY  REAGENTS IN M ANUFACTURER’S ORIGIN AL PACKAGES

MALLINCKRODT CHEMICAL WORKS
ST. LOUIS •  PHILADELPHIA •  MONTREAL

CHICAGO •  NEW YO RK •  TORONTO
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Chemical Laboratory and Industrial Batch

TRIP SCALE BALANCES
AGATE BEARING

3620 Triple Beam shown with No. 3622 Attachment Weight.

In every specification the Cenco Trip Scales are the most serviceable balances that could possibly be made. . .  sturdy—durable— 
sensitive—accurate.
Strength and durability are secured from the choice of the materials of construction and the design of the parts . . . cast alloy 
beams and pan hangers—nickel-silver rider scales, index scales and pointers—cast iron bases finished in baked black japan. 
The pans are of vitrolite. The whole combination is one of pleasing design and being made of non-corrodible material will re
main unaffected by laboratory fumes.
Sensitivity and accuracy are imparted by the precise placing of the rust-proofed knife edges on polished agate bearings in the 
carefully balanced parts. Loads up to the full capacity are accurately weighed to 0 .02% ... with light loads to Vio gram.
3470 CENCO TRIP SCALE, Single Beam, 5000 gram capacity with rider weight on a beam graduated to 10 grams in ‘/in

gram divisions ............................................................................................................................................  Each $9.00
9125D Weights, Metric, for use with No. 3470 Trip Scale. Made of lacqucred brass and contained in wood block. Smallest

value,'l gram. Largest value, 1000 grams....................... . .•  ........ . ■ •...............................   Per set S8.10
3560 CENCO TRIP SCALE, Double Beam, same as No. 3470 Trip Scale, but with additional beam and rider weight for

weighings up to 2000 grams in steps of x/io gram  ............ .      Each SI0.50
9126 Weights, Metric, for use with No. 3560 Trip Scale. Same as No. 912oD Weights, but consisting of two 200, one 500,

and one 1000 gram weights in wood block.   .............   • • • •  ...................■.........   - .................. .-- - • , *̂er set $7.00
3620 CENCO TRIP SCALE, Triple Beam, for weighings up to 1110 grams m steps of Vio gram without the use of loose

weights No. 3622A Attachment. Weight extends range to 2110 grams ...........  •,......... Each $11.00
3622A Attachment Weight, for use with No. 3620 Balance, for attachment to the extension of the central beam for increasing 

the normal capacity of the balance to 2110 grams. Weight, 1000 grams.................................................  Each S .90

C H IC A G O  B O S T O N

1700 Irving Park S C I E N T I F I C  L A B O R A T O R Y  7r A kmi er5‘ A

U k ü t i o n  I N S T R U M E N T S  g g l i j  A P P A R A T U S

N e w  Y o r k  •  B o s to n  •  C H I C A G O  •  T o ro n t o  •  S a n  F r a n c is c o

3470 Single Beam 3560 Double Beam
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Patent No. 2,231,506

Ä Glas-Col Heater on a 25 
gallon, stainless steel kettle, 
operated by a prominent 
manufacturer of chemicals in 
New Jersey.

Chemists] have  long recognized  the n eed  for a 
safe heating  device to rep lace the use of oil 
baths and  open heaters in the laboratory. The 
Glas-Col Flask H eater is com posed of two hem i
spherical units, each constructed  of glass cloth 
w ith built-in nichrom e heating  elem ents. Each 
m antle also contains an iron constantan therm o
couple so that overheating  can be detec ted  and 
hence prevented . With suitable voltage con
trols, the tem perature p roduced  by  the Glas-Col 
H eater can be adjusted 
from room to 400°C . The 
heavy b lanket of glass 
cloth and wool prevents 
flying particles of glass in 
the event of an explosion.

There is a Glas-Col Flask 
H eater for every size flask 
from 200  cc. to 72 liter ca
pacity. Special heaters can 
b e  m ade for larger kettles, 
such as the one illustrated.

W rite for your copy of bu l
letin  H-16 today for com 
p lete  specifications and 
prices.
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S EM I-M IC R O
B A L A N C E S

A N A L Y T IC A L  
G R A D U A T E D  B EA M  

B A L A N C E S

A N A L Y T IC A L
C H A IN

B A L A N C E S

Fast and Precise analytical weighing is 
assured because the patented Seko Magnetic 
Damper slops the pointer and eliminates the 
operation of counting pointer swings and 
making interpolation. Any degree of damp
ing from critical to low is obtained by merely 
manipulating a button.

Magnetic Damping detects slight varia
tions in temperature, and is especially valu
able, because of its speed, for weighing sub
stances subject to rapid evaporation.

A  Co mpl et e  L i ne  o f  A n a l y t i c s  I Bala nces  an d W e i g h t s  
wi th a l l  the  M o s t  R e c e n t l y  D e v e l o p e d  F e a t u r e s  

o f  P r e c i s i o n  W e i g h i n g
The Analytical Balances in the Seko Line rank with the highest types of precision weigh
ing equipment on the market today. Important features, in addition to Magnetic 
Damping, include:
DISC INDEX whose pointer coincides with the main pointer, magnifies all readings 
below 1 mg. x 1/100 mg. so that each 1/100 mg. appears about 1/16 apart.
DOUBLE POINTERS in coincident position which form single hairline to prevent 
parallax readings.
CHANNEL NOTCHED BEAMS to insure perfect seating in the notches and prevent 
sidesway.

A wide selection of capacities and sensitivities assures you of a balance with the exact 
range to fit your need . . . Numerous attachments, including a sensitivity changer and 
additional weights are available to increase both range and flexibility where this is the 
desired feature.

Send for our booklet with prices and details!

SEEDERER-KOHLBUSCH, INCORPORATED
149 NEW YORK AVENUE JERSEY CITY, NEW JERSEY

M A G N E T IC  D AM PIN G
b u t e  t e it  p x U r it  

in  1 2  t o - 1 5  ¿ e c a n d i

SeJvo- Magnetically 
Damped Analytical 
Balances.
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M E R C E
LABORATORY
CHE MI CAL S

1 9 1
....

© p - î l i l

fe'"'. • ¿i*

M E R C K  & CO.  In c .
R AHWa Y,  N.  j .

NEW YORK •  PHILADELPHIA •  ST. LOUIS 

In Canada: MONTREAL •  TORONTO .

CONTENT:

A

<

A

<

A

A

<

A

A com prehensive list o f  Merck Laboratory 
Chemicals which are used in  every branch 
o f industry

M olecular weights

Chemical Formulas

M aximum im purities o f  Merck Reagent 
Chemicals, includ ing those w hich con
form to A.C.S. specifications

Proper storage o f  fine chem icals

Atomic weights

Metric equivalents

Useful conversion ratios

Equivalent o f  degrees Baum é.

W rite today fo r  a copy o f  this convenient and helpful catalog

M ERCK & CO. In c . «.AlanußactuiUny, c(o/em i4tá  RAHWAY, N. J.

Please send m e a copy o f the new M e r c k  L a b o r a t o r y  C h e m i c a l s  C a t a l o g .

NAM E.................................................................................................................................................................................................

COMPANY..........................................................................................................................................................................  ..........

STREET.............................................................................................................................................................................................

C ITY .......................................................................................................................  STATE..........................................................
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Laboratory Glassware made

of Kimble AMBER
Resistant Glass . . .

R eeen  t w ork in  th e  field  o f  v ita 
m in  research  in d ica tes  a d efin ite  
n eed  for AM BER glass apparatus  
in  th e  assay  o f  d ilu te  v itam in  
so lu tio n s . (S ee “ T h e P h y s ico 
ch em ic a l A ssay o f  V itam in  A”  
by N . D . E m b ree, In d u str ia l and  
E n gin eer in g  C hem istry , A n a ly t
ica l E d itio n , M arch 15, 1941.)

T o m e e t  th is  n eed , essen tia l 
app aratu s h a s  b een  provided in  
K im b le  A m b e r  R e s is ta n t  g lass. 
T h is  g lass is  esp ecia lly  in d ica ted  
for w ork w ith  V itam in  A and  
V ita m in  E. Som e te s ts  have been  
m a d e on  riboflavin.

ITEMS AVAILABLE NOW IN 
KIM BLE AMBER RESISTANT GLASS

1  - 2 0 0 4 2 - S I  M ix ing  C y lin d e rs , w i th  ^  .s toppers. S iz e s—10, 23, 50 m l.
2 —24033-5T  S o x h le t T y p e  F la sk s  w ith  24/40 o u te r  m e m b e r ,  

su i ta b le  fo r  e x tr a c t io n  a n d  re flu x in g . S iz e s—150, 250, 350 n i l .
2t—26 0 2 2  E r le n m c y e r  F la sk s . S iz e s—125, 250, 500 a n d  1000 m l.
4 —28016-ST V o lu m e tr ic  F la sk s , c a l ib ra te d  to  c o n ta in ,  w ith  ^  

s to p p e rs . S izes—10, 25, 50, 100, 250 m l.
3 —29052-5T  S q u ib b  S e p a ra to ry  F u n n e ls ,  w i th  $  s to p p e rs  a n d  

s to p c o ck s . S iz e s—125, 250, 500, 1000 m l.
6 — 4 5 0 6 7  C u l tu re  T u b e s ,  ro u n d  b o t to m ,  w i th o u t  l ip . S iz e —25 

m m . d ia m e te r  x 150 m m . lo n g .

For prices co n su lt y o u r  ilculer.

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

STOCKED BY LEADING LABORATORY SUPPLY HOUSES 
THROUGHOUT THE UNITED STATES AND CANADA
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Chief Control Chemist 
Helps Save

MAN HOURS

— In s ists  on Baker & Adamson 

Reagent Chemicals for His Division

Time is more than money 

today. Time is a vital factor in America’s 

Defense Program. One faulty analysis 

. . . one failure of a reagent may well 

mean temporary stoppage of production 

. . . loss of vital “man hours!’ That’s one 

reason why so many control chemists de

pend on B&A Reagents to help them 

keep accurate tab on their product quality.

Baker and Adamson Reagents are 

geared to meet today's requirements.

Baker & Adamson’s constant adapta

tion of new and improved production 

techniques, its strict maintenance of high 

manufacturing standards . .  . and its more 

than half a century of experience assure 

unusually high purity and uniformity in 

Baker and Adamson Reagents.

S E T T I N G  T H E  P A C E  I N  C H E M I C A L  P U R I T Y  S I N C E  1 8 8 2 “ 7

B a k e r  A d a m s o n  ¡ g * - *
Di v i s i on  of G E N E R A L  C H E M I C A L  C O M P A N Y ,  4 0  R e c t o r  St.,  N e w  Yo rk  6 . H  t\< U 4 S

Sales O f f  ices: A tlan ta  • Baltim ore • Boston • B ridgeport (C onn.) • Buffalo • C harlotte  (N . C.) • Chicago • Cleveland
D enver • D etro it * H ouston • K ansas City • Milwaukee • M inneapolis • M onroe (L a.) • New York • Philadelphia

P ittsbu rgh  • Providence (R . I.) • S t, Louis • U tica  (N . Y.)
Pacific  Coast Sales O ffices:  San Francisco • Los Angeles 

Pacific  N orthw est Sales O ffic e s : W enatchee (W ash.) • Y akim a (W ash.)
—...............   -.In  Canada: T he Nichols Chemical Company, Lim ited • M ontreal • Toronto • V ancouver------------------------ ■
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H E V I  D U T Y  E L E C T R I C  C O M P A N Y
HEAT TREATING- FURNACES £

n ■ H f B ą I M «««¡ t j* : «wHI *1¡e3 3 * * s  a E L E C T R I C  E X C L U S I V E L Y

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

c Á t a c c n d a t m e asuć

d e 5'
.ifte
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Some Observations on Electric Furnaces 
Built Around Alundum Refractory Tubes

Composition of Refractory
H E  chem ical co m p o sitio n  o f  re fra c to rie s  u se d  in  

m e ta llic  re s is to r  fu rn aces is o f  g re a t im p o rta n ce  
to  th e  fu rn a ce  b u ild e r  a n d  u se r. T h is  is tru e  no  
m a tte r  w h a t res is to rs  a re  u sed , b u t  i t  is p a r tic u la r ly  
im p o r ta n t  w hen  T u n g s te n  a n d  M o ly b d e n u m  resis to rs  

a re  o p e ra te d  in  a  h y d ro g en  a tm o sp h e re . T h e  re f ra c 
to r y  co m p o sitio n  m o reo v e r is o f  p a r t ic u la r  im p o rta n c e  
to  p ro d u ce rs  o f  T u n g s te n  la m p  filam en ts  a n d  T u n g s te n  
ca rb id e  too ls .

U su a lly  M o ly b d e n u m  o r  T u n g s te n  w o u n d  fu rn aces a re  

o p e ra te d  a ro u n d  1500° C . T h is  req u ires  a h y d ro g en  
a tm o sp h e re , a n d  th e  oxides in  th e  re f ra c to ry  m a y  b e 
com e red u ced  b y  th e  h y d ro g en  gas in  th e  fu rnace .

CO M PO SITIO N  AND PR O PE R T IE S  OF VARIOUS 
H IG H  TEM PERA TU RE M ETAL RESISTO RS*

No. Composition

R e
sist
ance
Ohms
CMF

Tem p. 
Coef. 

°C. (20- 
100°C.)

Oxida
tion 
R es. 
up to
f a

M elt
ing

Point
°C.

Strength 
a t High 
Temp.

Growth 
a t High 
Temp.

Ni Cr Fe Al

1 80 20 650 0.00010 1,150 1,390 Excellent S light
2 60 16 24 075 0.00013 1,000 1,350 “
3 30 20

Cu
50 600 0.0003 850 1,400 Good

4 45 55
Cu Zii

294 0.00001 500 1,290

5 18 60 22 190 0.00019 450 1,110 Poor Considerable
6 25 75 ., 380 0.0012 600 1,450 Fair “
7 28 72 400 o .o o t 950 1,300 Poor "
8 15 80 *5 750 0.00009 1,150 1,600 Excessive
9

Co
27 68 5 850 0.00004 1,250 1,520

10 3 20 72 5 900 0.00006 1,300 1,660 " "
11 M olybdenum 33 0.004 700 2,625 Good Slight
12 Platinum 72 0.0037 Does

not
oxidize

1,710

* E xtracted  from Fred P. Peters; T rans. Electrocbem. Soc., Vol. 68, page 
29, 1935.

F o r  exam ple , silica (S i0 2) m a y  b e  red u c ed  to  silicon 
(S i). S ilicon in  c o n ta c t w ith  a  T u n g s te n  re s is to r  a t  
e le v a te d  te m p e ra tu re s  will r e a c t to  fo rm  T u n g s te n  
silicides. T h e  cross-sec tional a re a  o f  th e  e lem e n t w ill 
co n seq u e n tly  b e  red u c ed  a n d  re su lt in  a  “ h o t  s p o t.” 
T h e  rea c tio n  m a y  b e  su ffic ien tly  ra p id  to  cause  a 
b u rn -o u t in  th e  h e a tin g  e lem e n t ev en  b efo re  th e  fu r
n ace  h a s  been  b ro u g h t u p  to  n o rm a l o p e ra tin g  te m 
p e ra tu re .

M u c h  ca re  is ta k e n  b y  fu rn a ce  o p e ra to rs  to  m ak e  ce r
ta in  t h a t  T u n g s te n  p ro d u c ts  a re  p ro te c te d  fro m  co n 
ta m in a tio n  d u r in g  th e  v a rio u s  s te p s  in  p ro d u c tio n . 
Y e t, th e  possib le  in tro d u c tio n  o f  silicon  from  th e  elec
tr ic  fu rn a ce  tu b e  m a y  be overlooked .

A L U N D U M  tu b e s  a n d  cores a re  m a d e  o f  m a te r ia l o f 
h ig h  p u r i ty .  In g re d ie n ts  w h ich  m a y  in tro d u c e  silica 
in to  th e  co m p o sitio n  o f  th e  tu b e s  o r  cores a re  k e p t  su f
fic ien tly  low  to  m in im ize th e  p o ss ib ility  o f  c o n ta m in a 
t io n  e ith e r  o f  th e  w o rk  b e in g  h e a t- t r e a te d  o r  th e  h igh- 
te m p e ra tu re  m e ta llic  res is to rs . T h e  chem ical com 
p o sitio n  o f  A L U N D U M  tu b e s  a n d  cores is:

A 1 2O j 9 8 . 8 %

S Í 0 2 0 . 5 %

N a sO 0 . 5 %

F e îO i j 0 . 2 %

Winding
T h e  ap p lic a tio n  o f  th e  re s is to r  to  A L U N D U M  tu b e s  
is n o t  a  co m p lic a te d  p ro ced u re . A fte r  th e  a m o u n t o f  
res is to r, e i th e r  r ib b o n  o r  w ire, h a s  b ee n  d ec ided  upo n , 
i t  is a  q u e s tio n  o f  p ro v id in g  su ita b le  te rm in a ls  a n d  a p 
p ly in g  th e  re s is to r  o n  th e  su p p o r t a s  t ig h t ly  as  p ra c 
ticab le .
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T here  a re  a  few  p rec au tio n s  w hich shou ld  be observed :

1. S ufficien t d is tan c e  shou ld  be allow ed betw een  th e  
tu rn s  so  t h a t  sh o rt-c ircu itin g  does n o t resu lt. T he 
d is tan ce  b e tw e en  tu rn s  will depend  u p o n  th e  im 

pressed  vo ltage .

2. T h e  sp ac in g  sh o u ld  be un ifo rm  in  o rd er to  o b ta in  

even  h ea tin g .

3. T h e  zone o f  m a x im u m  te m p e ra tu re  in  th e  fu rnace 

can  b e  le n g th en e d  b y  closer spacing  o f  th e  tu rn s  a t  th e  
ends a n d  a  so m e w h a t w id er spacing  a t  th e  cen te r.

4. I f  tu n g s te n  is se lected  as th e  resis to r, i t  shou ld  be 
app lied  a t  a  du ll, re d  h e a t. O therw ise th e  elem en t 
m ay  b re a k  in  w ind ing . Also, a  m o ly b d en u m  lead-in- 

w ire sh o u ld  b e  used  w ith  tu n g s te n  because i t  is less 

liab le to  b re a k  w hile  being  applied .

5. T h e  te rm in a l lead-in-w ires shou ld  be ad eq u a te , 
w ith  p re fe ra b ly  a  doub le  rib b o n  o r w ire from  th e  la st 

coil to  th e  shell o u tle t.

6. T h e  re s is to r  shou ld  fit th e  su p p o r t a s  closely as 
possible, to  o b ta in  a  m ax im um  tra n s fe r  o f  h e a t from  

th e  re s is to r  to  th e  m uffle-w all.

N o te : T h e  coefficients o f expansion  o f b o th  m olyb-

den u m  a n d  tu n g s te n  a re  less th a n  A L U N D U M  a n d  
w ith  these  m eta ls  th is  fac to r  m u s t be g iven co n sid era
tio n , o r ru p tu re  o f th e  e lem en t m a y  resu lt.

Expansion
Sufficient room  m u s t b e  allow ed a t  th e  en d  o f  th e  
muffle o r tu b e  to  p e rm it free expansion  o f th e  re fra c 
to ry  d u rin g  h ea tin g . B o n d ed  A L U N D U M  m a te r ia l 
h as  a  coefficient o f  expansion  o f  .0000067. M a n y  
cases o f p re m a tu re  fa ilu re  o f  th e  re fra c to ry  h av e  been  
caused  b y  neg lec ting  th is  sim ple p recau tio n .

Insulation
P ro te c t th e  w ind ing  from  im p u ritie s  w hich m a y  re a c t 
w ith  it. T h is  can  b e  done b y  covering  th e  w inding  
w ith  a  su itab le  p la s tic  cem en t (see ta b le )  o r  b y  su r 
ro u n d in g  th e  w ind ing  w ith  a n  in e rt  IN S U L A T IN G  
m a te ria l such  as N o. 38 A L U N D U M  grain . T h e  
fu rnace a tm o sp h e re  w ill likew ise help  d e te rm in e  
w h e th e r th e  su rro u n d in g  in su la tin g  m a te r ia l w ill be 
no n -reac tiv e  to  th e  w ind ing . In  th e  cases o f  m o ly b 
den u m  o r tu n g s te n , if  S i0 2 is p re se n t in  th e  in su la tio n  
a t  h igh  te m p e ra tu re  u n d e r  reduc ing  cond itions, th e  
S i0 2 is red u ced  to  silicon. T h is  w ill r e a c t w ith  b o th  
m olybdenum  a n d  tu n g s te n , fo rm ing  silicides, th u s  m a 
te ria lly  sh o rten in g  th e  res is to r life. T h is  is especially  
tru e  in  th e  case o f  tu n g s te n  resis to rs .

CEM ENT RECOM M ENDATIONS

Resistor
Elem ent

Approx. Max. 
Furnace Temp. 

Deg. C.

Furnace
Atmos
phere

Cement
Recom
mended

For Tube, 
Muffle or Pot

Nickel-
chromium

1100* oxidizing RA162
RA711
RA1055

RC1138 or RC217
RA98
RA98

Kanthal 1350* RA1161 RA98

Platinum 1600 « ÍRA518 
( RA563

í RA98 (up to 1400° C.)
\ RA1139—1400-1750°C.

M olybdenum 1750 reducing ÍRA518 
1 RA563

( RA98 (up to 1400° C.)
( RAU39—1400-1750 C.

Tungsten 1750 tt ( RA98 (up to 1400° C.)
X RA1139-1400-1750^C.

* See wire m anufacturers' catalogs for safe operating tem peratures.

i s ; NORTON RESEARCH
INGREDIENT NUMBER ONE IN FUSED 

ALUMINA LABORATORY WARE

NORTON LABORATORY WARE
Distributed by the following:

C entral Scientific Co., C hicago a n d  O ther  Cities 
Eimer an d  Am end, New York City

Fisher Scientific Co., P ittsburgh
A rthur H. Thom as Co., P h ilad e lp h ia

E. H. S a rg e n t &. Co., C hicago
O r sim ply o rd e r  through  your favo rite  la b o ra to ry  Supply  House
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..AND NOW

WITH THREE TYPES AVAILABLE IN

o m

7055 7060 7100 71057080

L I F E T I M E  R E D G RA D U ATIO N S

70S6 7063 7083

“ P y r e x ”  Pipettes are sturdily con

structed and will stand repealed  

sterilization —  w et or dry. They  

come in convenient lengths— w ith  

spacing o f graduations within lim its 

specified by the National Bureau 

of Standards.

Three ty p es— Measuring, Bac

teriological and Serological —  are 

available with “ L IF E T IM E  R E D ” 

graduations, which are permanent, 

easily read, and not affected by sterilization.

All types are also available w ith w hite filled graduations except the m ilk dilution pipette 

(No. 7055, Bacteriological), which has black filler. Your regular dealer can fill your order 

promptly.
“Pyrex” is a registered trade-mark and indicates manufacture by

CORNING GLASS WORKS • CO RN IN G,  N. Y.

C orning
y  means 
Ji Research in Glass
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New mounting for
INTERNATIONAL

S iz e  3, M o d e l  FS C en tr ifu g e
A  specially designed platform truck makes single 
unit of centrifuge, motor and all control equipment.

For convenience and ease of installation, this unit is shipped from our factory 
com pletely assembled on portable truck ready for connection to your power line.

F o r  la rg e  sc a le  se p a r a tio n  o f b lo o d  p la sm a  this centrifuge, equipped with 
special 4-place w i n d s h ie l d e d  head, swings either the 550 of 1,000 c .c. glass bottles 
at speeds up to 2,500 r.p.m. or 2,000 X gravity.

W rite for Bulletin F S

INTERNATIONAL EQUIPMENT CO.
352 W ESTERN A V E N U E  M akers o f Fine Centrifuges B O S T O N , M A S S .
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BECKMAN PH O TO ELECTRIC
QUARTZ SPEC TR O PH O TO M ETER

A new , se lf-c o n ta in e d , p rec is io n  in s tru m e n t w ith  q u a rtz  p rism , o p e ra tin g  on  a n  e lec tro n ic  c ircu it, fo r 
th e  rap id  m e a su re m e n t of p e rc en ta g e  tra n sm iss io n  an d  d en s ity .

9101. Beckman Photoelectric 
Quartz Spectrophotometer

A. W avelength Scale; B. Built-in Electronic Indicating M eter; C, Slits with precision ad justm ent; D. L ight Source; E , C om partm ent for 
two Phototubes; F . Holder for four 10 mm A bsorption Cells; G, F ilter Slide; H , C om partm ent for A bsorption Cells; J , Pho to tube Seleotor;

and  K , Switch for checking dark  current

Q U A R TZ S P E C T R O P H O T O M E T E R , B e ck m an  P h o to e le c tric . A self-contained  u n it  w ith  w hich a  
w ide v a rie ty  of research  an d  con tro l w ork can  be conducted  w ith  convenience, speed an d  precision. C onsist- 
in g o f a  q u a r tz  m onoch rom ato r, w ith  ligh t source, ho lder for abso rp tion  cells, tw in  p h o to tu b e s  an d  b u ilt-in  elec
tron ic  m e te r  for tran s la tin g  p h o to tu b e  cu rren ts  in to  d irec t read ings of percen tage transm ission  a n d  density .

Monochromator. Autocollimating type, with 30° quartz 
prism of selected crystal which provides high dispersion in 
the ultra-violet. Wavelength scale approx. 100 cm long, 
graduated from 200 mmu to 2000 mmu, readable and repro
ducible to 0.1 mmu in the ultra-violet and to 1.0 mmu in the 
infra-red, with a scale accuracy of 1 mmu.

Optical parte rigidly mounted in a massive heat-treated 
iron block within a dust-proof aluminum casting.

Slits. Protected by quartz windows, with stray light ef
fects reduced to a minimum. Simultaneously and continu
ously adjustable from 0.01 to 2.0 mm by a precision mecha
nism. Slits can not be damaged by closing too far. Full 
scale reading with nominal band width less than 2 mmu over 
all but the extreme ends of the spectrum.

Electronic Indicating Meter. A built-in potentiometer 
and electronic amplifier makes possible direct readings in 
percentage transmission and density. The switch posi
tion marked “ .1” provides a ten-fold expansion of the trans

mission scale for more accurate readings on solutions below 
10% transmission.

Light Source. A standard 32 c.p., 6-volt, tungsten lamp 
serves as a light source for the range 320 mmu to 1000 mmu. 
I t is interchangeable with mercury arc or other gaseous dis
charge tube when a source of line spectra is desired.

Sample Holders. Absorption cells are accommodated in 
a removable holder which is inserted in a light-tight compart
ment and is operated from the front of the instrument by 
means of a sliding rod. Cells and holders will be available for 
10, 20, 50 and 100 mm liquid lengths.

Phototubes. Tw'o phototubes are furnished in a compart
ment which adjoins the cells. A sliding rod brings either 
tube into position and simultaneously switches the electrical 
connections. Three types of tubes are available, i.e. one 
for maximum sensitivity in the red, one in the blue and the 
third in the far ultra-violet.

9101. Quartz Spectrophotometer, Beckman Photoelectric, Model D, as above described, consisting of monochromator 
with quartz prism and two slits, built-in electronic meter, 6-volt tungsten light source for the range 320 mmu to 
1000 mmu, Cesium Oxide phototube for the red range, Blue-Sensitive phototube for the blue range, shielded 
cables for use between the phototubes and the electronic meter, and holder with four glass absorption cells for 
10 mm length of liquid. With dry cells for operating the meter but without 6-volt storage battery as required
for operating the tungsten lamp and electronic tube filaments..........................................................................  750.00
Code Word.................................................................................................................................................................. Ogawa

N O TE—-Can be supplied for use in the far u ltra-violet with a hydrogen discharge tube in place of the  tungsten  lam p; w ith photo tube in trans
m itting  envelope for the fa r ultra-v io let, and with absorption cells of quartz  instead  of glass.

More detailed in form ation  sen t upon request.

ARTHUR H. THO M A S COMPANY
R E T A IL — W H O LESA LE— EXPO R T

LA B O R A TO R Y  APPA RA TU S AND R EA G EN TS
W EST WASHINGTON SQUARE, PH ILADELPH IA , U .S . A.

C able  A ddress, “ B a lan ce ,” P h ilade lph ia



INDUSTRIAL a n d  ENGINEERING CHEMISTRY

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

P U B L IS H E D  B Y  T H E  A M ER IC A N  C H E M IC A L  S O C IE T Y  •  H A R R ISO N  E. H O W E, E D IT O R

Instrumental Methods of Chemical Analysis
R A L P H  H O L C O M B E  M Ü L L E R  .

D e p a r tm e n t  o f  C h e m is try ,  New Y o rk  U n iv e rs ity , W a s h in g to n  S q u a re , N ew  Y o rk , N . Y.

'1'lie r e m a r k a b le  a d v an c es  w h ic h  h a v e  b een  m a d e  
in  t h e  a p p lic a t io n  o f  in s t r u m e n ts  to  th e  p ro b le m s  
c o n f ro n t in g  th e  c h e m is t  h av e  b e e n  th e  to p ic  o f  tw o 
p re v io u s  c o m m u n ic a t io n s  in  th e  ANALYTICAL 
E D IT IO N  (O c to b e r , 1939 a n d  1910). I n  O c to b er, 
191-0, a n  i n i t i a l  t r e a tm e n t  w as c o n c e rn e d  w ith  a  
very  g e n e ra l  d isc u ss io n  o f  i n s t r u m e n ts  o f  a ll k in d s . 
I t  h a s  b e c o m e  a p p a r e n t  t h a t  th e re  is  a  re a l n eed  
fo re x te n s iv e , d e ta i le d  d isc u ss io n s  o f  v a r io u s a n a ly  l i-  
c a l m e th o d s .  T h e  e d ito r  h a s  a r ra n g e d  fo r  a  se rie s  
o f  e x p e r t  rev iew s, sev era l o f  w h ic h  a rc  in  p re p a ra 
t io n .  I t  s e e m e d  a d v isab le  to  p re fa c e  th is  series  
w i th  so m e  s o r t  o f  p re lim in a ry  su rv ey  o r  c lass ifica 
t io n  d e s ig n e d  to  i l lu s t r a te  th e  c o n te m p o ra ry  
s t a tu s  o f  th e  fie ld , to  in d ic a te  th e  w id e  v a r ie ty  o f  
t e c h n iq u e s ,  a n d  to  d isp e l t h e  n o t io n ,  f ro m  w h ich  
ev en  th e  e x p e r ts  a r e  n o t  w h o lly  im m u n e ,  t h a t  p ro g 
re ss  is  la rg e ly  c o n fin e d  to  a  c e r ta in  sp e c ia lty  o r  
m e th o d .  I t  is  a p p a r e n t  t h a t  th e re  is  n o  “ b e s t”  
m e th o d  fo r  a n y  k in d  o f  a n a ly s is .

T h e  a s s ig n m e n t  o f  th is  p ro b le m  to  th e  a u th o r  
w as b a se d  o n  n o  b e t t e r  re c o m m e n d a tio n  t h a n  th e  
la s t  o n e — a n  in te r e s t  in  th e  s u b je c t  a n d  a  p le a s 
a n t ly  w id e  a c q u a in ta n c e  w ith  p eo p le  w h o  a re  d o in g  
i m p o r t a n t  w o rk  in  th e  field .

T h e  c o lla b o ra t io n  w h ic h  th e  a u th o r  h a s  h a d  in  
t h is  c o m p ila t io n  is  e v id e n t in  th e  fo llo w in g  pag es . 
S ev era l o f  t h e  c o n tr ib u to r s  o f  th e s e  ex am p le s  a re  
th e  e x p e r ts  w h o se  d e ta i le d  a n d  a u th o r i ta t iv e  ex
p o s i t io n s  a r e  to  fo llow  th is  rev iew . S o m e  se rio u s  
d e fe c L s  a n d  o m is s io n s  a rc  g la r in g ly  e v id e n t a n d  th e  
a u th o r ’s a t t e m p t s  to  s e c u re  e x p e rt  h e lp  a n d  in 
f o rm a t io n  w ere  u n su c c e s s fu l,  in  m a n y  cases fo r  th e  
re a so n  s a t is f a c to ry  to  every  A m e ric an —N a tio n a l 
D efen se . T h is  is  n o  in d ic a tio n  t h a t  th o se  w ho 
c o u ld  c o o p e ra te  w e re  n o  I s im ila r ly  c o m m itte d  a n d  
o th e rw is e  e n g a g e d  in  im p o r ta n t  a n d  p re ss in g  w o rk .

F o r  t h e  o m is s io n s  a n d  in a c c u ra c ie s  th e  a u th o r  
w ill p le a d  th e  la rg e n e s s  o f  h is  d e s ig n , w i th  l i t t l e  
h o p e  fo r  e x o n e ra tio n  o r  c le m en c y . rI h e  m isp la c ed  
e m p h a s is  is  in te n t io n a l ;  in  m o s t  c ases t h e  a m o u n t  
o f  d is c u s s io n  o r  d e ta i l  is  i n  in v e rse  p ro p o r t io n  to  th e  
s t a te  o f  d e v e lo p m e n t o f  t h e  to p ic . S o m e  i n s t r u 
m e n ts ,  w h ic h  a r e  fa ir ly  t im e -h o n o re d , a r e  s t i ll  
t r e a te d  in  d e ta i l  fo r  re a so n s  t h a t  a re  a p p a re n t .  T h e  
l i t e r a tu r e  d e a lin g  w ith  so m e  o f  th e  b e t t e r  k n o w n

te c h n iq u e s  is  v o lu m in o u s ;  in  m a n y  i t  h a s  b e co m e  
re d u c e d  to  te x tb o o k  p ra c t ic e .  O n  th o se  to p ic s  th e  
few  o b se rv a tio n s  a r e  o p in io n a te d  a n d  a re  n o t  to  b e  
ta k e n  to o  se r io u s ly .

W h en  a  su rv e y  o f  m o d e rn  a n a ly t ic a l  c h e m is try  
re q u ire s  th e  d e s c r ip t io n  o f  in s t r u m e n t s  ra n g in g  
fro m  h y d ro m e te r s  to  c y c lo tro n s  a n d  i t  c a n  b e  
sh o w n  t h a t  th e s e  dev ices a re  a ll  e m in e n tly  p ra c 
tic a l a n d  p a y in g  th e i r  w ay , o n e  in s t in c t iv e ly  w o n 
d e rs  h ow  th e  m o d e rn  a n a ly s t  is  to  b e  a p p ra is e d . I t  
is e v id e n t  f ro m  th e  c o n te m p o ra ry  sc c n e  t h a t  h is  
fo rm e r  s lo g a n  “ d ry - ig n ite  a n d  w e ig h ”  n o  lo n g e r  
c a r r ie s  h im  th r o u g h  th e  d a y ’s w o rk . H e  m u s t  b e 
c o m e  f a m il ia r  w i th  a  b e w ild e r in g  a r ra y  o f  t e c h 
n iq u e s  a n d  a t  le a s t  m o d e ra te ly  a c q u a in te d  w ith  
th e  d ia le c t  o f  th e  p h y s ic is t  a n d  e n g in e e r . Dy a n d  
la rg e , h e  h a s  d o n e  th is  a n d  a c q u ire d  a  r e p u ta t io n  
fo r  a  b ro a d  o u tlo o k  a n d  w id e  r a n g e  o f  e x p e rien c e  
n o n e  to o  c o m m o n  in  o th e r  b ra n c h e s  o f  c h e m is try .

IT  W ILL be necessary to explain the title of this review 
and the author’s interpretation of its meaning. To be 

sure, a precedent exists (165, 259) for the use of “Instru
mental Methods. . . but a special intent and purpose lie 
behind its use. Avoiding quibbles about the strict meaning 
of “instrument” and its Biblical, Shakespearean, and musical 
uses, it is generally considered to imply a tool, aid, adjunct, 
or means of accomplishing some purpose. These are too 
general for the author’s purpose and he has tried to  restrict 
the term to the interpretation preferred by instrument engi
neers. Although it has not been possible to adhere rigidly to 
the adopted definition in all cases, the concept may be illus
trated by a specific example.

I t  is well known that the boiling point of a binary liquid mix
ture can be related to its composition either on the basis of 
theory or, if pronounced deviations from ideality exist, on an 
empirical basis. If the boiling point of an unknown sample were 
measured and appropriate corrections were made for the baro
metric pressure, the composition could be calculated from the 
standard boiling point-composition curve. This is a physical 
method of analysis based on a definite property of the system. 
The device shown in Figure 1 has extended this fundamental 
idea to the point where we may designate it as an instrumental 
method of analysis. In this case two liquids are boiling at the 
same time, the unknown liquid and pure water. When a steady 
state has been reached in the boiling process, the zero of a sliding
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scale on the thermometer which measures the boiling point of the 
unknown is set to the observed boiling point of the water ther
mometer. The position of the first thermometer is now read 
off from the adjacent scale which is calibrated not in degrees 
but in percentage composition (in the specific instance shown 
here per cent of alcohol by volume).

The improved technique has eliminated the need for baro
metric correction and the instrumental indication is in terms of 
the desired constituent. A physical method of analysis has 
been converted into an instrumental method of analysis.

Courtesy* C. J .  Tagliabut Co. 

F i g u r e  1. E b u l u o m e t e r

W ithout intending to  claim th a t we have hereby dis
covered a startlingly new principle, it does emphasize a point 
of view which has very im portant practical consequences. 
A rough analogy is to  be found in the very common practice of 
calibrating volumetric solutions in terms of per cent of the 
desired constituent, even making due correction for a stand
ard blank, instead of using the more formal scheme of normal 
or molar solutions. Although all devices are not conven
iently designed to  give a direct answer, it is to  be regarded as 
the ultim ate goal of a true instrum ent. In  practice it  boils 
down to the fact th a t in practical work computations must 
be reduced to  a minimum, and although these may be the 
delight and pleasure of the research man the burden need 
not be tolerated if a comparable degree of ingenuity and skill

can be exercised in the original design. In  the following 
pages there are numerous examples, some of them time- 
honored, in which this ideal has been achieved; in others the 
need is so apparent th a t it a t once explains the comparatively 
rare use made of the method despite its other attractive 
features.

If the in tent of this term  has been made clear it follows 
th a t m any extremely im portant adjuncts to analysis cannot 
be considered here. T hat they are eminently worthy of 
discussion as im portant aids goes w ithout saying. In  addi
tion, it will be found th a t we have not adhered consistently to 
our formulated definition of the instrumental method. Such 
methods are included nevertheless because by their nature 
they possess the inherent possibility of such development.

Density

Density is an unspecific property, b u t in systems of known 
composition it may be used as an accurate means of specifying 
concentrations (57). The simplest instrum ental indication 
is afforded by hydrometers, and these devices are not only 
made to  read specific gravity directly bu t m ay be obtained 
in a form which is calibrated directly to  give the desired in
formation. Typical examples are shown in Figure 2. Among 
some of the special scales we note alcohol, calibrated in per cent 
or in per cent of proof spirit; and scales to  read calcium chlo
ride, glue, salt, milk, sugar, sirup, or tanning liquor.

Precision hydrometers cover a restricted range and can be 
provided in a  practical and technical form reading to  one unit 
in the third place of specific gravity. This degree of pre
cision translated into specific-purpose instruments might be 
illustrated by a precision sugar hydrometer covering a range 
of 69 to 81 per cent by weight which will give a  reliable indica
tion to  0.1 per cent. The proper use of hydrometers has been 
specified by the National Bureau of Standards and among 
other conditions assumes careful temperature control, equal
ity of tem perature of hydrometer and the liquid, and the use of 
the hydrometer with the liquid for which it  is intended, be
cause different surface tension effects m ay be revealed despite 
a  common value'of the density.

S p e c i f i c  G r a v i t y  B a l a n c e .  The principle of the hy
drometer may be extended with an increase of precision' of 
about one order of magnitude by using a simple balance. 
Thus the W estphal balance (Figure 3) will read to  about one 
unit in the fourth decimal place of specific gravity. This 
device becomes a means of a direct instrum ental method of 
analysis if the scale is calibrated not in specific gravity units 
but in terms of the desired quantity.

U ltracentrifuge

A very long extrapolation from these simple devices is illus
trated  by the ultracentrifuge. This instrum ent is one of our 
most im portant means of studying substances of high molecu
lar weight and is one of the few methods whereby information 
can be obtained from such complicated substances as proteins 
and polysaccharides. The specific sedimentation velocity is a 
constant characteristic of the dissolved unit, but it cannot be 
used without further information in calculating molecular 
weights on account of shape factors. Such information can 
be obtained, however, by a correlation between this quantity 
and diffusion constants.

I n s t r u m e n t s  a n d  M e t h o d s .  T w o  notable examples of 
this equipment are illustrated from the laboratories of well- 
known investigators in this field: Figure 4, the ultracen
trifuge of the Svedberg type (270), with rotor cell and bearing 
housing, and Figure 5, the ultracentrifuge laboratory from 
the camera end of the instrument. The process of centrifugal 
sedimentation is followed by allowing light to  pass through
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Courtes]/, C. J . Tam laoue w .

F ig u r e  2 . S p e c ia l - P u r p o s e  H y d r o m e t e r s

windows in the rotor and photographing the position of the 
boundary between solvent and solution a t stated in rv a s. 
Either the light absorption or the scale method (Lamm) may 
be used. Figure 6 shows an analytical ultracentrifuge or i 
study of plant and animal viruses and of the pro em com 
ponents of sera. This instrument is of the air-driven ype
(18,306). , . ,  , ,

A p p l i c a t i o n s .  Density methods have been wide y u
and in principle are well suited to  the automatic recor mg 
and telemetering of information of analytica in eres . 
Dozens of methods and uses of this type are descn J
Gmelin (67) and in engineering texts. The ultracentnfug 
in conjunction with related techniques such a s  absorption 
spectra and electrophoresis has afforded information °J} 
nature of high-molecular-weight compounds where ordinary 
analytical methods can give either no answer or a eas y 
approximate information. The discussion of c ensi y 
been limited here to  liquids and solutions. I t  is more com
pletely discussed in connection with gas analysis.

T herm al

Thermal methods include boiling point ele% 
freezing point depression as well as the emission or a i o  p 
of heat accompanying chemical changes. T  cse me 
general have limited analytical application bu a

Courtesy, Fisher Scientific Co. 

S p e c if i c  G r a v it y  B a l a n c eF ig u r e  3 .
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worthy of mention. The ebulliometer has been mentioned The use of cooling curves in phase rule studies, particularly
above. The freezing point depression for ideal solutions can metallurgical, are well known and furnish information which
be related simply to  the composition, provided the molecular is of importance in establishing the nature and composition
weight and the freezing point depression constant are known. of the various solid phases. The therm al techniques which

are discussed under gas analysis might be 
included here.

I n s t r u m e n t s .  Changes in temperature 
or the heat evolved in a process can be 
measured in a great variety of ways and are 
discussed in many standard works. We 
m ay mention in passing the use of gas and 
liquid thermometers, thermoelectric and 
resistance thermometry, and radiant heat 
by the thermopile and bolometer.

A p p l i c a t i o n s .  A  useful application of 
the freezing point method is illustrated in 
Figure 7, which shows the H ortvet cryo- 
scope used for determining the am ount of 
added water in milk. The freezing point 
is measured with a short-range thermom
eter graduated in 0.01° divisions. The 
freezing is accomplished by the evapora
tion of ether by a current of air, for which 
purpose a filter pump m ay be used. A  
scale attached to  the instrum ent converts 
the observed temperatures directly to  per
centages of added water. The use of this 
instrum ent has been described in several 
places.

Courtesy, j .  tf. wuiiams, Uniimity of Wisconsin A measurement of the am ount of heat
F i g u r e  5 . U l t r a c e n t r if u g e  L a b o r a t o r y , S h o w in g  C a m e r a  in  R i g h t  evolved during the progress of a titration

F o r e g r o u n d  h a s  b e e n  u s e d  o n  a  n u m b e r  o f  o c c a s io n s .

Courtesy, J . W. W illiam s, University o f Wisconsin

F i g u r e  4 . U l t r a c e n t r if u g e , S h o w in g  C e n t r if u g e  
C a s in g , R o t o r , C e l l , a n d  B e a r in g  H o u s in g

Courtesy, R. W. G. Wyckoff, Lederle Laboratories, Inc.

F ig u r e  6 . A n a l y t ic a l  U l t r a c e n t r if u g e
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The first practical 
use seems to have 
been made by Bell 
and Cowell (16). 
O ther e x a m p le s  
h a v e  b e e n  d e 
scribed by Somiya 
(264). In  general, 
th e  t i t r a t i o n  is 
c a r r i e d  o u t  t o  
within a few per 
cent of the end 
p o i n t  a n d  t h e  
change in tem
p e r a t u r e  a f t e r  
small additions of 
reagent is noted. 
The measurements 
a r e  c o n t i n u e d  
somewhat beyond 
the end point and 
its true location is 
determined graphi
cally. Most of 
t h e  c a s e s  c o n 
sidered by Somiya 
wer e  c o n c e r n e d

with concentrated or fuming acids and the temperature rises 
were considerable. He points out, however, tha t the water 
content of concentrated sulfuric acid can be determined more 
accurately by thermometric titration than by acidimetry. 
With more refined measurements this technique can be ex
tended profitably to much more dilute solutions.

Courtesy, Arthur U . Thomas Co.

F ig u r e  7. C u y o s c o p e

Figure 8 shows an arrangement which has been used in the 
writer’s laboratories for this purpose, with means for showing the 
titration both with the Beckman thermometer and by a differ
ential thermoelectric method which is represented schematically 
in Figure 9. In the latter the heat evolution in the titration vessel 
is exactly and automatically compensated by the electrical addi
tion of heat in the reference vessel. The multijunction thermo
couple and galvanometer control this process through the agency 
of a simple photoelectric relay which switches a constant heat
ing current on or off. A Telechron clock indicates the time 
during which constant heat is imparted to the reference cell. 
The elapsed time is therefore proportional to the heat which has 
been evolved as a result of the titration increment (Figure 10).

These methods are not particularly useful unless con
siderable heat is evolved or unless automatic means such as 
the one described are used to measure the temperature rises. 
Unless the results are automatically recorded and evaluated, 
the need for graphic computation of the end point has the same 
time-consuming drawback characteristic of other methods 
such as conductance titrations.

F «  -  0 . 4 8 2 0  S  (VZS0AL )  
0 .4 8 1 8  I  (T H Z P JU i)

Courtesy, New York University

F ig u r e  10. T h e r m o m e t r ic  T it r a t io n  C u r v e

THSKM01ŒTHIC TITRAT ICS 
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Courtesy, New York University

F ig u r e  9 . T h e r m o m e t r ic  T it r a t io n  A p p a r a t u s

Courtesy, New York University 

F i g u r e  8 . T h e r m o m e t r i c  T i t r a t i o n  A p p a r a t u s



new one, stopcock T  again manipulated, and the material in E l 
let down to E  and circulated at a new temperature generally ex
actly 5° or 10° higher than the previous one. This series of 
operations is kept up until sufficient material has been collected, 
generally over a range of 120° to 200° C. The concentration of 
all constituents of interest is then determined in each fraction 
and the concentration multiplied by the weight of the fraction, 
which equals total yield, is plotted graphically against tempera
ture. There results an elimination curve or series of curves, 
such as shown in Figure 13B.

Gas A nalysis

The analysis of gas can be accomplished by a great variety 
of techniques, starting with the simple absorption methods, 
bell chamber equipment, electrolytic conductance, thermal 
conductance, and combinations of these methods preceded

I N D U S T R I A L  AN D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 13, No. 10

Courteey, Podbielniak Centrifugal Super-Contactor Co.

F ig u r e  11 . A u t o m a t ic  R e c o r d in g  L o w - T e m p e r a t u r e  
F r a c t io n a l  D i s t il l a t io n  A n a l y s is  A p p a r a t u s

In sta lla tion  in  laboratories of C ataly tic  D evelopm ent Co., M arcus Hook, 
Penna., for research and developm ent on cataly tic  cracking

Distillation methods might be classified under this heading 
and throughout the history of chemistry distillation has been 
used as an adjunct in chemical analysis. However, com
pletely automatic distillation techniques primarily for 
analytical purposes have been developed, a striking example 
of which is shown in Figures 11 and 12. This instrum ent 
provides a  complete record of the distillation history from 
liquid air temperatures to  250° C. A schematic diagram of 
the distillation apparatus is shown in Figure 13.

Analytical Molecular Still. The cyclic molecular still is the 
outcome of efforts to make the short-path high-vacuum sur
face evaporator into a tool for exact analysis and research. 
The apparatus in its present stage of development is shown in 
Figure 13A.

A  is the distillation column contained within the glass con
denser, B. The column is filled with oil which is stirred by the 
small air motor, C, while it is heated electrically through current 
leads shown on the right-hand frame support. The pressure in 
the apparatus is determined by the Pirani gage tubes, D, and 
meter, Dl. The substance to be distilled is placed in the reservoir, 
E, ana circulated by the magnetic pump, F, and actuating box, 
F1, through the preheated tube, G, which should be wound with 
fine Nichrome wire and fed by current controlled through a 
resistance. During circulation the distilland from E  passes 
back through the water-cooled tube, II, into the upper reservoir, 
E l. An iron ball separates the reservoirs and the ball is with
drawn when needed, by hand magnet (not shown). The vacuum 
equipment consists of high-speed condensation pump, K, con
nected to an intermediate booster, L, the reservoir, M, a freezing 
trap, N, useful in collecting solvents, and a mechanical pump not 
shown but generally situated below table at O. The high- 
vacuum system is connected to the still through the manifold box, 
P, and the wide return in tube Q.

To operate the still a liquid is placed in the reservoirs and the 
ball separating them removed to the side pocket, R. The liquid 
is circulated under gentle heat while the vacuum pumps are 
started. When the pressure has fallen to less than 10m the tem
perature is fixed at a predetermined level and samples of the frac
tion are collected in the receiver, S. After one complete cycle 
(the ball having been placed in position at the beginning of the 
cycle) the stopcock, T, is manipulated, receiver <S changed to a

Courtesy, Podbielniak Centrifugal Super-Contactor Co.

F i g u r e  12 . A u t o m a t i c  R e c o r d i n g  L o w - T e m p e r a t u r e  
F r a c t i o n a l  D i s t i l l a t i o n  A n a l y s i s  A p p a r a t u s

Installation  in laboratories of Lion Oil Refining Co., E l Dorado, Ark., 
for analysis of na tu ra l gas and gasolines and for separate  determ ination  

of paraffin and olefin in Ci and  C« cracked refinery gas fractions

by preliminary chemical treatm ent, by the heat evolved in 
catalytic combination, or by optical methods, including ab
sorption in the visible, ultraviolet, and infrared, as well as 
refractometric methods utilizing the interferometer. They 
range from the analysis of a fraction of a cubic millimeter to 
the completely autom atic recording of gas composition on an 
industrial scale (64).

T h e o r y .  Our knowledge of the gaseous state is in a high 
state of development and the contributions from thermo
dynamics and the kinetic theory have provided very accurate 
equations of state. Several of the methods used for the 
analysis of gas are based upon straightforward applications 
of the theory. Others, such as thermal conductance and the 
heat of catalytic conversion, for the most part require em
pirical calibration; for, despite extensive theoretical investi
gations, the predictions of the properties of mixtures, es
pecially in the case of therm al conductance, are not accurate



enough for analytical purposes. The wide range of applica
bility and the extreme sensitivity of some of the instrumental 
methods make this one of the most important branches of 
analytical chemistry.

I n s t r u m e n t s  a n d  M e t h o d s .  Determination of Gas 
Density. The measurement of gas density is extremely im
portant and has formed the basis for many automatically re
cording systems. The gas density balance illustrated in 
Figure 14 is based on a measurement of the pressure of the 
gas necessary to bring a balanced float to a standard equi
librium position under conditions of constant temperature. 
Its uses have been described by Edwards [62). I t  is appli
cable to a wide range of systems, but since density is an un
specific property, in some cases the measurement must be 
preceded by chemical treatm ent. Numerous recording 
methods for engineering applications have been described 
(71). In  one method the streaming gas properly throttled 
flows into one tube and displaces a suitable manometric 
liquid into another limb of the tube (278).

Among the dynamic methods the effusion velocity principle 
has been applied in a number of ways by allowing the gas to 
diffuse out through a pinhole orifice (65). The density and 
composition of simple mixtures can be inferred from the rate 
of effusion. Here, too, theoretical predictions are not too 
helpful because the mixture laws apply only with systems 
containing molecules with the same number of atoms and 
viscosity coefficients tha t do not differ too widely. As a
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rule empirical calibration is necessary. An example of this 
type of instrument is shown in Figure 15.

Effusiometers of the recording type employ a diving bell 
principle or floating plunger to actuate the recording pen. 
These arrangements are well suited for telemetering.

The Ranarex principle depends upon an aerodynamic 
coupling between a motor-driven ventilator fan and a similar 
fan which is connected with the indicating mechanism. The 
degree of coupling is a function of the gas density (Figure 
16).

The many extensions and elaborations of these principles 
have been described (57,65, 71,260, and in standard engineer
ing works).

A b s o r p t i o n  T e c h n i q u e s .  The classical absorption tech
niques form the subject m atter of many treatises and manuals 
(65,69,92,93,115,181,212, 297, SOI). A  typical example of a 
modern coordinated unit for the analysis of gases is shown in 
Figure 17. Very frequently a problem reduces to detection 
of a gas and a rough quantitative indication, particularly in 
the case of highly toxic or otherwise hazardous gases.

Figure 18 indicates a convenient portable hydrogen sulfide de
tector. The simple bulb aspirator draw's a sample of the sus
pected air througn a renewable detector tube. The reaction of 
hydrogen sulfide on the filling of the tube produces a color 
change, the extent of which is compared with an adjacent scale 
reading directly in per cent of hydrogen sulfide. The instrument 
indicates the actual concentration of the gas in amounts ranging 
from 0.0025 to 0.04 per cent by volume. The calibration is
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F i g u r e  13.
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Courtesy, Distillation Products, Inc.
F i g u r e  13A. M o l e c u l a r  S t i l l

based on the assumption that the bulb has been squeezed ten the solution
times, expanding completely after each aspiration. Figure 19 pally for the
illustrates the convenient portable nature of the equipment for 
field work and the simple renewal with reagent cartridges.

Another approach to the microanalysis of 
gases is to be found in the early work of 
Langmuir in analyses conducted a t  very 
low pressures. These are discussed in 
great detail in several monographs on high- 
vacuum technique (60, 97, 206).

Another approach to the microanalysis of 
gases is to be found in the Barcroft-W arburg 
manometer, which has widespread use in 
biological investigations. This equipment, 
examples of which are shown in Figures 23 
and 24, is useful not only in measuring 
small amounts of gas bu t in following the 
kinetics of gas reactions. Some applica
tions of the equipment, illustrated in Figure 
23, have been described (9, 146).

Bell Chairiber Methods. The general 
principle involved in this technique consists 
in trapping the gas under a floating bell 
in which the supporting liquid contains a 
reagent th a t absorbs the gas. Thus in the 
specific instance of a recording carbon di
oxide meter the liquid is a concentrated 
solution of sodium hydroxide. As the 
carbon dioxide in the gas is absorbed the 
diving bell sinks and moves the indicat
ing or recording element in proportion to 
its motion. This instrum ent is exemplified 
by numerous combustion recorders and in 
the medical field by metabolism apparatus 
(Figure 25).

This class of instrum ent is also suited 
to telemetering, in which case the moving 
element upsets the balance of an inductive 
bridge, or through related transfer mecha
nisms (71).

Electrical Conductivity. This technique 
is more properly discussed under electro
lytic conductance, bu t instrum ents of this 
class are based on the absorption of the 
gas in question by a suitable electrolyte, 
after which changes in the conductance of 

are measured. I t  has been used specifi- 
measurement of water vapor, carbon dioxide

One of the nicest examples of refinements in the general 
technique is to be found in the modern means for analyzing 
extremely small amounts of gas. Of these the systematic 
developments and studies by Blacet and Leighton (19-23) 
form an outstanding example. The apparatus which they 
have developed for this purpose is shown in Figures 20, 21, 
and 22. The m erit of their equipment lies not merely in 
the small samples which can be accommodated but more 
particularly in the high degree of selectivity and precision. 
This is best illustrated by an excerpt from one of their papers 
(22) as shown in Table I.

T a b l e  I. A n a l y s e s  f o r  A c e t y l e n e  i n  t h e  P r e s e n c e  o f  
P r o p y l e n e  a n d  C a r b o n  M o n o x i d e

D eter
m ination

Volume of 
Sample Theoretical

Acetylene
D eterm ined Difference

Cm. mm. % % %
1 45.44 33.10 33.09 - 0 . 0 1
2 40.75 33.10 32.98 - 0 .1 2
3 37.06 33.10 33.15 +  0.05
4 40. S2 33.10 33.11 + 0 .0 1
5 42.61 33.10 32.80 - 0 . 3 0

Av. 33.03 0.10

* ■ O'PROPYLAMINOANTHRAOUINONE 
O . CHOLESTEROL 
a  • SITOSTEROL 
£> . STIGMASTEROL
• « ERGOSTEROL

120 130 140 150 160 170 ISO 190 200 2>0
TEMPERATURE — *C.

Courtesy, Distillation Product», Inc.

F i g u r e  13B. E l i m i n a t i o n  C u r v e  f o r  M o l e c u l a r  S t i l l
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F ig u r e  14. G a s  D e n s it y  B a l a n c e
Courtesy, Arthur II. Thomas Co.

Courtesy, Burrell Technical Supply  Co.

F ig u r e  15. G a s  D e n s it y  
B a l a n c e

tennines the effect of 
temperature of the 
wire, which in turn 
determines its elec
trical resistance and 
therefore the state 
of balance of the 
bridge.

T h e  c o m p l e t e  
theory and practice 
of this principle have 
been described in 
many places and 
are the subject of 
an excellent mono
graph (51), which 
gives complete de
tails of the under
lying theory and the 
characteristics and 
particular advan
tages of the various 
bridge circuits.

(291, 300), and sulfur dioxide, although in principle any gas 
which can be made to react with a suitable electrolyte may be 
used—i. e., carbon monoxide has been analyzed by this 
method by preliminary catalytic conversion to carbon di
oxide, which is measured in the ordinary way. Equipment 
of this sort has been used to measure carbon dioxide in the 
conventional combustion train. Instrumental details are 
described'in most treatises on conductometric analysis.

Thermal Conductance. This- very important method of 
gas analysis is based on the thermal conductivity of the gas 
as a function of its composition. A t atmospheric pressure 
the thermal conductance is relatively independent of the 
pressure and solely a  function of the composition of the gas. 
At low pressures (10_î to 10~s) the thermal conductivity of a 
gas in a  given cell is extremely sensitive to pressure and indeed 
forms the basis of a very sensitive pressure gage (Pirani gage).

The simplest thermal conductance gage consists of two con
tiguous chambers. Along the axis of each chtpiber is stretched 
a fine wire having a high-temperature coefficient of resistance, 
usually platinum. The wires form two arms of a \\ heatstone 
bridge. One wire is surrounded by a standard reference gas and 
the other by the gas to be analyzed. The two wires are heated 
by the bridge current to a temperature of the order of 100 O. 
above the surrounding and the heat loss by gas conduction de-



portable device uses a single filament on which the gas is 
catalytically oxidized or burned. The compensating resistor 
consists of a small lamp bulb. The process of combustion raises 
the temperature of the measuring filament and the electrical 
unbalance caused by the increase in resistance is indicated 
directly on the meter in per cent of explosive mixture. In 
this model a small piston pump is used instead of an aspirator 
bulb. Standard flashlight batteries are employed for heating 
the filaments.

In the combustible gas indicator shown in Figure 35 (center 
and lower left) two platinum filaments are employed and the 
combustible gas is oxidized or burned on the surface of one of the 
filaments. Ih e  electrical unbalance is indicated on a scale 
calibrated to give readings directly in per cent of lower explosion 
limit concentration. A single indicator can be calibrated to 
give direct readings from one or several combustible gases and 
vapors, including petroleum, alcohols, ethers, acetone, natural 
gas, blast furnace or coke-oven gases, etc.

Another class of indicator is illustrated in Figure 35 (upper 
right). The carbon monoxide-bearing air is drawn into the
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Courtesy, The Permutit Co.

F i g u r e  16. P o r t a b l e  G a s  D e n s i t y  I n d i c a t o r  (left) a n d  
I n d i c a t i n g - R e c o r d i n g  G a s  D e n s i t y  A n a l y z e r  (right)

Figure 35 (upper left and lower right) 
illustrates an instrument for the detection 
of explosive gas mixtures. This completely

F ig u r e  18 . H y d r o g e n  S u l f id e  D e t e c t o r

A hand-operated instrum ent for quick and accurate detection and m easurem ent of low 
bu t dangerous concentrations of hydrogen sulfide.

The suitability of the method and the degree of precision 
which is obtainable are governed primarily by the value of the 
specific conductance of various gases. Table I I I  (197) of last 
year’s review lists values for some of the commoner gases re
ferred to air as unity. I t  has been pointed out very clearly 
by Daynes th a t these values and practically aE those th a t 
have been recorded in the literature are to  some extent de
pendent upon the apparatus and experimental conditions 
which were used for their determination. This is ju st another 
way of indicating th a t most instrum ents used for this kind of 
measurement do not conform strictly to  the conditions im
plied in the definition of thermal conductance. I t  also illus
trates why empirical calibration is necessary.

The many applications of this principle include equipment 
for the automatic analysis of dissolved oxygen in feed water 
(Figures 26 and 27), of carbon dioxide (Figures 28 to 31), 
and of sulfur dioxide (Figure 32). Perhaps one of the best 
indications of the wide range of utility  is shown by the 
comparative records of Figure 33. Of 
particular interest is the trend toward the 
development of all-glass cells (Figure 34) 
which permit the use of relatively corrosive 
samples (106, 226, 293).

Heat of Catalytic Conversion. An ex
tension of thermal methods which a t least 
in some instrum ental aspects is similar to 
the thermal conductance method is the 
utilization of the heat of reaction evolved 
when the gas in question is subjected to 
some chemjcal reaction (81).

Courtesy, Burrell Technical Supp ly  Co. and Buick Metallurgical Dept.,
General Motors Corp.

F i g u r e  17 . U s e  o f  G a s  A n a l y s is  A p p a r a t u s  i n  M e t a l 
l u r g ic a l  L a b o r a t o r y

Courtesy, M ine Safety Appliances Co.
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instrument by a motor-driven pump provided with a flowmeter 
indicator. The gas is drawn through a catalytic conversion 
chamber filled with Hopcalite. The heat of conversion to carbon 
dioxide is measured by the series of thermocouples in series with 
the indicating meter which is calibrated to read directly in per 
cent of carbon monoxide. The scale ranges from 0 to 0.15 per 
cent and can be read directly to 0.005 per cent and estimated to
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Courtesy, M ine Safety Appliances Co.

F ig u r e  19 . H y d r o g e n  S u l f id e  D e t e c t o r
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F ig u r e  2 0 . Two F o r m s  o f  B l a c e t - L e ig h t o n  A p p a r a t u s  
f o r  M ic r o a n a l y s is  o f  G a s e s

(Left) Eimer & Amend Btyle 
{Right) A rthur H. Thom as Co. style

Courtesy, Arthur H . Thomas Co.

F ig u r e  21 . B l a c e t -L e ig h t o n  G a s  
A n a l y s is  A p p a r a t u s

0.001 per cent. In a hand-driven model a small highly efficient 
four-cylinder radial pump develops proper suction for sampling 
and an automatic regulator maintains the correct sample flow 
which is indicated on a diaphragm-type pressure gage. The 
motor-driven type could be operated from any 6-volt alternating 
or direct current supply or from self-contained Edison storage 
batteries.

Two extensions of this principle, shown in Figures 36 and 37, 
provide automatic alarm features. The one shown in Figure 36 
contains a ventilating fan delivering 20 liters of air per minute. 
The sample passes through a divided cell containing active and 
inactive Hopcalite. Thermocouples indicate the differences in 
temperature of the two cells on a scale which is calibrated directly 
in per cent of carbon monoxide. If the carbon monoxide exceeds
0.02 per cent the meter closes a circuit and sounds an alarm which 
persists until the meter is manually reset. The model shown in 
Figure 37 is a completely explosion-proof combustible gas alarm 
that contains two platinum filaments in a balanced circuit. 
Catalytic combustion on one of the filaments with a consequent

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



678 I N D U S T R I A L  AND E N G I N E E R I N G  C H E MI S . T R Y Vol. 13, No. 10
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F ig u r e  23 . B a r c r o f t -W a r b u r g  A p p a r a t u s  F ig u r e  2 5 . M e t a b o l is m  A p p a r a t u s

F i g u r e  2 2 . D e t a i l s  o f  B l a c e t - L e i g h t o n  G a s  A n a l y s i s  
A p p a r a t u s

,Vj

si
Courtesy, C. N . Frey, Fleischmann Laboratories, Standard

Brands, Inc.

F i g u r e  2 4 . F l a s k - M a n o m e t e r  A s s e m b l y  f o r  
B a r c r o f t - W a r b u r g  A p p a r a t u s

temperature rise unbalances the circuit and indicates directly on 
the scale calibrated for the gas in question. When the meter 
reading exceeds a predetermined limit an alarm is sounded which 
persists until the circuit is manually restored. A nonsparking 
diaphragm pump furnishes the circulation of the gas.

A very complete classification of the characteristics and ap
plicability of the catalytic conversion technique (71) gives 
details concerning the nature of the gas, range of concentra
tions. tem perature effect per unit per cent of the gas-measur
ing element, sensitivity, appropriate catalyst, and the field of
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F ig o h b  2 6 . D is s o l v e d  O x t g e n  A n a l y z e r

Courtesy, Cambridge Instrument Co., Inc.

application. In  addition to the gases already discussed, am
monia, hydrogen sulfide, methane, hydrogen, and the vapors 
of benzene and alcohol are included. This list is concerned 
with actual installations and in principle any system which 
can be subjected to preliminary chemical treatm ent can be 
followed by one of the foregoing instrumental methods.

Optical Methods. Any of the methods dis
cussed below in connection with optical 
instruments can be applied to the detection 
or analysis of gases, and this applies for the 
visible, ultraviolet, and infrared regions of 
the spectrum. Chlorine, bromine, or iodine 
vapor is amenable to photometry in the 
visible, mercury vapor and many hydro
carbons can be detected in vanishingly small 
amounts in the ultraviolet, and carbon di
oxide to the extent of less than 0.0001 per 
cent can be detected by a characteristic ab
sorption band in the infrared. The use of 
the interferometer (63, 64) for very exact 
analyses of gases is discussed in connection 
with refractive index.

C o n c l u s i o n .  The general topic of gas 
analysis covers an extremely wide range 
of techniques and particularly from the 

industrial point of view is in a high state of development. 
Some of the indirect applications of these methods are star
tling and in some cases have revived old and almost discarded 
practices. One illustration which bears this out is difficult to 
classify but may truly be characterized as an optical method 
for the analysis of incandescent gas or vapor.

F i g u r e  27 . S c h e m a t ic  D ia g r a m  o f  D i s s o l v e d  O x y g e n ' R e c o r d e r
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F i g u r e  2 8  (L e f t ) .  M ic r o m a x  C a r b o n  D i o x i d e  
R e c o r d e r - T h e r m a l  C o n d u c t a n c e  C e l l

Courtesy, Leeds & Northrup Co.
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F ig u r e  3 0 . S c h e m a t ic  D ia g r a m  o p  C a r b o n  
D io x id e  A n a l y z e r  U t il iz in g  T h e r m a l  C o n 

d u c t a n c e  P r i n c i p l e

Courtesy, Brown Instrum ent Co.

Courtesy, Leeds & Northrup Co.

F i g u r e  29 . M ic r o m a x  C a r b o n  D i o x i d e  R e c o r d e r
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Figures 38 to 41 show the photoelectric scan
ning of the flame issuing from a Bessemer con
verter. Careful spectrographic studies (Figure 
38) show that a useful correlation can be ob
tained between the incandescent gases and the 
correct blowing time of the converter. The 
locations of the photocell amplifier, recorder, 
and the flame target are shown in Figure 39. 
A complete record is shown in Figure 40, which 
after appropriate interpretation by the steel 
master gives a perfectly reliable indication of 
the condition of the charge.

This im portant investigation has been 
described in great detail on the basis of 
countless observations by Work (308), and 
its results have revived great interest in the 
Bessemer process.
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Spectroscopic

Courtesy, Brown Instrument Co. and Glidden Co.

F ig u r e  3 1 . F l o w m e t e r s , C a r b o n  D io x id e  R e c o r d e r s , D r a f t  G a g e s , 
a n d  P r e h e a t e d  A ir  a n d  F e e d  W a t e r  T e m p e r a t u r e  R e c o r d e r s  o n

C o n t r o l  P a n e l

F ig u r e  32 . S u l f u r  D io x id e  R e c o r d e r s

M easuring cell assembly (Je/0 detects per cent of sulfur dioxide in 
continuous sample of flue gas from sulfur burner.

M icromax recorder (.right) indicates and records per cent sulfur dioxide in 
flue gas from sulfur burner.

An index to the literature on spectro- 
chemical analysis from 1920 to 1939 lists 
1446 references (190). As the authors 
of this valuable compilation point out, 
as late as 1910 it was believed tha t these 
methods were of little qualitative value 
and th a t quantitative spectrochemical 
analysis had shown itself as impractical. 
In addition to about 30 textbooks and 
manuals on the subject, a  number of 
compilations and bibliographies cover the 
subject fully (13, 34, 242, 256, 257, 280, 
281). A very fine approach for the stu
dent or beginner is to be found in Brode's 
text (SO), which gives a very thorough 
treatm ent of the theory, instrumental 
methods, and applications of spectroscopic 
methods as well as detailed directions for 
representative experimental work.

I t  may suffice here to outline the main 
features of modern spectroscopic work and 

to indicate some of the uses which have been made of this 
very valuable technique.

T h e o r y .  The contributions which spectroscopy has made 
to our knowledge of the universe range from astrophysics to 
the energy states in atoms. We are concerned here with 
the analytical information which they can furnish. The 
methods are applicable from the infrared to the x-rays.

E m i s s i o n  S p e c t r a .  Under suitable conditions of excita
tion, atoms can be made to undergo definite electronic transi
tions which are followed by the emission of characteristic 
spectral lines. The lines are absolutely characteristic of an 
element and the certainty associated with this fact makes 
spectroscopy one of the most reliable means of identification 
known. The wealth of lines, particularly those due to iron, 
nickel, tungsten, and many other elements, may cause some 
confusion, and indeed, skill and experience are required to 
avoid this complication. (Toxicologists and spectroscopists

9  10 11 N O O N  1 2  3  4

„  „  , „ "From Dayne’s Gas Analysis by Measurement of Thermal Conductivity"
Courtesy, Brown Instrument Co.

F ig u r e  3 3 . G a s  A n a l y s is  b y  T h e r m a l  C o n d u c t a n c e  M e a s u r e m e n t s

(Left) Carbon dioxide analysis from flue gas of a 250-horsepower boiler un it 
(Right) Respiration of a single housefly (Dxptera dometltcut)



were amused some years ago in New York when one of the 
prominent iron lines was mistaken for tha t due to  a relatively 
rare and highly toxic metal.)

The classification of spectral lines has occupied the atten
tion of spectroscopists for many years. One of* the finest 
compilations is the M. I. T. Wavelength Tables {111), which 
contains 109,275 entries giving the wave length, and the

682

Courtesy, Leeds & Northrup Co.

F ig u r e  34 . A l l - G l a ss  T h e r m a l  C o n d u c 
t a n c e  C e l l

intensity in arc, spark, or discharge tube. These tables super
sede anything previously done, especially for the analyst, 
and the details of the job, which employed an automatic com
puting and recording comparator for determining wave lengths 
and recording the intensities, are fascinating reading (110,113). 
The use of tabular compilations of this sort presupposes an 
accurate measurement of wave length of the observed lines. 
This is done with an accurate comparator, of which there are 
several {197, Figure 5), and usually in terms of adjoining lines 
of known wave length. Accurate interpolation can be made 
by means of dispersion formulas, such as th a t of H artm ann 
(109). The tables are then consulted and after the responsible 
element is located it  is advisable to seek other known lines of 
this element on the spectrogram in order to avoid possible 
confusion with some foreign line. An alternative approach 
is to photograph a contiguous spectrum, using the suspected 
substance as a  source, and seek identity in the lines. A large 
number of spectrographically “pure” substances are available 
for this purpose (129, ISO).

Quantitative spectroscopy may be practiced in a number of 
ways (69, 208, 209, 224). In  general, one seeks some con
nection between the blackening of the plate and the amount 
of the substance whose spectrum has been excited. A few 
of the methods may be mentioned; each has its proponents 
and enthusiasts and volumes haye been written on the subject.

1. The use of standard samples containing known amounts 
of the desired constituent. These and the unknown sample are 
excited and photographed under identical conditions.

2. The “internal standard” method of Gerlach, in which (91) 
the intensities of the lines in the known and unknown are referred 
to some common line of an extraneous element which remains 
unchanged in both spectra.

3. T he use of homologous pairs (91).

W ith all these methods the intensity of the lines is measured 
with a densitometer, examples of which have been described 
(197, Figures 56 to 59); other examples are shown in Figure 
48.

I n s t r u m e n t s  a n d  M e t h o d s .  Spectrographs with a 
prismatic dispersion and dispersion by means of gratings are 
available in all sizes and types, representative examples of 
which are shown in Figures 42, 43, and 44. The question of 
“size” in a  spectrograph is determined largely by the nature 
of the problem. For many purposes, particularly in the non- 
ferrous field, moderate dispersion is satisfactory, b u t for com
plex spectra, especially in the ferrous alloys, the highest dis
persion is essential. The grating is preferred by many on 
account of its practically uniform dispersion throughout the 
spectrum. The relative merits of the two are discussed in 
standard texts.

Excitation Sources. The spectrum of the sample may be 
excited in the direct current arc, in the alternating current arc 
or spark, by the Abriss-Bogen or interrupted arc, and by the 
acetylene flame (see also 33). The direct current arc, espe
cially by arcing the sample to exhaustion, affords one of the 
most sensitive methods. The alternating current arc is more 
easily controlled, yet retains some of the advantages of the 
direct current arc. M ost of the newer offerings of equipment 
make provision for all the electrical modes of excitation 
(Figure 45). An interesting trend is also observable in the 
number of completely coordinated assemblies which are offered 
for routine and research work (Figures 46, 47, and 48). I t  is 
becoming increasingly apparent to instrum ent manufacturers 
th a t a complete line of instruments for spectrographic analy
sis is of great advantage and convenience to  the customer, 
and th a t for continuous routine work he should be furnished 
with a spectrograph, easily adaptable excitation equipment, 
densitometer, and other auxiliaries. M ost instruments have 
also been designed with the thought of adapting them to re
lated problems, such as absorption work. This is exemplified 
by the illustration of spectrophotometry, in which the addition 
of appropriate accessories converts the instrument into 
a  spectrophotometer.

The numerous illustrations (Figures 49 to  52) given here 
are intended to illustrate in part correct and convenient 
modes of installing such apparatus for maximum efficiency
(142, 143).

A view of the source room in the spectroscopy laboratory 
a t the Dow Chemical Company is shown in Figure 53 (142, 
143, 232-4).

This fireproof room houses the transformers, motor generators, 
condensers, resistors, synchronous interrupter, and other auxiliary 
source equipment necessary for the 35,000-volt alternating cur
rent condensed spark, two 25,000-volt alternating current con
densed sparks, two 220-volt direct current arcs, and two 2200-volt 
alternating current arcs.

Each o f  these excitation sources is wired to a selector panel 
(Figure 54). One receptacle carries one side of the secondary of 
each of the sources, the other side being a common ground. 
The smaller receptacle carries two low-voltage leads for operating 
a contactor for each source. By means of this panel any source 
can be made available at any one of the four spectrographs lo
cated around the source room.

A view of the plate-interpretation room (Figure 55) shows the 
Hilger nonrecordmg micropnotometer and the calculating board, 
used to convert microphotometer readings to per cent of the 
element in question.

Figure 56 is a view of one of the Bausch & Lomb medium 
quartz spectrographs. In addition to the spectrograph there is
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to be seen the outlet panel on which are mounted the control 
switch, warning lights, and double range ammeter, in addition 
to the power outlets.

A similar outlet panel is located above the source tables before 
the other Bausch & Lomb medium quartz instrument, the Gaert- 
ner quartz Littrow, and the Cenco Replica grating instrument.

October 15, 1941

A p p l i c a t i o n s .  For the countless applications of emission 
spectroscopy the reader must be referred to the copious 
references in the compilations quoted. They cover every con
ceivable field of analysis, from the examination of alloys, 
works of art, biological fluids, foodstuffs, toxicological (37,88) 
and forensic specimens, to products of combustion, gases

in internal combustion engines, fuels, glass, plants, and water 
analysis.

P r e c i s i o n ,  R a p i d i t y ,  a n d  C o s t s .  I t  is not unnatural for 
the beginner or prospective spectroscopist to raise questions 
of precision, rapidity, and costs. A glance a t any spectro- 
graphio laboratory will tell him tha t this is very expensive and 
elaborate equipment and although the wide range of appli
cability may be evident, he is interested in a definite answer to 
thesfc questions. Since spectroscopic methods are among the 
most delicate which we have, and combine with a high de
gree of certainty and reliability, i t  is worth noting a t the out
set tha t the precision even for minute traces is rarely less than 
10 per cent ; and with the very best resources of densitometry
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Courtesy, M ine Safely Appliances Co.

F ig u r e  36 . C a rbon- M o n o x id e  A l a r m  a n d  V e n t il a t io n  C o n t r o l

Courtesy, M ine Safety Appliances Co.

F ig u r e  3 7 . E x p l o s io n - P r o o f  C om 
b u s t ib l e  G a s  A l a r m

and under carefully controlled conditions may be made as 
high as 2 or 3 per cent. Concerning the rapidity of the 
methods much has been said and published, bu t in the early 
days of quantitative spectroscopy it was shown by Meggers 
(190) th a t a series of analyses which required a full day’s 
work by conventional chemical methods could be accom
plished in less than 2 hours spectrographically and with no 
particular sacrifice in precision. The rapidity of the method 
must be gaged on the assumption of very careful preliminary 
development of the method and operating conditions. I t  is 
essentially in routine examinations th a t the economy in time 
becomes more and more apparent. In  many procedures by 
the judicious apportioning of the work it has been possible to 
reduce quantitative analyses to  a few man-minutes per deter
mination.

Costs m ust be appraised on the same basis, especially in 
view of the high initial cost of the equipment, but here again 
experience has shown on numerous occasions th a t the costs 
can be brought even below those of conventional methods. 
Again in routine work it is apparent th a t cost and speed are 
interrelated and an increase in the former implies a certain 
reduction in the latter.

The present enormous industrial activity will undoubtedly 
produce new and startling figures bearing on these questions.

A bsorption  S p cctroscop y-S p ectrop h otom elry

Spectrophotometry is concerned with measurement of the 
amount of light absorbed or reflected a t each wave length 
through the spectrum. I t  m ay be applied to the visible, ultra
violet, or the infrared. I t  will be more convenient to discuss 
the latter separately, although the laws applying to it are the 
same.

The law applying to the absorption of light a t  each wave 
length is th a t of Lambert and Beer.

The transmission, T, is defined as the ratio of the emergent 
intensity, I, to the incident intensity, In. For a solution contain
ing a light-absorbing species of concentration c, in a layer of thick
ness i, we have the relationship:

/  =  /o  X  1 0 -* «  (1 )

from which we may write

-  log ///„  =  kci =  -  log T  (2)

or
log h /1  — kcl = E  (3)

where E  is the extinction, E /t is the extinction coefficient, and k 
is the molar extinction coefficient, provided c is expressed in moles 
per liter. There is no particular uniformity in terminology or 
symbols in this field ana it is still necessary for investigators to 
report the meaning of the symbols which they employ and the 
units in which they are expressed. Some investigators have used 
the term density, D, instead of extinction, E. The use of E  con
forms more nearly with European practice and D seems to have

5 10 13
Blowing f im e .m in u te s

o403 i

: 589 ii

Blowing f im e .m in u fe s

Courtesy, H. K . Work, Jones and Laughlin Steel Corp.
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Courtesy, II. K . Work, Jones and Laughlin Steel Corp.

F ig u r e  3 9 . S c h e m a t ic  V ie w  o f  P h o t o e l e c t r ic  R e s s e 
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Courtesy, II. K . Work, Jones and Laughlin Steel Corp.

F ig u r e  40 . A u t o m a t ic  R e c o r d  o f  B e s s e m e r  B l o w

been borrowed from the field of photographic densitometry, 
where it is used to give an exact expression for the blackening of a 
plate.

The foregoing discussion of extinction and extinction co
efficients implies a definite wave length, X. Indeed, the 
variation of extinction with wave length is the only funda
mental way of expressing the “color” of a light-absorbing sub
stance and a curve relating extinction to wave length gives us 
the absorption spectrum or characteristic color curve. To be 
sure, in most measurements the transmission is measured 
directly and the extinction or extinction coefficient must be 
computed from the transmission data. I t  can be shown th a t

if one plots log extinction as a function of the wave length, 
such curves will be still more useful from the point of view of 
identifying a colored substance. Such curves are inde
pendent of the concentration and thickness and can be super
imposed by a shift along the ordinate (log E) axis. This is 
shown very nicely by Figure 57 (upper)1, which shows' the log 
extinction curves for a dye notorious for its deviation from 
Beer’s law. The curves are taken at six different concentra
tions (1.25, 2.5, 5, 10, 20, and 40 mg. per liter), and should 
be directly superimposable by shifting them along the ordi
nate axis if the typical “color” is independent of concentra
tion. T hat this is not the case for this substance is shown in 
the lower graph, which illustrates the failure of Beer’s law 
except a t a pivotal wave length of approximately 552 milli
microns. This shows the Beer’s law can be applied with 
confidence a t this wave length but would be highly in error 
a t others, particularly a t the longer wave lengths.

Very frequently elaborate series of transmission curves are 
presented to illustrate changes in the absorption of a  sub
stance, but they are almost useless in that form for any ac
curate appraisal of the changes unless they are recalculated 
to the log E  basis. To be sure, the point-by-point recalcula-

1 The writer is greatly  indebted to W. A. ShurclifT of the Caleo Chemical 
Division, American Cyanam id Company, for the preparation of the curves 
in Figure 57, to illustrate this im portant principle.

Courtesy, H . K . Work, Jones and Laughlin Steel Corp.
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F i g u r e  42 . S p e c t r o g r a p h

Courtesy, Bausch dc Lomb Optical Co.
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tion is laborious, but in the case of recording spectrophotom
eters the labor is completely eliminated by the introduction 
of a log log 1 / T  cam (Figure 58) with which curves similar to 
Figure 57 are obtained.

Analytical interest resides in the fact th a t for systems obey
ing Beer’s law a plot of extinction against concentration is 
linear. In  seeking the conditions under which this useful 
relationship may be obtained the importance of the log E  
curves is once more evident, in th a t if the curves are completely 
superimposable Beer’s law will hold a t any wave length. If

F ig u r e  4 5 . C o n t r o l  P a n e l  
f o r  S p e c t r o g r a p h  E x c it a 

t io n  E q u ip m e n t

Courtesy, Baird Associates
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F ig u r e  4 4 . T h r e e -M ż t e r  G r a t in g  S p e c t r o g r a p h

there is a common point, as in Figure 57 (lower), 
th a t wave length alone will be satisfactory. In  the 
former case the principal advantage lies in the fact 
th a t one has complete freedom of choice, which may 
be very useful if other light-absorbing species are 
present.

The analysis of mixtures is spectrophotometrically 
feasible, since the extinctions are additive and the 
method merely presupposes th a t there is no interac
tion between the two light-absorbing entities. The 
theory of this and the other topics discussed here is 
covered in standard references (30, 114)-

I n s t r u m e n t s  a n d  M e t h o d s .  Visible Spectrum. 
In  all spectrophotometers a source of continuous radia
tion is spectrally resolved by means of a direct-read
ing spectrometer or monochromator, either before or 
after the photometric matching.



Courtesy, Harry IV. Ditlert Co.

F i c u r e  47  (Left) A RT.~D ie t f .r t  F il m - D e v e l o p in g  M a c h in e . (Right) A R I ^ D i e t e r t  F il m
I n f r a r e d  F il m  D r y e r

1. The Polarization Type. In this class the measuring beam 
and the comparison beam are matched for equal intensity by re
ducing the intensity of the comparison beam by a polarizing 
mechanism (294). The decrease m intensity is a trigonometric 
function of the angle of rotation of the polarizing element. I t is 
specifically in terms of two match points. The transmission is 
given by T  = cot2 0 X tan2 <p where 6 is the larger angle; or if 
sample and solvent are interchanged and the measurement 
is repeated, the transmission is given by T  = cot 6 X tan $■ 
Examples of this class are the Königs-Marten, Bausch & Lomb 
(Figures 59, 60, and 61), and Nutting (Hilger). As a rule the scale 
attached to the polarizer head is calibrated to read the angle in 
degrees, another portion is engraved in transmission, and a third in 
extinction values. This is a widely used and time-honored 
type._ The only drawback is the caution which must be 
exercised in measuring the reflectance of samples which might 
give rise to polarization effects due to surface structure or 
other causes.

2. Sector Type. In this instrument the photometric match
ing is achieved by varying the aperture of a rapidly rotating sec
tor while it is in rapid motion. The rotational rate of the sector 
is high enough to eliminate any perceptible flicker. The scale 
usually reads directly in transmission values which are really

These instruments are all to be regarded as the fundamental 
standards for expressing "color” and are capable of high pre
cision in the hands of an experienced operator (108, 109). 
They have been used very extensively in chemical analysis. 
They are expensive by virtue of their elegance and precision, 
and for many analytical purposes some of the compromise in
struments which are discussed below will do just as well. 
However, in any extended program of work one has constant 
and repeated need for recourse to this important instrument. 
The photoelectric type is not necessarily more accurate but 
does have unusual advantages in the extreme ends of the 
visible spectrum where the visibility function is poor.

Ultraviolet. Most of the information in this region can be 
obtained only by photographic or photoelectric means. Any 
spectrograph may be fitted with means of splitting the in
cident light into two beams, in one of which a sample is 
placed and in the other some intensity weakening mechanism 
is introduced. A common form of intensity reducer takes the

given by the effective opening of the sector 
and can bo measured mechanically with a 
high degree of precision. An example of this 
class is shown in Figure 62.

3. Photoelectric Spectrophotometers. In 
these the relative intensity of the measur
ing and reference beams are measured photo- 
electrically following the spectral resolution 
of the beams (Figure 63). Two manually 
operated examples of this class have been 
described (197, Figures 63 to 66). A com
pletely automatic instrument developed some 
years ago by Hardy is the General Electric 
color analyzer (Figure 64). This well-known 
instrument has been described in several

Claces and many important researches have 
een based on its use. I t operates on a 

strictly null principle in which the unknown 
and comparison beams are rapidly inter
compared and a photocell-thyratron unit 
controls a motor which continuously re
balances the system. A complete spectrum 
may be recorded in from 2.5 to 5 minutes. 
Numerous attachments are available in the 
form of computed cams (Figure 58), 
whereby the results will bo plotted as per 
cent transmission or reflectance, extinc
t ion  or  log e x t in c t io n .  A somewhat 
more complex attachment is available for 
co m p u t i n g  t r i c h r o m a t i c  co e f f i c i e n t s  
directly.
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Courtesy, Harry W. Dietert Co.

F ig u r e  46 . S p e c t r o g r a p h  o n  M e t a l  B a s e  w it h  T h r e e  S o u r c e  U n it s
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form of a rotating sector (Figure 65), and another of an ad
justable diaphragm (Figure 66). If these pairs of spectra 
are photographed side by side and this process is repeated for 
an extended series of sector or diaphragm settings, the 
absorption curve is obtained from the spectrogram by noting 
the wave length a t  which intensity matches can' be found 
(Figures 67 and 68). For careful work a series of spectra at 
various intensities can be recorded to  calibrate the photo
graphic plate itself, since, as is well known, the blackening- 
intensity relationship of the photographic plate is complex 
(109). An iron arc or an underwater spark may be used as 
the light source for this type of work, bu t a  perfectly continu
ous source such as the hydrogen discharge tube is preferable. 
Measurements of this type are exact and furnish accurate 
extinction values, but for some semiquantitative results it is 
often feasible to make a single measurement through a solu
tion and to  record the intensities with a densitometer. A 
comparison record m ust be obtained for the source alone 
in order to lump or integrate the combined effects of 
energy distribution in the source and the characteristics of 
the plate.

Photoelectric instruments of two classes have been de
veloped, manual and photoelectric. Precise examples of the 
former have been described by Hogness (133) and von Halban 
(294) and a recent addition to this class is illustrated by 
Figures 69 and 70. Recording instruments have been de
scribed by Harrison (112) and Brode (30).

The experimental difficulties attending the construction 
and use of these instruments are far greater than the corre-

F ig u r b  4 8 . (Lower Left) C o m p a r a t o r - 
D e n s it o m e t e r

Courtesy, Harry IT. Dietcrt Co.

(Upper Right) N o n r e c o r d in g  D e n s i 
t o m e t e r

Courtesy, Baird Associates

(Lower Right) M i c r o p iio t o m e t e r  a n d  
G a l v a n o m e t e r  R e a d e r  U n it

Courtesy, JarreU-Ash Co. and Adam Hilger, Ltd.

F i g u r e  4 9 .

Courtesy, Baird Associates

St e p -S e c t o r  At t a c h m e n t  f o r  S p e c t r o g r a p h
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Courtesy, Jarrell-Ash Co., Adam Hilger, Ltd., and Eastman Kodak Co.

F ig u r e  SO. F u l l y  A u t o m a t ic  L a r g e  Q u a r t z  a n d  G l a ss  S p e c t r o g r a p h

T a b l e  I I .  F r e q u e n c y  V a l u e s  f o r  I n f r a r e d  A b s o r p t i o n  
B a n d s  D u e  t o  I n d i c a t e d  L i n k a g e s  

Functional G roup Frequency, v1 Functional Group Frequency, v'
Cm.“1 C m .-1

==c—H 2910 — S ~ H 2500

= c — c = 990 = N — H 3300

= c = c = 1630 = C — I 500

— c = c — 2200 = C — B 560

= C = 0  (ketones) 1722 = C — Cl 650
= 0 = 0  (acid) 1660 — C = N 2250
= C — N = 1035 — N = C 2150
= c —o— 1034 = N — 0 — 1003
— 0 — H 3380 — N H — NH — 3000

light in this region, together with the 
related information from dielectric meas
urements and Raman spectra, has con
tributed enormously to our knowledge of 
molecular structure. The great amount 
of data which has been accumulated 
primarily for this purpose is beginning to 
be used and appreciated for its analytical 
value and recently it has turned out tha t 
despite great experimental difficulties and 
complications this technique will have an 
almost revolutionary effect on the ana
lytical chemistry of the future. Some 
of the finest resources of modern research 
have been directed precisely to this 
end.

A negligible portion of the infrared is 
accessible by photographic technique and 
it is necessary to measure the absorption 
in this region by receiving the spectrally 
resolved radiation on the surface of a sensi
tive thermopile. Until very recently it 
has been necessary to study absorption in 
this region by means of point-to-point 
measurements of thermopile-galvanometer 

readings throughout the spectrum. One of the useful 
characteristics of absorption in this region is the distinc
tive nature of many of the vibrational bands and their un
mistakable association with definite atomic linkages—for 
example, in Table II, reproduced from Brode (30), defi
nite frequencies can be associated with the indicated func
tional groups.

I t  is characteristic also that, especially in homologous series, 
the frequency does not shift greatly, but there may be very 
considerable intensity variations. For most analytical pur
poses one is not concerned with the subtler differences in 
band structure but solely with the general nature and fre
quency allocation.

sponding problem in the visible, but so 
much valuable information is obtainable 
in the ultraviolet tha t the problem has 
rightly engaged the interest of many 
experts.

Other examples are illustrated in Figures 
71 and 72.

A p p l i c a t i o n s .  A  recent compilation 
(288) lists 866 references to spectrophoto- 
metric investigations, covering analytical 
problems in every imaginable field: in
organic, organic, biological, metallurgical, 
and industrial (191, 202). A  few more or 
less generic or typical problems (4) include:

1. Characteristic identification (dyes)
2. Determination of mixtures
3. Study of equilibria (pH with indicators)
4. Confirmation of structure as a liaison 

medium between analysis a n d  synthesis, an 
excellent recent example of which is the case 
of vitamin B: (230).

Infrared

The fundamental information which has 
been derived from the absorption of

Courtesy, Bell Telephone Laboratories 

F i g u r e  5 1 . A n a l y t i c a l  A p p l i c a t i o n  o f  S p e c t r o g r a p h
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F i g u r e  52. (Upper Left) I n d u s t r i a l  
I n s t a l l a t i o n  U s i n g  L a r g e  L i t t r o w  

Q u a r t z  S p e c t r o g r a p h
Showing excitation stand  and  fum e hood and 
controls. Utilizes d irec t cu rren t arc, high-voltage 
spark, and  modified Feussner spark  and d isrup

tive spark

(Upper Right) V i s u a l  C o m p a r i s o n  a n d  
A n n o t a t i o n  o f  P l a t e s

(Lower Left) D i r e c t - R e a d i n g  M i c r o 
p h o t o m e t e r  a n d  A m p l i f i e r  f o r  S p e c 

t r o g r a m s  
Courtesy, Lucius P itk in , Inc.

I n s t r u m e n t s  a n d  M e t h o d s .  A typical arrange
m ent for this class of measurement is illustrated in 
Figure 73.

Radiation from a Glo-bar source is passed to a series 
of mirrors which focus radiation on a narrow slit. The 
radiation proceeding from this slit is rendered parallel 
and strikes a rock-salt prism arranged in Littrow 
mounting. The dispersed radiation is reflected from 
the Littrow mirror, sent once more through the prism, 
and ultimately brought to focus on a thermocouple 
connected to a highly sensitive galvanometer.

So far the arrangement is representative of most 
infrared setups. M ost earlier attem pts to make the

F i g u r e  5 3 . S o u r c e  R o o m , 
S p e c t r o g r a p h i c  L a b o r a t o r y  

Courtesy, Dow Chemical Co.



Courtesy, Dow Chemical Co.

F ittthf 55  P l a t e - I n t e r p r e t a t io n  R oom  i n  S p e c t r o g r a p h ic  L a b o r a t o r y , w it h  D e n s i -  
r " ‘ ’ t o m e t e r  a n d  C o m p u t in g  B o a r d

A motor in the recorder unit slowly moves the dispersion train 
through a worm gear and sector, as shown in Figure 73, so that 
the entire spectrum from 2m to 11m is slowly swept across the exit 
slit. The same motor drives a drum in the recorder unit on which 
a large piece of graph paper is mounted. The deflection of the 
light beam from the galvanometer mirror is detected by means of 
a photoelectric follow-up mechanism: a photocell unit motor- 
driven in such a manner that it constantly "chases” the light 
beam. This unit also carries a pen or stylus which draws a line 
on the recorder paper. Thus a continuous curve is drawn, and 
is visible at all times to the operator, relating energy to wave 
length. If an absorbing substance (sample) is placed in the 
optical path of the spectrometer, the regions of characteristic 
absorption will appear in the record and simple computations 
from the record will reduce this curve to an equal energy base.

The data for more than 600 key organic compounds have 
been recorded with this instrument and even a t this stage of 
progress give a quick and reliable answer to many important 
problems. Arrangements have been made for the detailed 
description and list of uses of this fine installation to appear in 
the A n a l y t i c a l  E d i t i o n .  Some of its uses are illustrated in 
Figures 74 to 78.

Figures 79 and 80 show two views of an automatic, record
ing infrared spectrometer with optical path enclosed in an 
air-tight case of Dowmetal. Although similar to a  previously 
described, instrument (304), it has a  number of improve
ments.

October 15, 1941

Courtesy, Dow Chemical Co.

F ig u r e  5 4 . S e l e c t o r  P a n e l  f o r  E x c it a t io n  S o u r c e s  
i n  S p e c t r o g r a p h ic  L a b o r a t o r y

I t is equipped with exchangeable 60° prisms of rock salt and 
lithium fluoride which operate in a Littrow mounting. All con
trols of the apparatus are located at one end of the spectrograph 
within easy reach of a seated operator. Widths of the slits can be 
varied by turning a crank, wave lengths can be determined from

A N A L Y T 1C A

assembly automatically recording utilized photographic record
ing of the galvanometer deflections. The improvements in this 
particular installation provide electronic means for following 
galvanometer deflections.

L E D I T I O N  691
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Courtesy, Dow Chemical Co. 

F i g u r e  5B. Q u a r t z  S p e c t r o g r a p h  i n  S p e c t r o g r a p h i c  L a b o r a t o r y

a revolution counter, drive speeds can be easily changed by re
arranging a belt and pulley system, and a radiation shutter can 
be opened or closed by turning a knob on the switch panel.

The galvanometer deflections can be followed visually on the 
ground-glass scale while being photographically recorded on the 
drum camera which is within the operator’s reach. A separate 
air-tight case contains the Globar source and focusing mirror. 
This unit is made movable, so tha t all air space between it and 
the sample cells, which are of different thicknesses, can be dis
placed.

Typical results obtained with this type of instrum ent are 
shown in Figure 3 of W right’s paper {304).

Very useful results have been obtained without the use of a 
spectrometer by using a scheme proposed by Pfund. As used 
for the estimation of carbon dioxide, radiation from a  hot carbon 
dioxide source (Bunsen burner) is passed through a cell to a re
ceiver (thermopile) immersed in carbon dioxide. In the absence 
of carbon dioxide in the absorption tube the receiver heats up as 
a result of absorption of the radiation selectively emitted by the 
source. In the presence of carbon dioxide in the absorption tube, 
the heating of the receiver is diminished. This method should 
be applicable to all gases which can be caused to emit the infrared 
radiation which they absorb.

A p p l i c a t i o n s .  I t  can be inferred from Table II  tha t the 
number of compounds which can be investigated by this 
powerful tool is almost unlimited and the systematic ac
cumulation of data  which is now proceeding rapidly in many 
places will eventually lead to a convenient form of classifica
tion from which dircct analytical information may be de
duced with ease. One is not to infer th a t we are only now in 
a position to learn something about the infrared; th a t process 
has been going on for years, but w ith the increasing realiza
tion of the distinctive analytical use the ckissification and 
interpretation will be directed to those uses.

There is a high degree of specificity and certainty about 
these measurements; they can be extraordinarily sensitive 
as well—for example, i t  is possible to determine accurately 
as little as one p art of w ater in a million parts of carbon 
tetrachloride which possesses no bands interfering with the 
water band. A number of applications have been described 
recently by W right (804).

Courtesy, li . A . Shurcliff, Calco Chemical D ivision, American Cyanamid Co.

F i g u r e  57 . {Above) L o g  E x t i n c t i o n  C u r v e s  f o r  C a l c o c i d  
V i o l e t  4BX. (Below) L o g  E x t i n c t i o n  C u r v e s  A d j u s t e d  

V e r t i c a l l y  b y  C o n c e n t r a t i o n  F a c t o r s



October 15, 1941 A N A L Y T I C A L  E D I T I O N 693

H ainan Spectra

The information afforded by 
Raman spectra is closely related 
and complementary to th a t derived 
from infrared studies. The Raman 
effect is based on the observation 
th a t the light scattered from mole
cules which are illuminated with 
monochromatic light contains fre
quencies th a t were not present in 
the incident radiation. The dif
ferences in frequencies correspond 
to definite energy states in the 
molecules and are therefore charac
teristic of the structure of the 
particular molecule. One great ad
vantage of the Raman technique 
is th a t one works in a photo
graphically accessible region and

F i g u r e  58 (Above). S p e c 
t r o p h o t o m e t e r  C am  A s

s e m b l y
Log log 1 /T  cam on right

Courtesy, W. A . Shur cliff, Calco 
Chemical Division, American 

Cyanamid Co.

F i g u r e  59  (Right). PO 
LARIZATION-TYPE SPEC

TROPHOTOMETER 
Courtesy, Bausch & Lomb 

Optical Co.

F i g u r e  60 (Below). Po- 
l a r i z a t i o n - T y p e  S p e c 

t r o p h o t o m e t e r
Courtesy, Bausch & Lomb 

Optical Co.

therefore has tha t advan
tage over the complicated 
technique necessary in the 
infrared. Since the Raman 
scattering is very feeble, 
the necessary exposures are 
rather long.

An enormous amount of 
information has been ac
cumulated in the 13 years 
since the discovery of the 
phenomenon and there are 
several excellent mono
graphs on the subject (100, 
128).

I n s t r u m e n t s  a n d  
M e t h o d s .  The equipment 
f o r  o b t a i n i n g  R a m a n  
spectra is described in great 
detail in several textbooks. 
The method consists, in 
general, of some means for 
subjecting the substance to 
intense illumination with

RHOMBOID PRISMS 
CUUICnVt LENS 
W OLLASTON PRISM tPOLARIZER)
CLAN THOMPSON' PRISM lANALTZER} 
BI-PRISM COLLECTIVE tCIMEVTEO 
EVE LENS 
AUXILIARY LENS 
COLLIMATOR SLIT
COLLIMATOR SLIT MICROMETER SCREW 
COLLIMATOR OBJECTIVE 
COMPARISON PRtsM
DISPERSING PRISM iPELUN-BROCA TTPt) 
TELESCOPE OBJECTIVE iJOClSINC*
WAVE LENGTH DRtM
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Courte8j/, G. I .  L a tin , Rockefeller Institute for Medical Research

F ig u r e  61 . S p e c t r o p h o t o m e t e r  f o r  V i s i b l e  R e g io n  ( B a u s c h  & L o m b )

F ig u r e  62 .

Courtesy, F. W. Zerban, New York Sugar Trade Laboratory

K e u f f e l  a n d  E s s e r  S p e c t r o p h o t o m e t e r

Used for color and tu rb id ity  determ inations by  transm ittancy  in sugar products.
room held a t  constan t tem perature

D ark

monochromatic light and the use of a fast 
spectrograph for photographing the scat
tered light w ith particular precautions for 
the elimination of stray  light reflected 
from the illuminated vessel. The illumina
tion vessels have taken a great variety of 
forms (100).

A typical vessel consists of a cylindrical 
tube provided with a plane optically flat 
window a t one end, with the other end of the 
tube drawn out into a bent horn, which is 
blackened to minimize reflection. The 
sample tube is usually surrounded with a 
cooling jacket and highly selective filters are 
used Lto isolate the exciting line from a suit
able source, usually a mercury arc. Nu
merous arrangements have been suggested 
to provide an efficient “light-fumace”, so 
that the sample may be submitted to the 
highest possible amount of lateral illu
mination. The spectrograph is sighted on 
a portion of the sample in such a manner 

that the maximum amount of scattered light may be collected, 
yet avoiding all direct reflection from the source.

A p p l i c a t i o n s .  The qualitative identification of substances 
is comparatively simple and amounts to accurate determina
tion of the frequencies of the Raman lines which appear on 
the spectrogram. The Raman frequencies for an enormous 
am ount of compounds have been recorded (128) and refer
ence to these tables permits identification of the substance. 
In general, the sensitivity of the method is much less than 
one ordinarily associates with other spectroscopic methods, 
which is largely due to the feeble intensities characteristic 
of the Raman effect. In  most cases a substance present to 
the extent of about 1 per cent can be detected, but under

F ig u r e  6 3 . D o u b l e  M o n o c h r o m e t e r  S p e c 
t r o p h o t o m e t e r  in  C h e m ic a l  R e s e a r c h

Courtesy, Coleman Electric Co. and Armour and Co.
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Courtesy, Interchemical Corp.

F i g u r e  64. G e n e r a l  E l e c t r i c  R e c o r d i n g  S p e c t r o 
p h o t o m e t e r

X -R ays

The analytical uses of x-rays comprise a very small frac
tion of all contributions which this subject has made to physi
cal science. Their use in medical radiography, inspection 
of materials, the elucidation of structure of crystals, etc., is 
well known and has been set forth in many treatises (39, 50, 
122, 187, 2Ą1, 25Ą, 305), which also discuss analytical uses. 
Some of the distinctly analytical uses may be listed as 
shown on the next page.

F i g u r e  65 (Left). R o t a t i n g  
S e c t o r

Courtesy, Bausch & Lomb Optical Co.

favorable circumstances to 0.1 per cent. A fevv 
examples from Goubeau (100) illustrate this point. 
The detectable limits were found to be 1 to 2 
per cent for benzene in dioxane or vice versa, 
per cent for irans-crotonaldehyde in ci’s-croton- 
aldehyde; 0.5 per cent for p-xylol in m- or 0- 
xylol; 0.1 per cent for benzene in carbon tetra
chloride.

Quantitative analyses based on the Raman 
effect are feasible, but these involve all the usual 
difficulties associated with photographic photom 
etry. Theoretically mixtures of several substances 
can be analyzed, but the number of Raman lines 
increases very rapidly with the number of com 
ponents in the mixture. Certain other complica
tions arise with respect to both the intensity 
and the frequency, if the system is one in w ic 1
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molecular interaction can arise. Procedures have been 
developed (47, 100) utilizing a technique similar to the 
Gerlach principle of homologous pairs of lines and compar
ing their relative intensities. By calibration with mixtures of 
known composition very satisfactory results can be obtained 
with a precision of ±  10 per cent w ithout the use of a micro
photometer. With the full resources of microphotometry 
and the usual plate calibration, somewhat more precise 
evaluation can be made. For further details the reader is 
referred to Goubeau (100), who lists 97 references, most of 
them concerned with analytical applications. Specific 
examples are also given by Cringler (47) and Hibben (128).

F i g u r e  6 6  (Below). S p e k k e r  
P h o t o m e t e r  w i t h  S m a l l  Q u a r t z  

S p e c t r o g r a p h
Courtesy, Jarrell-Ash Co. and Adam  

Hilger, Ltd.



F ig u r e  67  (Left) . A b s o r p t io n  P h o t o g r a p h  o f  B e n z e n e  
( i n  H e x a n e )

T aken with Spckker u ltrav io le t photom eter arid medium all-m etal 
quartz  spectrograph. Length of tube  2.0 cm. M inim um  exposure 

5 seconds
Courtesy, Jarrell'Ash Co. and Adam Hilger, Ltd.
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WAVflfHCTH
Courtesy, Jarrell-Ash Co. and Adam  Hilger, Ltd.

F ig u r e  6 8 . A b s o r p t io n  C u r v e  o f  B e n z e n e  ( i n  H e x a n e )
Strength  of solution, 1 in 3300

Courtesy, National Technical Laboratories

F ig u r e  69 . B e c k m a n  P h o t o e l e c t r ic  Q u a r t z  S p e c t r o p h o t o m e t e r

4. Measuring the wave lengths of the 
characteristic absorption edges when the un
known substances act as the absorbing 
medium.

5. Determination of the lattice constants 
of the material, from which the nature of 
the substance may be inferred, and from 
the intensity of the lines of the pattern its 
amount may be inferred.

The possibility of identification presup
poses th a t the lattice constants charac
teristic of th a t substance have already 
been determined—th a t is, it is impossible 
to  infer the nature of the substance if no 
values have been recorded for its lattice 
parameters.

1. Measuring the spectral emission lines (A', L, M, series) in 
which the unknown substance is the target of an x-ray tube. 
This method on the basis of Moseley’s law has accounted for the 
original discovery of a number of the elements (Hf, Ma, Re).

2. Measurement of the secondary fluorescence lines emitted 
by the substance when it is irradiated by x-rays inside the x-ray 
tube (lJf).

3. The same technique of fluorescence emission with the 
sample placed outside the x-ray tube, identical with No. 2 but 
affording somewhat lower intensities.

; 70 

: 60 

50

F ig u r e  7 0  (Right). A b s o r p t io n  S p e c t r u m  M e a s u r e d  w it h  
B e c k m a n  P h o t o e l e c t r ic  Q u a r t z  S p e c t r o p h o t o m e t e r

Courtegj/, National Technical Laboratories

230 240 250 260 270
WAVELENGTH mnw 

TRANSMISSION .0 2 %  BENZENE IN M ET n Y t AtCOHOt

280
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F ig u r e  71 (Left). I n s t a l l a t io n  f o r  
U l t r a v io l e t  A b s o r p t io n  S p e c t r a

Using quartz hydrogen discharge tube and 
small Hilger spectrograph 

Courtesy, Q. I .  Lavint Rockefeller Institute 
for Medical Research

697

F ig u r e  72  (Below). I n s t a l l a t io n  o f  
S p e k k e r  S p e c t r o p h o t o m e t e r  

(H i l g e r )
Courtesy, G. I .  Latin, Rockefeller Institute 

for Medical Research

Source

to
G o lvo n o m e le r

fro m
Golvonom eter

T heory. The interplanar distance is given by Bragg’s 
law

riK = 2d sin 6

This is the fundamental law for the analysis of structure 
of crystal in substances. Very slight departures from this 
law are due to refraction, but these corrections are known and 
have to be applied only for high orders of reflection.

The theory of various space groups and the interpretation 
for crystals of various classes are the subject of exhaustive 
treatm ent in many standard tests.

I n s t r u m e n t s  a n d  M e t h o d s .  The variety of instru
mental approaches to x-ray analysis is evident in Figures 81 
to 91. By exposing a substance to a narrow monochromatic 
beam of x-rays and recording the diffracted beam on a flat 
plate behind the sample (Figure 83) the familiar Laue pat
tern is produced (Figure 85). Interpretation of these pat
terns is described in detail in all the principal references. 
In the powder method the camera surrounds the specimen as 
a concentric cylinder (Figure 86) and diffraction patterns can

A m p lif ie r
Courtesy, R. B. Barnes, American Cyanamid Co.

F ig u r e  73. R e c o r d in g  I n f r a r e d  S p e c t r o m e t e r
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R  n h y d  r id «
o o

Fr*«„.ney  in Cm.'*

Courtesy, It. B . Barnes, American Cyanamid Co.

F i g u r e  7 4 . I n f r a b e d  A b s o r p t io n  S p e c t r u m  o f  a R e s i n , w i t h  I d e n t i f i 
c a t io n  o f  B a n d  H e a d s

and rapid evaluation of the patterns 
(Figure 94). Full details are given by 
Clark (89). No mention is made here 
of x-ray spectrometers of extraordi
narily high precision, such as the double 
crystal spectrometer. These are avail
able b u t are intended primarily for funda
mental research on lattice constants or 
conversely for studies on the fine struc
ture of x-ray lines. The analyst is not 
concerned with their use, although he is 
always appreciative of the exact informa
tion which they can provide.

A p p l i c a t i o n s .  A  list of applications 
is to be found in monographs and in 
several interesting papers, such as (1).

A recent compilation by Iianaw alt (107) 
lists over 1000 substances in terms of 
the three strongest lines on the diffrac
tion pattern  with the respective inter- 

planar distances. The efficiency and convenience of their 
index are amply demonstrated and it is shown th a t if the 
unknown substance is identical with one of the 1000 its 
presence may be certified in a few minutes by reference to 
the catalog.

One distinctive feature of the x-ray method, and one which 
should be kept in mind in comparing it with alternative 
methods of analysis, is the fact th a t it identifies compounds. 
In other words, if one is dealing with a system containing 
sodium, potassium, chlorine, and bromine, it is possible to 
tell whether one is dealing with sodium chloride and potas
sium bromide or sodium bromide and potassium chloride.

The m any applications of these methods to analytical 
problems are the object of an extended review^ which is now 
being prepared.

Courtesy, R . B . Barnes, American Cyanamid Co.

F i g u r e  75 . I n f r a r e d  A b s o r p t i o n  S p e c t r a

be registered rapidly and in a form which facilitates edge-to- 
edge comparison with standard patterns. The information 
obtained by th is  method involves perhaps the minimum dif
ficulties of interpretation. The back-reflection camera is 
particularly suited for the precise determination or compari
son of lattice parameters.

M ost x-ray apparatus intended for general analytical work 
is provided with means for mounting interchangeable ac
cessories, so th a t information may be obtained by any of the 
above-mentioned methods (Figures 92 and 93). Each 
method has its particular advantages w ith respect to pre
cision, sensitivity, and ease of interpretation.

M any accessories are also available for the measurement

Courtesy, R. B . Barnes, American Cyanamid Co.

F i g u r e  76 . I n f r a r e d  A b s o r p t io n  S p e c t r a
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C o u r te s y ,  D o w  C h e m ic a l  C o . 

F i g u r e  79. R e c o r d i n g  I n f r a r e d  S p e c t r o g r a p h

F ig u r e  78.

Courtesy, Oaertncr Scientific Corp.

L a r g e  I n f r a r e d  S p e c t r o g r a p h

Courtesy, R. B . Barnes, American 
Cyanamid Co.

F ig u r e  77 . I n f r a r e d  A b s o r p t io n  
S p e c t r a

E lectron D iffraction
The wave nature of the electron is expressed by the de 

Broglie equation
X = h/mv

where X is the wave length, m and v are the mass and velocity 
of the electron, respectively, and h is Planck’s constant. The 
numerical value in Angstrom units is given by

V150
r

where V  is in volts.
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Courtesy, Dow Chemical Co.

F ig u r e  8 0 . R e c o r d in g  I n f r a r e d  S p e c t r o g r a p h

Courtesy, General Electric X -R a y  Corp.

F i g u r e  82. In  C l o c k w is e  O r d e r , S t a r t in g  a t  U p p e r  L e f t , 
X R D  C y l in d r ic a l  P o w d e r  C a m e r a , B a c k - R e f l e c t io n  
C a m e r a , P in h o l e  A s s e m b l y  a n d  F l a t  C a s s e t t e , a n d  
U n iv e r s a l  S p e c im e n  M o u n t  w i t h  C y l in d r ic a l  C a s s e t t e  

M o u n t e d  o n  X - R ay  D if f r a c t io n  U n i t
F i g u r e  81 . X - R ay  D i f f r a c t io n  U n it  f o r  

R e s e a r c h

Courtesy, Baird Associates



October

Courtesy, Genera Electric X -R ay  Corp

P tcttrf 84 XRD U n i v e r s a l  S p e c im e n  M o u n t  w it h  P in h o l e  A s s e m b l y  a n d  F la t
C a s s e t t e

For orientation and estimation of degree of internal strain  in a single crystal

15, 1941

The work of G. P. Thomsoh>1J^y isso ii and Gernier, and 
Rupp has shown tha t lattice constants may be interpreted 
from electron diffraction patterns in a fashion analogous to 
tha t of x-rays. The technique is primarily suited to films 
which are thin enough to be penetrated by the electron 
beams, or to surface films from which they may be reflected. 
The extension of this method to gases and vapors has been 
reviewed by Brockway (29A ).

A typical analytical application is illustrated by the elcctron- 
diffraction apparatus of the Dow Chemical Company (Figures 
96 and 97), a hot-filament tube operated at —45,000 =*= 3 volts. 
The accelerated electrons pass through a 0.2-mm. pinhole in a 
copper target and are then focused bv a magnetic lens before 
they impinge on the specimen (the adjustable specimen holder 
accommodates three samples). The pattern made by the dif
fracted electrons is then recorded on a photographic plate, 18 X 
6 cm. A hexagonal drum in the camera proper carries five 
plates and a fluorescent screen. The spccimen-to-plate distance 
of the apparatus is 75 cm. Two oil diffusion pumps serve to 
maintain a vacuum of 10-5 mm. of mercury in the entire 
system. The apparatus was designed and set up by L. K. Frevel 
and L. Sturkey and has been used primarily in the identification 
of surface coatings.

Figure 98 reproduces the reflection patterns of magnesium 
oxide and magnesium hydroxide.

A N A L Y T I C A L  E D I T I O N  701

Courtesy, G. L . Clark, University o f Illinois

F i g u r e  83 . M u l t ip l e  X - R ay  D if f r a c 
t io n  U n i t  (H a y e s )

Designed a t  University of Illinois for photo- 
graphing four patterns simultaneously

Photom etric

A photometer serves for the comparison of light intensities, 
which may be from different sources, or from a common 
source, one portion of the light having been reduced in in
tensity as a result of absorption or reflection losses. Hetero- 
chromatic photometry is of little use in chemical investiga
tions; its use is confined to the measurement and evaluation 
of illuminants. For all colored substances, it is necessary to 
restrict the radiation to a narrow' region of the spectrum.
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Courtesy, General Elcclric X -R a y  Corp.

F i g u r e  8 5 . S l ig h t l y  A s y m m e t r ic  L a u e  P a t t e r n

Obtained from a  single sodium  chloride crystal, oriented b o  th a t  
x-ray beam  is 20 =»=2 from perpendicular to  the  [001] direction and 

2° 40 2 ' from parallel to  the  [1101 direction

This is usually achieved by the use of filters and the instru
ment is then designated as a filter photometer. In  prin
ciple i t  resembles a spectrophotometer, bu t since the isolation 
of the spectral region with a filter produces a wider band than 
dispersion by a  monochromator and offers a  smaller choice of 
spectral regions, the instrum entisoften called an abridged spec
trophotometer.

An exception to this point may be made if, for example, a 
discontinuous source of radiation is used (mercury arc) 
supplemented by a highly selective filter; it is then possible 
to isolate a single line and the photometric comparison need 
not be inferior to  th a t of a  spectrophotometer.

Courtesy, Thomas tfc Hochwalt Laboratories D ivision, Monsanto Chemical Co.

F i g u r e  8 6 . P o w d e r  C a m e r a  o p  X - R a y  D i f f r a c t i o n  U n i t
D exter H . Reynolds adjusting  powder cam era of G -E  x-ray diffraction 
un it. Provision is m ade for recording diffraction p a tte rn s  from all types 
of sam ples in powder of polycrystalline block form. D iffraction pa tte rn s  
are registered rapid ly , and are  of a  form to  facilitate  edge-to-edge com

parison w ith standard  patterns.

Courtesy, General Electric X -R a y  Corp.

F ig u r e  8 7 . B a c k - R e f l e c t io n  C a m e r a

X R D  cam era w ith 60° window cassette shield in position. Shield perm its^consecutive ] 
registration of three  pa tte rns on same film for comparison.

Filter photometers are extremely use
ful and several commercially available 
instrum ents can be had with a large 
assortment of accessories enabling them 
to be used for related measurements 
such as gloss, reflection, albedo, fluores
cence, turbidity, and as trichromatic 
colorimeters, or as comparison micro
scopes.

Filter photometers are of two general 
types—those in which the photometric 
match is made with the eye and those 
in which the measurement is effected 
photoelectrically. The assumption that 
any photoelectric instrum ent m ust be 
more accurate and reliable than a visual 
instrum ent is wholly unwarranted. A 
very critical and authoritative ap
praisal of this point has been given by 
Gibson (197). However, the future does 
seem to lie in the direction of the 
photoelectric types, for there is no in
herent lim it in the attainable sensitivity 
and objectivity of the measurement. 
Fatigue effects again incline toward 
the photoelectric type, although squint
ing a t a  m’ic r o a m m e te r  n e e d le  fo r  
protracted periods is not a pleasant 
pastime.

The relative uses and merits of 
the filter photometer and spectro-
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photometer m ust also be approached with common sense, 
whether one is dealing with the visual or photoelectric 
type. I t  is largely the change in extinction with wave length 
that is im portant. The photometric matching is equally 
reliable for the two classes of instrument. In  other words, 
if the substance to be measured possesses very sharp absorp
tion bands, such as hemoglobin or a neodymium salt, a  spec
trophotometer m ay be used in any region of the spectrum, 
but a filter photometer would be restricted to some region 
not occupied by sharp bands, and therefore 
probably to one which is very insensitive 
to small changes in concentration. The 
error is never unconsciously made (with 
a visual instrument), however, since the 
failure of a filter instrument due to such 
causes is a t  once apparent—i. e., it is 
difficult to secure two fields of the same 
hue.

For those problems in which the absorp
tion bands are broad, and this includes 
hundreds of im portant systems, there is 
little choice between the two, and the less 
expensive instrum ent is to be preferred.

In the measurement of mixtures, the 
filter photometer is likely to impose em
pirical calibration, whereas the spectro
photometer can be depended upon to yield 
additive extinction values. There are other 
considerations applying to mixtures—i. e., 
the relative values of the separate extinc
tion coefficients which limit the accuracy
U U ) .

T heory. A filter photometer consists 
of a light source, an appropriate optical 
system for producing a parallel beam of 
light, a  container for the light-absorbing
sample, or means for reflection from the F i g u r e  90.
sample, and means for measuring the

Courtesy, G. L. Clark, University of Illinois and General Electric X -R a y  Corp.

F ig u r e  89 . XRD U n i t  w i t h  X-Ray T u b e  a n d  C a m e r a s

Showing back-reflection camera (left) and flat cassette for very accurate 
measurem ent of line shifts in solid solutions, etc. (right)

Courtesy, General Electric X -R a y  Corp.

U n iv e r s a l  S p e c im e n  M o u n t  i n  U s e  w it h  C y l in d r ic a l  
C a s s e t t e

Courtesy, General Electric X -R ay  Corp.

F i g u r e  88 . B a c k - R e f l e c t io n  P a t t e r n  o p  
C o l d - R o l l e d  T e m p e r e d  B r a s s  St r i p  T a k e n  

w it h  S h ie l d  R e m o v e d

V ariation in intensity  around inner diffraction rinp per
m its determ ination of degree of preferred orientation or 
tex turing  induced by cola rolling. W idth of diffraction 
lines is measure of degree of internal strain, a  property 
which determ ines variations in hardness and strength of 

polygrained metals.
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Courtesy, General Electric X -R a y  Corp.

F ig u r e  91 . P a t t e r n  O b t a in e d  in  C y l in d r ic a l  C a s s e t t e  M o u n t e d  o n  U n iv e r s a l  S p e c im e n  M o u n t

Records p a tte rn  of a s ta tionary  quart*  oscillator orientated so th a t x-ray beam coincides approxim ately w ith electric axis of crystal and central axis of 
cassette coincides w ith optical axis of cassette. Faces of oscillator contain optical axis and m ake acute angle w ith electric axis. C haracteristic  piezo
electric frequency of an  oscillator m ay be predeterm ined by specifying relation between its physical dimensions and crystallography axes. Piezoelcctrio 
properties are constant over a longer life if this relation meets exact specifications. R outine determ ination of orientation of crystallographic axes in rough 

quartz  crystals by  x-ray diffraction techniques is s tandard  practice w ith large m anufacturers of quartz  oscillators.

I  =  k02

where 0 is the angular motion of the feed screw

2. Polarization type in which the comparison beam is ren
dered plane-polarized and reduced in intensity by a rotatable 
analyzer. The intensity variation follows the law

/  = /o cos1 B

Tables are usually provided with this class of instrument relating 
the observed angles to the corresponding transmission, density, 
or extinction values.

3. Neutral wedge type in which the comparison beam passes 
through a light-absorbing wedge. The wedge may be moved

Courtesy, G. L . Clark, University o f Illinois

F i g u r e  93 . U n iv e r s it y  o f  I l l in o is  C a m e r a  f o r  P o w d e r  
P a t t e r n s

M ay be used with appropria te  modifications for vacuum  an d  gaseous 
atm ospheres and a t high and low tem peratures.

Courtesy, G. L. Clark, University o f Illinois

F i g u r e  92 . U n iv e r s a l  C a m e r a  f o r  X - R a y  D i f f r a c t io n  
( H a y e s )

Designed a t  U niversity of Illinois. Left, powrder and ro ta tion  cam era. 
Center, base of cam era and goniometer m ounting for single crystal 
(Laue or ro ta tion  m ethod). Right, m ounting of flat film for Laue or 

fiber pa tte rn .

am ount of light which has been absorbed. An approximation 
to monochromaticity is obtained by suitable filters, placed 
either before or after the sample. The measurement may be 
made directly (in some photoelectric instruments) or by  com
parison with a reference beam (visual and some photoelectric 
instruments).

Visual Instruments. Two beams of light from a common 
source, one passing through or'reflected from the sample, 
the other passing through some device which reduces its in
tensity in measurable amount, are brought together as ad
jacent fields and are compared with an eyepiece. Three 
methods for weakening the comparison beam are commonly 
employed:

1. Aperture type in which a slit or diaphragm is opened or 
closed. The intensity is a function of the aperture and in the 
case of a square aperture moving along a diagonal (Zeiss) follows 
a square law.
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Courtesy, Dow Chemical Co.

F ig u r e  95 . X - R ay  D iff r a c t io n - U n it s

Unit a t  righ t is

l^ ia T q u ^ p e d  target tube an d is .u s« ! for ° '  laU’Ce Param e‘er9 a " d ^  ***y

Courtesy, General Electric X -R ay Corp.
F ig u r e  94. F il m  S c a l e

X R D  film scale, holding two superimposed powder camera patterns in position for measuring angles between 
corresponding diffraction maxima. Param eters characteristic of crystal structu re  of unknown samples may be 
read from standard tables and compared with param eters of known pure substances for absolute qualitative 
analysis for solid phase co n stitu en t. Rough quantitative estimation may be made from relative intensities of 

diffraction maxima in many cases.

along its length, thus introducing a thinner or thicker portion. 
To avoid gradients in the effective portion a compensating wedge 
is often introduced. This is an identical wedge, turned in the 
opposite direction; consequently the net cross section exposed to 
the beam is an optically uniform rectangle. Since the intensity 
varies logarithmically with thickness (Lambert’s law), the motion 
of the wedge is linear in density or extinction.

/  at — log TadaE

Photoelectric Instruments. There are many types and varia
tions (183,213, 310), most of which have been classified by the 
writer (196). The photocells may be of the barrier layer, 
emissive, or multiplier type (197). There are single-cell 
photometers with a choice of electrical methods for measuring 
the current—i. e., direct deflection, and potentiometric com
pensation of both linear and logarithmic nature (196). 
Double-cell arrangements (299) consist of two photocells il
luminated from a common source, with the sample placed in one 
of the beams. Optical compensation is effected in the other 
beam, or the two photocurrents may be measured electrically

by (a) opposed flow through a common meter or galva
nometer, or (b) potentiometric or shunt cancellation. Some 
of these circuits compensate for source fluctuations and others 
do not (196).

Calibration and Computation of Results. M any instruments 
carry scales which indicate directly the measured quantity 
as well as derived quantities which are more directly appli
cable. Thus a photometer scale m ay read per cent trans
mission, density, or extinction. In  others, tables are pro
vided to translate the instrumental indication into the re
quired information. I t  seems th a t more care, ingenuity, and 
real instrumentation have been practiced in the older visual 
instruments than in the newer photoelectric devices. Density 
or extinction indications are to be regarded as the ultimate 
goal in all photometers intended for photometric analysis.

For instruments which indicate the extinction directly, 
the concentration is directly proportional to the reading, 
provided Beer’s law applies. The present need for empirical 
calibration with known solutions in so many instances is 
partly due to lack of good instrumentation and also to  our



F ig u r e  97 . E l e c t r o n  D i f f r a c t io n  A p p a r a t u s

Courtesy, Dow Chemical Co.

limited and still unsatisfactory knowledge of “colorimetric” 
chemical reactions.

An im portant question arises in connection with all filter 
photometers: To w hat extent can measurements reported by 
one investigator be duplicated by another, using a different 
instrument? No question of this sort arises in the use of a 
spectrophotometer. In  some filter photometers, the photo
metric system is sufficiently fundamental in design and the 
filters are held in such rigid absolute specifications th a t it is 
possible to  publish “effective extinction coefficients” for dif
ferent substances with reasonable certainty th a t others can 
duplicate the results.

I n s t r u m e n t s .  Of the m any instruments available for this 
work we shall discuss a few which are representative of a 
given type or class. Some are unique in their class, others 
have many successful competitors.

Visual Instruments. Aperture Type. The Zeiss Pulfrich 
photometer, shown in a general view as Figure 99 and in 
schematic sectional diagram as Figure 100, is a fine example 
of this class.

The photometer lamp contains a source, two mirrors, and two 
adjustable sleeves carrying focusing lenses and ground-glass 
diffusing screens. The photometer head carries demountable 
cell holders and two variable apertures which are opened or 
closed by rotating large measuring drums. The separate beams
Eass through total-refiection prisms to a biprism and the circular 

ipartite field is viewed with an eyepiece. A revolving filter 
holder permits the selection of any one of a dozen highly 
selective filters, which occupy a position between the biprism 
and the ocular. The holder normally accommodates nine filters 
at a time, but special filters are easily snapped in or out of the 
holder. The filters are extremely selective, almost opaque to 
normal daylight, and the spectral centers of gravity are 
more or less uniformly distributed throughout the visible spec- 

Courtenu. Dow Chemical Co. trum. Complete specifications of the filters are provided by the
m a n u f a c tu r e r  w i th  r e s p e c t  to  w a v e  l e n g th  a t  m a x im u m  t r a n s -  

F i g u r e  96 . E l e c t r o n  D i f f r a c t io n  A p p a r a t u s  m is s io n , e f fe c tiv e  c e n t e r  o f  g r a v i ty ,  w id th  o f  b a n d  a t  h a l f  a n d
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Magnesium Oxido
Courtesy, Dow Chemical Co. 

Magnesium Hydroxide

F ig u r e  98 . R e f l e c t io n '  P a t t e r n s  o f  M a g n e s iu m  O x id e  
a n d  M a g n e s iu m  H y d r o x id e  O b t a in e d  w it h  E l e c t r o n  

D if f r a c t io n  A p p a r a t u s

Courtesy, Carl Zeiss. Inc.

F ig u r e  99 . Z e is s  P u l f r ic h  P h o t o m e t e r

The emergent beam strikes the Brodhun photometer cube, from 
whence it passes through the filter and eyepiece. The photo
metric field appears as two semicircular patches which, 
upon rotation of the Nicol, can be made to merge into a single 
uniformly illuminated field. The computations are in terms of 
the general law for polarization photometers, but to save the 
observer’s time, tables are provided relating extinction to angle 
of rotation of the analyzing Nicol prism. This versatile in
strument has been applied to a great variety of problems (Figure

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

tenth of maximum transmission, and trans
mission at the center of gravity. For example, 
the S61 filter (yellow) has a band width of 24 
niju at half value and G6 m/ji a t tenth value, a 
maximum transmission of 620 mm, a center of 
gravity at 619 mm, and a transmission of 0.080 
per cent at this wave length. Special filters 
are available for use with a mercury arc source 
to isolate the blue line 436 mu, the green line 
546 m^, and the yellow pair 577-579 m,u. The 
aperture drums are both calibrated, and read 
in per cent transmission and extinction. A 
very large assortment of accessories can be had 
to adapt the instrument to any type of photo
metric measurement. Another very convenient 
feature, as pointed out by Ashley (8) who has 
made extensive use of this equipment (7), is the 
ease with which absorption cells or tubes vary
ing from a millimeter or less to 50 or more centi
meters in length can be accommodated.

This instrument is worthy of the name of 
Pulfrich, who has contributed so much to 
the science of optics. Its  excellence and 
utility are best attested by the monographs 
and voluminous literature devoted to its 
uses and applications {114, 285, 285A). 
Complete accessories are obtainable.

Polarization Type. An example of this 
class of photometer is shown in Figure 101 
and in schematic view in Figure 102. This 
is another high-class optical instrument of 
perfectly general utility, which with suitable 
accessories can be used for every conceivable 
photometric problem.

As shown in Figure 102 it is set up for the 
photometry of colored liquids or solutions. 
Light entering from the right traverses two 
total-reflecting prisms and rises through the ad
justable absorption cell, after which it passes 
through a Brodhun photometer cube, through 
another total-reflecting prism, and out through 
the eyepiece and color niter. A portion of the 
original light beam is reflected upward on the 
right side of the instrument, where it is re
flected from an adjustable mirror and enters 
the polarizing head. The second Nicol prism 
can be rotated to decrease the intensity 
and a scale indicates the angle of rotation.

Courtesy, Carl Zeiss, Inc.

F ig u r e  100. S c h e m a t ic  S e c t io n a l  D ia g r a m  o f  Z e is s  P u l f r ic h  
P h o t o m e t e r

Courtesy, E. Leitz, Inc-

F i g u r e  1 0 1 . P o l a r iz a t i o n - T y p e  P h o t o m e t e r
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Wedge Type. An example of this class is shown in Figures 
104, 105, and 10(5. This instrum ent has enjoyed widespread 
adoption and indicates extinction values directly in a range 
of 0 to 2.0 (100 to 1 per cent transmission), and hence for 
all systems obeying Beer’s law the scale readings are directly 
proportional to  concentration. The principle is almost self- 
evident from the detailed illustrations.

The second condenser lens bears a lightly frosted surface which 
furnishes intensely and uniformly illuminated patches of light. 
Two wedges are provided, a small compensating wedge in the 
path of the absorbing system and the larger measuring 
wedge (100 mm.). The two beams are combined as shown and 
pass into the eyepiece and color filter. A large selection of highly 
selective filters is offered, including monochromats for the blue, 
green, and yellow lines of the mercury arc. This company’s 
excellent series of precision absorption cells are used with the 
instrument (197, Figure 71). The neutral wedge is practically 
nonselective, showing no more than 6 per cent decrease in trans
mission a t short wave lengths and 3 per cent at long wave length. 
For studies at any one wave length this is of little consequence. 
A related instrument of the photoelectric type is discussed later.

F i g u r e  102. S c h e m a t i c  V ie w  
o f  P o l a r i z a t i o n - T t p e  P h o 

t o m e t e r
Courtesy, E. LeUz, Inc.

There is little to be said in appraising the future of visual 
photometers. To many, their days seem to be numbered in 
view of photoelectric developments, but the best resources of 
the last half century’s optical theory and practice have gone 
into their design and they are real instruments in a sense 
achieved by too few of their photoelectric successors. There 
is a degree of versatility, constancy, reliability, and ease with 
which they can be p u t into service a t a  moment’s notice which 
is not to be ignored. As instrum ents they have reached the 
upper limit—i. e., th a t set by the visual acuity of the ob
server.

Photoelectric Photometers. A classification of these methods 
has been mentioned (196) and it  m ay serve our purpose here 
to illustrate a few type examples.

Single-Cell Barrier-Layer Type. In  this class, a  single 
photocell of the self-generating type is used to measure the 
intensity of a semimonochromatic beam of light. Measure
ments are made alternately through solution and solvent and 
the ratio of the pliotocurrerits indicates the transmission.

Various electrical schemes other than 
a direct measurement of the current 
with a microammeter or galvanom
eter are used (196). The method re
quires constancy of the light source, 
a t least during the interval in which 
the two readings are made. A well- 
known and widely used instrument 
of this type is shown in Figures 107 
and 10S.

The light source is fed from a con
stant-current transformer and the 
photocurrent is read with a Weston 
microammeter. The absorption cells 
move in a carriage in a direction per
pendicular to the optic axis. A large 
reading glass inserted in the top of the 
case facilitates reading the meter. 
Suitable light filters are supplied, ac
cording to the location of the absorbing 
bands of the system.

£ Ldh, Wctzlar

Some compromise in selectivity 
of the filter is necessary with this 
class of instrument, since reasonably 
high light intensities are required. 
For this reason apparent deviations 
from Beer’s law may arise which are 
not ascribuble to the absorbing sys
tem itself. In  most cases empirical 
calibration is recommended. These 
instruments are widely used in clinical 
work (Figure 109), as well as many 
other “ colorimetric” analyses. A col
lection of methods employing this 
instrument has been published 
(132).

In  general, the single-cell type, if 
it employs barrier-layer cells, must 
use relatively nonselective filters in 
order to  get sufficient light or very 
delicate high-sensitivity galvanom
eters. In  the la tte r case it is still 
possible to measure light resolved by 
a monochromator (197).

Single-Cell Emissive Type. The 
use of a phototube, usually with 
amplification, has not m et with ex
tensive commercial use, although 
many sensitive circuits have been de-



October 15, 1941

1. Electronic stabilization of light sources (196).
2. Inverse feedback amplifiers of extraordinary stability 

(222, 272).
3. Multiplier-type phototubes such as the recent R. C. A. 

931.

Twin-Cell Type. These may be of the barrier-layer or 
phototube class and in the latter case may or may not use 
amplification. Compensation can be attained optically or
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Courtesy, E. Leitz, Inc.

F i g u r e  103. L e i t z - L e i f o  P h o t o m e t e r  a t  M e t r o p o l i t a n  
L i f e  I n s u r a n c e  Co.

scribed (196, 222). There still seems to be some objection 
to the inherent complication of phototube-amplifier combina
tions, but present trends in electronics already indicate a 
degree of reliability, extraordinary sensitivity, and good sta
bility from this combination. Without going into the endless 
intricacies of this field, it may be mentioned that three rela
tively recent developments will exert an enormous effect on 
this class of photometers and probably stabilize practice for 
some time to come. F i g u r e  104.

Courtesy, American Instrument Co.

W e d g e - T y p e  P h o t o m e t e r
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F i g u r e  105. W e d g e -T y p e  P h o t o m e t e r
Courtesy, Amencan Instrument Co.
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- ABSORPTION SYSTEM -

Courtesy, American Instrument Co.

F i g u r e  106. W e d g e - T y p e  P h o t o m e t e r

Courtesy, Central Scientific Co.

F i g u r e  107. C e n c o - S h e a r d - S a n f o r d  P h o t e l o m e t e r

photocurrent in the measuring cell is restored to its original 
value, rather than decreasing the output of the comparison cell. 
This is a compact and carefully designed instrument worthy of 
the traditions of its manufacturer.

In Figure 111 is shown another twin-cell photometer using 
phototubes and a compensating electrical circuit. This circuit 
compensates for source variations and reads directly in per cent 
transmission, for which a decade resistor network is used. The 
circuit has been described by its inventors and representative re
sults have been published (SoS), and the theory of balance has 
been discussed in relation to similar circuits (196).

The photoelectric equivalent of the Aminco Wedge photom
eter which uses electrical compensation is shown in Figures 
112, 113, and 114.

A comprehensive review of this subject is badly needed, 
particularly with respect to circuit analysis and the discus
sion of the newer electronic developments. In  general, no 
very high degree of photometric precision is obtained in 
photoelectric photometers; the fact th a t most of the “colori
m etric” chemical methods are so very sensitive and produce 
measurable “color” with minute amounts of substance often 
gives a false sense of precision and sensitivity to the measure
ment. On the other hand, it is interesting to compare these

electrically and source fluctuations may or 
may not be cancelled, depending upon the 
method used (196). A higher differential 
sensitivity may be expected because the 
main ou tput of each cell is canceled and 
only the differences due to  absorption are 
measured or compensated for. Two ex
amples of practical instruments will be 
mentioned.

The Spekker absorptiometer (Figure 110) 
employs a light source and two barrier-layer 
cells connected in opposition through a gal
vanometer. The absorption in the sample 
cell is compensated by opening a diaphragm 
until balance is restored. The drum control
ling the diaphragm is calibrated in extinction 
units. Compensation is made in the absorbing 
side and not in the comparison beam, as is 
often done. With this arrangement the

Courtesy, Central Scientific Co.

F i g u r e  108. S id e  I n t e r i o r  V ie w  o f  P h o t e l o m e t e r
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Courtesy, Central Scientific Co.

F i g u r e  109. U s e  o f  P h o t e l o m e t e r  i n  C l i n i 
c a l  L a b o r a t o r y

methods with spectrographic techniques, where a precision 
of 2 to 3 per cent is generally considered excellent. In some 
cases the range of sensitivity for a given constituent is about 
the same, although in others the spectrograph is far more 
sensitive.

A p p l i c a t i o n s .  A large number of applications of the 
visual types of photometers are classified with references and 
titles in the works of Urbach (285A), Krebs (162, 311), and 
Heilmeyer (114), and in bulletins by Carl Zeiss, E. Leitz and 
Co., and the Ajnerican Instrument Co. In  addition, the 
treatises on colorimetry by Yoe (309) and Snell (262) contain 
specific reference to the use of photometers, both visual and 
photoelectric. All other analyses listed by them are suitable 
for use with any of these instruments, although if they were 
developed for use with a Duboscq colorimeter or comparison 
tubes, the necessary information relating to proper filters, 
etc., will be lacking (see also 99).

The principle of photometric titration has been employed 
from time to  time in order to substitute titrimetric precision 
for a single photometric measurement, or better stated, to 
combine the photometric technique with tha t of titration. 
The arrangement shown in Figure 115 has been used in the 
author’s laboratory for this purpose. The apparatus has 
somewhat wider utility, since it is automatically recording 
and therefore suited to follow slow changes in transmission.

I t consists of an electronically regulated light source constant 
to 0.02 per cent, which illuminates the slit of a monochromator. 
A titration cell receives the monochromatic light which, aiter 
traversing the cell, strikes a vacuum phototube. The phototube 
and preamplifier are in a light-tight case to the right oi the 
titration vessel. The photocurrent is fed to a high-gain mverse- 
feedback amplifier which delivers a linear 10-milliampere output 
for very low levels of illumination (exit slit of monochromator ~- 
1 mM = 10 Â.). The stability and linearity of this amplifier 
are high enough to require an output meter accurate to 0.1 per 
cent, which accounts for the precision standard meter visible 
in the foreground. For recording purposes, the output current 
may be sent through a standard series resistor box, the terminals 
of which are connected to a Micromax recording potentiometer.

Some typical photometric titrations to test Beer s law 
are shown in Figure 116. The readings as well as the records

are transmission values and have been recalculated to extinc
tion values, and corrections for dilution due to the addition 
of reagent have been made. This equipment is primarily for 
research on systems of analytical interest—i. e., to test Beer’s 
law% study equilibria and rate of reaction, and establish 
stoichiometric ratios and thereby ascertain the nature of the 
light-absorbing entity.

“ C olorim etric”

This term, as understood by the chemist (196), refers to 
the analytical method whereby the concentration of a sub
stance is determined by means of its color or by a color pro
duced upon the addition of a suitable reagent. I t  is one of 
the most widely used analytical techniques and is primarily 
suited for very small amounts or concentrations. The meth
ods of measurement vary from simple comparison in test 
tubes or Nessler tubes to the use of elaborate instruments. 
In the extension of the technique to more and more refined 
measurements it reduces to a photometric or a spectrophoto- 
metric problem. The compilation of colorimetric methods 
is tremendous and many treatises discuss the various in
struments in detail (80, 262, 309). In  many respects 
colorimetric methods compare very favorably with other 
analytical techniques such as the spectrograph, polarograph, 
etc., in sensitivity and precision.

Courtesy, Jarrell-Ash Co. and Adam Hilger, Ltd.

F i g u r e  110. S p e k k e r  A b s o r p t i o m e t e r

Courtesy, Wilkens-Anderson Co.

F i g u r e  111. T w i n - C e l l  P h o t o m e t e r
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T h e o r y .  Colorimetric matching involves the comparison 
of a colored sample, with or without instrum ental aid, with a 
reference sample which m ay be an artificial reference or one 
which is identical in nature but of known concentration. In 
general, white light is used for the matching and some degree 
of hue discrimination as well as intensity matching is involved. 
If colored or filtered light is used, the technique is more 
properly called filter photometry. One principle of compari
son involves the choice of suitable depths of solution (stand
ard and unknown) until the two colors match, and under 
these conditions the respective concentrations are inversely 
proportional to  the corresponding depths.

cii, = Cih

This is a consequence of the Lambert-Beer law discussed 
above.

712

Special cases arise in which the equilibrium between two 
colored species is to be determined, as, for example, in 
some pH  measurements. These are discussed below.

I n s t r u m e n t s .  No discussion of test tube or Nessler tube 
comparison is called for here, since these are not instrumental 
methods, although numerous aids, such as comparator blocks 
or roulette comparators, are very useful accessories.

A very convenient comparator, shown in Figure 117, is one of 
numerous models manufactured by the company. The spaple 
is placed in one of the fused-glass rectangular tubes and a similar 
tube is filled with distilled water. An appropriate color wheel or 
disk is then introduced, which upon rotation introduces non
fading glass color disks into the optical path. When one is found 
which matches the sample, its designating number is read at the 
aperture on the lower right. A simple eyepiece with prism brings 
the two color fields in juxtaposition. The comparison tube also 
serves to compensate for any turbidity or background color in the 
sample. Color disks are provided for twenty-four different pH 
indicators, for iron, ammonia, nitrite, chlorine, manganese, dis
solved oxygen, lead, phosphate, silica, sulfides, and many other 
colorimetric methods. Color disks are also available for special 
classes of work, such as the color determination of petroleum oils 
and petrolatum, color of varnish, resins, lacquers, etc. Instru
ments of this sort are well suited for rapid, reasonably precise 
tests in routine or field work.

Vol. 13, No. 10I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

Courtesy. American Instrument Co.

F i g u r e  112. P h o t o e l e c t r i c  P h o t o m e t e r

A familiar class of instrum ent is the Duboscq colorimeter, 
of which there are many models and types (197, Figure 60). 
Figures 118 and 119 illustrate two models th a t find extensive 
use in industry and in the clinical field. Modifications of the 
general principle adapt this class of instrum ent to special 
problems as, for example, the hemoglobinometer, the micro
colorimeter, and the hydrogen-ion colorimeter. In  the latter, 
unique provision is made for the measurement of equilibrium 
between the two colored forms of an indicator. The principle

F i g u r e  113. P h o t o e l e c t r i c  P h o t o m e t e r

Courtesy, Amerio.m Instrument Co.
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C O N D E N S E R  L E N S E S  F R O N T  C O L O R  F IL T E R  D IS C

F ig u r e  114. P h o t o e l e c t r ic  P h o t o m e t e r

is described in detail by Clark HO). In the ex
pression relating pH to the apparent dissociation 
constant, K ', of an indicator

pH = p/C' +  log o/(l -  a)

the fraction, a, of the indicator which is in one 
of the colored forms and the other, 1 — a, can be 
measured colorimetrically, and hence, knowing pK', 
the pH can be computed.

The hydrogen-ion colorimeter uses twin cups on 
either side. On thecompensating side, one cup con
tains indicator in the acid form, the other cup in 
the basic form. The total depth is held constant, 
but by moving the inner cup, any hue ranging from 
the complete acid color to the full basic color can be 
obtained and the cup settings yield the ratio o /(l -  o.). 
Log tables of these ratios are provided, and the appro
priate values are simply added to the correct pA tor 
that indicator.

A p p l i c a t i o n s .  There are so many applications 
of this method and in general they are so familiar 
that it is pointless to enumerate even typical ex
amples (6). In clinical chemistry a very appreci
able fraction of all analyses are conducted in this 
manner, because the method is rapid, requires very 
little material, and is sufficiently precise for the 
purpose. A tremendous amount of research and 
ingenuity has gone into the development of colori
metric chemical procedures; indeed, many substances 
by nature are not addicted to the formation of 
colored compounds and it has required clever indirect 
methods to bring them within the scope of this sub
ject. Instrum ents for the purpose are relative!} 
cheap, convenient, and versatile. The competition 
which photoelectric photometers have occasioned is 
real, but the simplicity and directness of the color
imeter will continue to be attractive for some time 
to come.

Courtesy, New York University

F ig u r e  115. M a n u a l  a n d  R e c o r d in g  P h o t o m e t r ic  T it r a t io n  
A p p a r a t u s
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Courtesy, Hdlige, Inc.

F ig u r e  117. C o l o r im e t r ic  C o m p a r a t o r

Courtesy, Bausch & Lomb Optical Co.

F i g u r e  118 . D u b o s c q  C o l o r i m e t e r

F ig u r e  116 . P h o t o m e t r ic  T it r a t io n s

F lu oro in etr ic

Early studies in fluorescence were devoted to the elucida
tion of the phenomenon, the connection between chemical 
constitution and fluorescing ability, and a study of the factors 
which affect the phenomenon. I t  is an extremely complex 
phenomenon and although known, by a few examples, to 
the ancients i t  was often dem onstrated but rarely used. 
Analytical uses were proposed a long time ago and several 
treatises (48, 220) list hundreds of tests and analytical 
schemes. Although the phenomenon is common, i t  is more 
frequently associated with substances of limited analytical 
interest. Nevertheless, there are enough cases to  make it 
worth white, and especially in the case of vitam in assay, im
portant enough to  stimulate the development of suitable 
instruments.

T h e o r y .  The fundamentals of the phenomenon are dis
cussed a t great length in two monographs (79, 219). 
Upon absorption of light, a  fluorescing substance re-emits the 
energy, generally a t  wave lengths longer than the exciting 
radiation (Stokes’ law). In  many systems and a t extremely 
low temperatures definite energy states in the emitting system 
can be recognized, bu t a t  higher temperatures and especially 
in solution, the fluorescence spectrum is a  broad “ washed- 
out” band. The theoretical requirements of the quantum 
theory are obeyed in the energy distribution, as shown by 
Wawilow (292). The energy re-emitted is not directly pro
portional to  the concentration—i. e., there are self-quenching 
effects. W hat is more im portant is the fact th a t many ions 
exert a  powerful quenching effect on the fluorescence. The 
various effects which have an im portant bearing on analytical 
applications can be stated briefly. The specific fluorescence 
depends on (1) concentration of the fluorescing substance, 
(2) wave length of excitation, (3) pH, (4) temperature,

-  SUCCINIC ACID 
Ä -  440  a
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(5) presence of foreign ions, and (6) presence of other fluoresc
ing substances.

The effect of pH is so pronounced that fluorescent sub
stances have been used as “ultraviolet” indicators for titra
tions (55), although in view of (5) this is often attended by 
complications. The effect of foreign ions has been investi
gated in detail (144, 198, 296) and the information should be 
applicable to its influence on analytical uses of the method.

The general procedure consists in illuminating the sample 
with monochromatic ultraviolet light and measuring, either 
visually or photoelectrically, the visible fluorescent light which 
is emitted. As a whole, a true photometric method is to be 
preferred—th a t is, to measure the fluorescence per unit in
tensity of the exciting radiation. In some cases a choice of 
the exciting radiation with respect to wave length permits an 
analysis even in the presence of other substances which 
fluoresce.

I n s t r u m e n t s .  The Pulfrich and Leifo photometers, 
previously mentioned, are available with suitable accessories 
for precise fluorescence measurements. Photoelectric flu- 
orometers are becoming increasingly popular and already en
joy wide use, particularly in the vitamin 
field. The Ililger instrument shown in Fig
ure 120 is an extension of the photometer 
absorptiometer, Figure 110. An external, 
sensitive galvanometer is used to indicate 
balance, which is achieved by optical com
pensation. One well-known instrument has 
been described (197, Figure 70) and one of 
its applications is illustrated in Figure 121.
Another, using a phototube and stable am
plifier, is shown in Figures 122 and 123. Ex
citation is provided by a mercury arc and 
suitable filters. Very simple controls adjust 
zero setting, a standard deflection in terms 
of a reference sample and a control for 
balancing out small initial deflections corre
sponding to the blank. Sensitivities several 
times as high as those obtainable with the 
simpler cell-galvanometric arrangement are 
claimed; on the basis of current practice 
in electronics this is a reasonable claim.

Applications. These include the deter
mination of vitamin Bi (thiamin, 117), B2 
(riboflavin, 117), and all naturally fluoresc
ing substances such as quinine, other alka
loids, oils, waxes, and proteins. Methods 
whereby nonfluorescing substances can be 
chemically treated to produce a fluorescing 
substance are discussed in reference works 
(48, 220) and by White (298). Mention 
should also be made of the semianalytical 
applications in forensic work for the detection 
of adulterants, forgeries, and spots or 
suspected artifacts. These are usually ac
complished by visual inspection or photog
raphy.

T u rb id im etric  and N ephelom etric
The optical properties of finely divided 

particles or disperse systems have some in
terest for the analytical chemist but con
siderably more interest for the colloid 
chemist who is interested in learning more 
about the nature of these dispersions. Since 
such dispersed systems scatter light, a suit
able measurement of the light scattering may 
be used to determine the amount of dispersed 
material. Three methods may be used:

1. Light which has traversed a turbid medium will be scat
tered to some extent and there will therefore be a decrease in the 
intensity of the emergent beam.

2. 1 he intensity of the light which is scattered laterally may 
be compared with a suitable reference and the procedure is then 
known as nephelometric.

3. An accurate measurement is made of the ratio of intensity 
of the scattered to the incident light by means of a Tyndall- 
ometer. The principle and design of this instrument were de
scribed by Mecklenburg and Valentiner (189); it is manufactured 
by Schmidt and Haensch of Berlin.

Light scattering is an extremely complex phenomenon and 
the theory of the phenomenon was given in detail by Lord 
Rayleigh (294), according to which the intensity of the scat
tered light is given by:

/  ,, AV . ,y  — K  - sins a10 A

where I  is the intensity of the scattered light viewed at an angle
a to the primary beam of intensity 70; N  is the number of particles
of volume v, and X is the wave length.

c o u r te s y ,  n a u a c n  cc ju v m o  vv.

F i g u r e  119. D u b o s c q  C o l o r i m e t e r
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of liquid against the concentration of the dispersed phase 
yields a smooth curve, as shown in Figure 125. The photo
electric equivalent of this instrum ent is shown in Figure 126; 
the advantage of the second form lies in the more objective 
nature of the setting. Corresponding calibration curves for 
this instrum ent are shown in Figure 127. Both instruments 
have found wide application for this class of analyses, par
ticularly in sulfate determinations, with which they are con
veniently used in connection with the P arr sulfur bomb (Fig
ures 128 and 129).

Courtesy, Jarrell-Ash Co. and Adam Hiloer, Ltd.

F ig u r e  120. S p e k k e r  F l u o r o m e t e r

Another approach to the same problem is illustrated in the 
Iiellige instrument (Figures 130 and 131), in which a  twin 
photometric field results from the lateral illumination of the 
suspension and a comparison beam which is reflected upward 
through the system. The comparison beam m ay be adjusted 
by means of a precision slit (S, Figure 132).

M any of the commercially available photoelectric photom
eters are adaptable to turbidimetric measurements. In 
practically all cases such use implies empirical calibration, 
primarily to suit the optics of the system but more especially 
because of the great influence of the various factors noted 
above.

Several sources describe alternative optical approaches,
Courtesy, Pfaltz & Bauer, Inc.

F ig u r e  121. U s e  o f  F l u o r o p h o t o m e t e r

F i g u r e  122.
Courtesy, Coleman Electric Co.

P h o t o f l u o r o m e t e r

Of principal analytical interest is the fact th a t the measure
ments will be affected by (1) manner of mixing sample and 
reagent, (2) ratio of the concentrations, (3) rate of mixing, 
(4) rate of development to  maximum turbidity, (5) tempera
ture, (6) stability of the dispersion, and (7) effect of foreign 
substances—electrolytes and nonelectrolytes.

I t  is also assumed th a t the dispersed phase is colorless, for 
if colored dispersions are produced there is the added com
plication of selective light absorption.

A discussion of these complexities and a theoretical and 
practical treatm ent are available {104,153,295, 809, Vol. II).

I n s t r u m e n t s .  Suitable instruments for the comparison 
of relative turbidities range from test-tube comparator blocks 
to  more elaborate means of photometric comparison. An 
example of a  very useful turbidimeter for sulfate determina
tions is shown in Figure 124. The estimation of turbidity 
with this instrum ent is obtained by measuring the depth of 
the suitably prepared dispersion through which one can still 
observe the filament of a small lamp. A plot of the thickness

Courtesy, Coleman Electric Co. and Continental Can Co.

F i g u r e  123. E l e c t r o n i c  P r o t o f l u o r o m e t e r  i n  C h e m i
c a l  R e s e a r c h
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Courtesy, Parr Instrument Co.

F ig u r e  124. T u r b id im e t e r

some of them based on the fact that the light scattered by 
such media is almost completely polarized.

A p p l i c a t i o n s .  The method is particularly suited for the 
determination of small quantities of any substance which 
can be “precipitated” under conditions tha t will maintain a 
stable and uniform dispersion. An extensive list of such ap
plications, along with detailed directions, is to be found in 
Yoe’s monograph {309, Vol. II) and some later applications, 
particularly by photoelectric means, have been mentioned 
by the author (196; see also 87, 102, 267). An interesting 
extension of the technique has been described by Goodhue 
(98), who developed a turbidimetric titration scheme for the 
determination of small amounts of nicotine (see also 15). 
There have also been many applications of these methods 
to problems of no particular analytical interest, such as the 
determination of sedimentation rates.

W hat has been said about these measurements applies also 
to dispersions in gases and has proved very useful in the 
examination of very dilute smokes and vapors.

The product of this quantity and the 
atomic or molecular weight yields the atomic 
refraction or molecular refraction. The sum 
of the atomic refractions is equal to the 
molecular refraction, provided the necessary 
corrections are made for the binding or 
linkages. The contribution of double and 
triple bonds and conjugated linkages has 
been evaluated, and in the early applica
tions these data are very useful in establish
ing the structure of complex organic com
pounds. Small constitutive variations in 
these corrections are now recognized and 
the problem is not so simple as the early 
considerations indicated.

The change in refractive index with wave 
length is known as the dispersion, and this 
quantity is equally important and useful 
(289, 302). I t  is usually expressed as 
(rip — nc) where the subscripts refer to the 

hydrogen lines, F =  4861 A. and C =  6563 A.
The connection between Equation 6 and the total polariza

tion, P, as determined from the dielectric constant is dis
cussed under the latter heading.

R efractom etric

s in  i  (a\ F ig u r e  125 . T y p ic a l  C a l ib r a t io n  C u r v e  f o r
'  '  V is u a l  T u r b id im e t e r

The specific refraction may be expressed 
according to Gladstone and Dale as

R = (n -  1 )/d  (5 )

where d is the density, or somewhat better 
by the Lorenz-Lorentz equation

<«>

The refractive index of a medium is an important constant 
and has useful analytical applications. I t  can be measured 
in any region of the spectrum from electric waves to the 
shortest x-rays, and in all states of aggregation, solid, liquid, 
or gas. Although it is an unspecific property, in many in
stances its numerical value is an important identifying char
acteristic which, in connection with other properties, defines 
the system. I t  finds many uses in technical analysis for con
trol of purity  and the analysis of simple binary mixtures.

T h e o r y .  The refractive index, n, expresses the ratio of the 
velocity of light in the two media which form the boundary. 
The law7 of Snell expresses n as the sine of the angle of in
cidence divided by the sine of the angle of refraction or

C R A M S  P E R  L I T E R - S 0 4

Courtesy, Parr Instrument Co.
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Courtesy, Parr Instrument Co.

F ig u r e  126 . T u r b id im e t e r , P h o t o e l e c t r ic  T y p e

M ILLIG RA M S SU LFU R IN  2 5 0  ML T E S T  SO LU TIO N

Courtesy, Parr Instrument Co.

F i g u r e  127. T y p ic a l  C a l ib r a t io n  C u r v e  f o r  P h o t o e l e c 
t r ic  T u r b id im e t e r

Both refractive index and dispersion vary with the tempera
ture; in solutions the tem perature coefficient is usually large 
and negative in sign.

I n s t r u m e n t s .  M any simple devices m ay be used for a 
rough measurement of n (162), and the ordinary microscope 
may be used for this purpose if no refractometer is available. 
These methods are discussed in standard works on optics 
(294). Four general classes of instrum ent will be mentioned.

Abbe Refractometer. This instrument is direct-reading in re
fractive index for the sodium lines, no, with a range of about 1.3  
to 1 .7  and can be estimated to ± 0 .0 0 0 1 .  Solids or liquids within 
this range can be measured. For liquids only a drop is necessary

The refractivity of mixtures might be expected to follow a 
simple mixture law of the type

100  R  = PiRi +  Pjfij +

where the P ’s represent per cent of the components and the 
R ’s the corresponding refractivities, bu t this assumes no inter
action of the molecules; and to  the extent th a t the solutions 
deviate from ideality one can expect this to  appear in the total 
refraction. In  most cases a mixture is analyzed by reference 
to the refraction of mixtures of known composition.

Courtesy, Parr Instrument Co.

F i g u r e  128. C o m p l e t e  P e r o x i d e  S u l f u r  A p p a r a t u s
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Courtesy, Parr Instrument Co.

F i g u r e  129 . S u l f u r  B o .m b a n d  W a t e r  B a th

and it is held between two prisms. The prism mountings are 
hollow, permitting the use of circulating water from a thermostat 
to maintain constant temperature. The principle depends upon 
the critical angle of total reflection which is determined by n 
of the liquid and the constant, n, of the contiguous prism. White 
light may be used as the source and an Amici prism is used to can
cel dispersion effects. When the prism is rotated to produce an 
achromatized shadow edge, the sodium line passes through un
deviated. The angular setting of the Amici compensator en
ables one to obtain the dispersion. Tables are usually supplied 
for this information. Several examples of this instrument (196, 
Figure 53) are illustrated in Figure 133. Special scales can be 
provided for an Abbe refractometer for use as a direct butyro- 
refractometer, sugar refractometer, etc.

Pulfrich Refractometer. This instrument also employs the 
total-reflection principle and is particularly suited for the deter
mination of dispersion values. I t is not direct-reading; the 
angle of the deviated ray is referred to tables from which n may 
be obtained. No achromatizing arrangement is provided, so 
that full dispersion is observed in the eyepiece. In its ordinary 
form n can be determined to ±0.0001, but more elaborate forms 
of the instrument have reduced the uncertainty to ±0.00001. 
This instrument is manufactured by Carl Zeiss and by Adam 
Hilger. A full description is given in most texts on optics and 
physical chemistry.

Dipping Refractometer. This is a limited-range instrument 
with correspondingly higher precision. In order to cover the 
entire range, interchangeable prisms are provided and as many 
as a half dozen may be required. A typical instrument is shown 
in Figure 134 and schematically in Figure 135. An arbitrary 
scale is mounted in the eyepiece and a rotating drum makes it 
possible to read the position of the dividing line on the scale to 
tenths of a division. The average precision is of the order of 
±0.000035. A compensating prism is also used to achromatize 
the shadow edge. I t is rotated by the knurled ring near the 
prism. The prism is usually dipped into a sample cup, but where 
limited amounts are available, a special cup may be used con
taining an auxiliary prism which nearly engages the hypotenuse 
face of the instrument-prism. A thin film of the liquid is thus 
caught between the two.

Interferometer. In a refractometer, the refractive index itself 
is measured, whereas with the interferometer the difference in 
refraction of two liquids or two gases is determined (109, 294). 
This is the usual case, although it is possible to calibrate an 
interferometer in absolute terms, using monochromatic light of 
known wave length. Since a change in refractive index results 
in a change in the velocity of light through the medium, it will 
be apparent from the definition of n that to measure u we need 
but measure the difference in velocity. Light coming from a 
common source and traveling in two separate beams along the 
same distance will arrive in phase at any point, but if one path 
is through a medium of slightly higher refractive index, this is 
equivalent to a virtual change in distance traversed and the two 
beams will be out of phase and show interference fringes, ihe 
Phase difference can be restored by moving a compensator plate 
driven by a slow-motion screw.

Any interferometer can be used to demonstrate this princi
ple, but for exceedingly small differences it is necessary to 
bring the two arms together in order to rule out any appreci
able temperature differences. Under the best conditions, 
values a thousand times smaller than those measurable with a 
refractometer can be determined.

For example, in the case of gases with a 100-cm. chamber, 
the error is of the order of 2 X 10“® n. For liquids in 8-cm. 
depth about ±2.5 X 10~7 and at 1-mm. depth about ±2 X 
10 5. With the gns interferometer shown in Figure 136, a

Courtesy, Helliye, Inc.

F ig u r e  130 . H e l l ig e  T u r b id im e t e r

F ig u r e  131. H e l l ig e  
T u r b id im e t e r  f o r  C o n 

t in u o u s  R e a d in g

F ig u r e  132. H e l l ig e  
T u r b id im e t e r , D ia 

g r a m m a t ic  V i e w



portable instrument with a 10-cm. chamber, the error in 
measuring carbon dioxide, methane, or hydrogen in air 
amounts to about 0.1 per cent. The same instrument can be 
fitted with 25- and 50-cm. chambers; the errors are then 0.04 
and 0.02 per cent. I t is suited for rapid “on the spot” analyses of 
noxious fumes, carbon dioxide in expired air, or ether in the 
atmosphere of operating rooms (=*=0.4 to 0.8 gram per cubic 
meter).

720

A p p l i c a t i o n s .  Among the hundreds of uses a few typical 
ones may be mentioned. An interesting and im portant appli
cation (149,243,249) is illustrated in Figure 137.

The object of this particular installation is to measure the 
vapor concentration of toxic organic solvents in the air of a large 
(1032 cu. feet) experimental chamber. Air is circulated rapidly

Vol. 13, No. 10

F i g u r e  133 . ( Upper Left) J e l l y -
T y p e  R e f r a c t o m e t e r  f o r  U s e  w it h  

a  D r o p  o f  L iq u id
Courtesy, Fisher Scientific Co.

(Left Center) A b b e  T y p e  R e f r a c 
t o m e t e r

Courtesy, Spencer Lens Co.

(Lower Left) B a u s c h  & L o m b  P r e c i s i o n  R e f r a c t o m e t e r - P u l f b i c i i  P h o t o m e t e r  a s  U s e d  f o r  M e a s u r e m e n t s  o n  S u g a r
S o l u t i o n s .  Courtety, F. IF. Zerban, New York S u ta r  Trade Laboratory 

(Upper Right and Right Center) V a l e n t i n e  R e f r a c t o m e t e r ,  I m p r o v e d  A b b e  T y p e
Courtesy, Industr^Scientific  Co. and Gamma Instrument Co.
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Courtesy, Bausch & Lomb Optical Co.

F i g u r e  134. D ip p in g  R e f r a c t o m e t e r

converted between the sampling ducts and the inter
ferometer chamber. The instrument must be shielded 
from air currents (avoiding thermal gradients) during 
measurements. Concentration of toluene vapor rang
ing from 25 to 1000 parts per million in air can be 
measured and the instrument has also been used for 
determining the concentrations of vinyl cyanide vapors.

Further uses of the interferometer include gas 
analysis (218, 248), the analysis of oils (172, 186, 
203, 237, 290), fats, and waxes (173), and the 
analysis of very dilute aqueous solutions (n = 
0.0004 to =*=0.1 per cent) by means of a differential 
refractometer (221). A discussion of n  as an ana
lytical constant, with 92 references, has been 
published by Fulweiler (83) and a means for deter
mining fat in chocolate by Stanley (266). Other 
uses have been practiced for such a long time tha t 
they are almost taken for granted; sugar and alco
hol tables (253) are to  be found in all manuals of 
food analysis (31, 32) (see Figures 138, 139, and 
140), and many other systems of analytical utility 
(164,182) are listed in International Critical Tables 
and related compilations (175, 229).

P olarim etry
The rotation of the plane of polarized light has 

long been a convenient means of analysis, limited, 
of course, to systems containing molecules with an 
asymmetric atom, the most common of which is 
carbon, but amenable to  many compounds of sul
fur, tin, selenium, silicon, and pentavalent nitrogen. 
The technique is confined mostly to the analysis of 
sugars (31, 32,140), essential oils, and alkaloids.

I n s t r u m e n t s  a n d  M e t h o d s .  Representative ex
amples of this instrument are shown in Figure 141. 
The polarimeter shown in Figure 142 contains all 
the refinements for very precise work, including 
preliminary purification of the light by a mono
chromator. A splendid example of a precision in
stallation is shown in Figure 143. The polarim
eter shown in Figures 144 and 145 is an interesting 
example of the utilization of tha t versatile product 
of modern times—polaroid film. This presents for

Courtesy, Bausch i t  Lomb Optical Co.

F i g u r e  135. S e c t i o n a l  V ie w s  o f  D ip p in g  R e f r a c t o m e t e r

by means of a fan in a set of recirculation ducts. One hundred 
and thirty cubic feet per minute of fresh air a r e  supplied, whic 
is sufficient to eliminate the building up o f  c a r b o n  dioxide and 
water vapor in the chamber and to prevent the upset of trie basic 
oxygen-nitrogen relation even when three subjects are in t 
chamber. Fresh drying tubes containing calcium chloride to 
remove water vapor and Ascarite to remove carbon dioxiae are

the first time a very economical means of demonstrating the 
principle of the polarimeter, yet providing results sufficiently 
accurate for a considerable number of useful and practical 
analyses.

A p p l i c a t i o n s .  Extensive tables are available in the litera
ture (31, 32, 139, 168, 225, 283) for the specific rotation
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tained from the hydrogen, quinhydrone, glass, and antimony 
electrodes. For the most part, changes in c. m. f. during the 
course of a titration impose less demand upon the reproduci
bility of the electrode and the number of such systems is 
much greater. Concentration cells and modifications thereof 
are also useful.

E l e c t r o d e s .  For the determination of pH a number of 
electrodes are satisfactory. The concept of pH as originally 
given by Sorensen, pH  =  —log c ^ ,  is often written to con
form with modern concepts as, pH  =  —log aB+. This is not 
entirely satisfactory, b u t i t  is possible to  bring the pH  scale 
into closer accord with thermodynamic quantities (1 84).

Courtesy, D . W. Armstrong a>\d P . A . Cole, Division of Industrial Hygiene,
U. S . Public Health Service

F i g u r e  137 . U s e  o p  R a y l e ig ii- J e a n s  I n t e r f e r e n c e  R e -  
f r a c t o m e t e r  i n  C o n t r o l l in g  C o n c e n t r a t io n s  o f  O r g a n ic  

V a p o r s  i n  A i r

Electrode Systems and Methods. A very great number of 
electrode systems have been used ; these have been classified 
in several places (25, 84, 168). Among them are the plati
num, glass, antimony, hydrogen, quinhydrone, and silver- 
silver chloride electrodes, and m any bimetallic systems. 
Exhaustive compilations of individual methods include acid- 
base (also in nonaqueous media), precipitation, oxidation- 
reduction, and concentration-cell techniques. These have 
also been classified (25) according to method, substance, class 
of titration, and application.

Courtesy, Walgreen Co. and Spencer Lens Co.

F ig u r e  138 . U s e  o f  A b b e  R e f r a c t o m e t e r  t o  D e t e r 
m in e  So l u b l e  S o l id s  (S u g a r )  i n  J e l l ie s , S i r u p s , E t c .

Courtesy, Carl Zeiss

F i g u r e  136 . G a s  I n t e r f e r o m e t e r

of a large number of substances, as well as tables in a more 
convenient form for definite analytical applications. In 
many instances a combination of the specific rotation plus 
the rotatory dispersion is useful for identification or for 
special analyses.

While optical rotation is restricted in its applicability, 
magneto-optic rotation applies to all substances and in all 
states of aggregation. This Faraday effect, the numerical 
value of which is expressed as the Verdet constant, is known 
for thousands of substances. I t  has found no practical use in 
analytical chemistry, largely because of experimental and 
manipulative complications. Then, too, because of its per
fectly general and unspecific nature it  is not likely to  be of 
greater use in the future unless experimental simplifications 
are forthcoming. The magneto-optic effect can be multiplied 
by repeated passage of the light through the sample, which is 
not true of ordinary optical rotation.

Some interesting possibilities seem to exist in the use of this 
principle combined with the use of an alternating magnetic 
field with a photoelectric measurement of the modulated light 
component (201).

P o len tio m etr ic

This im portant branch of analytical chemistry is the subject 
of several monographs (131,167,158,159,194) and extensive 
reviews (25, 84). Bottger’s treatise (25), which is the most 
recent and complete, lists 1024 references with titles. Fur
m an’s excellent review (S4) has been brought up to date (1941) 
and will be published soon. A condensed version was pre
sented recently (85) in a symposium on electrochemical 
methods of analysis. In  addition, most modern textbooks of 
analytical chemistry discuss the subject because potentio- 
metric methods have contributed so extensively to  our knowl
edge of equilibria, solubility, hydrolysis, oxidation-reduction, 
and the behavior of indicators. For our purpose it will suffice 
to  outline the most im portant principles and indicate the 
advantages of this method of analysis.

T heo ry". The potential a t  the electrode-solution interface 
m ay be used to  obtain information which is analytically 
useful. For a limited number of electrodes and under suit
able conditions, a single measurement of the potential with 
respect to a  known reference electrode gives information which 
can be used directly. Thus the pH of a solution can be ob
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Courtesy, Bausch & Lomb Optical Co. 

F ig u r e  139. H a n d  R e f r a c t o m e t e r
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sumes a high degree of reproducibility of the electrode sys
tem and a more or less definite and constant ionic environ
ment. To the extent tha t these conditions can be met, ti
tration to a definite value of E  can be used analytically. In  a 
titration curve, the rate of change of potential passes through 
a maximum and if this maximum coincides with the stoichio
metric point it is merely necessary to locate the maximum; 
the absolute value of the potential is unimportant. This is 
the principal problem and its best solution is governed by a 
number of considerations. Neglecting for a moment the 
direct instrumental or manipulative methods for doing this, 
we may note the various end-point criteria in the order of in
creasing certainty. In  the immediate vicinity of the end 
point the reagent is added dropwise or in small increments of 
a more dilute reagent and

1. The maximum “throw” or “kick” of the indicating element 
(galvanometer or meter) is sought. In much routine industrial
or control work an olT-scale deflection is taken, and anything
more time-consuming than this is considered objectionable,

2. A mental note is taken of the maximum throw per drop, 
thus defining the end point to within a drop or an estimated

fraction thereof.
3. Several readings of the po

tential are taken before and after 
the end point and the AE/Ace 
values are tabulated. Simple in
spection of the data establishes the
end point with some additional
opportunity to favor one value a 
little more than its predecessor 
or successor (justifiable if the 
curve is symmetrical).

4. A curve is plotted, prefer
ably with A E /  Acc  values as ordi
nates and cc as abscissas (b, 
Figure 146), and the exact loca
tion of the maximum is noted.

INSERT
A r \  II I C T I M /^

SPRING FILTER

Courtesy, Bausch <fc Lomb Optical Co,

F ig u r e  140. D ia g r a m  o f  H a n d  R e f r a c t o m e t e r

P o t e n t i o m e t r i c  T i t r a t i o n s .  A typical titration curve 
is shown in Figure 146, a, and in differential form a t b. Curve 
b is obtained by plotting the change in potential per increment 
of reagent (AE/Acc) against the volume of reagent. Al
though a titration curve can be computed from the Cq values, 
and the value of E  a t the end point can be predicted, this as-

The general theory of titra 
tion curves is discussed in great 
detail in the texts (particularly 
well in 25, 158). Other mathe
matical approaches to the loca
tion or direct calculation of end 
points have been made by a 
number of investigators (25, 85). 

These depend upon the assignment of an exact or semiempiri- 
cal equation to the curve and computing the maximum. 
These methods have been found to predict satisfactory end 
points from relatively few readings.

The importance of this problem cannot be overemphasized. 
Potentiometric titrations are so very useful and capable of

Courtesy, F. W. Zerban, New York Sugar Trade. Laboratory

F ig u r e  141. S a c c h a r im e t e r s

,!>■ W , T M  TWff.fi double ouartz  wedge Saccharimeter (Fric), Schm idt and Haensch double quartz wedge
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The most striking developments are 
to be found in pH  meters, caused largely 
by the need for acceptable instruments 
to utilize the useful properties of the 
glass e le c t r o d e .  [ I n s t r u m e n ts  a re  
manufactured by Beckman (National 
Technical Laboratories), Cambridge, 
Cameron, Coleman, Iiellige, Leeds & 
Northrup, and Leitz and by some of 
these in various models—i. e., research, 
industrial, or recording types.] The 
electrode itself has grown apace and is 
now available in many forms and for 
specific applications. Examples of one 
m anufacturer’s offering are shown in 
Figures 149 and 150.

There is great need for a definitive 
treatm ent of modern potentiometric equip
m ent and tw'o critical reviews have been

Courtesy, Akatos, Inc.

F ig u r e  142 . S c h m id t  a n d  H a e n s c h  P r e c is io n  P o l a r im e t e r  A s s e m b l y  
w it h  S p e c t r o s c o p e - M o n o c h r o m a t o r

Courtesy, National Bureau of Standards

F ig u r e  143 . C o n s t  an t - T  e m p e k  a t  c u e  B a t h  w it h  C ir c u l a t in g  P u m p  a n d  T w o  B a t e s
S a c c h a r im e t e r s

W ater from b a th  is pum ped through jackets of polariscope tubes

high precision th a t any factor which stands in the way of 
their more extensive use is a challenge. The research man 
has no aversion to curve plotting or computation—he revels 
in it. The person called upon to do a large volume of work 
would like something as striking as the color change of an in
dicator, yet retaining the unique and distinctive advantages of 
potentiometric titrations. This seems to  be very largely an 
instrumental problem and criteria in this connection are dis
cussed under th a t heading.

I n s t r u m e n t s  a n d  A p p a r a t u s .  Individual components of 
potentiometric equipment have been available for many 
years. They are offered now in still greater variety and per
fection; the participation of the radio industry in this respect 
is increasingly evident. Aside from equipment intended for 
instruction, the trend is in the direction of compact units with 
little or no exposed wiring. A  fine example of precision 
equipment is shown in Figure 147, which combines the re
liability of the classical potentiometer with the modern ad
vantages of electronic detection of the condition of balance. 
A  convenient assembly for research is shown in Figure 148.

Courtesy, Spencer Lens Co.

F i g u r e  144. P o l a r im e t e r  U t il iz in g  P o l a r o id  F il m
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the ease with which the end point can 
be detected. Some improvement in this 
factor can be expected in the future, not 
in the sense of justifying the use of the 
methods, but rather in making their ex
tremely wide range of applicability more 
general.

A few typical industrial applications are 
included here, Figure 151 showing some 
measurements of pH  in nonaqueous solu
tions. The extension of these principles to 
automatic recording and control is in an ad
vanced state of development, and the engi
neering aspects of this technique are a

Courtesy, Spencer Lens Co.

F i g u r e  145. S e c t i o n a l  V ie w  o f  S p e n c e r  P o l a b i m e t e r
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promised for the A n a l y t i c a l  E d i t i o n ,  one on electrode 
systems and another on electronics. The need arises from the 
lack of published details of circuits and technical data on per
formance. There are one or two notable exceptions to this 
practice or oversight. All too often performance is desig
nated in chemical rather than electrical terms and adjec- 
tively rather than numerically. I t  may be contended that 
the chemist is in general interested solely in the former, 
but it would seem tha t the minimal information should 
include numerical data on stability, reproducibility, sensi
tivity (actual, not engraved scale divisions), input resist
ance, battery supply voltage effects, or line-voltage variation 
effects.

Much of the earlier prejudice against vacuum tube devices 
has disappeared and under the best possible circumstances— 
demonstrated reliability. The use of the inverted triode or 
tetrode (36) was an important step and the extensive use of 
the inverse feed-back principle (222,272) has opened up great 
possibilities for two reasons. This principle reduces the in
fluence of tube characteristics and supply voltage variations 
to negligible proportions and carries with it the means of 
devising self-compensating circuits—that is, potentiometric 
balancing without moving parts. These advantages are 
still more apparent in automatic recording or control installa
tions.

The principle of differential titration in its various forms in
volves the use of two electrodes of the same type and some 
mechanical means for withholding a small portion of the solu
tion around one of the electrodes winle the potential 4s being 
measured. For each addition of the reagent, small differ
ences in potential will appear until the end point is ap
proached, beyond which they will again diminish. Thus 
A E / Acc is measured directly. This method has been brought 
to a high degree of perfection by Maclnnes and associates 
(185). Acid solutions can be determined with a precision of
0.003 per cent. Other arrangements have been classified in 
Furman’s review (84). The electrical equivalent of this prin
ciple has been demonstrated and applied to various classes of 
titration, using a pulse amplifier (11). The sole requirement 
w'as shown to be a  sufficiently rapid attainm ent of equilibrium 
a t the electrodes. Shenk and Fenwick (251) have discussed 
automatic titrations.

A p p l i c a t i o n s .  Potentiometric methods have been ap
plied in aqueous and nonaqueous systems and to organic and 
inorganic substances and most of these methods have been 
extended to microtechniques. The summaries by Furman 
(84) and Bôttger (25) list all applications according to sub
stances and class of titration. Potentiometric methods are 
characterized by high precision and freedom from many of 
the difficulties which beset the use of indicators (136). The 
question of speed depends largely upon the system tha t is,

F ig u r e  146 . T y p ic a l  T it r a t io n  C u r v e

a, direct form; b, differential form

Courtesy, Leeds & Norlhrup Co.

F ig u r e  147. P r e c is e  p H  S e t u p
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F i g u r e  148. P o t e n t i o m e t r i c - T i t r a t i o n  
B a y

Three separate  units are available: a  conventional 
potentiom eter w ith illum inated lam p and scale gal
vanom eter, electronic titr im eter (upper section), and 
electronic section used as vacuum  tube  galvanom 
eter for s tandard  potentiom eter, if absolute values 
of e. m. f. are reauired. C ircuit com binations are 

easily selected by telephone-type switches. 
Courtesy, New York University

Courtesy, National Technical Laboratories

F i g u r e  149. G l a s s  E l e c t r o d e s
1. Flow-type electrode assem bly for low flows, 50 ml. per m inute. Glass and calomel electrodes m ounted in Pyrex cross

em bedded in plaster of Paris . . . .
2. Im m ersion assembly w ith m etal shield, for use m  tanks and v a ts  on solutions containing solid m aterials. Ail stainless

3. Glass-calomel electrode assem bly for stom ach pH  studies in  vivo. Glass electrode is pro tected  by  perforated Lucite head.
One small rubber tube  is filled w ith potassium  chloride solution to  form liquid junction, o ther tube  is for w ithdrawing

4. Spea™type glass electrode for cheese, soil, etc. In te rna lly  shielded with integrally  a ttached  shielded lead
5. Im m ersion-type assembly for depths of several hundred feet in p lank ton  studies. Glass and calomel electrodes shown

with resistance therm om eter. P la tinum  electrode m ay also be used for O-R studies. Assembly a ttached  to cable 
C. Glass-calomel electrode assembly for vaginal pH  studies in tiro . Ground-glass shoulder is provided above glass electrode 

bulb for potassium  chloride reservoir and liquid junction. Application assembly a ttached  to  B akelite tube
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4 5 6

Courtesy, National Technical Laboratories

F ig u r e  150 . G l a s s  E l e c t r o d e s

1. W ith  potassium  chloride reservoir, for continuous service, 0° to  100° C.
2. For continuous service, 50° to 100° C.
3. F ]a t m em brane typo for pH  studies on skin and surfaces, internally shielded

4, 5. F iber-type calomel electrodes, liquid junction through porous fiber scaled into glass ends
6. Calomel electrode, for mounting on pH  meter, with potassium  chloride-filled tubing connection to  application fittings
7. Glass electrode for vaginal pH  studies
8. In te rna lly  shielded type for cheese, etc.
9. In te rna lly  shielded type for small-animal work

A = K  X
1000

subject in themselves (197). Two isolated examples are 
shown in Figure 152 and others in Figures 153 and 154.

C onductom etric

lating conductance to concentration (154). Modern theories 
of solution indicate th a t a square root law is required. For 
extremely dilute solutions, the equation of Onsager (184) ex
presses the equivalent conductance as

T h e o r y . Analytical applications of conductance are _  ro.9S34 X 10e 2 8 .9 4  zi~\ ,  _
based on (1) empirical conductance-concentration relationship, A -  • ^ (DT)'/> u’Ao (D7')'AVJ  v ( z + +  z~) C (<)
and (2) change of conductance dining a titra
tion.

In  most industrial applications, the neces
sary calibrations are purely empirical and 
presuppose th a t the conductance can be re
lated to the concentration of the desired 
constituent in terms of some other kind of 
analysis. Even for a single electrolyte no 
equation is completely satisfactory over the 
entire concentration range.

D e f i n i t i o n s . Solutions of electrolytes 
obey Ohm’s law and the specific resistance 
is defined as the resistance in ohms of a 1- 
cm. cube. The reciprocal of this quantity 
is the specific conductance, K. The equiva
lent conductance, A, is given by

where c =  concentration in equivalents per 
liter.

The limiting value of A as the concentra
tion approaches zero is called the equivalent 
conductance a t infinite dilution, Ao, and the 
law of Kohlrausch (101) states tha t this 
value is the sum of the individual ionic con
ductances—i. e., the sum of the anionic and 
cationic conductances.

M any expressions have been proposed, re-

Courtesy, Socony- Vacuum Oil Co. and E . L titz , Inc. 

F ig u r e  151. T it r a t o r  w it h  p H  E q u ip m e n t
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F i g u r e  152 . p H  R e c o r d e r s

Microriiax recorder (¡e/i) and antim ony electrode {right) de
te c t pH  of kaolin suspension 

Courtesy, Leeds d: Northrup Co.

Thus holds for any strong electrolyte in any solvent a t any 
temperature and contains no factors which cannot be evalu
ated. I t  is extremely im portant in solution theory but of 
little practical use for our purpose. Extension to higher con
centrations requires the addition of other empirical terms 
and it  is to  be regarded as a  fundamental limiting law (184).

The individual ionic conductances are useful and im portant 
in understanding or planning any analytical scheme. Table 
I I I  (from 184) gives the values of several of the more impor
ta n t ions a t  25° C. The temperature coefficient of conduct
ance depends upon the ion, but amounts roughly to 2 per cent 
per degree. This is im portant enough to require temperature 
control during the measurements, indeed to an extent fixed by 
the required precision. The conductance of an electrolyte de
pends enormously on the solvent; indirectly use can be made 
of this analytically—i. e., in the analysis of mixed solvents.

An im portant distinction from other electrical methods is 
to  be noted, in th a t there is nothing characteristic or distinc
tive about conductance; all ionic species in the system will 
contribute to the total conductance. For all b u t the simplest 
systems, therefore, a titration or selective reaction with one 
or more kinds of ions must be employed.

Conductance titrations are based upon a measurement of 
the change in conductance of the solution when one or more 
of the ions are precipitated, removed to form slightly ionized 
substances (water), evolved as a gas, or tied up in the form of 
a complex ion. This process m ay be expected to cease when 
these ions have reacted in stoichiometric am ount with the 
added reagent, and the subsequent addition of reagent will 
cause a further change in conductance, but in a  different 
manner. An “ end point” is never obtained directly in this 
type of titration; rather, one calculates the point a t which 
stoichiometric equality was reached. The various classes of 
reactions and the course of their conductance have been dis
cussed by Kolthoff and others (29,155,156), and representa
tive examples are indicated schematically in Figure 155. The 
•end point is obtained by the intersection of the two straight 
lines (155). For measurements of very high precision the 
intersection may be calculated from the equations of the two 
straight lines (26,192).

The method presupposes no appreciable change in volume 
during the course of the titration; hence, reagent concentra
tions are from 20 to 50 times those of the solution to  be ti
trated and microburets are used. The need for temperature 
control calls for a therm ostat. European practice inclines to 
the use of an ice bath or constant-temperature jackets built 
around the cell, using the vapor of a boiling pure liquid.

I n s t r u m e n t a l  M e t h o d s .  Conductance cells are avail
able in great variety. In  principle the cell consists of two 
platinum plates of area and spacing dependent upon the or
der of magnitude of the expected conductance. The solu
tion is contained in a glass or quartz cell between and around

REAGENT
SUPPLY

Courtesy, Leeds Jc Northrup Co.

F i g u r e  153 . M ic r o m a x  p H  C o n t r o l  i n  R e a c t io n  T a n k , 
U s in g  A n t im o n y  E l e c t r o d e

the electrodes, which have been made in plunge type and 
pipet style and in rugged pattern  to be screwed into pipe 
lines. The platinum electrode m ay be bright, sand-blasted, 
or lightly platinized (platinum black). The relative merits 
of each are discussed in standard texts. In  general, polariza
tion effects are more common on bare electrodes; attainm ent 
of equilibrium is more rapid a t platinized electrodes; but 
there are also chances for adsorption or subsequent desorption 
which m ay be troublesome in very dilute solutions. Calibra
tion is effected by measuring accurately standardized solu
tions; the absolute conductance of potassium chloride solu
tions is known with a high degree of precision (147). The cell 
constant obtainable for such measurements is rarely of any 
use in titrations, b u t necessary in  empirical conductance 
measurements.

The resistance of the electrolyte is usually measured with 
alternating current to avoid electrical as well as concentration-

woca s (oh m odel r
MICflOMAX pH CONTROLLER

ELECTRODE
ASSEMBLY

'  LNTREATED WATER

CRCULATING 
S A W «  PUMP
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polarization effects. However, direct current measurements 
with special arrangements are equal in precision to the best 
alternating current results.

A simple application of Ohm’s law may be used to measure the 
resistance of the electrolyte. If a constant alternating current 
potential is maintained across the cell, the current which flows 
will be inversely proportional to the resistance, or directly pro
portional to the conductance. This has some advantage in 
titration work. I t  is used in the vacuum tube arrangements of 
Treadwell (277) and Ehrhardt (68).

The more usual method is to use a Wheatstone bridge in which 
the conductance cell forms one of the arms. Since the cell is 
not a pure resistor but also a capacitator, perfect balance cannot 
be obtained in the alternating current bridge unless it is balanced 
for the impedance as well as the resistive components. This is 
usually achieved by shunting the opposite arm with a small 
variable capacitor.

The bridge is fed with a low voltage source of alternating 
current. Sixty-cycle alternating current is used in commercial 
conductance bridges, with an alternating current galvanometer 
to indicate when the bridge is balanced. If a telephone receiver 
is used, higher frequencies must be employed, and 1000 cycles is 
a convenient value. In modern work, vacuum tube oscillators 
are used for this purpose. They are characterized by a wide

T a b l e  I I I .  L i m i t in g  I o n  C o n d u c t a n c e s  a t  25° C.
Cation Xo + Anion
K + 73.52 C Û
Na + 50.11 Br~
11+ 349.82 I -

61.92 NOj-
Li + 38.69 HCO*"
NH« + 73.4 O H -Ti< 74.7 CH.CO j -

V aC a ++ 59.50 CH jCICOj "
*/* Ba + * 63.64 CilaCHaCOa"
V»8r++ 59.46 CHi(CHj)*COa “
V* Mg++ 53.06 cio<-
»/a La + + + 69.6 c a u c o 2-
V» Co(Nlit)« 102.3 >/* 80« ~

>/. Fe(CN).—  
»A Fo(CN).------

Xo~
70.34
78.4
76.85
71.44
4 4 .45 

198
40.9
39.7 
35.81 
32.59 
«8.0 
32.3
79.8 

101.0 
110.5

range of available frequencies and output, good wave form, and 
cheapness. The telephone null indicator can also be supple
mented to advantage with an amplifier, preferably with a gain 
control. The theory of modern conductance bridges has been 
thoroughly discussed (148, 250). A fine example of "best”
Sractice in conductance measurements is shown in Figure 156. 

heedless to say, this is far beyond the requirements of analytical 
work (56).

F ig u r e  154. p H  C o n t r o l

(Upper Left). M icromax pH  recorder for use with antimony electrode 
(Lower Left). M icromax pH  controi-valve control unit 
( Upper Right). Industrial typo of antim ony electrode for autom atic pH 

control . t t
(Lower Right). M otor-energized valve for autom atic pH  control

Courtesy, Leeds & Northrup Co,
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F i g u r e  155 . R e p r e s e n t a t i v e  C o n d u c t a n c e  T it r a t io n  C u r v e s

The use of telephone receivers is not too convenient nor com
fortable. A number of substitutes have been sought and a 
visual indicator, if sufficiently sensitive, is highly desirable. 
Some solutions to tliis problem may be mentioned.

1. Vacuum-thermocouple-galvanometer. The unbalance sig
nal heats a fine wire to which a thermal junction is welded, de
veloping a direct current voltage. The disadvantages are 
thermal lag and nonlinear response (square law, RP).

2. Instrument-type full-wave copper oxide rectifier used with 
a galvanometer. Response instantaneous (rectifier), nonlinear.

3. Alternating current galvanometers, can be used only at 
relatively low frequencies.

4. Amplifier-rectifier, direct current meter.

Courtesy, Leeds A  Norlhrup Co.

F ig u r e  156 . H ig h - P r e c is io n  C o n d u c t a n c e  A s s e m b l y

Jones bridge, vacuum  tube  oscillator, o u tp u t amplifier, M ueller bridge 
for tem perature  m easurem ents, and therm osta t regulating to  4 =±=0.001° C.

cc . S*0B

Stroni; ac id  -  «tron* ha*«

5 . Special bridge-balance indicators (electronic) available in 
great variety. The most ingenious solution seems to be that of 
Garman (S6, 87). With one tube, or in the later model two 
tubes, a close approximation to the perfect bridge-balance indi
cator is obtained. The meter deflection is down scale, making 
damage impossible, and the sensitivity reaches a maximum at 
zero signal.

Figure 157 illustrates a typical installation for student use.

The compact unit on the left is the vacuum tube oscillator 
with controllable output, the one on the right is the Garman 
bridge-balance indicator. The unit in the foreground contains
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üixUir« of o.oi g hySrochiori,, łCld
0.01 H a c e tic  aoid

Courtesy, New York University

F ig u r e  157. S t u d e n t  A p p a r a t u s  f o r  C o n d u c t a n c e  T it r a t io n s , E l e c t r o n ic  
S o u r c e , a n d  B r id g e - B a l a n c e  I n d ic a t o r



a decade resistance box, Kohlrausch slide wire, and Wagner 
ground. The wiring in the bridge circuit is all exposed; the 
student makes these connections. Each bridge assembly is 
plugged into a wall socket, leads from which pass through shielded 
pipe to the main laboratory thermostat. Similar “station” out
lets at the thermostat enable the student to connect his con
ductance cell to his own bridge circuit.

A complete installation for research purposes is shown in 
Figure 158.

It is assembled entirely from standard, interchangeable radio 
equipment including the relay-rack panels. The lower unit 
contains the oscillator with a choice of three frequencies, 400, 
1000, and 2000 cycles, with controllable output. The mid
section contains a ratio-arm box and five decade resistor units 
(both General Radio Co.). No slide wire is used in this bridge. 
In addition, this unit houses the compensating condenser and 
the Wagner-ground network. The upper section contains the 
Garman bridge-balance indicator. The entire instrument is 
mounted on the wall a t a convenient height for the operator. 
Shielded cable connects with the conductance cell in an adjacent 
thyrat'ron-controlled oil thermostat (not shown).

The advantages of the newer methods in conductance tech
nique are emphasized by Jander and Pfundt (25, HI ) .  
They show th a t present practice permits the analysis of a sub
stance in the presence of a five hundredfold excess of indiffer
ent electrolytes, and that the recent method for determining 
as little as 0.04 microgram of arsenic is wholly out of the 
question with the old-fashioned slide wire-telephone arrange
ment.

A p p l i c a t i o n s .  1. Direct Measurement of Conductance. 
Applications of this class are summarized by Sandera (23S) 
with an extensive bibliography of 274 references. To select 
a  dozen a t random and indicate the wide range of applica
bility: conductance measurements have been found useful in 
determining nitric acid in plant control (46), hardiness of 
winter wheats (286), mineral content of wines (70), neutral- 
izers in dairy products (50), adulteration in maple sirup (45), 
priming of boiler water and condenser leakage (282), purity of 
water supplies (101), carbon dioxide and other gases in bo
tanical investigations (207), pan boiling control in the 
sugar industry (17), automatic analysis of sulfur dioxide in in
dustrial gases (78, 193), properties of yarns and fabrics (53), 
and condition of pork and bacon (12).

Among the well-established applications is sugar ash de
termination, which has largely replaced the tedious gravi
metric procedure. The method has been the subject of 
many investigations (180, 312, 313). Figure 159 illustrates 
the installation of equipment for this purpose in the labora
tory of an eminent authority in the sugar field.

Another application is illustrated in Figure 160, primarily 
because this measurement requires auxiliary equipment pe
culiar to the nature of the sample. A U. S. Department of 
Agriculture bulletin (284) contains official data and tables for 
converting the readings of this instrument into the moisture 
content of typical grains and cereals. The same instrument 
may be used with a special electrode for determining the mois
ture content of lumber (see also 265).

C o n d u c t a n c e  T i t r a t i o n s .  Jander and Pfundt (25, 
Vol. II) summarize the work that has been done on 96 impor
tan t substances, listing 207 references. This compilation is 
in convenient tabular form, including useful comments on 
other applications of the method, special precautions, pos
sible interferences, and estimates of precision or reliability. 
In this list, in addition to the titration of the commoner inor
ganic ions, are to be found methods for the analysis of alka
loids, amino acids, aniline, chlorophenols, dimethylamine, 
fatty  acids, tannins, isovanillin, creatine, lactic acid, naphthol, 
phenol, pyridine, salicylates, thymol, etc.

In a supplementary listing, devoted mostly to microdeter
minations (25), Jander and Pfundt indicate the improvements
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which have resulted from modern techniques. The follow
ing examples give the minimal quantities analyzed (in micro
grams, 10-» gram), the volume of solution, and the precision 
obtainable: arsenic 0.04 to 100 7 , 3 to 4 cc., =*= 10 per cent; 
lead 1-2 7 , 3 to 4 cc., ± 7  per cent; cadmium 1 y , 3 to 4 cc., 
=*=10 per cent; copper 1 7 ,3  to 4 cc., ± 5  per cent; silver 1 7 , 
3 to 4 cc., ± 5  to 10 per cent; bismuth 10 7 , 3 to 4 cc., ± 7  per 
cent.

, The precision which can be expected in a  representative 
conductance titration may be inferred from Table IV, which 
compares analyses of solutions of technical ammonium sul
fate with the gravimetrically determined values. The con
ductance titrations were made a t room temperature after 
the addition of alcohol.

L E D I T I O N 731

T a b l e  IV . C o n d u c t a n c e  T i t r a t i o n s  o f  T e c h n i c a l
A m m o n iu m  S u l f a t e S o l u t i o n s  (215)
SO. SOi SO* S 0 i4

Sample Conducto- Gravi Sample Conducto- G ravi
No. metric metric No. metric metric

% % % %
31 21.05 21.12 40 24.35 24.35
32 20.44 20.49 41 22.64 22.68
33 21.86 21.90 42 21.40 21.53
34 20.82 20.88 43 22.30 22.36
35 22.06 22.13 44 22.56 22.62
36 21.60 21.64 45 19.70 19.60
37 20.62 20.64 46 22.86 22.90
38 21.26 21.34 47 18.69 18.63
39 22.49 22.47 48 22.45 22.45

Values signify grams of SOj per 100 cc.

Courtety, New York UniiergUy

F i g u r e  158. C o n d u c t a n c e  A p p a r a t u s  w i t h  E l e c t r o n i c  
S o u r c e  o f  A l t e r n a t i n g  C u r r e n t  a n d  E l e c t r o n i c  

B r i d g e - B a l a n c e  I n d i c a t o r
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tan t method. Apparatus of any required 
precision is available and developments 
have been very rapid, particularly in the 
newer electronic instruments. There is 
no need for more precise measuring equip
ment. The only possible advantage to be 
derived from newer instruments is to seek 
some means for evaluating the end point. 
The computation of this value is the only 
bottleneck in an otherwise well-established 
and esteemed technique.

Electrolytic

Courtesy, F. IF. Zerban, New York Sugar Trade Laboratory

F ig u r e  159. E l e c t r ic a l  C o n d u c t iv it y  A p p a r a t u s  f o r  S u g a r  A sh  
D e t e r m in a t io n s  i n  a  C o n s t a n t - T e m p e r a t u r e  R o o m  (2 0 °  C .)

( U p p e r  R igh t)  S u g a r  A s h  B r i d g e .  Courtesy Leedt & H orthm p Co.

The precision of conductance titrations is generally given 
as 0.5 to 1 per cent, bu t this is really no criterion of the tech
nique itself, since conductance measurements can be made to 
better than 0.01 per cent. To attain  this precision would re
quire many refinements in the volumetric technique and ex
cellent temperature control. In  addition, titrations involving 
precipitations are subject to sources of error not found with 
titrations in which no solid separates (184). These errors 
may arise from coprecipitation, occlusion, adsorption, slow
ness of formation of the precipitation, or conductance by the 
suspended solid. In  many cases, the errors m ay be mini
mized by precipitating in the presence of alcohol.

C o n c l u s i o n s .  Conductance measurements have been 
applied to a  wide variety of analytical problems and there is 
an extensive literature on the subject. Empirical conduct
ance-concentration relationships have many uses in control 
analyses and are well suited to autom atic recording or control. 
Conductance titrations are particularly useful in turbid or 
highly colored solutions or in very dilute solutions. The 
“end point” is not detected in the ordinary sense of the term, 
but is found by a graphic or computational treatm ent of the 
conductance-reagent volume data. This is, perhaps, the 
main reason for the relatively unpopular status of this impor

This technique is primarily an ad
junct to gravimetric analysis and not an 
instrumental method in itself, although 
it seems to have possibilities in this di
rection. The selective electrodeposition 
of metals has been practiced for a long 
time and the foundations of the subject 
as a distinct means of analysis were 
largely due to the labors of Classen (43) 
and in this country by Smith (258), who 
was responsible for the introduction of 
the rotating anode and the mercury cath
ode (see also 74)- Detailed procedures 
were developed for a large number of 
substances and many effective means of 
electrolytic separation were developed. 
The method is still widely used, but 
since its inception the attention of ana
lysts has been directed more to other 
electrochemical methods such as po- 
tentiometric and conductometric titra
tions, and analysis w ith the dropping 
mercury electrode. The subject is dis
cussed here for the purpose of clarifying 
its relationship to the other techniques.

T h e o r y .  The method is based on the fact 
th a t on applying an appropriate difference 
of potential between two platinum elec
trodes one can quantitatively deposit metals 
on one of the electrodes in a form suitable for 
direct weighing. The character of the de
posit is governed by the current density, 
agitation of the electrolyte, and the possi-

F ig u r f , 160 .

Courtesy, C. J .  Tagliabue Co.

C o n d u c t a n c e - T y p e  T A G - H e p p e n s t a l l  M o is 
t u r e  M e t e r
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Courtesy, E. II. Sargent <fc Co.

F ig u r e  161. M o d e r n  H ig h -S p e e d  M u l t ip l e -U n i t  E l e c t r o d e p o s it io n  A p p a r a t u s , U s in g
E l e c t r o m a g n e t ic  S t ir r in g

bility of codeposition of hydrogen or other metals. The purity 
of the deposit and its freedom from other metals depend on 
the relative electrode potentials, and to a large extent the 
possibilities of codeposition can be avoided by applying their 
correct potential difference and by a suitable choice of elec
trolyte. As electrolyte the solution may be acid or alkaline or in 
the form of complexes such as tartrates, citrates, or cyanides. 
Most metals are deposited on the cathode, although some, 
such as lead, are conveniently deposited as the hydrated 
oxide on the anode. Occasionally a mercury cathode is used 
on which the metal may be deposited, including the alkalies.

Theoretically the time of deposition can be calculated from 
Faraday’s law, so th a t as electrolysis is carried out with a 
definite current the time for complete deposition should be 
computable. Complications arise which make this impracti
cal, the limitations being due to diffusion effects, a lower rate 
of deposition toward the end of the process, and a codeposi
tion (hydrogen). Were it not for these complications one 
might dispense with the final weighing of the deposit and 
simply calculate the weight of the deposit in terms of the total 
number of coulombs which were required for complete de
position. The converse process—namely, electrolytic strip
ping of a deposit under very carefully controlled conditions— 
seems to have possibilities for a completely automatic electro
analysis involving no weighing (190). I t  is altogether likely 
th a t this procedure would have to be limited to relatively 
simple systems.

Recent developments include the use of microtechniques 
and the determination of extremely small amounts of metals. 
The method of internal electrolysis, developed largely by 
Sand, has many advantages and, as the term implies, 
requires no applied potential, the latter being supplied by the 
differences of potential of two suitable electrodes immersed in 
the electrolyte (42).

I n s t r u m e n t s .  Instrumental developments have been 
mostly in the direction of making these operations more rapid 
and convenient.

For example, in the instrument shown in Figure 161 the 
necessity for mechanical stirring of the electrolyte has been

avoided by mounting the beaker in a stainless steel vessel which 
is surrounded by a large solenoid. A strong magnetic field 
created by the solenoid will cause rapid rotation of the electrolyte 
when current passes between the electrodes. This is a moderni
zation of the principle developed many years ago by Frary. 
Provision is also made in this instrument for water cooling and 
thus appropriate temperature control of the electrolyte. The 
electrode holders are also greatly improved and provide for auto
matic alignment with the electrolysis vessel. The electrical 
controls are all very conveniently mounted for monitoring the 
applied voltage and electrolyzing current.

Another example of modern equipment is shown in Figure 162, 
which is entirely alternating current-operated and uses a dry 
rectifier and filtering circuit to provide direct current for the 
electrolysis. The necessary meters for current and voltage are 
jrovided, and the motor stirrer is very conveniently raised and 
owered. These improvements have all assisted in obtaining 
rapid and accurate analyses. A coUection of improved pro
cedures has been published by Slomin (255).

Among the micromethods the electrode system of Clarke 
and Hermance, Figure 163, has contributed greatly to the 
accuracy and convenience with which small amounts of metals 
can be determined. One of these, B, is particularly suited for 
the electrolysis of traces of material in very large volumes of 
solution.

A micro application primarily for qualitative identification 
consists of a minute Bakelit« capsule with two platinum wires 
molded into the base. If, for example, a trace of copper is 
sought it may be plated on one of these tiny electrodes and 
its presence established by microscopic examination, after 
which it may be removed and subjected to other microchemical 
tests.

An example of electroanalyses in routine work is shown in 
Figure 164.

Polarography

This important technique is now twenty years old and is 
based upon the pioneer work of Jaroslav Heyrovsky of 
Prague. The recent appearance of an excellent monograph 
on this subject by Kolthoff and Lingane (161), the first in the 
English language, should mark the end of the unaccountable 
"incubation” period which this subject has undergone in
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Courtesy, E. H. Saroent <fc Co.

F i g u r e  162. S lo m in  E l e c t r o l y t i c  A n a l y z e r
Smooth, stepless ad ju stm en t of voltage is m ade by  V ariac transform er, m aking use of rheostats  unnecessary. 

Only a  single knob ad justm ent is necessary to cover en tire  voltage range.

America. Several recent reviews are also available (124, 126, 
160,195), and a  complete bibliography (1922 to 1941) of 699 
references with titles and author and subject index has been 
compiled by E. H. Sargent & Company (239). These sources 
provide a complete up-to-date survey in English.

Polarography is based upon the interpretation of current- 
voltage curves obtained by electrolyzing a solution containing 
electroreducible or electrooxidizable substances between 
electrodes, one of which is a dropping mercury electrode and 
the other a  nonpolarizable pool of mercury or any other suit
able reference electrode. Under suitable conditions, both 
qualitative identification and quantitative estimation can be 
made in one operation. M any organic substances and most 
inorganic ions can be determined in concentrations ranging 
from 10- 6  to  10 ~ 2 molar. There is no destruction of the sam
ple and it may be used, virtually unchanged, for other studies. 
Useful information m ay be obtained with the simplest equip
ment, bu t for precise or routine work several elegant instru
ments are commercially available. These m ay be manually 
operated or completely automatic, and with the latter com
plete “ polarograms” m ay be filed away for future reference.

T h e o r y .  We may discuss the fundamental laws by refer
ence to a  typical series of eurrent-voltage curves shown in 
Figure 165.

The three curves at the right were obtained from solutions 
containing 0.1 M  potassium chloride as supporting electrolyte 
and cadmium ion in concentrations of 5 X 1 0 \  1.0 X 10~J, and 
2.0 X 10“ 3 molar, respectively. As the applied voltage is in
creased no appreciable current flows until about —0.5 volt- is 
reached (the negative sign indicates that the dropping mercury 
electrode is the cathode). The current then rises rapidly and 
a t higher potentials levels off to a more or less constant value. 
The height of this plateau above the base line (curve for potas
sium chloride alone) is called the “wave height” and is a measure 
of the “diffusion current.” The wave height is proportional to 
the concentration of the electroreducible ion (Cd++). This is 
shown by the cross-plot on the left, where the increase in current 
(increment) is plotted against concentration. The vertical 
dotted line intersects each curve at a point which is equal to one

half the wave height. I t has a value which is common to all 
three curves and identifies the ion as cadmium. I t  is called the 
half-wave potential and in this case has the value —0.597 volt.

The value for the current a t any time, t, during the life of the 
mercury drop can be expressed quantitatively by an equation 
derived by Ilcovic (138).

it =  0.732 nFD1/,Cmi/:slln  (8 )

where it = current in amperes at time t 
n = charge on the ion (valence)
F = Faraday (96,500 coulombs)
D =  diffusion coefficient of ion in sq. cm. per sec. " 1 
C = concentration in moles per cc.
m = weight in grams of mercury flowing from capillary 

per second 
t = dropping time in second

A somewhat more useful form expresses i in microamperes, 
m in mg. per second, and concentration in millimoles per liter. 
Introducing the numerical value of F, Equation 8  becomes

=  706 (9)

The rise in current during the life of the drop follows a curve 
which is a sixth-order parabola. That it truly follows Equation 
8  was proved by Ilcovic by using a fast, short-period galva
nometer.

I t can be shown (161) that the average current during the life 
of the drop is given by

ia =  6 0 5 |b 1' sC'fll,/3i1/«i»x. (1 0 )

and the maximum current, a t the instant the drop falls, by

W  = 706 nD‘«Cm» (11)

from which it is seen that

ia = 6/7 w  (12)

I t  is apparent from Equations 10 and 11 that the maximum 
current as well as the true average current is proportional to the 
concentration of the electroreducible or oxidizable substance.



October 15, 1941 A N A L Y T I C A L  E D I T I O N 735

7 M M.4  MM
CLEAR-- -, 
AN CE J

-U C M .

1.4 CM

7 MM.

Courtesy, B . L. Clarke, Bell Telephone Laboratories

F i g u r e  163. M i c r o e l e c t r o l y t i c  C e l l s

A.
B.

For email volumes 
For large volumes

F i g u r e  164. E l e c t r o 
d e p o s i t i o n  A s s e m b l i e s

(Lower Left) Showing power 
supply .

(Lower Right) Showing use of 
mercury cathode (left) 

Courtesy, United States Navy 
Yard, Philadelphia
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5 «0 15 2 0  2 5

VOLTS (S.C.E.)
Courtesy, New York University

F i g u r e  165. A n a l y s i s  w i t h  D r o p p i n g  M e r c u r y  E l e c t r o d e

These equations have been verified by experiment in all de
tails and are given here to  emphasize the factors which must 
be considered in practice. For satisfactory analytical results, 
the dropping rate, mass of the mercury drops, and temperature 
m ust be controlled. The tem perature is involved in these 
equations in every term except n, including the numerical 
constant. A complete discussion of this point is given by 
Kolthoff (161), who shows th a t the over-all temperature co
efficient of the diffusion current should be between 1.3 and 1.6 
per cent per degree for most of the common ions, and is de
termined principally by the temperature coefficient of the 
equivalent conductance of the reducible ion. In  practice, a 
precision of ±  1  per cent requires tem perature control to  a t 
least *  0.5 ° C. The importance of m  and t is evident from the 
Ilcovic equation. Kolthoff has recommended th a t all in
vestigators report the value of the product m t'H 1 / 6  in the 
measurements, and has shown th a t a knowledge of this 
quantity  enables one to  compare results obtained under 
widely different conditions (161, page 61).

The concept of half-wave potential, which defines and 
identifies the substance, is contained in the equation de
veloped by Heyrovsky and Ilcovic (125).

E -  B „  -  g  log 0 »

where i  represents the current for an  applied potential E, 
and id the maximum value of the diffusion current a t the top 
of the wave. In  Figure 166 the dotted line indicates a cur- 
rent-voltage curve for C d++. The solid line shows these 
values recalculated and plotted, with log i / ( u  — i)  as ordi
nates and E  values as abscissas. A straight line results, as re
quired by Equation 13, and the value of E  for which log 
i/(id — i)  is zero is E i/i, the half-wave potential. In  this case 
the value is —0.597 volt. The slope of this line should be 
equal to n F /R T .

The i? u 2 value is thus seen to be independent of the con
centration and marks the true inflection point of the curve, be
cause the second derivative of E  with respect to  i, in  the above 
equation, is zero. The use of E u t  has supplanted the older 
practice of drawing 45° or 35°16' tangents to  the foot of the 
current voltage curve, because such values are concentration-

dependent. However, in some irreversible organic oxidation- 
reduction systems, no unequivocal value for E w s can be ob
tained and these empirical evaluations are used for w ant of 
something better.

Under suitable conditions several ions can be identified and 
determined in the same solution. Thus in Figure 167 is 
shown a curve for a  solution containing copper, bismuth, 
lead, cadmium, and zinc each a t  about 0.001 N . The 
supporting electrolyte in this case was a mixture of tartaric 
acid and ammonium acetate adjusted to pH  5.1, using 
bromocresol green and methyl red as a mixed indicator. 
The indicator dye also serves as a “maximum” suppressor. 
In  this example, the respective half-wave potentials differ 
sufficiently ( >  150 millivolts) to permit the wave for each ion to 
appear distinctly, undisturbed by the others. In  general if 
the E y  2 values differ by  less than  1 0 0  millivolts a satisfactory 
“separation” is impossible. In  m any cases, the E v  i values 
are very close or almost identical. One m ust then either resort 
to preliminary chemical separation, or make use of the fact 
that, since many ions have complex-forming properties, one 
can change the supporting electrolyte and shift the E u  2 
values to  some more convenient potential. The effect of the 
medium on the half-wave potential of cadmium is shown in 
Table V (161, page 482).

In  some media no reduction takes place a t all for certain 
ions, which is an extreme case of the principle just illustrated.

T a b l e  V. E f f e c t  o f  M e d iu m

E i/t  vs. Saturated
Supporting Electrolyte Calomel Electrode

1 N  KNO«, HN O i, or HsSOi - 0 .5 8 6
1 jV KC1 or HC1 - 0 .6 4 2
0.1 Ar KC1 or HC1 - 0 .5 9 9
1 Ar k i - 0 . 7 4
0.5 M  neutra l ta r tra te  solution - 0 . 8 0
1 N  K C N - 1 . 1 8
I N  N H iO H  +  1 N  N H iCl - 0 . 7 5

VOLTS (S.C.E.)

Courtesy, New York University

F i g u r e  166. E x p e r i m e n t a l  V e r i f i c a t i o n  o f  E q u a 
t i o n  13 a n d  E v a l u a t i o n  o f  F a/,
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Considering an actual case arising in 
the analysis of alloys (.135), it was found 
that in an ammoniacal solution contain
ing copper, zinc, and nickel a polarogram 
indicated the copper as a distinct wave, 
but nickel and zinc appeared together—i. e., 
their Ei/, values did not differ sufficiently— 
and the curve therefore yielded copper and 5
the sum of the zinc and nickel. By add
ing an excess of cyanide, in which copper 
and zinc do not produce a wave, a second 
polarogram gave nickel alone. (It was 
necessary to add an excess of sulfite be
fore the cyanide, in order to avoid the 
formation of cyanate.)

October 15, 1941

Air m ust be removed from the solu
tions, since oxygen is electroreducible 
a t two potentials (—0 . 1  volt, O2 —>
H A  and —0.3 volt, l i 20 2 —> II 20). I t  
is evident th a t oxygen can be deter
mined a t  these potentials. Removal 
of the air m ay be effected by a stream 
of pure hydrogen or nitrogen, or in some 
cases by illuminating gas. Sulfites are 
often used for this purpose.

In many cases, the current-voltage 
curve indicates a  peculiar type of distor
tion characterized by a sharp initial rise of 
the current, which a t slightly higher voltages drops back to 
the normal value. These maxima are highly reproducible. 
Although they are a nuisance in practical work, they are 
easily eliminated in most cases by the addition of readily ad- 
sorbable dyes, gelatin, glue, etc. Actual use of these maxima 
has been made in a number of cases, by measuring the pro
gressive decrease in the height of the maximum as increas
ing amounts of suppressant are added. Thus, minute amounts 
of starch can be measured by determining the suppression of 
the maximum obtained in an alkaline cobalt buffer solution. 
A large am ount of work has been done in an effort to elucidate 
the phenomenon, but many of its aspects are still obscure 
(161).

For the analyst’s purpose, all the pertinent, fundamental 
points have been established and the theory has been checked 
in all im portant details by experiment.

I n s t r u m e n t s .  Satisfactory measurements can be made on 
a setup assembled from commonly available electrical instru
ments. A simple voltage divider or potentiometer providing 
a range of 0  to 3  volts, preferably in three steps, in which 
differences as little as 5  millivolts can be selected, will serve to 
apply the potential to the electrode system. A galvanometer 
is connected in series with the source of potential and the 
electrodes. A Universal or Ayrton shunt for the galva
nometer is necessary because the currents to be measured 
may range over two or three orders of magnitude (1 0 - 7  
to 10— 1 ampere). The use of a heavy-duty reference 
electrode (saturated calomel cell) is becoming increas
ingly popular, bu t if the potential is to be measured be
tween the dropping mercury electrode and the stationary 
pool of mercury, means of switching over to a definite 
reference electrode is advisable, in order that the anode 
potential may be checked. The calibration and determina
tion of current sensitivity shunt ratios, etc., follow standard 
electrical practice (161).

Manual. For routine work, a compact, self-contained, and 
well-designed instrument is to be preferred. Several ex
cellent instruments are commercially available, both in the 
manual and automatically recording form. A typical ex
ample of the manually operated type is shown in Figures 
168 and 169 and is based on preliminary development work by 
the writer (75).

Courtesy, Nexo York University 

F i g u r e  167. C u r r e n t  V o l t a g e  C u r v e

Three potential ranges (0 to 1, 1 to 2, and 2 to 3 volts) may be 
selected by a switch, and decimal fractions of each range by 
means of a slide wire. The absolute value of potential is checked 
in the usual way by balancing potentiometrically against an 
enclosed standard cell. The galvanometer deflections are mag
nified by multiple-mirror reflection and appear on the translucent 
scale at the top of the instrument. Nine ranges of sensitivity 
are provided by the universal shunt. The polarity of the elec
trodes can be reversed with a switch which indicates the polarity 
of the drop. Other controls introduce a bias or compensating 
current, check the potential of the anode pool, and adjust the 
mechanical zero of the galvanometer. Considerable merit is to 
be found in the easily adjusted cell and its provisions for sweeping 
gas through or over the solution. The curves shown in Figures 
165, 166, and 167 were taken with this instrument.

Another example of polarometric analyzer of this class is 
shown in Figure 170.

In this instrument the setting of the voltage divider is read on 
a precision voltmeter. Range switches are provided (0 to 1, 
1 to 2, and 2 to 3 volts) with coarse and fine adjustment for the 
working current in the divider circuit and corresponding controls 
for the applied potential. A sensitive, zero resistance poten- 
tiometer-microammeter assembly using a pointer-type galvanom
eter as a null indicator and the above-mentioned voltmeter are 
used to measure the current. The sturdy dropping electrode 
assembly at the left utilizes a large mercury reservoir at the 
top which utilizes the Mariotte flask principle for constant head 
and therefore gives a constant dropping rate. This well-con
structed instrument is housed in a convenient portable case.

Recording. Heyrovsky and Shikata (127) invented the 
polarograph in 1925, for the purpose of relieving the tedium 
of obtaining current-voltage curves. In  principle it consists of 
a  motor-driven voltage divider which is coupled with a re
cording drum carrying a wide strip of photographic paper. 
A beam of light is reflected from the galvanometer and focused 
on the moving paper. The complete current-voltage curve is 
thus photographically recorded. A complete instrument in
cludes means for standardizing the total voltage impressed 
across the rotating slide wire, automatic printing of coordi
nates, and adjustment of the galvanometer sensitivity.

The latest model of the Heyrovski- polarograph is shown in 
Figure 171. The metal housing completely encloses the motor- 
driven voltage-divider galvanometer and film cartridge. A volt
meter indicates the bridge voltage and a resistor above the meter 
controls this setting as a vernier to the gross range-setting selector
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Courtesy, Fisher Scientific Co.

F i g u r e  168. M a n u a l l y  O p e r a t e d  I n s t r u m e n t  f o r  
A n a l y s i s  b y  D r o p p i n g  M e r c u r y  E l e c t r o d e

— 0 . 2  to + 0 . 8  microampere and for the maximum range to — 2 0  
to +80 microamperes.

Since the record is a pen and ink trace, the course of the 
“electrochemogram” is continuously visible to the operator. 
The recorder chart is also driven by a synchronous motor and is 
therefore electrically “locked in” with the polarizer unit. One- 
half incli space on the chart corresponds to 1 0 0  millivolts.

The instrum ental approaches to this field have not been ex
hausted. A few other methods may be mentioned in passing.

The condenser-microammeter method, in which a rugged 
microammeter replaces the galvanometer and an electrolytic 
condenser ( 2 0 0 0  mfd.) is shunted across its terminals (161, page 
232). The large condenser practically eliminates oscillations of 
the needle. For example, with a meter resistance of 4000 ohms, 
a 2000-mfd. condenser yields an RC or time constant of about 
8  seconds. Many electrolytic condensers of this class, which 
are designed for low-voltage filter circuits, may drop to a small 
fraction of their original capacitance if a potential is not kept 
across the terminals. In this application no potential of any 
considerable magnitude is present and this might be expected 
to occur.

The cathode-ray oscillograph has been applied to the dropping- 
mercury electrode in three distinct ways, usually not clearly 
differentiated.

. aPP .x 
drop time (188).

2. By applying a small sinusoidal alternating current voltage 
in series with the direct current potential applied to the dropping 
electrode. The oscillogram is a sinusoidal wave a t a direct 
current voltage equal to Ei/t and is distorted above and below 
£>/< (200).

3. A small sinusoidal alternating current is applied in series 
with the direct current potential and a phase shift in the region 
of Ei/, is observed on the oscillograph ($4). In a modification 
of this scheme, the dropping electrode is connected in a bridge 
circuit (direct current and series alternating current) and the 
bridge is balanced for the reactive as well as resistive components. 
Above and below Z?y, the dropping electrode presents a high 
capacitative reactance. At E >/, the necessary resistance com
pensation is said to be a measure of the concentration. In the 
bridge method, no oscillograph is used; instead an amplifier and 
bridge-balance indicator are used. This is the Dutch equivalent 
of our “magic eye” (6E5) tube.

,  , „  . . .. . A p p l i c a t i o n s .  Tables of data are given in several places
to the right. The galvanometer deflection is conveniently visible ( .p/  l q ,  half-wive no tenfiik  and
to the operator through the translucent scale at the lower right; l f j l ; listing nau-wave potentials ana
and at the upper left a similar port carries the applied potential tangent potentials of organic substances under various condi- 
scale. The galvanometer shunt is located 
at the lower left and the true current values 
can be calculated by multiplying the indi
cated shunt ratios by the galvanometer sensi
tivity (indicated on the deflector scale in 
m ic ro am p e re s  per division). Additional 
operative conveniences include a switching 
arrangement whereby the anode can be 
connected to the center of the bridge wire, 
which is very useful for waves which begin at 
zero voltage, and provision for rotating the 
camera to new positions when several polaro- 
grams are to be recorded on a single sheet.
A typical application of this instrument is 
also shown in Figure 171.

The “Electrochemograph” (Figure 172) is 
a recording polarograph and consists of a 
polarizing unit which is a precision voltage 
divider driven by a synchronous motor, an 
amplifier, and a standard Micromax record
ing potentiometer. As the manufacturers 
point out, the amplifier and recorder are 
standard units which have wide use for 
many other purposes in the laboratory. The 
polarizer unit contains a compensated shunt 
and a capacitor of such magnitude that the 
time constant of the circuit is equivalent to a 
galvanometer of 8 -second period. The minute 
currents are amplified before they are passed 

rde]on to the recorder and for an output of 1 X 
1 0 ~“ ampere, the sensitivity to current 
changes is about 2 X 10- i  ampere. The re
corder slide wire is calibrated for —40 to 1 0 0  
millivolts and the scale is divided into 1 0 0  uni
form divisions marked 20-0-80. Depend- Courtesy, Fuher Scientific Co.
mg upon the current shunt used, each divi
sion corresponds, for the minimum range, to F i g u r e  169. U s e  o f  E l e c d r o p o d e  i n  a  L a r g e  I n d u s t r i a l  L a b o r a t o r y



tions and in different media. Actual procedures for technical 
analyses are also available (134) and will suffice in most eases 
in deciding whether a given determination is feasible. The 
Sargent bibliography (239) is particularly valuable because 
full titles of all publications to date (1941) are included.

Amperomelric Titrations. A most important extension of 
general polarographic principles is to be found in the method of 
amperometric titrations (161, page 447, 205). This field is 
being developed intensively by Kolthoff and his co-workers. 
Diffusion currents are measured with the dropping-mercury 
electrode or microplatinum electrode during the progress of a 
titration. Several cases are recognized in which the sub
stance or the reagent or both are electroreducible. Accord
ingly, the diffusion current decreases progressively until the 
end point is reached, or it is zero until excess reagent appears 
or a V-shaped curve is obtained. The end point is best ob
tained graphically as in conductance titrations. Corrections 
are made for dilution effects. There is a degree of selectivity 
in this technique not to be found in potentiornetric titrations, 
because the applied potential, which is not changed during the 
titration, can be selected to correspond with the electroreduc
tion of the desired ion. The advantages and limitations are 
fully discussed by Kolthoff and Lingane (161).
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Electrographi c

F i g u r e  171.

Courtesy, E. I t. Sargent cfc Co.

llEYROVSKi' POLAROGRAMI AND USE IN DETERMINATION OF LEAD IN URINE 
Cells containing prepared specimens are in front row of rack

Courtesy, American Instrument Co.

F i g u r e  170. P o l a r o m e t r i c  A n a l y z e r

The full resources of Feigl’s spot tests (73) can be used in 
unique fashion for cases of analyses which involve the detec
tion of surface impurities and in addition an estimate of their 
geographic location on the surface. The technique is based on
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Courtesy, Leeds & Northrup Co.

F i g u r e  172. E l e c t r o c h e m o g r a p h  A s s e m b ly

T h e o r y . The method depends on the electrolytic deposi
tion of the substances on a reagent-impregnated paper or 
other suitable matrix. The anode is formed by the test speci
men itself and the cathode by some indifferent metal, usually 
a sheet of aluminum. W ien  a low potential ( 2  to  6  volts) is 
impressed, m etal ions pass from the specimen into the paper a t 
a  rate  controlled by the current and in quantity  proportional 
to  the time. The deposit produced on the paper m ay or may 
not be colored, depending on the choice of reagent, bu t if i t  is 
not it may be suitably “developed” by subsequent treatm ent 
of the paper with other reagents. The prin t is usually sharp 
because the electric field helps to  prevent lateral diffusion. 
The instrum ent requirements are fairly simple and the tech
nique is very rapid. The number of available color reactions 
is very great; indeed, the full resources of Feigl’s methods can 
be utilized.

Very great improvements on some of the original Feigl 
methods have been made by Clarke and Hermanee (41)—for 
example, they have shown th a t the use of alkali sulfides in  test 
papers is entirely unsatisfactory, since it permits no control of 
the concentration of th a t ion. The use of zinc, cadmium, or 
antimony sulfide provides stable test papers, each of which 
has its own maximum sulfide-ion concentration and therefore 
precipitates only those metals whose sulfide solubility products 
are sufficiently low. The application of these principles to the 
electrographic technique is an outgrowth of their careful 
studies and improvements in the spot te s t technique.

I n s t r u m e n t s  a n d  A p p a r a t u s .  A  very convenient ar
rangement for conducting electrographic tests is shown in 
Figure 173.

By means of the press illustrated in the foreground an appro
priate test paper can be mounted between the specimen and the 
base plate. The control panel shows meters for measuring the 
applied potential and the electrolyzing current. Rheostats arc 
provided for adjusting these quantities and an automatic time 
switch shown above the left-hand meter can be set to control the 
duration of the “exposure”. At an adjacent bench (not shown)

the early work of Fritz (82) and Glazunov (95). The tech
nique has been highly developed and improved a t the Bell 
Telephone Laboratories and the following discussion is based 
largely on the work done there.

Courtesy, Bell Telephone Laboratories

F i g u r e  173. A p p a r a t u s  f o r  A n a l y s i s  b y  E l e c t r o -  
g r a p h i c  M e t h o d
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Courtes]/, C. J . Tagliabue Co.

F i g u r e  174. D i e l e c t r i c - T y p e  M o i s t u r e  M e t e r

complete washing and developing facilities are provided. Small 
porcelain dishes contain the developing reagents or other media 
necessary for subsequent development of the image.

Hermance describes this equipment {119) as well as com
pletely portable equipment (120) for conducting analyses of 
this type in the field, giving very striking color photographs of 
technical applications.

A p p l i c a t i o n s .  A  thorough description of the technique 
has been set forth by Glazunov and Krivohlavy (96), who 
give data for the quantitative determination of nickel in 
nickel steels and also describe graphic and computational pro
cedures. Jirkovsky (1 45) describes analyses conducted on iron, 
cobalt, nickel, copper, lead, cadmium, sulfur, bismuth, 
arsenic, antimony, zinc, and other elements and includes a 
group of more im portant references. Ilermance’s illustra
tions (119,120) include studies on tinned brass sheet, which 
provide striking illustration of porous areas and scratches, 
indicating exactly where the brass has been exposed, and 
distinctive prints obtained from nickel-palladium duplex 
metal rod, and of structural elements which have been plated 
first with nickel and then with chromium.

In the latter case the print was prepared electrographically 
with the specimen surface in contact with uimethylglyoxime 
barium hydroxide paper. When made anodic, the chromium 
dissolves directly to form yellow barium chromate, while the 
nickel reacts with the dimethylglyoxime-banum hydroxide o 
give a red compound. The distribution of the two metals is 
therefore revealed in a striking red an d  yellow print and no 
ordinary black-and-white photograph can do justice to the sharp 
and convincing nature of the evidence.

Other examples illustrate the detection of traces of copper or 
of brass on a penknife blade which gave striking proof of sus
pect«! vandalism or sabotage. Although spectrograp uc 
evidence has been used in similar cases, it is not dimcu o 
decide which bit of evidence would be more convincing o a

] The general technique has been extended by Yagoda (308) 
and others to  the location of mineral constituents in plant 
and tissue sections.

An interesting application of this method has been described 
by Perley (214). In seeking the proper location of recording 
antimony electrode assemblies it w a s  necessary to . 
which copper was present to an extent no greater . - I ■
per million, since copper ion interferes with the use of the elec

trode for pH measurements. A rod of pure antimony was im
mersed in the solution to be tested, after which the replaced 
copper was electrographically deposited on reagent paper con
taining sodium nitrate and diethyldithiocarbamate. The latter 
produces a brown stain if copper is present. Simple portable 
apparatus was developed, with which an operator can detect
0.1 to 0.5 p. p. m. of the offending ion.

D iclcctric  C on stan t

Dielectric constants can be determined with a high degree 
of precision and the information in the light of Debye’s con
tributions is very useful in elucidating details of molecular 
constitution. Analytical applications have been few in 
number (61, 118); indeed, empirical industrial uses of this 
method have been more frequent, and the general technique 
has been applied to control problems—for example, in making 
continuous measurements of thickness (rubber sheet, etc.). 
The high state of development of modern instruments would 
seem to invite further investigation of its analytical possi
bilities.

T h e o r y .  The dielectric constant, e, of a medium is given 
by

e =  C/Co

in which C is the capacitance of a condenser with the medium 
between its plates, and Co the capacitance of the condenser with 
a vacuum between its plates.

For a  large number of substances the polarization, P, as de
fined by the Clausius-Mosotti equation (44,193) is practically 
independent of the temperature

and from the Maxwell relationship e =  n1, where n  is the re
fractive index for long waves, we would expect identity be
tween P  and the molar refraction, and indeed the two agree 
for many substances, provided P  is relatively independent of 
the temperature.

Debye (52) has shown tha t the polarization contains two

Courtesy, L. 0 . Longaviorth, Rockefeller Inttilv.lt for Medical Research

F i g u r e  175. T i s e l i u s  E l e c t r o p h o r e s i s  C e l l
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Courtesy, L . G. Longsworth, Rockefeiler Institute for Medical Research

F i g u r e  176. C o m p l e t e  A p p a k a t u s  f o r  E l e c t k o p h o r e s i s  b y  S c h l i e r e n  S c a n n i n g  A r r a n g e m e n t

Some expressions have been derived to predict the dielectric 
constants of mixtures, involving empirical constants, bu t in 
general the dielectric constant reflects all the anomalies of non
ideal solutions; indeed, it is one of the most powerful means 
of investigating deviations from ideal behavior (261). This 
state of affairs does not preclude the use of empirical calibra
tions for binary or even ternary mixtures, provided the indi
vidual t  values differ sufficiently. The high value for water 
(e =  80) makes it  possible to  measure extremely small 
amounts of moisture in organic liquids, bu t by the same token 
traces of water m ay complicate the measurement of non- 
aqueous media.

I n s t r u m e n t s  a n d  M e t h o d s .  The dielectric constant is 
usually measured in term s of the definition which we have 
given of th a t quantity—i. e., by measuring the capacitance of a 
condenser with and without the substance between its plates. 
Other methods, depending upon resonance, the rate of propa
gation of electric weaves, or a direct measure of the electric 
force acting through the dielectric are discussed briefly by 
Smyth (261).

Several methods are available for measuring small changes 
in capacitance. W hatever method is used, it is customary to 
use the direct substitution, replacement, or compensation 
technique, in th a t the measuring condenser is shunted by a 
high-precision variable condenser. "Whatever change occurs 
in the measuring condenser is cancelled by changing the set
ting on the precision condenser and since the capacitances of 
condensers in parallel are additive, the entire burden of pre
cision is placed on the compensator. The rest of the circuit 
merely indicates when compensation has been effected.

The capacitance bridge is a very convenient instrument for 
this purpose. Theoretically this consists of a Wheatstone bridge 
in which the four arras contain pure capacitors and the condi
tion of balance is simple to compute. If a capacitor is “leaky” 
(finite resistance), the bridge must be balanced for resistance as 
well as for capacitance, since the currents arc out of phase. The 
balancing of bridges under these conditions has been greatly 
simplified by oscillograph phase-shift indicators. A very thor
ough treatment of bridge circuits of all classes is to be found in 
the monograph by Hague (103). The bridge is excited by an 
oscillator, preferably one with a choice of frequencies. Balance 
is detected with a crystal detector and galvanometer, or better 
with one of the electronic indicators (S6, 87). Phones can be 
used if the high-frequency oscillator is slightly modulated at an 
audible frequency.

In the resonance method an oscillator is used to generate a 
high frequency. The indicator of this oscillator is coupled to the 
inductor of the measuring circuit which contains the measuring 
and compensating condenser. The measuring circuit will have a 
resonant frequency which is given by

P  =  1/2t V W

Courtesy, L . G. Longsworth, Rocke
feller Institute for Medical Research

F i g u r e  177. E l e c t r o p h o 
r e t i c  P a t t e r n  o f  M i x t u r e  
o f  P r o t e i n s  i n  H u m a n  

B l o o d  P l a s m a

contributions, one due 
to the induced polariza
tion and the other to the 
p e r m a n e n t  d ip o le  
moment ¡i. Thus

* I y- ilL   P  S»
e +  2  d

4xA7 4ir N  n1 
3 a 3 ZkT

I t  is evident from this 
e x p re s s io n  t h a t  th e  
polarization, P, should 
be a linear function of 
reciprocal temperature 
l / T  and from the slope 
of the straight line, one 
can calculate tx. This 
equation is the basis for 
the im portant contri
butions which have been 
made to  molecular struc
ture studies.

Courtesy, Burlington Steel Co., Ltd., and Fisher Scientific Co.

F i g u r e  178. P l a n t  U s e  o f  C a r b a n a l y z e r  
f o r  D e t e r m i n i n g  C a r b o n  i n  S t e e l
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F ig u r e  179 . C ir c u it  o f  C a r b a n a l y z e r

If the compensating condenser is adjusted until the frequency 
of the measuring circuit is equal to that of the generator, the 
current induced in the measuring circuit will be a maximum. 
The condition of resonance, for which the current is a maximum, 
can be measured with a vacuum-thermocouple-galvanometer 
combination or better by electronic means. The resonance 
curve—i. e., 7/wC—is quite sharp; the true figure of merit is set 
by the Q of the circuit, which is the ratio of reactance to resist
ance. Newer developments in radio engineering have furnished 
increasingly better “high-Q” circuit components.

The heterodyne or beat-frequency method utilizes two oscil
lators, one of fixed frequency and the other controlled by the 
measuring condenser. In each oscillator, the frequency is a 
function of resistance, inductance, and capacitance. In the 
reference oscillator these are all held constant; in the measuring 
circuit, the specimen condenser determines the frequency. If 
the two oscillators are loosely coupled, a new frequency, which is 
equal to the difference of the two frequencies, appears and can 
be isolated with a pick-up coil, amplified, and applied to phones 
or a loud-speaker. By rebalancing the measuring circuit with the 
compensating condenser, the heterodyne signal can be reduced 
to zero frequency (zero beat). In practice, this is beset with 
some difficulties because the oscillators are likely to “pull in” in 
a sort of lockstep fashion in the region of zero beat. A still 
more sensitive method consists in setting not to zero beat but 
rather to some frequency, such as 1 0 0 0  cycles, and then “beating’ 
this note against a standard 1 0 0 0 -cycle 
source.

meter. The widespread use of this company’s conductance- 
type moisture meter (Figure 160) in official and industrial 
laboratories has provided ample experience in the demands 
made upon a practical moisture meter.

I t is intended for use with granular materials such as grains, 
cereals, and other powdered substances. I t is a self-contained 
alternating current line-operated instrument which uses the 
heterodyne beat principle. The master oscillator is crystal- 
controlled and beats against the measuring oscillator, the fre
quency of which is controlled by the measuring condenser and 
its parallel compensating condenser. The two frequencies are 
mixed in part of the master oscillator tube (a pentagrid converter 
tube), a practice which is common to superheterodyne broadcast 
receivers. This practice minimizes the tendency of the oscillators 
to “pull in” ancf maintains a relatively loose coupling between 
the two. The difference or beat frequency is rectified by a diode 
element in one of the tubes and is then fed to a microammeter, 
which is shunted with a resistor-condenser network to provide a 
suitable time constant. The measurement consists in adjusting 
the compensating condenser until the meter reads zero. Small 
oscillations of the needle will result as this setting is approached, 
and at the exact setting the motion ceases. Maximum deflec
tions occur at a beat frequency of ca. 2 0 0  cycles per second on 
either side of the true zero setting. The sample condenser con
sists of two parallel metal plates between which the substance is 
packed. A satisfactory technique has been worked out for doing 
this in a sufficiently reproducible manner.

Dielectric measurements are worthy of further study from 
the analytical viewpoint. The electrical developments are 
far beyond the chemist’s most exacting requirements. There 
is no scarcity of data, but most of them would have to be re
calculated to an analytically useful basis, because the em
phasis for the most part has been on questions of theoretical 
interest, relating to dipole moments and changes in polariza
tion in mixtures as a function of composition.

In  addition to the sources mentioned above, reference to 
treatises on electronics and radio engineering {222, 272) is 
essential for an appraisal of contemporary practice.

E lectrophoretic

Since the phenomenon of electro-osmosis was discovered by 
Reuss in 1808, the vast field of electrokinetic phenomena has 
developed. Of the many phenomena and important principles

This general technique is practically 
identical with dozens of contemporary 
practices in radio engineering, but few of 
the refinements of the latter field have 
found their way into dielectric measure
ments. Frequency measurements can be 
made with an extraordinary degree of 
precision (197, Figure 14). Certain ex
tensions of the method are discussed be
low.

A p p l i c a t i o n 's .  Very few applications 
have been made to analytical problems. 
Schupp (246) in investigating pressed 
powders and various mixed solids, ob
served difficulties in the pressed-powders 
technique due to  particle size and the 
applied pressure. Lampe (167) also used 
the method for moisture in sugar, starch, 
proteins, and fats and since £ <  1 0  for 
most of these substances compared with 
the value for water (e — 80), the value 
is sensitive to  traces of moisture. A  recent 
successful application is illustrated in 
Figure 174, the dielectric-type moisture

Courtesy, C. T. Seaborg, University of California

F ig u r e  180. L a u r it s e n  E l e c t r o s c o p e  a n d  H ig h -V o l t a g e  S u p p l y
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Courtesy, G. T . Seaborg, University o f California

F ig u r e  181. I o n iz a t io n  C h a m b e r  a n d  E l e c t r o m 
e t e r  M e a s u r in g  C ir c u it

included in tliis field (2), none is more timely and significant 
than the study of proteins by the electrophoretic effect. T hat 
such studies have succeeded in providing accurate means for 
analyzing these complex substances is a triumph of first order, 
comparable only to  the alternative and complementary tech
nique of the ultracentrifuge. This interesting and important 
field was the subject of a  recent symposium (3) in which some 
of the leading American investigators participated, and should 
serve as an excellent introduction to the present status of the 
subject.

T h e o r y .  In  the moving boundary method for analyzing a 
mixture of proteins, the initially sharp boundary between a 
solution of the proteins and the buffer solvent will, on pas
sage of an electric current, separate into a number of bound
aries, each moving with a velocity characteristic of a  component 
of the mixture. The concentration changes so produced give 
rise to  refractive index gradients, which can be measured in a 
number of ways.

M e t h o d s  a n d  I n s t r u m e n t s .  Investigations providing 
precise means for the study of electrophoretic boundaries 
were initiated by Tiselius (274, 275). At present the methods 
include the scale method due to  Lamm (166), the diagonal 
schlieren method of Philpot (216) and Svensson (271) and 
the schlieren scanning method of Longsworth (176-178). 
The light-absorption method (3) is restricted to colored 
substances or the use of ultraviolet light with prohibitively 
expensive quartz optics. Since the schlieren scanning method 
yields analytical results with less computational labor than 
the others, it will be described and illustrated briefly.

Figure 175 shows the electrophoresis cell in which the bound
aries are observed, together with the electrode vessels and re
versible electrodes. The cell is mounted in a thermostat (Figure

176, center) regulated at 0° C. The gradients of refractive index 
in the boundaries are photographed by the schlieren scanning 
method. The use of “schlieren” or striae for observing such 
gradients was originated by Topler (276) and a monograph on 
the technique has been written by Schardin (240). Referring 
again to Figure 176, a light source at the left illuminates a narrow 
horizontal slit with monochromatic light. The schlieren lens is 
mounted as close as possible to the electrophoresis cell and an 
image of the slit is formed on the right, at which point a hori
zontal and movable schlieren diaphragm is mounted. The 
camera lens is focused on the electrophoresis cell and forms a 
full-sized image in the plane of the camera plate (or ground-glass 
viewing screen). If the fluid in the cell is homogeneous the image 
will be uniformly illuminated, but if there is a boundary—-for 
example, between a protein solution and a buffer—there will be 
a region in which the refractive index varies with the height, and 
light which would normally pass to the plate is deflected down
ward, where it is intercepted Dy the schlieren diaphragm. Hence 
if the schlieren, diaphragm is raised to a point where it intercepts 
the most deflected ray, a dark band will appear on the screen, 
conjugate to the region of steepest gradient in the boundary.

The great advance made by the Longsworth improvement 
consists in the use of a  narrow vertical slit in the plane of the 
plate and in imparting to the camera plate a uniform hori
zontal motion. The motion of the plate is coordinated by 
interchangeable gears with the vertical motion of the schlieren 
diaphragm.

A p p l i c a t i o n s .  A  representative result is shown in Figure
177, which is a photograph of the electrophoretic pattern  of a 
typical mixture of proteins—namely, human blood plasma.

Each peak in the pattern, except that marked 5, corresponds 
to a component of plasma—namely, A  albumin, <*i, aj, 0 , and 
7  globulins, and ¡j> fibrinogen. The concentration of each com
ponent is proportional to the area under the corresponding peak.

The precision of the method is limited only by diffraction 
phenomena and a t present corresponds to  about 0 . 0 0 0 0 2  in 
refractive index—i. e., 0 . 0 1  per cent in protein concentration.

Vol. 13, No. 10

Courtesy, R . D. Evans, Massachusetts Institute of Technology

F ig u r e  182 . G e ig e r - M ü l l e r  C o u n t e r  A p p a r a t u s  
w i t h  B e l l - T y p e  B e t a - R a y  C o u n t e r

For a more extensive list of applications the reader is re
ferred particularly to Longsworth (179).

M agn etic
The analytical applications of magnetic properties are very 

limited and few in number. Almost without exception, the 
measurements are limited to  the use of the Gouy balance in 
conjunction with a powerful magnet. The magnetic sus
ceptibility is a  general unspecific property measurable for all 
states of aggregation and is difficult to  measure if high pre
cision is required. I t  is not surprising, therefore, th a t practical 
uses are largely confined to  ferromagnetic materials.

The successful correlation between these properties and the 
carbon content of steels has been mentioned (197). The 
routine examination of a test specimen is shown in Figure 178
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Courtesy, Q. T . Seaborg, University o f California

F ig u r e  183. G e ig e r - M ü l l e r  C o u n t e r  A s s e m b l y

and the circuit for the analyzer is shown in Figure 179. The 
circuit and the general development of this method have been 
described by Work (803).

R adiom etric
T h e o r y . A s in g le  r a d io e le m e n t is c lia ra c te r is t ic a lly  d e 

fined  a n d  id e n tif ie d  b y  i t s  r a te  o f d e c a y , w h ich  is g iv e n  b y

-d N /d t  = \N  (14)

or the number of atoms remaining after time t is

Nt = iVoc_ X 1  (IS)

W'here X =  disintegration constant. Another convenient 
designation is the half-life, T, which is the value of t for 
which

N»
‘ = ~2

and from which
T  =  In 2/X =  0.69/X (16)

If the product of disintegration itself disintegrates, the 
same type of expression holds and the total activity of the 
system can be expressed by a simple mathematical extension 
of the above principle. The various cases for successive 
transformations are discussed by Rutherford (235).

The particles or radiation emitted during disintegration 
may be detected photographically, by excitation of a fluores
cent screen (spinthariscope), or by ionization produced in a 
gas. In  the la tter case the process may be rendered 'visible 
(C. T. R. Wilson cloud chamber) or measured by appropriate 
electrical methods.

The unit of intensity in radioactivity is the curie. A curie 
of any radioactive material undergoes the same number of 
disintegrations per unit time as 1 gram of radium i. e., 3.7 X 
1010 disintegrations per second (247). The typeof radiation is 
classified as follows (247) :

e~ = negative beta particles
e+ = positive beta particles (positrons)
7 = gamma rays
e = internal-conversion electrons
K  = if-electron capture . •
I . T. = isomeric transition (transition from upper to

meric state).

Positron emission is always accompanied by “annihilation” 
gamma radiation, since each positron with an accompany
ing electron is annihilated and this destruction of mass results 
in 2  gamma rays each having an energy given by me1—i. e.,
0.51 Mev. (million electron volts). The previously mentioned 
methods of detection must be supplemented by further re
finements in order to establish with certainty the type or 
mechanism of disintegration—for example, closed tracks are 
usually examined in a magnetic field and coincidence counters 
are used to determine the energy of gamma rays.

Courtesy, R. D. Evans, Massachusetts Institute of Technology

F i g u r e  184. U s e  o f  C o u n t i n g  R a t e  M e t e r  f o r  D e t e r 
m in a t io n  o f  R a d i o a c t i v e  I o d i n e  i n  T h y r o i d  o f  a  

P a t i e n t

A r t i f i c i a l  R a d i o a c t i v i t y .  Before the discovery of arti
ficial radioactivity by Irene Curie and Frédéric Joliot in 1934, 
analytical applications were limited to the relatively few 
naturally occurring radioactive isotopes, and although several 
ingenious schemes were developed to make indirect use of 
them, the field showed relatively little promise of extensive 
use. This earlier work is treated by Hahn (105) and by 
Ehrenberg (66, 67, 210, 211). Recent tables (174, 247 (list
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more than  350 artificial radioactivities, and radioactive iso
topes of 87 elements have been produced (see also 1 2 3 ,  2 1 7 ) .

They are prepared by bombarding a suitable target by 
neutrons ( n ) ,  protons (p), deuterons ( d ) ,  alpha particles or 
helium nuclei (a), electrons (c), and gamma rays (7 ). Only 
the first four projectiles are im portant for preparing useful 
am ounts of the isotopes. The bombardment is carried out in 
one of the various types of high-voltage apparatus, of which 
the magnetic resonance accelerator or cyclotron of Lawrence 
{ 1 1 6 , 1 7 1 )  is an outstanding example. Neutron sources using 
naturally occurring radioactive substances may also be used, 
b u t the yields are smaller (5). In  this type of source, the a  
particles emitted by radium, radon, or polarium bombard 
beryllium, which then emits neutrons. Their range or energy 
may be modified by screens of paraffin or other substances 
rich in hydrogen atoms.

The production of a  radioelement m ay be represented by an 
equation such as the following:

nNa5 3 +  tD 2 — >- u | t "  +  ,H* (17)

for the formation of radiosodium by bombarding ordinary 
sodium with high-speed deuterons, the other product being 
a proton where the subscript indicates the atomic number 
and the superscript the mass number of the isotope. The 
newer and more convenient description is to  designate the 
projectile and the emitted particle; thus the above is a 
( d ,  p )  reaction. Of the four useful methods, the following

Courtesy, A . Langer, Westinghouse Research Laboratories

F i g u r e  185. R a d i o m e t r i c  T i t r a t i o n  A r r a n g e m e n t  w i t h  
C o u n t e r

types of reactions have been observed and are listed more 
or less in the order of their probability:

Neutron reactions (n, 7 ), (n , p ) ,  ( n ,  2«), (n , a ) ,  (n , n )
Proton reactions (p ,  n ) ,  ( p ,  7) , ( p ,  a ) ,  ( p ,  p )
Deuteron reactions (d ,  p ) ,  ( d , n ) ,  ( d ,  a ) ,  ( d - 2 n )
Alpha particle reactions ( a ,  n ) ,  ( a ,  p ) ,  ( a ,  d ) ,  ( a ,  2 » ) ,  ( a ,  a )

This terminology designates the process; the complete 
statem ent also specifies the target, so th a t Equation 17 is 
abbreviated to  Na-rf-p. Thus the four methods for preparing 
radiosodium may be abbreviated as Na-n-7 , Mg-n-p, Al-«-<*, 
Mg-iJ-oi. In  the last case, the effective target is really the 
stable isotope of magnesium (Mg26), which is present to the 
extent of 1 1 . 1  per cent in ordinary magnesium.

The valuable table by Seaborg (2 47) gives complete in
formation on more than 350 artificial radioelements, listing 
the atomic number, mass number, degree of certainty of the 
assignment, type of radiation emitted, half life, energy of the 
radiation (particle and gamma rays) in Mev., and the vari
ous modes of production. Another table in this splendid 
paper lists the stable isotopes of the elements, giving mass 
numbers and the relative abundance of the various isotopes. 
These tables really provide a list of “reagents” for the 
prospective investigator and he can form in advance a fairly 
good opinion of their suitablity for a given problem.

S e p a r a t i o n  o f  R a d i o e l e m e n t s .  The preparation of a 
radioelement is one thing; its isolation or concentration in a 
form suitable for use is another and requires considerable care 
and ingenuity. The various methods have been reviewed and 
classified (227, 247). The techniques m ay be grouped as 
follows (227):

1 . Electrochemical
Gas phase 
Liquid phase

2 . Chemical
3. Extraction

By solvents 
By absorbents

If the radioelement which has been formed is not an 
isotope of the target element, its removal is facilitated by 
the addition of a small am ount of the corresponding inac
tive isotope (“carrier”) and it is then subjected to the usual 
methods of chemical separation. In  general, it is desirable to 
maintain a high “specific activity”—th a t is, ratio of active 
to inactive isotope. There is still ample opportunity to dis
cover new chemical procedures to improve and refine this 
part of the problem (76).

I t  m ay be of interest to appraise the “production facili
ties” of modern devices. Under the best conditions, amounts 
of the radioelements can be prepared which are just about 
weighable. Thus, according to Seaborg (247), a  4-hour 
bombardment of phosphorus with 1 0 0  microamperes of 
16-Mev. deuterons produced about 50 millicuries of P 32. 
From the known disintegration constant this can be shown 
to correspond to  about one-sixth microgram of radioactive 
P 32. Another aspect of the situation may be inferred from the 
statem ent of Kurie (168) th a t the demands put on the 37 
inch cyclotron a t  Berkeley are so great th a t it is operated 
about 19 hours a day. This places such a  great premium on 
efficient bombardment th a t the maximum current is em
ployed and pure elements instead of compounds are used. 
The fact th a t nearly a kilowatt of energy m ust be dissipated 
in the target indicates the enormous energies involved, not to 
mention many technical and operative difficulties encountered 
in maintaining an in tact target.

M e a s u r e m e n t  o f  R a d i a t i o n s .  The choice of detector is 
governed by the type of radiation which is to  be measured as
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Courtesy, A . Langer, Westinghouse Research Laboratories

F ig u r e  186. T y p e s  o p  L iq u id  C o u n t e r s

Ai, At, A*. Liquid-jacket-pipet counters used for titration

well as the sensitivity and stability which are required. In 
general, the measurement is based on determination of the 
ionization produced by the radiations.

One of the simplest devices is the Lauritsen quartz-fiber elec
troscope (170). The instrument is somewhat similar to a gold- 
leaf electroscope, but it is much reduced in size and uses a gold- 
coated quartz fiber in place of a gold leaf. The deflcction of the 
fiber is measured with a low-power microscope provided^with a 
micrometer ocular. The response is linear over 0.0 to 0.7 of the 
scale range, or over the entire range by offsetting the zero point. 
With a 3ji quartz fiber the average sensitivity is about 1  division 
per volt. T h e  capacity of the unit is about 0.2 cm.; therefore, 
the ion sensitivity is about 1.5 million ions per division. Slightly 
higher sensitivities may be obtained (700,000 ions per division) 
by using a lighter fiber. In terms of radioactivity measurements, 
this instrument works best for intensities of the order of micro
curies (1 0 “« curie), although 1 0 - 7  or 1 0 " 8 curie can be measured 
under the best conditions (247).

The sensitive element may be placed right in the ionization 
chamber; indeed, i t  can be placed in a volume as small as
0.5 cc. and used in t himble chamber measurements.

M any investigators view with suspicion instruments of 
such high sensitivity and suspect instability and tempera
mental behavior. I t  is encouraging to note that in connection 
with cosmic ray measurements a torsion type of fiber electro
scope has been developed (269), with almost complete free
dom from orientation effects, which could be mounted within 
3 feet of the engine of a pursuit plane.

A typical installation is shown in Figure 180 in which the 
Lauritsen electroscope is mounted in an i o n i z a t i o n  chamber. 
An adjustable sample tray is mounted under the chamber, anil a 
small lamp, operated from a  filament transformer, is use

illuminate the fiber. A small power supply at the right supplies 
the direct current high voltage for charging the electroscope.

E l e c t r o m e t e r  a n d  I o n i z a t i o n  C h a m b e r .  A somewhat 
more sensitive arrangement of the integrating type is obtained 
with an ionization chamber to which an electrometer is con
nected.

The ionization chamber consists of an outer metal cylinder 
fitted with a well-insulated central, coaxial electrode. A high 
direct current potential (300 to 400 volts) is maintained across 
the pair. The potential is high enough to collect the ions before 
they can recombine (saturation current). Any gas may be used 
in the chamber; if very penetrating radiation is to be measured, 
the pressure of the gas may be increased. The ionization current 
is measured with a sensitive electrometer. Although any sensi
tive electrometer may be used, such as the Edelmann or Perucca, 
the present trend is in the direction of stabilized vacuum tube 
electrometers. In these arrangements, the ionization current is 
measured by a single-tube direct current amplifier.

Several papers have been published (58, 263, 279, 2S7) 
dealing with the theory, construction, and operation of these 
circuits. Equations have been derived indicating the cor
rect values for circuit constants in order to eliminate or mini
mize changes in the tube constants and fluctuations in supply 
voltages. In general, special “electrometer” tubes, such as 
the General Electric FP54, Western Electric D-96475, 
R. C. A. A-154, or Westinghouse D R + 1-506 or 507, are 
used. These are specially constructed for the difficult problem 
of measuring very feeble currents from high-resistance sources 
(196). I t is likely th a t the modern inverse-feedback ampli
fier, with its extraordinarily high stability, will soon replace 
the galvanometers which are a t present used in tube electrom
eter circuits. However, the electrometer tube itself will still
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а. Chloride with radioactive silver n itra te
б. Bromide (w ith radioactive bromine) w ith radioactive silver n itra te

be used in the first stage, primarily for its transfer character
istics.

The combination of ionization chamber and electrometer is 
capable of measuring very weak samples. Tube electrometers 
can attain  sensitivities of the order of 1 0 , 0 0 0  divisions per volt 
or charge sensitivities of the order of 5 X 10u divisions per 
coulomb (269). This corresponds to radioactivities of about 
1 0  microcurie (247).

Figure 181 illustrates a typical installation of an ionization 
chamber. The cylindrical brass container above the ionization 
chamber, with provision for evacuation and desiccation, contains 
the vacuum tube and part of the vacuum tube electrometer cir
cuit. The remainder of the vacuum tube electrometer circuit 
is contained in the cabinet, above and behind which are located 
the galvanometer and scale.

G e i g e r  C o u n t e r s .  The Geiger counter is sensitive to 
individual ionizing particles and depends for its high sensi
tiv ity  upon ion-magnification. The ions produced by the 
primary particle are moving in an intense electric field and, 
by collision, produce thousands of other ions.

Three general classes of counters are recognized.

T h e  P o in t Counter of Geiger (88, 236) consists of a pointed 
wire placed axially within and insulated from a metal cylinder. 
A high potential of 1500 to 5000 volts is applied across the elec
trodes through a high resistance of the order of 10s ohms. The 
point is negative with respect to the cylinder. When an ionizing 
particle enters the counter a discharge takes place which con
tinues until the potential drops below that necessary to maintain 
the discharge and the system returns to the normal sensitive 
state, ready for another count. The change in potential across 
the series resistor may be detected by a string electrometer or a 
pulse amplifier. The magnitude of the pulse is more or less 
independent of the number of ions originally produced by the 
ionizing particle.

T h e  P roportiona l Counter of Geiger and Klemperer (89) con
tains a small ball or sphere a t the end of the wire, and in this 
case the wire is made positive with respect to the cylinder. With 
this arrangement the pulse is approximately proportional to the

original ionization produced by the particle and one can dis
tinguish between heavy particles, such as a particles, protons, 
and deuterons, and lighter particles such as electrons. A linear 
amplifier is used to measure the pulses.

I h e  Z ählrohr or G eiger-M üller Counter (90) provides a large 
area sensitive to ionizing particles. I t  consists of a cylinder and 
a coaxial wire between which a high potential is applied. The 
counter is filled with a suitable gas at reduced pressure. The 
bursts are detected with an alternating current pulse amplifier 
and can be made to operate mechanical counters.

Geiger counters have been the subject of many investiga
tions and scores of applications. An excellent treatm ent from 
a very practical viewpoint is given by Neher (204, 269). 
Because of their extensive use in cosmic ray  research as well 
as in  radioactivity, a large number of special circuits have 
been developed for accomplishing special tasks. A few of 
these m ay be mentioned.

1. For extremely fast counting, where the inertia of mechani
cal message-counters sets an upper limit, extensions of the Wynn- 
Williams (807) scale-of-two circuit may be employed. Here the 
actual count is divided exactly in half; two tubes count the 
bursts alternately. The adding of more scale-of-two circuits 
may be continued indefinitely, the final tube with its recorder 
reading 2 ~ n of the original pulse where n  is the number of such 
circuits.

2. Special circuits have been developed to help the Geiger- 
Müller counter extinguish itself and thus increase the efficiency 
a t high counting rates (204, 269).

3. Coincidence-circuits have been developed (228) which 
record a count only if two or more G-M counters have discharged 
simultaneously. Since all counters register a minimal “back
ground” count due to cosmic rays and radioactive contamina
tion, an appropriate arrangement of coincidence-counters can 
be utilized to ride out or minimize these accidental registries.

4. Counting-rate meters have been developed (72, 94) which 
will take randomly distributed pulses of any voltage, shape, and 
varying magnitude, convert them into uniform pulses (amplitude 
and duration) and feed them into an amplifier having a capacity- 
resistance tank circuit which performs a smoothing or averaging 
process. The output meter thus records the average rate of 
counting. Rates between 30 and several thousand counts per 
minute can be accommodated. The output can also be recorded 
with a recording galvanometer or milliammeter. An illustra
tion of this type of instrument is shown in Figure 182. Preliminary 
details of its design and operation have been published (151) and 
a complete description will appear soon. A special bell-type 
beta-ray counter (245) with a pre-amplifier mounted in the 
cylindrical housing is shown resting on the top of the main 
amplifier cabinet. The pen recorder on the right provides a 
continuous ink record of the counting rate vs. time.

Another installation is shown in Figure 183. The lead shield 
on the right contains the Geiger-Müller counter tube. The unit
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in the center houses the vacuum tube high-voltage supply, am
plifier, and scaling unit. In the left foreground is a Cenco 
impulse counter and behind it is a cathode ray oscillograph for 
monitoring purposes.

A p p l i c a t i o n s .  Atoms or the molecules containing them 
may be “ tagged” with a small amount of their radioactive 
isotope and their subsequent behavior in any analytical 
scheme can be followed by measurements with one of the 
instruments described above. This presupposes the avail
ability of a sufficiently long-lived isotope and a preparation of 
reasonably high initial intensity. A biological application of 
tagged atoms is illustrated in Figure 184, in which the count- 
ing-rate m eter is used for a  quantitative determination of the 
amount of radioactive iodine accumulated in the thyroid of a 
patient. In  ordinary analytical separations, the method may 
be used to determine completeness of precipitation, coprecipi
tation, or distribution between solvents. Specific examples of 
these and many others are discussed in recent reviews (76, 
121,247).

Another method which has great possibilities for the de
tection of minute amounts of impurities is to subject the ma
terial to bombardment and produce the radioactive isotopes 
of the impurity. By this means 6  parts per million of gallium 
in iron have been detected, small amounts of copper in nickel, 
and of iron in cobalt, etc. Again, one part of copper in 10,000 
parts of silver has been detected by bombarding the silver 
with a  particles (160).

M ass Spectrographic

The mass spectrometer or spectrograph is a device in which 
gases or vapors can be subjected to bombardment by electrons 
of controlled velocity. The molecular fragments which are 
ionized can be sorted out by combined electric and mag
netic fields and brought to a focus on a photographic plate or 
on an exit slit. In the case of the spectrograph the ion beam is 
brought to a focus in the plane of the photographic plate and 
the resulting mass spectrogram contains lines, the spacing of 
which depends upon the e/m  values of the respective ionic 
species.

In the mass spectrometer the electric or magnetic focus
ing fields are so adjusted as to bring one species after an
other to a fine exit slit, behind which there is placed a 
Faraday cage which collects the ions. This positive ion current 
is a measure of the abundance of the particular ionic species 
that has reached it. By either of the methods it is possible to 
sort out the molecular ion fragments according to their relative 
masses and abundance.

This very valuable technique is based on almost half a  
century of fundamental work by J. J . Thompson, F. W. 
Aston, Dempster, Smyth, Hogness and Lunn, Bleakney, and 
others. Among the many contributions to physical science 
which this technique has made may be mentioned the de
termination of the relative abundance of naturally occurring 
isotopes, from which “mass defects” can be computed.

An interesting combination of techniques 
has been described by Langer (169). Radio
active phosphorus P 32 was converted to a 
soluble phosphate, several drops of which 
were added to a disodium phosphate solu
tion. This was then used to perform several 
representative titrations (l3a++, Pb++,
Th++++, Mg++, TJ02++). After each addi
tion of the reagent, the filtered solution was 
sucked up into a special chamber surround
ing a Geiger-Muller counter. A counting-rate 
meter (94) was used to measure the activity. 
The end points could be determined accu
rately, by the intersection of the activity 
curves.

Figure 185 shows the apparatus used for 
these measurements, and Figure 186 some 
examples of liquid counters suitable for ana
lytical work. Through the courtesy of Dr. 
Langer, the unpublished results of some 
further work are shown in Figure 187.

C o n c l u s i o n .  I t  is difficult to appraise 
the significance of this mode of analysis; 
although the field of artificial radioac
tivity is bu t seven years old, nearly six 
hundred papers have been published. The 
main interest lies in the nuclear studies, 
and the analytical applications have, been 
relatively few bu t nevertheless very im
portant and revolutionary. For some 
time to  come, the radioactive isotopes 
as “reagents” will continue to be scarce, 
for their preparation is very costly. On 
the other hand, there are few fields of 
investigation so well provided with re
fined and sensitive instruments. Nuclear 
physics and chemistry have attracted 
the most brilliant and gifted investiga
tors and ample support for their work 
has been freely given. Such is the tempo 
that any textbook on the subject is 
likely to be out of date before it leaves the 
press.

Courtesy, W estinghouse Research Laboratories
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From the analytical view point its value resides in the 
following possibilities:

1 . In the use of stable isotopes for tracer work, it is the most 
accurate and reliable means of analysis.

2. I t  is able to determine small traces of certain gases in mix
tures with a high degree of certainty and identification.

3. I t  is adaptable to very small amounts of material, since the 
total gas pressure maintained in the spectrometer is of the order 
of 1 0 “ 1 nun. of mercury.

4. Continuous changes in composition can be followed.

In  general, the sample m ust be in the form of a gas or a 
vapor and although it is possible to work with any of the 
metals in the vapor form, this, as might be imagined, is beset 
with certain technical and manipulative difficulties. In  
some cases, such as the alkali metals, salts can be heated, 
resulting in the thermionic emission of the metals as positive 
ions, which can then be resolved by the electric and magnetic 
fields of the spectrometer.

I n s t r u m e n t s . Two h a n d s o m e  e x a m p le s  o f t h e  m a s s  
s p e c t ro m e te r  m a y  b e  d isc u sse d  b r ie fly .

In Figure 188 is shown the mass spectrometer used by Taylor 
at the University of Minnesota. It is a Dempster 180° focusing
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type, designed to measure the abundance ratio of isotopes. I t  is 
similar in construction to those described by Bainbridge (10) and 
Brewer (28). The analyzing chamber between the poles of the 
magnet is equipped with an interchangeable ground-glass joint to 
facilitate the use of different positive ion sources. A small 
platinum disk impregnated with an alkali element and heated 
with a tungsten filament serves as a source of positive ions for 
these elements. Gaseous substances can be admitted to the 
system through a fine capillary tube, after which they are ionized 
by bombardment with a beam of electrons. The ions are ac
celerated into the magnetic field by use of a high-voltage rectifier 
unit. The resolved positive ion current is measured with a F. P. 
54 tube electrometer circuit of the DuBridge and Brown type 
(58).

The spectrometer unit with its associated magnet and high- 
vacuum pumps appears on the right. The electrometer unit and 
control panels are at the extreme left, sufficiently removed from 
the local field of the magnet and connected with the Faraday cage 
of the spectrometer by the long horizontal tube which is carefully 
shielded and grounded.

The portable mass spectrometer shown in Figure 189, which 
was designed and built at the Westinghouse Research Labora
tories by John A. Hippie, Jr., embodies all the latest improve
ments in this field. A tentative description (August 1 , 1941) has 
been prepared by Westinghouse. The deflecting magnet is 
clearly shown in the upper left-hand portion, with the inlet tube 
and gas ionizing mechanism rising vertically above the pole 
pieces. The magnet is the 90° type, affording a shorter ion path, 
and since this reduces the number of collisions of the ions with 
the gas in the analyzer, somewhat higher gas pressures than 
usual can be tolerated. The use of a vertical ion source affords 
an experimental simplification in the ease with which new tubes 
can be sealed on and filaments can be replaced where necessary. 
Theoretical computations based on the instrument parameters 
indicate a resolution of 109, according to which the instrument 
should resolve mass 108 from mass 109.

The predictions are verified in representative analyses, which 
show as expected that the resolution is of this order. Typical 
curves taken on carbon dioxide show the three isotopes of oxygen, 
O1*, O17, and O 18, and the two isotopes of carbon, C 12 and C13, 
which values are evident in curves showing a mass of 44, 45, and 
46. Another test shows the mercury isotopes, Hg204 and HgM2, 
which represent two mass units in 2 0 0  in the resolution expected 
from the geometry of the apparatus. The remaining mercury 
isotopes, which are only one mass unit apart, are not completely 
resolved. Very useful information has already been obtained 
with this instrument. Information is available in the literature 
for the following molecules: methane, ethane, acetylene, ethylene, 
propane, propylene, allylene, butane and isobutane, benzene, 
sulfur dioxide, carbon tetrachloride, chloroform, ammonia, carbon 
bisulfide, cyanogen, methyl alcohol, ethyl alcohol, nitrous oxide, 
bromine, hydrocyanic acid, carbon dioxide, carbon monoxide, 
water, hydrogen, oxygen, and nitrogen peroxide.

The sensitivity for analysis is expressed as the smallest amount 
of the least abundant component mass that can be detected in the 
presence of the most abundant component. One example may be 
mentioned. The instrument has been used to measure as little 
as 0.001 per cent of oxygen in nitrogen. The entire equipment is 
placed on a truck and the only outside connection required when 
the apparatus is in place is 1 1 0 -volt alternating current and water 
connections for cooling the pumps. Further details are available 
in the Westinghouse publication, and it is a privilege to be able 
to present these meager details of an instrument, from which 
much important and useful information will undoubtedly be 
forthcoming in the near future.

A p p l ic a t io n s . The vast program which has been in 
progress for some time on the separation and utilization of 
naturally occurring isotopes has been recorded in many 
places. S tarting with the discovery of deuterium by Urey 
in 1932, there has been rapid progress in the separation or 
enrichment of other useful isotopes, such as Urey’s meth
ods for C u  from the more abundant C 12 and also of N 1S in 
quantities sufficient to make these substances available for 
biological tracer work (see also 223). His methods (137) for 
enrichment based on the exchange principle have proved most 
useful (268, 273). A  typical example of columns for these 
studies is shown in Figures 190 and 191. Some examples 
of the use of these isotopes as tracers have been given by 
Rittenberg (35, 77, 244), and many others are currently re
corded in the literature.
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Earlier investigations in the isotope field employed a great 
variety of methods, mostly refinements of density measure
ments, but a t the present time the mass spectrograph despite 
its complication is regarded as the most reliable and accurate 
tool for the purpose.
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Production volume of the American Model X I Heyrovsky Polarograph steadily increases and sufficient quanti
ties will soon be available to complete outstanding orders and to meet future current requirements.

A bibliography of polarographic literature and a technical bulletin which discusses polarograms, theory, general 
requirements and characteristics of the polarographic method, essential instrumentation, care, maintenance, opera
tion, technique of the dropping mercury electrode and cell, and the principles of applied polarographic analysis are 
available, without charge, on request.
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Accurate Pyrom etric Cone Co., Pataskala, Ohio
Ace Glass Inc., Vineland, N . J.
Ainsworth & Sons, W m., 2151 Lawrence St., Den

ver, Col.
Akatos, Inc., 55 Van D am  St., New York, N. Y.
Alberene Stone Corp. of Va., 419 Fourth  Avenue, 

New York, N. Y.
Allied Control Co., Inc., 227 Fulton Street, New 

York, N. Y.
Alsop Engineering Corp., 1739 M ain Street, Mill- 

dale, Conn.
American Gas Furnace Co., Spring & Lafayette 

Sts., Elizabeth, N. J.
American In strum en t Co., 8010 Georgia Ave., Sil- 

ver Spring, M d.
American M eter Co., 60 E ast 42nd St., New York, 

N. Y.
American Paulin  System , 1847 So. Flower St., Los 

Angeles, Calif.
American P latinum  W orks, N. J . R . R. Ave. a t 

Oliver S t., N ewark, N . J.
American Seitz F ilter Corp., 204-208 21st St., 

Paterson, N . J.
American T ransform er Co., 175 Em m et St., New

ark, N. J.
Ames Co., B. C., W altham , Mass.
Amthor T esting  Instrum ent Co., Inc., 309 John

son St., Brooklyn, N . Y.
Angel & Co., Inc., H . Reeve, 7 Spruce St., New 

York, N . Y.
Applied R esearch Labs., 4336 San Fernando Rd., 

Glendale, Calif.
Area R egulators, Inc., 109 Tichenor St., Newark, 

N. J.
Askania R egulator Co., 1603 So. M ichigan Ave., 

Chicago, 111.
Atlas C ar & M fg. Co., 1120 Ivanhoe Rd., Cleve

land, Ohio
Atlas Electric Devices Co., 361 W. Superior St., 

Chicago, 111.
A utom atic E lectric Co., 1033 W. Van Buren St., 

Chicago, III.
A utom atic E lectric Mfg. Co., M ankato, Minn.
A utom atic Switch Co., 41 E. 11th St., New York, 

N. Y.
Automatic T em perature  Control Co., 34 E. Logan 

St., Philadelphia, Pa.

B
Bacharach & Co., E. W ., R ialto Bldg., Kansas 

City, Mo.
Bacharach Industria l Instrum ent Co., 7000 Ben- 

ne tt St., P ittsburgh , Pa.
Bailey M eter Co., 1050 Ivanhoe Rd., Cleveland, 

Ohio
Baird Associates, U niversity R d., Cambridge, 

Mass.
Baldwin-Southwark Corp., Eddystone, Pa.
Barber-Colem an Co., 150 Loomis St., Rockford, 

III.
Bausch & Lom b Optical Co., 609 St. Paul St., 

Rochester, N . Y.
Becker, Inc., Christian, 92 Reade St., New York, 

N. Y.
Becker, Joseph, 630 W . 168th S t., New York, 

N. Y.
B etts & B etts Corp., 551 W. 52nd St., New York, 

N. Y.
B in-Dicator Co., 14615 E. Jefferson Ave., Detroit, 

Mich.
Bishop & Co. P la tinum  Works, J ., 22 Channing 

Avenue, M alvern, Pa.
Black-Ray Lighting Co., 10415 St. C lair Ave., 

Cleveland, Ohio
Boiler Room Equipm ent, Inc., 45 W. 45 th  St., 

New York, N . Y.
Boulin Instrum ent Corp., 65 M adison Ave., New 

York. N. Y.
Bowser & Co., Inc., S. F., 1360 Creighton Ave., 

Fort W ayne, Ind.
Brabender Corp., Rochelle Park, N. J.
Braun Corp., 2260 E. 15th St., Los Angeles, Calif.
B raun-K necht-H eim ann Co., 584 Mission S t.,  San 

Francisco, Calif.
Bristol Co., W atcrbury, Conn.
Brookfield Engineering Laboratories, Sharon, 

M ass.
Brosites M achine Co., 30 Church S tree t, New 

York, N . Y.
Brown Instrum en t Co., 4480 W ayne Ave., Phila

delphia, Pa.
Brown & Sharpe Mfg. Co., 237 Prom enade St., 

Providence, R. I.
Brush D evelopm ent Co., 3311 P erkins Ave., 

Cleveland, Ohio
Buehler, Adolph I., 228 N. LaSalle St., Chicago, 

111.
Buffalo A pparatus Corp., 180 M ain St., Buffa/o, 

N . Y.

Buffalo M eter Co., 2899 M ain St., Buffalo, N . Y.
Builders Iron Foundry, 27 Codding St., Provi

dence, R. I.
Bullard Co., E. D., 275 Eighth St., San Francisco, 

Calif.
Bunnell and Co., J. H ., 215 Fulton St., New York, 

N. Y.
Burling Instrum ent Co., 241 Springfield Ave., 

Newnrk, N. J.
Burlington Instrum ent Corp., Burlington, Iowa
Burrell Technical Supply Co., 1942 Fifth Ave., 

Pittsburgh, Pa.
Bushnell & Nevius, 913 N. La Cienega Blvd., Los 

Angeles, Calif.

C
Calculagraph Co., 50 Church St., New York, 

N. Y.
Cambridge Instrum ent Co., Inc., 3732 Grand 

Central Terminal, New York, N. Y.
Cargille, R. P., 118 Liberty St., New York, N. Y.
Cash Co., A. W ., 19th & Eldorado, Decatur, 111.
Central Scientific Co., 1700 Irving Park  Blvd., 

Chicago, 111.
Chemical Rubber Co., 1900 W. 112th S t., Cleve

land, Ohio
Chemlab Specialties Co., 52 A lvarado Rd., 

Berkeley, Calif.
Chicago Apparatus Co., 1735 N. Ashland Ave., 

Chicago, 111.
Claflin Co., G. L., 150 Dorrance S t., Providence, 

R. I.
Clare & Co., C. P., Lawrence & Lamson Avenues, 

Chicago, 111.
Clark Blast M eter, Chas J ., Gladbrook, Iowa
Clay-Adams Co., Inc., 44 E. 23rd S t., New York, 

N. Y.
Clebar W atch Co., Inc., 551 F ifth  Ave., New 

York, N. Y.
Clough-Brengle Co., 5501 Broadway, Chicago, III.
Cochrane Corp., 3125 N . 17th St., Philadelphia, 

Pa.
Coleman Electric Co., Inc., 315 M adison St., 

Maywood, 111.
Colloid Equipm ent Co., 50 Church St., New York, 

N. Y.
Connelly Iron Sponge & Governor Co., 3154 S. 

California Ave., Chicago, 111.
Continental Electric Co., Geneva, III.
Coors Porcelain Co., Golden. Colorado
Corning Glass Works, Corning, N. Y.
Cramer & Co., R . W., Centerbrook, Conn.
Crosby Steam Gage & Valve Co., 10 Roland St., 

Boston, Mass.

D
Daigger & Co., A., 159 W. Kinzie St., Chicago, 

111.
Davis Emergency Equipm ent Co., Inc., 57 Van 

Dam St., New York, N. Y.
Defender Automatic Reg. Co., 308 S. 8th St., St. 

Louis, Mo.
Denver Fire Clay Co., 23d & Blake St., Denver, 

Colo.
D etroit Air M eter Co., P. O. Box 1473, Detroit, 

Mich.
Dietcrt Co., H arry  W., 9330 Roselawn Ave., 

Detroit, Mich.
Distillation Products, Inc., 785 Ridge Road West, 

Rochester, N. Y. .
Dubrovin, John, 2947 N. Kenneth Ave., Chicago,

DuM ont Labs., Inc., Allen B., 2 M ain S t., Passaic, 
N. J.

Dunn, Inc., S truthers, 1328 Cherry St., Philadel
phia, Pa.

E
Eagle Signal Corp., 20th St., Moline, 111.
Eastern Engineering Co., 45 Fox St., New Haven,

Eberbach & Sons, 200 E . L iberty St., Ann Arbor, 
Mich. .

Eby, Inc., Hugh H., 4700 Stenton Avenue, Phila-

E c k ^  Krebs! 131 W est 24tb St., New York, N . Y. 
Eclipse Fuel Engineering Co., Rockford, 111. 
Edison Electrical Controls Div„ Tbos. A. Edison 

Inc., 51 Lakeside Ave., West Orange, N. J. 
Eimer & Amend, 633-635 Oreenw!ch St., New 

York, N. Y.
Electric Speed Indicator Co., 14618 Bayes Ave., 

Lakewood, Ohio . _ .
Electric Tachom eter Corp., Broad and Spring 

Garden Sts., Philadelphia, Pa.

Electric Valve Mfg. Co., 68 M urray  St., New 
York, N. Y.

Electrical Research Products, Inc., 195 Broadway, 
New York, N. Y.

Electronic Laboratory, 306 S. Edinburgh Avenue, 
Los Angeles, Calif.

Electronic Research Lab., Niles Center, 111.
Elgin Softener Corp., Elgin, 111.
Elmes Engineering Works, Charles F,, 246 N. 

M organ St., Chicago, III.
Em pire Laboratory Supply Co., 559 W. 132nd St., 

New York, N. Y.
Engelhard, Inc., Charles, 90 Chestnut St., New

ark, N. J.
Engineering Labs., Inc., 705 Kennedy Bldg., 

Tulsa, Okla.
Eppley Laboratory, Inc., Newport, R . I.
Ertel Engineering Co., 94 Mills Street, Kingston, 

N. Y.
Ess Instrum ent Co., 30 Irving Place, New York, 

N. Y.
Esterline-Angus Co., P. O. Box 596, Indianapolis, 

Ind.
Everson Mfg. Co., 210 W. H uron St., Chicago, 111.
Exact W eight Scale Co., 1800 West F ifth  Ave., 

Columbus, Ohio

Faichney Instrum ent Corp., W atertown, N . Y.
Fairbanks, M orse & Co., 600 S. M ichigan Ave.r 

Chicago, III.
Federal Products Corp., 1146 Eddy St., P rovi

dence, R. I.
Fee & Stemwedel, Inc., 4949 N . Pulaski R d ., 

Chicago, III.
Fenwal, Inc., Ashland, Mass.
Ferner Co., R . Y., 131 S ta te  S t., Boston, Mass.
Ferranti Electric, Inc., 30 Rockefeller Plaza, New 

York, N. Y.
Ferris Instrum ent Corp., Boonton, N. J.
Fischer & Porter Co., 112 W est Penn St., Germ an

town, Philadelphia, Pa.
Fish-Schurman Co., 254 E. 43rd S t., New York, 

N. Y.
Fisher Scientific Co., 711-723 Forbes S t., P itts 

burgh, Pa.
Fleischhauer & Son, F rank , 89-36 187th Pl., 

Hollis, L. I ., N. Y.
Ford M otor Co., 3674 Schaefer Road, Dearborn, 

Mich.
Foster Engineering Co., 109 M onroe S t., Newark, 

N. J.
Foxboro Company, 40 Neponsct Ave., Foxboro,

Mass.
Friez & Sons, Julien P., Towson, M d.
Frober Faybor Co., 4612 Prospect Ave., C leve

land, Ohio
Fulton Sylphon Co., Knoxville, Tenn.

Gaertner Scientific Corp., 1201 Wrightwood Ave., 
Chicago, 111.

Gam m a Instrum ent Co., 8049 221 S t., Queens 
Village, L. I.

Gardner Laboratory, Henry A., 2201 New York 
Ave., N .W ., W ashington, D. C.

G authier, D onat A., 7408 Poe Ave., D etroit, 
Mich.

General Electric Company, 1 R iver R d., Schenec
tady , N . Y.

General Electric Vapor Lamp Co., 410 E ighth St., 
Hoboken, N . J.

General Electric X -R ay Corp., 2012 Jackson 
Blvd.. Chicago, 111.

General Radio Company, 30 S tate  S t., Cambridge, 
Mass.

Geophysical Instrum ent Co., 1315 Half S t., S.E., 
W ashington, D. C.

Gilmore Drug Co., W. J ., 422 Blvd. of the Allies, 
Pittsburgh, Pa.

Gleason-Avery, Inc., 27 Clark S t., Auburn, N . Y.
G-M Laboratories, Inc., 1731 W. Belmont Ave., 

Chicago, 111.
Gordon Co., Claud S., 1524 S. W estern Ave., 

Chicago, 111.
Gorell & Gorell, Chicago Heights, 111.
Gotham  Instrum ent Co., 127 Spring S t., New 

York, N. Y.
Gow-Mac Instrum ent Co., 20 W ashington PL, 

Newark, N. J.
Gray Instum ent Co., 64V2 W. Johnson St., 

Philadelphia, Pa.
Green, Henry J., 1191 Bedford Ave., Brooklyn, 

N. Y.
Greene Bros,, Inc., 1810 Griffin S t., Dallas, Texas
Greiner, Inc., Emil, 161 Sixth Ave., New York 

N. Y.
Greiner Co., Inc., O tto R ., 55 Plane S t., Newark 

N. J.
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a t  M in im u m  C o s t
Stokes Laboratory Stills produce ex
ceptionally pure water a t minimum  
c o s t . . . water that more than meets 
U. S. P. requirements, suitable for all 
research, industrial and other pur
poses, for hospital use and even in 
intravenous solutions.
The efficient, counter-flow, built-in, 
vertical condenser reduces operating 
cost. Many other exclusive features; 
triple vapor baffles; large-area, one- 
piece boiling chambers; deconcen
trator for hard-water service; electric 
heating elements that are protected 
against burn-out, etc.

19 stock models, Yi to 100 gals, per 
hour capacity. Electric, gas, steam. 
More than 18,000 in use. Also larger 
Multiple-Effect Stills, up to 5,000 gals, 
capacity. Write for catalog.

S o ld  b y  d e a le r s  o r  d ir e c t .

F. J. STO K ES M A C H IN E  C O .
594* Tabor Road O lnty P. O . Phlta, Pa.

Representatives in New York, Chicago 
Cincinnati, S t. Louis, Cleveland, Detroit 

Pacific Coast Representative:
L. U . Butcher Company, Inc.

G uardian Electric Mfg. Co., 1621 W. W alnut St., 
Chicago, 111.

G um p Co., B. F., 415 S. C linton S t., Chicago. 111. 
Gurley, W. & L. E ., Troy, N . V.

H
lfagan Corp., 300 Ross St., P ittsburgh, Pa.
Haines Gauge Co., 119 S. 4 th  S t., Philadelphia, 

Pa.
Hanovia Chemical and M anufacturing Co., 

C hestnut St. & N . J . R. R. Ave., Newark, N . J.
H ays Corp., 1948 Shirl Ave., M ichigan C ity, Ind.
H -B  Instrum ent Co., 2533 N . B road St., Phila

delphia, Pa.
Heil Corp., 210 S. 4 th  St., S t. Louis, Mo.
Heilige, Inc., 3718 N orthern  Blvd., Long Island 

City, N. Y.
Heusser Ins trum en t M fg. Co., 134 W est Second 

South St., Salt Lake C ity, U tah
Hevi D uty  Electric Co., 4214 W est H ighland 

Blvd., Chicago, III.
Hickok Electrical Instrum ent Co., 10514 D u Pont 

Ave., Cleveland, Ohio
Hoffman Co., S. O., 835 Howard S t., San F ran 

cisco, Calif.
Hoke, Inc., 585 Eagle Ave., New York, N. Y.
Holz, Herm an A., 116 W. 14th St., New York, 

N. Y.
Hopf Glass A pparatus Co., 192 3rd Avenue, New 

York, N . Y.
Hoskins Mfg. Co., 4455 Law ton Ave., Detroit, 

Mich.
Howe & French Inc., 101 Broad St., Boston, Mass,
Howe Scale Co., R utland, Vt.
H uppert, K. H ., 1603 S. M ichigan Avenue, 

Chicago. 111.

I
Ideal C om m utator Dresser Co., Sycamore, 111.
Illmois Testing Labs., 420 N . LaSalle S t., Chicago.

Indicating Calipers Corp., 506 E. 19th St., New 
York, N. Y.

Industrial In strum en t Co., 2249 14th St., S.W., 
Akron, Ohio

Industrial Instrum ents Inc., 156 C ulver Ave., 
Jersey C ity, N. J.

Industro  Scientific Co., 260”S. Broad S t., Phila
delphia, Pa.

In tercontinental M arketing 'C orp ., 8 W. 40th St., 
New York, N . Y.

In ternational Emulsifiers, Inc., 2409 Surrey 
Court, Chicago, 111.

In ternational Equipm ent Co., 352'W estern Ave., 
Boston, Mass.

International F ilter Co., 325.W. 25th PI., Chicago.

J
J.B .T . Instrum ents Inc., 441 Chapel S t., New 

H aven, Conn.
Jarrell-Ash Co., 165 Newbury St., Boston, Mass. 
Ja rd u r Im port Co., 21 W. 19th St., New York, 

N. Y.
Jergusou Gage & Valve Co., 91 Fellsway Ave., 

Somerville, Mass.
Jones M otrola Sales Co., 432 Fairfield Ave., S tam 

ford, Conn.

K
Kauffm au-Lattim er Co., Columbus, Ohio
Keller Mfg. Co., G. P ., Salt Lake C ity, Utah
Kessling Therm om eter Co., E ., 682 Jam aica Ave., 

Brooklyn, N . Y.
Keuffel & Esser Co., 300 Adams St., Hoboken. 

N . J.
Kewaunee Mfg. Co., 284 Lincoln Street, Ke

waunee, Wis.
Kieley & M ueller, Inc., 40 W . 13th S t., New York, 

N. Y.
Kimble Glass Co., V ineland, New Jersey
King-Seeley Corp., D etro it Ave., Ann Arbor, 

Mich.
K le tt Mfg. Co., 179 E. 87th  St., New York, N . Y.
Kollsman Inst. Co., Inc., 8008— 15th Avenue, 

Elm hurst, L. I., N. Y.
K ron Co., 1720 Fairfield Ave., Bridgeport, Conn.
K urm an Electric Co., Inc., 241 L afayette St., 

New York, N . Y.

L
L. A. B. Corporation, Sum m it, N . J .
L aboratory C onstruction Co., Inc., 1113 Holmes 

Street, K ansas C ity, Missouri 
L aboratory F urn itu re  Com pany, 37-18 N orthern  

Boulevard, Long Island C ity, N . Y.
LaM otte Chemical Products Co., Towson, B alti

more, M d.

LaPine & Co., A rthur S., 114 W. H ubbard St., 
Chicago. 111.

Lapp Insulator Com pany, LeRoy, New York
Leach Relay Co., 5915 Avalon B lvd., Los Angeles, 

Calif.
Leeds & N orth rup  Co., 4901 Stenton Ave., Phila

delphia, Pa.
Leitz, Inc., E ., 730 F ifth  Ave., New York, N . Y.
Lewis Engineering Co., N augatuck, Conn.
Linde Air Products Co., 30 E. 42nd St., New York, 

N .Y .
Liquidom eter Co., Inc., 36-18 Skillman Ave., 

Long Island C ity, N. Y.
Luxtrol Co., Inc., 54 W est 21st S t., New York, 

N. Y.

M
M acbeth Daylighting Co., Inc., 227 W . 17th St., 

New York, N. Y.
M achlett & Son, E ., 220 E . 23rd S t., New York. 

N. Y.
M anning, Maxwell & M oore, Inc., American 

Schaeffer & B udenberg Ins trum en t Div., 
Bridgeport, Conn.

M arsh Corp., Jas. P., 2073 Southport Ave., 
Chicago, 111.

M ason-Neilan R egulator Co., 1191 Adams St., 
Boston, Mass.

M cKesson - Robbins - Doster - N orth ington  Co., 
1706 F irst Ave., B irm ingham , Ala.

M ercoid Corp., 4201 W. Belmont St., Chicago, III. 
M ercon R egulator Co., 2357 N . 29th St., Milwau

kee, Wis.
M eriam Co., 1955 W. 112th S t., Cleveland. Ohio 
M errick Scale Mfg. Co., 188 A utum n St., Passaic. 

N. J.
M eylan, A. R. & J . E „  264-68 W. 40th St., New 

York, N. Y.
Mico Instrum ent Co., 10 Arrow St., Cambridge,

Mass.
M icrochemical Service, 30 Van Z andt Ave., 

Dougtaston, N. Y.
Micro Switch Corp., F reeport, 111.
Mine Safety Appliances Co., Braddock, Thom as & 

M eade Sts., P ittsburgh, Pa.
M ine & Sm elter Supply Co., 1422— 17th St..

Denver, Col.
Moeller Ins trum en t Co., 132-12— 89th Ave., 

R ichm ond Hill, N . Y.
M orehouse M achine Co., 233 W. M arket St., 

York, Pa.
M orey & Jones, L td ., 922 So. Hemlock St., Los 

Angeles, Calif.
M u ter Co., 1255 S. M ichigan Ave., Chicago, III.

N
N ational M eter Co., 4213 F irst Ave., Brooklyn, 

N. Y.
N ational Technical Labs., 3330 E ast Colorado St., 

Pasadena, Calif.
N atural Gas E quipm ent, Inc., Petroleum  Securi

ties Bldg., Los Angeles, C alif.'
Newark Scale Works, 10 Hobson St., Newark, 

N. J.
Newark Wire Cloth Co., 352 Verona Ave., New

ark, N . J.
N. J. L aboratory Supply Co., 235 Plane St., 

Newark, N. J.
New Jersey M eter Co., Plainfield. N . J.
N . Y. Laboratory Supply Co., Inc., 525 Broad

way, New York, N. Y.
New York Scientific Supply Co., I l l  E. 22nd St., 

New York, N. Y.
N orton C om pany, W orcester, M ass.

O
Ohmite M fg. Co., 4835 Flournoy S treet, Chicago, 

HI.
Olsen T esting M achine Co., T inius, 500 N. 12th 

St., Philadelphia, Pa.
O rton Jr. Ceram ic Foundations, Edw ard, t44o 

Sum m it St., Colum bus, Ohio

P
Palm er Com pany, 2501 Norwood Ave., Cincin

nati, Ohio __
Palo-M yers, Inc., 81 Reade S t., New York, N. Y. 
Parks-C ram er Co., 1101 Old South Bldg., Boston, 

M ass. ,
P a rr Ins trum en t Co., 222— 52nd S t., Moline, III- 
Partlow  Corp., 2 Cam pion R oad, New Hartford, 

N . Y.
Percorella Mfg. Co., 64 Stanhope St., Brooklyn,

N- Y- .Perkin, Elm er & M offitt, 90 Broad S t., New York, 
N . Y.

Perkins & Son, Inc., B. F. Holyoke, Mass. 
P erm utit Co., 330 W. 42nd S t., New York, N. Y. 
Peterson & Co., In '. ,  Leonard, 1222 Fullerton 

Avenue, Chicago, III. .
Petrom eter Corp., 42-26— 28th S t., Long Isla"« 

C ity, N . Y.
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Pfaltz & Bauer, Inc., Em pire S ta te  Bldg., New 
York, N. Y.

Philadelphia Therm om eter Co., 915 Filbert St., 
Philadelphia, Pa.

Photobell Corp., 123 L iberty  St., New York, 
N. Y.

Photoswitch, Inc., 21 C hestnut St., Cambridge, 
Mass.

Photo volt Corp., 95 M adison Ave., New York, 
N. Y.

Pioneer Ins trum en t Division of Bendix Aviation 
Corp., Bendix, N . J.

Pittsburgh E quitable M eter Co., 400 N. Lexing
ton Ave., P ittsburgh, Pa.

Pittsburgh Instrum ent & M achine Co., 1020 
Reedsdale St., P ittsburgh , Pa.

Polarizing Instrum ent Co., 630 F ifth  Ave., New 
York, N . Y.

Powers R egulator Co., 2726 Greenview Ave., 
Chicago, 111.

P ratt & W hitney, Division Niles-Bement-Pond 
Co., 430 Capitol Ave., H artford, Conn.

Precision Scientific Co., 1750 N. Springfield Ave., 
Chicago, 111.

Precision Therm om eter & Instrum ent Co., 1434 
Brandywine S t., Philadelphia, Pa.

Pyro-Electro Instrum ent Co., 7323 W. Chicago 
Blvd., D etroit. Mich.

Pyrometer Instrum ent Co., 103 Lafayette St., 
New York, N. Y.

R
Radio C ity Products Co., 88 Park  Pl., New York, 

N. Y.
Rawson Electrical Instrum ent Co., 110 Potter St., 

Cambridge, M ass.
Raytheon Mfg. Co., 190 Willow St., W altham, 

Mass.
RCA M anufacturing Co., Inc., Camden, N. J.
Refinery Supply Company, 621 E. Fourth St., 

Tulsa, Okla.
Republic Flow M eters Co., 2246 Diversey Park

way, Chicago, 111.
Rex R heostat Co., 37 W. 20th Street, New York, 

N. Y.
Rhoades M etaline Co., Inc., R . W., P. O. Box 1, 

Long Island C ity, L. I.
Richardson Scale Co., 668 Van Houten Ave., 

Clifton, N . J.
Riehle Testing M achine Div., American Machine 

& M etals, Inc., E ast Moline, 111.
Robertshaw Therm ostat Co., Youngwood, Pa.
Roller-Smith Co., Bethlehem, Pa.
Rubicon Co., 29 N . Sixth S t., Philadelphia, Pa.
Ruehfel Company, George, 103 M onahan Street, 

Brooklyn, N . Y.

Sarco Company, Inc., 183 M adison Ave., New 
York, N. Y.

Sargent & Co., E. H ., 155 E ast Superior St., 
Chicago, 111.

Saxl Instrum ent Co., Industrial T rust Bldg., 
Providence, R . I.

Schaar & Co., 754 W. Lexington St., Chicago, 
111.

Schaffer Poidom eter Co., 2828 Smallman St., 
P ittsburgh. Pa.

Scherr Co., Inc., George, 128 Lafayette St., New 
York, N . Y.

Schutte & K oerting Co., 1261 N . 12th St., Phila
delphia, Pa.

Scientific G lass A pparatus Co., 49 W. Ackerman 
St., Bloomfield. N. J.

Scientific Instrum ent Co., 535 W. Larned St., 
Detroit, M ich.

Scott Co., H enry L ., Blackstone St., Providence, 
R. I.

Seederer-Kohlbusch, Inc., 149 New York Ave., 
Jersey C ity, N . J.

Selas Com pany, 18th St. & Indiana Ave., Phila
delphia, Pa.

Sentry Com pany, Foxboro, Mass.
Service Recorder Co., 468 H anna Bldg., Cleve

land, Ohio
Sheffield Gage Corp., D ayton, Ohio
Sheldon & Co., E. H ., M uskegon, Michigan
Shore Instrum ent & Mfg. Co., 90-25 Van Wyck 

Blvd., Jam aica, N . Y.
Sigma Instrum ents, Inc., 388 Trapelo Rd.. Bel

mont, Mass.
Sola Electric Co., 2525 Clybourn Street, Chicago. 

111.
Sound A pparatus Co., 150 W est 46th Street, New 

York, N . Y.
Sparkler Mfg. Co., 1202 W ebster Avenue, 

Chicago, 111.
Specialty Glass Co., 536 Lake Shore Drive, 

Chicago, III.
Spence Engineering Co., Inc., 51 G rant St., Wal

den, N. Y.
Spencer Lens Co., 19 D oat St., Buffalo, N. Y.
Spray Engineering Co., 110 Central St., Somer

ville, M ass.
S tandard Electric T im e Co., 89 Logan St., Spring

field, M ass. .
S tandard Electrical Products Co., 317 Sibley St., 

St. Paul, M inn.
S tarrett Co.. L. S., Athol, Mass.

Sta-W arm Electric Co., 860 N. Chestnut Street, 
Ravenna, Ohio

Sterling Engineering Co., 3738 N. Holton St., 
Milwaukee, Wis.

Sticht & Co., Herman II., 27 Park Place, New 
York, N. Y.

Stillman Co., M. J ., 116 So. M ichigan Ave., 
Chicago, 111.

Stokes Machine Co., F. J., 5944 Tabor Rd., 
Olney, P. O., Philadelphia. Pa.

Supreme Electric Products Corp., 99 M t. Hope 
Ave., Rochester, N. Y.

Supreme Instrum ent Corp., Greenwood, Miss.
Suter, Alfred, 200 Fifth Ave., New York, N. Y.

Taber Instrum ent Co., I l l  Goundry St., N orth 
Tonawanda, N. Y.

Tagliabue Mfg. Co., Park & Nostrand Aves., 
Brooklyn. N. Y.

Taylor & Co., Inc., W. A., 877 Linden Ave., 
Baltimore, Md.

Taylor Instrum ent Cos., 95 Ames St., Rochester, 
N. Y.

TefTt-Jackson, Inc., 2 Allens Ave., Providence, 
R. I.

Teliviso Products, Inc., 2400 N . Sheffield Blvd., 
Chicago, 111.

Telex Products Co., Minneapolis, Minn.
Testing Machines, Inc., 460 W. 34th St. New 

York, N. Y.
Thermal Syndicate, L td., 12 East 46th Street, 

New York, N. Y.
Thomas Co., A rthur H., W. W ashington Sq., 

Philadelphia, Pa.
Thompson Clock Co., H. C., Bristol, Conn.
Thordarson Electric Mfg. Co., 500 W. Huron St.. 

Chicago. III.
Thrush & Co., H. A., Peru. Ind.
Thwing-Albert Instrum ent Co., 3339 Lancaster 

Ave., Philadelphia, Pa.
Toledo Scale Co., 3230 Monroe St., Toledo, Ohio
Torsion Balance Co., 92 Reade St., New York, 

N. Y.
Trill Indicator Co., 346 E. South S t., Corry. Pa.
Trim ount Instrum ent, Inc., 332 S. LaSalle 

Street, Chicago. III.
Triplett Electrical Instrum ent Co., BlufTton. Ohio
Troemner, Henry, 911 Arch St., Philadelphia, Pa.
Tyler Co., W. S.. 3614 Superior Ave., Cleveland, 

Ohio

U
Uehling Instrum ent Co., 477 G etty  Aye., Pater

son. N. J.

Veeder-Root, Inc., H artford, Conn.
Viking Instrum ents, Inc., Stamford. Conn 
Voland & Sons. Inc., New Rochelle, N . Y.

W
r.Oii

Walker & Co., G. T ., 324— 5th Ave., S., M innea
polis, Minn.

Walser Automatic Timer Co., 420 Lexington Ave., 
New York, N. Y.

Ward Leonard Electric C?., 31 South St., M ount 
Vernon, N. Y. .

Welch Mfg. Co., W. M ., 1515 Sedgwick St., 
Chicago, III. „  „

Westinghouse Elec. & Mfg. Co., E ast P ittsburgh, 
Pa.

Weston Electrical Instrum ent Corp., 614 Frehng- 
huysen Ave., Newark, N. J. _

Wheelco Instrum ent Co., 1929 S. Halsted St., 
Chicago, III.

Wilkens-Anderson Co., I l l  N . Canal St., Chicago,

Will Corp., Rochester, N .Y .
Williams A pparatus Co., Inc., Herald Bldg., 

Watertow'n, N . Y.
Williams Brown & Earle Inc., 918 Chestnut^St., 

Philadelphia, Pa.
Willson Products. Inc., Reading. Pa.
Wilson Mechanical Inst. Co., 383 Concord Ave., 

New York, N. Y.

Yonkers Lab. Supply Co., 549 W. 132 St. New 
York. N. Y.

Zeiss Inc.. Carl, 485 F if th > v e „  New York, N . Y.

with

Brookfield
Synchro-lectric
VISCOSIMETER

■

S A V E  valuable production time
and insure closer control on defense orders by runniijg 
viscosity tests right where your material is being 
processedl

N O T E  these advantages: Continuou» or
Intermittent indicating—Simple, sturdy, easy to operafe
and clean — Permanently standardized, no adjustments.... I

Operator can easily convert any model to either 
portable or stationary use as desired.

The Synchro-lectric Viscosiroeter operates anywhe e 
in plant or laboratory, it w ill test solutions in suspe >• 
sion and of any degree of opacity, and is not affected by 
temperatures to 600°F. Just a few seconds are re
quired to complete the reading which requires no tech
nical skill. The instrument is permanently standardized; 
requires no adjustments. Viscosities are indicated in 
cen'.ipoises in wide ranges on a large, easily read dial. 
Accuracy is within one percent of full scale based on 
Bureau of Standards values.

Variable speed units provide a mean» for measuring 
materials of plastic flow at different rates of shear.

Standard units operate on 60 cycle 110 volt current, 
but other frequencies and voltages can be arranged.

F u ll in fo r m a t io n  ic i th  r e c o m m e n d a tio n *  
ic ill b e  ment o n  r e q u e s t.

B R O O K F I E L D  
E N G I N E E R I N G  
L A B O R A T O R I E S
S h a r o n ,  M a s s a c h u s e t t s
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Dependability
. . . t h e  p r i m e  r e q u i s i t e  

. . .  i n  F i l t e r  P a p e r

Chemists working against the clock 
in the laboratories of speeded up indus
try or steadily pushing their way into 
the unknown in fundamental research 
projects are alike in their preference for 
WHATMAN Filter Papers.

They have learned through long ex
perience that the filtering speed, reten
tiveness, ash weight and other basic 
characteristics of WHATMAN Filter 
Papers remain uniform from box to box 
and from year to year.

They know that their dealer has 
stocks for immediate shipment of their 
normal requirements and that reserve 
supplies are available in New York for 
any abnormal demands.

So they specify WHATMAN Filter 
Papers for every analysis to which 
paper is adapted and have one less worry 
to hamper busy minds. Test WHAT
MAN Filter Papers in your laboratory, 
samples await your request.

H. REEVE ANGEL & CO., INC.
7 -1 1 Spruce St., New York, N. Y.

DAIGGER
The N ew  Lightweight Champ! 

Compact and Rugged
THERMOSTATIC HOT PLATE

by PRECISION
For All Light Duty Laboratory Heating Jobs

3075-K

COMPACT—measuring 4l/ i r diameter by 2 ' high.

LIGHTWEIGHT—weighs only l'/alba.

THERMOSTATIC CONTROL by means of a built- 
in bi-metallic thermostat with a handy external 
control handle. Specific- temperatures may be 
reproduced and maintained.

TEMPERATURE RANGE approximately 100 to 
550 F.

ECONOMICAL—because the current is on only when 
the temperature of the Hot Plate drops below 
desired setting.

DURABLE HEATING ELEMENT full enclosed and 
fastened to the under side of the cast iron plate. 
Sturdy metal case has baked-on crystalline finish, 
resisting acids and alkalies.

ANNULAR OPENING permits heating objects larger 
than plate.

3075-H Complete with 6  ft. Cord and Plug.
For 110 Volts A.C. only................... $5.50

3075-J Same as above, but with Support 
Rod Clamp. For 110 Volts A.C. 
only....................................................  6 .25

307S-K Same as above, but mounted on 
heavy cast iron Support Base. 
Support Rod. For 110 Volts A.C. 
only..................................................... 9.00

Replacement heating element for all types. 2.75
A ll types easily incorporated into 

apparatus train or setup.

A. DAIGGER & CO.
Laboratory Supplies and Chemicals

159 W EST K IN Z IE  STREET • C H IC A G O

3075-H
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In d e x  of Instrum ents
Related Apparatus and Machines

for M easuring, T esting, Controlling, Indicating  
and Recording

T h e  in fo rm a tio n  in  th is  index is based on d a ta  furnished by the 
firms lis ted  as well as from  d a ta  taken  from  our own files. W ith 
exception o f  G A G E S  all index  headings have been m ade on the 
basis o f  th e  s u b je c t o r condition  o f  m easu rem en t and  control. 
For exam ple , e q u ip m e n t for te s tin g  ru b b er and m ilk is found 
under R U B B E R  T E S T IN G , and  M IL K  T E S T IN G , respectively .

F re q u e n t cross refe rences have  been m ade to elim inate  d u p lica 
tion o f firm listings. F or example— B E N D IN G  T E S T IN G , See 
Tensile T e s tin g , show s th a t  firm s w hich su pp ly  the  form er are 
identical w ith  th e  firm s supp ly ing  th e  la tte r . T h is does n o t im ply 
th a t th e  e q u ip m e n t is iden tica l.

T h e  m ore im p o r ta n t  la b o ra to ry  in s tru m en ts  have been sepa
ra te ly  indexed  as w a rra n te d  by their im portance. F or exam ple 
P O T E N T IO M E T E R S  are  se p ara te ly  listed and  hav e  n o t been 
cross-indexed to E L E C T R IC A L  M E A S U R IN G .

S elected  useful an d  necessary  lab o ra to ry  item s will be found 
under “ M IS C E L L A N E O U S ”  placed a t  the  end o f  th e  Index  
together w ith  “ L A B O R A T O R Y  F U R N IT U R E .”

P ro p r ie ta ry  tra d e  nam es have  been used only  w here the  trad e  
has no o th e r  a p tly  d esc rip tiv e  designation  for the  device.

I f  th e  p ro d u c t o r  nam e for w hich you are searching is n o t found 
in th e  In d e x , p lease  com m unicate  w ith  the  A dvertising  Office 
In d u str ia l an d  E ng ineerin g  C h em istry , 332 W est 42nd S t., N ew  
York.

All suggestions fo r a d d itio n a l headings, as well as calling to  our 
a tte n tio n  e rro rs  a n d  d iscrepancies will be thoroughly  apprecia ted .

For complete nam e a n d  address o f companies listed in  this index  
consult page 21.

ABRASION R ESIS
TANCE 

American In st. Co. 
Amthor T est Inst. 
Morehouse M ach. Co. 
Taber Inst. Co.

ABSORPTION, See Po
rosity

ACID HEAT 
Tagliabue M fg.

ALARMS
Noxious or Combustible 
Gases and Vapors 

Bristol Co.
Bushnell and Nevins 
Davis Emergency 
Engineering Labs., Inc. 
Gen. Elec. Co.
Leeds & N orthrup 
Mine Safety 
Viking Instrum ents 
Wheelco In st. Co.

ALCOHOL TESTIN G  
SETS 

American In s t. Co. 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co., A. 
Eimer & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
La Pine & Co.
N. Y. Laboratory Sup. 
Palo-M yers 
Precision Seien. Co. 
Sargent & Co., E . H . 
Scientific Glass App. 
Thomas Co., A. H . 
Will Corp.

ALTERNATING 
STRESS, See Tensile 
Testing

AMM ETERS, See Elec
trical M easuring

r ^ M? NIA- ANALYZ- 
See Gas Analyzers

AM PEREHOUR ME
TERS, See Electrical and 
M agnetic M easuring

ANALYZERS 
Chemical Composition, 
Recording and Controll
ing

Applied Res. Labs. 
Cambridge Inst; 
Coleman Electric 
D ietert Co.
Fisher Scientific Co. 
Friez and Sons 
Industrial Insts., Inc. 
Leeds & Northrup 
M achlett and Son 
M ine Safety 
N ational Tech. Labs. 
Rubicon Co.
Sargent & Co., E . H. 
Scientific Glass App. 
Tagliabue Mfg.

AREA M ETERS, See 
Flowmeters

ASPHALT TESTING 
See Oil Testing

B

BALANCES, ANALYTI
CAL

Ainsworth & Sons 
Akatos, Inc.
American Inst. Co. 
Becker, Christian 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Clafiin Co.
Clay-Adams Co., Inc. 
Daigger & Co., A. 
Eim er & Amend 
Exact Weight Scale 
Fisher Scientific Co. 
G aertner Scientific 
Greiner, Inc., Emil 
Greiner & Co., Otto 
Jarrell-Ash Co.
Keller Mfg., G. P.
La Pine & Co. 
Microchem. Service 
N. Y. Laboratory Sup. 
Palo-Myers 
Sargent & Co., E. H.

Scientific Glass App. 
Thomas Co., A. H. 
Torsion Balance Co. 
Troemner, Henry 
Voland & Sons 
Will Corp.

BALANCES, GAS 
DENSITY

Central Scientific Co. 
Refinery Supply Co.

BALANCES, MICRO
Ainsworth and Sons 
Akatos, Inc.^
Becker, Christian 
Central Scientific Co. 
Heusser Instrum ent 
Microchemical Service 
Pfaltz & Bauer 
Thomas Co., A. H. 
Torsion Balance Co. 
Voland & Sons

BALANCES, PULP
Ainsworth & Sons 
Becker, Christian 
Central Scientific Co. 
Exact Weight Scale 
Heusser Instrum ent 
Seederer-Kohlbusch 
Torsion Balance Co. 
Troemner, Henry 
Voland & Sons

BALANCES, SPECIFIC 
GRAVITY

Becker, Christian 
Chicago App. Co. 
Exact Weight Scale 
Heusser Instrum ent 
Newark Scale Works 
Pfaltz & Bauer
Seeder-Kohlbusch Co. 
Torsional Balance Co. 
Troemner, Henry

BALANCES, SURFACE 
TENSION

Becker. Christian 
Central Scientific Co. 
Roller-Smith Co. 
Seederer-Kohlbusch 
Torsion Balance Co.

Continued, on 
Page 26

K l e t t . . . .
P h o t o m e t e r s

PhoioelecbUc 

Q la il C e ll 

GaLvUmei&i

No. 800-3

F o r  th e  v a rie d  n e e d s  of in d u s t r ia l ,  c lin ic a l 
a n d  a g r ic u l tu r a l  la b o ra to r ie s .  C o m p le te  
a n d  se lf  c o n ta in e d  —  n o  acc esso ry  e q u ip 
m e n t  n e ce ssa ry . F u s e d  ce lls  fo r  re a d in g s  
o n  s o lu t io n  d e p th s  o£ 2.5, 10, 20, a n d  40 m m . 
S e lec tiv e  l ig h t  f i lte rs  a v a ilab le .

1 U K U U
tyh to sU m eiesi

D e s i g n e d  f o r  t h e  
r a p id  a n d  a c c u ra te  
d e t e r m i n a t i o n  of 
th ia m in ,  r ib o flav in , a n d  o th e r  s u b s ta n c e s  w h ic h  
f lu o resce  in  s o lu t io n . T h e  s e n s i t iv i ty  a n d  s t a 
b i li ty  a re  s u c h  t h a t  i t  h a s  b e e n  fo u n d  p a r t i c u 
la r ly  u se fu l  in  d e te r m in in g  very  s m a ll  a m o u n ts  
of th e s e  su b s ta n c e s .

T o  f u r th e r  in c re a se  i t s  a d a p ta b i l i ty  a  s e p a ra te  
c ir c u it  a n d  sca le  is  p ro v id ed  fo r  c o lo r im e tr ic  
d e te rm in a tio n s .

LITERATURE SENT UPON REQUEST

K le t t M a n u fa c tu r in g  Co.
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3 7 7  W. SUPERIOR ST., CHICAGO, IU .
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BALANCES
W ESTPHAL

Becker, Christian 
C entral Scientific Co. 
Chicago App. Co. 
Eimer & Amend 
Pfaltz & Bauer 
Seederer-Kohlbusch 
Torsion Balance Co. 
Troem ner, Henry

BARKOM ETERS, See 
H ydrom eters

I N E E R I N G  C H E

BRICK TESTING
M orehouse M ach. Co.

MI S T R Y

BRIDGES, Electrical. 
See Potentiom eters and 
Bridges

BRINELL HARDNESS 
See H ardness T esting

B.T.U. INDICATORS
Precision Seien. Co.

BRITTLENESS, See 
T ensile Testing

BAROM ETERS 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Claflin Co.
Daigger & Co., A. 
E im er & Amend 
Fisher Scientific Co. 
G aertner Scientific 
Green, Henry J. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
La Pine & Co. 
M anning, M . &. M.
N. Y. Laboratory Sup. 
Palo-M yers 
Phila. Therm . Co. 
Precision T . &. I. 
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific Inst. Co. 
Tagliabue Mfg.
Taylor Inst. Cos. 
Thom as Co., A. H. 
Uehling Inst. Co.
Will Corp.

BAROM ETERS
ANEROID

Am. Paulin System 
Central Scientific Co. 
Friez & Sons 
KeuiTel & Esser Co. 
Kollsman Inst. Co. 
Pioneer Instrum ent Co. 
Scientific Inst. Co. 
Taylor Inst. Cos.

BAROM ETERS
MERCURIAL

Central Scientific Co. 
Chicago A pparatus Co. 
Iîim er & Amend 
Fisher Scientific 
Friez & Sons 
Pioneer Instrum ent Co. 
Sargent and Co., E . H. 
Scientific Inst. Co. 
Specialty Glass Co. 
Tagliabue M fg. Co. 
Taylor Inst. Cos. 
Welch Mfg. Co.

BAROM ETERS
RECORDING

Bristol Co.
Foxboro Co.
Friez anti Sons 
KeuiTel & Esscr 
Taylor Inst. Cos. 
Uehling Instrum ent

BENDING TESTING 
See T ensile  Testing

BOILING PO IN T 
American Inst. Cos. 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co., A.
Eck & Krebs 
Eim er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
La Pine & Co.
N . Y. Laboratory Sup. 
Palo-M yers 
Sargent & Co., E. H. 
Scientific Glass App. 
Thom as Co., A. H . 
Will Corp.

BOLOM ETERS, See 
M eteorological M easur
ing

BOMBS,
COMBUSTION

American Inst. Co. 
Central Scientific Co. 
Parr^Instrum ent Co. 
Precision Seien. Co. 
Tagliabue M fg. Co.

BURNING TEST, See 
Oil Testing

BURSTING
STREN G TH , See Paper 
Testing

C
CALIBRATING 
EQ U IPM EN T, for T est
ing M achines

Holtz, Herm an A. 
Pittsburgh Instrum ent 
Saxl Instrum ent Co. 
Thwing-Albert

CALIPERS, See Lineal 
Dimensions

CALORIM ETERS 
American Inst. Co. 
Braun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
Eim er & Amend 
F a ich n ey ln st. Corp. 
Fisher Scientific Co. 
Greiner & Co., O tto 
La Pine & Co.
N. Y. Laboratory Sup. 
Palo-M yers 
P arr Inst. Co. 
Precision Seien. Co. 
Precision T . &. I. 
Sargent & Co., E . H. 
Scientific Glass App. 
Thom as Co., A. H. 
W ill Corp.

CAPACITANCE, See 
Electrical M easuring

CARBON DIOXIDE 
See Gas Analyzers

CARBON M ONOXIDE 
See Gas Analyzers

CARBON RESIDUE 
See Oil Testing

OATHETOM ERS 
Braun Corp.
Burrell Tech. S u j j . 
Central Scientific Co. 
Daigger & Co., A. 
Ejm er & Amend 
Fisher Scientific Co. 
G aertner Seien. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
La Pine & Co.
N. Y. Laboratory Sup. 
Palo-M yers 
Sargent & Co., B. H. 
Scientific Glass App. 
Thom as Co., A. H . 
Will Corp.

CATHODE-RAY
OSCILLOGRAPH

D uM ont Lab.
General Electric Co. 
General Radio Co. 
Raytheon Mfg. Co. 
RCA M fg. Co. 
Supreme Instrum ents 
Telex Electrical 
T rip le tt Electrical

CELLS, CONDUC
TIVITY, ELECTRICAL 

Cambridge Inst. Co. 
C entral Scientific Co. 
Coleman Electric Co. 
Fisher Scientific 
G ray Instrum ent Co. 
Industrial Insts.» Inc. 
Leeds & N orthrup 
Scientific Glass App.

I N D U S T R I A L  AN D  E N G

IN ACCELERATED TESTING
The first A tlas te s t in g  m a ch in e  —the  
Fade-Ometer—was introduced 23 years ago. 
Shortly after that, the Weather-Ometer was 
developed, followed later by the Launder- 
Ometer. Progressively improved since their 
inception, Atlas Ometers today provide the 
ultimate in accelerated testing equipment, 
enabling the manufacturer to know, without 
waiting, the effects of months of sunlight, 
weathering, and laundering on his products. 
The fact that Atlas Ometers have been  
approved and accepted by the leading test
ing laboratories, Government, and scientific 
bodies, is ample evidence of their accuracy 
and dependability.

W E A T H E R O M E T E R  F A D E - O M E T E R
•  New Tw in-A rc . model —  much 
fa s te r determ ination. Shows with
in  a  fe w  d a y s  the e f f e c t s  of 
months o f w eathering — sun, ra in , 
heat and co ld —̂ on outdoor prod
ucts and protective coatings.

•  The accepted  medium the world 
over for predeterm ining the light 
fastness o f colors and colored 
m ate ria ls . C an  be used in com
plying with specifications o f the 
U. S . Bureau o f S tan d ards and
A . A . T. C . C .

L A U N D E R - O M E T E R
•  P ro v id e s  d e p e n d a b le  f o r e 
know ledge of the effects of com
m ercial laundering as w ell a s  of 
soaps and detergents on textiles 
and other m ate ria ls . S tand ard  
testing machine of A . A . T . C . C .

•  I f  y o u  h a v e  a n y  p ro b le m  in  th e  te s tin g  of 
c o lo r fa s tn e s s ,  w a s h a b i l i ty  o f f a b r ic s ,  o r w e a th e r  
r e s is ta n c e  of p ro d u c ts  s u b je c t  to  o u td o o r  u se , 
c o n s u l t  A tla s  to d a y .

CELLS, CONDUC
TIVITY, THERM AL 

Cambridge Inst. Co. 
Central Scientific Co. 
Gen. Elec. Co. 
Gow-Mac Inst. Co. 
Leeds & N orthrup

Vol. 13, No. 10

CELLS,
PHOTOELECTRIC

Continental Electric 
Electronic Lab.
Gen. Elec. Co.
G ;M  Labs.
Hickok Elec. Inst. 
Intercontinental 
Luxtrol Co., Inc. 
Pfaltz  & Bauer 
Photobell Corp. 
Photovolt Corp.
RCA M fg. Co. 
Westinghouse E. &. M. 
W eston Elec. Inst.

CELLS, STANDARD 
Cam bridge Inst. Co. 
Eppley Lab.
Leeds & N orthrup 
Rubicon Co. 
Tagliabue Mfg. Co. 
Thwing-Albert 
W eston Elec. Inst.

CEM ENT TESTING 
See also Tensil Testing 

American Inst. Co. 
Braun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
D aigger & Co., A. 
Eim er Sc Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., Otto 
La Pine & Co.
N. Y. Laboratory Sup. 
Palo-M yers 
Precision Seien. Co. 
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific Inst. Co. 
Thom as Co., A. H. 
W ill Corp.

CENTRIFUGES 
Clay-Adams Co. 
Central Scientific Co. 
Fisher Scientific Co. 
In ternational Equip. 
Precision Scientific^} 
Tagliabue Mfg. Co.j 
Thom as Co., A. H. 
W illiams Apparatus

CHLORINE, See Gas 
A nalyzers; See also 
Ortho-Tolidin Testing 
Sets

CHLORINE TESTING 
SETS 

La M otte Chem. Prod. 
Taylor & Co., W. A.

CHRONOGRAPHS 
See Time

CLOCKS, See Time

CLOUD AND POUR 
TEST, See Oil Testing

COAL AND COKE 
TESTIN G

American Inst. Co. 
Precision Seien. Co.

COIL TESTIN G , Elec
tric, See Electrical Mea
suring

COLOR COMPARA
TORS, Visual, See Color 
M easuring

COLOR FASTNESS 
Atlas Elec. Dev. 
G .E . Vapor Lamp

Continued, on
Page 28
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Determination and 
Separation of Copper
REAGENT— Benzotriazole 
METHOD— Gravimetric
REFERENCE— Curtis, Ind. Eng. Chem., Anal. Ed., 13, 349 (1941)

nenzotriazole is specific for copper and may be used for direct precipita- 
0 tion and gravimetric determination of the metal if certain interfering 
elements are absent. When such elements are present, the reagent effects 
preliminary separation, and the copper in the precipitate may then be 
determined by other accepted procedures.

This method is particularly desirable when both speed and accuracy are 
required. Recent reduction in the price of Eastm an 27 59  Benzotriazole, to 
less than half the former listing, makes the analyses economical.

W rite fo r  current price, and an abstract o f the article in  which the use of 
benzotriazole fo r  the separation and determination o f copper is described. 
Eastm an K odak Company, Chemical Sales D ivision, Rochester, N . Y .

Efc
KO D AK.

 T h e r e  a r e  m o r e  t h a n  3 4 0 0 ~

EASTMAN ORGANI C CHEMI CALS

Over 50 Years’ Experience Is Built Into Every
INDUSTRIAL LABORATORY 

TABLE 6610
Item of Peterson 

LABORATORY FURNITURE
Y e a rs  c o m e  a n d  go  . . . y e s t e r d a y ’s  f in e  id e a  b e c o m e s  
o b s o le te  to d a y ,  a n d  w i th  t h i s  p ro g re s s  P e t e r s o n  a l 
w a y s  k e e p s  a b r e a s t .  P e te r s o n  L a b o r a to r y  F u r n i t u r e  
is  a s  m o d e r n  a s  to m o r r o w .  I n s t a l l e d  in  t h e  l a b o r a 
to r ie s  o f h u n d r e d s  o f  A m e r ic a ’s  le a d in g  c o n c e r n s ,  
P e te r s o n  L a b o r a to r y  F u r n i t u r e  s a t is f ie s  b e c a u s e  i t  
fu lf i l ls  e v e ry  r e q u i r e m e n t  e x a c t ly  a n d  c o m p le te ly .

SUPPLY AND 
APPARATUS 

CASE 
NO. 8040

You s h o u ld  h a v e  a c o p y  of  
the Peterson Furniture  Cata log
I t  is  a n  a u th e n U c  h a n d - b o o k  o f  a l l  t h a t  is  u p - t o - d a t e  
in  l a b o r a to r y  f u r n i t u r e .  B e s id e s , i t  c o n t a i n s  m u c h  
v a lu a b le  in f o r m a t io n  r e g a r d in g  t h e  e f f ic ie n t  a n d  
e c o n o m ic  in s t a l l a t i o n  o f  e q u i p m e n t .  E v e n  i f  n o t  
in  t h e  m a r k e t  a t  t h e  m o m e n t ,  e v e ry  p u r c h a s e r  o f 
l a b o r a to r y  f u r n i t u r e  s h o u ld  h a v e  t h i s  h e lp f u l  b o o k  
a lw a y s  a t  h a n d .

O u r  s t a f f  o f  e x p e r t s  wil l  
g la d ly  g ive  y o u  c o u n s e l
If y o u  h a v e  a  p u z z l in g  in s ta l l a t io n ^  p r o b le m , 
te l l  u s  a b o u t  i t .  O u r  o r g a n iz a t io n  is  a t  y o u r  
se rv ic e  in  p l a n n in g  m o re  e f f ic ie n t  e q u i p m e n t  
fo r  la b o r a to r ie s  o f  a l l  k in d s .

L E O N A R D  P E T E R S O N  & C O .,  INC.
1222-34 FU LLER T O N  A V E N U E ________________ C H IC A G O , U. S. A .

FUME HOOD 
NO. 1060
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ANY QUESTIONS 
ABOUT 

THERMOCOUPLES?
A
NEW
‘Wkzelc*
THCKMOCOUPLC DATA BOOK •«« CATAtOO

Do you know how to make a 
thermocouple? See Page 21.*

Do you know where bare thermo
couples can, or cannot, be used? 
See Page 4.*

Do you know the applications for 
radiation type thermocouples —  
Heat-Eyes? See Page 12.*

Do you know what type of pro
tecting tube to use for your appli
cation? See Page 14.*

Do you know how to select lead 
wire? See Page 12.*

Do you know how to check ther
mocouples and pyrometers? See 
Page 22.*

* T he a b o v e  p a g e  n u m b e rs  a re  from  th e  
N ew  W h e e lc o  T h erm o co u p le  D ata  Book 
an d  C a ta lo g . O th e r  v a lu a b le  inform ation , 
su c h  a s  te m p e ra tu re  co n v e rsio n  tables, 
p ip e  a n d  w ire  sizes, w ire  resis tan ces, 
m illivolt tab les , d ec im a l eq u iv a len ts , e tc ., 
is  in c lu d e d  in  th is book.

W rite, to d a y , fo r  you r fre e  c o p y  
o f  B ulletin  No. S2-3. 

T here is  no  ob liga tion . 

W U e& lca  9 tU is iiu tie n ii C o .
HARRISON AND PEORIA STS. CHICAGO, ILL

Continued from 
Page 26

COLOR M EASURING 
See also Light M easuring

Ace Glass 
Akatos, Inc.
American Inst. Co. 
B lack-Ray Light.
B. & L. Optical Co. 
Braun Corp.
Buehler, A. I.
Burrell Tech. Sup. 
Cargille, R . P.
Central Scientific Co. 
Claiiin Co.
Coleman Elec. Co. 
Daigger & Co., A. 
Eim er & Amend 
Electronic Res. Lab. 
Fish-Schurman 
Fisher Scientific Co. 
G aertner Seien.
Gen. Elec. Co.
Greiner, Inc., Emil 
Greiner & Co., O tto 
Heilige, Inc.
Jarrell-Ash Co.
Kimble Glass 
La Pine & Co.
Leitz, E.
M acbeth D aylight 
N . Y. Laboratory Sup. 
N . Y. Scientific Sup. 
Palo-M yers 
P faltz & Bauer 
Photo volt Corp. 
Precision Seien. Co. 
Rubicon Co.
Sargent & Co., E . H . 
Scientific Glass App. 
Spencer Lens Co. 
Tagliabue Mfg. 
Thom as Co., A. H . 
Wilkens-Anderson 
Will Corp.
Zeiss, Inc., C arl

COLORIM ETERS (and 
accessories) Substance 
D eterm ining 

Ace Glass 
Akatos, Inc.
American Inst. Co. 
B raun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
E im er & Amend 
F isher Scientific Co. 
Greiner, Inc., Emil 
G reiner & Co., O tto 
Heilige, Inc.
K im ble Glass 
K le tt Mfg.
L a Pine & Co.
N . Y. L aboratory Sup. 
Palo-M yers 
P faltz & Bauer 
Sargent & Co., E . H . 
Scientific Glass App. 
Thom as Co., A. H. 
W ilkens-Anderson 
W ill Corp.

COM BUSTION
Area Regulators 
Bacharach Ind. Inst. 
Bailey M eter Co. 
Bowser & Co.
Braun Corp.
Bristol Co.
Brown Inst. Co. 
Burrell Tech. Sup. 
Cash Co.
C entral Scientific Co. 
Daigger & Co., A. 
Defender Auto. Reg. 
E im er & Amend 
Ess Inst. Co.
Fisher Scientific Co. 
Fox boro Co.
Gow-M ac Inst. Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto  
Hugan Corp.
Hays Corp.
La Pine & Co.
Leeds & N orthrup 
M ason-Neilan Reg.
N . Y. Laboratory Sup. 
Palo-M yers 
P erm utit Co.
R epub. Flow M eters 
Sargent & Co., E. H. 
Scientific Glass App. 
Spence Eng. Co. 
Tagliabue Mfg.
Taylor Inst. Cos. 
Thom as Co., A. H. 
Wheelco In s t. Co.
W ill Corp.

COM BUSTION 
Portable Sets 

B raun Corp.

Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co.. A. 
E im er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto  
H ays Corp.
La Pine & Co.
N . Y. L aboratory Sup. 
Palo-M yers 
Precision Seien. Co. 
Sargent & Co., E. H . 
Scientific Glass App. 
Thom as Co., A. H. 
W ill Corp.

CO M PRESSIO N  TEST
IN G , See Tensile Testing

CONCRETE TESTIN G  
See Cem ent Testing

CONDENSER TEST
IN G , See Electrical 
M easuring

CONDUCTIVITY, Elec
trical

Cam bridge In s t. Co. 
Coleman Elec. Co. 
Esterline-Angus 
Gen. Elec. Co. 
Industria l Inst., Inc. 
Leeds & N orth rup  
Rubicon Co. 
Westinghouse E . &. M .

CONES, Pyrom etric 
Accurate Pyro. Cone 
O rton Ceram . Fdn .

CONSISTENCY 
G ardner Lab., H . A.

CONTOUR MEASUR
IN G  PRO JECTO RS 

B. & L. Optical 
Leitz, Inc., E .

CONTROLLERS,
AUTOMATIC

Askania R egulator 
Bailey M eter Co. 
Bristol Co.
Brown Inst. Co. 
Englehard, Chas. 
Foxboro Co.
Gen. Elec. Co. 
Leeds & N orthrup 
M ason-Neilan Reg. 
Tagliabue M fg. Co. 
T aylor In st. Cos. 
Thwing-Albert 
Uehling Instrum ent 
Wheelco In s t. Co.

DEN SITO M ETERS 
See also Spectrom eters 

G aertner Scientific 
Gen. Elec. Co. 
Jarrell-Ash Co.
Leeds & N orthrup 
Photovolt Corp. 
Zeiss, Inc,, Carl

D EN SO M ETER 
Gurley, W. & L. E.

DETECTORS, Gas and 
Vapor, See G as Ana
lyzers; H g Vapor D etec
tors; Alarms

DEW  PO IN T TESTER 
See Potentiom eters

DIAL INDICATORS 
(Length)

Ames Co., B. C. 
Brown and Sharpe 
Federal Prod. Corp. 
Scientific In s t. Co. 
S ta rre tt Co.

DIFFRACTION GRAT
IN G S, See Spectrom e
ters

DILATOM ETERS 
American Inst. Co. 
D ietert Co.
Ferner Co. 
G aertner Scientific 
Leitz, Inc., E.
Zeiss, Inc., Carl

COUNTERS, See also 
Operation Recording; 
Tachom eters 

Braun Corp.
Bristol Co.
Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co.
D unn, S tru thers 
Eagle Signal Corp. 
E jm er & Amend 
Fisher Scientific Co. 
General Elec. Co. 
Greiner, Inc., Em il 
Greiner Co., O tto  
Luxtrol Co., Inc. 
M icro Switch Corp.
N . Y. Laboratory Sup. 
Photobell Corp. 
Photoswitch. Inc. 
Sargent & Co., E. H . 
Scientific Glass App. 
Thom as Co., A. H. 
Veeder-Root Inc. 
W estinghouse E . & M . 
W ill Corp.

DIVIDING M ACHINES 
See Lineal D im ensions

DRAFT INDICATORS 
See P ressure  and 
Vacuum

D R O PPIN G  MERCURY 
ELECTRODE 

American Inst. Co. 
Braun Corp.
Central Scient. Co. 
Eim er & Amend 
Fisher Scientific Co. 
Leeds & N orthrup 
Sargent Co., E . H. 
Thom as Co., A. H . 
W ill Corp.

DRY-O-GRAPH 
G ardner Lab., H . A.

DUCTILITY, See T en
sile Testing

DUST ANALYSIS 
B. & L. Optical Co. 
B raun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Corning Glass Wks. 
Daigger & Co., A. 
Eim er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
G reiner & Co., O tto  
La Pine & Co.
M ine Safety 
N . Y. Laboratory Sup. 
Palo-M yers 
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific Inst. Co. 
Thom as Co., A. H . 
W ill Corp.
Willson Products

C REEP, M echanical 
See T ensile  Testing

CRYPTOM ETER, See 
P a in t Testing

D
DECIBLE M ETERS 
See Sound

DYNAM OM ETERS
M echanical

Baldwin-Southwark 
Boulin Inst.
Gen. Elec. Co.
Holz, H . A.
Olsen T est. M ach. 
Riehle Div. 
Seederer-Kohlbusch '* 
W estinghouse E . & M .

DYNAM OM ETERS
(Electro-)

T rip le tt Elec. In st. Co. 
W estonJElec. Inst.

DEFORM ETERS, See 
Tensile Testing

E
EBULUO M ETERS, See 
Alcohol Testing Sets

ELECTRICAL AND 
M AGNETIC MEASUR
IN G , See also Poten
tiom eters and Bridges; 
Conductivity M eters; 
Electronic

American In st. Co. 
American Trans. 
B raun Corp.
Bristol Co.
Brown Inst.
B rush Devel. Co. 
Burlington Inst. 
BurreU Tech. Sup. 
Cam bridge Inst. Co. 
Central Scientific Co. 
Claflin Co.
Daigger & Co., A. 
Eim er & Amend 
Engelhard, Inc. 
Esterline-Angus 
Ferran ti Electric 
Fisher Scientific Co. 
G-M  Labs.
G aertner Scientific 
Gen. Elec. Co.
Gen. R adio Co. 
Greiner, Inc., Em il 
Greiner & Co., O tto 
Heilige, Inc.
Hickok Elec. Ins.
Ideal Com. Dresser 
Illinois T est. Labs. 
Industrial In s t., Inc. 
Jarrell-Ash Co.
La Pine & Co.
Leeds & N orthrup 
Lewis Eng. Co.
M uter Co.
N . Y. L aboratory Sup. 
Ohmite Mfg. 
Palo-M yers 
Radio C ity Prod. 
Rawson Electrical 
R aytheon Mfg.
Rex R heostat Co. 
Roller-Smith 
Rubicon Co.
Sargent & Co., E . H. 
Scientific Glass App. 
Sola Electric 
Stand. Elec. Prod. Co. 
Tagliabue Mfg. 
Televiso Prod.
Thom as Co., A. H . 
Thordarson Elec. 
T rip le tt Elec. Ins. 
W estinghouse E . & M. 
W eston Elec. Inst. 
Wheelco In st. Co.
W ill Corp.
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ELECTROM ETERS 
Cam bridge In s t. Co. 
Central Seien. Co. 
E im er & Amend 
Fisher Scientific Co. 
Heilige, Inc.
Rubicon Co.
Thom as Co., A. H .

ELECTRONIC 
Clough-Brengle Co. 
Electronic Lab.
Ferris In st. Co.
Gen. Elec. Co.
General Radio Co. 
Hickok Elec. Inst. Co. 
Industrial Insts.
Leeds & N orthrup 
Leitz, Inc., E . 
N ational Technical 
R . C. A. M fg. Co. 
R aytheon M fg. Co. 
Telex Prod. 
W estinghouse E . & M. 
W eston Elec. Inst.

ELECTROPLATING 
SOLUTION TESTING 
SETS

Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co., A. 
Ejm er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
G reiner & Co., O tto 
Heilige, Inc.
Industrial Insts., Inc. 
La M otte  Chem. Prod. 
La Pine & Co.
N . Y. Laboratory Sup. 
Palo-M yers 
Sargent & Co., E . H. 
Scientific Glass App. 
Taylor & Co., W. A. 
Thom as Co., A. H. 
Thwing-Albert 
Will Corp.

EM ULSION AND DE- 
M ULSIBILITY

American Inst .Co. 
B raun Corp.
B urrell Tech. Sup.
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Central Scientific Co. 
Clay-Adams Co. 
Corning Glass Wks. 
Daigger & Co., A. 
E im er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto  
In t’l. Equip. Co.
La Pine & Co.
N. Y. Laboratory Sup. 
Palo-M yers 
Sargent & Co., E . H. 
Scientific Glass App. 
Tagliabue Mfg. 
Thom as Co., A. II. 
Will Corp.
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EXPANSION, See 
D ilatom eters

EXPOSURE, See Illum i
nation M easuring

EXTENSOM ETERS 
See Tensile Testing

F
FADE-OM ETER, See 
also Color Fastness 

Atlas Elec. Dev.

FATIGUE MEASUR
ING, M etals, See T en
sile Testing

FEED W ATER TEST
ING, See W ater Analysis 
Sets

FILM -O -G RA PH  
G ardner Lab., H . A.

FILTERS, LIG H T 
American Inst. Co. 
Central Scientific Co. 
Corning Glass Works 
Fish-Schurman Co. 
Leitz, Inc., E .
Zeiss, Inc., Carl

FLAME DETECTORS 
Bailey M eter Co. 
Wheelco In st. Co.

FLASH PO IN T , See Oil 
Testing

FLATNESS, See Optical 
Flats

FLOW M ETERS, See 
also Rotam eters 

American Gas F ur. Co. 
American M eter Co. 
Auto. Tem p. Con. 
Bacharach Ind. Inst. 
Bacharach & Co. 
Bailey M eter 
Bin-Dicator Co. 
Bowser & Co.
Braun Corp.
Bristol Co.
Brown Inst.
Buffalo M eter Co. 
Builders Iron Fdy. 
Burrell Tech. Sup. 
Cambridge Inst. Co. 
Central Scientific Co. 
Clark Blast M eter 
Cochrane Corp. 
Daigger & Co., A. 
D etroit A ir M eter 
Eimer & Amend 
Everson Mfg.
Fischer & Porter 
Fisher Scientific Co. 
Fox boro Co.
Greiner, Inc., Emil 
Greiner & Co., O tto 
Henszey Co.
Hoke, Inc.
In t’l. F ilter Co.
Leeds & N orthrup 
La Pine & Co. 
M anning, M . &. M . 
Mason-Neilan Reg. 
Mercon Reg.
M eriam Co.
Morey & Jones 
N ational M eter Co. 
New Jersey M eter 
N . Y. Laboratory Sup. 
Palo-M yers

Perm utit Co. 
Pittsburgh Eq. M eter 
Precision Seien. Co. 
Proportioneers 
Republic Flow 
Sargent & Co., E. H. 
Schutte & Koerting 
Scientific Glass App. 
Selas Co.
Spray Eng. Co. 
Tagliabue Mfg.
Taylor Inst. Cos. 
Thomas Co., A. H. 
Trim ount Inst. 
Wheelco Inst. Co.
Will Corp.

FLUE GAS ANALYZ
ERS. See Gas Analyzers; 
Combustion; Combus
tion Sets

FLUOROPHOTOM E-
TER

Pfaltz & Bauer

FLUXMETERS, See 
Electrical M easuring

FOLDING AND EN
DURANCE, See Paper 
Testing

FOOD TENDERNESS 
See Tenderness Testing

FOOT CANDLE ME
TERS, See Illumination 
M easuring

FREEZOM ETERS, See 
Hydrometers

FREEZING POINT 
American Inst. Co. 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co., A.
Eck & Krebs 
Eimer & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., Otto 
La Pine & Co.
Leeds & Northrup 
N. Y. Laboratory Sup. 
Palo-Myers 
Sargent & Co., E. H. 
Scientific Glass App. 
Thomas Co., A. H.
Will Corp.

FREQUENCYJMETERS 
See Electrical Measuring

FUEL ANALYSIS 
American Inst. Co. 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co., A. 
Eimer & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., Otto 
La Pine & Co.
N. Y. Laboratory Sup. 
Palo-Myers 
Parr Inst. Co. 
Precision Seien. Co. 
Sargent & Co., E . H. 
Scientific Glass App. 
Taglabue Mfg. 
Thom as Co., A. H. 
Will Corp.

GAGE TESTERS 
American Inst. Co. 
Amthor Test Inst. 
Crosby Steam G. & V. 
Holz, H. A.
M anning, M. & M. 
Olsen Test. Mach. 
Refinery Sup. Co.

GAGES, Liquid Level, 
See Liquid Level

Continued on 
Page 30

PRECISION INSTRUMENTS 
f o r  LABORATORY a n d  PLANT

M e a s u r i n g  a n d  C o n t r o l l i n g
Capacitrol — The Wheelco Capacitrol is an 
extremely sensitive and accurate temperature 
controller, consisting of an indicating pyro
meter combined with a "Radio Principle" 
controller. "Radio Principle" provides closer 
control than that possible with any mechani
cal type controller.
Indicator has 6" mirrored scale. Meter 
movement is high resistance; automatic coi 
pensation is standard equipment.
Scale ranges between 0 and 3600 °F. or eguiv 
lent °C.

Write for d e sc r ip tiv e  Bulletin No. D2.

L im itro l — The Wheelco Limitrol indicates 
temperature and provides automatic shut-off, 
at any temperature point selected. The 
Limitrol protects against overheating by 
effecting shut-off (1) when temperature rises 
above selected point set on indicator scale,
(2) whenever a thermocouple break occurs, 
or (3) upon the failure of control, switching 
or electrical apparatus.
Meter movement and scale ranges same as 
for Capacitrol.

Write for d esc r ip tive  Bulletin No. D 202.

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

PORTABLE 
POTENTIOMETERS

Wheelco Portable Potentiometers are invaluable, not only as instruments 
for checking temperatures and temperature instruments, but as standards 
for checking all D.C. electric meters; as direct measuring instruments 
for all D.C. electric values; as laboratory instruments — where they can 
be adapted to thousands of precision measuring and checking operations. 

W rite fo r d esc r ip tive  Bulletin No. A 5 0 2 .

•
 R h e o tro l —  The Rheotrol is a  m anually  o p e ra te d  con tro lle r for re g u 

la ting  th e  in p u t to e lec trica lly  o p e ra te d  fu rn aces, ovens, h ea te rs , kilns, 
e tc. It rep laces  th e  s ta n d a rd  rh eo sta t and , by  e lim inating  th e  c u rre n t 
w aste th ro u g h  resistors, p rov ides th e  utm ost in  o p e ra tin g  efficiency. 
The elim ination of step  contro l, com m on to rheostats, p la c e s  any  
tem pera tu re , from  room  te m p e ra tu re  to fu rn ac e  m axim um , a t th e  
com m and of th e  opera to r.

Write for descriptive Bulletin No. 1302.
W heelco  offers a com plete lin e  of tem p era tu re  m easu rin g  a n d  con tro l instrum ents, com 
bustion  safety controls, p ressu re  m easu rem en t a n d  con tro l instrum ents, a n d  co n tro ls  for 
liqu id  level, flow, balancing , pow er, voltage, cu rre n t, speed , a n d  o th er factors.

D escrip tive  litera tu re  is  a v a ila b le  upon requ est.

Ŵhe/dcfr ÿnstfiumentsHARRISON ANO PEORIA STREETS CHICAGO. ILLINOIS
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A C C U R A T E  
R E S U L T S

W i t h  a n

ELMES HYDRAU LIC  

LABORATORY PRESS

This Elmes Hydraulic 
L aboratory Press is 
strictly a  precision in
strument . . . accurate 
an d  d ep en d a b le . It 
saves time, money and 
need less duplication  
of tests. Results easily  
convertible into manu
facturing terms.

SPECIAL FEATURES
1. Maintains constant 

p ressu re w ithout 
appreciable loss for 
a  long period of 
tim e  — a c h ie v e d
through a  new valve and a  specially designed  
packing.

2. Solves a  variety of scientific and commercial 
laboratory problems.

3. Offers improvements not ordinarily available.
4. Entirely self-contained.

MANY APPLICATIONS
Some of the specific uses of this press are:

B lo c k in g G lu in g
B re a k in g  T e s ts  L a m in a t in g

E x tru s io n  
P la s t ic  M o ld in g

B r iq u e t t in g  C o m p re s s io n  T e s ts  P re s s in g
C a k e  F o r m in g  D e h y d ra t in g  S p r in g  T e s t in g
F o rc in g  D ra w in g  V u lc a n ir in g
F o r m in g  E m b o s s in g

W rite to d a y  fo r  a  bu lle tin  g iv in g  com ple te  de ta ils .

L
CHARLES F. ELMES ENGINEERING WORKS
246 N. Morgan St. • Chicago, Illino is

Also  M anufactured in Canada  
W ILLIAM S & W ILSO N , LTD., Distributors

1
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GAGES, M ercury 
American In s t. Co. 
Am thor Test. Inst. 
Bacharach Ind . Inst. 
Bailey M eter 
Braun Corp.
Builders Iron Fdy. 
Burrell Tech. Sup. 
Central Scientific Co. 
Connelly Iron S. 
Daigger & Co., A. 
Defender Auto. Reg. 
Dubrovin, John 
Eim er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
King-Seeley 
La Pine & Co. 
M anning, M . & M. 
M ason-Neilan 
M eriam Co.
M oeller Inst.
N . Y. Laboratory Sup. 
Palo-M yers 
Precision Scien. Co. 
Precision T. & I. 
Sargent & Co., E. H. 
Scientific Glass App. 
Scientific Inst. Co. 
Tagliabue Mfg.
Taylor Inst. Cos. 
Thom as Co., A. H. 
Uehling In s t. Co.
Will Corp.

GAGES, M icrom eter, 
See L ineal Dimensions

GAGES, Pain t Film ,
See P a in t Testing

GAGES, Precision, 
M easuring, See Lineal 
Dimensions

GAGES, P ressu re , See 
P ressure  and Vacuum

GAGES, Strain, See 
Tensile Testing

GAGES, Thickness, See 
Lineal Dimensions

GAGES, Torque 
Riehle Div. 
Saxl Inst. 
Toledo Scale

GAGES, M cLeod, See 
McLeod

GAGES, Vacuum, See 
P ressure  and Vacuum

GAGES, W ire M easur
ing, See Lineal D im en
sions

GALVANOMETERS 
See Electrical M easuring

GAS ANALYZERS
Ace Glass 
American Inst. Co. 
Bacharach & Co. 
Braun Corp.
Brown Inst.
Bullard Co.
Burrell Tech. Sup. 
Bushnell & Nevius 
Cam bridge Inst. Co. 
Central Scientific Co. 
Corning Glass Wks. 
Daigger & Co., A. 
Eimer & Amend 
Engelhard, Inc. 
Everson Mfg.
Fisher Scientific Co. 
Foxboro Co.
Gen. Elec. Co. 
Gow-Mac In st. Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
H ays Corp.
La Pine & Co.
Leeds & N orthrup 
Linde Air 
M achlett & Son 
M ine Safety 
N . Y. Laboratory Sup. 
Palo-M yers 
Perm utit Co.

Precision Scien. Co. 
Presicion T . & I. 
Republic Flow 
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific Inst. Co. 
Tagliabue Mfg. 
Taylor Inst. Cos. 
Thom as Co., A. H. 
Uehling Inst. Co. 
Wheelco Inst. Co. 
Will Corp.
Willson Products

GAS AND VAPOR 
DENSITY M ETERS, 
See Gas Analyzers; 
Gravitometers

GAS LEAK 
INDICATORS

Bushnell & Nevius 
Davis Em erg. Equip. 
Refinery Sup. Co. 
T aylor Inst. Cos.

GAS M ETERS, See 
Flowm eters

GASOM ETERS, See 
Gas Analyzers

GEOPHYSICAL
MEASURING

American Inst. Co. 
Cam bridge Inst. Co. 
Geophysical Inst. Co.

GLARE M ETERS, See 
Light M easuring

GLASS STRAIN 
TESTERS 

Akatos, Inc. 
E im er & Amend 
G aertner Scient. 
Gen. Elec. Co. 
Leitz, E. 
Polarizing Inst. 
Zeiss, Inc., Carl

GLOSS M ETERS, See 
Light M easuring

GLUE TESTING 
American Inst. Co. 
Braun Corp.
Central Scientific Co. 
Daigger & Co., A. 
Eimer & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
N. Y. Laboratory Sup. 
Sargent & Co., E . H . 
Scientific Glass App. 
Thom as Co., A. H. 
Will Corp.

GLUOM ETERS, See 
H ydrom eters

GONIOM ETERS 
Jarrell-Ash Co. 
Zeiss, Inc., Carl

GRAIN TESTERS 
American In s t. Co. 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co., A. 
Eim er & Amend 
Fisher Scientific Co 
Greiner, Inc., Emil 
Greiner & Co., O tto 
La Pine & Co.
N. Y. Laboratory Sup, 
Palo-M yers 
Sargent & Co., E . H . 
Scientific Glass App. 
Tagliabue Mfg. 
Thom as Co., A. H. 
Will Corp.

GRANULAR MATE
RIAL M EASURING, 
Volum e-flow

Bailey^ M eter Co. 
B in-Dicator Co. 
Gum p Co.

GRATINGS, Diffraction, 
See Spectrom eters

GRAVIM ETERS, See 
Specific Gravity; Gravi
tom eters

GRAVITOM ETERS
Eim er & Amend 
Perm utit Co. 
Precision T . & 1. 
Refinery Sup. Co.

GRAVITY INDICA
TORS AND RECORD
ERS, See Apecific Gravity

GREASE TESTING 
SEE Oil Testing

GROUND R ESIST
ANCE, See Electric 
M easuring

GUM M ED TAPETEST- 
IN G , See Paper Testing

H

HARDNESS TESTING 
American In st. Co 
Braun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
D jetert Co.
Eimer & Amend 
Ferner Co.
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., Otto 
Holz, H . A.
La Pine & Co.
N. Y. Laboratory Sup. 
Olsen T est M ach. 
Palo-M yers 
Pgh. In st. & Mach. 
Pyro-Electro Inst. 
Riehle Div.
Sargent & Co., E. H. 
Saxl Inst.
Scientific Glass App. 
Shore Inst. & Mfg. 
Suter, A.
Test. M ach. Inc. 
Thom as Co., A. H. 
Will Corp.
Wilson Mech. Instr.

HARM ONIC ANALYZ
ERS, See Sound

HELIOSTATS, See M e
teorological M easuring

HUM IDISTATS, See 
Hum idity

HUM IDITY
American In st. Co. 
American In st. Co. 
American M eter Co 
Braun Corp.
Bristol Co.
Brown Inst.
Bullard Co.
Burrell Tech. Sup. 
Cam bridge Inst. Co. 
Central Scientific Co. 
Daigger & Co., A. 
Eim er & Amend 
Engelhard, Inc.
Fee and Stemwedel 
Fisher Scientific Co. 
Foxboro Co.
Friez & Sons 
Green, H. J.
Greiner, Inc., Emii 
Greiner & Co., Otto 
H-B Instrum ent Co. 
La Pine & Co.
Leeds & N orthrup 
M anning, M . &. M. 
M ason-Neilan Reg. 
Moeller Inst. Co.
N . Y. Laboratory Sup. 
Palm er Co.
Palo-Rivers 
Parks-C ram er Co.
Phi la. Therm . Co. 
Powers Reg- Co. 
Precision Seien. Co. 
Precision T . & I. 
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific In s t. Co.

Continued on
Page 32
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E .  L E I T Z ,  I N C .  730  Fifth Ave., N e w  York, N. Y.

L E IT Z  " G  & D ” A U T O M A T IC  pH  M E T E R
In  C o m b in a tio n  w ith  L ab o ra to ry  A ssem bly o f 

T itra to r  
M ad e  in U. S. A.

P a m p h le t  N o . 1 2 8 3 : Leitz “ G  & D ” E le c tro -T itra to r

Manufactures electrical instruments for the analy
tical chemical laboratory developed in close col
laboration with leading scientists.

THE "G & D ” AUTOM ATIC pH M ETER

is based on a circuit developed by Drs. R. L. Gar- 
man and M. E. Droz in which voltage compensa
tion is achieved eleclronicalty and automatically 
without the use of any moving parts. This equip
ment combines the dependability of the Poggen- 
dorf circuit with the advantages of the direct 
reading electronic voltmeter. All preliminary ad
justments have been reduced to one single opera
tion, and only one buffer is required for the cali
bration.

This pH Meter can be used in combination with 
the Laboratory Assembly of the Leitz “G & D ” 
Electro-Titrator for accurate pH titrations.

P a m p h le t N o . 1 2 8 7 : L eitz  “ G  & D ” A u to m a tic  p H  M e te r
U p o n  R e q u est

Branch Offices: Chicago, 111. W ashington, D. C.

è  BETTER LABORATORY EQUIPMENT
tyijjteen  y e a 'll o f ¿*t G ontfiU te. 'M+üti o f

KJELDAHL NITROGEN APPARATUS
/ ¡t iA  / ¡¿ A a c ic d e d

Has developed our superior equipment and a de
mand for its installation in the better laboratories.

GoldRsch Electric 
Heater

18 Flask Capacity Combination Di- 
gestion and Distillation Unit

6 Cap Goldfisch Extrac
tion Apparat«

f  • • î  s i
6 Cap Oude Fiber 

Condenser

"Labconco" 
Wide Ringe 
Gas Burner

• ■?*** 
v r y r *

i k

i i  i
Acid Dispensing 
Stand with Sink

C Catalog and Ll»t of User* on llequent yi
Your inquiry is invited. No trouble to submit proposals on L 
your requirements and, of course, without obl.9ation to you. J J

M A N U F A C T U R E D  A N D  S O L D  D IRECT T O  TH E USER BY

LA B O R A T O R Y  C O N S T R U C T IO N  CO ., INC
1113-1115 Holmes Street K , . „ s City, M i»ou,i, U. S. A .
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BILLS&WALLENMEYER 
ELECTRONIC 

PHOTOMETER
fo r  r a p id  a n d  a c c u r a te  
d e te r m in a t io n  of

V I T A M I N  A
in  f ish  o ils  b y  m e a s u r e 
m e n t s  o f  u l t r a v i o l e t  
a b s o r p t i o n  a t  3 2 8  
m il l im ic ro n s .

Among the users:
A tlantic  Coast F ish eries, Inc. M ead Johnson & C om pany  
F. E. Booth Co. N ation al D airy Prod. Corp.
In tern ation a l V itam in  Corp. Standard B rands, In c .

F o r  V i ta m in  B i, 
B» e tc .

LUMETRON
PHOTOELECTRIC

COLORIMETER
a n d

FLUORESCENCE 
METER

A h ig h -p re c is io n  i n s t r u m e n t  fo r  a l l ^ t e s t s  in v o lv in g  
T R A N S M IS S IO N  T U R B ID IT Y
F L U O R E S C E N C E  U .V . A B S O R P T IO N

A v e n u e  PHOTOVOLT CORP. N  C ity

"QUICK-LOCK" REID 
VAPOR PRESSURE BOMB

NEW  IM P R O V E S  T Y P E  
( P a te n t  A p p lie d  lo r)  A .S .T .M . D323-«0T

U. S. Governm ent M ethod 120.1 
(Federal Specifications W -L-791-A )

T he  A .S.T .M . test for Reid Vapor Pressures of 
Petroleum  specifies a  minimum tim e interval be
tween removal of a ir cham ber from w ater bath  
(preferably a t  100®F.) and coupling the tw o cham 
bers. since the  cooling effect due to  m oisture evapo
ration  from the air cham ber will affect the  final 
gauge reading.

T his improved bom b is equipped with a  Quick- 
locking device which enables the operator to  as
semble the bomb much more rapidly than  can be 
done w ith the  conventional threaded connection. 
T he  lower gasoline cham ber has a wedge tvpe coup
ling, and a  recessed composition gasket which seats 
against an extended inner rim  of the  a ir cham ber 
when the bom b is locked. The upper cham ber has 
a pa ir of heavily reinforced lugs which quickly en
gage and lock against the wedge connections of the 
lower cham ber with ju s t a slight turn by hand. A  
wrench is not needed.

Bomb cham bers are seamless tubing  of correct 
volume ratio  and of proper wall thickness and di
mensions to insure strength  and  light weight for 
convenient handling. These bom bs were subm itted 
to  four m ajor oil companies where they  were tho r
oughly tested , accepted and their adoption indi
cated  for all fu ture  replacem ents.

GR 2319 R e id  V a p o r  P r e s 
s u r e  B o m b , No. 1, Im m er
sion "Q uick-Lock”  T ype, w ith
out pressure gauge.
Each $23.50

Close-up of couoling feature 
shows locking wedge between 
gasoline and air chambers. A  
quarter turn by hand—without a 
wrench— seals the bomb to with
stand 100 pounds pressure.

E M I L  G R E IN E R  C O M P A N Y
161 S ix th  A v e n u e ,  N ew  Y o rk , N . Y .
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Tagliabuc M fg. 
T aylor Inst. Cos. 
Thom as Co., A. H . 
Wheelco Inst. Co. 
W ill Corp.

H YDROGEN-ION 
American Inst. Co. 
Braun Corp.
Burrell Tech. Sup. 
Cam bridge In st. Co. 
Cargillc. R . P.^
C entral Scientific Co. 
Coleman Elec. Co. 
Colloid Equip. Co. 
D aigger & Co., A. 
Eim er Sc Amend 
Elgin Softener 
Fisher Scientific Co. 
Foxboro Co.
Gen. Elec. Co.
Greiner, Inc., Em il 
G reiner & Co., O tto 
Heilige, Inc.
Indust. Insts. Inc. 
K le tt M fg. Co.
La M otte Chem.
La Pine Sc Co.
Leeds Sc N orthrup 
Leitz, E.
N a t’l. Tech. Labs.
N . Y. Laboratory Sup. 
Palo-M yers 
Sargent & Co., E . H . 
Scientific Glass App. 
T aylor & Co., W. A. 
Thom as Co., A. H . 
Thwing-Albert 
W ilkens-Anderson 
W ill Corp.

H YDROM ETERS 
Braun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Claflin Co.
Daigger & Co., A. 
E im er & Amend 
Elgin Softener 
Fisher Scientific Co. 
Fleischhauer 
Greiner, Inc., Em il 
Greiner Sc Co.. O tto 
H-B  Instrum ent Co. 
L a Pine & Co.
M oeller In st. Co.
N . Y. Laboratory Sup. 
Palo-M yers 
P erm utit Co.
Phila. Therm . Co. 
Precision T . &. I. 
Ruehfcl Co.
Sargent & Co., E . H . 
Scientific Glass App. 
Scientific In s t. Co. 
Tagliabue Mfg.
Taylor Inst. Cos. 
T hom as Co., A. H . 
Uehling Inst. Co.
W ill Corp.

H Y G RO M ETERS, See 
H um idity

HYGROSTATS, See 
H um idity

H Y G RO TH ER M O - 
GRAPHS, See H um idity

IG N IT IO N  VELOCITY
American In st. Co. 
Hays Corp.

ILLUM INATION
Central Seien. Co. 
G-M . Labs.
Gen. Elec. Co.
I ntercontinental 
Leeds Sc N orthrup 
Luxtrol, Inc. 
W eston Elec. Inst.

IM PACT TESTIN G  
See Tensile Testing

INDUCTANCE, See 
Electrical M easuring

INSTRUM ENTS 
Custom Built 

Ace Glass 
American In st. Co. 
B raun Corp.
Burrell Tech. Sup. 
Bushnell Sc Nevius 
Central Scientific Co. 
Daigger & Co.. A. 
Eim er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Em il 
Greiner & Co., O tto  
L.A.B. Corp.
N . Y. Laboratory Sup. 
Sargent & Co., E . H. 
Scientific Glass App. 
Thom as Co., A. H . 
W ill Corp.

INSULATION, Com
pactness

C entral Scientific Co.

INSULATION TEST
IN G , See Electrical 
M easuring

IN TERFERO M ETERS 
G aertner Scientific 
Jarrell-Ash 
Perkin, E . & M. 
Zeiss, Inc., Carl

IR O N  CHILL TESTIN G  
D ietert Co., H . W.

JELLY STRENGTH 
See G lue Testing

K

KYM OGRAPH 
Gorrell & Gorrell

LABORATORY 
SUPPLY H OUSES 

Ace Glass 
American In st. Co. 
Becker. J .
B raun Corp.  ̂
B raun-K .-H eim ann 
Buffalo App. Corp. 
Burrell Tech. Sup. 
C entral Scientific 
Chemical Rubber 
Chicago Apparatus 
Claflin Co. 
C lay-Adams Co. 
D aigger & Co.
Denver Fire Clay 
Eberbach & Sons 
Eck Sc K rebs 
Eim er & Amend 
Em pire Lab^ Supply 
Fisher Scientific 
G aertner Scientific 
Gilmore Drug Co. 
Greene Bros., Inc. 
Greiner, Inc., E . 
Greiner Co., O.
Heil Corp.
Howe & French 
Kauft m an-L attim er 
La Pine & Co. 
M cKesson  ̂
M icrochemical Service 
M ine & Sm elter Sup. 
N . J . Lab. Supply 
N . Y. Lab. Supply 
N . Y. Scientific Supply 
Palo-M yers 
P faltzS : Bauer 
Precision Seien. Co. 
Refinery Sup. Co. 
Sargent Sc Co., E . H . 
Schaar & Co.
Scientific Glass 
Thom as Co., A. H. 
W alker & Co., G. T . 
Welch Mfg. Co.
W ill Corp.
W illiams, Brown Sc 

Earle 
Yonkers Lab. Sup.

LACTOM ETERS, See 
H ydrom eters

LAUNDER-OM ETER
A tlas Elec. Dev.

LEATHER TESTIN G  
American Inst. Co. 
A m thor T est. Inst. 
C entral Scientific Co. 
Olsen Test. M ach. 
Perkins & Son 
Riehle Div.
Saxl Inst.

LEVELS, See Lineal 
D im ensions

L IG H T M EASURING
Akatos, Inc. 
American Inst. Co. 
Applied Res. Labs.
B & L Optical Co. 
Buehler, A. I. 
Coleman Elec. Co. 
Fish-Schurm an 
G aertner Scientific 
Gen. Elec. Co. 
Heilige, Inc.
Leitz, Inc., E.
N . Y. Scientific Sup. 
Perkin. E. & M. 
P faltz & Bauer 
Photovolt Corp. 
Precision T . Sc I. 
Spencer Lens Co. 
W ilkens-Anderson 
Zeiss, Inc., Carl

LIG H T M ETERS, See 
Illum ination

LINEAL DIM EN SIO NS 
See also Optical F lats 

American Inst. Co. 
A m thor T est. Inst. 
B raun Corp.
Brown & Sharpe 
B urrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
E im er & Amend 
Federal Prod.
Ferner Co.
F isher Scientific Co. 
Ford M otor Co. 
G aertner Scientific 
G authier, D. A.
Gen. Elec. Co.
Greiner, Inc., Emil 
Greiner & Co., O tto 
Gurley, W. Sc L. Co. 
Haines Gauge Co.
Ind. Calipers 
Jarrell-Ash Co.
KeufTel & Esser 
La Pine & Co.
N . Y. Laboratory Sup. 
Palo-M yers 
P ra tt & W hitney 
Precision T . & I. 
Sargent & Co.. E. H. 
Scherr C<?., George 
Scientific Glass App. 
Sheffield Gage 
S ta rre tt
Thom as Co., A. H . 
Wheelco Inst. Co.
W ill Corp.
Zeiss, Inc., C .

LIQUID LEVEL
Area R egulators 
Auto. Tem p. Con. 
B acharach & Co. 
Bailey M eter 
B in-D icator Co. 
Bristol Co.
Brown Inst.
Buffalo M eter 
B urrell Tech. Sup. 
Cash Co.
Cochrane Corp.
C ont. Elec. Co. 
Crosby Steam  G. & V. 
Defender Auto. Reg. 
Eclipse Fuel Eng. 
Esterline-Angus 
Fischer & Porter 
Foster Eng. Co. 
Foxboro Co.
111. T est Labs. 
Jerguson Gage 
Kieley & M ueller 
King-Seeley 
L a Pine & Co. 
L iquidom eter 
M anning. M . & M. 
M ason-Neilan 
M ercon Reg. Co. 
M eriara Co.
M orey & Jones 
N ational M eter 
N a t. Gas Equip.

Continued on
Page 34
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MERIAM DRAFT GAUGES
•  Meriam Draft Gauges — are low  differential 
direct reading gauges, built without moving 
parts to give long, accurate service. The Single 
Tube Gauge is built in ranges up to 4" o f  water, 
and is widely used for measuring drafts, pres
sures and differentials, or as an indicating flow  
meter to measure low  pressure air and gas flows.

The two tube gauge measures up to 2" o f  
water—is widely used for measuring furnace 
drafts to secure maximum combustion efficiency. 
The three tube gauge is similar to the two 
tube with the addition o f a vertical tube — and 
can be furnished to indicate draft, pressure, bal
anced draft or differential, on the two inclined  
tubes, and forced draft on the vertical tube.

All three models are fully enclosed to keep 
out dust, and are individually calibrated to 
insure extremely accurate operation. Bulletin 
N o. 4 gives complete details. Send for a copy.

M anom eters,
Meters, and Gauges 

for the accurate

measurement of Pressures, Vacuum s and F lo w s of Liquids and G ases.

r u e  m e r i a m
CLEVELAND, OHIO

FLUORESCENT

BALANCE LAMP
F o r Uniform, Shadowless 

" C o ld "  Illumination

A lth o u g h  p rim a rily  in ten d ed  for illum ina ting  a  
la b o ra to ry  b a lan ce , as show n in th e  illu stra tion , th is 
la m p  is su ita b le  fo r o th e r  purposes as i t  m ay  be sus
p e n d e d  fro m  hooks o r clam ps. T h e  finish is M orocco 
B row n  w rin k led  lacquer.

T h e  cy lin d ric a l fluorescent tu b e  is held  w ith in  a 
c u rv e d  reflec to r w hich  cas ts  uniform , glareless an d  
shadow less, “ co ld ”  lig h t. T h e  fluorescent tu b e  is easily 
d e ta c h e d  fo r rep lacem en t.

T h e  18-inch lam p  will illum ina te  p rac tica lly  an y  
s ta n d a rd  a n a ly tic a l balance. T h e  36-inch lam p  p ro 
v id es th e  idea l illu m in a tio n  for desks o r tab les w hen 
m o u n te d  h o riz o n ta lly  o r i t  m ay  be m oun ted  v ertica lly  
to  lig h t a n  e n tire  b u re tte  from  th e  rear.

2071— FLU O RESCEN T BALANCE LAMP for 110
v o lts , 60 cycle  A. C . only. W ith  fluorescent tube, 
cord  a n d  p lug.
L e n g th , in c h e s ................................ 36 /4
W a t ta g e .......................................... :................. 15______ 30

E a c h ...............   $9.90 $15.75

2071 -A—FLU O RESCEN T TUBES only. F o r replace
m e n t in N o . 2071 L am ps.
S ize, in c h e s .....................................   18_______ §6

E a c h ............................................  $1.15 $1.50

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.

Office and Warehouses 

Will Corporation, 596 Broadway, New York City
Buffalo Apparatus Corp., Buffalo, N. Y.

l a b o r a t o r y  a p p a r a t u s  

A N D  C H E M I c a  L S __
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*7h e . ¿4. 'ia u ia n d .

H IGHER VACUUM
Stokes H ig h  V acu u m  P um ps d raw  
a n d  m ain ta in  v a cu u m  w ith in  a  f rac 
tion  o l a  m illim ete r of ab so lu te  in  
h a rd , co n tin u o u s se rv ice .
W rite  for c o m b in ed  H an d b o o k  an d  
C a ta lo g . A  v a lu a b le  re fe re n c e  
w o rk  o n  m o d e rn  v a cu u m  p ra c tic e , 
also  d e sc rib e s  p u m p s from  10 cu . ft. 
to 225 cu . ft. c ap ac ity .
A®k about new, portable, McLeod typo High 
Vacuum Gauges. Quick reading instru
ments lor use in  laboratory or plant.

F. J. STOKES M A C H IN E C O .
5944 Tabot Road C ln jy  P. O . Phil«., Pa.

Representatives in New York, Chicago 
Cincinnati, St. Louis, Cleveland, 

Detroit
Pacific Coast Representative:
L. H . Butcher Company, inc.

33 6  Paterson P lankro ad , 
E A S T  R U T H ER F O R D , N . J .  

• •
WRITE 

for our latest 
catalog 

• •
31 Compressed Gases 

in six d ifferent 
cylinder sizes.

AM M ONIA 
ARGON 
BORON T R I

FLU O R ID E 
BUTADIENE 
BUTANE 
CARBON D I

OX ID E 
C H LO RIN E 
D IM ET H Y L 

ETH ER  
ETHANE 
ETH Y L

CH LO R ID E 
ETHYLENE 
ETHYLENE 

OXID E 
FREO N  (12) 
HELIUM  
HYDROGEN 
HYDROGEN 

CHLORIDE

HYDROGEN
FLU OR ID E

HYDROGEN
SU LPH ID E

ISOBUTANE
ISO 

BUTYLENE
M ETHANE
M ETH Y L

CH LO RID E
N ICK EL

CARBONYL
N ITR O G EN
N ITRO U S

O XID E
OXYGEN
PH O SG EN E
PROPANE
PRO PY LEN E
SU LPH U R

D IO X ID E

Continued from 
Page 32

Palo-M yers 
Petroxneter 
Photoswitch Inc. 
Precision T . & I. 
Republic Flow 
Schutte & K oerting 
Scientific Inst. Co. 
Spence Eng. Co. 
T aylor Inst. Cos, 
Uehling Inst. Co. 
Wheelco In st, Co.

LIQUID M ETERS, See 
Flow m eters

LUSTER M ETERS, See 
Light M easuring

M EASURING MA
CH IN ES, Lineal, 
Lineal Dim ensions

See

M

M cLEOD GAGES, See 
also Laboratory Supply 
Houses^

American In st. Co. 
Braun Corp.
Central Scientific Co. 
Daigger & Co., A.
Eck & K rebs 
Eim er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Em il 
G reiner & Co., O tto 
La Pine & Co.
N . Y. Laboratory Sup. 
Palo-M yers 
Sargent & Co., E . H . 
Scientific Glass App. 
Stokes Co., F . J. 
Thom as Co., A. H . 
W ill Corp.

M AGNETOM ETERS 
See E lectrical M easuring

M AGNETIC ANA
LYZER

Gen. Elec. Co.

MALT TESTING 
American Inst. Co. 
Braun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co.. A. 
Ejm er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto  
N . Y. Laboratory Sup. 
Sargent & Co., E. H. 
Scientific Glass App. 
Thom as Co., A. H. 
Will Corp.

M ANOM ETERS, See 
also B arom eters; Mc
Leod Gages; P ressure  
and  Vacuum

American In st. Co. 
Bacharach Ind . Inst. 
Braun Corp.
Brown Inst.
Burrell Tech. Sup. 
Cam bridge Inst. Co. 
Central Scientific Co. 
Daigger & Co., A. 
Defender Auto.
Eck & K rebs 
Eim er & Amend 
F isher Scientific Co. 
Foxboro Co.
Greiner, Inc., Em il 
G reiner & Co., O tto 
La Pine & Co. 
M anning, M . & M. 
M eriam  Co.
N , Y. Laboratory Sup. 
Palo-M yers 
Precision Scientific 
Precision T . & I.
R ep. Flow M eters 
Sargent & Co., E. H, 
Scientific Glass App. 
Scientific Inst. Co. 
Tagliabue Mfg. 
Thom as Co., A. H .
Trim ount Inst.
Uehling Inst. Co.
WU1 Corp.

M EG O H M M ETER S 
See E lectrical M easuring

M ELTING PO IN T
Ace Glass 
American In st. Co. 
B raun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Corning Glass Wks. 
Daigger & Co., A.
Eck & K rebs 
E im er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Em il 
Greiner & Co., O tto 
La Pine & Co.
Leeds & N orthrup 
N . Y. L aboratory Sup. 
Palo-M yers 
P arr In st. Co.
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific Inst. Co. 
Thom as Co., A. H. 
W ill Corp.

MERCURY-VAPOR
DETECTOR

Gen. Elec. Co.

M ETEROLOGICAL
M EASURING

American Inst. Co. 
Friez Sons 
Green, H enry J . 
Precision T. & 1. 
T aylor In st. Cos.

M ETER  PROVERS 
American M eter Co. 
M anning, M. & M . 
Precision Scientific

M ICROAM M ETERS 
See Electrical M eas
uring

M ICRO D EN SITO M E
TER S, See Densitom e
te rs ; Spectrom eters

MT CR OF AR AD- 
M ETER S, See Electrical 
M easuring

M ILK TESTIN G  SETS 
Braun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
E jm er & Amend 
Fisher Scientific Co. 
Gen. Elec. Co.
Greiner. Inc., Emil 
G reiner & Co., O tto 
La Pine & Co.
N . Y. Laboratory Sup. 
Palo-M yers 
Sargent & Co., E . H . 
Scientific Glass App. 
Thom as Co., A. H. 
W ill Corp.

M ILLI AM M ETERS 
See E lectrical M easuring

M ILLIO H M M ETERS 
See E lectrical M easuring

M ILLIVOLTM ETERS 
See E lectrical M easuring

M OBILOM ETER 
G ardner Lab., H . A.

M OISTU RE M ETERS 
AND TESTIN G  

American Inst. Co. 
Brabender Corp. 
B raun Corp.
Burrell Tech. Sup. 
Cam bridge Inst. Co. 
C entral Scientific Co. 
Colloid Equip. Co. 
Corning Glass Wks. 
Daigger & Co., A. 
D ietert Co., H . W. 
Ejm er & Amend 
Fisher Scientific Co. 
Greiner. Inc., Emil 
G reiner & Co., O tto 
Industrial Inst., Inc. 
La Pine & Co.
N . Y. L aboratoiy Sup. 
Precision Scientific 
Palo-M yers 
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific Inst. Co. 
Tagliabue Mfg. 
T hom as Co., A. H. 
W ill Corp.

M ICRO M ETER S, See 
Lineal Dim ensions

M IC RO SCO PES (and 
accessories)

B. & L. Optical 
B raun Corp.
Buehler, A. I.
Burrell Tech. Sup. 
C entral Scientific Co. 
Clay-Adam s Co. 
Daigger & Co., A. 
D ie te rt Co., H . W. 
Eiraer & Amend 
Fisher Scientific Co. 
G aertner Scientific 
Greiner. Inc., Em il 
Greiner & Co., O tto 
Jarrell-Ash Co.
La Pine & Co. 
M icrochemical Service 
N . Y. L aboratory Sup. 
N. Y. Scientific Sup. 
Pfaltz & B au tr 
Palo-M yers 
Sargent & Co., E . H. 
Scientific Glass App. 
Spencer Lens Co. 
Thom as Co., A. H . 
W ill Corp.
Zeiss, Inc., Carl

M ICRO
M ANIPULATORS

Hoff man Co. 
Industria l Insts.
Leitz, Inc., E. 
M icrochemical Service 
M ico Instrum ent 
Zeiss, Inc., Carl

M ICROVOLTM ETERS 
See Electrical M easuring

MOLECULAR STILLS 
D istillation Prod., Inc.

N

N EPHELO M ETERS 
See Color M easuring

NIG R O M ETERS, See 
Color M easuring

N ITRO G EN  DETER
M INATION

Ace Glass 
American In s t. Co. 
B raun Corp.
Burrell Tech, Sup. 
C entral Scientific Co. 
Daigger & Co., A.
Eck & K rebs 
E jm er & Amend 
F isher Scientific Co. 
Greiner, Inc., Emil 
G reiner & Co., O tto  
L aboratory  Const.
La Pine & Co.
N . Y. L aboratory Sup. 
Falo-M yers 
Precision Scientific 
Sargent & Co., E. H . 
Scientific G lass App. 
Scientific Inst.
Thom as Co., A. H. 
W ill Corp.

N O ISE M EASURING 
See Sound

Vol. 13, No. 10

o

O H M M ETER S, See 
Electrical M easuring

OIL TESTING
Ace Glass 
American Inst. Co. 
Braun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A.
Eck & Krebs 
Ejm er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
Kimble Glass 
La Pine & Co.
N . Y. Laboratory Sup. 
Palo-M yers 
Precision Scientific 
Sargent & Co., E. H. 
Scientific Glass App. 
Scientific Inst. Co. 
Tagliabue Mfg. 
Thom as Co., A. H. 
W ill Corp.

OPACIM ETERS, See 
Light M easuring

OPERATION
REC pR D IN G

Bailey M eter Co. 
Bristol Go.
Brown Inst. 
Esterline-Angus 
Foxboro Co. 
M ason-N tilan Reg. 
Tagliabue Mfg.

OPTICAL FLATS
B & L Optical 
Ferner Co. 
Fish-Schurm an 
G aertner Scientific 
Perkin. E. & M . 
Scherr Co., Inc.

ORSAT APPARATUS 
See G as Analyzers; 
Combustion Sets

O RTH O -TO LID IN  
TESTIN G  SETS 

Heilige, Inc.
LaM otte Chem. Prod. 
Taylor &• Co., W . A.

OXYGEN, See Gas 
Analyzers

P

PAINT H ID IN G  
PO W ER, See Pain t 
Testing

PAINT TESTIN G
Atlas Elec. Dev.
Braun Corp.
B urrell Tech. Sup. 
Cargille, R . P.
Central Scientific Co. 
Daigger & Co., A. 
E jm er & Amend 
Fisher Scientific Co. 
G ardner Lab., H. A. 
Greiner, Inc., Emil 
G reiner & Co., O tto  
Heilige, Inc.
La Pine & Co.
N . Y. L aboratory Sup. 
Palo-M yers 
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific Inst. Co. 
Spencer Lens Co. 
Thom as Co., A. H. 
W ill Corp.

Continued on
Page 36



i t  Available for th e  asking, “  Vitamin A Notes”  a n d  •*Those 
Lovibond Glasses’’ d e sc rib e  th e  use  of th e  C olem an  U niversa l 
for Vitam in f l  d e term inations in  th e  u ltra  violet an d  th e  a p p lica 
tion of the  S p ectropho tom eter to color control values form erly 
do n e  w ith  th e  Lovibond glasses.
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t -------------------
A True

S p e c t r o p h o t o m e t e r

JJVERYONE’S en
thusiastic about this 

remarkable Ohm’s Law 
Calculator. It’s so 
simple — and easy to 
use. Requires no 

slide rule knowledge. All values are 
direct reading. Figures Amperes, 
Volts, Watts, Ohms — quickly, accu
rately. Scales on both sides cover the 
range of currents, resistances, watt- 
ages and voltages commonly used in 
laboratory, electronic, radio and in
dustrial applications.

A setting of the slide also gives the 
stock number of the resistor or rheo
stat you may need. Specially de

signed by Ohmite 
Engineers. Size only 
41̂ <, X 9".

Send for your Calculator 
today. Enclose only 10c 
to cover handling cost.

O n ly

1 0 c
to cover 

handling cost

OHMITE MANUFACTURING CO. 
4 9 1 3  F lo u rn o y  S tree t, *  C h ica g o , U . S. A.

111JRN the One wave band selec- 
-*■ tor knob and the Colem an  
Universal S p ec tro p h o to m eter  is 
ready with the light band in which 
you wish to work. An absorp tion  
curve  may be run in 15 m in u tes  on  
an y new  m a teria l . . .  it is not 
necessary to depend upon lite ra tu re  
references.

Bj and B2 by fluorescence, have been 
simplified. G lassware is carried 
in stock for all the newer methods, in
cluding General Mills ” 10 m in u tes  
p er  sa m p le ” and Conner & Straub's 
“ C om bin ation  Bt a n d  B " meth
ods.
Food & Drug A dm. S. W. La. Inst.
American Can Co. Pabst Brewing Co. (2)
Erwin Wasey Co. Okla. A. & M. College
Wilson & Co. 111. Public Serv. Co.
Kenyon College Youngstown Sheet & T
Quaker Oats Co. Co.
Alaska Fisheries Univ. Nebraska (3)
Gerber Products Co. Univ. Illinois
Ohio Agr. Exp. Sta. Fairmont Creamery Co.
E. A. Siebel & Co. Univ. Puerto Rico
Allied Mills Hiram Walker & Sons
Univ. Wisconsin (6) Univ. Minnesota (4)
J. Morrell & Co. Amer. Inst. Meat Packers
Du Pont de Nemours Medico-Pharm. Research
U. S. Q. M. Corps Brigham Young Univ.
Loyola Univ. (2) Maple Leal Milling Co.
Continental Can Co. Beech-Nut Packing Co
Cornell Univ

♦ A u t h o r i z e d  C o le m a n  D is tr ib u to r .
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SECTIONS
e o A y c r fip a p e r  

IN CONCRETÉ/*

The most important phase of laboratory planning 
occurs well before the purchase of equipment. O n ly  
in this way are costly mistakes eliminated and the 
laboratory planned for maximum efficiency. In short 
it is easier to correct a preliminary drawing than to 
tear up a concrete floor at the time of furniture in
stallation.

A  Sheldon Sales Engineer is near you to assist in 
this important work. W rite today for our catalog and 
planning service details.

E. H. SHELDON & CO.
MUSKEGON 718 NIMS STREET M ICHIGAN

N o w !  A 

H O M O G E N I Z E R !
. . . Id ea l fo r  

E xperim ental Batches
New laboratory convenience, new 
speed in making test samples or 

experimental batches 1 Uses as little  as 1 oz 
of material. Homogenizes in stan tly— each 
stroke of hand-lever ejects a je t  of completely 
emulsified liquid. N o emulsion-failures, pro
vided the ingredient ratio  is sound— permanent 
suspension always. In  photos a t  left, note 
fine degree of dispersion secured (above) com
pared with coarseness of same mixture emulsi
fied with m ortar and pestle (below).
Hundreds of laboratories save time and ma
terials by using this simple, practical Hand 
Homogenizcr, for batches up to 10 oz. Po rt
able, easy to operate and clean, strongly built 
o f molded aluminum, with stainless steel piston 
10*/* in. high, 12 oz. bowl. Only $6.50 com
p le te —  order direct or from your laboratory 
supply house (satisfaction guaranteed)— or 
write for further details.

International Emulsifier*, Inc.
Dept C l 5, 2409 Surrey Court, Chicago, 111.

HAND HQMIJIHNIZFP,

Abott— with Hand Homogenizer 
Btlow—-tciiA mortar and pestU

Continued fro m  
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PAPER TESTING 
American Inst. Co. 
A m thor T est. Inst. 
Atlas Elec. Devices 
Boulin Inst. Corp. 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co.. A. 
E im er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
Gurley, W. & L. E.
L a Pine & Co.
N . Y. Laboratory Sup. 
Palo-M yers 
Perkins & Son, B. F . 
Precision T . & I. 
Sargent & Co., E . H. 
Sax! Inst. Co.
Scientific Glass App. 
Scott, H . L.
Spencer Lens Co. 
T aber Instrum ent Co. 
Thom as Co., A. H. 
Thwing-Albert Inst. 
W ill Corp.

I N E E R I N G  C H E

PARAFFIN TESTIN G  
See Oil Testing

PARTICLE SIZE CLAS
SIFIERS, See also 
Sieves, Testing

American Inst. Co. 
Colloid Equip. Co., 

Inc.
Palo-M yers

PEN ETRO M ETER S 
American In st. Co. 
B raun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
Eim er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto  
La Pine & Co.
N . Y. Laboratory Sup. 
Palo-M yers #
Precision Seien. Co. 
Sargent & Co., E . H. 
Scientific Glass App. 
Thom as Co., A. H. 
W ill Corp.

PERM EA M ETER S, See 
Electrical M easuring

PERM EA M ETER S, Soil 
American Inst.

PETRO LEUM  TEST
IN G , See Oil Testing

pH  M ETERS, Indicating 
& Recording, See Hy- 
drogen-ion

PH O SPH ATA SE TEST 
See M ilk  Testing

PH O SPH A T E TEST
ERS, See W ater Analy
sis Sets

PHOTOELECTRIC 
COLOR ANALYZERS 
See Light M easuring

PH O TO M ET ER S, See 
Light M easuring

PIEZO M ETER S 
Brush Devel. Co.

P IP E  AND TUBE 
TE STIN G , See Tensile 
Testing

M I S T R Y

PIT O T  TUBES, See 
Flowm eters

PLANIM ETERS
Bristol Co.
Brown Inst.
Crosby S team  G. & V. 
Foxboro Co.
G aertner Scientific 
Keuffel & Esser 
T aylor Inst. Cos.
T rill Indicator Co.

PLASTOM ETERS
American Inst. Co. 
B rabender Corp. 
G ardner Labs., H . A.

PO LARIM ETERS (and 
accessories)

Akatos, Inc.
B. & L. Optical Co. 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co., A. 
E im er & Amend 
Fisher Scientific Co. 
G aertner Scientific 
Greiner, Inc., Em il 
Greiner & Co., O tto 
Jarrell-Ash Co.
Leitz, E.
N . Y. Laboratory Sup. 
Sargent & Co., E . H. 
Scientific Glass App. 
Thom as Co., A. H . 
Will Corp.
Zeiss, Inc., Carl

PO LARISCO PES, See 
Polarim eters

POLAROGRAPHS, See 
Dropping M ercury Elec
trode

POROSITY
Gurley. W. & L. E. 
Jarrell-Ash Co. 
Saxl Inst. Co.^ 
Testing  M achines

PO T EN TIO M ET ER S 
AND BRIDGES 

B raun Corp.
Bristol Co.
Brown Inst.
BurreU Tech. Sup. 
Cam bridge In st. Co. 
C entral Scientific Co. 
Daigger & Co., A. 
E im er & Amend 
F isher Scientific Co. 
Foxboro Co.
General R adio Co. 
Gen. Elec. Co.
Greiner. Inc., Em il 
Greiner & Co., O tto  
Heilige, Inc.
Industrial Inst., Inc.
J .  B. T . Instrum ents 
La Pine & Co.
Leeds & N orthrup 
Lewis Eng. Co.
N. Y. L aboratory Sup« 
Palo-M yers 
Rubicon Co.
Sargent & Co., E . H . 
Scientific Glass App. 
Tagliabue Mfg. 
Thom as Co., A. H . 
W estinghouse E . & M . 
Wheelco Inst. Co. 
W eston Elec. In st.
Will Corp.

PO W ER  FACTOR, See 
Electrical M easuring

PRESSU RE AND VAC
UUM
See also Barom eters; 
G ages, M cLeod, M er
cury; M anom eters; Vac
uum  Gage, P irani Type 

Ace Glass 
American In st. Co. 
American M eter Co. 
Ames Co.
Area Reg., Inc. 
A utom atic Tem p. Con. 
Bailey M eter.Co. 
B raun Corp.

Bristol Co.
Brown Inst.
Burrell Tech. Sup. 
Bushnell & Nevius 
Cam bridge Inst. Co. 
Cash Co.
Central Scientific Co. 
C lark Blast M eter 
Cochrane Corp. 
Continental Elec. Co. 
Crosby Steam  G. 8c±V. 
Daigger & Co., A. 
Defender Auto. Reg. 
Distillation Prod. Inc. 
Dubrovin. John 
Eclipse Fuel Eng. 
E im er & Amend 
Fisher Scientific Co. 
Foster Eng. Co. 
Foxboro Co.
Fulton Sylphon 
Gen. Elec. Co. 
Gleason-Avery, Inc. 
Greiner, Inc., Em il 
Greiner & Co., O tto 
Hagan Corp.
H ays Corp.
Hoke, Inc.
K ieley & M ueller 
La Pine & Co.
Linde Air Prod. 
M anning, M. & M. 
M arsh Corp., J . P. 
M ason-Neilan Reg. 
M ercon Reg. Co. 
M eriam  Co.
N atural Gas Equip. 
New Jersey M eter 
N . Y. L aboratory Sup. 
Palo-M yers 
Powers Reg. Co. 
Precision Scientific 
Precision T . & I.
RCA Mfg. Co.
R ep. Flow M eters 
Sargent & Co., E . H. 
Scjentific Glass App. 
Scientific In st. Co. 
Spence Eng. Co. 
Tagliabue Mfg.
T aylor Inst. Cos. 
Thom as Co., A. H. 
Uehling In st. Co. 
Wheelco In st. Co.
W ill Corp.

Vol. 13, No. 10

PROTRACTORS, See 
Lineal Dim ensions

PROVING R IN G S 
Baldwin-Southwark 
Holz, H. A. 
M orehouse, M ach. 
Olsen T est. M ach. 
Pgh. In st. & M ach.

PSYCH RO M ETERS 
See H um idity  '

PU L P TESTIN G  
Perkins & Sons 
T esting M achines Inc.

PULVERIZED MATE
RIALS M EASURING 
See G ranular M aterial 
M eters; Particle  Size 
C lassifiers; Sieves, T est
ing

PYCN O M ETERS 
Ace Glass
American In s t. Co. 
B raun Corp.
C entral Scientific Co. 
Daigger & Co., A. 
E im er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
Kimble Glass 
La Pine & Co.
N . Y. la b o ra to ry  Sup. 
Palo-M yers 
Sargent & Co., E . H . 
Scientific Glass App. 
T hom as Co., A. H. 
W ill Corp.

PY RO M ETERS 
Akatos. Inc. 
Bacharach In d . In st.

Continued on
Page 38



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

S p e n c e r
I n s t r u m e n t s

f o r

I N D U S T R I A L
C O N T R O L

The Spencer No. 33 Microscope is
a d a p ta b le  to  alm ost an y  ty p e  o f m icro
scopic e x am in a tio n  an d  is designed for 
conven ience  in qu ick ly  changing m ag
n ifica tions o r  ty p es o f  illum ina tion , for 
p h o to m ic ro g rap h y , for m easuring , 
co u n tin g  o r  ex am in a tio n  o f  m aterials.

T he Spencer Refractom eter pro
vides a  q u ick  an d  accu ra te  m ethod  for 
d e te rm in in g  th e  refrac tiv e  indices o f 
l iq u id s an d  solids— essen tial in labo ra
to ry  an d  p la n t  con tro l o f  food p roducts, 
oils, fa ts , e x tra c ts , ta rs , colloids, waxes, 
resin s , e tc .

D irect resu lt COLORIMETER is
used  w h erev er ch a rac te ris tic  color is 
p ro d u ced  p ro p o rtio n a l in in ten sity  to 
th e  c o n c e n tra tio n  o f  a sub stan ce  in 
so lu tio n .

Spencer Stereoscopic Microscopes 
are  used  in  p rac tica lly  every  in d u stry  
fo r th e  e x am in a tio n  o f  d e ta ils  too sm all 
to  be seen  b y  th e  unaided  eyes— to 
exam ine im p u ritie s  o r  inclusions in 
raw  m a te ria ls , flaws o r irregu larities in 
m a te ria ls  be ing  processed, surface char
a c te ris tic s  o f  finished p roducts. A vivid 
th re e  d im en sio n a l im age is ob ta ined .

T he Spencer No. 41 Polarizing 
M icroscope is used  extensively  in in 
d u s tr ia l lab o ra to rie s  fo r iden tifica tion  
o f  c ry s ta llin e  m a te ria ls  by m eans of 
th e ir  o p tic a l c o n s ta n ts . Id ea lly  su ited  
fo r re sea rch  o r ro u tin e  inspection  in the 
m a n u fa c tu re  o f  ceram ics, chem icals, 
p e tro leu m , food, pharm aceu tica ls , tex
tiles an d  p ap e r.

W rite Dept. N o. X 4 8  fo r catalogs 
describing these instruments more 

completely.

S p e n c e r  L e n s  C o m p a n y
B U F F A L O , N E W  Y O R K  

Scientific Instrument Division 0f  
i S P  A M E R I C A N  O P T I C A L  C O M P A N Y  V Z /

-  £ — ■: L°~

T he Spencer Polarim eter is useful 
in  th e  fields o f  b iochem istry  and  in 
d u s tr ia l o rg an ic  ch em istry . I t  is p a r
ticu la rly  v a lu ab le  in  th e  analysis of 
so lu tio n s  co n ta in in g  sugars o r essential 
oils.

B ra u n  M o d e l P C  6 - u n i t  E le c tro ly tic  O u tf i t

Use Electrolytic Apparatus 
that Meets Today’s Needs
T h e o u ts ta n d in g  fe a tu r e s  th a t  m a k e  B ra u n  E lec 
tr o ly tic  O u tfits  th e  c h o ic e  o f  e x a c tin g  te c h n ic a l  
w orkers th e  w orld  over are p rec ise ly  th o se  w h ic h  
th e y  w o u ld  d em a n d  if  th e y  w ere to  d ic ta te  th e  
sp ec ifica tio n s  th e m se lv e s , b eca u se  th e s e  o u tf its  
w ere d esig n ed  w ith  th e  r e q u ir e m e n ts  o f  th e  
b u sy  th o u g h t fu l  op erator  fo r e m o st in  m in d .

Consider these im portant features:
•  R e su lts  a re  u n ifo rm  a n d  a c c u ra te .
•  D e te rm in a t io n s  a r e  m a d e  ra p id ly , sa v in g  t im e  in  

r o u t in e  a n a ly se s .
•  B ra u n  E le c tro ly tic  O u tf i ts  a re  e asy  to  o p e ra te .
•  E le c tro d e  u n i t s  r o ta te  in d e p e n d e n tly .
•  E le c tr ic a l s y s te m s  a re  d e s ig n e d  fo r  m a x im u m  c o n 

v en ien ce  a n d  e ffic iency .
•  S tu rd i ly  a n d  s im p ly  c o n s tru c te d .  M a n y  u n i t s  20 

y e a rs  o ld  a n d  m o re  a re  s t i l l  i n  s a t is f a c to ry  o p e ra 
t io n .

•  T w o m o d e ls  fill every  n e e d . M o d e l CB is  d e s ig n ed  
fo r  h eav y  r o u t in e  d e te r m in a tio n s .  M o d e l P C  p e r 
m i t s  in d e p e n d e n t  d e te r m in a t io n s  o f v a r io u s  m e ta ls  
s im u lta n e o u s ly .  B o th  m o d e ls  a re  a v a ila b le  in  2,
4 a n d  6 u n i t  o u tf its .

For c o m p le te  in fo r m a tio n  w r ite  for B u lle t in s  
B-131 a n d  C-112. A ddress D ep t. I - 10

B R A U N
C O R P O R A T I O N
2260 East Fifteenth S tr e e t^ ^ fe ^ L o s  Angeles, California

San Francisco. Calil. Seattle. Washington
BRAUN-KNECHT-HEIMANN-CO. SCIENTOTC SUPPLIES CO.
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SENTRY MODEL V  FURNACES Installed nine 
years ago are stll I giving thoroughly satisfactory service. 
BECAUSE: The Furnace and Special Porcelain Tube 
are designed for combustion analysis and are sized and 
proportioned to assure a chamber correctly and uni
formly heated . . . Refractories and Insulating Ma
terials are the best obtainable . . . Heating Elements 
are designed to assure rapid heating and maximum 
service . . . Terminals are air-cooled and built to 
withstand severe conditions . . .  A  Rheostat to assure 
close temperature regulation is standard equipment

Write today or 
Bulletin 1016-1 C l

700° C to 1400° C 
combustion analyses, 
carbon or sulfur de
terminations.

Used In :
Chemical, metallurgi
cal, oil, fertilizer, 
cement, glass and 
ceramic industry.

T E M P E R A T U R E
IT S  M E A S U R E M E N T  A N D  C O N T R O L  

IN S C I E N C E  A N D  I N D U S T R Y

A m erican In stitu te  of P hysics
“ T his work is a  collection o f  126 coordinated m onographs 

by well-known authorities. T he papers were p repared  under 
the auspices o f the Am erican In s titu te  o f Physics and nineteen 
cooperating national societies and technical agencies, and were 
originally presented a t a  sym posium  held in N ew  Y ork in 
N ovem ber, 1939. T he entire volum e is an ou tstand ing  con
tribu tion  to the sub jec t o f  tem pera tu re  m easurem ent and is a 
necessary add ition  to every technical lib ra ry .”

Review o f Scientific Instrum ents

“ T h is is a scientific reference work. As such, i t  is a m aster
piece, a  m onum ent, a classic. I t  is an  absolute M U ST  for 
scientific research laboratories, teachers o f various sciences, 
e tc .”  Instrum ents

“ Indispensable for any technical or scientific lib ra ry  w orthy 
o f  the  nam e.” Science

“ This is certainly by far the m ost im p o rtan t com pilation o f 
inform ation on the sub jec t o f  tem pera tu re  and its m easure
m en t th a t  has y e t appeared .”  Am erican Journa l o f Science

Covers th e  fo llow ing  fie lds:
P etroleum  • Food Industry • G eology
T herm odynam ics • C eram ics • M etals
M edical and B iological • E ngineering  

M eteorology
1365 pages 550 Illustrations $11.00

330 W. 42nd St. 
New York, N. Y.REINHOLD PUBLISHING CORP.

Continued, fro m  
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Braun Corp.
Bristol Co.
Brown Inst.
Burrell Tech. Sup. 
Cam bridge Inst. Co. 
C entral Scientific Co. 
Daigger & Co., A. 
Defender A uto Reg. 
D ietert Co., H . W.
Eck & K rebs 
Eim er & Amend 
Engelhard, Inc.
Fisher Scientific Co. 
Foxboro Co.
G ordon Co., C. S.^ 
Greiner, Inc., Emil 
G reiner & Co., O tto 
Hoskins M fg. Co. 
Illinois T est. Labs.
J. B. T . Instrum ents 
La Pine & Co.
Leeds &* N orthrup 
Lewis Eng. Co.
N . Y. L aboratory Sup. 
Palo-M yers 
Phi la. Therm . Co. 
Partlow  Corp. 
Pyrom eter In st. Co. 
Rawson Elec. Inst. 
Rubicon Co.
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific Inst. <2o. 
Tagliabue Mfg.
Taylor Inst. Cos. 
Thom as Co., A. H . 
Thw ing-A lbert 
W eston Elec. Inst. 
Wlieelco In st. Co.
Will Corp.

PY RO M ETR IC  CONES 
Accurate Pyro. Cone 
O rton Ceram . F ’d ’n

RADIOACTIVE
Geophysical Inst. Co.

REACTANCE, See Elec
trical M easuring

R ECTIFIERS, See Elec
tronic

REFLECTO M ETERS 
See Light M easuring

REFRACTOM ETERS
B. & L. Optical Co. 
B raun Corp.
Burrell Tech. Sup. 
Cargille, R . P.^
C entral Scientific Co. 
Daigger & Co., A. 
Eim er & Amend 
Fisher Scientific Co. 
G am m a Inst. Co. 
Greiner. Inc., Emil 
Greiner & Co.. O tto  
lndustro  Scient. 
Jarrell-A sh Co.
Leitz, E.
N. Y. L aboratory  Sup. 
Pfaltz  & Bauer 
Sargent & Co., E. H. 
Scientific Glass App. 
Spencer Lens Co. 
Thom as Co., A. H. 
Will Corp.
Zeiss, Inc., Carl

Clare & Co.
Dunn, S tru thers 
E by, Inc.
Gen. Elec. Co.
G-M Labs.
Guardian Electric 
K urm an Elec. Co. 
Leach Relay Co. 
Photosw itch, Inc. 
Precision T. & I. 
Sigma Insts., Inc. 
W ard Leonard 
W estinghouse E . & M . 
W eston Elec. Inst. 
Wheelco Inst. Co.

R EM O TE M ETERIN G  
See T elem etering

RHEOSTATS, See Elec
trical M easuring

RESISTANCE BOXES 
See E lectrical M easuring

ROAD M ATERIAL 
TESTIN G , See also 
Specific M aterials, Ce
m ent, etc.

American In st. Co.

ROCKW ELL 
NESS, See 
Testing

Wilson M ech. In st.

HARD-
H ardness

ROTAM ETERS 
Fischer & Porter 
Schutte  & K oerting

RUBBER TESTIN G  
American In s t. Co. 
A m thor T est. Inst. 
Braun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
Eim er & Amend 
Fisher Scientific Co. 
Greiner. Inc., Emil 
G reiner & Co., O tto 
La Pine & Co. 
M orehouse Mach.
N . Y. L aboratory Sup. 
Palo-M yers 
Sargent & Co., E . H . 
Scientific Glass App. 
Scott, H. L.
Thom as Co., A. H. 
Will Corp.

RULES, See Lineal Di
mensions

REFLECTION M E
TERS, See Light M eas
uring

RELAYS
Allied Contaol 
American A utom atic 
American Instrum ent 
Bunnell & Co.

SACCHARIM ETERS 
See Polarim eters

SACCHAROM ETERS 
See H ydrom eters

SALINITY M EASUR
IN G

Braun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
Eim er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto  
H-B  Inst. Co. 
Industrial Inst. Co.
L a Pine & Co.
Leeds & N orth rup  
N . Y. Laboratory Sup. 
Palo-M yers 
Sargent & Co., E . H . 
Scientific Glass App. 
Tagliabue Mfg.
T aylor Inst. Cos. 
Thom as Co., A. H . 
Will Corp.

SALINOM ETERS,
H ydrom eters

See

SAND TESTIN G  
Ace Glass 
American In st. Co. 
Braun Corp. * 
Burrell Tech. Sup. 
Central Scientific Co. 
Daigger & Co., A. 
D ietert Co., H . W. 
Eim er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto R. 
La Pine & Co.
N. Y. L aboratory Sup. 
Palo-M yers 
Sargent & Co., E . H. 
Scientific Glass App. 
Thom as Co., A. H. 
Will Corp.

Vol. 13, No. 10

SCALES, Gravimetric 
Atlas C ar & Mfg. 
Becker, Christian 
B raun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
Eim er & Amend 
Exact W eight Scale 
Fairbanks Morse 
Fisher Scientific Co. 
Greiner, Inc., Em il 
Greiner & Co., O tto  
Gum p Co.
Howe Scale Co.
K ron Co.
La Pine & Co.
M errick Scale 
N  Y. Laboratory Sup. 
Palo-M yers t 
Precision Scientific 
Sargent & Co., E . H. 
Scientific Glass App. 
Thom as Co., A. H. 
Torsion Balance 
Toledo Scale 
Troem ner, Henry

SCRATCH HARDNESS 
D ietert Co., H .
Holz, H . A.
Spencer Lens 
T aber In st. Co. 
Testing M ach. Inc.

SCREENS, Testing, See 
Sieves, Testing

SEG ER  CONES, See 
Cones, Pyrom etric

SHEARING TESTING 
See Tensile  Testing

SH E E T  M ETAL TEST-. 
IN G ,SeeT ensileT esting

SIEVES, Testing 
American In s t. Co. 
B raun Corp.
C entral Scientific Co. 
Daigger & Co., A. 
Ejm er & Amend 
F isher Scientific Co. 
G reiner, Inc., Em il 
G reiner & Co., O tto 
L a Pine & Co.
Newark Wire 
N. Y. L aboratory  Sup. 
Palo-M yers 
Precision Scientific 
Sargent & Co., E . H. 
Scientific G lass App. 
T hom as Co., A. H . 
T y ler Co., W . S.
W ill Corp.

SIG H T  M ETE R S, See 
Illum ination

SLOW NESS TESTERS 
Saxl In st. Co.
T esting  M ach. Inc.

Continued on
Page 40
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THE CHEMICAL RUBBER CO.
Laboratory Apparatus, Chemicals, Rubber Goods, 

Handbook of Chemistry and Physics
W est 112th St. an d  Locust Ave. 

CLEVELAND, OHIO

CA TA LO G  NO. 619

" S U e M c a "  

FLUORESCENT 
BALANCE LAMP

T he c lo se  ap p ro a c h  to daylight of the  fluorescent 

la m p — its le ssen in g  of eye strain  an d  the  "co ld "  

h e a t  w h ich  it p ro d u ces m akes it ideal for use as 

a  b a la n c e  illum inator.

This d e s ig n  em b races the  latest im proved features 

su c h  as ligh t w eight, re d u ced  size of opera ting  

unit, p e rm ittin g  it to b e  com bined w ith socket p lug  

in s te a d  of enclosing  in  the  fix tu re— instantaneous 

ligh ting , a n d  continuous satisfactory operation .

C o n s tru c te d  of steel, attractively fin ished in  a  rich  

w rink le  b row n.

H as w h ite  en am eled  reflec to r of h ig h  efficiency. 

619 e a c h ..............................................................  $S -95

P e r f e c t l y  S t e p l e s s  C o n t r o l  o f

•  HEAT
•  SPEED
•  POWER
•  LIGHT
•  VOLTAGE

In hundreds of laboratories, efficiently replaces the usual 
type of bulky, heat consuming, expensive and delicate 
resistive type of control for

OVENS HEATERS
FURNACES CENTRIFUGES

T h e  VARIAC F E A T U R E S
•  Voltage Continuously Adjustable from ZERO
•  Output Voltages 15% HIGHER than One Voltage
•  Very Low Losses
•  No Delicate Parts
•  Several Units May Be Ganged on One Shaft

Available in 15 models with power rating from 90 watts to 
7,000 watts. The Type 100-Q (illustrated) for either table 
or panel mounting supplies any voltage from ZERO to 135 
volts from a 115-volt line; has a dial calibrated in output 
voltage; will handle 2 , 0 0 0  watts and has advanced mechani
cal construction iasuring long, trouble-free life. Price: 510.00

Write for Bulletin 74 4  for Complete Dala

G eneral R adio Co.
Cambridge, Mass.

W ith the
V A R I A C
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3  I M P O R T A N T  
A D V A N T A G E S

O F  T H E

S T A N D A R D  E L E C T R IC

A u io łn a tic .

S T O P  
C L O C K

#  G reater A ccu ra cy . Automatic measurement 
of elapsed time (down to .005 seconds) is accom
plished automatically — Manual error eliminated. 
Large, easy-to-read dial.

% M ore D urab le . Ruggedly built for heavy 
duty Bervice. Sturdy bakelite case-mechanism 
seldom requires attention.

#  Less m is la y in g .  Stop watches frequently 
disappear, are mislaid or lost. The Standard 
Electric Stop Clock is the kind of ''perm anent 
fixture" you're looking for.

Write Dept. E  lor

30 DAYS FREE TRIAL d e ta ils  on th is
practical offex.

T h f S T A N D A R D
ELECTRIC TIME CO MPA NY  

89 Logan Street 
SPRING FIELD M ASS.

H E W  H IG H  VACUUM  
G A U G E

W ith this new Stokes High Vacuum Gauge 
you can take accurate readings in the higher 
vacuum ranges, in rapid succession . . . ob
tain an almost continuous record. Calibrated 
down to 1/10 micron. Reads from 0 to 700 
microns. Ruggedly built. Safely portable. 
M ercury can’t  spill. Furnished with swivel 
bracket for perm anent mounting. Compact. 
Light weight. McLeod Type. Only 2 Ibs.fof 
mercury. A similar gauge, reading from 0£to 
5000 microns (5 mm.) and calibrated in 
microns, is available. W rite for new bulletin 
describing both instrum ents.

F. J. STOKES M A C H IN E C O .
5944 Tabor Road O lney P. O . Phila.,{Pa.
Representatives in New York, Chicago, C in

cinnati, S t. Louis, Cleveland, Detroit 
Pacific Coast Rep.: L . H . Butcher Co., Inc.

Continued, fro m  
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SM O K E DENSITY 
Bailey M eter 
Boiler Room Equip. 
Bristol Co.
Ess Inst. Co.
Genl. Elec. Co. 
Leeds & N orth rup  
Luxtrol Co. 
Photosw itch Inc. 
W eston Elect. Inst.

SO FTN ESS TESTERS 
F erner Co.
Gurley, W. & L. E. 
Saxl In s t. Co.
T aber Inst. Co. 
Thwing-Albert

SO IL TESTIN G  
American Inst. Co. 
L aM otte  Chem . Prod.

SOUND M EASURING
Elec. Res. Prod.
Genl. Elec. Co.
General Radio Co. 
Televiso Prod.
T rip le tt Elec. 
W estinghouse E . & M . 
W eston Elec. Inst.

SPECIAL IN STRU 
M ENTS

Ace Glass, Inc. 
American In st. Co. 
B raun Corp.
Bushnell & Nevius 
C entral Scientific Co. 
Daigger & Co., A. 
E iiner & Amend 
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto 
Heilige, Inc.
Hopf Glass App. Co. 
L.A.B. Corp.
La Pine & Co. 
M achlett & Son 
N. Y. L aboratory Sup. 
Palo-M yers 
Precision Seien. Co. 
Sargent & Co., E . H. 
Scientific Glass App. 
Scott, H. L.
Thom as Co., A. H. 
W ill Corp.

SPECIFIC  GRAVITY 
M EASURING

Ace Glass
A merican M eter Co. 
Bailey M eter Co. 
B raun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
D aigger & Co., A. 
E im er & Amend 
F isher Scientific Co. 
Foxboro Co.
Greiner, Inc., Em il 
Greiner & Co., O tto 
K im ble Glass 
La Pine & Co.
N . Y. Laboratory  Sup. 
Palo-M yers 
Sargent & Co., E . H . 
Scientific Glass App. 
Tagliabue M fg.
T aylor In st. Cos. 
Thom as Co., A. H . 
W ill Corp.

SPECTR O G RA PH S 
See Spectrom eters

SPEC TR O M E TE RS 
(and accessories) 

A katos, Inc. 
American In st. Co. 
Applied Res. Labs.
B. & L. Optical Co. 
Baird Associates 
Braun Corp.
Buehler, A. I.
Burrell Tech. Sup. 
C entral Scientific Co. 
D aigger & Co., A. 
D jetert Co., H . W. 
E im er & Amend 
Fish-Schurm an 
Fisher Scientific Co. 
G aertner Scientific 
Greiner, Inc., Em il 
G reiner & Co., O tto 
Jarrell-A sh Co.

La Pine & Co.
Leitz, Inc., E .
N . Y. L aboratory  Sup. 
Palo-M yers 
Pfaltz & Bauer 
Sargent & Co., E . H. 
Scientific Glass App. 
Spencer Lens Co. 
Thom as Co., A. H. 
W ill Corp.
Zeiss, Inc., Carl

SPEC TR O PH O TO M E
TER S (and accessories) 

A katos, Inc.
B. & L. Optical Co. 
C entral Scientific 
Coleman Electric Co. 
D ietert Co., H . W. 
Frober-Faybor 
G aertner Scientific 
Gen. Elec. Co.
Jarrell Ash Co. 
Photovolt Corp. 
Spencer Lens Co.

SPECTRO SCO PES 
See Spectrom eters

SPEED  INDICATORS 
See also Tachom eters 

Area Regulators 
Boulin Inst. Corp. 
Braun Corp.
C entral Scientific Co. 
Daigger & Co., A. 
E im er & Amend 
Elec. Speed Ind . Co. 
E lectric Tach.
Fisher Scientific Co. 
Greiner, Inc., Emil 
Greiner & Co., O tto  
N . Y. Laboratory Sup. 
Republic Flow 
Sargent & Co., E . H . 
Scientific Glass App. 
Thom as Co., A. H. 
Veeder-Root 
W eston Elect. Inst. 
Will Corp.

SPH E R O  M ETERS 
Central Scient. Co. 
Fish-Schurm an 
G aertner Scientific

SPH Y G M O M A N O M E
TERS

Braun Corp.
Burrell Tech. Sup, 
Central Scientific Co. 
Daigger & Co., A. 
E im er & Amend 
F isher Scientific Co. 
Greiner, Inc., Em il 
Greiner & Co., O tto 
La Pine & Co.
N . Y. Laboratory  Sup. 
Palo-M yers 
Precision T . & I. 
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific In st. Co. 
T aylor In s t. Cos. 
Thom as Co., A. H. 
W ill Corp.

STANDARD CELLS 
See Cells, S tandard

STEAM  M ETE R S, See 
Flow m eters

Suter, A.
Taber In st. Co. 
Thom as Co., A. H. 
Thwing-Albert 
W ill Corp.

STILLS, AUTOMATIC 
WATER, See also Lab
oratory Supply H ouses 

Barnstead Still 1 
C entral Scientific Co. 
Fish-Schurm an Co. 
Precision Scientific 
Specialty Glass Co. 
Stokes M ach.

STO P W ATCHES 
American In st. Co. 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Clebar W atch Co. 
Colloid Equip. Co. 
Daigger & Co., A. 
E im er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Em il 
G reiner & Co., O tto 
Jard u r Im port Co.
La Pine & Co.
M eylan, A. R . &. J . E. 
N . Y. L aboratory Sup. 
Palo-M yers 
Precision Scientific 
Sargent & Co., E . H. 
Scientific Glass App. 
S tillm an Co.
Tagliabue Mfg. 
Thom as Co., A. H. 
Will Corp.

STRAIN TESTIN G  
(Except G lass), See T en
sile Testing

STRESS TE STIN G , See 
Tensile Testing

STRETCH  (Except 
M etals)

Holz, H . A. 
Perkins & Son 
Saxl In st. Co. 
Scott, H. L. 
Suter, A. 
Thwing-Albert

STROBOSCOPES 
Boulin In st. Corp. 
General R adio Co.

SULFUR D ETER
M INATION

Ace Glass Inc. 
American In st. Co. 
Braun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Corning Glass Wks. 
Daigger & Co., A.
Eck & K rebs 
Eim er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Em il 
Greiner & Co., O tto  
La Pine & Co.
N. Y. Laboratory  Sup. 
Palo-M yers 
P erm u tit Co.
Sargent & Co., E . H. 
Scientific Glass App. 
Tagliabue M fg. 
Thom as Co., A. H . 
W ill Corp.

ST IFFN E SS AND 
BENDING

American In st. Co. 
B raun Corp.
C entral Scientific Co. 
Daigger & Co., A. 
E im er & Amend 
Ferner Co.
Fisher Scientific Co. 
Greiner, Inc., Em il 
G reiner & Co., O tto 
Gurley, W. & L. E. 
Holz, H . A.
La Pine & Co.
N . Y. L aboratory  Sup.
Palo-M yers
Riehle Div.
Sargent & Co., E . H. 
Saxl In st. Co. 
Scientific G lass App.

SULFUR DIOXIDE 
See Gas Analyzers

Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
E im er & Amend 
Electric Tach. Co. 
Electric Speed Ind. 
Eslerline-Angus 
Fisher Scientific Co. 
Foxboro Co.
Greiner, Inc., Em il 
G reiner & Co., O tto  
Jones M otrola 
M anning, M . & M .
N. Y. L aboratory Sup. 
Precision T . & I. 
Sargent & Co., E . H. 
Scherr Co., G. 
Scientific Glass App. 
S tich t & Co.
Thom as Co., A. II. 
W estinghouse E. & M . 
W eston Elec. Inst. 
Will Corp.
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TAPES, See Lineal 
Dim ensions

TELEM ETERIN G
American M eter Co. 
Auto. Switch 
Bailey M eter 
Barber-Colem an 
Bristol Co.
Brown Inst.
E lectric Valve 
Esterline-Angus 
Foxboro Co. 
King-Seeley Corp. 
M anning, M . & M. 
M ason-Neilan 
R epublic Flow 
R ichardson Scale 
Spence Eng. Co. 
Tagliabue M fg.
Toledo Scale Co. 
W estinghouse E . & M.

TELESCO PES 
G aertner Scientific 
Perkin, E . & M. 
Spencer Lens Co.

TEM PERA TU R E, See 
also Pyrom eters; T her
m om eters; Therm opiles; 
etc.

American Gas F ur. Co. 
American In st. Co. 
Area R egulators 
Auto. Tem p. Con. 
Bailey M eter 
Barber-Colem an 
Bristol Co.
Brown Inst.
Burling In s t. Co. 
Burrell Tech. Sup. 
Bushnell &' Nevius 
Cam bridge Inst. Co. 
Cochrane Corp. 
Defender Auto. Reg. 
Eastern  Eng. Co. 
Edison, Inc., T . A. 
Foxboro Co.
Friez & Sons 
Fulton  Sylphon 
Gordon Co., C. S.
H-B  Ins t. Co.
H agan Corp.
Hoskins M fg. Co. 
Industrial In st. Co. 
Leeds & N orth rup  
Lewis Eng. Co. 
Liquidom eter 
M ason-Neilan 
Palm er Co.
P artlow  Corp.
Phi la. T herm . Co. 
Powers Reg. Co. 
Precision Scientific 
Precision T . & I. 
Pyrom eter Inst. Co. 
Republic Flow 
Sarco Co.
Spence Eng. Co. 
S terling Eng. Co.
Sup. Elec. Prod. 
Tagliabue Mfg.
T aylor In st. Cos. 
Thw ing-A lbert 
Uehling In st. Co. 
W eston Elec. Inst. 
Wheelco Inst. Co.

Tach?me®frt P H S ’ ^  TEN D ERN ESS

TACHOM ETERS 
A m thor T est. Inst. 
Boulin In st. Corp. 
Braun Corp.
Bristol Co.
Brown Inst.

American In s t. Co. 
Braun Corp.
C entral Scientific Co.

Continued on
Page 42
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AMERICAN INSTRUMENT CO.
n i l  GEORGIA AVENUE • SILVER SPRING, MARHAND

WELCH
A  W o r l d  F a m o u s  N a m e

H igh Vacuum Pumps 
Voltmeters-A mmeters 
L aboratory Balances 
Slide-W ire Rheostats 
Resistance Boxes 
Scientific Laboratory  
A pparatus and Supplies

Our 1941 Catalog lists over 10,000 items 
for the Laboratory

W rite io i if

Established 1880

1515 Sedgwick Street, Chicago, III., U.S.A

A b r i d g e d

SPECTROPHOTOMETERS
Ideal for the 

Precise Determination of:
Num erous Organic and Inorganic Substances, Including

Am m onia Fluorescence Molybdenum
Arsenic Fluorine Nickel
B ism uth Furfural Nitric Oxide
C arbon Dioxide Hydrogen N itrite
Chlorine Sulphide Oxy haemoglobin
Chlorophyll Indole Phosphorus
Copper^ Iron Selenium
Creatinine Lactic Acid Sulfanilamide
Cyanide Lactoflavin Titanium
Cystine Lead Turbidity
D am age to  Wool M anganese Vanadium

Fibers M ercury Vitamins
Dextrose M ethanol Xanthophyll

Color of Oil, W ater, Whiskey, Beverages, Etc.

^ C a l ib r a t io n s  a re  p e rm a n e n t . . . save tim e  . . . 
re -p re p a ra tio n  of s ta n d a rd s  is u n n ecessa ry .

★ O p e ra te  on  spectro p h o to m etric  princip le . . . 
a c c u ra te  sp ec tio p h o to m etric  curves m ay  be 
o b ta in e d  fo r  a lm o st an y  colored  solution.

★ S e v e ra l re a d in g s  p e r  m in u te  can  b e  m ad e  
w ith  a n  a ccu racy  of 1 p e r  cent.

★ Q u a n ti t ie s  fro m  0.05 to  50 m l. m ay  b e  used .

★ L iq u id  film  th ic k n e s se s  from  1 to  100 m m . 
c a n  b e  m e a s u re d .

N e u tra l  W edge T y p e  
(Visual Brightness Matching)

W ith precise glass color filters from 424 
to 720 m mu. Employs perm anent glass 
wedges and most precise fused glass absorp
tion  cells.

A  Few of Their Many Users
U. S. Navy . . . U. S. Dept. Agriculture . . . U. S. Treasury D ept. . . . Allegheny-Ludlum Steel
Co. . . . American Can Co. . . . American Cyanam id Co. . . . C arpenter Steel Co. . . . C arter Oil
Co. . . . D uPont Co. . . . Eastm an Kodak Co. . . . Electrical Testing Labs. . . . General Motors
Corp. (Deleo-Remy Div.) . . .  Underw riters’ Laboratories, In c . . . .  Baltim ore Bureau of Labora
tories . . . Numerous Colleges . . . and m any others.

Fully Described in NEW  BULLETIN P-2090

P h o to  E le c tr ic  T y p e  
(Brightness Matching)

For wavelengths from 313 to 650 m mu. 
Two photocells are used in a balanced circuit. 
Employs precise fused absorption cells and /o r 
test tubes. Dial reads directly in per cent 
transmission.

F u rth er  d eta ils w ill be found  in  th e  article  
“ In stru m en ta l M ethods o f  C hem ical 
A n a ly sis ,”  in  th is  issue.

with underguard 
No. CT-1055 
with six 15 ml. 
tubes loaded. 
(4200 R. P. M . on 
A . C.)

ADAMS ANGLE CENTRIFUGES
Tubes a re  su sp en d ed  a t a fixed 52° ang le . Faster se d im e n ta 
tion is ach iev ed  by  th e  sh o rte r  d is tan c e  p a rtic le s  a re  re q u ire d  
to travel. W h en  a t rest, th e  tu b es  rem a in  in  th e  a n g u la r  
position an d  n o  stirring  u p  of sed im en t results.
CT-1000 ADAMS SENIOR SATETY-HEAD CENTRIFUGE for Six  
15 ml. TUBES, complete with six round bottom bra** shield* with rubber 
cushions and three each graduated and ungraduated taper bottom 15mL
glass tubes. Without U nderguaxd  ........................................ $52.50
Sam e w ithout sh ields or tu b es.........................................................$49.50
CT-1055 UNDERGUARD.................................................................... $ 3.50
Above Centrifuges have 110 V Universal (AC and DC) motors. 220-volt 
Universal motors $2.00 extra.

Centrifuge Cat. No. 1111C 
Just issued. W rite for a copy/N E W !

il a y -a d a m s  c o i s
 . . . . i A D A M S

44 EAST 23rd STREET, HEW YORK, «. Y.



K. H H U P P E R T
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Daigger & Co., A. 
E im er & Amend 
Fisher Scientific Co. 
Greiner, Inc., Em il 
Greiner & Co., O tto 
La Fine & Co.
N . Y. L aboratory Sup. 
Palo-M yers ^
Precision Scientific 
Sargent & Co., E. H. 
Saxl Inst. Co. 
Scientific Glass Aop. 
Thom as Co., A. H. 
Will Corp.

TEN SILE TESTING 
American Inst. Co. 
A m thor T est. Inst. 
Baldwin-Southwark 
Braun Corp.
Burrell Tech. Sup. 
C entral Scientific Co. 
Daigger & Co., A. 
F im er & Amend 
F erner Co.
Fisher Scientific Co. 
Gen. Elec. Co.
Greiner, Inc., Emil 
Greiner & Co.. O tto 
Holz, H . A.
L a Pine & Co.
Linde Air Prod.
N. Y. L aboratory Sup. 
Olsen Test. M ach. 
Palo-M yers 
Perkins & Son 
Riehle T est Di v. 
Sargent & Co., E . H. 
Saxl Inst. Co. 
Scientific Glass App. 
Scott, H . L.
Suter, A.
Test. M ach. Inc. 
Thom as Co., A. H. 
Thwing-AIbert 
Sareent & Co., E . H. 
Will Corp.

TEN SIO M ETER S, Sur
face Tension 

Braun Coro.
Central Scientific Co. 
Daigger & Co.. A. 
Ejm er & Amend 
F isher Scientific Co. 
Greiner, Inc., Em il 
G reiner & Co.. O tto 
La Pine & Co.
N . Y. L aboratory Sup. 
Palo-M yers 
Sargent & Co., E . H . 
Scientific Glass App. 
Thom as Co., A. H. 
Will Corp.

TEST W EIG H T S, See 
W eights

TESTER S AND TEST
IN G  M ACHINES, See 
sub ject of m easurem ent

TEXTILE TESTING 
American In s t. Co. 
Atlas Elec. Devices 
Boulin Inst. Corp. 
B raun Corp.
BurreH Tech. Sup. 
Cam bridge Inst. Co. 
C entral Scientific Co. 
Daigger & Co., A. 
Eimer & Amend 
Fisher Scientific Co. 
Greiner, Inc., Em il 
Greiner & Co., O tto  
Gurley, W. & L. E.
L a Pine & Co.
N . Y . L aboratory Sup. 
Palo-M yers 
Perkins & Son 
Sargent & Co., E , H. 
Saxl Inst. Co. 
Scientific Glass App. 
Scott, H . L.
Sheffield Gage 
Spencer Lens Co. 
Suter, A.
T aber In st. Co. 
Thom as Co., A. H . 
Thwing-AIbert Inst. 
Will Corp.

TH ERM O -A M M ETERS 
See Electrical M easuring

T H E R M O 
ANEM OM ETER

Willson Products, Inc.

THERM OCOUPLES 
See Pyrom eters

TH ERM O -H Y D ROM E
TERS, See H ydrom eters

TH E RM O M E TE RS 
American In st. Co. 
Bailey M eter Co. 
Braun Corp.
Bristol Co.
Brown Inst.
Burrell Tech. Sup. 
Cam bridge Inst. Co. 
Central Scientific Co. 
Claflin Co.
Daigger & Co., A. 
Defender Auto. Reg. 
Eck & K rebs 
Eim cr & Amend 
Engelhard, Inc. 
Faichney ln s t. Corp. 
Fisher Scientific Co. 
Fleischhauer & Son 
Foxboro Co.
G aertner Scientific 
Gotham  Inst. Co. 
Green, H . J.
Greiner, Inc., Em il 
G reiner & Co., O tto  
H-B Inst. Co.
Illinois T est. Labs. 
Industrial In s t. Co. 
Kessling Therm . Co. 
La Pine & Co. 
Liquidom eter Corp. 
M anning, M . & M . 
M arsh Corp., J . P. 
M ason Neilan Reg. 
M oeller In s t. Co.
N . Y . L aboratory  Sup. 
Palm er Co. 
Palo-M yers 
Partlow  Corp. 
Pecorella M fg. Co. 
Perm utit Co.
Phila. Therm . Co. 
Powers Reg. Co. 
Precision T . & I.
R ep. Flow M eters 
Ruehfel, Geo.
Sarco Co., Inc.
Sargent & Co., E . H. 
Scientific Glass App. 
Scientific In st. Co. 
Tagliabue Mfg.
Taylor In st. Co. 
Thom as Co., A. H. 
Thwing-AIbert Inst. 
W eston Elec. Inst. 
Will Corp.

TH E R M O PIL ES 
Cam bridge In s t. Co. 
E ppley Lab., Inc.

THERM OSTATS
American In s t. Co. 
B raun Corp.
Brown Inst. Co. 
Burling In st. Co. 
Burrell Tech. Sup. 
Bushnell-Nevius 
C entral Scientific Co. 
Daigger & Co., A. 
E im er & Amend 
Fenwal Inc. 
F ishS churm an  
F isher Scientific Co. 
Foxboro Co.
Friez & Sons 
Fulton  Sylphon 
General Elec.
Greiner, Inc., Emil 
Greiner & Co., O tto 
H-B  Inst. Co.
L a Pine & Co. 
M ercoid Corp.
M icro Switch Corp.
N. Y. L aboratory  Sup. 
Palo-M yers 
Partlow  Corp.
Phila. Therm . Co. 
Powers Reg. Co; 
Precision Scientific 
Precision T . & I. 
R obertshaw  Therm . 
Sargent & Co., E . H. 
Scientific Glass App. 
Suprem e Elec. Prod. 
Tagliabue Mfg. 
Thom as Co., À. H. 
Thrush  & Co.
W ill Corp.

U S T R I A L  A N D  E N GI ND

HUPPERT
LABORATORY

FURNACES
Accurate—Sturdy 

Outstanding Values

C O M P L E T E

Three heat ranges. High, 900°-1500° F. Medium, 
400°-900° F. Low, 0°-400° F. Large, accurate 
Pyrometer aids in definite temperature control and in 
securing exact duplication of results.
Interior dimensions, 4 1/ i ir x 3 5/ 8" x 41/ 2ff. Overall 
dimensions, 8" x 11' x 11". Operates on 110 volts, 
A. C., or D. C.
Huppert Furnaces are ruggedly built for heavy duty 
service, with stainless steel housing and with no ex
posed contacts. Prices range from $24.75 to $165.00 
with standard heat ranges up to 2500° F. (Special 
voltages, dimensions or temperature ranges to order.)

WRITE FOR FREE CATALOG

S O L A  E L E C T R I C  C O M P A N Ï
2525 Clybourn Ave. Chicago, III.

L

M odel illustrated

$41"25

Above 200 VA. 

From 20-200 VA. 

Up to 15 VA.

Whether it's 1 V A  for an instrument or 10 KVA 
for a production line™here’s constant, stable 
voltage for you at all times, even though the line 
voltage varies as much as thirty percent.
They are fully automatic and instantaneous in 
operation—have no moving parts—require no 
maintenance—and are self-protecting against short 
circuit.
You can build SOLA CONSTANT VOLTAGE 
TRANSFORMER into your product, or incor
porate It in your production line or laboratory 
and know that every test will be made under 
identical line conditions.
Compact— economical. Standard designs are 
available, or units can be built to your special 
specifications.

THREAD TESTIN G  
See Textile Testing
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T IM E  M EASURING, 
Cycle and In terval, See 
also Stop W atches 

American In st. Co. 
Auto. Elec. Mfg.
Auto. Tem p. Com. 
Barber-Coleman 
B etts & Betts 
Braun Corp.
Bristol Co.
Brown Inst.
Burrell Tech. Sup. 
Calculagraph Co. 
Cam bridge Inst. Co. 
C entral Scientific Co. 
C lebar W atch Co. 
Coleman Elec. Co. 
C ram er Co., Inc. 
Daigger & Co., A. 
D unn, S tro thers 
Eagle Signal Corp. 
Eim er & Amend 
Esterline- Angus 
Fisher Scientific Co 
Foxboro Co. 
Frober-Faybor 
G aertner Scientific 
General Radio 
Gordon Co.
Greiner, Inc., Emil 
Greiner & Co., O tto 
In ter. F ilter Co.
In ter. M ktng. Corp. 
La Pine & Co.
Luxtrol Co. 
M ason-Neilan Reg. 
M anning M . & M.
N. Y. L aboratory Sup. 
Palo-M yers 
Perm utit Co. 
Photoswitch 
Precision Scientific 
Republic Flow M eters 
Sargent & Co., E. H. 
Scientific Glass App. 
Service Recorder Co. 
S tandard  Elec. Time 
T agliabue Mfg.
Taylor In s t. Cos. 
Thom as Co., A. H. 
Thom pson Clock Co. 
W alser Auto. Tim er 
W eston Elec. In st. 
Wheelco In s t. Co.
Will Corp.

TITRATION APPARA
TUS, Electrom etric 

Cam bridge In s t. Co 
Central Scientific Co. 
Coleman Electric Co. 
Fisher Scientific 
Leeds and N orthrop 
Leitz, Inc., E. 
N ational Tech. Labs. 
Rubicon Co.
Sargent & Co., E . H. 
T hom as Co., A. H. 
Welch Scientific

TO RSION , See Tensile 
Testing

TOTALIZERS, Fluid 
Flow, See Flowm eters

TU R BID IM ETERS, See 
Color M easuring

TW IST COUNTERS 
See Textile  Testing

U
ULTRA-VIOLET

H anovia Chem. 
W estinghouse E . & M.

U-TUBE M ANOM E
TER S, See M anom e
ters

V
VACUUM GAGE, Me- 
Leod type. See M-cLeod
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PRECISION SCIENTIFIC COMPANY
Designers and Builders of Modem Laboratory Equipment
1730-54 NOBTH SPRINGFIELD AVE., CHICAGO. ILLINOIS. U. S. A

• SPEED UP DEFENSE 
WITH FASTER FILTERING
— ■SPARKLER FILTERS ANYTHING FROM

TH E H EAV IEST WAX TO THE MOST 
V O L A T I L E  C H E M I C A L S  ........
B E T T E R  — A T  L O W E R  C O S T

FROM PILOT PLANT 
THROUGH PRODUCTION— 
there's a portable Sparkler 
Filter to meet every require
ment in your business. This 
advanced-type equipment is 
engineered to cut filtering 
time, improve quality and 
reduce costs. It filters any
thing from heaviest wax to 
the most volatile chemicals — 
faster, more efficiently than 
any other unit on the market. 
Here is ideal filtering equip
ment for today's defense pro
duction.
Advantages include greater 
speed and capacity; com
pletely enclosed to prevent 
leakage and evaporation; no 
obnoxious fumes; intermit
tent service without disturb
ing. clarity; savings in filter 
aids; and easy cleaning. 
Steam Jacketed units avail
able. Capacities from 1 pint 
to 10,000 g.p.h

S P A R K L E R
h o r i z o n t a l

f i l t e r s

Write for complete details

SPARKLER MANUFACTURING COMPANY
-  - -  -  M U N D E L IC N , IL L IN O ISD ept. C

New 
Electro lytic  A p p a ra tu s

O perates on A.C.

S S 3 1  A D V ANTAG ES

1. Rectifying unit built in, 
does not require motor 
generator.

2. Two determinations of 
the same or different 
elements can be run 
simultaneously.

3. Polarity reversed by 
switches on front panel.

4. Speed control of rotat
ing electrodes.

5. Operates on 110 volts, 
A.C.

_____________  6. Inexpensive, price with-
No i0I41 out platinum electrodes.

W rite fo r  B ulletin  C l

T ^ A K ^ 'M Y E R S  i n c .
Apparatus fo r  Industria l and Laboratory Use 

81 Reade Street New York, N . y .

5° C DIFFERENTIAL SCA LE 9 INCHES LO N G  .01 °C  DIVISIONS
Possessing features never before found in any similar in

strument, the new "Philadelphia” Differential Thermometer 
combines one-hundredth degree accuracy with ease in reading 
and simplicity in setting.

Applications cover all the uses of the conventional Beckman 
thermometer— viscosity readings, calorimetric tests, determina
tion of freezing and boiling points—hundreds of applications in 
which the temperature reading is predictable within an interval 
of 5° C and concentrated accuracy is desirable within that 
interval.

By means of the setting scale, calibrated in 1° divisions, it 
is easy to measure the exact amount of mercury which must 
be added to, or drawn from the reading scale, for setting to the 
desired working temperature.

•  Can be set to any 5° interval between —35 and 300° C.
•  Lens-front yellow-back tubing magnifies the mercury column 
to a full width of enabling rapid reading.
•  Readings to .001° C can be estimated with the aid of a 
magnifying glass or thermometer reading lens.
•  Mercury reservoir is filled with dry, inert gas sealed under 
high pressure.
•  No glass insulating shell and no porcelain scale to shift.
•  Hump on tube 6 ]^ ' from bottom denotes immersion depth.
•  Corning glass, strain-proofed and annealed.
•  Overall length 20'. Packed in sturdy wood case. 9 2 2 - 3 0

★  A V A ILA B LE FR O M  Y O U R  U SU A L 
LAB. S U P P L Y  D E A L E R
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SP E C IA L  La M O T T E  P R O D U C T S  
F O R  R E SE A R C H

N (1-naphthyl) Ethylenediam ineDihydrochloride  
Sulfam ic Acid-Cryst. 
Ammonium Sulfam ate-Cryst. 
Benzidine
pH and Oxidation-Reduction ind icators includ

ing 2 - 6 ' ’ ' "  , ' ' Indophenol

L A M O T T E  U N IV E R S A L  p H  O U T F IT

T his com pact L a M o tte  ou tfit is readily  po rtab le , y e t it  
covers a  wide pH  range. C an be supplied w ith any  3 ,4 , 5 ,6, 
7 or 8 sets o f  L aM o tte  P erm an en t C olor S tandards and  will 
therefore cover any  desired p a r t o f  pH  range 0 .2-13.6 . A p
plicable to  all types o f  research and  in dustria l pH  work. 
A ccurate to 0.1 pH . Excellent for use w ith h ighly colored 
o r  tu rb id  solutions.

P rice $35.00 to £60.00 f. o. b. B altim ore, M d.

L a M O T T E
C H E M IC A L  P R O D U C T S  CO.

Originators o f Practical Application o f pH  Control 
D ept. F, T ow son, B altim ore, M d.

ÏJSÏÏÏ Heilige Duboscq KtrlUlK COLORIMETER

H e w

EM BODIES 
AN UNUSUAL 

COMBINATION  
OF 10 

STR IK IN G  
FEATURES

Complete, 
as illustrated, $65.00.

Send  for D escrip tive  Bulletin  N o. 250-1

H E L LI G E
I N C O R P O R A T C D

3718 NORTHERN BLVDU LONG ISLAND CITY. N.Y.

HEADQUARTERS FOR COLORIMETRIC APPARATUS

Continued from  
Page 42

VACUUM GAGE, P iran i 
Type; See also P ressu re  
and Vacuum

C ontinental Electric 
D istillation Prod. Inc.

VACUUM M EASURING 
See P ressu re  and Vac
uum ; B arom eters; Gages, 
M ercury and M cLeod; 
M anom eters

VALVE PO SIT IO N  
INDICATORS 

A uto Tem p. Con. 
Bailey M eter 
Builders Iron 
Foxboro Co.
M anning, M. & M . 
T aylor InsC. Cos. 
Tefft-Jackson

VAPOR DENSITY 
See G as Analyzers

VAPOR TRA N SM IS
SION

Cargille, R . P. 
Thwing-AIbert In s t.

VARNISH TE ST IN G  
See P a in t Testing

VENTURI M ETER S 
See Flow m eters

VIBRATION
American Inst. Co. 
B rush Devel. Co. 
C am bridge In s t. Co. 
E lectrical Res. Prod. 
Gen. Elec. Co.
RCA  M fg. Co. 
Sheffield Gage 
Televiso Prod.

VISCOSIM ETERS
Ace Glass 
American Inst. Co. 
B raun Corp.
Brookfield Eng. Lab. 
Burrell Tech. Sup. 
Cargille, R . P.
C entral Scientific Co. 
Colloid Equip. Co. 
Daigger & Co., A. 
E im er & Amend 
F isher Scientific Co. 
Fish-Schurm an 
G ardner Lab., H . A. 
Gen. Elec. Co.
Greiner, Inc., Em il 
G reiner & Co., O tto

K im ble Glass 
L a Pine & Co.
N . Y. Laboratory Sup. 
Precision Scientific 
Palo-1Vlyers 
Sargent & Co., E . H . 
Scientific Glass App. 
Scientific In st. Co. 
Tagliabue Mfg. 
Thom as Co., A. H . 
W ill Corp.

VOLT-AM M ETERS 
See Electrical M easuring

V OLTM ETERS, See 
Electrical M easuring

VOLUM ETER
G ardner Lab., H . A.

W
W ATER ANALYSIS 
SETS 

Ace Glass 
B raun Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Chem lab Specialties 
Cochrane Corp. 
Daigger & Co., A. 
Eim er & Amend 
Elgin Softener 
Fisher Scientific Co. 
Greiner, Inc., Em il 
Greiner & Co., O tto 
Heilige, Inc.
Industrial Inst., Inc. 
L aM otte  Chem . Prod. 
La Pine & Co.
N . Y. Laboratory Sup. 
Palo-M yers #
Precision Scientific 
Sargent & Co., E . H. 
Scientific Glass App. 
Tagliabue Mfg.
T aylor & Co., W. A. 
Thom as Co., A. H. 
W ill Corp.

WATER AND SED I
M EN T, See W ater 
Analysis Sets

W ATER M ETE R S, See 
Flow m eters

W ATTHOUR M ETERS 
See Electrical M easuring

W ATTM ETERS, See 
Electrical M easuring

W EA TH ERO M ETER 
Atlas Electric Dev.

W EIG H IN G  MA
C H IN ES, Automatic 

Atlas Car & Mfg. 
Exact W t. Scales 
Fairbanks Morse 
Gum p Co.
Howe Scale Co. 
M errick Scale 
R ichardson Scale 
Schaffer Poidom eter 
Toledo Scale Co.

W EIG H TS 
Ainsworth & Sons 
Akatos. Inc.
Becker, C hristian 
Braun, Corp.
Burrell Tech. Sup. 
Central Scientific Co. 
Claflin Co.
Daigger & Co.
Eim er & Amend 
Exact W t. Scale 
F isher Scientific Co. 
G aertner Scientific 
Greiner, Inc., Emil 
Greiner & Co., O tto 
Gurley. W. & L. E. 
Jarrell-Ash Co.
Keller M fg., G. P.
L a Pine & Co.
N . Y. L aboratory Sup. 
Palo-M yers 
Precision Scientific 
Sargent & Co., E. H. 
Scientific Glass App. 
Seederer-Kohlbusch 
Thom as Co., A. H. 
Torsion Balance 
Troem ner, Henry 
Voland & Sons 
W ill Corp.

W EIR  M ETE R S, See 
Flow m eters

X
X-RADIATION M EAS- 
URINGj Diffraction 

American Inst. Co. 
G aertner Scientific 
Jarrell-Ash Co.
G . E . X -R ay Corp.

X-RAY SPEC TRO M E
TER S, See Spectrom e
ters

YARN TE ST IN G , See 
Textile Testing

M ISC EL LA N EO U S
See also Laboratory Supply Houses

CELLS, _ Absorption 
American Inst.
K le tt Mfg.

CRUCIBLES
American P latinum  

Works 
B aker & Co.
Bishop & Co., J .
Coors Porcelain 
N orton Company 
P arr Instrum ent

CRUCIBLE HO LD ERS
R hoades M etaline

DIALYZER, Continuous
Brosites M achine

ELECTRO PH O R ESIS 
APPARATUS 

K le tt M fg.

FILTE R  PA PERS 
Angel & Co., Inc.

FILTERS, Laboratory
Alsop M fg. Co. 
American Seitz 
E rte l Eng.
Sparkler Mfg.

FURNACES, Laboratory 
Burrell Tech. Sup. 
H e v iD u ty  Electric 
Hoskins Mfg.
H uppert, K . H.
Sentry Com pany

GLASSWARE, Labora
tory (Mfr8. Only)

Ace Glass

Corning Glass 
Hopf Glass App. 
K im ble Glass 
M ach le tt & Son 
Scientific G lass App.

H EATERS, Im m ersion 
Precision Seien. Co. 
Therm al Syndicate

H EATING PO T S 
Electrical

S t a-W arm  E lectric

H O M O G EN IZER, H and  
In t. Em ulsifiers

H O T  PLATES, Therm o
static

Daigger & Co. 
Precision Seien. Co.

IRRADIATORS, U ltra
violet

H anovia Chem ical

LABELS, Laboratory
Cargille, R . P .

LABORATORY
FURNITURE

Alberene Stone Corp. 
Kewaunee M fg. Co. 
L aboratory  Const. Co. 
L aboratory  Furniture  
Peterson & Co. 
Sheldon & Co.

M IXERS, Laboratory 
E astern Engineering 
Precision Seien. Co.

PLATINUM  W ARE ^  
American P la t. Wks. 
Baker & Co.
Bishop & Co., J .

PORCELAIN WARE
Coors Porcelain 
Lapp Insulator

PR E SSE S, T esting’ H y- 
draulic

Elm es Engineering, 
Charles F .

PULVERIZERS, Labo
ratory

B raun Corp.

PU M P S , Laboratory 
E aste rn  Engineering

PU M PS, Vacuum 
Stokes M achine

QUARTZ W ARE, 
H anovia Chemical 
Therm al Syndicate

REFRACTORY WARE 
N orton  Com pany

SILICA W ARE, Fused 
Therm al Syndicate

ST O PPE R S, Neoprene 
and  R ubber

Rhoades M etaline

TRANSFORM ERS 
Constant Voltage 

Sola Electric

00411072
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CENTRICONE
Angle-Head CENTRIFUGE

. PARR INSTRUMENTS

Laboratories engaged in scientific re
search, industrial testing, and related  
fields are offered the latest develop
m en ts  and th e best of construction in

CALORIMETERS

OXYGEN COMBUSTION BOMBS

PEROXIDE COMBUSTION BOMBS

CATALYTIC HYDROGENATION 
APPARATUS

MELTING POINT APPARATUS

FUEL TESTING EQUIPMENT

BOTTLED GAS VALVES
TURBIDIMETERS

C om plete inform ation  m ay be readily 
obtained  from  leading dealers in scien
tific apparatus or direct from the factory.

A t yo u r  service since 1899

FAST, SAFE, RUGGED, FLEXIBLE
T he v ersa tility  a n d  p rac ticab ility  of th is efficient, low-cost 
c e n tr ifu g e  for c lin ica l labo ra to ry  p rac tice , for m icro-sem i- 
m icro  cn em istry  in  g e n e ra l an d  for b iochem istry  has b een  
am ply  d e m o n s tra te d  by exacting  se rv ice  in  h u n d red s  of labo
ra to rie s  th ro u g h o u t the nation .
W id e ly  u se d  by 
schoo l a n d  co lleg e  
ch em istry  d e p a r t
m en ts  fo r q u a li
ta tiv e  analysis.

No. 1925A 
MICRO-SEMI

MICRO MODEL
6 tube capacity with 
6 removable holders.

$34.50
No. 1925 

CLINICAL MODEL
4 tube capacity, 
with 4 ml tube 
holders.

$34.50

W rite for your copy 
o f October "Lab- 
O R A TO R Y" now!

Write for Bulletin No. 903 
For Further Details

COMPACT—SAFE 
AUTOMATIC

In  a ta b le  sp a ce  o n ly  6" x I'A"  y o u  can  
h e a t  f ifte e n  t e s t  tu b e s  an d  b e a k e r s— w ith  
reserve sp a ce  for fo u r teen  m ore  tu b e s  as 
sh o w n . T em p era tu re  c a n n o t rise above th e  
b o ilin g  p o in t  o f w ater , a n d  th e  u n it  s h u ts  
off w h en  dry, so  i t  is  b o th  sa fe  an d  a u to 
m a tic  in  o p era tio n . W orks o n  ord in ary  
AC lig h t in g  c ircu it  — p lu g  it  in  a n yw h ere . 
C urrent c o n su m p tio n  is  su rp r is in g ly  low .

The “ R E N W A L ”  Electric 
W A T E R  B A T H

S tu rd y  p o rce la in  fo u n t  o f a m p le  w ater  
ca p a c ity  fo rm s th e  b ase , in  w h ic h  th e  q u ick -  
a c tin g  h e a t in g  e le m e n t  is  c o m p le te ly  c o n 
cea led  an d  p ro tec ted . A cid - a n d  a lk a li-  
proof, th e  u n it  r in se s  c lea n , is  ea s ily  w ip ed .

A ll-e lec tr ic  o p era tio n  is  c lea n  a n d  c o n 
v e n ie n t, e l im in a t in g  h azard s o f o p en -fla m e  
b u rn ers. O n -o ff sw itc h  fa c ilita te s  o p era 
t io n .  T e m p e r a tu r e  l i m i t  r e d u c e s  t u b e  
breakage.

O perates o n  110-120 AC o n ly . D u a l covers  
over beak er c o m p a r tm e n t have g ra d u a ted  
o p en in g s  to  a c c o m m o d a te  b eak ers u p  to  
50 m m . in  d ia m eter .
O ther o p en in g s  ta k e  
18 m m . tu b e s .

O rder to d a y  a t  th is  
low  p rice. T im e-sa v -  
in g  an d  co n v en ien ce , 
as w ell a s  red u ced  tu b e
d a m a g e, m a k e  th is  Complete with 
u n it  a  g e n u in e  b a r- r  . r  . _ .
g a in . C o ra  and owitch

ARTHUR S. LaPINE & CO.
L ab oratory  S u p p lie s  a n d  R e a g e n ts  

In d u s tr ia l C h e m ic a ls  
121 W. H u b b ard  S tr e e t—C h ica g o , I l l in o is

SCHAAR & COMPANY
Laboratory Apparatus •  Chemicals • Scientific Instruments 
754 W. LEXINGTON ST. CHICAGO, ILLINOIS

Ü  2S D D  I N S T R U MĘ NT
A A  JLY. JX COMPANY • Moline, 111.
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S E N S I T I V E
A C C U R A T E
V E R S A T I L E
D E P E N D A B L E

F o r  R E S E A R C H  a n d  C O N T R O L  
i n  N A T I O N A L  D E F E N S E

E .4 9 2  o r  E .4 7 8  F u l ly  
A u t o m a t i c  L a r g e  
L it tr o w  Q u a r ta  o r  Q u a r t*  
a n d  G la n a  S p e c t r o g r a p h .

D e s i g n e d  particu larly for laboratory use w here sim plic
ity of connecting and detaching the load is important, the 
Fenw al all-purpose Thermoswitch offers a  com pact, rug
ged heat control of extreme sensitivity.Graduated d ial and  
knob permit increase or decrease of tem perature setting.

Range —  5 0  to 4 0 0 °  F. Sensitivity .1 °  F. Rating 10 Am p. 
115 V ., 5  Am p. 2 3 0  V. 2 5  Am p. 115  V . also ava ilab le .

_  W rite for full details.
S J k

/  <  m -M  2 0 3  M A I N  STREET
B P T  a s h l a n d ^ m a s s a c h u s e t t s

Truly an extensive  line . .  . Coors offers o v ir  a 
thousand d iffe ren t a rtic les for laboratory use 
[m any of which are shown in the illustration] 
or can make any special item you want where 
quality is a prime consideration.

C o o r s  Po r c e l a in  C o m p a n y
CO LD EN  .  C O LO R A D O

M I N E R A L  M E T A B O L I S M
A lfred T . S h o h l, R esea rch  A sso c ia te  in  P e d ia tr ic s , H a rva rd  U n iv e rs ity

Knowledge of the effect of minerals on the structure and functions of the body has expanded so rapidly that this volume will 
be essential to biochemists, pharmacists, biologists, physiological chemists and to all research workers in the food and drug 
industries. I t  clearly and definitely describes the role of minerals in the structure and functions of the human body. Pre
sented as a concise but thoroughgoing account, the subject matter constitutes a simplified digest and interpretation of the 
vast amount of research carried on in this field during the past decade.
This volume will also be helpful to dieticians, pediatricians, general practitioners and pre-medical students. Much valuable 
statistical information is presented on the effect of minerals on nutrition, on the diseases of tetany and rickets, and on min
eral balance studies of animals, infants and adults. An ample bibliography is given a t the end of each chapter, enabling 
those interested to obtain a wealth of further information.
A . C. S . M on ograp h , N o . 82. 394 P ages I llu str a te d  P rice  $5.00

R E I N H O L D  P U B L I S H I N G  C O R P . 330 W . 42nd  S t .,  N ew  Y ork , U . S. A.


