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. starts in the laboratory!

Purity d iflnid — not to "moxi- 
mum limits"— but to ft» dmci- 
mof by actual lot analysis. 
That's tho story of tho Bakor's 

Analyzod label.

Someone has said, "What we eat we are!” But few real
ize that good health frequently is charted in the lab
oratory !

Soils vary in chemical content and so do crops that are 
grown on them ! The feed intake of livestock frequently 
determines the nutrient values of meat, eggs, milk, etc.

Vitamin and mineral fortification of food has been made 
possible through laboratory analysis. Laboratory analysis 
has indicated not only the need for but also the degree of 
enrichment necessary. Truly, America’s good health 
starts in the laboratory.

In the laboratories (product control rooms) of 
many of the leading food and food processing 
manufacturers, you w ill find effective tools to 
measure good nutrition.

¡B akers

They are Baker’s Analyzed C.P. Chemicals and Acids.

The reason these Reagents have been selected is unique, 
for Baker’s Analyzed C.P. Chemicals bear this distinc
tion. Each bottle has the actual lo t analysis on the label. 
The small percentages o f impurities by lot analysis, as 
found by Baker’s analysts, are printed on the label. 

Chemists who work in terms of third and fourth decimal 
exactness know the value of the actual analysis rather 
than a statement of maximum limits of impurities.

So on your next order, be sure to specify Baker’s Ana
lyzed C.P. Chemicals and Acids. Your favorite 
laboratory supply house can supply you.

J. T. Baker Chemical Co., Executive Offices and Plant: 
Phillipsburg, N. J.

Branch Offices: New York, Philadelphia and Chicago.
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F O R  R A P I D ,  A C C U R A T E  A N A L Y S E S

F I S H E R

Electro 
Analyzer

Operates Directly 
on Alternating 

Current

The Fisher Improved Electro Analyzer facilitates the rapid quantitative 
determination of metallic elements in solutions. It eliminates the need for 
expensive, cumbersome motor generators and rheostats, since it is a self- 
contained unit that operates directly from a 110 volt, 60 cycle, A.C. line.

The Fisher Electro Analyzer will make two 
similar determinations simultaneously. The 
voltage and amperage at the electrodes can 
be varied from zero to 36 watts (a maximum 
of six volts and six amperes), thus providing 
ample range to select the optimum current 
for each particular separation.

This new instrument is also an efficient 
source of power for electrolytic polishing, 
charging storage batteries, electroplating 
and many other applications where direct 
current within its capacity is required.

The bakelite panel of the Electro Analyzer 
is engraved and filled with permanent white. 
The sides of the case are also of bakelite to 
protect it from fumes and spattering.

Fisher Improved Electro Analyzer, for use with IIO volt, 5 0 - 6 o  cycle A . C . ,  w ithout electrodes or glass stirrer. Each, $ 1 5 0 .0 0

G / o S S  Stirrer/ for use with E lectro  A n alyzer. Edch, $1.00 
(Prices of p latinum  electrodes on request)

M a nufacturers— D istr ib u to rs

Fisher Scientific Co. q  E im er and Am end
717 Forbes St., Pittsburgh (19), Pa. G  reen w ich  and M orton  S t r e e ts
2109 Locust S t., St. Louis (3), Mo. New York (14), New York

H ea d q ua rters  fo r Lab o rato ry  S u p p lie s
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Each time you see the Harshaw trademark, whether on 
tank car, package or small laboratory bottle, remember it 

identifies chemicals that will help to do a better job . . . truly 
reflecting the integrity of the maker. •  Harshaw will always 

guard the quality of its chemicals. . .  chemicals which you identify 
by the Harshaw trademark . . . and which you buy with confidence. 

For more than 50 years Harshaw has persevered in ceaseless research 
and field investigation. As a result, thousands of manufacturers 

have been supplied with hundreds of different chemicals 
which have helped them  . . . and which in addition  

have proved a source of satisfaction to them and to us.

P, 2> Vi ¡ S 3
the H A R S H A W  C H E M I C A L  - •

1945 East 97th Street, C leveland 6, O h io  
B R A N C H E S  I N P R I N C I P A L  C I T I E S
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On Sentry Duty
★ A heavily armed soldier guards a ship
ment of food for the hungry millions of 
devastated Europe . . .
★ A laboratory technician guards the qual
ity  of foods being processed.
Both performing vital functions, both 
using the finest of equipment—equip
ment such as the Spencer Refractometer 
which is a standard laboratory control 
instrument of canners, dairymen, oleo
margarine producers and others. Through
out these industries the refractometer is 
used to determine sugar content or total 
dissolved solids—to determine the times 
when condensation or hydrogenation

S C I E N T I F I C  I N S T R U M E N T  D IV IS IO N  O F
A M E R I C A N  O P T I C A L  C O M P A N Y

or other processes have progressed to 
the proper point.
For complete information about the 
many Spencer instruments which can 
help you maintain the quality of your 
product write Dept. P48.

encer L E N S C O M PA N Y
B U F F A L O , N EW  Y O R K
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This new  compact filter photometer em bodies the most recent improvements in  
design for efficiency, sensitiveness, attractiveness, and economy. Its use in the 
control or clinical laboratory for chem ical analyses offers many advantages. W here 
speed, accuracy, and freedom from "human element" errors are desirable, the 
"Photelometer" method of determ ining concentrations of colored solutions is 
rapidly replacing older, slower methods. Readings are now being applied to d e
terminations such as molybdenum, titanium, vanadium, or m anganese in steel; 
for lead, copper, iron or vitamins in foods; for hem oglobin and blood chemistry; 
and many other colorimetric procedures.
The New "Photelometer" is a barrier-layer type instrument consisting of basically  
a low voltage light source, an adjustable light aperture, a three-color filter holder, 
receptacles for tubular or rectangular absorption cells, a single photoelectric cell, 
and a sensitive current-measuring instrument with a 2 ^ -in ch  scale. The scale  
reads from 0 -100  in 50 divisions.
The basic parts are mounted in an attractive plastic case measuring 4% inches 
high by 10% inches long by 4 inches wide. The 115-volt AC instruments are 
equipped with constant voltage transformers to supply constant intensity of light 
when operated on a controlled frequency power line.

No. 12346 "Photelometer" Industrial Type B -2  Including a package of (12)
No. 12344G Cells and blue, green, and red filters:

No....................................................................................................................................................... A C
For v o l t s .................................................................................................................................... 115 AC 6 0  cycles 6 DC
P r ic e .............................................................................................................................................  S 1 1 0 .0 0  $ 1 0 0  0 0

CENCO "PHOTELOMETER" Industria l T ype B-2

CENTRAL SCIENTIFIC COMPANY
SCIEN TIFIC IN STRU M EN TS L A B O R A T O R Y  A P P A R A T U S

REG U S PAT 0»

NEW YORK TORONTO CHICAGO BOSTON SAN FRANCISCO
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R ig id ly  controlled particle size is one of the 
factors which make Isocel a more acceptable 
catalyst than plain aluminum chloride. The 
bauxite used in Isocel as the carrier for aluminum 
chloride is prepared to uniform particle size, and 
control is maintained throughout the manufac
ture of Isocel. The aluminum chloride is thus pre
sented in a lower concentration per unit of reac
tant space, yet uniformly dispersed. Isocel may 
be used with very sensitive or very active com
pounds, where reaction with finely powdered 
A IC I3 is too rapid or severe, and in processes 
where lump A IC I3 produces complications.

An important use of Isocel today is the con
version of normal butane to isobutane for the 
enrichment of akylation feed stocks deficient in 
isobutane. Its value as an isomerization catalyst 
in refinery operations has been amply proved. 
Other reactions are constantly being studied. 
In many of them, the use of Isocel as a catalyst 
has unmistakable advantages, and it is safer to 
handle and less corrosive.

ISOCEL has a potential application in 
e ve ry  f ie ld  in w hich alum inum

chloride is used as a catalyst. These seven
fields are typical:

1. Reaction of organic halides with aromatic hydro
carbons.

2. Reaction of anhydrides of organic acids with aro
matic hydrocarbons.

3. Reaction of oxygen, sulfur and sulfur dioxide with 
aromatic hydrocarbons.

4. Cracking of aliphatic and aromatic hydrocarbons.

5. Polymerization of unsaturated hydrocarbons.

6. Alkylation of aromatic hydrocarbons.

7. Isomerization of aliphatic hydrocarbons.

Our well-staffed laboratory and experienced 
engineers are available to help solve your 
special catalytic problems. W hy not enlist their 
aid? There is no obligation. W rite Attapulgus 
Clay Company (Sales Agent), 260 South Broad 
Street, Philadelphia 1, Pennsylvania.

POROCEL C O R P O R A T I O N  • B A U X I T E  A D S O R B E N T S  AND C A T A L Y S T S
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tecuian, • • • w it h  p r o v is io n

Th e  G -E  X R D  B a c k  R e f le c t io n  C a m e r a  Fo r X - R a y  D if f r a c t io n  T e c h n ic s

When x-ray diffraction technics call for precision lattice parameter 
determination, here is a proved and invaluable instrument. The 
G-E XRD Back Reflection Camera incorporates ideally precise 
execution o f the basic Sachs design . .  . with provision for: oscil
lation and rotation o f the film ; eccentrically rotating the sample 
to permit integration o f an area; assembling the camera for 
symmetrical focusing technics for minimum exposure. For full 
information about G-E X-Ray diffraction equipment for precision 
research and control— or to request the services of G-E’s corps 
o f experienced diffraction engineers in helping you apply x-ray 
diffraction to your individual problems — write or wire today, to 
Department N45.

☆ ☆ ☆

GENERAL (g) ELECTRIC 
X-RAY CORPORATION
2012 JA C K SO N  BLVD . CHICAGO (12). ILL./ U. S. A.

V Ï89 S  [ O U R  F I F T I E T H  Y E A R  O F  S E R V I C E !  1945 /
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awaWr.i. t

LU SO R B E N T  F O R  IL L U M IN A N T S

Absorbs all the gases in the illuminants group, i.e ., 
ethylene, propylene, butylene, acetylene, benzene and 
toluene. Requires fewer passes than fuming sulfuric acid, 
has no vapor pressure, absorbs less saturated hydro
carbons and does not attack rubber tubing.

C O S O R B E N T  F O R  C A R B O N  M O N O X ID E

Supplied in either liquid or powder form. Has no vapor 
tension, forms stable compound w ith carbon monoxide, 
is fast and active. Absorbs ethylene, propylene and acety
lene, also oxygen slowly.

Complete information on reagents for gas analysis is 
given in the new Burrell Catalog 80. If you have not 
already received your copy, write to Jkirrell Tech
nical Supply Co., 1936-42 Fifth Ave., Pittsburgh 19, Pa.

LUSORBENT
r« um t  J «dominants

AA9-7 l?

-* «-(if!**,«, r-rui.-“»" ,

B U R » * I

SPEED YOUR GAS ANALYSIS 
WITH THESE REAGENTS

«OSORBEW*
U Q U lD  ro p M

it*  Aim »  ptiofl ° i

V, Ĉ N<..A3»7Z£I V
wtumled ^

burreli
co*T>W ,CAl 5UPP17 * 

av.. .

JBtBBtti j
° * S O » b e NT

«0*̂  combined catalog and  m anual 
describes the la test equipment and  

methods for gas ana lysis .

O X S O R B E N T  FO R  O X Y G E N

Fast, clean and accurate, removes oxygen in a few passes 
and forms a stable compound w ith  it. Absorbs four times 
its volume of oxygen. Rises cleanly in the capillary and 
is slightly acid — preventing sticking stopcocks.

BURRELL
. ..__
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PALO-MYERS WATER STILLS

Other Palo-Myers apparatus available:
Partical size 
measuring apparatus
pH equipment
Chemicals and solutions 
for ASTM, AOAC, and 
APHA analyses

Pumps—vacuum 
Thermometers 
Stirrers 
Ovens
Electrolytic apparatus 
Automatic burettes

Assure Chemically Pure W ater... 
Available for early  delivery

Preference for Palo-Myers Water Stills 
is recognition of the fact that more and 
more careful consideration is being 
given today by chemists to the need for 
chemically pure water.

Basic improvements in design and op
eration achieved in Palo-Myers Water 
Stills include—

•  V ER TICA L CO N D EN SER  . . . assures 
greater stability, easy release of gases 
and elimination of progens.

•  ECONOMY . . . is effected by the most 
efficient method of heat exchange be
cause the water enters at the lowest and 
hottest point of condenser.

•  MULTIPLE BAFFLES . . . designed to pre
vent foaming and impurities entering 
condenser.

•  EASIER TO MOUNT . . . due to compact 
construction, requires limited amount 
of space or can be supported on wall 
bracket.

Regular sizes Vi to 10 Gallons per hour 
—Stills 100 Gallons per hour if desired.

I n q u i r ie s  i n v i t e d  — s ta te  c a p a c ity  re 
qu ired  per h o u r  a n d  m e th o d  o f hea ting .

CAPACITY PRICES

G. P. HR. GAS ELECTRIC STEAM

Vi $49.50 $56.00 $ . . . .

1 64.00 75.00 65.00
2 95.00 110.00 95,00
5 170.00 270.00 150.00

10 360.00 540.00 210.00
Prices sub jec t to  change

I
“P A f â -M Y E R S  inc.

S I  READE STREET, NEW YORK 7, N. Y.
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The Vi s i b l e  G u a r a n t e e  o f  I n v i s i b l e  Q u a l i t y

KIMBLE GLASS COMPANY • .
N E W YORK • C H I C A G O  • P H I L A D E L P H I A  • D E T R O I T  • 8 0 S T 0 N

• V I N E L A N D ,  N. J.
I N D I A N A P O L I S  • S A N  F R A N C I S C O
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Determ ination o f comparative melting points in 
the Merck Research Laboratories.

Fine chemicals for the professions and industry 
since 1818.

MERCK has

THE RIGHT 
COMBINATION

for Laboratory Chemicals

r — M E R C K  & CO., Inc. f^/iianu^actuK in^ <&Aemi6U R A H W A Y , N. J . - ~ >
I Ind. Eng. Chem.— 5-15-45

Please send me the following charts: N am e ............................................................................................................................ I
I

□  Sensitivity of Q ualitative Reactions C om pany.................................... - ..............................Position ...............................

□  Periodic C hart of the Elem ents S tr e e t...........................................................................................................................  I

□  Sensitivity C hart C ity ................................................................................S ta te ....................................
  !

A corner o f the Merck Packaging Laboratory. Stock points strategically located from coast to 
coast.
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It M e s  fears to Make a
ss Blower

There is no short course in glass b low ing. Y ou learn the long, hard way. For 
glass b low ing is an art w hich requires special aptitude. In the past its secrets 
were handed dow n from father to son. Even today there are w hole families of 
glass blow ers at Corning.

A ll o f w hich explains how  a war can affect a lamp shop. Men and w om en can be 
taught to operate automatic machines—even lathes—overnight. But you cannot 
train a lamp shop craftsman in a day, a month or even a year.

War has made severe inroads on our lamp shops where the hand fabrication o f  
laboratory glassware is performed. W ell over twenty per cent o f  C om in g’s glass 
blowers are in military service. Few could be replaced.

However, despite such handicaps, lamp shop output has actually increased 
several fold. By w orking more shifts and longer hours, by adding new facilities 
and devising new  ways o f  speeding production as much as is possib le on hand 
w ork, the demands o f  the Armed Forces and war industries are being met.

Soon, heavy war demands may ease. Then, w ill you no longer have to wait, but 
also your requests for special apparatus can be met promptly. And to all this work, 
Corning can bring the new  skill, the new techniques and the advanced methods, 
war production has added to Corning Research in  Glass.

“P yrex,” “ Vycor” and  “Coming” are registered trade-marks and  indicate manufacture by

C O R N I N G  G L A S S  W O R K S  .  C O R N I N G ,  N E W  Y O R K

■ %  j r

P V R c X

B A L A N C E D  F O R  A L L - A R O U N D  USE

brand LASORA TORY GLASSWARE
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Type MU-86 Crucible Furnace.

Multiple Unit Laboratory Furnaces are stan

dard in most laboratories. In m any cases, 

however, they are the active apparatus in 

industrial research programs being carried 

on in the search for better materials and  

improved processes. A  case in point is the 

use of an M U -86 Crucible Furnace by 

H. P. Burchfield in his research on “ Iden

tification of Natural and Synthetic Rubbers.” 

(*lnd. & Eng. Chem. Anly. 16,424,1944.)

S e e . 'I fo u l J la lu vu U o su f. S u p f iiif . 2)ecU eA . 
ie * u l jjO-'i B u ile tU t -  6 3 9

U T Y  E L E C T R I C  C O M P A N Y
Î R A O C  M A R K

LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY
REG. U. S. PAT. OFF.

M I L W A U K E E .  W I S C O N S I N
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EE
D O W  C O R N I N G

S I L I C O N E S
DOW CORNING, first in silicones, 

is fully equipped with new plant and facilities for 

the production and distribution o f an expanding line o f silicone products

American industry has been quick to utilize the new Dow Corning Silicones—to see the 
potentialities inherent in their higher order of heat stability, chemical inertness, water 
resistance, and dielectric properties. Dow Corning is now supplying, directly or through 
selected distributors, the following silicone products:

0 Water-white, odorless, inert 
FLUIDS Silicone Liquids . . . notable 

for their low rate of viscosity 
change over a  wide tempera

ture range, low vapor pressure, water repellency, 
and good dielectric properties.

0 Ignition Sealing Compound
4

. an
easily applied silicone waterproofing 
compound having excellent dielectric 
properties, corona resistance, and the 

consistency of petroleum jelly. It neither hardens 
nor melts at temperatures ranging from — 40° F. 
to 400° F.

0 Special Low Temperature Compound 
y  . . .  an oxidation resistant lubricant 

and sealing compound developed for 
use at temperatures as low as — 70° F.

E E A lubricating Silicone Grease for 
31 special applications in the tempera

ture range of —70° F. to 190° F.

E E forA lubricating Silicone Grease 
4|  special applications where operat 

ing temperatures range from 0° F 
to 400° F.

D O W  C O R N I N G  C O R P O R A T I O N  
M I D L A N D ,  M I C H I G A N

A D D R E S S  A L L  I N Q U I R I E S  T O  B O X  5 9 2

-

Insulating Varnish . . . recom
mended because of its extreme 
heat stability for impregnat
ing, coating and bonding, and 

waterproofing inorganic insulating materials 
such as asbestos, mica, and Fiberglas cloth, 
tape, and sleeving. Other special purpose 
silicone resins and compounds are available.

D C STOPCOCK GREASE
A chemically resistant Silicone 
Grease for lubricating stopcocks 

and other ground glass joints.

E E PLUG COCK GREASE
A Silicone Grease that affords easy 
operation of lubricated plug valves 

over wide temperature ranges in most diffi
cult services.
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H O SK IN S  PRODUCTS
E L E C T R IC  H E A T  T R E A T IN G  F U R N A C E S  • • H E A T IN G  E L E M E N T  A L L O Y S  • • T H E R M O C O U P L E  A N D  

LEA D  W IRE • • PYRO M ETERS • • W ELD IN G  W IRE • • H EA T R ESIST A N T C A S T IN G S  • • EN A M ELIN G

FIX TU R ES • • SP A R K  PLU G  ELECTRO D E W IRE • • S P E C IA L  A LLO Y S  O F  N IC K E L  • • » R O TEC TIO N  TUBES \

#  The heating coil in this FH combustion 
furnace is made of 7 Gauge (.144") 
Chrom el-A wire. That is to say, the unit 
is very heavy and is made of the most 
durable of the Nickel-Chromium alloys. In 
use, Chromel takes on a thin skin of oxide, 
which clings tenaciously to the metal, is 
virtually air tight— and thus acts as a 
protective coating for the wire against 
progressive oxidation. We make the wire 
and we make the furnace. They belong 
together— as a good team. A  faithful com
bination that results in a Hoskins Com
bustion Furnace, that is more or less the 
standard, the world around. Write to your 
dealer or to u s . . . .  Hoskins M anufacturing 
Com pany, Detroit 8, M ichigan.
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No. 2060 G ratin g  Spectrograph
For unexcelled spectrum  pho tography— available w ith  either a 24,400 or a 
36,600 line per inch original concave g ra ting  giving a linear dispersion of 6.95 
and 4.64 A per mm in th e  first order and 3.48 and 2.32 A per m m  in the second 
order respectively.

No. 2050 M ultisource U nit
For exciting the spectra  o f sam ples and pro
viding in one u n it and in a superior m anner, 
a v irtua lly  infinite v a rie ty  of controlled types 
of excitation; ranging from the equivalent 
excitation  of a high voltage spark , a high 
voltage A .C. arc or a D .C . arc and  all in ter
m ediate  cases.

No. 2380 Motor Driven Electrode Cutter and Saw
F o r m achining carbon electrode tips to  specific 
shapes.

No. 3500 B riq uetting  Press
F o r  b r iq u e t t in g  b o rin g s  a n d  
milled chips o f m etallic m aterials 
a n d  p o w d e rs  o f  n o n -m e ta l lic  
m ateria ls in to  specim ens su it
able for spectrographic analysis.

No. 2300 Developing M achine  
(above)

F or rap id  and consistent film 
and p la te  processing provided 
by  ag ita tion  and accurate  tem 
p era tu re  control.
No. 2397 M icro-Pipette  

(right)
F or conveniently  and accur
ate ly  m easuring sm all quan 
tities o f solutions.

No. 2351 Plate Dryer
F or im m ediate d rying of 
p la tes in from  one to  two 
m inutes. F ilm  D ryer also 
available.

No. 2250 Com parator-Densitom eter
For convenient w avelength and  density  m easurem ents— 
available for e ither film or p late  spectrogram s— wide range 
of m aste r p lates also available.
No. 2375 C a lcu latin g  Board (right)
F or the d irect reading of sam ple com position from the 
transm ission readings obtained  from the C om parator- 
D ensitom eter.

Th e above spectrographic un its
are b u t a few of the m any  pieces 
o f “ m a ted ” equ ipm ent offered by 
A R L -D IE T E R T . T h e s e  a c c e s 
sories w ork very  well n o t only 
w ith A R L -D IE T E R T  Spectro
graphs, b u t also w ith  spectro
g raphs o f o ther m akes and types.

W hether a m otor generato r se t is 
needed, a spectrograph for pre
cise analysis, o r ju s t  a  few feet 
o f graph ite  electrodes, A R L -D IE 
T E R T  is p repared  to  take  care 
o f your spectrographic needs or 
p ro b le m s  in  a n  e f f i c i e n t  a n d  
p rom p t m anner.

A.R.L. * DIETERT
A P P L I E D  R E S E A R C H  L A B O R A T O R I E S  
4336 SAN FERNANDO RD., GLENDALE 4, CALIF.

H A R R Y  W.  D I E T E R T  C O .  
9330 ROSELAWN AVE., DETROIT 4, MICH.
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A.H .T. CO. SPEC IF IC A T IO N

MICRO ELECTROLYTIC OUTFIT
BASED ON CLARKE-HERMANCE ELECTROLYTIC CELL

4786-K.
C larke-H erm ance M icro Electrolytic 

Outfit

4786-L.
C larke-H erm ance M icro Electrolytic Cell

A. Outer Vessel E . Therm om eter
B. Glass Fram e F. Inner E lectrode
C. Pum ping Tube G. O uter E lectrode
D. R insing T ube

MICRO ELECTROLYTIC OUTFIT, CLARKE-HERMANCE, A.H.T. Co. Specification. For the
identification, separation and determination of small quantities of metallic ions in liquid samples. 
Tests can be made with 4 to 5 ml of electrolyte, all of which can be forced between the electrodes several 
times each minute without causing excessive spraying. See Beverly L. Clarke and H. W. Hermance, 
The Journal of the Am erican Chemical Society, Vol. o f ,  No. 3 {March, 1932), pp. 877-885; and Emich- 
Schneider, Microchemical Laboratory M anual, English Ed. {1932), p. 152.

Electrolytic Cell A is water jacketed, with stopcock at 
bottom  which facilitates draining the cell and washing the 
electrodes in  situ. Jacket is supplied with flattened arm 
for heating th e  cell by a  micro burner; w ater jacket is 50 
mm outside diam eter; electrode com partm ent is 90 mm 
deep X 21 mm inside diameter.

Glass Fram e B consists of superimposed and con
centric glass tubes with cage-like lower section. In 
use the inner electrode fits inside the rods, resting on 
the flared base of the lower tube; the outer electrode

fits outside the rods, resting on small lugs attached to  the 
rods.

Complete outfit as shown in illustration consists of: 
Electrolytic Cell complete with thermom eter 0 to 110° C in 
2° divisions, inner and outer platinum  electrodes and rinsing 
tube D ; Support w ith base of Coors porcelain and rod of 
aluminum alloy; Electrode Clamp w ith binding posts and 
holder; Spring-Grip Clamp for the Cell, with holder; 
Micro Burner w ith needle valve adjustm ent; and Power 
U nit complete w ith connecting leads.

4786-K. M icro E lectrolytic O utfit, C larke-H erm ance, A .H.T. Co. Specification, com plete outfit as shown in illustration , for use on 115 volts, a.c.,
b u t w ithou t rubber tub ing  connection for B urner and  Pum ping T u b e ......................................................................................................... 122.75

4786-L. M icro Electrolytic Cell, C larke-H erm ance, of Pyrex glass, consisting of Vessel A, glass fram e B, pum ping tube C, rinsing tube  D , th e r
m om eter E , 0 to  110° C in  2° divisions, and  inner and outer p la tinum  electrodes F  and G; w ithout electrode clam p or connecting
leads .......................................    41.25

4785-N. Pow er Unit, in ven tila ted  sheet m etal case 12 X 7 X 6 inches, containing d ry  disc rectifier, variable transform er for delivering stepless
d.c. up to  5 am peres, voltm eter 0 to  10 volts, am m eter 0 to  5 am peres, ex tra  safety fuse and sw itch for changing polarity  of elec
tro d e s   70.00

M o re  d e ta i le d  i n fo r m a t io n  s e n t  u p o n  r e q u e s t .

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

LABORATORY APPARATUS AND REAGENTS
W E ST  W A SH IN G TO N  SQ UARE, P H IL A D EL P H IA  5, U.S.A.

Cable Address “Balance,” Philadelphia



INDUSTRIAL a n d  EN G IN EERIN G  CHEMISTRY
P U B L I S H E D  BY
T H E  A M E R I C A N  C H E M I C A L  S O C I E T Y

W A L T E R  J. M U R P H Y ,  
E D I T O R

A N A L Y T I C A L  C O N T R O L  F O R  A M M O N I A  

S Y N T H E S IS

k i O D E R N  industry often automatically records 
pH, temperature, pressure, etc., for reasons of 

plant efficiency, and analysis of individual spot samples 
is commonly used in the control of an industrial process. 
Where process materials are gaseous or liquid, methods 
of continuous analysis are often possible, though these 
have not received the attention their importance justi
fies. Individual papers involving continuous analysis 
do not permit the analyst to include details which would 
enable readers to appreciate the over-all advantages 
and the limitations of continuous analysis.

It is for this reason that we take particular pleasure 
in publishing the following seven articles on “Analyti

cal Control for Ammonia Synthesis”, prepared by 
Earl H. Brown and co-workers at Tennessee Valley 
Authority, Wilson Dam, Ala. In these we have an ex
cellent representation of development and application 
in this type of analysis for control of an important in
dustrial process.

Further, to illustrate the conventional approach of 
the analyst in the determination of a specific compound 
and the compromises needed to develop a procedure for 
continuous recording, two articles on determining 
methyl bromide in air follow immediately after the 
group of seven.

L. T. H a l l e t t , Associate Editor

Control Requirements in the T V  A  Plant
E A R L  H. B R O W N  a n d  M A U R IC E  M. F E L G E R 1

The analytical control requirements for the T V A  synthetic ammonia 
plant are given. A  description of the control laboratory and a flow 
sheet of the process showing the sample points are also included, 
with a table describing the samples analyzed, constituents deter
mined, methods used, and frequency of determinations.

TH E R E  has been a tremendous expansion in the production 
of synthetic ammonia since the outbreak of World W ar II. 

The synthetic ammonia p lant of the Tennessee Valley A uthority 
a t Wilson Dam, Ala., one of the plants constructed since the be
ginning of the war, went into full production in September 1942. 
Miller and Junkins (f) have described the modern pressure- 
synthesis process employed and mentioned some of the methods 
developed for process control.

The successful operation of this process depends upon the 
maintenance of close, reliable analytical control. This paper de
scribes the control laboratory and the analytical requirements for 
process control, while subsequent papers in this series describe 
methods and instrum ents for continuous analysis which have been 
developed by the TVA.

1 P resen t address, W orks L aboratory , G eneral E lectric Co., F o rt W ayne, 
Ind.

DESCRIPTIO N  O F  C O N T R O L  L A B O R A T O R Y

The central control laboratory is a glass-walled room, 16 feet 
wide and 60 feet long, inside the main building, and is readily 
accessible to the p lant operators. Samples for the more impor
tan t determinations are brought directly to  the laboratory by 
sample lines. There is a small laboratory in the gas p lan t in 
which analyses for the control of semi-water gas production are 
made.

Efficiency and convenience were emphasized in  the layout and 
equipm ent of the laboratory in order to  give the maximum use of 
the rather limited space available. The therm al conductivity 
cabinets and electroconductometric analyzers occupy about one 
third of the laboratory. One technician per shift operates and 
services these units. All analyses of the copper solution are 
made a t a separate bench, and another bench is used for the 
preparation of reagents and for miscellaneous analyses. A bank

273
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of three Orsat analyzers is located along one wall 
near the outlets of the sample lines. A bench 
with glass-blowing equipment is provided for the 
emergency repair of glass apparatus during pe
riods when this regular service is not available. 
A small storeroom in the basement below the 
laboratory serves the immediate needs for chemi
cals and apparatus.

P L A N T  A N A L Y T IC A L  REQ UIREM ENTS

In  the TVA ammonia p lant the synthesis mix
ture is derived from semi-water gas by catalytic 
oxidation of most of the carbon monoxide with 
steam, and subsequent purification of the hydrogen- 
nitrogen mixture. In  the purification process the 
concentration of carbon dioxide is reduced to 
about 0.7% by scrubbing with water a t 17 atmos
pheres’ pressure. The residual carbon monoxide 
and carbon dioxide are removed by scrubbing 
with cold ammoniacal copper solution a t  121 
atmospheres. The ammoniacal copper solution 
contains cupric ammino, cuprous ammino, am
monium, formate, and carbonate ions, and un
combined ammonia. The gas next passes through 
the caustic scrubbers where any remaining traces 
of carbon dioxide can be removed by scrubbing 
with sodium hydroxide solution. Actually, ow
ing to  the high efficiency of carbon dioxide removal 
in the water and copper scrubbers, the caustic 
scrubbers have not been operated. The purified 
hydrogen-nitrogen mixture is fed into the cir
culating gases of the synthesis system a t a rate 
sufficient to  replace the gas removed as ammonia 
and th a t discarded to  control the concentration 
of inert gases.

The laboratory supplies analytical da ta  for the 
control of: (1) the quality of the raw gas and of 
the finished product, (2) the steam-gas and hy
drogen-nitrogen ratios, (3) the conversion in the 
w ater gas and synthesis converters, (4) the puri
fication of the hydrogen-nitrogen mixture, and (5) 
the regeneration of the solution used for absorb
ing hydrogen sulfide from the semi-water gas and 
of the copper solution used in the final removal of 
oxides of carbon from the synthesis mixture.

A summary of the p lant analytical require
ments for the control of these factors follows. 
The numbers given in parentheses refer to  the 
sample point designations shown in Figure 1. The 
sample points on train  1 have odd numbers while 
those on tra in  2 have even numbers, bu t this 
system does not apply where the sample point is 
common to  the two trains comprising the TVA 
plant. Sample point designations, as well as 
the constituents determined and the methods

used, are given in 
Table I. The de- 
t e r m i n a t i o n s  
marked by an as
terisk are made by 
special methods de
veloped in the TVA 
re s e a rc h  la b o r a 
tories; these new 
developments are 
described in sub
sequent papers.

t t 
I i m u
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Sample P o in t 
No.

Gas P lan t 
GS-1, 2, 3, 4

GS-5GS-6
GS-7

GS-8

GS-9
GS-10
GS-11
GS-12
GS-13
GS-14, 15, 16, 17 
D-5 
D-6 
D-8AB 

H ydrogen Section 
HS-1, 2, 3, 4 
HS-5, 6, 7, 8

Table I. Sample Points and Analyses for Control of the Ammonia-Synthesis Process

Sam ple
C onstituen ts
D eterm ined M ethod

F requency of 
D eterm ination

R aw  gas from  generators 
Gas from  blow run

R aw  gas to  soda ash scrubber 
R aw  gas from  soda ash scrubber 
Soda ash  so lution to  actifiers

Soda ash so lution from  actifiers

R aw  gas in  holder
R aw  gas from  holder, before blow gas addition
Blow gas in holder
Blow gas from  holder
Boiler feed w ater
B last gas from  stack
R aw  gas to  coke filter
R aw  gas from  coke filter
R aw  gas, ex it R oots blowers

R aw  gas to  p rim ary  converters 
C onverted  gas from  secondary converters

HS-9, 10 R aw  gas from  sa tu ra to r tow ers
HS-11, 12, 13, 14 G as from  p rim ary  converters
HS-15 R aw  gas to  sa tu ra to r, a fte r blow gas addition

HS-16 
HS-17

C onverted  gas in holder 
C onverted  gas to  compressors

Purification  Section 
PS-11, 12 
PS-13, 14

PS-15, 16 
PS-17, 18 
PS-19 

Synthesis System  
SS-19, 20

C onverted  gas to  w ater scrubbers 
Gas from  w ater scrubbers

Gas from  copper scrubbers 
Gas from  caustic scrubbers 
V ent gas from  breakdow n tan k

M ake-up gas to  synthesis

SS-21, 22

SS-23, 24 

SS-25, 26

SS-27, 28 
SS-29, 30

SS-31

SS-32, 33 
SS-34, 35

Gas to  am m onia converters

Gas from  am m onia converters 

Gas a t  c irculators

G as to  am m onia-cooled condenser 
B leeder gas

Purge gas from  degasifier

A nhydrous am m onia, water-cooled condenser 
A nhydrous am m onia, am m onia-cooled condenser

SS-36, 37 A nhydrous am m onia from  weigh tanks
SS-38 V ent gas from  absorption  tow er
SS-39 A qua am m onia

C opper Solution System
ĆS-1

CS-2W
CS-3S
CS-4S
CS-5S
CS-6S
CS-7S
CS-8S
CS-9S
CS-10
CS-11

C opper so lution a t  H .P . pum p suction

E x it copper scrubber 
Base of reflux tow er 
1st p reheater, reflux tow er 
2nd p reheater, reflux tow er 
1st section, regenerator 
2nd section, regenerato r 
3rd section, regenerator 
4 th  section, regenerator 
Low-pressure pum p suction 
F rom  oxidizing tow er

* Special m ethods developed in  TVA research laboratories.

Na, Hz, COa, CO, C H 4, Oa02
H 2S
H 2S
H S " , S .C N -, SaOs"", to ta l 

a lkalin ity , H 2S 
T o tal alkalin ity
H S ", S C N -, HCOs", S2O8 - - ,  

CO3 , H 2S, to ta l a lkalin ity  
Specific g rav ity  
N 2, H 2, CO2, CO, C H 4, O2 
N 2, H2, CO2, CO, C H 4, O2 
Na, H2, CO2, CO, C H 4, O2 
N 2, H2, CO2, CO, C H 4, O2 
02
N 2, H2, CO2, CO, C H 4, O2
D u st
D u st
D u st

Steam -gas ra tio  
CO2, CO, O2 
H 2
Nt, H 2, CO2, CO, C H 4, 0 2 
Steam -gas ra tio  
CO 2, CO, O2 
Ha
N t, H 2, COa, CO, C H 4, Oa 
Na, Ha, COa, CO, C H 4, Oa 
Ha
Na, Ha, CO 2, CO, C H 4, Oa 
Na, Ha, COa, CO, C H 4, O2

Na, Ha, COa, CO, C H 4, Oa
CO, COa
CO, COa, Oa
CO
COa
Na, Ha, COa, CO, C H 4, Na

CO +  COa 
Ha
Na, Ha, C H 4 
Ha, N H j, A 
Na +  A, Ha, C H 4 
N H ,
NH»
N H j 
NHs, A 
NHs
Na +  A, Ha, C H 4 NHi
Na +  A, Ha, C H 4 
A
N H .
Na, Ha
N H i
Oil
Oil
W ater 
Oil, w ater 
N H 3 
NHs

N H s activ ity
B ivalent copper
C u + +, C u +, COa, NHs, HCOOH
B ivalen t copper
B ivalen t copper
B ivalen t copper
B ivalent copper
B ivalen t copper
B iva len t copper
B ivalent copper
B ivalent copper
Cu + +, C u +, COa, NHs, H COOH
C u + +, C u +, COa, NHs, HCOOH

O rsat D aily
O rsat E very  8 hours or 

as required
Tutw eiler titra tio n E very  2 hours
Tutw eiler titra tio n E very  2 hours
T itra tio n E very  week

T itra tion E v ery  2 hours

T itra tio n D aily
H ydrom eter D aily
O rsat As required
O rsat D aily  (composite)
O rsat As required
O rsat D aily  (composite)
M odified W inkler E very  8 hours
O rsat As required
G ravim etric D aily
G ravim etric D aily
G ravim etric D aily

Volum etric H ourly
O rsat E very  8 hours
Therm al conductiv ity C ontinuous
O rsat D aily
Volum etric H ourly
O rsat D aily
Therm al conductiv ity C ontinuous
O rsat E very  3 days
O rsat As required
T herm al conductiv ity C ontinuous
O rsat E very  3 days
O rsat D aily  (composite)

O rsat As required
E lectrical conductiv ity* C ontinuous
O rsat D aily
E lectrical conductiv ity* C ontinuous
Electrical conductiv ity* Continuous
O rsat D aily  (composite)

E lectrical conductiv ity*  
Therm al conductiv ity

C ontinuous
C ontinuous

O rsat Eve^y 3 days
Therm al conductiv ity C ontinuous
O rsat E v ery  3 days
A bsorption and titra tio n D aily
Therm al conductiv ity Continuous
A bsorption and  titra tio n D aily
Therm al conductiv ity* C ontinuous
A bsorption and  titra tio n D aily
O rsat D aily
A bsorption and titra tio n As required
O rsat As required
Therm al conductiv ity* As required
A bsorption and  titra tio n As required
O rsat As required
A bsorption and  titra tio n As required
G ravim etric As required
G ravim etric D aily
Volum etric D aily
Same as SS-34, 35 As required
A bsorption and titra tio n  
Specific g rav ity

As required
As required

E lectrical conductiv ity* C ontinuous
Photom etric* Continuous
G ravim etric  and  volum etric D aily
V olum etric As required
Photom etric* Continuous
Volum etric As required
Photom etric* Continuous
V olum etric As required
Photom etric* C ontinuous
Volum etric As required
V olum etric As required
G ravim etric and  volum etric As required
G ravim etric  and volum etric As required

G a s  P l a n t . Coke is analyzed for carbon, sulfur, and ash; 
the fusion point of the ash also is determined. Boiler water 
(GS-13) is analyzed in  connection w ith the treatm en t to  mini
mize boiler corrosion.

Raw gas is produced by blowing steam  first up and then  down 
through a ho t bed of coke until the bed cools; air is then blown 
through the bed until the coke reaches the proper tem perature for 
the repetition of the steam  cycle. (A portion of the gas pro
duced on the air blast is used to  adjust the nitrogen content of 
the raw gas.) Gas samples from the various phases of the cycle, 
up-steam, back-steam, and blow runs, are analyzed (GS-1, 2, 3, 
and 4) for hydrogen, nitrogen, carbon dioxide, carbon monoxide, 
methane, and oxygen in order to check the quality of the gas 
produced.

The raw gas is passed through a  w ater scrubber, where it  is 
cooled and p art of the dust and coke breeze is removed, and then

through a soda ash scrubber to  remove the hydrogen sulfide pro
duced as a by-product in the gas-production cycle. The gas en
tering (GS-5) and leaving (GS-6) the hydrogen sulfide absorber 
is analyzed for hydrogen sulfide to determine the completeness 
of removal. After absorption of the hydrogen sulfide, the soda 
ash solution is regenerated by blowing air through it  in the two 
actifier towers. Adjustm ent of the composition of the solution 
is controlled by the analysis of samples taken a t the entrance 
(GS-7) and the exit (GS-8) of the actifier towers.

The raw gas from the hydrogen sulfide absorbers contains 
considerable dust, most of which m ust be removed to  prevent 
excessive clogging of the hydrogen plant catalyst beds. This 
dust is removed by passage through a coke filter. Samples 
taken a t the entrance (D-5) and the exit (D-6) of the coke filter 
and a t  the entrance to  the hydrogen system (D-8AB) are ana
lyzed for dust as a check on the operation of the filter and of the 
gas generators.
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Figure 2. General View of Control Laboratory

H y d r o g e n  P l a n t .  The hydrogen-nitrogen ratio  in the raw 
gas is m aintained slightly above 3 to 1 by proper operation of the 
gas-production cycle a t  the gas plant. The final adjustm ent to 
a  ratio of 3 to  1 is made after the gas has passed through the raw 
gas holder on its way to the hydrogen plant by adding the required 
am ount of blow gas (GS-12), which is high in nitrogen. This 
blow gas is obtained from the blow gas holder in which part of 
the gas produced on the blow runs a t  the gas generators is stored. 
The am ount of blow gas to  be added is determined by continuous 
analyses for hydrogen a t several points in the hydrogen and syn
thesis systems (HS-5, 6, 7, 8, 15, and 17; SS-19, 20, 21, and 22).

After adjustm ent of the hydrogen-nitrogen ratio, the raw gas 
is passed through hot w ater in the saturator tower where it is 
diluted by about one volume of steam per volume of gas (HS-9 
and 10). The ratio of steam to gas is then further increased to 
about 3 to 1 by the addition of the proper am ount of live steam. 
The steam-gas ratio is determined frequently (HS-1, 2, 3, and 4), 
since rapid fluctuations m ay result from changes in gas flqw rate 
or steam pressure. The steam-gas mixture then passes succes
sively through two catalyst chambers in which the steam and 
carbon monoxide react to  form hydrogen and carbon dioxide. 
The converted gases leaving the primary (H S-11,12, 13, and 14) 
and the secondary (HS-5, 6, 7, and 8) converters are analyzed for 
carbon monoxide and carbon dioxide to determine the operating 
efficiency of the catalyst.

P u r i f i c a t i o n  S y s t e m .  The converted gas leaving the hydro
gen plant contains large amounts of carbon dioxide and some un
converted carbon monoxide, both of which m ust be removed. 
M ost of the carbon dioxide is removed by passing the gas under 
pressure through a w ater scrubber. The carbon dioxide content 
of the effluent gas (PS-13 and 14) is determined continuously, and 
the results are used in control of the amount of water pumped to 
the scrubbers. The water from the scrubbers is released to a t
mospheric pressure in a breakdown chamber, and the gas re
leased (PS-19) is analyzed for carbon dioxide, hydrogen, and ni
trogen to determine the amount of hydrogen and nitrogen lost 
by solution in the scrubbing water.

After passing through the w ater scrubber, the gas is further 
compressed and is passed through the copper scrubber, where the 
unconverted carbon monoxide and residual carbon dioxide are 
removed by absorption in ammoniacal copper solution. Since it 
is very im portant tha t no appreciable am ount of the oxides of car
bon enter the synthesis system, the gas from the copper scrubber 
is analyzed continuously for these oxides a t  several points (PS- 
15, 16, 17, and 18; SS-19 and 20). The gas entering the scrubber

is also analyzed continuously for carbon monoxide (PS-13 and 14); 
the results are used to  determine the rate  of circulation of copper 
solution necessary to  ensure complete absorption.

S y n t h e s i s  S y s t e m .  Gases in the synthesis system circulate 
through a converter, where part of the hydrogen-nitrogen mix
ture is converted to ammonia; through two condensers, where 
most of the ammonia produced is liquefied and removed from 
the system; and through a filter, where the make-up gas from 
the purification system is added. The circulating gas is ana
lyzed continuously (SS-21, 22, 23, 24, 25, and 26) to check the 
efficiency of the converter and condensers.

Argon and methane, minor constituents of the raw gas, are 
not removed in any of the plant processes and their concentra
tion builds up in the circulating synthesis gas. Therefore, suffi
cient gas is bled to the atmosphere to hold the concentration of 
these inert gases below a fixed value. Analyses for argon and 
methane are made (SS-21, 22, 25, 26, and 30) to determine the 
am ount of gas to be bled.

The ammonia liquefied in the condensers collects in separators 
and goes into storage tanks. Analyses for oil and w ater are made 
(SS-32, 33, 34, and 35) to determine the quality of the product.

C o p p e r  R e g e n e r a t i o n  S y s t e m .  The principal constituents 
of the copper solution used in the purification-system are bivalent 
and monovalent copper, ammonia, formic acid, carbon dioxide, 
and water. The carbon dioxide and carbon monexide absorbed 
in the scrubbers are removed by circulating the solution through 
a regeneration system a t an elevated tem perature. Some un
avoidable loss of ammonia i>y evaporation and formic acid by 
decomposition also occurs. Periodic analyses of the copper 
solution are made (CS-1) to determine the magnitude of these 
changes in composition, so th a t proper adjustm ents can be made. 
The effective ammonia content (ammonia activity) is determined 
continuously (CS-1).

The copper in the solution is present both as cupric and cuprous 
ammino complex ions. The cuprous complex ion absorbs carbon 
monoxide, and the cupric complex ion prevents precipitation of 
metallic copper. A continuous analysis for the bivalent copper 
content is made a t  four points in  the regeneration system (CS-1, 
3, 5, and 7). These analyses are used to determine the amount of 
air and the tem perature to be used in the oxidation of the copper.
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Determination of O xid e s of Carbon in Hydrogen-Nitrogen  
M ixtures

Continuous Determination of M inute  Concentrations by E lectrocond uctiv ity

E A R L  H. B R O W N  a n d  M A U R IC E  M. FELG ER

A n electroconductometric analyzer for the continuous, separate, or 
simultaneous determination of carbon dioxide and carbon monoxide 
in concentrations of 0 to 100 p.p.m. in hydrogen-nitrogen mixtures 
and the application of the analyzer to the analytical control of the 
T V A  synthetic ammonia plant are described. A n  absorption- 
conductivity cell of new design and a recording alternating current 
Wheatstone bridge are employed. Carbon monoxide, after oxida
tion by an improved iodine pentoxide reagent, is determined as 
carbon dioxide. Full operating details are given.

TH E gas-purification system of the TVA synthetic ammonia 
p lant has been described by Miller and Junkins (13). The 

present paper describes in detail the method by which the purity 
of the synthesis mixture is controlled with respect to the oxides 
of carbon.

The hydrogen-nitrogen mixture produced by the catalytic re
action of semi-water gas w ith steam  contains a large concentra
tion of carbon dioxide and a small concentration of unconverted 
carbon monoxide. These oxides of carbon are removed by pass
ing the converted semi-water gas through two scrubbing towers 
under pressure. In  the first tower, w ater removes about 98% 
of the carbon dioxide, and in the second, ammoniacal copper solu
tion reduces the concentration of each oxide to 5 p.p.m. or less. 
Since both carbon dioxide and carbon monoxide poison the syn
thesis catalyst, it  is necessary to  have a  continuous and rapid 
indication of their concentrations, so th a t gas containing harmful 
concentrations may be vented and corrective measures taken. 
For analytical control purposes, an analyzer was desired for the

continuous, separate, or simultaneous determination of carbon 
dioxide and carbon monoxide in concentrations of 0 to 100 p.p.m.

Berger and Schrenk (.() described completely various methods 
for the detection and determination of carbon monoxide. Only 
two of these methods appear practical for the continuous deter
m ination of low concentrations of carbon monoxide in large con
centrations of hydrogen. The Bureau of Mines (12) developed 
an analyzer for the determ ination of small concentrations of 
carbon monoxide in air by measurement of the tem perature in
crease resulting from the oxidation of the carbon monoxide in  the 
presence of the catalyst Hopcalite. The analyzer was found 
suitable for the determ ination of carbon monoxide in hydrogen
(12), provided the sample was diluted w ith a small, fixed propor
tion of air prior to its introduction into the apparatus. This 
method was no t suitable for application to ammonia-synthesis 
gas, however, because it was not adaptable to the determination 
of carbon dioxide.

Methods based on the oxidation of carbon monoxide by iodine 
pentoxide are numerous (1, 3, 9, 10, 11, 14, 15, 17, 1,8). The con
centration of carbon monoxide is calculated from the quantity  
of carbon dioxide formed or iodine liberated by a given volume 
of gas. The quantity  of iodine liberated is determined by absorp
tion in potassium iodide solution and titration with sodium 
thiosulfate. The carbon dioxide generally is absorbed in an al
kaline solution and the quantity  determined by titra tion  or other 
methods.

In Baldewyns’ method (2) the gas sample is passed through a 
purification and oxidation train  in which the carbon monoxide 
is oxidized w ith iodine pentoxide. The resulting carbon dioxide 
is then passed into an electrolytic cell containing a definite volume 
of 0.005 N  barium hydroxide solution. This cell and a reference 
cell containing barium hydroxide solution of the same concentra
tion are made the arms of a W heatstone bridge with a Kohlrausch 
slide-wire as the indicating instrum ent. The concentration of 
carbon monoxide is determined from the bridge readings and the 
volume of gas used. The instrum ent is calibrated empirically.

GAS SAM PLE PREPARATION TR A IN ABSORPTION -  CONDUCTIVITY SIM PLIFIED
C E L L  RECORDER C IR C U IT

Figure 1. Carbon Monoxide Analyzer
A. A  end coil F. Flowmeter M .  Kl scrubber S W. Slide-wire
B. B  end coil G. Galvanometer N.  Electrolyte inlet T. Gas absorption coil
Cm. Measuring electrode chamber H. KOH-^Ascarite tube O. Temperature stabilizing coil U. Gas inlet to cell
Cr. Reference electrode chamber /. I2O 5 tube P. Pressure stabilizer V. Gas flow regulating valve
D. H 2S O 4 scrubber J. P 2O 5 tube R .  Electrolyte flow regulator W. Gas exit
E m. Measuring electrodes K. h O s  furnace S  4. By-pass stopcocks 

5  2. Cross-bore stopcock
X. Constant-level electrolyte overflow

Er. Reference electrodes L. KO H -A scarite tube Y. Electrode adjusting screw
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This electroconductivity method was adapted to the continuous 
determ ination of carbon monoxide in hydrogen-nitrogen mixtures 
in  the production of synthetic ammonia (8). The train  was 
modified by the addition of a by-pass arrangement, so th a t carbon 
monoxide and carbon dioxide could be determined singly or to
gether. A recording alternating current W heatstone bridge was 
used for indicating and recording the ratios of the resistance of 
the measuring cell to the resistance of the reference cell. This 
method has the obvious disadvantage th a t it  does not give a di
rect indication of the concentration, because the continuous use 
of the same electrolyte gives a progressively higher bridge read
ing. The concentration of carbon monoxide a t any given tim e is 
calculated from the slope of the curve drawn by the recorder.

An electroconductometric analyzer for the continuous deter
m ination of carbon dioxide in gas mixtures, which employs a 
continuous flow of both gas and electrolyte through the absorp-

Figure 2. Calibration of Cell
A b o ve .  First run. B elow . Check run. Test gas, mixtures of air and 

nitrogen. Electrolyte, 0.001 N  barium hydroxide

tion-conductivity cell as well as a recording W heatstone bridge, 
is described by Smith (16). The W hite (19) aspirator method 
is used to control the ratio of gas flow to electrolyte flow. This 
cell has two disadvantages: (1) it  is neither rugged nor compact, 
and (2) the accuracy of the gas-electrolyte ratio is seriously im
paired if the apparatus is subjected to  vibration (16).

As none of these methods appeared entirely satisfactory for con
tinuous control of the purity of the synthesis mixture in the am
monia plant, the method described below was developed and 
applied to the control of the TVA ammonia plant.

O P E R A T IN G  PRINCIPLE

The analyzer developed consists of a  preparation train, an 
absorption-conductivity cell, and an indicating and recording 
alternating current W heatstone bridge. The preparation train 
removes traces of interfering gases and its construction is such 
tha t, by the proper adjustm ent of stopcocks, the analyzer may 
be used to  determine carbon dioxide, carbon monoxide, or total 
carbon dioxide and carbon monoxide. The carbon monoxide is 
oxidized by an iodine pentoxide reagent and determined as carbon 
dioxide. In  the absorption-conductivity cell the electrolyte, 
0.001 N  barium hydroxide, flows past a  pair of reference elec
trodes, meets and reacts w ith the carbon dioxide in the gas, and 
then flows past a  pair of measuring electrodes.

The rates of gas and electrolyte flow, as well as the tem perature 
of the absorption-conductivity cell, are m aintained constant. 
Thus, the resistance of the electrolyte between the reference 
electrodes, R r, remains constant, while the resistance of the 
solution between the measuring electrodes, R m, varies w ith the 
concentration of carbon dioxide. The electrode pairs are ap
proximately the same size and shape. The distance between the 
measuring electrodes is adjusted so th a t the ratio R m/R r is 1.0 
when the concentration of carbon dioxide is 0. The electrode 
pairs serve as the arms of a recording alternating current W heat
stone bridge, as shown in Figure 1. In  this circuit the A  and B  
end coils have the same resistance, and a  jum per is connected 
between the alternating current source and the B  end-coil end 
of the slide-wire. Thus the bridge gives a  linear indication of 
the ratio R m/ R r w ith the ratio 1.0 a t the zero end of the recorder 
scale. The upper limit of the recorder indication depends on the 
relative resistances of the end coils and the slide-wire. This 
limit is given by the formula:

_ resistance of A  end coil +  resistance of slide-wire 
resistance of B  end coil

Should the recorder fail to  operate properly, the absorption- 
conductivity cell is connected to  a m anually operated Kohl- 
rausch slide-wire and galvanometer by means of a triple-pole, 
double-throw switch.

Since the conductivity of the barium hydroxide electrolyte is 
less after reaction with carbon dioxide, the resistance of the solu
tion between the measuring electrodes, and hence the value of the 
ratio R m/R T, increases as the concentration of carbon dioxide 
increases. The analyzer is calibrated empirically with gas mix
tures of known carbon dioxide content, and the recorder scale is 
graduated to  show the ratio  value directly as parts per million 
of carbon monoxide or carbon dioxide.

Figure 2 shows a calibration curve and a subsequent check 
thereof. The several concentrations are represented by vertical 
lines. I t  should be noted th a t the recorder pen returned to its 
original position when the carbon dioxide of the test gas was re
duced to zero.

The accuracy of the method depends on the accuracy of the ac
cepted value for the. carbon dioxide content of air which was em
ployed for the calibration.

Frequent checks indicate a precision of a t least 3 p.p.m. over 
the range indicated.
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The complete analyzer is shown in Figure 1. The pressure 
stabilizer, P  (6), gives a  constant operating pressure and is ad
justed so th a t the rate of leakage around the piston reduces the 
time lag in the sample line to  15 seconds or less. Valve V  and 
flowmeter F  are used to  regulate the rate  of gas flow through the 
train. The sulfuric acid scrubber, D, removes the ammonia 
picked up by the gas from the ammoniacal copper solution. 
The potassium hydroxide-Ascarite tube, H, removes any carbon 
dioxide th a t m ay be present, and the gas is dried in the phos
phorus pentoxide tube, J . Stopcocks Si and S 3 allow the gas 
to  by-pass the potassium hydroxide-Ascarite tube, H, and the 
iodine pentoxide oxidation tube, I , respectively, when carbon 
dioxide is being determined. The carbon monoxide is oxidized 
to  carbon dioxide in I, and the liberated iodine is absorbed in the 
potassium iodide scrubber, M.

Stopcock S \ allows the gas flow to be diverted through potas
sium hydroxide-Ascarite tube, L, and the resulting carbon diox
ide-free gas is used in the adjustm ent of the zero point of the 
analyzer. From  M  the gas goes to the absorption-conductivity 
cell.

The absorption-conductivity cell is both rugged and compact 
and is no t affected by vibration. I t  is constructed of Pyrex ex
cept for the electrodes and the wire used to regulate the flow of 
electrolyte and is operated in a constant-tem perature bath. 
The electrodes are platinized platinum  rings, 15 mm. in diameter, 
5 mm. wide, and 0.2 mm. thick. The electrolyte, 0.001 N  barium 
hydroxide, flows from a constant-head feed tank  through N  
to  coil /  where it  comes to a constant tem perature, up through the 
capillary flow regulator, R , and down into the bottom  of the elec
trode chamber, C,, where it  flows past the reference electrodes, 
E r. As the electrolyte flows from Cr to the lower end of the 
absorption coil, T, it  is joined through U  by the gas stream  from 
the preparation train. The carbon dioxide and electrolyte react 
wHile rising through T  and pass into the electrode chamber, Cm. 
The gas leaves a t the exit tube, W, and the electrolyte flows past 
the measuring electrodes, E m, and leaves the cell through the 
overflow tip, X .

O P E R A T IN G  PRO CED U R E

Operating conditions for the analyzer for determination of 
m inute concentrations of carbon monoxide and carbon dioxide are:

0.001 N  barium hydroxide 
15 ml. per minute 
8 liters per hour 
About 25 mm.
Constant; between 28° and 32° C. 
600 ohms 
60 ohms

100° to  105° C.

The analyzer is placed in operation as follows:

The electrolyte is started  flowing through the absorption-con
ductivity cell a t approximately the correct rate, and gas is started 
through the analyzer a t  8 liters per hour. The flow of the elec
trolyte is regulated to  15 ml. per minute by adjusting the wire in 
the capillary flow regulator, R  (Figure 1). The gas is passed 
through absorption tube L, and the measuring electrodes of the 
absorption-conductivity cell are adjusted by screw Y, so th a t the 
recorder indicates zero. Stopcock S t is then turned 180°, placing 
the analyzer in operation.

In  the determination of carbon monoxide alone, stopcocks Si 
and S 3 are turned so th a t the gas passes through the carbon di- 
oxide-removal tube, H, and the oxidation tube, I . The oxida
tion tube is m aintained a t 100° to  105° C. by a small, cylindrical 
electric furnace controlled by a  variable transformer. If car
bon dioxide alone is to be determined, stopcocks S i and S 3 are 
turned 180°, so th a t H  and I  are by-passed. Only H  is by
passed in the determination of to tal carbon dioxide and carbon 
monoxide.

Daily checks are made of the rate of electrolyte flow and the 
recorder zero, and adjustm ents are made when necessary. The 
activity of the iodine pentoxide reagent is checked daily by de
termining the response of the recorder to injections of known 
volumes of carbon monoxide; exit gas from the w ater scrubbers 
(about 2%  carbon monoxide) is introduced into the analyzer by 
means of the special cross-bore stopcock, S 2 (5 ). The 10% po
tassium iodide solution requires replacement about every third 
day, bu t the reagents in the other units of the tra in  retain their 
activity 3 to 4 weeks. The 0.001 N  barium hydroxide electrolyte 
is standardized by electroconductance.

Figure 3. Electroconductometric Gas Analyzers

Electrolyte 
Electrolyte flow rate 
Gas flow rate 
Electrode spacing 
Cell tem perature 
Bridge end-coil resistance 
Bridge slide-wire resistance 
Tem perature of iodine 

pentoxide reagent
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P R E P A R A T IO N  O F  IO D IN E PEN TO X ID E R E A G E N T

The iodine pentoxide reagent m ust completely oxidize low con
centrations of carbon monoxide a t comparatively low tempera
tures in the presence of about 75% hydrogen and in addition m ust 
m aintain its activity for a long period. The following procedure, 
using reagent-grade chemicals, gives a reagent th a t has an active 
life of 30 to 40 days.

Seventy grams of calcined, crushed insulating brick (Arm
strong A-25; —9 + 1 4  mesh) are added to  a  solution containing 
100 grams of iodine pentoxide and 4 grams of vanadium pentoxide. 
The m ixture is evaporated to  dryness over a steam  bath, with 
frequent stirring during the la tter part of the evaporation. This 
m aterial is then oven-dried for several hours a t  125° to  130° C. 
The oxidation tube, which holds about 50 grams, is filled with the 
oven-dried reagent and placed in the activation train. Activa
tion is accomplished by passing purified air through the sample 
as the tem perature is gradually raised to  220° C. The air is 
purified by passage through three scrubbers containing concen
tra ted  sulfuric acid, solid potassium hydroxide pellets, and phos
phorus pentoxide, respectively. The reagent is m aintained a t 
220° C. for about 8 hours and is allowed to  cool in a current of 
purified air, after which it  is ready for use or for tem porary 
storage. The tube m ust be tightly sealed during storage. The 
activated reagent has a bright orange color and the spent reagent 
a  brown color. The spent reagent is prepared for re-use by sus
pending it  in water, evaporating to dryness, oven-drying, and 
activating as previously described.

A P P L IC A T IO N  T O  P L A N T  C O N T R O L

Two complete analyzers are required to serve the two produc
tion trains in the TVA ammonia plant. Figure 3 shows the con
trol laboratory installation of analyzers (except for control desk 
and recorders) for the determination of low concentrations of car
bon dioxide, carbon monoxide, or mixtures of the two in the puri
fied hydrogen-nitrogen mixture from one production train.

A t the left is the constant-tem perature bath  containing the 
absorption-conductivity cells. To the right, a t the end of the 
bath, are the preparation trains. The short (front) train  is used 
in the determination of carbon dioxide in the gas from the caustic 
scrubber, sample point PS-17 (see flow sheet in 7 for specified 
sample points), and the second train  is used to determine total 
carbon dioxide and carbon monoxide in the make-up gas to the

synthesis system, sample point SS-19. The th ird  and fourth 
trains are used in the determination of carbon monoxide in the 
gas leaving the copper scrubbers, sample point P S -15; while 
one train  is in service, the other is kept in stand-by condition.

This system of analytical control has been in operation for more 
than 2 years in the TVA ammonia plant and has proved very 
effective in preventing poisoning of the synthesis catalyst by 
oxides of carbon.
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Continuous Determination of Ammonia A ctiv ity  
in Ammoniacal Solutions

E A R L  H . B R O W N , JA M E S  E. C L IN E , M A U R IC E  M. FELG ER , a n d  R. B O W EN  H O W A R D , Jr .

IN T H E  TVA synthetic ammonia plant, an ammoniacal 
“copper solution” (3) is employed for the removal of harmful 

impurities, such as carbon monoxide, carbon dioxide, and oxygen, 
from the synthesis gas. The solution contains cupric ammino, 
cuprous ammino, ammonium, formate, and carbonate ions, as 
well as uncombined ammonia. There is a range of concentra
tions of uncombined ammonia below which the removal of car
bon dioxide from the synthesis gas is incomplete and above which 
the loss of ammonia is excessive during regeneration of the copper 
solution. The uncombined ammonia is an im portant factor also 
in maintaining the copper complexes necessary for the complete 
removal of carbon monoxide. The concentration of uncom
bined ammonia cannot be calculated accurately from chemical 
determinations of the components in the copper solution, how
ever, for there are several equilibriums involved which have not 
yet been determined precisely.

An empirical formula based on five analytical determinations— 
total ammonia, formic acid, carbon dioxide, and monovalent and 
bivalent copper—was employed, prior to the development of the 
present method, to  give a value related to  uncombined ammonia 
for p lant control. The utilization of the empirical formula had 
several disadvantages. Values with no strong theoretical founda
tion were obtained, many analytical determinations were neces
sary, and considerable time was required before the results could 
be reported to the p lant operators. This paper describes the de
velopment and application of an instrum ent th a t gives rapid and 
continuous information regarding the uncombined ammonia in 
the copper solution.

T H E O R ET IC A L C O N S ID E R A TIO N S

The thermodynamic activity of ammonia was selected as the 
function of the uncombined ammonia to be determined, because
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A  method for the automatic, continuous determination of the 
thermodynamic activity of ammonia in ammoniacal solutions is 
based on the linear relationship between ammonia activity and 
vapor pressure of ammonia over the solution. A  constant flow of 
inert gas is brought to equilibrium with the flowing solution at a given 
temperature and the concentration of ammonia in the saturated gas 
is determined. The ammonia activity is an important factor in main
taining the efficiency of the ammoniacal copper solution used in the 
T V A  ammonia plant for absorbing the oxides of carbon and other 
harmful impurities from the synthesis gas.

sure is 0.99 (4)]. Using partial pressures and the chosen stand
ard state, the following equation results:

onh3 =  p /p° (2)

where aNH3 is the ammonia activity of the solution; p, the par
tial pressure of ammonia over the solution; and p°, the partial 
pressure of ammonia over normal ammonium hydroxide a t the 
same tem perature. By means of Equation 2 the activity  of am
monia in the copper solution can be determined directly by meas
urement of the partial pressure of ammonia in equilibrium with 
the solution.

the activity is easily measured and is directly related to the effect 
of the ammonia on any equilibrium of components in the copper 
solution. The concept of activ ity  was introduced by Lewis and 
Randall (2). In  an ideal solution the activity is equal to the con
centration, and either can be used for calculating equilibrium 
constants, partial molal free energies, or other thermodynamic 
functions. In  any solution, ideal or nonideal, a t a given tem 
perature the activity  of a component is defined by the equation:

« = sir (i)

where a is the activity of the component in solution; / ,  the  fu- 
gacity of the component in  the vapor phase in equilibrium with 
the solution; a n d /° , the fugacity of the component in the vapor 
phase in equilibrium with the standard state. The standard state 
often is taken to be the pure liquid component. To simplify 
the calibration procedure, however, the ammonia activity in a 
normal ammonium hydroxide solution was set as unity  in this 
work. Activity referred to any other standard sta te  can be cal
culated from fugacity data.

W ith partial pressures of ammonia less than  atmospheric, 
pressure can be substituted for fugacity in Equation 1 [for am
monia a t 1 atmosphere and 25° C., the ratio  of fugacity to  pres-

TO  COPPER  
SOLUTION  

SYSTEM

GA S

G A S in d u c t i v i t y
SATURATOR — C E L L

WASTE ACID
THERMOSTAT

Figure 1. Schematic Diagram of Ammonia Activity Analyzer

DESCRIPTIO N  O F  A P P A R A T U S

The basic design of the apparatus for continuous recording of 
the ammonia activity is shown in Figure i . A gas, chemically in
ert to the copper solution, passes through a pressure stabilizer and 
a flowmeter a t a constant rate, and becomes saturated w ith am
monia and other vapors as it bubbles through the copper solution 
in a gas saturator immersed in a therm ostat. The copper solu
tion flows through the gas satu rator a t a ra te  great enough to 
prevent significant alteration of the composition of the solution 
by loss of vapors to the gas stream. The saturated gas passes 
into an electroconductivity cell (I) where the ammonia is ab
sorbed by dilute acid flowing a t a constant rate. The ammonia 
content of the gas affects the conductivity of the acid, which is 
measured by a recording alternating current W heatstone bridge
CO-

The inert gas used to  carry the ammonia vapor is purified syn
thesis gas, consisting of hydrogen, nitrogen, argon, and methane. 
This gas is used because of its ready availability in the control 
laboratory and because, by pressure scrubbing w ith the copper 
solution, it  has been freed of impurities which react w ith the solu
tion.

The piston-type pressure stabilizer used in this work to  m ain
tain a  constant flow of inert gas operates more smoothly and re-, 
liably than  the usual type, which allows gas to escape through a 
constant head of liquid. The piston of the stabilizer (Figure 2) 
fits into the cylinder w ith a clearance of about 0.075 mm. (0.003 
inch) and is supported by the pressure of the gas within the 
chamber; excess gas leaks ou t between the piston and cylinder. 
Except for slight frictional losses, the pressure head of the gas in 
the chamber, under equilibrium conditions, is equal to the weight 
of the piston divided by the horizontal cross-sectional area of the 
chamber. When the flow of incoming gas varies, the vertical 
movement of the piston alters the resistance to gas leakage be
tween the piston and cylinder and autom atically stabilizes the 
pressure within the chamber. Because of piston inertia, a rapid 
change in gas flow will cause a mom entary fluctuation in pressure 
until the piston reaches its new equilibrium position.

The shoulder on the piston serves to prevent its dropping low
enough in the cylinder 
to interfere w ith the 
gas flow. Grooves m ay 
be placed in the piston 
to  increase the ra te  of 
gas leakage or to enable 
the leaking gas to  
r o t a te  th e  p is to n . 
L u b r ic a t io n  of th e  
piston w ith graphite 
improves the operation 
of the stabilizer. The 
piston and cylinder 
should be made of the 
same metal, such as 
brass, to  avoid varia
tions in the fit due to 
difference of thermal 
expansion. The glass 
funnel connected to  a 
ven t collects the excess 
gas leaking past the 
piston. The pressure 
stabilizer, used in com
bination w ith a capil
lary flowmeter, proved 
satisfactory in main
taining a constant flow 
of inert gas through 
the apparatus.

G LA SS,
FUNNEL

CONNECTION

CYLIN D ER

G A S  
OUTLET"*- !

PISTON

G A S CHAMBER

_ G A S  
IN L E T

Figure 2. Pressure Stabilizer
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T he function of the gas saturator is to bring the gas stream 
and the flowing copper solution into contact long enough to  es
tablish a reproducible approach to  equilibrium. The saturator 
m ust offer a constant resistance to  the gas flow, in order th a t a 
constant ra te  of gas flow can be maintained. The type of gas 
saturator used is shown in Figure 3.

The copper solution flows into the apparatus a t  the inlet, A  
Some of the copper solution constantly flows from B  to an over
flow tube th a t is set a t  a predetermined height to  m aintain a con
s tan t head.

The copper solution flows through stopcock S i a t  about 20 
ml. per m inute and is brought to the therm ostat tem perature in 
coil C. The solution enters the m ain body, D, of the saturator 
near the middle and flows out from the bottom  through outlet E. 
The copper solution from B  and E  is returned to the p lant regenera
tion system. The inert gas enters a t  F  a t about 100 ml. per 
m inute and passes through stopcock <S2, through tem perature sta
bilization coil G, and into the bottom  of D. The gas becomes satu
rated  with ammonia as i t  bubbles through the solution, and then 
passes through stopcock S 3 and tube H  to the apparatus for de
term ination of ammonia vapor. In  an emergency the operator 
m ay close both <S2 and S 3 to  avoid contam ination of the electro
conductivity cell connected to outlet H. The stopcocks are all 
above the level of the therm ostat liquid to simplify the opera
tion of the apparatus and to  avoid danger of flooding the electro
conductivity cell with copper solution.

I a  B F h

The electroconductivity cell is the same as th a t described for 
the determ ination of carbon monoxide and carbon dioxide (1). 
The gas from the saturator contains 4 to  5%  ammonia, which is 
absorbed by 0.1 N  sulfuric acid flowing a t  the rate  of 15 ml. per 
minute. The ammonia activity  is indicated on a Leeds & North- 
rup recording alternating current W heatstone bridge. The zero 
point of the apparatus can be set by turning stopcocks S 2 
and S 3 (Figure 3) to  allow the inert gas to flow through by-pass J  
to  the electroconductivity cell w ithout picking up ammonia from 
the copper solution.

The recorder is calibrated directly in term s of ammonia ac
tivity . For calibration, solutions of ammonium hydroxide are 
allowed to  flow through the calibration solution inlet, I ,  by turn-

Figure 4. Activity of Ammonia in Ammonium Hydroxide 
Solutions

ing stopcock <Si to  the proper position. Using Equation 2 and 
ammonia vapor pressure data  of Wilson (&) the activities of am
monium hydroxide solutions of normalities 0 to  7 were calculated 
a t 26.7° and 32.2° C. and are plotted in Figure 4. Up to an am
monia activity of 3, the maximum found in  the copper solu
tion, there is no significant tem perature effect on the ratio of ac
tiv ity  to  concentration. W ith this method of calibration the ac
tual tem perature of the therm ostat (about 30° C.) is not a critical 
factor, provided the tem perature is the same for both calibration 
and operation. Activity measurements in the range 0 to 3 are 
reproducible to  within ±0.05 with the apparatus.

A P P L IC A T IO N

The apparatus for continuous determination of ammonia ac
tiv ity  has been in operation for over 15 months in the ammonia 
plant control laboratory. The device is autom atic and requires 
very little maintenance. The p lan t operators use the results to 
control closely the addition of ammonia to  the copper solution. 
The ammonia activity is an im portant factor in maintaining the 
copper solution a t peak efficiency for scrubbing carbon mon
oxide and carbon dioxide from the synthesis gas. By keeping 
the ammonia activity close to  the optimum value (2.5 in the 
TVA ammonia plant) excessive ammonia addition w ith resultant 
high loss of ammonia in the regeneration step is avoided.
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Continuous Determination of Carbon Dioxide  
by Electroconductivity

In Concentrations U p  to 2 Per Cent

E A R L  H. B R O W N  a n d  M A U R IC E  M. F E L G E R 1

A n  electroconductometric analyzer for the continuous determina
tion of the carbon dioxide concentration in ammonia plant gases is 
described. The application of  the results given by the analyzer to 
the operation of both the water and copper scrubbers of the gas- 
purification system of the T V A  synthetic ammonia plant is given. 
The range of the analyzer described is 0 to 2 % , but the analyzer is 
adaptable to other ranges.

TH E  converted semi-water gas entering the purification sys
tem of the TVA ammonia p lant consists of hydrogen and 

nitrogen in the ratio of 3 to 1, together w ith about 29%  carbon 
dioxide, about 2%  carbon monoxide, and some inert gases (S). 
About 98% of the carbon dioxide is removed by scrubbing the 
gas w ith water, and the concentrations of both  carbon dioxide 
and carbon monoxide are reduced to  about 5 p.p.m. by scrubbing 
w ith ammoniacal copper solution. The analyzer described in 
this paper gives a  continuous indication of the carbon dioxide 
content of the gas leaving the w ater scrubber.

D ESCRIPTIO N  A N D  O P E R A T IO N

The analyzer consists of a gas-control train, an absorption- 
conductivity cell, and a recording alternating current W heatstone 
bridge. The gas-control tra in  is shown in Figure 1. The 
pressure stabilizer (1) gives a uniform operating pressure; the 
grooved stopcock and flowmeter are used to regulate the rate  of 
gas flow; and the potassium hydroxide-Ascarite tube removes 
carbon dioxide from the gas when the recorder zero is being 
checked. The principle and operation of the absorption-con- 
ductivity cell and recording alternating current W heatstone 
bridge have been described (H).

The operating conditions for the determ ination of carbon 
dioxide in the range of 0 to  2%  are:

Rm/Rr  ratios (3) can be converted to  recorder indications for any 
similar bridge by the relation which is shown herewith:

Electrolyte 
Electrolyte flow rate  
Gas flow rate  
Cell tem perature

0.04 N  sodium hydroxide 
15 ml. per m inute 
8 liters per hour 
C onstant; between 28° and 32°

The analyzer is placed in operation by first adjusting the gas 
and electrolyte flows to their respective rates. D uring this ad
justm ent the gas sample is passed through the potassium hydrox
ide-Ascarite tube. The distance between the measuring elec
trodes is then adjusted so th a t the recorder indicates zero. The 
3-way stopcock is turned 180° to  the position shown in Figure 1, 
which places the analyzer in operation.

The analyzer requires very little attention  during operation. 
The combination of gas pressure stabilizer and grooved stopcock 
gives reliable control of the gas flow rate. The recorder zero and 
electrolyte flow rate  are checked once each day. The potassium 
hydroxide-Ascarite tube is refilled after several months’ use.

C A L IB R A T IO N

The original calibration was made empirically using gas mix
tures of known carbon dioxide content. The relation between 
concentration and recorder indication is specific for the given 
operating conditions and the bridge circuit used—th a t is, a 
circuit w ith 220-ohm end coils and a  66.5-ohm slide-wire. The

Rm
R,

Ra “I“ cR m 
R b

where R m =  resistance of electrolyte between measuring elec
trodes

R , — resistance of electrolyte between reference elec
trodes

R a =  resistance of A  end coil
c =  recorder indication, scale divisions
R, =  resistance of slide-wire per scale division
Rb — resistance of B  end coil

Figure 1. Gas-Control Train for Carbon Dioxide Analyzer

During the early operation of this analyzer, frequent gravimet
ric determinations were made of the carbon dioxide content of 
the gas being analyzed. I t  was established th a t the analyzer 
gave results th a t were accurate to  about =*=0.03%.

A P P LIC A T IO N

During normal operation the concentration of carbon dioxide 
in the gas leaving the w ater scrubber depends largely on the tem 
perature and quantity  of w ater pumped to  the scrubber. This re
sidual carbon dioxide is removed in the copper scrubber. Since 
there is no control of the tem perature of the process water, the 
concentration of carbon dioxide in the effluent gas and, conse
quently, the carbon dioxide load on the copper scrubber, must 
be controlled by regulation of the quantity  of w ater pumped to the 
w ater scrubber. This control is im portant because an overload 
on the copper scrubber resulting from insufficient removal of 
carbon dioxide in the w ater scrubber would lead to  the presence of 
carbon dioxide in  the synthesis system in concentrations harmful 
to  the catalyst. On the other hand, the practical lim it to  which 
the carbon dioxide concentration m ay be decreased by increased 
flows of scrubbing w ater is fixed by the loss of hydrogen through 
solution in the water.

The results given by this carbon dioxide analyzer and the 
ammonia activity analyzer (1) are used to  control the flow of 
water to the w ater scrubber. The carbon dioxide analyzer gives 
the load on the copper scrubber, and the ammonia activity ana-
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lyzer gives a measure of the absorptive capacity of the copper 
solution for carbon dioxide. In  actual practice the w ater to the 
scrubber is regulated so th a t the carbon dioxide concentration of 
the effluent gas is between 0.6 and 0.8% . The recorder is 
equipped with a high-low alarm system th a t warns the purifica
tion operators when the concentration is outside these limits. 
The application of this method to  control the flow of w ater to 
the scrubber resulted in a significant decrease in  the hydrogen 
loss by solution in the scrubbing w ater and a considerable decrease 
in the am ount of process water used.
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Continuous Photometric Determination of Bivalent Copper 
in Ammoniacal Solution

E A R L  H. B RO W N  A N D  JA M E S  E. C L IN E

A  photometric instrument was developed to record continuously 
the concentration of bivalent copper in the ammoniacal copper solu
tion used at the T V A  ammonia plant for absorbing oxides of carbon 
and other harmful impurities from the synthesis gas. The copper 
solution flows through the annular space between two concentric 
tubes in an all-glass light-absorption cell surrounding a light source 
operating on stabilized voltage. The light transmission is measured 
by a recording potentiometer in circuit with a barrier-layer photocell.

IN T H E  TVA synthetic ammonia plant a t Wilson Dam, Ala., 
carbon monoxide, oxygen, and residual carbon dioxide are re

moved by scrubbing the synthesis gases a t  121 atmospheres with 
an  ammoniacal solution of copper ammino salts known as the 
“copper solution” ($). The ratio of monovalent to bivalent 
copper in  the copper solution is increased by reaction with the 
absorbed carbon monoxide and is subsequently decreased by re
generation of the copper solution w ith air. To facilitate close 
control of the regeneration by the plant operators and to reduce 
the num ber of chemical analyses required, a photometric instru
m ent wras developed to record continuously the concentration of 
bivalent copper in samples flowing from four different points 
in the copper solution system.

T he copper solution contains cupric ammino, cuprous ammino, 
ammonium, formate, and carbonate ions, and uncombined am
monia. In  the visible region the absorption of light by this solu
tion is due exclusively to  the deep blue cupric ammino ion. The 
range of concentration of bivalent copper is from 10 to 70 grams 
per liter, with the optimum range (in plant operation) near 25 
grams per liter. The low transparency of the copper solution 
was indicated by the absorption coefficients of cupric ammino 
formate, as plotted in Figure 1 from data  taken in the region of 
390 to  700 millimicrons with a Cenco-Sheard spectrophotelom- 
eter, using a 1.0-mm. slit and a 1-cm. absorption cell. The ab
sorption coefficient, k, was calculated from the relationship:

k  = (1 /cd) log (Io/I)

where c =  concentration of C u++, grams per liter 
d = depth of solution, cm.
11, =  intensity of incident light 
/  =  intensity of transm itted  light

Because of the opacity of the copper solution, it was necessary 
to  design a photom eter capable of measuring the light transmis
sion through a very thin layer of the solution. Dilution of the 
plant copper solution was considered impracticable, for the

maintenance of a diluting apparatus in continuous operation 
would be difficult, and dilution might change the monovalent- 
bivalent copper ratio.

DESCRIPTION O F  A P P A R A T U S

The absorption cell used is of all-glass construction and con
sists essentially of two concentric tubes surrounding the light 
source, as shown in Figure 2. The copper solution flows through 
the annular space, which is about 0.02 cm. wide. The cross sec
tion of the annular space, about 0.14 sq. cm., is sufficient to allow 
a copious flow of copper solution. The cells are rugged, are 
easily constructed, and are unaffected by hot acid cleaning 
solutions. They are made from 25- and 22-mm. Pyrex tubing, 
carefully selected so th a t the tubes fit together with the required 
clearance.

The light source used is a 0-e.p. 6-volt lamp operating a t  lower 
voltage to give it. a  long life. The lamp is mounted inside the 
concentric absorption cell, as shown in Figure 2. Both lamp and 
cell are supported by a  brass tube fastened securely to the base of 
the photom eter unit. The central terminal of the lamp is sol
dered to  a wire leading to a 6-volt transformer, while the side 
terminal is soldered to  the brass tube, which in turn  is connected 
to  the transformer. As shown in Figure 3, the voltage across 
the lamp is controlled by a variable transformer in the primary 
of the 6-volt transformer. The power to the four variable 
transformers in the system is supplied through a common voltage 
stabilizer from a 115-volt alternating current line.

The light transm itted through the copper solution is received 
by a barrier-layer photocell, Weston Model 594 G-B Type 3. 
The current from the photocell passes through a rheostat of 
about 100 ohms’ resistance. The voltage across the rheostat is 
recorded on a four-point recording potentiom eter w ith a  range of 
0 to 10 millivolts and a galvanometer coil resistance of 400 ohms 
(Leeds & N orthrup Micromax).

The stability of the system was tested for continuous operation. 
During the initial period of illumination of the barrier-layer 
photocell, a  copper screen was used to  reduce the illumination to

Figure t. Spectral Absorption of Cupric Ammino Formate
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Figure 2. Vertical Section of Photometer Unit

40%  of the full scale reading. D uring the first 30 minutes there 
was a gradual decrease in sensitivity, known as fatigue (/),  
after which the reading was practically constant for over 40 
hours’ continuous operation. When the illumination was in
creased from 40 to 100% by removal of the screen, a new fatigue 
effect was observed which again became constant within 30 
minutes. When the illumination was diminished from 100 to 
40%  by replacement of the screen, the sensitivity of the photocell 
was found to  be slightly lower than  it had been w ith constant 
40%  illumination, but within 15 minutes the sensitivity had re
turned to  the original value. The fatigue effect thus was shown 
to have a characteristic value for constant operation at each in
tensity of illumination. As the change in fatigue occurred only 
in the first 30 minutes after a change in illumination, the error 
introduced by fatigue was considered minor in the measurement 
of transmission through the copper solution in which the changes 
in concentration of bivalent copper are relatively slow. The 
constancy of the record over a 40-hour interval showed not only 
th a t the fatigue effect was constant bu t also th a t the illumination 
from the lamp was constant. The use of a second photocell to 
compensate for fluctuations in illumination therefore was con
sidered unnecessary.

In the ammonia-synthesis p lant four samples of copper solu
tion flow continuously through the analyzer and then return  to 
the p lan t system. The four photom eter units (photocell, absorp
tion cells, lamps, 6-volt and variable transformers) and the volt
age stabilizer are mounted in a cabinet. The recorder and four 
fine-adjustment rheostats are mounted about 30 feet away from 
t he photom eter cabinet, a t a place convenient for the plant opera
tors. The scale on the recorder is calibrated directly in terms of 
grams of bivalent copper per liter, using chemical analysis as the 
standard. To avoid making a separate calibration for each ab
sorption cell, the light transmission through each cell is assumed 
to be proportional to the same empirical function of concentra
tion. This assumption permits a very simple procedure to be 
followed in reading and m aintaining the instrum ent, and it 
causes no errors large enough to prevent satisfactory control of 
the p lan t operations.

The accumulation of precipitated material in the absorption 
cell during continuous operation is the greatest factor in causing 
a change in the calibration of the instrum ent. To correct for 
gradual changes, however, the copper solution from each of the

Figure 3. Wiring Diagram of Multiple Analyzer

four sampling points is analyzed chemically a t 8-hour intervals 
and the recorder is i;eset by use of the fine-adjustment rheostats. 
When necessary, dirty absorption cells are replaced with clean 
cells and are cleaned w ith a hot mixture of chromic, sulfuric, and 
nitric acids. The use of filters to prevent solid m aterial from 
entering the cells probably would entail greater maintenance re
quirements than  the procedure outlined.

After the instrum ent is set to  agree w ith a chemical analysis, 
the accuracy is ±0.5  gram of bivalent copper per liter for a pe
riod of 8 to  100 hours, depending on the am ount of sludge in the 
solution.

*

A P P LIC A T IO N

In  more than  2 years of continuous operation, the bivalent 
copper recorder has proved to be much more efficient, both tech
nically and economically, than were the tedious chemical analy
ses previously employed for control over the regeneration of the 
copper solution. The trend of the bivalent copper concentra
tion, as shown by the recorder chart, facilitates close control of 
p lant operation.

The photom eter and concentric absorption cell described may 
be useful in continuous transmission recording of the composition 
of other solutions, especially those of low transparency.
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Determination of A rgo n  in Ammonia-Synthesis Gases
E A R L  H. B R O W N  a n d  JA M E S  E. C L IN E

A n  apparatus for the continuous determination of the argon-nitrogen 
ratio in ammonia-synthesis gas is described. The gas is scrubbed 
free of ammonia, the hydrogen and methane are oxidized at 700° C. 
with a copper oxide-iron oxide mixture, the oxidation products 
are removed, and the purified argon-nitrogen mixture is passed 
through a commercial thermal conductivity instrument which continu
ously records the argon content.

TH E  purified gas used for synthesis of ammonia a t the TVA 
plan t contains hydrogen, nitrogen, argon, and m ethane (S, 6). 

O ther noble gases and hydrocarbons are present in negligible 
concentrations.

In  the synthesis system the gas is circulated through the am- 
monia-synthesis converter and sufficient make-up gas is added 
to the circulating system to replace the gas removed as ammonia 
and th a t lost from the system through leaks, through solution in 
the liquid ammonia, and through bleeding to  the atmosphere. 
The concentration of inerts (primarily argon and methane) in the 
circulating gas depends on their concentration in the make-up gas 
and on the fraction of circulating gas leaving the system.

The determination of argon in the circulating synthesis gas is 
desirable for three reasons. In  the first place, the determination 
of the percentage of nitrogen in the gas by the usual Orsat analysis 
is impossible w ithout a simultaneous determination of argon. 
The hydrogen-nitrogen ratio, which m ust be kept close to  3.0 
for optimum ammonia production, is indeterm inate to the ex
ten t to which the argon concentration is uncertain.

The determination of argon is necessary also for calculating the 
to ta l percentage of inerts in the synthesis gas. The inerts act as a 
diluent and have approximately the same effect as a decrease of

pressure in the system; if their concentration reaches a certain 
percentage, it  is economical to prevent a further rise by bleeding 
p art of the circulating gas to the atmosphere. The optimum per
centage of inerts depends on the activity of the synthesis cata
lyst; on the rate of production, purification, and compression 
of the make-up gas; on the rate  of circulation of the synthesis 
gas; and on the optimum operating pressure of the system. 
Once the optimum concentration of inerts has been determined 
by observation of p lant operation, the argon and m ethane de
terminations can be used in  control of the bleeding rate.

The th ird  value of the argon determination is th a t it  enables a 
direct calculation of synthesis efficiency, which is defined as the 
ratio of the am ount of reacting component (nitrogen or hydro
gen) removed from the system as ammonia to the amount of the 
component entering the system during the same period. Since 
argon is unchanged in the synthesis process, a  steady state is 
reached in which the am ount of argon entering the system in the 
make-up gas equals the amount of argon leaving the system 
through leakage, solution in  liquid ammonia, and bleeding. By 
calculating the ratios of reacting component to  argon (parts per 
p art argon) in both make-up gas and gas from the converter, the 
ratio of the amount of reacting component entering the system 
to th a t leaving the system in unsynthesized condition may be es
timated. W ith normal gas compositions in the system, it  was 
found th a t an error of less than  1 % would be introduced into the 
calculation if the loss of gas by leakage occurred a t a  stage in the 
synthesis cycle other than  th a t from which the sample was taken 
for analysis. Errors caused by differential solubility of the 
gases in liquid ammonia were considered negligible. The syn
thesis efficiency can thus be estimated from purely analytical 
data  with no reference to production rates or gas flows.

For calculation of the synthesis efficiency with respect to hy
drogen, determinations of the concentration of hydrogen, the 
sum of the concentrations of nitrogen and argon, and the argon 
ratio are required. (Argon ratio is defined here as the argon 
content divided by the sum of the argon and nitrogen contents.) 
For the synthesis efficiency with respect to  nitrogen, however, 
only the argon ratio in the gas from the converter is needed. As 
neither the nitrogen nor the argon enter into any of the chemical

h2o , c o 2 , n 2 , a -

Figure 1. Relationship between Synthesis Efficiency, 
with Respect to Nitrogen, and Argon Ratio in Gas 

from Converter Figure 2. Train for Preparation of Argon-Nitrogen Mixture from Synthesis Gases
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reactions involved in the production and purification of the make
up gas, the ratio  of nitrogen to  argon in  the make-up gas is as
sumed to  be 83.0, the same as th a t in the atmosphere (5). Thus, 
the synthesis efficiency, E, is expressed by the relationship:

E  = 83.0 -  {N i/A) 
83.0 (1)

where N t/A  is the ratio  of nitrogen to  argon in  the gas from the 
converter. Introducing R  as the argon ratio, A /(N i  +  A ) ,

- N i A  =  1 - 1  /R  (2)

From  Equations 1 and 2,

r, 83.0 +  1 -  1 /f i , 0.01205
E ------------ 83R------------ 1 0 1 2  W ~  (3)

Equation 3 was used to  obtain the curve in Figure 1, showing 
the  relationship between synthesis efficiency, w ith respect to 
nitrogen, and argon ratio in gas from the converter. Figure 1 
shows th a t as the argon ratio  increases, i t  becomes a more sensi
tive indication of synthesis efficiency.

DESCRIPTIO N  O F  A P P A R A T U S

The apparatus for the determ ination of argon consists of a train  
for the continuous removal of gases other than  argon and nitrogen 
from the synthesis gas, and a therm al conductivity analyzer for 
recording the argon ratio in the purified mixture. Since the Orsat 
analyses regularly performed in the laboratory furnish the sum 
of argon and nitrogen, the argon ratio  enables calculation of both 
argon and nitrogen.

A diagram of the purification train  is shown in Figure 2. The 
flow of synthesis gas into the purification tra in  is m aintained at 
about 8 liters per hour by means of a  piston-type pressure sta
bilizer (0) and a needle valve. Accurate control of the ra te  of 
flow is unnecessary; the rate  affects the time lag and reagent 
consumption, b u t not the analytical results. Ammonia is re
moved by 30%  sulfuric acid, leaving methane, hydrogen, nitrogen, 
and argon.

Campbell and G ray (4) sta ted  th a t methane was oxidized com
pletely by copper oxide in 7 minutes a t 700° C. and tha t, in the 
presence of hydrogen, the oxidation of m ethane proceeded more 
easily. Arneil (1) found th a t ferric oxide catalyzed the reaction 
and lowered the tem perature of complete oxidation of methane 
to  500° C. In  the apparatus shown in Figure 2, both hydrogen 
and m ethane are oxidized a t 700° C. by copper oxide containing 1 
to  10% iron oxide to  catalyze the oxidation. The tem perature 
is regulated by a  Brown controlling pyrometer. Channel forma
tion m the oxidant as a result of sintering of metallic copper is 
minimized by mixing crushed refractory, such as alumina brick,

with the copper oxide. The oxidation tubes are 90-cm. (36-inch) 
lengths of 3.75-cm. (1.5-inch) stainless steel tubing. Tubes made 
of silica or of iron are unsatisfactory for continuous use. There 
are two oxidation tubes in the furnace; one is used while the 
other is regenerated w ith air. A t intervals of about 8 hours, the 
partly  exhausted and the regenerated oxidizers are interchanged 
by turning the four three-way stopcocks (Figure 2).

The gas from the oxidation tube contains w ater vapor, carbon 
dioxide, nitrogen, and argon. M ost of the w ater is condensed 
by cooling and is removed from the system through a trap . The 
carbon dioxide is removed by concentrated potassium hydroxide 
solution, and the remaining mixture of argon and nitrogen is 
dried with concentrated sulfuric acid.

A Leeds & N orthrup therm al conductivity apparatus records 
the argon ratio  in the purified argon-nitrogen mixture. The 
instrum ent is calibrated against known mixtures or argon and 
nitrogen, and also against density measurements of the exit gas 
as made w ith an Edwards balance. The response of the re
corder is linear in respect to  the argon ratio  over the calibration 
range of 0 to  0.33, and is accurate to  ±0.005. The concentra
tion of argon m ay be calculated w ith an over-all accuracy of 
±0.15% .

A P P L IC A T IO N

The results given by the apparatus are used in  combination 
with Orsat analyses to determine argon and nitrogen in the syn
thesis gases. Application of the argon ratio to  the control of the 
rate  of bleeding from the synthesis system facilitates mainte
nance of the optimum rate  of ammonia production. Calculated 
from the argon ratio (usually 0.25 to 0.30), the synthesis efficiency 
of the TVA ammonia plant is 96 to  97%.
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Continuous Determination of Carbon M onoxide in 
Concentrations Up to 3.5 Per Cent by Electroconductivity

E A R L  H . B R O W N , M A U R IC E  M . F E LG E R , A N D  R. B O W EN  H O W A R D , Jr .

TH E  production of the hydrogen-nitrogen mixture for the 
synthesis of ammonia in the TVA plant was described by 

M iller and Junkins (4). In  one step of the process, semi-water 
gas is enriched w ith hydrogen by catalytic oxidation of the car
bon monoxide with steam. M ost of the resulting carbon dioxide 
is removed from the gas by pressure scrubbing with water, and 
the remainder, together w ith residual carbon monoxide from the 
catalytic oxidation step, is removed by pressure scrubbing with 
an ammoniacal copper solution.

A continuous indication and record of the unreacted carbon 
monoxide in  the converted semi-water gas are desirable for 
p lant control. The continuous indication, along w ith the rate 
of gas flow, gives the carbon monoxide load on the copper scrubber 
and thus aids in both the operation of the scrubber and the re

generation of the copper solution. An indication of high con
centrations of carbon monoxide warns the p lan t operators of un
satisfactory operation in the catalytic oxidation step. D ata  
taken from the continuous record are used in the preparation of 
m aterial balances. In  actual practice the gas leaving the water 
scrubber is analyzed, because the excess steam and most of the 
carbon dioxide present in the gas leaving the converters have been 
removed a t this stage of the process. The carbon monoxide 
concentration of this gas is about 2%.

T he use of neither iodine pentoxide for selective oxidation of 
the carbon monoxide nor of other solid oxidants, such as copper 
oxide, for the direct oxidation of both the carbon monoxide and 
the hydrogen was considered practicable in the continuous analy
sis of this gas because of the inordinate amount of time required
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in the frequent reactivation of the oxidant. A method was de
vised, therefore, in which the gas is diluted with air in a predeter
mined ratio, the carbon monoxide and hydrogen are oxidized over 
a hot copper oxide catalyst, and the resulting carbon dioxide is 
determined by an electroconductometric method.

DESCRIPTION

Small portions of the gas undergoing analysis are injected in
term ittently  into a stream  of air by means of a sampling stopcock
(1). The stopcock (Figure 1) has a stainless steel barrel and a 
tapered brass plug. The plug encloses two coaxial, cylindrical 
compartments of equal volume; each compartm ent communi
cates w ith either of two pairs of diametric openings in the barrel 
through oblique bores th a t m eet the periphery of the plug on a 
common circumference. The gas containing carbon monoxide

G A S  IN LET

Figure 1. Sampling Stopcock of Carbon Monoxide 
Analyzer

flows through one compartm ent, while the air flows through the 
other. The larger projecting end of the plug has four studs 
equally spaced on its circumference. By engagement of these 
studs w ith a rotating crank geared to  a synchronous motor, the 
plug is turned through 90° a t regular intervals, and the gas being 
analyzed thus is injected into the air stream  in successive por
tions of equal volume. A uniform mass for the successive por
tions is ensured by the incorporation of a tem perature and pres
sure compensator in the gas sample line to  compensate for 
changes in room tem perature and atmospheric pressure.

The sample metering and preparation system in which the gas 
is prepared for introduction into the absorption-conductivity cell 
is shown in Figure 2. Air enters the system 
through a piston-type pressure stabilizer (#) and 
flows through grooved stopcock Si, a  flowmeter, 
and the sampling stopcock, where it picks up the 
carbon monoxide sample. The diluted sample then 
passes through a scrubber containing potassium 
hydroxide solution, which removes carbon dioxide; 
through a heated tube containing copper oxide for 
the catalytic oxidation of the carbon monoxide and 
hydrogen; through a  condensate trap  where water 
produced by the oxidation of hydrogen is removed; 
and finally to an absorption-conductivity cell where 
the carbon dioxide produced by the oxidation of 
carbon monoxide is measured (3). The gas from 
the sample line enters the system through a piston- 
type pressure stabilizer and flows through the 
sampling stopcock, a  tem perature and pressure 
compensator, a gas pressure safety trap, and 
grooved stopcock S 2 for the regulation of the line 
pressure.

The principle and operation of the absorption- 
conductivity cell, as well as the electrical circuit, 
have been described (3).

A n  analyzer for the continuous determination of carbon monoxide 
in the range 0 to 3.5%  and in the presence of a large concentration 
of hydrogen is described. The sample is diluted with air, the carbon 
monoxide oxidized to carbon dioxide over hot copper oxide, and 
the carbon dioxide determined by an electroconductometric 
method.

O P E R A T IO N

The operating conditions for the determination of carbon mon
oxide in concentrations up to  3.5% are:

0.04 .V sodium hydroxide 
15 ml. per minute 
C onstant; between 28° and 32° 
300° to  350° C.
10 liters per hour

4.8 ec.
6 per minute 
60 ohms 
600 ohms

Electrolyte 
Electrolyte flow rate 
Cell tem perature 
Temperature of copper oxide 
Air flow rate
Volume of each sample injec

tion
Frequency of injections 
Bridge slide-wire resistance 
Bridge end-coil resistance

Although specific rates of flow of air and gas sample through 
the analyzer are not required, the rates should be constant and 
m ust be sufficient to replace entirely the gas in the compartments 
of the sampling stopcock in the 10-second intervals between 
sampling.

In starting the analyzer, the air and electrolyte flows are first, 
adjusted to their proper rates. The distance between the meas-

Table I. Comparison of Carbon Monoxide Concentrations 
Determined by Orsat and Electroconductometric Analyses

Time CO by Orsat (Fisher) CO by Analyzer
Hours % %

0 2 .4 2.45
4 2 .5 2.45
8 2.1 2 .05

12 2.1 2 .05
16 2 .2 2.25
20 2 .2 2 .25
24 2 .3 2 .20
28 2 .3 2 .15
32 2.2 2 .20
36 2 .3 2 .20
40 2 .5 2 .25
44 2.2 2 .25
48 2 .1 2 .20
52 2 .1 2 .25
56 2 .2 2 .25
60 2 .3 2 .30
64 2 .3
68 2 .4 2 .30
72 2 .3 2.30
76 2.1 2 .20
80 2 .2 2 .15

FR O M ___
SAM PLE LIN E

TO CONDUCTIVITY 
C E L L

CONDENSATE 
T R A P

SAFETY
TRAP

Figure 2. Sample Metering and Preparation System
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uring electrodes is then  adjusted so th a t the recorder indicates 
zero. The gas flow from the sample line is started, and grooved 
stopcock Sz is adjusted so th a t the top  of the mercury column of 
the tem perature and pressure compensator is a t  the calibration 
mark. The sampling stopcock is started  and the analyzer is in 
operation.

The analyzer is calibrated w ith gas mixtures of known com
position.

The accuracy of the calibration was checked during regular 
p lant operation by comparison w ith analyses obtained by means 
of a Fisher precision gas analysis un it over a 3-day period 
(Table I).

There is good reason for believing th a t the accuracy of the elec- 
troconductometric method is better than  th a t of the Orsat 
method.

M A IN T E N A N C E

The sample metering and preparation train  is so m ounted th a t 
the pressure stabilizers, flowmeter, and compensator are readily 
visible. The gas sample and air flows seldom require adjustm ent, 
b u t the pressure in the gas sample line m ust be adjusted a t S 2 
(Figure 2) when significant changes in tem perature or atm os
pheric pressure occur. The rate of flow of electrolyte and the 
zero setting of the recorder are checked daily. The zero setting

of the recorder is obtained by stopping the rotation of the sam
pling stopcock for sufficient tim e for all the carbon dioxide to  be 
flushed from the tra in  leading to the absorption-conductivity cell. 
The solution in  the potassium hydroxide scrubber is changed 
once each week, and the sampling stopcock is lubricated as re
quired. The catalytic unit in which the carbon monoxide and 
hydrogen are oxidized requires no attention  other than  the 
maintenance of its tem perature. The original charge of copper 
oxide catalyst has shown no decrease in activity in more than  a 
year of continuous use.

A C K N O W LE D G M E N T
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Continuous Determination of M ethyl Bromide 
in the Atmosphere

D W IG H T  W IL L IA M S , G E O R G E  S. H A IN E S , a n d  F. D. H E IN D E L  
Research Department, Westvaco Chlorine Products Corporation, South Charleston, W. Va.

A  method and apparatus for the continuous determination of the 
concentration of methyl bromide at several points in the atmosphere 
are described. The methyl bromide is converted to hydrogen bro
mide by adding hydrogen to the sample and passing the mixture 
through a quartz tube which is maintained at a temperature above 
800° C. The hydrogen bromide is continuously absorbed in a stream 
of water and the electrical conductivity of the water solution meas
ured by means of a recording conductivity meter. Concentrations as

low as 1 part per million may be detected and concentrations up to 
600 parts per million have been determined with a precision of 
± 5 %  of the amount present. The method is not specific for methyl 
bromide but gives the total chlorine and bromine compounds in the 
air, A  similar apparatus in which the hydrogen is omitted and the 
air stream is saturated with water vapor is used for the determination 
of chlorinated hydrocarbons when brominated hydrocarbons are 
absent.

TH E  determ ination of low concentrations of m ethyl bromide 
in the atmosphere by combustion on passage through a 

quartz tube followed by titra tion  of the bromine by the Kolthoff- 
Y utzy (1) procedure has been described (5). This method has 
numerous disadvantages when considering the safety of personnel 
exposed to  the vapors. The most serious of these is the tim e lag 
between the sampling operation and the completion of the analy
sis.

Since the m ethyl bromide was converted on combustion either 
to hydrogen bromide or to free bromine, which could presumably 
be readily converted to hydrogen bromide, it  appeared th a t elec
trical conductivity offered a ready means for the continuous de
term ination of m ethyl bromide. The possibility of determining 
carbon tetrachloride in air continuously and autom atically by 
measuring the electrical conductivity has been suggested by 
Olsen, Smyth, Ferguson, and Scheflan (%). Thomas, Ivie, 
Abersold, and Hendricks (4) have described an. autom atic 
apparatus suitable for determining volatile chlorine compounds 
by combustion and conductivity measurements. However, they 
absorbed the combustion products batchwise and obtained their 
quantitative results from the rate  of change of conductivity. I t  
appeared th a t this procedure could be improved if the combus

tion products could be absorbed in a continuous flow of water. 
This would involve the continuous passage of a constant stream 
of the air sample through the furnace and the continuous pum p
ing of a constant stream  of w ater through the absorber. Ob
viously this method is not specific for bromide, as is the Kolthoff- 
Y utzy procedure, bu t it should prove useful where m ethyl bro
mide is the most probable atmospheric contam inant and will in 
any case give results on the high side, which is in the interest of 
safety.

A consideration of the concentration of m ethyl bromide which 
it  was desired to  detect and of the probable optimum air and 
liquid flows indicated th a t a conductivity cell having a  cell con
stan t of about 0.1 reciprocal centimeter was required. The con
ductivity cell was designed to perm it the complete absorption of 
the combustion products, reduce holdup to  a minimum, and 
perm it the compact assembly of the apparatus.

Low and erratic recoveries of methyl bromide were obtained 
in early tests based on the assumption th a t the methyl bromide 
was quantitatively converted to hydrogen bromide. This 
was traced to the formation of free bromine. The addition of 
hydrogen to the air stream eliminated this source of error.
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A. Hydrogen inlet
B . A ir inlet
C . Rotameter

Figure 1. Diagram of Analyzer

D. Burner
E. Furnace
F. Absorber conductivity cell

G . Water bath
H. Water pump
/. Water inlet

A P P A R A T U S 1

A scale diagram of an individual system of the analyzer is 
shown in Figure 1. Details of construction of the parts and the 
flow of w ater and gases through the system are indicated.

W a t e r  P u m p .  The piston and cylinder are made from a 5-ml. 
Pyrex hypodermic syringe. The stops are adjusted to give a 
stroke of about 1 ml. The hollow core of the piston is filled with 
iron wire (No. 22 B. and S. lacquered iron wire was used) and 
the glass sealed together again. The check valves are made by 
grinding glass marbles into the preformed valve seats before 
assembly. The authors found single-colored marbles superior 
to the varicolored variety. H and grinding on a stationary rub
ber plate using 240-, 400-, and 600-mesh Carborundum powder, 
in th a t order, and then rouge gave good results. Each valve seat 
is tested individually and, if found defective, is reground before 
assembly. The test is made under a 150-cm. (5-foot) head of 
w ater using a 20-mm. head tube. A drop of 30 cm. (12 inches) 
in the w ater level in the head during 24 hours is cause for regrind
ing the valve. This all-glass pump assembly provides a  small, 
precise flow of w ater w ithout danger of contam ination which 
would affect the conductivity of th e  water.

All pump-valve assemblies were tested for constancy of de
livery with variation in head. In  some cases variations in delivery 
were observed which could not be traced to leaky valves or cyl
inders. Leaks resulted in deliveries less than  the displacement of 
the piston bu t deliveries greater than  the displacement, some
times as much as 2.5 times, were observed in these anomalous 
cases. I t  was observed th a t all four valves moved a t e ach ' 
stroke of the piston, two during the stroke and the other two 
just a t  the end of the stroke. I t  was concluded th a t this was 
caused by the inertia im parted to  the w ater by the rapid motion 
of the piston, which tended to  force w ater through the inlet valves 
a t the end of the stroke. This source of error was eliminated by 
inserting short lengths of capillary a t either end of the cylinder. 
This slowed the motion of the piston, reduced the inertia, and 
gave the rated delivery.

1 P a te n t  ap p lied  fo r

The piston is driven by two electromagnets which are actuated 
alternately by means of an autom atic electric tim er having a 
speed of about 1 r.p.m. (Automatic Electric M anufacturing Co., 
M ankato, Minn., Catalog No. 1005). The tim er is set a t 10 
cycles per minute. The solenoids are made by winding 2500 
turns of No. 22 enameled copper wire on an arbor 6.25 cm. (2.25 
inches) long by 2.5 cm. (1 inch) in diameter. A perforated steel 
she!17.8 cm. (3.125 inches) inside diameter by 14 cm. (5.625 inches) 
long encloses the two solenoids which are required to  drive a 
single pump assembly. There is a 2.19-cm. (0.875-inch) gap 
between the two solenoids. The length of this gap is fixed by 
means of two washers 7.8 cm. (3.125 inches) in diam eter which 
are machined to fit the inside of the shell, to which they are 
welded. The syringe passes through a  2.5-cm. (1-inch) hole in the 
center of the washers.

W ater is pumped alternately to each of two conductivity cells 
by means of a single pump. W ater passes from the conductivity 
cell to a w ater separator from which it is discharged through a 
90-cm. (3-foot) standleg to  a  small reservoir having an overflow 
to the sewer.

H y d r o g e n  S u p p l y  S y s t e m .  Hydrogen is supplied by means 
of a  cylinder or other source a t  about 2.3 kg. (5 pounds) pressure. 
The flow to the analyzer is controlled by means of a 0.3-cm. 
(0.125-inch) V-point needle valve (Hoke, Inc., Ne>v York, N. Y., 
Catalog No. 341). The hydrogen flow rate is measured by means 
of a rotameter, having a range 0 to 1000 ml. per minute.

A i r  F l o w  S y s t e m .  The air sample is conducted continuously 
through Saran tubing to  the analyzer. A rotam eter having a 
range of 0 to  1500 ml. per minute is used for measuring the air 
flow rate. The hydrogen and air flows are combined by means 
of the Pyrex burner. The gas streams should not combine until 
inside the furnace. Otherwise, burning may be erratic. Clear 
quartz ground joints (Thermal Syndicate, L td., New York) are 
used on the combustion tubes. One complete 10/30 f  quartz 
joint is required for each combustion tube, the outer member 
being a t the inlet end of the furnace and the inner member a t the 
outlet end. The burner and the conductivity cell, to which the 
combustion tube is attached by means of these standard taper 
quartz joints, are made of Pyrex.

The air stream  passes through the furnace and conductivity 
cell to the w ater separator and from there to a needle valve of the 
same type as th a t which is used to control the hydrogen flow. 
The needle valve is connected to a  manifold which is evacuated 
continuously by means of a Cenco-Pressovac pump.

C o n d u c t i v i t y  C e l l .  The electrodes are made of two 1 X 2  
cm. sheets of 0.013-cm. (0.005-inch) platinum  foil held approxi
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mately 2 mm. apart by means of glass spacers. I t  is convenient 
to adjust all the cells for a given analyzer to the same cell con
stan t which should be approximately 0.1 reciprocal centimeter. 
W ith this cell constant the authors’ laboratory-distilled water 
showed resistances of from 35,000 to  38,000 ohms corresponding 
to about 1 p.p.m. of m ethyl bromide. The exact cell constant is 
not im portant, since the range can be more readily adjusted by 
changing either the air or w ater flow rates. To adjust the cells 
to a  constant value, the electrodes are lightly platinized by the 
procedure outlined by Reilly and Rae (3), and placed inside a 
14-mm. outside diam eter glass tube. Using 0.0001 N  hydro- 
bromic acid as the electrolyte, the platinum  is trim med from the 
low-resistance electrode pairs until all m atch the electrode pair 
having the highest resistance.

The platinum  black is then removed by electrolysis in aqua 
regia for a few minutes and the electrodes are perm anently 
mounted in 14-mm. outside diam eter tubes by sealing the 
platinum  lead wires through the glass. Sections of appropriate 
tubing are sealed to  each end of the electrode envelope to perm it 
subsequent a ttachm ent to  the balance of the cell. These ex
tended tubes should be of length to  perm it the final sealing with
out heating or drying the electrodes.

The electrode assemblies are then replatinized and calibrated 
w ith several concentrations of hydrobromic acid before final as
sembly. This calibration should be carried out a t 25° C., since 
Micromax conductivity recorders are calibrated to show the cor
rect resistance a t  this tem perature.

The concentrations of hydrobromic acid are calculated to 
correspond to  the proper m ethyl bromide concentrations accord
ing to  the following formula:

N  H B r X (ml. per m inute of H2Q) X 22.4 X 1,000,000 _  
ml. per m inute of air

p.p.m. of m ethyl bromide

Thus a  hydrobromic acid concentration of 0.0001 N  corre
sponds to 22.4 p.p.m. in the atmosphere when using an air flow

rate of 1000 ml. per m inute and a  water rate of 10 ml. per minute. 
The cell has a resistance of 1000 to 1500 ohms a t this concen
tration and 25° C. The range of the Micromax recorder which 
was used in  conjunction with the analyzer was 250 to  50,000 
ohms. I t  was possible by means of this combination to detect 
1 p.p.m. and the top of the range corresponded to  100 to  200 
p.p.m. The maximum safe working concentration, which was 
considered to  be 30 p.p.m., was easily read from the recorder 
chart. A scale reading in parts per million of m ethyl bromide 
was provided for the recorder as shown in Figure 7, in order to 
perm it the instantaneous reading of the methyl bromide concen
tration.

The stopcock in the conductivity cell is open during the opera
tion of the analyzer to  perm it escape of the air through this leg of 
the cell. W hen the analyzer is shut down, the stopcock is closed 
and most of the w ater is drawn out of the cell to prevent back
pressure from forcing w ater into the furnace.

The conductivity cells are immersed in a w ater ba th  equipped 
with a thermoregulator, flexible-type immersion heater, and 
electric stirrer. W ater is added to the bath  continuously to main
tain its level and prevent the tem perature from rising above 
40° C. W ithout the cooling effect of the added water, the bath 
tem perature rises, even when the heater is off, owing to  the 
heating effect of the pyrolysis furnace and the hot gases emerging 
from it to  the conductivity cells.

F u r n a c e .  The pyrolysis furnace may be constructed to  ac
commodate four, six, or more combustion tubes. Furnaces 
accommodating four and six tubes have actually been con
structed. The la tte r was built as follows: Six 1.31-cm. (0.625- 
inch) inside diam eter Alundum tubes 20 cm. (8 inches) long were 
arranged adjacently in a horizontal position and held in place 
by Transite end plates, 28.1 X 17.19 cm. (11.25 X 6.875 inches), 
each containing six holes to fit, over the tubes. The crevices 
between the tubes were filled w ith a paste made of Alundum ce
m ent No. 1055 and water. The center 10-cm. (4-inch) section 
of the tubes was wound with a helical coil of resistance wire

A . Front panel from left side

Figure 2. Interior of Analyzer
B . Rear panel from left side C . Rear panel from right side
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Figure 3. Front of Analyier

formed by winding 960 cm. (32 feet) of No. 20 Chromel A wire 
on a 0.3-cm. (0.125-inch) arbor. This helix was stretched to 
cover the desired center section of the tubes and was covered 
with a 0.6-em. (0.25-inch) layer of Alundum cement. One Tran- 
site end plate was removed and the heating unit was inserted into 
a rectangular sheet iron shell. The shell covered the front, back, 
top, and bottom  of the furnace. The remaining space inside this 
shell was filled with loose Insulag insulation and the second end 
plate replaced. An additional end plate, having six 1.31-cm. 
(0.625-inch) holes, was installed a t  either end of the heater to 
keep the tubes in place. The entire assembly was held to 
gether by two rectangular frames made of 1.25-cm. (0.5-inch) 
angle iron made to fit over each end of the furnace and held to
gether by two tie bolts, one on top and one on the bottom , and 
running lengthwise of the furnace. The furnace was mounted 
on a  panel by means of angle irons welded to  the end frames.

The voltage to  the furnace was controlled by means of a Variac 
autotransform er, type 200 CM (General Radio Co., Cambridge, 
Mass.). The tem perature was measured by a chromel-alumel 
thermocouple and a  high-resistance pyrom eter (Model No. 30, 
0° to  1200° C., Wheeleo Instrum ents Co., Chicago, 111.).

The six systems comprising the six-point analyzer are in
stalled in a cabinet 95 cm. (38 inches) wide, 65 cm. (26 inches) 
deep, and 92.5 cm. (37 inches) high. Figure 2 shows three inte
rior views of the analyzer cabinet. A t the left is the rear of the 
front panel, including the hydrogen and vacuum manifolds and 
the rear of the Variac autotransform er and the pyrometer. In 
the center is shown the inside of the rear panel, on which is 
mounted the pyrolysis furnace near the top and the constant- 
tem perature bath  in the background. In  the lower foreground 
are the three pump and valve assemblies. A t the right is shown 
t he interior of the rear panel from the right side w ith the pyroly
sis tubes leading from the furnace to the conductivity cells which 
are immersed in the constant-tem perature bath. In  the fore
ground are the air-w ater separators.

Figure 3 shows the outside of the front panel containing all the 
necessary electrical switches, adjusting devices, and indicating 
instrum ents except the w ater bath  thermometer, which is inside. 
At the upper left of the panel are the hydrogen rotam eters and 
needle valves. A t the lower left are the air rotam eters and needle 
valves. A t the upper center are the vacuum gage, w ater flow in
dicator for the constant-tem perature bath, and the water-con
trolling valve. At the upper right of the panel are the pilot lights 
for the various electrical circuits, the pyrom eter for the furnace, 
and the autotransform er for controlling the furnace tem perature. 
A t the lower right are the switches for the w ater pumps, pyrom
eter, vacuum pump, bath  heater, furnace, and lights.

In  Figure 4 is shown a wiring diagram of the analyzer. The 
solenoid coils m ust be wired so th a t the switches will break the 
connection in  both wires, as shown. Otherwise, when one or two 
pumps are off the other one or two will operate a t about twice the 
w attage and only one half the power.

Saran tubing has been found useful in the construction of the 
analyzer for conducting water, air, and hydrogen flows. Saran 
is connected to  glass or other tubing by means of short lengths of 
rubber tubing, as m ay be seen in  Figure 2.

EX P E R IM E N TA L

The apparatus used in the experimental work consisted of three 
main sections—namely, air purification, sample addition, and anal
ysis section. The air used in the experimental work was purified 
of any m aterial which would affect the electrical conductivity of 
the pyrolyzed product, by passing it  through a quartz tube which 
was m aintained a t  a  tem perature of about 1000° C. T he air 
feed to this pyrolysis tube was saturated  w ith w ater vapor to  
ensure complete pyrolysis. The air leaving the pyrolysis tube 
was bubbled through 6 N  sodium hydroxide to  remove any acidic 
gases.

Addition of methyl bromide to  the air stream  was accomplished 
by two means. The more satisfactory consisted of adding a small 
flow of highly concentrated m ethyl bromide vapor.

A weighed capsule of m ethyl bromide was introduced into a 
250-ml. graduated separatory funnel. A fter breaking the cap
sule of methyl bromide inside the evacuated separatory funnel, 
the top of the funnel was connected to the analysis section of the 
apparatus and purified air allowed to enter. Mercury was passed 
from an elevated reservoir through an orifice-type flowmeter into 
the bottom  of the separatory funnel, displacing the air-m ethyl 
bromide m ixture into the purified air stream. The mercury rate 
was controlled by means of an adjustable-flow stopcock. Thus 
the rate  a t  which the m ethyl brom ide-air mixture entered the 
gas stream  was read on the mercury flowmeter. This was 
checked against the graduations on the separatory funnel and 
the time required for delivery.

The second method of m ethyl bromide addition was based on 
the displacement of a  more dilute air-m ethyl bromide mixture 
into the analyzer a t a  high rate by means of acidified, saturated 
sodium chloride solution. The brine was passed from an elevated 
reservoir through a calibrated rotam eter into the sample con
tainer, which was a 20-liter Pyrex bottle. The brine ra te  was con
trolled by means of a screw clamp on the rubber tubing leading 
to the sample container.

In  operation, air passed through the air flowmeter, humidifier, 
pyrolysis tube, and absorber. The methyl brom ide-air mixture 
of known composition was added to the purified air stream  at a 
known rate  and the mixture thus obtained was passed into the 
analysis section. A portable Leeds & N orthrup resistivity m eter 
was used to measure the conductivity during the experimental 
work. This instrum ent perm itted the measurement of concen
trations beyond 200 p.p.m. of methyl bromide, which was the 
upper limit of the Micromax recorder with the authors’ particu
lar conductivity cells.

J ]-o- a**

Figure 4. Wiring Diagram of Analyzer
A.
B.
c.
D.
E.
F.
G .

Thermocouple 
Pyrometer 
Solenoid coils 
Timer
Panel lights 
Interior lights 
Autotransiormer

H . Furnace 
/. Thermoregulator 
J. Bath heater 
K , Stirrer 
L. Vacuum pump 
M . Pilot lights 
N. Fuses
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Tim e, min.
Figure 5. Effect of Furnace Temperature

In  the initial work, before hydrogen was added to  the air 
stream, recoveries were low and erratic, varying from 20 to  80% 
of the am ount taken. The relatively high dissociation constant 
of hydrogen bromide a t elevated tem peratures suggested th a t the 
formation of free bromine m ight account for the erroneous re
sults. To tes t this possibility, a  second absorber charged with 
dilute sodium hydroxide was placed in the train . A substantial 
am ount of free bromine was found in this absorber. Prevention 
of bromine formation or its reduction to hydrogen bromide after 
it is formed is essential to  the utilization of the conductivity 
method for m ethyl bromide. Olsen, Smyth, Ferguson, and 
Scheflan (2) have shown th a t the formation of free chlorine dur
ing the therm al decomposition of carbon tetrachloride in air can 
be prevented if a  sufficiently high hu
midity is maintained. However, humidi- 
fication of the air did no t appear promis
ing in this application. Addition of 
large amounts of moisture in the train  
resulted in  a slight increase in re
covery of added m ethyl bromide, bu t 
caused complications due to  condensa
tion of the moisture in cooler parts of 
the train.

The use of hydrogen appeared to  be a 
good possibility in preventing the forma
tion of bromine or in reducing it  to  hy
drogen bromide after it  is once formed.
The hydrogen could presumably be regu
lated to  provide the desired excess of 
oxygen or of hydrogen in the furnace.
Q uantitative recovery of methyl bro
mide required the addition of sufficient 
hydrogen to  react w ith all the oxygen 
of the air. The use of 30% excess hy
drogen caused no deleterious effects and, 
accordingly, a  slight excess of hydrogen 
was adopted.

In  order to  ensure complete absorp
tion of the hydrogen bromide the first 
conductivity cell contained a built-in

absorber consisting of an Alundum 
extraction thimble through which the 
air stream  diffused into the w ater in 
the cell. In  this system w ater was 
fed directly to  the cell a t the top of 
the spray bulb, ra ther than  into the 
quartz tube near the furnace. E rratic  
results were obtained with this system. 
Calculation showed th a t the dew point 
of the air stream  leaving the furnace 
was 70° or 80° C., owing to  the com
bustion of hydrogen. The cell was 
therm ostated a t 40° C., thus causing 
condensation of moisture inside the 
air line as it  entered the bath. Drops 
of water were observed to form a t in
tervals in the air line and to  run down 
into the diffuser. Raising the tem pera
ture of the bath  above the dew point 
eliminated condensation and gave uni
form results bu t equilibrium was a t
tained only very slowly under these
conditions. The cause of this lag is 
no t well understood, bu t it  appeared to 
be associated w ith the diffuser. Ac
cordingly, this unit was eliminated and 
the w ater was added as near the furnace 

as possible, before any condensation is likely. Thus th a t portion
of the air line in which condensation does occur is continually
flushed w ith w ater into the conductivity cell. This system gave 
concordant results and rapid response to  changes in concentration.

Upon bringing the furnace up to  operating tem perature, no 
methyl bromide was recovered below 690° C. Reaction between 
hydrogen and oxygen started  a t 690° C. b u t was somewhat erratic 
until the tem perature reached 800° C. Recovery of methyl 
bromide during this tem perature interval was approximately 
quantitative although somewhat erratic. Burning was smooth 
as the tem perature was raised to 1100° C. and again reduced to 
670° C. and recovery of m ethyl bromide was precise over this in
terval as shown in Figure 5. These data  indicate th a t a mini

Figure 6. Range and A ccu racy  of Method
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mum  furnace tem perature of 800° C. is desirable, although if 
burning has already been initiated, it may continue to occur a t 
lower tem peratures.

The erratic results between 690° and 800° C. m ay have been 
associated w ith the type of burner used for this test. The sys
tem of burning involved mixing the gases before entry into the 
furnace. Backfiring to the point of mixing was prevented by 
passing the mixed gas through a small quartz capillary a t a  high 
velocity. The capillary ended just inside the furnace. The 
capillary alone did no t provide sufficient velocity to prevent 
backfiring, which was finally prevented by inserting a small piece 
of platinum  wire inside the capillary. While this system gave 
satisfactory burning, the small capillary plugged a t frequent in
tervals, causing excessive maintenance costs. The use of the 
burner, which is shown in Figure 1, prevented mixing of the air 
and hydrogen until they had entered the hot section of the quartz 
tube, successfully prevented backfiring and plugging of the tube, 
and reduced maintenance on the apparatus.

The recovery of m ethyl bromide over the range 14 to 600 
p.p.m. is illustrated graphically in Figure 6. A logarithmic scale 
is utilized for the m ethyl bromide concentration in order to illus
tra te  the wide range of the method as well as the accuracy and 
precision a t low levels. The errors up to  50 p.p.m. do not ex
ceed 1 or 2 p.p.m. and the errors a t  higher levels do no t exceed 
10% of the am ount taken. Errors are predom inantly positive. 
This suggests a slight error in calibration. This constant error 
could be eliminated and a  precision of ± 5 %  obtained by em
pirical calibration.

From  Figure 6 it  is seen th a t the apparatus responds rapidly to 
changes in the composition of the atmosphere. Equilibrium after 
a  change in composition was established in 4 to  5 minutes and 
about 80% of the change took place in 1 to  2 minutes. A some
w hat longer time, up to 8 minutes, was required for equilibrium to

Fisure 7. Recorder Scale and Record

be established when starting  from zero concentration and 12 to 
15 minutes were required for the apparent concentration to drop 
to  a negligible value after shutting off the methyl bromide.

Orifice meters m ay be used for measuring the gas flows but. 
m ust be specially constructed to reduce the space requirements to 
a minimum. Another disadvantage of orifice meters is th a t they 
create an additional pressure drop through the system, thus in
creasing the height of the standleg required for the discharge of 
the water. The water rises only 15 to  30 cm. (6 to  12 inches) in 
the standleg of the apparatus described herein, while in an earlier 
model in which orifice meters and other constrictions were pres
ent to increase pressure drop, the rise was 240 to 300 cm. (8 to 
10 feet). Rotam eters have an additional advantage over the 
liquid-filled orifice meters, in  th a t liquid is no t blown into the 
train  if the capacity of the m eter is tem porarily exceeded. The 
manufacturers furnished calibrations for both the air and hy
drogen rotameters. The calibrations were checked and those 
for the air flowmeters were found to be accurate. The hydro
gen rotameters, which were furnished by two leading manu
facturers, indicated 1.5 to  2.5 times the volume of hydrogen ac
tually observed. This is apparently due to the fact th a t the 
manufacturer calibrated both rotam eters against air and calcu
lated the calibration for hydrogen from this, whereas the au
thors calibrated both types of rotameters w ith the gas which they 
were to measure.

Several different types of solenoids were tested during the 
course of the experimental work. A number of commercial 
solenoids overheated, causing the water to boil out of the pump. 
The solenoid assembly which was finally adopted is one of several 
experimental models. The pump using this solenoid assembly 
will pump accurately under a 240-cm. (8-foot) head of w ater a t a 
ra te  of 10 cycles (20 strokes) per minute. I t  will pump under a 
higher head b u t does not make a  complete stroke.

An aspirator was used as the vacuum source during the experi
m ental work. Fluctuations in w ater pressure caused fluctua
tions in the air-flow rate. A throttling air-flow rate controller 
was built to  eliminate this irregularity. The vacuum was turned 
on a t a  rate greater than the desired air rate and the excess air 
was bled in through the controller. Experience showed th a t a 
vacuum pump, such as a Cenco-Pressovac, is a  far more satisfac
tory source of vacuum. A constant vacuum can be obtained in 
this manner and precise control of the air flow is possible even 
w ithout the controller, provided good needle valves are used to 
proportion the flow among the several systems.

I t  is necessary to  use a  good grade of distilled water. A 
Barnstead w ater still was used and no special precautions were 
taken w ith the distilled w ater supply. The blank on the distilled 
water supply did no t exceed 2 p.p.m. of m ethyl bromide. I t  is 
possible, however, th a t distilled w ater might be obtained under 
certain conditions which would contain sufficient electrolyte to  in
terfere w ith the measurement of the conductivity. For this 
reason, it  is desirable to run an occasional blank on the distilled 
water supply. This can be accomplished by closing the air
flow needle valve until the air flow is reduced to  a  minimum and 
then pinching off the air flow entirely a t the furnace entrance. 
The hydrogen continues to bubble through the train  and to sweep 
the water out of the system.

Figure 7 is a photograph of a portion of the record obtained 
with a four-point analyzer. The various points are indicated by 
a number beside the recorded dot. In  the six-point analyzer 
both the numbers and dots have distinctive colors.

The Micromax recorder is equipped w ith a contact which 
sounds an alarm when the m ethyl bromide concentration rises 
above 30 p.p.m. This protects personnel not in view of the re
corder, as when sampling in different buildings or in remote 
areas of the same building. By means of long, flexible sampling 
tubes, surveys of vapor concentrations in different areas can be 
made. ' This same system has proved very valuable in detecting 
and locating leaks in equipment and containers. A similar
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apparatus has been used very successfully in the continuous 
determination of carbon tetrachloride. In  this application, no 
hydrogen is required, providing a relatively high hum idity is 
maintained. This can readily be accomplished by bubbling the 
sample through w ater prior to combustion. The determination 
of other volatile chlorinated hydrocarbons could presumably be 
determined similarly.
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Determination of Low  Concentrations of 
M ethyl Bromide in the Atmosphere

D W IG H T  W IL L IA M S  
Research Department, Westvaco Chlorine Products Corporation, South Charleston, W. Va.

Methyl bromide in concentrations as low as 1 part per million is 
determined by combustion in a quartz tube at 950° to 1000° C. 
and absorption of the combustion products in dilute sodium hy
droxide. The bromine content of the sodium hydroxide solution 
is determined by the Kolthoff-Yutzy procedure. The method is 
readily adjusted to any concentration level by adjusting the sample 
size. Recovery of larger amounts is 9 8 %  complete.

A M ETHO D  for the determination of methyl bromide in the 
atmosphere in low concentrations was desired to  detect the 

presence of hazardous concentrations when manufacturing and 
handling this compound. Stenger, Shrader, and Beshgetoor
(2) recommended hydrolysis of m ethyl bromide w ith mono- 
ethanolamine followed by titra tion  of the bromides formed by 
hydrolysis. They applied this method to  the determ ination of 

* m ethyl bromide a t relatively high concentrations. Preliminary 
tests indicated th a t the method was useful a t high concentrations 
where the bromides could be titra ted  by the Volhard method. 
However, a t low concentrations, it  was necessary to  titra te  the 
bromide by the procedure of Kolthoff and Y utzy (I) and to  re
move the monoethanolamine before applying this la tte r method. 
The removal of the monoethanolamine proved troublesome and 
other means for analysis were sought.

Combustion (or pyrolysis) a t high tem peratures in a quartz 
tube has been widely applied to  the determination of the chlo
rine content of chlorinated hydrocarbons in the atmosphere. 
A pparently no a ttem pt has been made to  apply this principle to 
brom inated hydrocarbon vapors. While somewhat more elabo
rate  apparatus would be required than  in a hydrolysis proce
dure, no foreign substance need be introduced and the sample 
size could be varied more readily. In  addition, experience 
showed th a t a t low concentrations where it was necessary to ap
ply the Kolthoff-Yutzy titration  procedure, combustion was 
more rapid th an  hydrolysis.

A P P A R A T U S  A N D  R E A G E N T S

The sample bottle, combustion tube and furnace, diffuser and 
absorber, flowmeter, and needle valve illustrated in Figure 1 are 
required.

C o m b u s t i o n  F u r n a c e .  A 20-cm. (8-inch) tube furnace was 
made by winding resistance wire around a 20-cm. (8-inch) length 
of 2.5-cm. (1-inch) quartz tubing and insulating w ith Alundum 
cement and magnesia pipe lagging. The voltage to the furnace 
was controlled by means of a Variac, type 200-CM. The tem 
perature was measured by means of a chromel-alumel thermo
couple and a milliammeter. The milliammeter was calibrated 

• against an L. & N. portable potentiom eter.
C o m b u s t i o n  T u b e .  A 50-cm. (20-inch) length of 4-mm.

inside diam eter quartz tubing was bent a t a 90° angle 2.5 cm. (1 
inch) from the exit end. This tube should extend 15 cm. (6 
inches) beyond the furnace on the exit side to perm it dissipation 
of the heat of the exit gases.

D i f f u s e r  a n d  A b s o r b e r .  The diffuser is a  6 X 37 mm. 
Alundum extraction thimble No. RA98 sealed to  the end of a  
32-mm. length of 7-mm. glass tubing. The absorber is made 
from a 14-cm. length of 14-mm. glass tubing.

Flowmeter, Scientific Glass A pparatus Co., Catalog No. J -  
1912.

Needle valve, Hoke, straight, 0.3 cm. (0.125 inch), V-point, 
No. 341.

Sodium hydroxide, approximately 0.1 N .
Sodium hypochlorite about 5 %. A commercial bleaching agent 

(Clorox) was used.
Sodium dihydrogen phosphate, N aH 2P 0 4.H20 , 200 grams per 

liter.
Sodium formate, 500 grams per liter. This solution is usually 

turbid  and is filtered before using.
Ammonium molybdate, 50 grams per liter of M 0 O 3.
Potassium iodide, 300 grams per liter.
Sulfuric acid, 6 N .
Sodium thiosulfate, 0.01 N  containing 0.4 gram per liter of 

sodium carbonate.
Starch, 10 grams per liter.
The sodium phosphate, sodium formate, potassium iodide, 

and sulfuric acid are added by means of dispensers consisting 
of pipets cut off a t the bottom  of the bulb. The pipet is fitted 
in a one-hole rubber stopper, so th a t the bulb is a t the bottom  
of the reagent bottle. A notch is cut in the stopper to  perm it 
equalization. When dispensing the reagent the analyst closes the 
top of the filled dispenser with his finger, raises the dispenser, 
and discharges it  into the reaction flask.

PRO CEDURE

Set up the combustion furnace, absorber, flowmeter, and 
needle valve shown in Figure 1. Charge the absorber w ith 10 ml. 
of 0.1 N  sodium hydroxide. If the sample is to be taken directly, 
connect the inlet side of the furnace by rubber or Saran tubing 
directly to  the point a t which th e  sample is to  be taken. Turn 
on the needle valve and adjust the air flow to 500 ml. per minute. 
S tart the stop w atch simultaneously. Continue the air flow for 
4 minutes or longer, depending on the sensitivity which is re
quired. If the sample is taken in a bottle, connect it  to  the 
furnace through an L-tube a t F  and attach  a bottle containing 
acidified saturated sodium chloride a t  E. Open stopcock D. 
T urn  on the needle valve until an air ra te  of about 500 ml. per 
m inute is obtained. When the sample bottle has been filled with 
brine, stop the brine flow by closing stopcock D, then tu rn  off the 
needle valve. Disconnect the sample bottle from the furnace 
•to allow the air pressure to equalize.

Disconnect the absorber, first from the quartz tube, then from 
the flowmeter. Pour the liquid from the absorber into a 250- 
ml. conical flask. P ipet 5 ml. of distilled water into the diffuser 
and force it  through the diffuser into the absorber by means of a 
rubber bulb. Combine this washing w ith the absorber liquid 
and wash three more times in the same manner, transferring each 
washing separately to  the flask.
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To the combined absorber liquid and washings add 5 ml. of 
sodium hypochlorite solution by means of a pipet. Add 8 to  10 
ml. of sodium dihydrogen phosphate and heat the solution just 
to  boiling. Add 3 to  4 ml. of sodium form ate and again bring to 
a  boil. Cool to  room tem perature in a  stream  of water. To the 
cooled solution add 100 ml. of cold w ater (about 10° C.). Add 
2 drops of ammonium m olybdate solution, 8 to  10 ml. of potas
sium iodide solution, and 20 to 25 ml. of 6 N  sulfuric acid. T i
tra te  prom ptly w ith 0.01 N  sodium thiosiilfate solution. Add 3 
to  4 ml. of starch solution ju s t before the end point is reached and 
ti tra te  until th e  last visible trace of pink or blue color ju s t dis
appears.

A reagent blank containing all the reagents including the 
0.1 N  sodium hydroxide is prepared and carried through the titra 
tion procedure and is subtracted from the sample titration .

Ml. of 0.010 N N a ^ S /h  X 41.5 
liters of sample

=  p.p.m . of m ethyl bromide

EX P E R IM E N TA L

The sampling apparatus shown in Figure 1 was employed to 
obtain  the small concentrations required for this work.

A weighed quantity  of m ethyl bromide is sealed in a glass cap
sule following the procedure employed by Stenger, Shrader, and 
Beshgetoor (I). The sealed capsule is placed in the 9-liter bottle, 
G, the bottle is closed by means of the standard-taper jo in t as
sembly, and the capsule broken by shaking the bottle. The 2- 
Uter bottle, H, is partially  evacuated to  a predeterm ined pres
sure, depending on the concentration desired in H, by applying 
suction a t E. The pressure in G is measured by means of the 
Zimmler-type m anom eter w ith stopcock A  open and B  closed; 
A  is now closed and B  opened to  obtain the pressure in  H. B oth 
A  and B  are now opened (C is kept closed throughout these manip
ulations) and the pressure again measured. The concentration 
of m ethyl bromide in  G in parts per million is given by the follow
ing formula, calculated a t  27° C. and 750 mm. pressure:

Ci =
grams of CH3Br X 263,000 

L

cm.
5 10 15

Figure 1. Sampling, Combustion, and Absorption Apparatus

The volume, L, of G in liters is determined approximately by 
filling w ith w ater from a graduate.

The concentration in H  is calculated as follows:
,  _  (P . ~  pdCi 

P i
where P j is pressure in G before adjustm ent 

pi is pressure in H  before adjustm ent 
P 2 is pressure in both G and H  after adjustm ent

To determine the volume of air which m ust be passed through 
the system to recover all the methylbromide, approximately 500 
p.p.m. of m ethyl bromide were introduced into H  and air was 
swept through the system a t the ra te  of 1000 ml. per m inute for 
2.5-minute intervals. The air flow was stopped after each inter
val and fresh caustic introduced into the absorber. Each por
tion of caustic was titra ted  separately for bromides. The data 
obtained (Table I) indicate th a t a  minimum of 17.5 liters of air 
m ust be passed through the system for maximum recovery. 
A 20-liter air sweep was used in subsequent tests.

The Kolthoff-Yutzy procedure is best applied to small volumes. 
I t  appeared th a t some care might have to  be exercised in the de
sign of the absorber and in the manipulations to avoid a subse
quent evaporation prior to  the oxidation and titration. Several 
portions of sodium bromide, equivalent to  460 micrograms of 
m ethyl bromide, were diluted to  various volumes and analyzed 
in the usual manner. Negative errors were obtained a t all dilu
tions and the m agnitude of the errors increased sharply above 
80 ml. (Figure 2). These data  indicate th a t the volume should be 
kept as small as possible for the best results.

The absorber (Figure 1) requires about 10 ml. of fluid to fill 
to the bottom  of the spray bulb. To determine the minimum 
volume of w ater required for washing the diffuser a 2-liter sample 
containing 500 p.p.m. of m ethyl bromide was analyzed in the 
usual m anner except for the washing. The diffuser was washed 
with six 5-ml. portions of water. The caustic in the diffuser, the 
first and second, the th ird  and fourth, and the fifth and sixth 
washings were oxidized and titra ted  separately. The data  ob

tained (Table II) indicate th a t 
even six washings m ay not re
move all of the bromides. How
ever, since in the final procedure 
each w ashing is tran sfe rred  
separa te ly , few er w ashings 
would be required and, since 
excessive dilution introduces an 
error, the use of four separate 
5-ml. washes was ado pted.

A study of the effect of fur
nace tem peratureindicated tha t 
satisfactory results were ob
tained above approximately 
900° C. R e c o v e r y  b r o k e  
sharply below this tem perature 
and no recovery was obtained 
below a tem perature of about 
700° C. Tebbens (3) reported 
th a t platinum  reduces the mini
mum tem perature required for 
the decomposition of carbon 
tetrachloride in the air. No 
change was observed in the 
minimum tem perature required 
for complete combustion of 
m ethyl bromide when 2 grams 
of scrap platinum  wire were in
troduced into the combustion 
tube. Subsequent work was 
done a t a tem perature of 950° 
to 1000° C.

The data  in Table I I I  show 
th a t the recovery decreases with

Legend 
A,B,C. 2-mm. stopcocks 
D. 2mm. capillary stopcock
G. 9 liter bottle
H. 2-liter bottle
I. manometer,Zimmler 

J .  furnace
K. absorber 
L. flowmeter 
M. needle valve

M
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Table I. Volume of A ir  Required to Sweep Methyl Bromide from

C um ulative

2-Liter Bottles
R ecovery 

Incre- C um u- C um ulative
R ecovery 

Incre- Cum u-
Volume m ental lative Volume m ental lative

M l. % % M l. % %
2,500 54.3 54.3 12,500 1 .0 93 .3
5,000 28 .0 82.3 15,000 1.0 94 .3
7,500 7 .0 89.3 17,500 0 .3 94.6

10,000 3 .0 92.3 20,000 0 .0 94.6

Table II. Effect of Washing Diffuser
Recovery, %

Absorber 53 .1
F irs t and  second washing 28 .8
Third  and  fou rth  washing 5 .4
F ifth  and  six th  w ashing 2 .7

increasing air flow rate. W hite vapors were observed above the 
absorber liquid a t the highest air flow ra te  (2000 ml. per minute), 
suggesting incomplete absorption of hydrogen bromide. How
ever, no significant am ount of hydrogen bromide was recovered 
in a second absorber and white vapors were observed there also. 
Ho satisfactory explanation can be advanced for this phenome
non. While recovery a t the lowest rate (500 ml. per minute) 
was not quantitative, it  appears th a t further reduction in flow 
rate  is not likely to improve recovery further.

The accuracy of the method was determined using the sam
pling apparatus shown in Figure 1. In  each case 20 liters of air 
were drawn through the 2-liter bottle, H, a t a  rate of 500 ml. per 
minute. An average recovery ' of about 98%  of the am ount 
taken was obtained a t  the higher concentrations (Table IV ). A 
possible explanation for these slightly low recoveries a t  high 
concentrations is suggested below. Errors a t lower concentra
tions tend to  be positive and do not exceed 2 p.p.m . The positive 
errors m ay be due to  the presence of a small am ount of methyl 
bromide in the laboratory atmosphere. Since the volume of 
air which was passed through the furnace was 10 times the 
volume of the sample bottle, a  concentration of 0.2 p.p.m. of 
m ethyl bromide in the atmosphere would account for this error.

These da ta  show th a t this method will detect m ethyl bromide 
in concentrations as low as 1 or 2 p.p.m. when using a  2-liter 
sample. The sensitivity of the method m ay readily be increased 
several-fold by increasing the sample size. The technique of 
sweeping air through a sample bottle until free of methyl bro
mide is not practical for routine work, owing to  the long time 
required to  complete the air sweep. Two methods of sampling 
m ay be used. The easiest method, where feasible, is to  pass air 
directly from’ the point which it is desired to  sample to the com
bustion furnace. In  case this method is not feasible the air can 
be swept from the sample bottle into the furnace by filling the 
bottle w ith acidified saturated  sodium chloride solution. The 
solubility of methyl bromide in w ater is substantial, between 1 
and 2%  by weight a t  760-mm. pressure, and th a t in brine is prob
ably of the same order of magnitude. However, the solu
bility would be slight when only a  few parts per million were 
present in the air and experimentation which was carried out 
in connection with a  continuous method (4) indicates th a t there 
is no significant error from this source. An analysis of a 2- 
liter sample could be completed in 15 to  20 minutes if either of 
these sampling techniques were used.

D ilute sodium hydroxide was used as the absorbent for the 
combustion products in this work. In  an investigation of a con
tinuous method for m ethyl bromide (4) it  was found th a t part 
and perhaps all of the methyl bromide is converted to  free bro
mine on passing through the combustion furnace and th a t the 
bromine is only partially absorbed in water. The recoveries 
obtained by absorption in 0.1 N  sodium hydroxide indicate th a t 
a  higher concentration of sodium hydroxide is not necessary.

In  several applications of the Kolthoff-Yutzy procedure in  this 
laboratory departures from the conventional procedure have been

volume t ml.

Figure 2. Volume vs. Error In Titration of Bromide

made. These departures have been incorporated into the 
present procedure. For convenience, some commercial bleach
ing agent, usually Clorox, has been used as a  source of hypo
chlorite. The small bromine content of the bleaching agent is 
corrected for by means of the blank. Commercial bleaching 
agents almost always contain some chlorate and the chlorate 
m ay increase the magnitude of the blank slightly. However, 
the chlorate content is usually many times the m agnitude of the 
blank. The solution is diluted w ith 100 ml. of cold w ater prior 
to the titration . This gives a  dilution having a tem perature a 
little below 20° C., even in the summer, which is ideal for the 
subsequent iodometric titration . In  this application, no sodium 
chloride was added prior to  oxidizing the bromide. This last 
factor m ay have contributed to  the low results a t higher concen
trations noted in Table IV  bu t, since the method was intended 
primarily for low concentrations, this point was not investigated.

Table III. Effect of A ir  Flow Rate
Air Flow Recovery
M l./m in . %

2000 81
2000 81
2000 81
1000 92

500 94

Table IV . Range and Accuracy of Method

Added
M ethy l B rom ide

Found E rro r Added
M ethyl Brom ide 

Found E rro r
P.p.m . P .p .m . P.p.m . P.p.m . P.p.m . P.p.m .

0 .7 1.6 +  0 .9 18.0 18.0 0 .0
1.9 3 .4 +  1 .5 24 .5 23 .5 - 1 . 0
2 .2 3 .5 +  1 .3 40 .3 40 .3 0 .0
3 .6 5 .3 +  1.7 90 .0 87 .0 - 3 . 0
5 .4 6 .3 +  0 .9 132.0 129.4 - 2 . 6
5 .9 6 .3 +  0 .4 213.0 213.0 0 .0
9 .2 8 .3 - 0 . 9 286.9 283 .5 - 3 . 4

11.2 11.4 +  0 .2 356.4 348.4 - 8 . 0
11.8 11.3 - 0 . 5 439.0 426.0 - 1 3 . 0
17.0 17.0 0 .0 486.0 476 .0 - 1 0 . 0
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Determination of Total Sulfur in Rubber
C. L . LU K E

Bell Telephone Laboratories, Inc., New York, N. Y.

The range of the hydriodic acid reduction-iodometric titration 
method for the determination of sulfur in semimicrosamples of rubber 
has been extended to provide for the analysis of macrosamples 
containing as much as 100 mg. of sulfur.

IN A recent article (1), the author described a rapid method for 
the determination of to ta l sulfur in small samples of rubber 

where the sulfur present did not exceed about 5 mg. This method 
has proved to be so rapid and convenient th a t it  has appeared de
sirable to extend its applicability to  larger quantities of sulfur. 
Experiments have shown th a t this can be done very easily by 
making a few simple changes in technique.

R E A G E N T S

N i t r i c  A c i d - Z i n c  O x i d e - B r o m i n e  M i x t u r e .  Dissolve 20 
grams of zinc oxide in 100 ml. of nitric acid and saturate with 
bromine.

A c i d  M i x t u r e  f o r  D i s t i l l a t i o n .  Place 320 ml. of hydri
odic acid (specific gravity 1.70), 320 ml. of hydrochloric acid, and 
90 ml. of hypophosphorous acid (50%) in a  1-liter Erlenmeyer 
flask. Add a few grains of silicon carbide and boil vigorously 
w ithout cover for 5 minutes. Cool in an ice bath  to room tem per
ature. Keep stoppered in a brown glass-stoppered bottle to 
avoid oxidation of the hydriodic acid.

A m m o n i a c a l  C a d m iu m  C h l o r i d e  S o l u t i o n .  Dissolve 20 
grams of cadmium chloride dihydrate in water. Add 200 ml. of 
ammonium hydroxide and 150 ml. of 1% starch solution and di
lute to  2 liters.

N i t r o g e n .  Commercial “prepurified” lecture bottle tank 
nitrogen.

S t a n d a r d  P o t a s s i u m  I o d a t e  S o l u t i o n  (0.1 N ). Recry s- 
tallize c .P .  potassium iodate from w ater twice and dry a t 180“ C. 
to  constant weight. Weigh 7.134 grams of the pure potassium 
iodate and dissolve in water. Add 2 grams of sodium hydroxide 
and then 50 grams of potassium iodide (free from potassium 
iodate). After complete solution of all salts adjust to room tem 
perature and dilute to  2 liters in a volumetric flask.

S t a n d a r d  S o d i u m  T h i o s u l f a t e  S o l u t i o n  (0.1 N ). Dissolve 
about 50 grams of sodium thiosulfate pentahydrate in 2 liters of 
freshly boiled and cooled distilled water. Store in a clean Pyrex 
bottle. To standardize this solution, pipet 25 ml. of the standard 
potassium iodate solution into a 300-ml. Erlenmeyer flask. Add 
150 ml. of w ater and 20 ml. of hydrochloric acid and then titra te  
w ith the thiosulfate solution. As the end point is approached add 
2 ml. of 1% starch solution and titra te  carefully until the solution 
is colorless.

S t a r c h  S o l u t i o n .  Add a cold aqueous suspension of 10 grams 
of soluble starch to  1 liter of boiling water. Cool to room tem 
perature and store in a clean bottle.

PRO CEDU R E

Dissolve 0.5 gram of the rubber sample (containing 5 to 100 
mg. of sulfur) in 10 ml. of nitric acid-zinc oxide-bromine mixture 
and  15 ml. of fuming of nitric acid in a  200-ml. Erlenmeyer flask 
as described (1). After destruction of the organic m atter and 
conversion of zinc n itra te  to  oxide add 10 ml. of hydrochloric 
acid and boil down to near dryness to  expel all oxides of nitrogen. 
R epeat if necessary. Add 35 ml. of hydriodic acid mixture, and 
immediately cap with the distillation head. Place on a hot plate 
w ith surface tem peratureof 170° to 200° C. w ith the condensertube 
dipping to  within about 0.5 cm. from the bottom  of a 300-ml. tall- 
form beaker containing 150 ml. of ammoniacal cadmium chloride 
solution. Pass a  slow stream  of pure nitrogen through the solu
tion by way of the capillary pressure regulator tube. Adjust the 
flow of nitrogen so th a t it  escapes from the receiver solution a t  a 
rate of about 3 bubbles per second. (The rafe of flow is not crit
ical, providing it  is no t so fast as to prevent complete absorption 
of the hydrogen sulfide by the receiver solution; or so slow as to 
perm it the ammoniacal solution to  be sucked back into the acid 
solution.)

H eat the acid solution until fumes of ammonium chloride begin 
to appear over the ammoniacal solution and then continue for 
10 minutes longer. Remove the distilling flask and detach the 
distillation head a t once. Transfer the traces of cadmium sulfide 
from the condenser tube of the distillation head to  the ammoni
acal solution w ith the aid of a policeman and wash bottle.

B uret or pipet enough standard 0.1 N  potassium iodate solu
tion to  provide a 5- to  25-ml. excess over th a t required for oxida
tion of the sulfide, to a 500-ml. iodine flask. Add 25 ml. of hy
drochloric acid to  the iodate in the flask and wash down the 
sides with water. Im mediately pour the ammoniacal solution 
into the flask and transfer all the sulfide with the aid of a police
m an and wash bottle. (If the starch-iodine color disappears, 
showing th a t too little iodate has been used, immediately add 
more iodate from a buret to  provide about a 5-ml. excess.) Im 
mediately stopper and shake vigorously to entrap any sulfide in 
the atmosphere in the flask. T itra te  with standard 0.1 JV sodium 
thiosulfate solution. R un a blank through the whole procedure, 
using 5 ml. of potassium iodate solution for the oxidation of the 
sulfide.

If  (ml. of K103 — ml. of N a2S20 3 X K103 factor) =  A  and (ml. 
of KlOj for blank — ml. N a2S20 3 for blank X K103 factor) =  B,
then ----- 0.1603 (A -  B) _ =  cent gulfur

sample weight m grams

Table I. Determimation of Sulfur in Potassium Sulfate by the 
Proposed Method

No. Sulfur Present KIOs Used Sulfur Found E rro r
Mg. M l. Mg. Mg.

1 5 .0 5 5 .1 + 0 .1
2 5 .0 5 5 .0 ± 0 .0
3° 5 .0 25 5.1 +  0.1
4 10.0 50 10.0 ± 0 .0
5 10.0 10 10.0 ± 0 .0
6& 10.0 10 9 .9 - 0 . 1
7 10.0 10 10.0 ± 0 .0
8“ 25.0 25 25.0 ± 0 .0
9 50.0 50 50.0 ± 0 .0

10° 50.0 50 49 .8 - 0 . 2
11 100.0 75 100.2 +  0 .2
12& 100.0 75 99.9 - 0 . 1
13“ 100.0 75 99.8 - 0 . 2

° HNC>3-ZnO-Br2 m ixture used.
b D istilla te  containing CdS cooled to  10° C, before titra tion .

DISCUSSION

In  the above method the distillation is perform ai a t a fitseh 
lower tem perature than  th a t previously used and gaseous nitro
gen is used to  sweep the hydrogen sulfide out of the flask. This 
procedure eliminates the danger of loss of sulfide caused by iir- 
complete absorption in ammoniacal cadmium chloride solution 
when large quantities of hydrogen sulfide are suddenly distilled 
over.

The method cannot be used on samples which contain barium 
(and presumably lead and calcium) because the insoluble sulfate 
is bu t slowly decomposed.

The iodometric titra tion  of large amounts of hydrogen sulfide 
suggested in the previous publication is not very sound, since the 
loss of a certain am ount of iodine can hardly be avoided. A t
tem pts to  titra te  the sulfide by addition of a  measured excess of a 
standard Wijs solution (iodine monochloride in glacial acetic 
acid), followed by back-titration of the excess iodine, failed be
cause high results were obtained, due presumably to  partial oxi
dation of the sulfide to sulfate.

When large amounts of sulfide are titra ted  iodometrically the 
precipitated sulfur may occlude appreciable amounts of iodine.

298
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This error can be eliminated by dissolving the sulfur in  carbon di
sulfide, b u t a better procedure is to  keep the sulfur colloidally dis
persed with the aid of starch.

I t  is essential th a t nitrogen acids be completely expelled be
fore the distillation with hydriodic acid, otherwise sulfide will be 
oxidized to  sulfur during the distillation and unstable end points 
will be encountered in the titrations w ith thiosulfate.

A P P L IC A T IO N  O F  TH E M ETH O D  TO  IN O R G A N IC  A N A L Y S IS

The new method for the determination of sulfate (/) has proved 
very useful in the analysis for sulfur in chemicals and alloys where 
the usual methods fail. Following is an outline of the method 
used in these laboratories for the determination of 0.0005 to 0.05% 
sulfur in molybdenum permalloy—i.e., 79% nickel, 17% iron, 
and 4%  molybdenum.

Dissolve 10 grams of the m etal in 80 ml. of aqua regia. E vap
orate to  moist dryness to expel m ost of the excess acid. Add 35 
ml. of hydrochloric acid and heat to  dissolve all soluble salts. 
Add 25 ml. of formic acid and heat to  destroy the nitric acid. 
Transfer the solution to  a 200-ml. flask and reduce the volume to 
50 to  60 ml. by boiling. Add 35 ml. of acid mixture and perform

the distillation as directed in the procedure above, doubling the 
time of distillation (and also the concentration of ammonium hy- ' 
droxide in the receiver) in order to assure complete expulsion of 
the hydrogen sulfide. T itra te  as directed (1 ).

EX P ER IM EN TA L

A standard solution of potassium sulfate was prepared by dis
solving 27.18 grams of the pure dry salt in water and diluting to 1 
liter in a volumetric flask. Aliquot portions of thé solution were 
evaporated to  dryness in 200-ml. Erlenmeyer flasks. Hydriodic 
acid mixture was added and the samples were then analyzed for 
sulfur as directed in the procedure. In  some instances, 10 ml. of 
nitric acid-zinc oxide-bromine m ixture were added to  the sulfate 
sample and the nitric acid and bromine were expelled before the 
distillation and titration  (see Table I).

A C K N O W LE D G M E N T

The author is indebted to B. L. Clarke of these laboratories who 
read the manuscript.

LITER ATU RE CITED

(1 ) L uke, C . L., In i> . E n g .  C h e m .,  A n a l .  E d . ,  15, 6 0 2  (1 9 4 3 ) .

Laboratory Corrosion Tests
R. M. BU RN S  

Bell Telephone Laboratories, Inc., New York, N. V .

A  critical review of laboratory corrosion tests is presented, with 
description of methods of measurement, preparation of test speci
mens, and discussion of tests and testing facilities.

A CORROSION test is a procedure for determining the rate of 
reaction between a metallic material and a nonmetallic ele

m ent of the surrounding environment. The prim ary electrolytic 
reactions of the process consist in the anodic dissolution of me
tallic ions and the cathodic reduction of hydrogen ions, other me
tallic ions, or nonmetallic elements. These reactions occur a t 
high velocity. Secondary reactions which depend upon composi
tion, diffusion, convection, and solubility of components of the 
system proceed much more slowly and usually control the rate  of 
the corrosion process.

Most environments present a multiplicity of factors which may 
affect corrosion reactions and it  becomes necessary to  recognize 
those which are of significance in a given instance. Of composi
tional components there are two classes, those which retard  and 
those which accelerate corosion. W hen these co-exist in a nat
ural environment, as is usually the case, their relative propor
tions or activities m ay determine the character as well as the rate 
of corrosion. For example, when the ratio of re tardan t to  acceler
a to r is high there m ay be no corrosive attack ; when it  is low 
there m ay be general corrosion over the m etal surface, while for 
interm ediate values of this ratio  severe p itting action m ay de
velop. Practical corrosion tests are often more concerned with 
the determ ination of rate of corrosion in  localized areas than  in  the 
over-all corrosion rate of the metallic specimens. For example, 
tests are designed to  measure pitting, loss of tensile strength, etc.

The purposes for which laboratory corrosion tests are to  be 
used may determine their general character. If a tes t is intended 
to  be used as a control tes t to  ascertain the degree of uniformity of 
successive lots of a given m aterial it is desirable to provide close 
control and standardization of conditions and procedures. If on 
the other hand the purpose of a tes t is to  determine the relative 
suitability of materials for a certain application, then the test 
conditions should be patterned as closely as possible after the 
conditions of service.

I t  is obvious th a t there can be no universal corrosion test—

th a t is, no single test by means of which the corrodibility of a 
metal in all environments can be determined. To appraise cor
rosion resistance it  is first necessary to  know precisely the char
acter of environments to which the m etal is to be exposed. W ith 
this knowledge it  becomes possible to devise laboratory corrosion 
tests in which the variables are known and can be controlled. 
These tests m ay then be used to obtain preliminary information 
concerning the corrodibility of metallic materials or the efficacy 
of protective coatings which, if confirmed by extensive exposure 
tests in natural environments, m ay be assumed to  be dependable 
for engineering purposes.

Laboratory corrosion tests in  simulating natural environmental 
conditions are designed to provide for the exposure of metallic 
materials to controlled atmospheric or liquid media. Commonly 
both gaseous and liquid phases and even contact with solids are 
included in a single test. Changes in tem perature, humidity, or 
other variables experienced in natural environments m ay be pro
vided in the laboratory. I t  is the usual practice to  increase the 
rapidity and to some extent the severity of the so-called weather
ing cycles in an effort to accelerate corrosion rate. While this is 
permissible w ithin reason, it  m ust be emphasized th a t the relia
bility of the result is inversely proportional to the am ount of ac
celeration which is induced. Corrosion tests which employ se
vere conditions m ay produce a  degree of disintegration of metals 
or protective coatings which bears no relationship to corrodibility 
under conditions of service. I t  is preferable to  carry out corro
sion studies under nearly natural conditions and to  use sensitive 
measuring techniques to determine rate  of reaction rather than  
to depend upon highly accelerated tests to  furnish the larger effects 
which can be detected by less precise methods of measurement.

M ETH O D S O F  M EA SU REM EN T

The rate of corrosion m ay be measured by a variety of means, 
most common of which is change in weight of the metallic speci
men under study. In  laboratory atmospheric tests the products 
of corrosion are usually adherent and produce a  gain in weight, 
while in immersion tests in liquids in which the corrosion products 
are soluble, the course of reaction is accompanied by loss of 
weight. Observation of rate of consumption of corroding reagent
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or of increase in  concentration of corrosion products m ay be em
ployed to  determine corrosion rate. Where corrosion is charac
terized by pitting, measurement of pitting density and depth fur
nishes significant data  on corrodibility. Intergranular as well as 
surface corrosion rate  m ay be determined in  terms of tensile 
strength or elongation loss of specimens of the appropriate shape 
and dimensions. Among electrical methods of following rate  of 
reaction are the determination of (1) the contact resistance of 
corrosion product-coated m etal surfaces and (2) the rate of in
crease of electrical resistance of small wires of the m etal under 
study as their cross-sectional size is reduced by corrosive action
(4). Finally, considerable information concerning corrosion rate 
as well as mechanism of corrosion reactions may be obtained from 
studies of electrode potential and polarization in controlled en
vironments.

Where the purpose of a corrosion test is to  determine the qual
ity  of protective coatings—a common use of corrosion tests—the 
effectiveness of a coating m ay be judged by the appearance of 
corrosion, the rate  of enlargement of corroded area, and depth of 
penetration of corrosive a ttack  in the underlying metal. In  the 
case of coatings which are cathodic to the basis metal, porosity is 
an  index of quality and this may be determined readily by the 
extent of pinhole rusting produced by immersion of test specimen 
in ho t w ater (15) or in a sodium chloride solution containing hy
drogen peroxide (3). A more recent and more general method 
which m ay be used for the detection of pinholes in any m etal coat
ing on any basis m etal consists in the anodic dissolution of the 
surface of the coated m etal into a paper moistened w ith a solution 
of a reagent which will react with ions of the basis m etal to  give a 
compound of distinctive color a t points corresponding to  the loca
tion of pinholes. This is the so-called electrographic method 
(.6, 14).

P R E P A R A T IO N  O F  TEST SPECIM ENS

T est specimens are usually made from sheet material, since 
this affords the largest ratio of surface to  mass. I t  is desirable to 
apply a  pain t coating to  the sheared edges after the surface of the 
specimen has been prepared for tes t unless the effect of cut edges 
is to  be studied.

Oil, grease, and other extraneous materials which interfere with 
the purpose of the test are removed from the surface of the speci
men. This includes mill scale and other corrosion products 
w ith the exception of superficial oxide films which form immedi
ately upon any exposed metal surface. However, when tests are 
made for engineering purposes i t  is the usual practice to employ 
specimens w ith surfaces representative of the m aterial as it 
would be used. Grease is removed by organic solvents or by al
kali dips and corrosion products by abrasion, sand blasting, or 
acids or other chemical reagents. Nonferrous metals are usually 
only degreased, and specimens of protective coated metals are 
tested as finished without further treatm ent.

DESCRIPTION O F  TESTS A N D  TESTIN G  FA C ILIT IES

The present discussion is concerned w ith a brief description of 
the essential facilities and principal features of typical tests com
monly used in determining the corrodibility of metals and the 
quality of protective coatings in atmospheric and liquid media. 
The corrosion literature furnishes descriptions of numerous and 
ingenious special property tests, the description of which does not 
fall within the scope of the present paper.

T o t a l  I m m e r s i o n  T e s t .  The susceptibility of metals to cor
rosion in liquids m ay be tested most simply by complete immer
sion in sufficient volume of testing solution to minimize concentra
tion changes resulting from depletion of initial components or ac
cumulation of corrosion products. A recommended ratio is 250 
ml. per sq. inch of specimen area (1). I t  is common practice to 
support test specimens by means of stirrups or hooks made from 
glass or other nonmetallic materials. The supports, the test jar,

and apparatus should not be attacked by the test solution. A 
suitable tem perature for routine testing is 95° F. I t  is essential 
th a t provision be made for tem perature control of the test within 
± 2 °  F. This m ay be accomplished by placing the test jar in a 
therm ostatically controlled w ater bath.

Since corrosion reaction rates are markedly affected by dis
solved oxygen (which acts as a cathodic depolarizer) and by the 
relative movement between test specimens and liquid, it  becomes 
necessary to  devise means of controlling these variables. I t  has 
been found th a t saturation of the solution w ith air provides satis
factory control of oxygen concentration and th a t this can be done 
practically by introducing air through the pores of an Alundum 
thimble (13). Care is taken to  prevent impingement of air bub
bles on the specimens. Pure oxygen or nitrogen or mixtures of the 
two may be employed when it  is desired to  determine the influence 
of oxygen on rate  of corrosion in  a given system. The effect of 
velocity may be satisfactorily controlled and studied by providing 
mechanical movement of the specimen in  the solution or of flow
ing the solution by specimens in fixed position. Tests are often 
carried out in stagnant solutions bu t it  is usually difficult to  avoid 
convection currents which influence reaction rate. The appara
tus used for moving the specimens in the solution is usually de
signed for variable speeds and i t  becomes necessary to determine 
by experiment the optimum speed to give reproducible results.

A l t e r n a t e  I m m e r s i o n  T e s t .  A lternate or in term ittent cor
rosion tests have been widely used for many years (7, 12, 16, 18). 
In  principle this tes t consists in periodic immersion of tes t speci
mens in the tes t solution. The interval between successive im
mersions varies in  different tests over a range of 1 to 15 minutes, 
the la tte r period being sufficient to  perm it drying the surface of 
the specimens. The period of immersion is usually 1 or 2 min
utes. Immersion m ay be accomplished either by lowering the 
specimens into the solution or by raising the solution to  cover the 
specimens-. As in the to ta l immersion tes t tem perature is main
tained constant w ithin =*=2° F.

A t m o s p h e r i c  T e s t .  The objective of atmospheric tests car
ried out in the laboratory is to determine the performance of me
tallic materials under conditions which simulate the corrosive 
atmospheres which are experienced in service. Formerly some a t
tention was given to  the provision of industrial-type atmospheres 
by the introduction of small concentrations of sulfur dioxide into 
atmospheric tes t chambers. Much more attention  has been given 
to the use of the prevailing natural atmosphere highly humidified 
a t  elevated tem peratures and it  has become common practice to 
equip small rooms or cabinets for the maintenance of these condi
tions. Wider experience w ith tropical exposures since the begin
ning of the war has led to the conclusion th a t the highly corrosive 
nature of tropical atmospheres is due to moisture condensation. 
As a consequence, test rooms are now employed in which conden
sation is induced by means of tem perature or hum idity cycles or 
both. The tem peratures and humidities employed in these rooms 
and the means of obtaining condensation have not been standard
ized as yet. The increasing attention  given to simulation of stra
tospheric conditions has been reflected in the use of wider ranges 
of tem perature and humidity—for example, some use has been 
made in so-called stratospheric chambers of a range from —77° to 
150° F . Considerations other than  mere condensation of mois
ture have of course dictated selection of this range.

A reasonable range of tem perature cycle for inducing conden
sation is a t  least from 80° to 120° F. D uring the change from low 
to high tem perature, which should be accomplished in about 30 
minutes, it  is customary to m aintain the relative humidity above 
90%, while during the reverse p art of the tem perature cycle, re
quiring about 1 hour, humidity control is not required until after 
the minimum tem perature is attained. The humidity chamber is 
provided with rapid air circulation and w ith sufficient additional 
moisture to  compensate for th a t removed by condensation on the 
specimens. I t  is desirable th a t condensed moisture remain on 
the surface of the specimen for a t  least 2 hours.

I t  has been found difficult to control by this means the period 
of retention of condensed moisture on specimens, and conse
quently one alternative practice is to induce condensation by 
chilling the specimens outside the humidity room in a separate 
chamber which is maintained a t a lower tem perature. Here again 
there has been no general agreement as to the proper tem perature
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and i t  may not be critical. The heat capacity of the specimens 
and the am ount of condensation desired are factors which may 
bear on the selection of the “ chilling” tem perature. Actually tem
peratures from —40° to  60° F. are used. In  this method the hu
midity room is usually held a t 90 to  95% relative humidity and 
the tem perature from 95° to  120° F. I t  is the usual practice in 
any case to  subject the specimens to the condensation process a t 
least twice daily.

S a l t  S p r a y  T e s t .  The salt spray test, originally proposed as a 
laboratory corrosion tes t simulating marine atmospheres, has be
come widely used and specified as an inspection tes t for protective 
coatings. I t  is employed also as an accelerated corrosion tes t for 
metallic materials and while it  m ay be useful for comparing the 
quality or uniformity of different samples of a  given material, it 
is unreliable for evaluating corrosion resistance of metals unless 
some correlation has been established between tes t results and 
service performance. In  its use as a quality test for metallic coat
ings it  is more dependable when applied to  coatings which are 
cathodic (or noble) than  to  those which are anodic (or electronega
tive) tow ard the basis metal. I t  has been pointed out th a t the 
duration of exposure to  the salt spray tes t required to reveal a 
given degree of coating porosity varies w ith the electrode poten
tial relationship between coating and basis m etal and should be 
correlated w ith actual exposure tests {19).

The salt spray tes t apparatus consists essentially of a box or 
chamber into which is introduced behind a baffle plate a m ist of an 
atomized solution of sodium chloride. The specimens are sup
ported so as to perm it free access to  this mist. Details as to  di
mensions and construction of the chamber are available elsewhere 
{11,17). Recently (at an informal committee meeting held a t  the 
N ational Bureau of Standards M ay 19, 1944) it  was proposed to  
standardize the salt spray tes t conditions and procedure along 
the following lines {8, 20): The concentration of the salt solution 
should be m aintained a t 20 =*= 2% , the pH  between 6.5 and 7.2, 
the tem perature of the solution in the range 92° and 97° F., and the 
tem perature of the chamber a t  95° +  2° or —3° F. I t  is proposed 
th a t the atom ization of the solution be such as to  perm it the col
lection in the exposure zone of the chamber of 0.5 to  3 ml. of solu
tion per hour in a  vessel 10 cm. in diameter.

In  the specification use of the salt spray tes t for quality con
trol, in terpretation of the requirements is sometimes difficult. 
In  view of the serious lim itations of the te s t the requirements 
should be sta ted  in specific terms which can be interpreted fairly 
and intelligently by those who m ay not have had the benefit of 
wide corrosion experience.

S o i l  T e s t .  M etals used in direct contact w ith soils are subject 
to  an  environment of great diversity and complexity which it  is 
difficult to  simulate in the laboratory. Only by numerous burial 
tests in  many soil types in  m any climates can the corrosion resist
ance of metals tow ard soils be appraised reliably. There are a 
number of laboratory tests, however, which are useful for the ex
ploration of soil corrosivity and three of these representing im
portan t factors in soil exposure will be described. These are tests 
to determine the influence of (1) contact w ith inert particles, (2) 
soil waters or extracts, and (3) corrosion cell polarization.

The effect of contact of soils upon corrosion may be studied by 
burying metallic specimens a t  a  given depth in trays of ground 
quartz m aintained a t  constant tem perature and humidity {5). 
Some acceleration in corrosion rate is permissible and m ay be ob
tained by operating a t  about 100° F . and near 100% humidity. 
The influence of soil texture m ay be studied by employing in sep
arate  tests quartz representing a series of particle sizes from fine 
gravel down to  silt.

The relative corrosivity of soil waters m ay be determined by 
performing immersion tests in  extracts made by leaching given 
quantities of soils w ith given volumes of water. For example, in 
tests on cable sheath alloys a  ratio  of soil to water of 250 grams of 
soil to  2 liters of w ater has provided extracts whch are believed to 
be fairly representative of soil waters which seep into cable con
duit. The extract is prepared by thoroughly stirring mixtures of 
soil and w ater for half an  hour and separating by filtration.

A suitable apparatus {9, 10) for studying the polarization char
acteristics of corrosion cells which develop in soil exposures 
consists essentially of a tes t cell employing two steel electrodes 
separated by a layer of m oist soil prepared in an arb itrary  fashion. 
One electrode in the form of a steel screen is buried in the soil and 
becomes cathodic to  the steel electrode a t  the top of the soiL The 
single electrode potentials of the anode and cathode are measured 
with respect to  a calomel reference electrode and these values 
plotted against the applied current. From the curve so obtained 
the current required to bring the anode and cathode to  the same 
potential is recorded as the measure of the ra te  of corrosion. This 
value corresponds to  the current which would flow if the resist
ance of the soil were zero and is therefore somewhat greater than 
the actual corrosion current. Studies employing a number of 
soils have shown a correlation between the current a t  the corro
sion potential and the loss of weight of the anode. Further ampli
fication of the role of polarization in corrosion processes is given 
below.

E l e c t r o c h e m i c a l  T e c h n i q u e s .  Previous reference has been 
made to the marked difference in rate of the primary and second
ary reactions which occur in corrosion processes. As a conse- 
quenoe, concentration gradients develop a t  the electrode areas on 
the m etal surface which m ay be measured in terms of anodic and 
cathodic polarization. Since corrosion is dependent upon current 
flow in the electrolytic cells a t the metal-environment interface, 
it  is evident th a t the state and degree of polarization determine 
corrosion rate. Factors which influence rate do so largely through 
their effect upon corrosion cell polarization.

The technique of measuring the characteristics of individual 
corrosion cells is difficult bu t it is feasible to  determine experi
mentally the polarization behavior of metal surfaces in known 
surroundings and by this means to obtain information concerning 
mechanism and rate of reaction. This knowledge is often more 
useful in predicting or explaining corrosion behavior than  the 
more quantitative results of the foregoing corrosion tests.

The measurement of polarization consists in the determination, 
by means of a standard reference electrode, of the change in po
tential of a  m etal when it  is made the anode in one case and the 
cathode in another in an electrolytic cell in  which there are pro
vided as electrolyte the significant components of a given environ
ment. From studies of this kind upon metals in electrolytes re
presentative of a  variety of environments, a body of information 
may be accumulated by means of which it  becomes possible to 
predict the degree of corrosion resistance to be expected in a given 
instance. From  an inspection of these experimental data, usu
ally plotted in the form of potential-current density curves, it  is 
possible to  identify the factors which accelerate or retard  corro
sion and to  observe which electrode is influenced—th a t is, to de
termine whether the process is anodically or cathodically con
trolled {2). Once this is known the probability of corrosive a t
tack and the need and effectiveness of protective measures can be 
estimated.

The laboratory tests described in the present discussion provide 
means for appraising the corrosion resistance of metallic m ateri
als and for investigating corrosion problems which occur in the 
use of metals. In  addition to  the typical test methods which 
have been referred to, i t  is common practice to  employ in corro
sion studies many of the varied experimental techniques and pro
cedures commonly used in chemical and metallurgical laborato
ries.
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Factors Causing Lubricating O il Deterioration in Engines
Laboratory  Evaluation

R. E. BURK', E. C. H U G H E S , W. E. S C O V IL L ,  a n d  J. D. B A R T L E S O N  
Research Laboratory, Standard O il Company of O hio, Cleveland, Ohio

The deterioration of lubricating oil in internal combustion engines 
is due largely to oxidation reactions. It is shown that these reac
tions are primarily catalytic at the engine temperatures in question, 
the catalysts being metals and metal compounds such as iron, copper, 
lead, and their compounds. The effects of other possible catalytic 
materials, such as blow-by gas components, are considered. These 
observations are applied to a laboratory test procedure for evaluat
ing the service stability of oils in which an attempt was made to 
develop a set of conditions and catalysts which duplicate those of the 
present Chevrolet engine test. The degrees of reproducibility and of 
correlation with engine results are shown in detail. Correlation of 
the test with four B oils has been found to be good except upon the 
point of bearing corrosion. Additional procedures are described 
for determining the tolerance of oils to more severe conditions, since 
the results indicated that the above conditions and catalysts are not 
universally suitable.

TH E  complexity of factors causing the deterioration of lubri
cating oils in  an engine has necessitated a widespread use 

of engine tests for oil evaluation. The obvious desirability of 
providing a  laboratory method has led to the proposal of a large 
num ber of procedures. Excellent reviews of these methods 
have appeared recently (10, 11). However, the correlation of 
the laboratory procedures w ith engine operation has not been 
adequately demonstrated, possibly because it  is bu t recently 
th a t standard engine tests have been developed.

The results of many investigations (5, 6, 9-12), as well as the 
work described herein, provide a basis for understanding the 
im portant factors causing the deterioration of oil. The utiliza
tion of this knowledge should ultim ately enable the chemist to 
conduct laboratory evaluations w ith confidence. As a step in 
this direction some of the relevant variables and factors have 
been combined in  a  laboratory procedure which will correlate 
in m ost respects w ith a certain well-established engine per
formance for a  series of oils. The selection of factors responsible 
for the deterioration was made to correspond as closely as pos
sible, in a quantitative fashion, to the engine with which correla
tion was desired. Nevertheless, the s ta te  of knowledge is still 
such th a t it is considered desirable to  augm ent the results of this 
procedure w ith one or more “ tolerance” tests in which the re
sistance of the oil to possible increases in the severity of certain

1 Present address, Plastics Division, E . I. du  P on t de Nem ours & Co., 
Inc ., W ilm ington, Del.

factors can be observed, 
in the study of additives.

This procedure often is very desirable

M E C H A N IC A L  CO N STR U CTIO N  O F  TEST EQ UIPM EN T

A schematic diagram of the apparatus used in this investiga
tion is shown in Figure 1. A 160-cc. sample of oil was used in a 
glass tube, A , 45 mm. in outside diam eter and 42 cm. long. 
A piece of steel tubing, B, 1.3 cm. in outside diam eter by 1 cm. in 
inside diam eter and 14 cm. long was centered in the glass tube 
and was held in place on the glass support, C, attached to the 
air-inlet tube, D. This support was spaced from the bottom 
of tube A  by 2-mm. glass tabs to  allow oil and suspended solids 
to  pass into the support and up the air lift. The air-inlet tube 
and steel tube supports may also be made of steal, which is more 
rugged bu t a little more difficult to  clean.

In  the upper end of steel tube B  a  flat piece of bearing metal, 
G, was inserted and was held in place by a copper pin, H. The 
size of each of these two pieces was adjusted to give the ratio of

Figure 1. O il Deterioration Cell for 
Suspending Solids
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*~At the close of the test the lacquer deposition on B  
(1 sq. dm. area) was determined as the difference in 
weights after washing w ith a light naphtha and scrub
bing with chloroform, methyl ethyl ketone, or both. After 
each wash the tube was air-dried to  constant weight.

L A B O R A T O R Y 1 T E S T  L A C Q U E R  M G./DEC.2  

Figure 2. Conversion Chart of Lacquer to Engine Appearance

corresponding m etal to oil volume found in the engine with which 
comparison was sought. Numerous o ther arrangements have 
been tested b u t th a t shown was. preferred. A glass wool plug 
was placed in the top of the glass tube to  minimize oil loss by 
splashing.

The assembly was placed in.a therm ostat which in the authors’ 
case comprised an electrically heated aluminum block (16) with 14 
holes for the test units. I t  weighed 185 pounds, and was 48.4 
cm. (19 inches) long, 24.5 cm. (9.625 inches) wide, and 29.6 cm. 
(11.625 inches) high. The electrical energy consumption ran 
6.33 kw.-hr. per 36-hour test. Air under constant pressure 
was passed through a porous clay filter to remove dust and then 
through concentrated sulfuric acid containing chromic acid to 
remove w ater and sulfur dioxide. The air rate was indicated by 
calibrated orifice-type flowmeters and was controlled by 0.6-cm. 
(0.25-inch) needle valves.

O P E R A T IO N  O F  TH E TEST

The glass parts were cleaned by the usual chromic acid method, 
rinsed, and dried. The steel and copper parts were washed with 
chloroform or m ethyl ethyl ketone, or both , and polished until 
bright w ith No. 925 emery cloth or steel wool. The steel tube 
was, in most cases, rotated for polishing purposes w ith a motor 
and chuck. New bearing pieces were used each time. The 
copper and bearing metal parts were weighed before and after 
the test to ascertain corrosion. After assembly with the oil 
in th e  test block, the oil was brought to tem perature, the soluble 
cata lyst added, the air flow started, and the lead bromide added 
immediately. This procedure required 0.5 to  1 hour, and the 
period before the air was started  was not included in the recorded 
duration of the test.

A study of tes t conditions has been made and the following 
were used when correlation was desired for the B oils with the 
present “standard” Chevrolet test:

Figure 2 shows a tentative relationship between the 
weight of lacquer as determined by this procedure and 
the visual rating  system used in  engine testing. The 
form for this curve w ith the vertex a t  zero lacquer was 
chosen because this form was found to relate the actual 
weight of lacquer to  the visual rating on a single
cylinder engine piston. The weight of lacquer on a 
piston for a given visual rating will no t be necessarily 
the same weight obtained in  the laboratory proce
dure. The approximate relationship in  Figure 2 is 
used in  correlating engine tests w ith th e  laboratory 
procedure.

The copper and bearing m etal pieces, a fter an  oxida
tion test were scrubbed w ith chloroform or methyl ethyl 
ketone, or both, before reweighing. The change in 
weight was a rough indication of corrosión.

The used oil was sufficient in volume to enable determination 
of all the usual oil tests. The oil-insoluble sludge remaining 
in  the glass tube was thought to  be related to similar sludge 
deposits in engines. I t  was rated  visually against color photo
graphic standards and a  scale ranging from F  (worst) through A 
(best) has been used for recording.

Figure 3 shows a  relationship between the visual ratings of 
sludge in  t h e . eng ine^ests and in the laboratory procedure. 
The derivation of the curve was largely empirical from the B 
oils. I t  is used for correlating engine data  w ith those from the 
laboratory procedure.

D EV E LO P M E N T O F  TH E TEST

T he effects of the following variables on the deterioration of 
oils in  the laboratory apparatus were considered in  developing 
this test:

1. C atalytic factors
2. Effect of blow-by materials
3. Tem perature
4 . D uration of test
5. Volume of oil
6. R ate of air flow
7. Procedure for addition of catalyst and oil

C a t a l y t i c  F a c t o k s .  In  Figure 4  typical results are pre
sented showing th a t the catalytic factors predom inate in causing 
oil deterioration in the relevant tem perature range. In  any 
engine the metal catalysts are present initially in the massive

T em pera tu re  280° F. for heavy-du ty  oils 
Oil sam ple 160 cc.
Air flow ra te  70 liters per hour
Tim e 36 hours
C atalysts  Steel, 100 sq. cm. (tube B , F igure 1)

C opper, 1 sq. cm.
Copper-lead bearing, 4.4 sq. cm.
Ferric  2-ethyl hexoate, 0 .012%  as FeîOs in 

c . p . benzene 
Lead brom ide, 0 .1 %  as p rec ip ita ted  powder

The ferric 2-ethyl hexoate was prepared by react
ing sodium 2-ethyl hexoate with ferric n itrate  solu
tion, followed by washing by décantation. The solu
tion in benzene was prepared by Soxhlet extraction 
of the precipitate w ith benzene, followed by analysis 
of the solution for iron. The 2-ethylhexoic acid was 
obtained from the Carbide and Carbon Chemicals 
Corporation.

The lead bromide was prepared by reacting cal
cium bromide in absolute alcohol (1 molar) with 
alcoholic lead acetate a t 32° F. followed by filtering 
and washing w ith absolute ethanol. This was vacuum- 
dried to  constant weight. The surface area (Em m ett 
method) of the lead bromide was 1.0 sq. m eter per 
gram. Figure 3. Conversion Chart of Appearance to Engine Appearance
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Figure 4. Effect of Metals on Deterioration of O ils  in 
Laboratory Procedure

condition and it  is not known w ith certainty whether catalytic 
action is on the surface, or due to formation of oil-soluble soaps 
from the metals, or both. I t  is clear tha t the la tte r are powerful 
catalysts (5). Since the soaps are formed in an  engine by reac
tion of metals, or m etal compounds, w ith acidic constituents 
formed by oxidation of the oil, it  would be desirable in a labora
tory test to have only massive
metals present. __________________________

Iron is the most abundant 
potential catalyst in an engine, 
although i t  is often relatively 
less active in the massive con
dition than  other metals. I t  
appears, moreover, th a t the 
activity  of iron is very sensitive 
to its surface conditions {10).
A ttem pts have been made in 
the development of the authors’ 
work to furnish all the neces
sary iron catalyst by using 
m a s s iv e  s u r fa c e s , o r f in e  
powders of both iron and ferric 
oxide.

Figure 5 shows the relative 
effectiveness of the various 
forms of iron, including two 
methods of preparing the mas
sive surfaces. One of these, 
electrocleaning, is a  common 
method of cleaning engine 
parts between tests. Iron 
powder was the most effective 
type, and by using large quanti
ties it  was possible to obtain

Figure 5. Effect of Various Types of Iron
O il B-1. Temperature, 310° F. A ir rate, 70 liters per hour. Time, 36 hours. 
Metals. Steel as specified. Cu, 1.0 sq. cm. Cu-Pb, 4.4 sq. cm.

extensive deterioration in 36 hours, if the tem perature of the test 
was 310° F. However, good correlation w ith engine results 
could not be obtained under these conditions and reproducibility 
was poor. Since the iron powder was prepared by reduction 
of the oxide w ith hydrogen, it  was pyrophoric to a certain ex
tent. This often led to  considerable difficulty in handling. 
Finally attem pts were made to  prepare a composite catalyst 
containing all the principal active components occurring in the 
practice. However, if reasonable amounts of lead bromide, 
copper-lead, and copper were employed in the laboratory pro
cedure and, in addition, sufficient iron were taken to  increase the 
rate  of oxidation to  th a t of the engine, so large a  quantity  of 
massive iron—e.g., tubes, powder, wool—would be required as to

Table I. Comparison of Ferric Soaps in the Laboratory Procedure
(Time, 36 hours. T em perature , 280° F . Air ra te , 70 liters per hour. M etals, 100 sq. cm. of steel, 4.4 sq. cm. of 
Cu-Pb, 1.0 sq. cm. of On, C atalyst, 0.02%  FeiO:, as naph thenate , propionate, or 2-ethyl hexoate in  benzene as

specified. Oil, 160 ml.)

Sohio L aboratory Test, 
FeC>3 as: 36

Hours
Sohio L aboratory  Test, 

Fe2Û3 as:
36

Hours
N aph 2-E thyl Propio- Chev N aph 2 -E thy l P ropio C hev

thenate hexoate nate rolet thenate hexoate na te rolet

n ;i p  i Oil P  'i■ U li J3-1 '  I I I  D-Z
Lacquer, mg. per sq. dm. 2 .6 0 0.9 3.2 0 1.1
Isopentane insolubles, mg. per

10 grams 150.7 201.6 12.9 130.4 0.1 2 .8 2 .0 57.3
Chloroform solubles, mg, per

10 grams 148.0 198.8 10.4 102.6 17.6
C u weight loss, mg. 0 .4 1.4 0 .4 1 .9  ’ 3*4 0/5
Cu-Pb weight loss, mg. 16.5 23 .5 9 .0 9.‘á ‘ 12.7 19.1 19.3 3 2 ! Ó
N eutralization No. 1.33 2.06 0 .75 2 .40 3 .07 1.64 1.93 5.41
Saponification No. 16.8 16.6 11.6 26.9 28.9 38.7
Viscosity increase, Saybo.lt,

seconds a t  100° F. 460 669 230 489 1546 675 691 389
Sludge ra ting B B - A + B + A B

0 )1  "R O Oil B 4V U  X5-0

Lacquer, mg. per sq. dm. 1.9 0 1.1 52.7 31.4 26.1
Isopentane insolubles, mg. per

10 grams 4 .0 2 .8 4 .4 39 .7 623.5 732.5 491 235.6
Chloroform solubles, mg. per

10 gram s 8.1 620.0 731.3 462.0 216.6
Cu weight loss, mg. i!  4 Í .4 i ’. i 0 .2 2 .0 0 .2
Cu-Pb weight loss, mg. 13.2 5 .2 6 .0 8.’6 ‘ 10.5 9 .3 6 .0 3 . Ï.2
N eutralization No. 0.83 0.53 0.33 1.36 3.82 4.09 1.87 4.99
Saponification No. 2 .3 4 .0 5 .95 25.4 28.9 31 .9
Viscosity increase, Saybolt,

seconds a t  100° F. 35 20 34 86 5838 4740 1958 904
Sludge ra ting A + A + A + D D D
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be impracticable. Consequently the applicability of dissolved 
iron was investigated.

The relatively powerful effect of soluble iron soap is shown in 
Table I. The net effect on oil deterioration has been found to be 
the same as massive iron catalysis (see also 10). I t  was a simple 
m atter to  obtain reproducibility w ith the iron soap. I t  was, 
therefore, the preferable method of providing the bulk of the 
iron catalysis. I t  is possible in engine testing th a t much of the 
iron catalysis is caused by iron soaps formed in the ho tter ring 
belt zone from freshly abraded iron particles. The time avail
able for oxidation per unit of oil in this zone is relatively very 
limited. Thus the soaps formed in this zone will retu rn  to  the 
crankcase and there contribute strongly to deterioration of the 
oil. Therefore, the use of iron soaps in the laboratory test might 
simulate the situation in the engine.

The choice of the particular iron soap was based upon the de
sire to  provide a reproducible material. Iron 2-ethyl hexoate 
appeared to satisfy the requirements. As shown in Table I, the 
results differ somewhat depending upon the acid radical used 
w ith the iron, although they are of the same order of magnitude. 
H ydroxy acids are prom inent in the products of oxidation of oil 
bu t have no t been examined as an iron carrier.

A certain am ount of iron catalysis m ay occur as a result of 
contact of the oil with the iron surface of the crankcase, although 
this m ay vary  greatly between oils. Moreover, the steel surface 
was desired in  order to  determine lacquer deposition. There
fore some massive iron was retained in  the test equipment, and 
Figure 6 shows, in  the case of certain oils, the effect of om itting it. 
The am ount of iron catalyst available in an  engine under a given 
set of conditions is difficult to determine by direct measurement. 
Analysis of the used oil will show only w hat is left in  solution; 
further am ounts m ay have passed through and into the sludge, 
etc. Therefore, the am ount contributing to  the oil deterioration 
over th a t available from the massive iron in  the tes t was deter
mined by adding iron soaps until breakdown equivalent to th a t 
in the engine was obtained for a series of oils.

UJ 2  '50 
2  .O

1 0 0
Ztf) x  u z
f t - ó 50 

2Si ñ
5 0 0

4 5 0

4 0 0
UJ
<  3 5 0

2 *y o 3 oo_ o

t < 250 
O ? 2 0 0

x *
> 150

1 0 0  

50  

0
O M ITTED
FA C T O R

S T E E L  
TE ST  PIECE

COPPER  
TEST PIECE

C U -P B  
TEST PIECE

F E  NAPH- 
THENATE

Figure 6. Effect of Individual Metallic Components
O il B-1. Temperature, 280° F. A ir rate, 70 liters per hour. Time, 36 hours. 
Catalyst. 0.02%  Fe203 as naphthenate in benzene solutions.
Metals. 100 sq. cm. of steel, 1.0 so. cm. of Cu, 4.4 sq. cm. of Cu-Pb.

The catalytic effects of the copper and copper-lead bearing 
m etal can both be supplied by the massive m etal w ithout resort
ing to  the use of soluble salts. Figure 6 shows how each of these 
catalysts contributed to the deterioration of oil B-1. By omitting 
one catalytic factor a t a  tim e i t  was found th a t all the catalysts 
in  the test except massive iron were active catalysts for the 
deterioration of the oil. W ith some oils, one of the catalysts 
m ay be more effective than  the others bu t all these catalysts, at 
least, m ust be present to reproduce engine catalysis faithfully.

The only other metal present in the Chevrolet engine in ap
preciable quantity  is B abbitt bu t this has been found by the 
authors to have no appreciable effect. While not present in the 
Chevrolet engine, aluminum has also been found by the authors 
and others to be w ithout action (3).

E f f e c t  o f  B l o w - b y  M a t e r i a l s .  Other catalysts could 
enter the oil from the combustion space w ith the blow-by gases. 
The end products from the ethyl fluid are among the most 
im portant of these and are usually lead bromide and sulfate. 
I t  was reported (2) th a t these have little  or no effect upon the 
oil; la ter investigations have shown th a t lead bromide can have a 
powerful catalytic effect upon some oils bu t th a t lead sulfate 
does not (8, 10). E thy l fluid itself has an analogous affect (3)— 
for example, both  ethyl fluid and lead bromide were harm ful to a 
Pennsylvania oil bu t no t to  an acid-treated m id-continent oil. 
I t  is well established th a t lead halides, particularly the bromide, 
are present in the blow-by in an  engine (10). Therefore, it  was 
considered essential th a t lead bromide be included as a  catalyst 
in a laboratory test. The quantity  to  be used was deduced from 
the volume of blow-by and average lead content of the gasolines. 
This corresponded well w ith the lead content of typical oils from 
several Chevrolet oil test engines and amounted to 0.10 weight % 
of the oil. Figure 7 shows the effect of various amounts of lead

Figure 7. Effect of Lead Bromide on O il B-1 with 0.01 %  
Fe2Os

• Lacquer, mg.
O Viscosity increase, Saybolt seconds at tOO F.
0  Neutralization No.
A  Cu-Pb weight loss, mg. per 10 sq. cm.
X  CHCb-solubles, mg. per 10 sq. cm.
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Table II. Effect of Blow-by Materials Peculiar to Rich Mixture 
Operations

Blow-by m aterial 5%  CO in air 3%  H 2 in air
Oil, SAE 20 Inhib ited

m id-continent
Inhib ited

m id-continent
B-2 B-2

Time, hours 20 20 36 36
T em perature, 0 F. 310 310 280 280
Air ra te , lite r per hour 
M etals (area per 160 cc. 

of oil)

30 30 70 70

Steel, sq. cm. 300 300 100 100
Cu, sq. cm. 20 20 4 .4 4 .4
C u-Pb, sq. cm.

Soluble catalyst, % Fe20i 
as n aph thenate  (in

1.0 1 .0
I

benzene solution) 0 .03 0 .03
Lacquer, mg. p e rsq . dm. 
Cu weight loss, mg. per

io ! 5 5 .2 0 .0 0 .2

10 sq. cm.
Cu-Pb weight loss, mg.

6 .1 5 .2 17.0 13.0

per 10 sq. cm. 56.3 30 .5
N eutralization No. 
Viscosity increase, Say

bolt seconds a t  100° F.

4 .50 3 .80

178 119* 2317 797
Sludge ra ting B + B + B + A
N aphtha-insolubles 4 .8  vol. % 4 .0  vol. % 0 .2  mg. per 

10 grams
1.2  mg. per

10 grams

bromide upon oil B -l in the laboratory test. This was typical of 
an  oil which was influenced substantially by lead bromide 
catalysis.

Gaseous blow-by m aterial can also have an  effect. The oxides 
of nitrogen were shown to  be pro-oxidants (S), b u t in normal non
knocking operation and a t moderate compression ratios their 
concentration in the blow-by gases is no t thought to  exceed 0.01 %  
(7). This quan tity  of oxides of nitrogen failed to  affect the 
results in the authors’ laboratory procedure. Two of the gaseous 
components peculiar to rich mixture operation are carbon mon
oxide and hydrogen, which have been found by the present 
authors (3) and by Mougey and Moller (14) to act as inhibitors for 
oil deterioration. Table I I  shows this effect in the laboratory 
procedure. However, the air-fuel ratio of the standard  Chevrolet 
test is chosen so th a t these gases are substantially absent. Ac
cordingly, it  was not considered necessary to  include them  as 
standard factors in laboratory procedure.

The authors have also found, and i t  has been confirmed by 
Mougey and Moller, th a t sulfur compounds in the gasoline can 
also have an inhibiting effect. Figure 8 shows the action of one 
possible sulfur compound on an oil. In  engine testing, an ef
fort has been made to standardize on a low-sulfur gasoline (1 4 )■

E f f e c t  o f  T e m p e r a t u r e .  The tem perature a t  which an  oil is 
oxidized in the presence of catalysts is a very im portant factor in 
the rate of deterioration. In  the engine the bulk of the oil is a t 
the crankcase tem perature, bu t a small am ount is exposed to the 
higher tem perature of the ring zone. The Chevrolet test is oper
ated  a t 280° F . crankcase tem perature on the heavy-duty test. 
Tem peratures of 265°, 280°, 300°, 315°, and 330° F . were ex
amined in  the laboratory test procedure for correlation w ith the 
engine results. Of these, the actual crankcase tem perature, 
280° F., was as suitable as any and was consequently chosen for 
heavy-duty correlation.

The possibility th a t the higher ring belt tem peratures could 
have a specific effect on certain oils or inhibitors in the presence 
of catalysts cannot be neglected. R ather than  attem pting a 
compromise tem perature for a  single test, it  is believed th a t a 
separate tem perature tolerance tes t should be made a t  the 
higher tem perature. An average tem perature in this zone is 
350° F. and the authors have adopted this tem perature for esti
m ating the tem perature tolerance of any oil th a t is promising 
in the prim ary correlating test. The use of this procedure is dis
cussed below under tolerance tests.

E f f e c t  o f  D u r a t i o n  o f  T e s t .  A large num ber of these tests 
can be made a t once and consequently for most work it  is not 
essential th a t the ra te  of deterioration be accelerated over th a t 
obtained in engine testing. I t  is possible to decrease the duration 
of a test by increasing the tem perature, as in the tem perature-

tolerance test. However, this m ight increase the 
uncertainties of an  already complex field.

V o l u m e  o f  O i l .  The usual procedure was to 
use a 160-ml. sample of oil. However, tests have 
been made on 35-ml. samples in which the metal 
areas, a ir rate, and size of the container were ad
justed in  each case to  the same ratio with respect to 
the volume of oil used as in the case of the larger 
sample. The results were substantially the same 
and the small-scale tes t m ay be of considerable 
value for research work. W ith an Ostwald type 
of viscometer for measuring viscosity, a  35-ml. 
sample is sufficient to determine all the usual used 
oil properties.

R a t e  o f  A i r  F l o w .  In  accordance w ith the 
authors’ basic thought on the testing of oil, the rate 
of air flow was chosen so th a t the ratio of this rate 
to  the volume of oil was the same as th a t 
existing in the engine w ith which correlation was 
desired. Inform ation from the manufacturers of 
10 cars showed th a t the air flow plus the blow- 

by through the crankcase on the road varies from 30 to 
350 liters per hour per 160 ml. of oil. The main gaseous flow 
through the crankcase of an engine on the test stand is the 
result of blow-by. In  the standard Chevrolet test this is 
said (13) to  be about 1 cu. foot per m inute or 70 liters per hour 
per 160 ml. of oil. This quantity  has, therefore, been used. 
Table I I I  shows th a t air rates substantially less than  70 liters 
per hour result in appreciably less breakdown in the authors’ 
particular apparatus. However, other studies showed th a t the 
effect of air ra te  reached a maximum a t about 70 liters per hour. 
D ry air was used in this investigation, bu t probably wet air is to 
be preferred because it will disclose hydrolyzable additives.

Figure 8. Effect of Butyl Disulfide on O il B-2
#  Viscosity increase. Saybolt seconds at 100° F./1000.
O Cu corrosion, mg.
□  Neutralization No.
A  Cu-Pb corrosion, mg per 10 sq. cm.
®  Lacquer, mg. per sq. dm.
Standard conditions except temperature is 300° F. and iron naph- 

thenate concentration is 0.04%  as FeîOs.



May, 1945 A N A L Y T I C A L  E D I T I O N 307

Table Comparison of 30 vs. 70 Liters per Hour A ir  Rate
(T em perature, 300° F . Tim e, 36 hours. Cu, 1.0 sq. cm. C u-Pb, 4.4 

sq. cm. Oil and  cata ly s t added in 5 increm ents. 160 ml. of oil)

Air ra te , liters per hour
Fe203 as n aph thenate  (added as 

solid), %
Lacquer, mg. per sq. dm.
Naphtha-insolubles, %  by volumt
C u weight loss, mg. per sq. dm.
C u-Pb weight loss, mg. per 10 

sq. cm.
N eutralization No.
Viscosity increase, Saybolt sec

onds a t  100° F.
Sludge ra ting

Oil B -l Oil B-2 Oil B-3
30 70 30 70 30 70

0 .04 0.035 0 .04 0.035 0 .04 0.035
0 .5 2 .8 1.2 4 .9 0 .5 7 .3

0 2 .5 0 0 Trace 0
0 .7 0 .0 1.5 1.9 0 .1 0 .2

2 .2 4 .3 4 .9 18.7 22.3 33 .5
1.2 1.28 3 .4 3 .42 2 .7 2 .19

197 266 264 480 122 160
A + B + A + B + A A -

B -l B-2 B-3 B -l B-2 B-3
2 .8 4 .9 2 .3 1 .8 3 .8 2 .2

4 .0 18.0 6 .5 2 .7
0 .0 1.9 0 .2 0 .3 4 .9 0 .3
4 .3 18.7 33 .5 7 .3 37 .7 13.1
1.28 3 .42 2 .19 1.08 4 .40 1.29

266 480 160 235 1452 68
B + B + A - A + A - A +

Table IV . Stepwise Addition of Ferric Naphthenate vs. Addition  
of the Total at Start

(Tim e, 36 hours. T em peratu re , 300° F . Air ra te , 70 liters per hour.
M etals, 100 sq. cm. of steel, 4.4 sq. cm. of C u-Pb, 1.0 sq. cm. of Cu)

M ethod of A ddition 
FeaOs as n aph thenate  (added as 5 Increm ents All a t  S ta rt

solid), % 0 .035  0 .010
Average concentration  0.022 0.010
Oil No.
Lacquer, mg. per sq. dm.
Isopentane-insolubles, mg. per 10 

gram s 
C u w eight loss, mg.
C u-Pb weight loss, mg.
N eutralization  No.
Viscosity increase, Saybolt seconds 

a t  100° F.
Sludge ra ting

One factor which can be affected seriously by air rate is the 
concentration of organic acids, since some of them  are volatile. 
I t  was found th a t acetic and propionic acids were carried away 
substantially completely by 30 liters per hour of a ir w ithout af
fecting the oxidation. I t  is well known th a t acidic products do 
come off in  oil oxidation. However, lauric, stearic, and cerotic 
(C26) acids, when added to  an  oil on an  equimolar basis, had 
roughly an equal and powerful effect. All were very corrosive to 
copper and copper-lead and the m etal soaps thus formed were 
powerful catalysts. I t  was thought th a t the removal of acids 
by the air would be about the same in  a laboratory test as in an 
engine, if the air rates .were proportional to the respective oil 
volumes. In  correlating work w ith reported Chevrolet results, 
the neutralization numbers were equal to and in  some cases 
slightly greater than  those of the used engine oil, supporting this 
concept.

M e t h o d s  o f  A d d i t i o n  o f  O i l  a n d  I k o n  S o a p .  In  life testing 
oil in engines, some oil is consumed and some is removed for 
testing, fresh oil being used for replacement. Likewise, fresh 
iron catalyst is probably m^de available during the entire course 
of the run instead of all a t once near the sta rt. The fresh oil to  be 
added during the run in  the Chevrolet test is about equal in  vol
ume to the original charge (I). Table IV  shows the effect of 
adding the iron naphthenate in increments as compared with 
adding it  all a t the sta rt. The former procedure was much less 
severe and a t  least 40 to  50%  more iron naphthenate was re
quired to bring the deterioration up to  th a t of the latter. Other
wise, the results were similar. Wear studies (4 ) have shown th a t 
much of the “wear-produced” iron is formed during the first 
p art of the engine operation, so th a t this catalytic factor might 
best be reproduced by bringing all the iron soap in, a t, or near, 
the s ta rt of the test. There seems to be no advantage in re
placing the oil during the laboratory test w ith new oil and it  de
tracts from the simplicity of the procedure.

/
A P P L IC A T IO N  T O  B O IL S

Table V shows check tests on the four B oils and deviation of 
each property. The reproducibility was very good for oils in 
which the deterioration was not excessive. The larger deviations 
are found in oil B-4, which was so unstable th a t the useful life

LA C Q U ER -M G .
O VISCOSITY INCREASE-SUS AT 100-100 
• N EU TR A LIZA TIO N  NUMBER 
A  C U -P B  WEIGHT LO SS-M G . +10 

- X  C H C i_3 SOLUBLES-M G. /I0G.+ I00

0 0.005 0.010 0.015 0 .0 2 0
Vo F E R R IC  O XID E AS 2 - E T H Y L  HEXOATE

Fisure 9. Effect of Ferric 2-Ethyl Hexoate
A b o v e . O il B-2 with 0.1%  lead bromide.
B elo w .  O il B-1 with 0.1 %  lead bromide.
Time, 36 hours. Temperature, 280° F. A ir  rate, 70 liters per hour.
Metals. 100 sq. cm. ol steel, 4.4 sq. cm. of Cu-Pb, 1.0 sq. cm. ol Cu.
Ferric 2-ethyl hexoate added as solution in C.P. benzene.
0.10%  lead bromide with surface area of 1.0 sq. meter per gram. Passed 250 mesh.

was considerably short of the 36 hours of the test. * In  a large 
num ber of other check tests the reproducibility was as good or 
better than  th a t shown in Table V.

The reproducibility of the results depends largely upon the 
accuracy of the tem perature control, which should be ± 1 °  F. or 
better, and the addition of the iron soap.

Tabic V . Reproducibility of Test as Measured on B O ils
(Time, 36 hours. T em perature , 280° F . A ir ra te , 70 liters per hour. 
M etals, 100 sq. cm. of C u-Pb, 4.4 sq. cm. of Cu. C atalysts, 0.012%  FeiOs as 

2-ethyl hexoate, 0.10%  P bB n)
Oil

B-1
Lacquer, mg. per sq. dm. 3 .0  8 .0
Isopentane-insolubles,

mg. per 10 gram s 85 .9  119.7
C u weight loss, mg. per

1.0 sq. cm. 0 .6  0 .8
C u-Pb wreight loss, mg.

per 4.4 sq. cm. 3 .6
N eutralization  No. 2 .0
Viscosity increase, Say

bolt seconds a t  100° F . 426 317
Sludge ra ting  A B +

Oil
B-2

Oil
B-3

0 . 8

8 . 8

2 .5

0 .7  0 .1  

4 .5  8 .5  

0 .7  0 .8

Oil 
B-4

1 .2  4 3 .5  50 .1  

1 .0  739 .4  873.3 

- 0 . 3  0 .1  0 .2

4 .7  16.7 10 .7  0 .9  
2 .3  5 .4  4 .6  0 .5

0 . 1
0 .3

721
A

761 37
A -  A +

6 . 2
5 .2

2142
E

8 . 6
2 . 8

1968
D -

• LA C Q U ER -M G .
- O  V IS C O S IT Y  IN C R E A S E -S U S  AT I00°F.

•  N EU TR A LIZA TIO N  NUMBER 
. A  C U -P B  W EIGHT LO SS-M G.
"  X  CH C l 3 SO LU B LE S -M G . / I0 G .

0.005
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a t i o n  w i t h  E n g i n e  T e s t s .  A s  a  basis for engine 
ce, the authors took the Chevrolet test work sponsored 
ision B of the Lubricants Division of the S.A.E. Stand- 
:nittee and reported by Mougey and Moller (13, 14). 
involved the testing of four oils in the Chevrolet engine 
n  laboratories.

ILABO F  
T E S T

CHEVROLET

TO R YR|A

1

■  n

All the factors entering the oil test except th a t of iron soap 
content were selected to  correspond to the respective values of 
those factors in the engine test. Figure 9 shows th a t 'th e  iron 
soap concentration was also a  very im portant factor. The 
selection of a  correlating concentration, 0.012% (as Fe20 3), was 
based on the results of studies on B oils of which Figures 9 and 10 
are typical. The reported results of the 14 participating labora
tories have been averaged and compared w ith the laboratory re
sults in Figure 10. The relative correlation of laboratory and 
engine sludge rating  was also good w ith one exception, oil B-3, 
which was rated  better than  the engine tests. Recent engine 
data  of several laboratories have given it a higher rating than 
before, as shown in the shaded area of this bar. This was more 
in accord with the laboratory results.

The isopentane-insbluble material in the used oils from this test 
were usually completely soluble in chloroform. However, in the 
used oils from the engine tests a substantial p art was insoluble in 
chloroform. This was probably due to materials entering the oil 
from the combustion zone and the breather pipe of the engine.

The correlation w ith all the oils was good on viscosity increase.
The corrosion of the pieces of copper-lead bearings, Figure 

9, in the laboratory procedure was usually considerably less 
than in the engine, probably because of the absence of vigorous 
mechanical action. I t  is not felt th a t the present procedure will 
evaluate corrosion quantitatively.

V A R IA T IO N S  O F  TEST PRO CEDU RE

Once it has been established th a t an oil shows promise in the 
above standard test, which was based to a large extent on the 
particular composition of the B oils, it  becomes im portant to 
know whether i t  would tolerate excessive amounts of a particular 
catalyst or the higher tem peratures in the ring zone. For this 
purpose a series of tolerance tests has been employed. The 
operating factors of the prim ary test save one were retained and 
separate tests were made in which one of the variables was changed 
as follows:

LEGEND^ 
^ 3 6 - H R . CH EVRO LET

LABO RATO RY T E ST
Type of Tolerance Test 

Iron
Lead brom ide 
T em perature

Copper

Change in C oncentration or C ondition

Increased from 0.012 to  0 .0 5 %
Increased from  0 .1  to 0 .4 %
Increased from 280° to 350° F . and  tim e reduced 

from  36 to 10 hours 
Increased from  1 to  4 sq. cm.

1

B - l
1

B - 2 B - 3 B - 4
0. Correlation between Average Chevrolet Test and 

Standard Laboratory Test

In  general, the iron and tem perature tolerance tests are of 
greatest importance, as is illustrated below. The results of the 
tolerance tests on the B oils which were correlated by the stand
ard test procedure are shown in Figure 11. Except for oil B-3, 
the tem perature tolerance data  were better or equal to  the 
standard test data. This indicates a low-temperature sensitivity 
of these oils. In  contrast, excess iron was deleterious in some 
way to each of the oils, although some were affected more than 
others. The engine appearance on B-4 was improved somewhat, 
possibly owing to some detergent action of the iron soap. Every
thing considered, B-3 remained the best oil and B-4 the poorest. 
On the other hand, studies have been made on a certain type of 
inhibitor-oil combination, which was not affected by the stand
ard or the iron tolerance tests bu t was seriously harmed by the 
tem perature tolerance conditions. This was reflected in poorer 
results from the Chevrolet tests than  from the “standard” 
laboratory test. The prediction based upon the tem perature 
tolerance test was th a t increased concentrations of inhibitor 
would be. necessary for a successful Chevrolet test. This proved 
to be the case.

R e s u l t s  o n  S o m e  O t h e r  K n o w n  O i l s .  The utility  of any 
laboratory test rests in its application to the evaluation of an
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Oil AX

T ype of T est
Lacquer 
Isopen tane- 

insoluble 
C u-Pb weight loss 
N eutra lization  

No.
Viscosity increase 
Appearance 
Engine service 

characteristics

Tem per- 
Iron  a tu re

S tand - toler- to ler
a rá  anee anee
0.0

355.7
1.0

5 .0

336.0
0 . 8

1 . 2

177.3
0 .5

1 .2  4 .5  1.5
429 227 409

C C +  B
A heavy-du ty  oil having 

excellent oxidation re 
sistance properties b u t 
lim ited  in detergency

Table V I. Oxidation Test on X  O il and Penn 30
Oil BX Oil CX Oil D X Penn Oil 30

Iron
S tand - to ler

a rá  anee
7 .6  8 .6

T em per
a tu re
to ler
ance

2 2 2 . 2
6 . 2

830.6
66 .5

320.6
1 2 . 6

° P robab ly  error, as there was no visible lacquer film.

S tand
ard

3 .5  19 .5°

1 .3  7 .7  1.4
308 542 588

A C +  A -
A heavy-du ty  oil having 

good detergency p rop
erties b u t lim ited in 
oxidation resistance

Iron
to ler
ance

Tem per-
a tu re
to ler
ance

S tand -
ard

Iron
to ler
ance

Tem per-
a tu re
to ler
ance

S tand-
a rd

Iron
to le r
ance

Te mper- 
a tu re  
to ler
ance

2 .0 1.7 11.3 1.4 2 .8 15.6 1 .5 10.4

193.7
3 .7

58 .8
0 .3

0 .9
2 .1

23 .3
42.7

2 2 .8
17.8

201.9
3 .8

228.0
16.4

72.7
13.8

4 .5
184

A -

0 .9
94

A -

0 .5
38
A

3 .8
179

A -

1 .0
83

A -

1.9
493

B

1.9
1095

A

1 .0  
430 
B +

1 . 2
0 .4

0 .9  
6 6  

A -
A heavy-duty  oil possess

ing  bo th  detergency 
and  resistance to  oxi
dation

A heavy-duty  oil satis
factory  bo th  as to  
detergency and  s ta 
b ility  under lim ited 
conditions b u t which 
m ay oxidize a n d /o r  
corrode bearings 
under certa in  high 
tem pera tu re  condi
tions

oil of unknown performance. The above work has shown the 
test to  be applicable for determining oil stability  for B oils which 
represent a fairly divergent group. However, there are many 
types of oils and additives which m ay or m ay not respond as well. 
Table VI shows a  group of oils known as the X  oils for which the 
service characteristics have been determined bu t not yet re
leased by  the Corrosion Section of the Technical Committee B, 
Committee D-2 of the A.S.T.M . A Penn oil is also included. 
These are shown w ith the objective th a t service correlation 
may be available sometime.

SU M M A R Y

The service requirements of lubricating oils are so varied as to 
make their refining and testing extremely difficult. Indeed, the

OIL= B - 1 B - 2 B - 3  B - 4
Figure 11. Tolerance Test Data on B O ils

“service performance” of an oil is a  very vague term. In  the 
present work by the application of reasonable chemistry a labora
tory  test procedure has been developed which gives substantial 
correlation, except for corrosion, with one type of “ service” and 
for a  certain few oils; bu t this development is by no means com
plete. By the application of certain “ tolerance” tests a funda
mental understanding of the mechanisms of various additives 
and of the decomposition of an oil is possible to a greater extent 
than  w ith engine tests. Application of the principles developed 
m ay be of substantial aid to  both routine testing and research 
work in the field of m otor oils. However, completely satisfac
tory  procedures m ust also give information upon bearing corro
sion. A procedure for doing this in the proposed test is under 
investigation and will be reported later.
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A nalysis of Hydrofluoric-Nitric A c id  Stainless Steel 
Pickling Bath

W IL L IA M  E. M cKEE a n d  W IL L IA M  F. H A M IL T O N 1 
Engineering Research Laboratory, Chemical Division, Lockheed Aircraft Corporation, Burbank, Calif.

The economical and efficient operation of the hydrofluoric-nitric acid 
stainless steel pickling bath requires control by chemical analysis. 
In this paper rapid quantitative analytical procedures are presented 
for the analysis of the bath. They include the determination of total 
acidity, iron, fluoride, and nitrate.

T H E  nitric-hydrofluoric acid pickle bath  is used in cleaning 
the siliceous welding flux residue and scale from stainless 

steel parts after welding or annealing. The solution when origi
nally made up contains approximately 1% anhydrous hydro
fluoric acid and 12% anhydrous nitric acid by weight. These 
concentrations vary as the bath  is replenished.

Since satisfactory analytical procedures were not available, 
control had consisted of adding hydrofluoric acid and nitric acid 
in the ratio of 1 to  10 parts by weight, respectively, to produce 
the desired pickling rate. The need for a  rapid control analysis 
to  determine both the factors influencing the efficiency of the 
bath  and the concentrations of the components was obvious be
cause of the erratic performance of the bath. Unnecessary addi
tions and tan k  drainings can be eliminated if these factors are 
known. In 'th e  course of this investigation, i t  was found th a t 
proper control of the b a th  required the determination of total 
acid, as well as the iron, fluoride, and nitrate  ions (4).

DISCUSSION

The separate quantitative determ ination of nitric and hydro
fluoric acids by direct alkali titra tion  is prevented by the accumu
lation of siliceous materials from the welding flux as well as iron, 
chromium, and nickel from the dissolved steel. In  hydrofluoric 
acid, iron, chromium, and nickel form weak acids of the types 
IfiMFa and H 2FM S (5), where M =  Fe, Cr, or Ni. During the 
neutralization of these compounds, metallic hydroxides are pre
cipitated. Ferric hydroxide starts to precipitate a t about pH  4; 
chromium and nickel precipitate a t slightly higher pH  values. 
A t pH  8, practically all of the iron and most of the chromium and 
nickel are precipitated. The nitric and hydrofluoric acids, as well 
as weak acids, are also completely neutralized a t this pH  value.

The to ta l acidity can be arbitrarily considered as the sum of all 
acidic constituents which are titra ted  by an alkali to  a pH  of 8. 
The titra tion  m ust be corrected for the am ount consumed in  pre
cipitating the metallic ions as hydroxides. I t  is expressed as 
equivalents of acid per 100 ml. of sample. Since titra tion  curves 
show th a t in hydrofluoric-nitric acid solutions of these metals the 
greatest inflection occurs a t pH  8, it  is possible to  titra te  to  this 
pH , thus neutralizing all strong and weak acids, and to calculate 
their concentrations by applying a correction factor for the alkali 
used by the metals. This factor is obtained by separating the 
hydroxides and measuring the volume of the precipitate in gradu
ated centrifuge cones under definite conditions.

When similar conditions of acidity and identical conditions 
of centrifuging are maintained, a satisfactorily constant relation 
is obtained between the volume of the precipitate and the amount 
of base required to  produce the precipitate, even though the con
centrations of the iron, chromium, and nickel ions vary  over a 
wide range. In  practice, the am ount of dissolved iron is always 
several times greater than  th a t of the chromium and nickel.

1 Present address, Vaso Sulfa Laboratories, 1947 E ast M id wick Drive, 
A ltadena, Calif.

A number of quantitative procedures are available for the de
term ination of fluorides. They include precipitation methods 
using calcium fluoride, lead chlorofluoride (8), or triphenyltin 
fluoride (3); the titration  of evolved silicon tetrafluoride with 
alkali (1, 6); and various colorimetric methods. In  general, they 
are not practical for the control analysis of the pickle bath, be
cause large quantities of iron and other metals in solution result 
in  interference.

A slightly modified form of the Rowley-Churchill determina
tion was found to be rapid and satisfactory (7). Fluorides are 
separated from the interfering metals by distillation as fluosilicie 
acid and titra ted  in a buffered solution with thorium nitrate, 
using Alizarine Red S as an indicator. N itric acid does not in
terfere.

The dissolved iron is present entirely in the ferric state. In  the 
presence of chromium and nickel it  m ay be determined by any 
one of several gravimetric procedures. In  the following rapid 
method, the iron is estim ated in graduated centrifuge cones by 
comparing the volume of ferric hydroxide precipitated from an 
aliquot of the pickle solution w>th th a t from known samples. 
The standard m ust be precipitated from a nitric acid solution 
containing fluorides, bu t the quantities present are not critical. 
An excess of sodium hydroxide and ammonia dissolves the bulky 
nickel and chromic hydroxides which coprecipitate with the ferric 
hydroxide. To obtain accurate results, the pickle solution and 
the standard m ust be precipitated and centrifuged in a similar 
manner.

The nitrate-ion concentration is conveniently determined by 
the ferrous sulfate method of Bowman and Scott (3), which applies 
to n itrate  determination in concentrated arsenic, phosphoric, or 
sulfuric acid. For the analysis of the pickle solution, the most 
consistent results were obtained by titra ting  the n itrate  ion in 
concentrated sulfuric acid. Fluorides, trivalent chromium nickel, 
and iron do not interfere.

R E A G E N T S  REQ U IRED

Standardized base, 0.5 N  sodium hydroxide.
Standardized nitric acid, 1.5 N.
Standard sodium fluoride, 0.750 N . D ry c.p. sodium fluoride 

for 2 hours a t  110° to 120° C., dissolve 3.150 grams of the dry salt 
in distilled water, and dilute to  exactly 100 ml.

Stock stainless steel solution, 130 grams of ferric n itrate nona- 
hydrate, 35 grams of chromic n itrate nonahydrate, and 16 grams 
of nickel n itra te  hexahydrate in 1 liter of distilled water.

Buffer solution, 9.4 grams of monochloroacetic acid and 2.0 
grams of sodium hydroxide in 100 ml. of distilled water.

Indicator, 0.5 gram of Alizarine Red S (monosodium alizarin 
sulfonate) in 100 ml. of distilled water.

Standardized thorium  nitrate, 0.07 N . Dissolve 9.2 grams of 
c .p .  thorium  nitra te  tetrahydrate in 1 0 0 0  ml. of distilled w a t e r  
and standardize against standard sodium fluoride.

S tandard iron solution, 0.010 gram per ml. Dissolve 1.00 
gram of pure iron wire in 25 ml. of 6 N  nitric acid, boil a  few 
moments, and dilute to  exactly 100 ml.

PRO CEDU RE

T o t a l  A c i d i t y .  Correction Factor. T h e  c o r r e c t i o n  f a c t o r  for 
m e t a l l i c  i m p u r i t i e s  is  d e t e r m i n e d  as fo l lo w s :

A solution of 10.0 ml. of standard sodium fluoride and 10.0 ml. 
of standard nitric acid are added to approximately 20 ml. of water 
and titra ted  to a pH  of 8.0 with the aid of a pH  meter. A solu
tion of 10.0 ml. of standard sodium fluoride, 10.0 ml. of standard 
nitric acid, and 5.0 ml. of stock stainless steel solution are added 
to  approximately 15.0 ml. of water and the mixture is titra ted  to a

310
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pH  of 8.0. The titra tion  should be made slowly near the end 
point. If the final volume exceeds 100 ml., the precipitate is 
allowed to  settle and some of the supernatant liquid is poured off. 
The precipitate is then stirred up into the remaining liquid and 
the suspension is distributed between two graduated 50-ml. 
centrifuge cones. The cones are filled to  the 50-ml. m ark, bal
anced by adding water, and centrifuged for a t  least 3 minutes. 
The time interval during centrifuging is accurately noted. The 
to tal volume of precipitate in the two cones is recorded.

The correction factor for metallic im purities is calculated as 
follows:

A  — ml. of base to titra te  10.0 ml. of standard sodium fluoride> 
10.0 ml. of standard nitric acid, and 5.0 ml. of stainless 
steel solution

B  = ml. of base to  titra te  10.0 ml. of standard  sodium fluoride
and 10.0 ml. of standard  nitric acid 

C =  ml. of hydroxide precipitate
W  =  correction factor or ml. of base per ml. of precipitate

May, 1945

Total Acidity Determination. An aliquot of 5.0 ml. of pickling 
solution is added to  approximately 35 ml. of w ater and titra ted  
to  a pH  of 8.0. The am ount of precipitate is determined as indi
cated above, using the same centrifuging tim e and speed. The 
to ta l acidity is calculated as follows:

D  =  ml. of base required to  titra te  5.0 ml. of sample 
E  =  ml. of hydroxides precipitated from 5.0 ml. of sample 
JF =  correction factor 
N  — norm ality of base
X  =  to tal acidity as equivalents of acid per 100 ml. of pickle 

solution

X  =  ~ ™ \ N  =  t o t a l  a d d i t y
ou

I r o n  C o n t e n t .  Any standard  gravimetric method for the 
determ ination of iron in the presence of chromium and nickel may 
be used. However, the following rapid method is recommended.

Standardization. From 1.0 to  10.0 ml. of standard ferric iron 
solution are added to  a solution of about 5.0 ml. of standard  so
dium fluoride and 5.0 ml. of standard nitric acid and diluted to 
about 40 ml. The solution is titra ted  to  a pH  of 8.0, 20 ml. of 
concentrated ammonia and 4 grams of sodium hydroxide are 
added, and the suspension is stirred until the sodium hydroxide 
has dissolved. The precipitate ' is centrifuged and measured 
under exactly the same conditions as used for the unknown 
sample. The volume-weight relation is found from the observed 
volume of the precipitated ferric hydroxide and the grams of iron 
required to  produce it.

Determination. A 5.0-ml. portion of sample is added to  ap
proximately 35 ml. of w ater and titra ted  to  a pH  of 8.0; 20 ml. of 
concentrated ammonia and 4 grams of sodium hydroxide are 
added, and stirred until the sodium hydroxide has been dissolved.

The suspension of hydroxides is centrifuged in graduated cones 
as in the to ta l acidity procedure. The volume of precipitate is 
measured and compared w ith a  standard prepared from the stand
ard  iron solution. For m ost accurate results, equal amounts of 
precipitate should be used in comparing known am ounts of iron, 
as against unknown am ounts of pickle solution.

The iron content is calculated as follows:

G =  grams of iron taken for standardization 
H  = ml. of precipitate obtained from known am ount of iron 

taken for standardization 
J  =  ml. of precipitate from 5.0 ml. of sample 
Y  =  grams of ferric iron per 100 ml. of sample 

20 GJ  
H

N i t r a t e  D e t e r m i n a t i o n .  A 2.0-ml. portion of sample is 
delivered beneath the surface of 100 ml. of nitrate-free concen
tra ted  sulfuric acid. The concentrated sulfuric acid should be 
stirred while the sample is being delivered. The grams of n itrate 
ion per 100 ml. of pickle solution are calculated from the ferrous 
sulfate consumed. Bowman and Scotts’ correction factor is also 
applied.

T o t a l  F l u o r i d e  C o n t e n t .  A 125-ml. distilling flask con
nected to  a water-cooled condenser is fitted w ith a  two-hole rubber 

¡stopper; a therm om eter is extended down into the liquid and a 
.dropping funnel arranged so th a t water can be added during the 
.distillation. The distillate is conveniently collected in  a 100-ml. 
volumetric flask.

A few glass beads and approximately 0.1 gram of sodium silicate 
; are placed in the distilling flask, and 6 ml. of 70% perchloric acid

Table I. Determination of Total A cid ity in Known Samples
T otal Acid T otal Acid

Experi Added, Found, Difference,
m ent E quivalents Equivalents Equivalents Difference,
No. per 100 Ml. per 100 Ml. per 100 Ml. %

1 0.154 0.149 - 0 .0 0 5 - 3 . 2
2 0.154 0.150 „ — 0.004 - 2 . 6
3 0.215 0.219 +  0.004 +  1.9
4 0.215 0.216 +  0.001 +  0 .46
5 0.215 0.205 - 0 .0 1 0 - 4 . 7
6 0.277 0.268 - 0 .0 0 9 - 3 . 2
7 0.277 0.283 +  0.006 + 2 .2
8 0.307 0.314 +  0.007 + 2 .3

Table II. Determination of Total Fluoride in Known Samples
Experi Total Total

m ent Fluoride Fluoride
No. Added Found Difference

G./100 m l. G ./100 ml. G ./100 ml. %
1 0.905 0.902 - 0 .0 0 3 - 0 . 3 3
2 0.905 0.925 +  0.02 +  2 .2
3 1.36 1.33 - 0 . 0 3 - 2 . 2
4 1.36 1.39 +  0.03 + 2 .2
5 1.42 1.46 +  0.04 +  2 .8
6 1.81 1.85 +  Ö.04 +  2 .2
7 2 .72 2 .67 - 0 . 0 5 - 1 . 9
8 2 .84 2 .89 +  0 .05 +  1 .8

and 20 ml. of water are added. A 2.0-ml. sample is carefully 
pipetted into the flask. The distilling flask is heated, and the 
tem perature of boiling solution is m aintained a t  115° to  125° C. 
by careful addition of water from the dropping funnel. The 
tem perature should finally be allowed to  reach 140° C. Approxi
m ately 60 to  75 ml. of distillate are collected in a 100-ml. flask and 
diluted to  the m ark w ith water. Once or twice during the distil
lation, the burner should be removed and the therm om eter and 
stopper washed down w ith water. After the distillation is 
completed, any condensate is washed from the flask’s arm  and 
condenser into the volumetric flask and diluted to volume with 
distilled water.

A 25-ml. aliquot of the distillate is pipetted into a tall beaker 
and diluted to  100 ml. and 3 drops of Alizarine Red S indicator 
are added. Sodium hydroxide, 0.5 N , is added until the solution 
is perm anently pink. The color is discharged by adding diluted 
hydrochloric acid (1 to 200) until the  solution is ju s t light yellow, 
then 2 ml. of the buffer solution are added. The solution is 
titra ted  over a white background w ith thorium  nitrate  until the 
appearance of a  light pink color, which lasts for 3 to  4 minutes. 
The thorium  n itra te  is added slowly while the solution is stirred 
continuously. There is some pink color formed during the titra 
tion because of the absorption of the dye on the thorium  fluoride 
precipitate. However, the sudden increase in pink color a t  the 
end point is easily discernible.

The norm ality of the thorium  nitra te  is determined in exactly 
the same manner by titra ting  against sodium fluoride, except th a t 
the distillation is omitted. Ten milliliters of the standard so
dium fluoride solution are pipetted into a 100-ml. volumetric flask 
and diluted to  the m ark, and 10 ml. of this diluted solution are 
titra ted  as above. The weight of fluoride ion per 100 ml. of 
pickle solution is calculated as follows:

M  = ml. of thorium  n itrate required to  titra te  a 25-ml. aliquot of 
the distillate 

P  = norm ality of thorium n itrate solution 
R  =  atom ic weight of fluorine
Z  = grams of fluoride ion per 100 ml. of pickle solution
„  _  M P R
Z

R EM A RKS

Analyses of a large number of pickling solutions has shown 
th a t for room -temperature operation of the bath the to tal acid 
and nitrate-ion concentrations are not critical if kept within the 
following approximate limits: to ta l acid 0.15 to 0.35 equivalent, 
n itra te  ion 7.5 to  20.0 grams per 100 ml. of sample (4). The 
absolute amounts of iron and fluoride present are not critical 
up to  a t least 3 grams of iron and 6 grams of fluoride per 100 ml. 
of sample, even though the ratio of their concentrations has an 
effect on the pickling rate. For the most rapid pickling action, 
the molar ratio  of fluoride to  iron should be kept about 6 to  1.
If it  falls below 3 to  1, pickling is generally very slow. The . 
minimum ratio depends on the annealing conditions and the
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Table III. Determination of Nitrate in Known Samples
Experim ent N itra te N itra te

No. Added Found Difference
G./100 ml. G ./100 ml. G ./100 m l. • %

1 3.72 3.74 +  0 .02 +  0.56
2 9.33 9.23 - 0 .1 0 - 1 . 1
3 9.53 9.53 0.00 0 .0
4 11.2 11.1 - 0 . 1 - 0 . 8 9
5 13.1 12.7 - 0 . 4 - 3 . 6
6 15.3 15.2 - 0 . 1 - 0 . 6 5
7 16.8 16.8 0 .0 0 .0
8 19.1 18.9 - 0 . 2 - 1 . 0

Table IV . Comparison of Iron Determinations by Gravimetric and
Present Methods

Experim ent G ravim etric P resent R apid
No. M ethod M ethod Difference

G./100 ml. G ./100 ml. G./100 m l. %
1 0.925 0.931 + 0 .0 0 6 +  0 .65
2 1.10 1.20 + 0 .1 0 + 9 .1
3 1.20 1.19 - 0 . 0 1 - 0 . 8 3
4 1.33 1.28 - 0 . 0 5 - 3 . 8
5 1.12 1.14 + 0 .0 2 +  1 .8
6 1.31 1.39 +  0 .08 + 6 .1
7 2.19 2.29 +  0 .10 +  4 .6
8 3 .50 3 .33 - 0 . 1 7 ■ - 4 . 9

resulting oxide scale. The chromium and nickel content of the 
bath  does not appreciably affect the pickling efficiency.

In  some cases, the determ ination of sulfates m ay be desirable. 
S tandard gravimetric methods such as those outlined by Tread
well and Hall (9) have been found satisfactory.

The accuracy obtained from the above outlined methods is 
more than  sufficient in view of the wide ranges of concentration 
which are allowable. The procedures were designed for speed 
and practical convenience rather than for extreme accuracy.

Synthetic pickle solutions of known composition were ana
lyzed by the outlined procedure. In  each case the concentra
tions of iron, chromium, and nickel were varied. The data  are 
shown in Tables I  to  IV. The results of each experiment repre
sent an average of a t  least three determinations. Iron contents 
were determined by a gravimetric procedure in which the iron 
was separated from the other metallic ions, and finally weighed 
as ferric oxide. These gravimetric values compared favorably 
with those obtained by the present rapid method.
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Determination of W ater in D ry Food Materials
A p p lic a t io n  of the Fischer V o lu m etric  M ethod

C. M . JO H N S O N  
Western Regional Research Laboratory, A lbany, Calif.

With the Fischer volumetric method it was possible to determine the 
moisture content of starches, sugars, pectin, and spray-dried egg 
powder fairly rapidly and to get results that agreed with those ob
tained by the standard vacuum-oven technique. The apparent 
moisture contents of a number of dehydrated vegetables and fruit 
powders when determined by electrometric titration were generally 
slightly higher than those obtained by the vacuum-oven method.

A  R A PID  and accurate method for the determ ination of water 
in m any dried foods and food m aterials is necessary for the 

proper control of the finished product in  m anufacturing plants 
and inspection laboratories. A t present the official vacuum-oven 
m ethod for the determ ination of moisture in  dried fruits (3) is 
used, w ith and w ithout modifications, for the determ ination of 
moisture in dehydrated vegetables. The vacuum-oven method 
is slow and, as shown by Makower and Myers (9), does no t give 
a satisfactory measure of the true moisture content of dehydrated 
vegetables. I t  apparently  gives satisfactory results w ith such 
materials as starches, sugars, pectins, and egg powder, bu t it 
requires considerable tim e before the results are obtained.

The volum etric m ethod developed by Fischer (5) is rapid and 
specific for water. The method involves the titra tion  of a metha- 
nolic suspension or solution of the sample w ith a  reagent com
posed of iodine and sulfur dioxide dissolved in  pyridine and 
m ethyl alcohol. The chemistry of the Fischer reagent has been 
studied in considerable detail by Smith, B ryant, and M itchell 
(15).

The end point, in uncolored solutions, can be observed fairly

accurately by the appearance of the brown iodine color. How
ever, in colored solutions or in solutions containing considerable 
am ounts of spent reagent, the visual detection of the end point 
becomes exceedingly difficult. Almy, Griffin, and Wilcox (1), 
W ernimont and Hopkinson (16), and M cKinney and H all (8) 
have described electrometric methods for the detection of the 
end point of this reaction, thus making it  possible to determine 
the moisture content of colored liquids and suspensions.

The use of the Fischer volumetric method for the determination 
of moisture in organic liquids and technical products has been 
described in  detail by m any workers (1, 4, 5, 8, 10, 11, 15, 16). 
The volumetric determ ination of moisture in  some foodstuffs, 
such as fats, marmalade, and cacao, has been described by Kauf- 
m ann and Funk (7) and R ichter (14), but, to  the au thor’s 
knowledge, this m ethod has not been used for the determination 
of moisture in the m aterials reported on here.

This paper presents the results of a  study of the conditions 
necessary for the Fischer volumetric determ ination of moisture 
in  starches, sugars, pectin, egg powder, and a  number of dehy
drated and spray-dried foods.

A P P A R A T U S

The qualitative unit of the Senior model Fisher titrim eter was 
used for determ ination of the electrometric end point in these 
studies. Any of the other electrometric systems referred to 
above would doubtless have been equally satisfactory. I t  was 
found convenient to use a separate stirring and electrode system 
similar to th a t described by W ernimont and Hopkinson (16). 
The electrodes were connected to  the brush posts of the titrim eter, 
thus making use of the amplifying and “magic eye” system of the 
titrim eter. The magic eye was set so th a t it was open about
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Table I. Vacuum-Oven and Volumetric Moisture Values for Dehydrated Vegetables
(Vacuum -oven values after 38 hours a t 70° C .; volum etric values a fte r indicated times and tem peratures of contact) 

A pparent

C arro ts 
W hite po ta to  
Cabbage 
T om ato  powder

M oisture,
V acuum -

Oven
M ethod

6 .62°
6 .84
3 .63
5 .4 0 “

A pparen t M oisture, V olum etric M ethod

0 .5
%

6 .33
2.81
3 .12

H ours’ C on tact a t  22° C.

%
7.01
3 .90
3 .15
4 .07

16
%

7 .12
5 .50
4 .00
4.98

48
%

7.14
6 .16

64
%

4.13
5 .08

8 8

%

4.20
5 .17

96
%

7 .05
6.47

0 .5
%

7 .3 0
4 .98
3 .76
5.32

H ours’ C on tact a t  60° C.

%
7.31
6 .09
3.91
5.57

4
%

7 .32
6 .63
4 .00
5.70

7 .34
6 .85  
4 .17
5 .85

24
%

7 .29
7 .26
4 .65
6 .14

In terpo lated  from  Figure 2.

Table II. Comparison of Vacuum-Oven and Volumetric Moisture 
Values of Dried Whole Egg Powder

Vacuum-Oven V olum etric
M ethod, M ethod
100° C ., 0.5 hour 0.5 hour 1 hour

Sample 5 H ours a t  22° C. a t  60° C. a t  60° C.
% % % %

A 4.76 4 .59 4 .69 4 .86
4 .72 4 .57 4 .71 4 .87

B 2.65 2 .64 2 .67 2 .83
2 .61 2 .52 2 .76 2 .9 4

C 5.17 5.17 5 .27 5 .20
5 .20 5 .15 5 .20 5 .26

D 4 .3 8 4 .34 4 .24 4 .37
4 .42 4.29 4 .46 4 .42

E 5.04 4 .9 4 5.11 5 .04
5 .10 5 .01 4 .98 5 .07

0.6 cm. (0.25 inch) when the electrodes were in the solution con
taining an  excess of the reagpnt. The eye closed completely a t 
the end point when the excess reagent was titra ted  w ith standard 
w ater solution.

The reagents were stored in all-glass autom atic buret systems 
and were protected from atmospheric moisture w ith D rierite 
tubes.

The samples were prepared and titra ted  in 250-ml. No. 27 f  
glass-stoppered Erlenm eyer flasks.

R E A G E N T S

A b s o l u t e  M e t h a n o l . M ost of the commercial absolute 
m ethanol tested in this study contained from 0.1 to  0.5%  water. 
I t  was necessary, therefore, to  dry the m ethanol before use. 
D rying the alcohol w ith magnesium as described by Gilman and 
B latt (6) proved to  be more satisfactory than  distilling from either 
calcium oxide or Drierite. The alcohol so obtained contained 
from 0.01 to 0.03% of water.

F i s c h e r  R e a g e n t . The Fischer reagent was prepared by 
dissolving 169 grams of resublimed iodine in 511 ml. of the dried 
m ethanol and 425 ml. of reagent-grade pyridine, and adding 128 
grams of sulfur dioxide gas. The reagent did no t heat appre
ciably when the sulfur dioxide was added a t  a  ra te  of about 40 
grams per hour. The molar ratios of iodine, sulfur dioxide, and 
pyridine in the reagent were 1 to 3 to  8. This solution deteriorated 
at. the ra te  of about 1 %  per day when first prepared, becoming 
slightly more stable as it  aged.

S t a n d a r d  W a t e r  S o l u t io n . The standard w ater solution 
was prepared by adding sufficient distilled w ater to  dry methanol 
to give a  solution containing approximately 5 mg. of w ater per ml.

The ratio, R, between the Fischer reagent and the w ater was de
termined daily in the manner described by W ernimont and Hop
kinson (16).

T he exact w ater value of the standard w ater solution was de
termined by titra tion  of weighed amounts of distilled w ater and 
was checked a t  least weekly.

PRO CEDU RE

Sufficient m aterial to contain 30 to  200 mg. of w ater was 
weighed into each dry glass-stoppered 250-ml. flask, and 25 ml. 
of dried methanol were added to each flask. In  various experi
ments the samples were either allowed to stand tightly  stoppered 
a t  room tem perature or connected by means of ground joints to 
reflux condensers (protected from atmospheric moisture by 
Drierite) and m aintained in a glycerol bath  a t 60° C. for the re
quired length of time. Active refluxing of the alcohol was 
avoided because of occasional loss of sample and alcohol by

bumping. I t  was not necessary 
to wash the condenser, since 
vapors rarely ascended above 
the neck of the flask.

In  later experiments the flasks 
were heated to 60° C. while 
connected to a condenser and 
then removed, quickly stop
pered, and stored in an air oven 
a t  59° ±  1° C. for th e  desired 
length of time.

The w ater content of the 
cooled sample was determined 
by adding Fischer reagent until

__________________________  the brown iodine color appeared
and then back-titrating to the 
electrometric end point w ith the 

standard w ater solution. The last few drops of standard w ater 
solution were added slowly, since a slight lag in the end point 
is characteristic of this reaction (1, 8). The direct titration  
with Fischer reagent was not satisfactory, as shown in the dis
cussion of the electrometric behavior of this system by Almy, 
Griffin, and Wilcox (1).

The moisture content of the sample was then calculated after 
correction for the moisture content of the methanol used.

RESULTS

Fischer volumetric moisture determinations were made on 
samples of w heat starch, potato  starch, sucrose, glucose, fructose, 
pectin, spray-dried whole eggs, and a num ber of dehydrated 
vegetables and fru it powders. The dehydrated and spray- 
dried products are referred to below only as carrots, tom ato 
powder, eggs, etc.

D eterm inations of moisture on the starches, sugars, pectin, and 
spray-dried materials were made w ithout further grinding. The 
dehydrated vegetables were ground in an  interm ediate Wiley 
mill fitted w ith a 40-mesh screen.

T he apparent moisture content of some of the materials was 
determined after varying intervals of contact w ith the methanol 
a t  22° and 60° C. Table I shows the relation between tim e and 
tem perature of contact w ith methanol for four of the materials. 
T he vacuum-oven values after 38 hours a t  70° C. are included for 
comparison.

D ried whole egg powder was exceptional in its behavior, in th a t 
the m oisture was liberated very rapidly (Table II ) . One-half 
hour of soaking in m ethanol a t  22° C. yielded nearly the maxi-

Figure 1. Fischer Volumetric Moisture Values of Dehydrated 
Foods as a Function of Time of Soaking in Methanol at 60° C.
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Table III. Vacuum-Oven and Volumetric Moisture Values for Dry
Foods

(Vacuum-oven values a fter indicated tim e a t  70° C.; volum etric values 
a fter indicated tim es of contact a t  60° C.)

Vacuum -Oven M ethod V olum etric M ethod
M aterial 16 hours 100 hours 0.5 hour 6 hours 24 hours]

%  % % % %
P o ta to  starch 13.55  13.58 13.41 13.46 13.45

13.60  13.65 13.43 13.42 13.51
W heat starch 10.15 10.25 10.21 10.12 10.26

10.15 10.32 10.08 10.22 10.22
Sucrose 8 .3 7  8 .37 8 .31 8 .30 8.31

8 .3 7  8 .39 8 .21 8.24 8.28
Glucose 3 .5 2  3 .58 3 .46 3 .4 4 3.41

3 .5 5  3 .6 0 3 .45 3 .4 8 3 .51
Fructose 1 .91 2 .20 1.51 1 .54 1.58

1.92 2 .2 4 1.52 1.57 1.58
Pectin 9 .8 6  10.03 10.00 10.08 10.03

9 .8 6  10.01 10.02 10.05 10.09

38 hours
C arrots 6 .62° 7 .32 7 .26 7 .26

7 .30 7 .2 8 7 .33
Beets 3 .06 3 .1 8 3 .29 3 .49

3 .0 8 3 .21 3.42 3 .54
Peas 6 .02 6 .32 6 .29 6 .5 8

5 .99 6 .04 6.41 6 .4 8
Orange powder 5 .71 5 .71 5.76 5 .81

5.71 5 .60 5 .88 5 .87
Sweet po ta to 5 .41 5 .60 6.21 6 .4 0

5 .39 5.52 6 .19 6 .37
W hite po ta to 6 .84 4 .86 6 .9 0 7 .32

6 .85 5 .1 0 6.81 7 .2 0
Onion 2.81 2 .70 2 .96 3 .28

2 .83 2 .6 8 2 .96 3 .29
C abbage 3 .62 3 .76 4 .16 4 .64

3 .64 3 .77 4 .18 4 .66
T om ato  powder 5.40« 5 .30 5 .76 5 .81

5.35 5 .88 5 .87
a In te rpo lated  from  Figure 2.

mum am ount of w ater as compared w ith values obtained after 
0.5, 2, 4, and 6 hours a t  60° C. (Figure 1). These values are in 
agreement w ith those obtained by the official A.O.A.C. method 
(2 ).

A pparent moisture values were obtained for the other materials 
a fter contact w ith the m ethanol a t  22° and 60° C. The values 
obtained after contact w ith the methanol a t  22° C. were from 
10 to  30% lower than  those obtained after comparable contact 
times a t  60° C. I t  was no t possible to  obtain constant apparent 
moisture values in a  practicable working tim e a t  22° C. Table 
I I I  and Figure 1 show the relation between tim e of contact a t 
60° C. and the apparent moisture value.

The moisture values for the starches, sugars, and pectin were, 
for practical purposes, constant after 0.5 hour of contact a t 60° C., 
and prolonged contact had no effect on the apparent moisture 
value. These values were in  agreem ent w ith those obtained by 
the vacuum-oven method. Fructose decomposed to  some ex
ten t in the vacuum oven a t  70° C., as evidenced by darkening of 
the sample and continued loss of weight w ith prolonged drying. 
This decomposition appeared to occur only to  a small extent 
when held in  methanol a t  60° C. for as long as 24 hours.

Carrots, beets, peas, and orange powder yielded apparent 
moisture values after 2 hours of soaking in  methanol a t  60° C. 
th a t were nearly constant, as compared w ith values obtained 
after soaking for as long as 6 or 24 hours in methanol a t 60° C. 
(Table I I I  and Figure 1).

Sweet potatoes did no t a tta in  a limiting value until after 4 
hours. The liberation of moisture from white potatoes proceeded 
even more slowly. Onions, cabbage, and tom ato powder showed 
a slow rate of increase in  apparent moisture content as the time 
of soaking in methanol a t  60° C. was prolonged.

The effect of therm al decomposition (in methanol a t 60° C.) 
on the apparent moisture content of these materials is difficult

to evaluate. However, a consideration of the physical nature of 
dehydrated white potatoes, notably case-hardening and gelation 
effects (13), would lead one to  suspect th a t the slowness in a tta in 
ing constancy of apparent moisture content was largely due to  
slow diffusion of moisture from the particles.

On the other hand, the physical characteristics of onions, cab
bage, and tom ato powder did not appear to  account for the slow, 
almost uniform rate of increase in the apparent moisture content 
of these m aterials. R ather it  seemed more likely th a t thermal 
decomposition was making a considerable contribution to  the 
increase in  apparent moisture content after the first 0.5 to  2 
hours in m ethanol a l  60° C.

The moisture contents of the dried foods obtained by the 
Fischer volumetric method were compared w ith those obtained 
by the vacuum-oven method. Figure 2 illustrates the relation 
between percentage loss of weight and tim e of heating in vacuum 
a t 70° C. I t  is apparent th a t a  reasonably flat portion of the 
curve is atta ined  only after prolonged drying. This continued 
loss in weight was due in p art to  actual loss of w ater from the in
terior of the cellular m aterial and in p art to  therm al decomposi
tion. I t  was, of course, impossible, from the vacuum-oven data  
alone, to  determine the correct moisture value (9, 11). For pur
poses of this study, however, the 38-hour value was arbitrarily 
taken. A comparison of moisture values obtained in the 70° C. 
vacuum oven after 38 hours and the volumetric value after 0.5, 
6, and 24 hours in methanol a t  60° C. is given in Table II I .

HOURS IN VACUUM AT 70°C

Figure 2. Loss of Weight of Dehydrated Foods as a 
Function of Drying Time

D eterm ination of added w a te r . was tested by addition of 
weighed am ounts of distilled w ater to  1.000-gram samples of 
dried foods suspended in methanol. The samples were held a t 
60° C. for 2 hours and the w ater was determined in  the usual 
manner. The results are presented in  Table IV.

Soaking the samples in pyridine and pyridine-m ethyl alcohol 
mixtures did no t increase the rate  of removal of w ater from the 
materials and was not done in  these studies.

Allowing the samples to  stand in the presence of Fischer reagent 
a t  room tem perature did not increase the rate  of removal of water, 
and a t  60° C. side reactions gave rise to  erratic and inaccurate re
sults. Prolonged contact of the Fischer reagent w ith the sample 
should be avoided because of two possible side reactions—oxida-
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Table IV . Determination of Water Added to 1.000-Gram Samples 
of Dried Foods by Volumetric Method

W ater P er C ent
Originally T o ta l W ater of T o tal
P resen t in W ater C alcu W ater

M aterial Sam ple0 Added lated Found Found
Mg. Mg. Mg. Mg.

C arrots 71 .3 84 .0 155.3 158.2 101.8
71 .3 130.9 202.2 201 .0 99 .4

Orange powder 53 .9 80.3 134.2 131.5 97 .9
53 .9 135.5 189.4 187.8 99.1

Onions 29 .6 70.4 100.0 98.4 98 .4
29 .6 117.5 147.1 146.3 9 9 .5

Eggs 47 .3 76 .9 124.2 125.0 100.5
47 .3 115.5 162.8 162.0 99 .6

None 86 .6 86 .6 86 .4 99 .6
(w ater only) 133.1 133.1 134.1 100.8
a A verage of rep licate  analyses by  th is  m ethod.

tion of organic m atte r by the iodine and the regeneration of iodine 
in the partly  spent reagent (4).

EFFECT O F  P A R T IC LE  S IZ E

The volum etric m oisture method, in common w ith m ost other 
moisture methods, is dependent on a relatively slow ra te  of dif
fusion of w ater from the solid mass to  the surrounding medium 
(atmosphere or solvent).

Particle size is known to  be a  very im portan t factor in  deter
mining the apparen t moisture value after any given tim e in the 
vacuum oven (9). Therefore, i t  seemed desirable to  determine 
the effect of particle size on the rate  of diffusion of w ater from the 
solid m aterial suspended in m ethyl alcohol.

Samples of vegetables th a t had been stored in closed contain
ers for a t  least 1 m onth, in order to  a tta in  a uniform distribution 
of moisture throughout the mass, were ground in a food chopper. 
A portion of the ground m aterial as received from the food 
chopper was placed in a closed container a t once; the remainder 
was rapidly separated into three groups of different average 
particle size by passage through U. S. S tandard sieves of the fine 
series. Portions of each group, as well as of the original ground 
material, were reground in an interm ediate Wiley mill fitted 
with a 40-mesh screen. A pparent moisture values were then 
run on each subsample.

The results given in  Table V show ttfet, of the four materials 
studied, white potato  was the only one in which particle size was 
an im portant factor in  the volum etric method. Makower and 
Myers (9) obtained large differences in apparent moisture content 
of carrots of various particle sizes by the vacuum-oven method. 
The data  of Table V indicate th a t such differences ■are no t ob
tained when the volumetric m ethod is used for carrots.

A fairly finely divided sample is necessary to  facilitate proper 
sampling and to perm it rapid moisture determinations. On the 
o ther hand, the sample should no t be too finely divided, since 
errors would be introduced by heating effects on grinding and 
by the increased hygroscopicity of the sample.

INTERFEREN CES

Fischer (5), K aufm ann and Funk  (7), Smith, B ryant, and 
Mitchell {15), and McKinney and H all (8) have dem onstrated 
th a t ethylenic bonds do no t interfere in this determination.

Aldehydic and  ketonic compounds yield high values by virtue 
of acetal and ketal foAnation in the m ethanol {15). Reactive car
bonyl compounds are no t likely to  be present in dehydrated 
foods in sufficient quantity  to  cause serious interference.

A sample of ¿-ascorbic acid yielded an apparent moisture value 
of a little  less than  10% when the vacuum-oven value was only 
0.1%. This is in fair agreem ent w ith the calculated iodine con
sum ption by reduced ¿-ascorbic acid. However, errors from this 
source are no t likely to  be serious—for example, few vegetables 
contain more than  10 mg. of ascorbic acid per gram of dry m ate
rial. A maximum of 1.0 mg. of apparen t w ater would then be 
present in the 1-gram sample (an apparent moisture value of 
0 . 1 %).

A determination of naturally occurring iodine-reducing sub
stances was carried out by a modification of the method de
scribed by P rater, Johnson, Pool, and M ackinney (12)- This 
modified method avoids interference by any sulfur dioxide th a t 
might be present in the material.

Two-gram samples of the dehydrated foods were soaked in 25 
or 50 ml. of methanol for 2 hours a t 60° C., and 400 ml. of water 
were added. After the addition of 40 ml. of acetone and sufficient 
sulfuric acid to bring the pH  to 2 to 3, the samples were allowed to 
stand 10 minutes. The suspensions were then titra ted  to  a 
starch end point w ith 0.1 N  iodine solution. The results were 
calculated to  the apparent w ater value th a t would result from an 
equal iodine reduction in the Fischer reagent. In  no case was 
the iodine-reducing value, under these conditions, sufficient to 
account for more than 0.03% apparent moisture.

One cannot, logically, make a correction for these apparent 
w ater values, for they are probably more apparent than  real. 
E xcept for cases where the ascorbic acid content is high, the 
correction would be minor.

Inorganic oxides and oxidizing-reducing agents interfere in 
the volum etric m ethod (J). However, such substances are not 
ordinarily encountered in food products in significant amounts.

Table V . Effect of Particle Size on Apparent Moisture Value of 
Dehydrated Vegetables

(Samples held in m ethanol a t  60° C. for 6 hours before titrating)

M aterial

Po tatoes (white)

C arro ts

Cabbage

Onions

Particle-S ize D istribu tion  
(According to  U. S. S tandard  

Sieves, F ine Series)0

As received from  food chopper 
4-10 mesh 

10-18 mesh 
18-35 mesh

As received from  food chopper 
4-10 mesh 

10-18 mesh 
18-35 mesh

As received from  food chopper 
4-10 mesh 

10-18 mesh 
18r-35 mesh

As received from  food chopper 
4-10 mesh 

10-18 mesh 
18-35 mesh

A pparen t M oisture 
M aterial

M aterial reground
as de to  pass

scribed in 40-mesh
Colum n 2 sieve

% %
4.97 6.74
3 .42 6.82
4 .85 6.86
6.32 7 .0 0
7 .05 7.20
7 .18 7 .30
7 .05 7 .17
7.07 7 .06
6.47 6 .54
6.48 6 .53
6.53 6 .49
6.61 6 .60
3.84 3 .8 7
3.75 3.71
3 .7 0 3.73
3 .72 3 .77

° F o r exam ple, passing No. 4 b u t re ta ined  on No. 10.

A P P LIC A B IL IT Y  ¿ N D  R ECO M M EN D ED  PRO CEDU RE

The volumetric method is very well suited to  the rapid and 
accurate determ ination of moisture in  starches, sugars, pectin, 
and egg powders. Inspection of Tables I I  and I I I  reveals th a t 
0.5 hour’s contact w ith methanol a t  60° C., followed by cooling 
and titra tion  as described above under Procedure, yields maxi
mum and constant moisture values for these materials.

The volum etric method is also satisfactory for such materials as 
carrots, beets, peas, and orange powder, provided the results are 
calibrated against those obtained by some acceptable reference 
method. However, for practical purposes no method is known 
th a t gives a true  moisture value for such materials. C ontact 
times of 0.5 to  24 hours w ith methanol, followed by cooling and 
titra tion  as described above, yield fairly constant results for these 
materials, although in  general these apparent moisture values 
are slightly higher than  those obtained by the vacuum-oven 
method (38 hours a t 70° C .),

The results obtained w ith sweet potatoes indicate th a t slightly 
longer contact times are necessary (4 to  6 hours) before constant 
results are obtained.

The considerable variation of apparent moisture values of 
white potatoes, onions, cabbage, and tom ato powder w ith differ
en t contact times probably results from slow diffusion of mois
ture to  the methanol and slow therm al decomposition. I t  may
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be possible, however, to  standardize the time and tem perature of
contact, so th a t results agreeing with those obtained by a refer
ence method can be duplicated.
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Determination oí W ater in Liquid Petroleum Fractions
O . T. A E P L I' A N D  W. S. W. M cC A R TER  

Porocel Corporation, 260 South Broad St., Philadelphia, Pa.

Small amounts ol water (0 to 60 p.p.m.) in unleaded gasoline, 
naphtha, and electrical insulating oils can be determined by the Karl 
Fischer reagent through the use of a specially designed apparatus 
which effects the total exclusion of atmospheric moisture during the 
sampling and titration.

RE C E N T  work (4) on the desiccant properties of Driocel 
(activated bauxite) required the accurate determination of 

very small am ounts of w ater in liquid hydrocarbons. Prelimi
nary investigation of the available methods indicated th a t the 
K arl Fischer reaction could be most satisfactorily adapted to the 
needs. This reagent (2, 5) is quantitatively specific for water 
and its use for the determination of w ater in alcohols, carboxylic 
acids, saturated, ethylenic, and aromatic hydrocarbons (5), and 
petroleum fractions (1) has been reported. Early in  the au
thors’ study it  became evident th a t for the small amounts of 
w ater involved in  their work (0 to  60 parts per million) repro
ducibility could be obtained only through the use of a sampling 
and analytical technique which would effect the complete exclu
sion of atm ospheric moisture. Publication of the apparatus and 
m ethod used in this laboratory is prom pted by the increasing 
significance of moisture content in many processes of the chemi
cal and petroleum industries.

R E A G E N T S

Directions for the preparation of the K arl Fischer reagent 
appear in the literature (2, 5). Since the concentration of the re
agent generally decreases rapidly over several days immediately 
following its preparation (Figure 1), it  is advisable to make the 
solution a t least 24 hours prior to  use and to  standardize it fre
quently thereafter until the  concentration has become stable. 
The need for frequent standardization of the reagent is further 
emphasized by the three curves which show th a t the rate  of de
crease in concentration is not predictable. The reagent was 
st andardized against a solution of w ater in m ethanol containing 
1 mg. of w ater per milliliter.

A P P A R A T U S

The sampling bulb shown in Figure 2 was designed to  secure 
150-ml. portions of the liquid to  be analyzed, either from stream 
or from bulk, w ithout exposure to the atmosphere. Stream sam
ples, as from a drying tower, m ay be secured by attaching the 
bulb to the effluent tube of the tower by means of the ground- 
glass connection, fi. W ith h3 closed, stopcocks hi and h2 are 
opened to allow the bulb to  fill. Samples from bulk m ay be ob
tained by attaching a t f t  an extension tube long enough to  dip 
well into the body of liquid. W ith hi closed, h2 and h3 are opened 
and the bulb is filled by applying slight vacuum a t h2. Before

1 P resen t address, Pennsylvania Salt M anufacturing  Co., Philadelphia, Pa.

taking a sample for analysis, the dried bulb should be rinsed with 
the liquid to  adjust the adsorbed water concentration on the 
walls of the vessel.

T itrations were carried out in  the totally  enclosed apparatus 
shown in Figure 2. A motor-driven glass stirrer, a, enters the 500- 
ml. flask through a mercury seal, 6, attached by means of a 34/45 
ST ground-glass joint. The flask is provided with three side 
necks: c, a 10/30 ST joint through which enters the tip  of a 50- 
ml. Schilling buret for standard water-in-methanol solution; 
d, a 14/35 ST joint to  hold a platinum  electrode assembly; 
and e, a  10/30 ST jo in t to accommodate in turn jo in t f i  of the 
sample bulb, the tip  of a 10-ml. Schilling buret (not shown) for 
Karl Fischer reagent, and a  desiccant tube, g.

The “dead stop” end-point method {3, 6) was adopted in 
preference to the more difficultly detectable and less precise 
visual end point. The electrodes and wiring diagram required 
by this method are shown in Figure 2. By means of a battery  
and variable resistance an e.m.f. of 0.5 to  1.0 millivolt is imposed 
across the platinum  electrodes which dip into the K arl Fischer 
reagent. The lower e.m.f. requirem ent as compared to  Werni- 
m ont’s value is probably related to  the immiscibility of the re
agent in  petroleum fractions. W hen the end point is reached 
one of the electrodes becomes polarized and current ceases to 
flow. This condition is indicated by the gradual return  of the 
galvanometer spot to  the zero position. A Leeds & N orthrup 
enclosed lam p and scale galvanometer, catalog No. 2420-B 
(sensitivity, 25 microvolts per millimeter; period, 3 seconds; 
coil resistance, 23 ohms), is a suitable instrument.

M ETH O D

For gasoline and naphthas, which are normally lighter than 
K arl Fischer reagent, the electrodes extend to  the bottom  of the 
flask. W ith heavier immiscible liquids, such as electrical insu
lating oils, the  electrodes are constructed to  contact the upper

AGE OF SOLUTION (HOURS)

Figure 1. Decomposition ol Representative Solutions of 
Karl Fischer Reagent
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T )

Figure S. Titration Flasl<( Sampling Bulb, and Electrode Assembly

cocks hi and h3 the sample is drained into the 
titra tion  flask. The sample holder is then quickly 
replaced by the buret for K arl Fischer reagent, 
and from 7 to  9 ml. of reagent are added to the 
flask. As this buret is removed the drying tube 
is quickly slipped into place a t e. The emptied 
sample holder is reweighed to  determine the 
am ount of liquid transferred to  the flask. The 
addition of 5 to 6 ml. of standard water-in- 
m ethanol solution a t c helps to  prevent adherence 
of the reagent to  the walls of the flask after 
subsequent agitation. After mechanical stirring 
the excess K arl Fischer reagent is titra ted  with 
standard  water-in-m ethanol solution. In  th is 
back-titration each addition of water-in-methanol 
solution is followed by a brief period of stirring, 
after which the m ixture is allowed to  separate in
to  layers. A t the completion of the titra tion  the 
sample is drawn off a t j  and the titra tion  flask, 
w ithout further preparation, is ready for the next 
analysis.

The effect of tim e of stirring following the addi
tion of the K arl Fischer reagent to  the hydrocar
bon is shown in Table II . I t  appears th a t 15 
m inutes is adequate to  bring about substantially 
complete reaction.

Table 1. Standardization of Karl Fischer Reagent
(M g. of H 2O ~  1.00 ml. of K F  reagent)

Solution F irst Second Third
No. T itra tio n T itra tio n T itra tio n
1 5 .0 0 5.43 5 .44
2 3 .21 3.77 3 .77
3 2 .71 3 .59 3 .60
4 2 .38 2.61 2.61
5 2 .19 2 .54 2 .54
6 1.14 1.81 1.80

Table II. Effect of Stirring Time
(P arts  per million of w ater)

Stirring
Tim e, U nleaded Gasoline Insu la ting  Oil
M in. 1 2 N ap h th a 1 2

0 2 6 .2  27 .8 20.3
15 3 4 .9  34 .3 lé !2 2 0 .6  20 .8
30 37 .2
60 3 6 .5 16.8 2 0 .9  20 .9

120 36 .2

Table III. Reproducibility of Method
(P arts  per m illion of w ater)

U nleaded Gasoline N aph tha Insu la ting  Oil
1 2 1 2 1 2

1.82 1 .08  0 .53 0 .40 5 .2  5 .6
19.9 18 .6  9 .1 8 .5 8 .0  7 .4
26 .2 2 7 .8  26 .2 2 5 .0 9 .0  9 .7
34 .9 34 .3  35 .2 34 .0 28 .2  27 .3
63 .5 62 .4  61 .2 61 .5 31.1  30 .2

liquid layer. In  the la tte r case, for obvious reasons, approxi
m ately th e  same volume of liquid hydrocarbon should always be 
taken  for analysis.

For standardization, 6 to  7 ml. of the K arl Fischer reagent are 
drained from the buret into the titra tion  flask a t e. The buret 
is removed and immediately replaced by the drying tube, g, be
fore titra ting  w ith the standard  water-in-m ethanol solution.

As shown in Table I, the first titra tion  of the day gives a lower 
value than  subsequent titra tions. The agreement between the 
second and th ird  titers indicates th a t adequate protection is 
afforded by the apparatus.

Following the standardization, the reaction m ixture is drained 
from the flask through the capillary stopcock, j ,  w ith the drying 
tube still in  place a t  e. The apparatus is then ready for actual 
analysis.

A sample to  be analyzed for w ater is collected in the sample 
bulb and weighed. D rying tube g is removed from the titration  
flask a t e and  quickly replaced by 'the  sample bulb. The drying 
tube is then attached to  the sample bulb a t f, .  By opening stop-

REPRO DUCIBILITY

The results of duplicate determinations of the water content 
of unleaded gasoline, naphtha, and insulating oil samples are 
given in Table I I I .  The time of stirring in each determination 
was 15 minutes.

The agreement between the two determinations on each 
sample is within 2 p.p.m. and ip some cases, especially in the 
lower concentrations of water, the deviation is within 1 p.p.m.

A C C U R A C Y

Because of the difficulties and uncertainties involved in prepar
ing water-in-hydrocarbon solutions of known concentration in 
the range under consideration, an evaluation of the “absolute” 
accuracy of the method would be questionable. As an alterna
tive, the accuracy was estim ated by an indirect method with 
solutions prepared through the medium of a th ird  component. 
These solutions were prepared by mixing small weighed quan ti
ties of a  water-in-pyridine solution of known concentration 
(determined by titration) w ith weighed quantities of exhaus
tively dried naphtha. The results show no interference by the 
hydrocarbon:

P a rts  per million of w ater 
P resent Found (Av.)

9 .3
2 0 . 8
30 .7
33.6
60.7  

104.9

8 . 8
20 .5
30 .2
33 .3
60 .4  

104.4

The method is not applicable to gasoline containing te trae thy l
lead. A sample of gasoline known to have a w ater content of 
19.3 p.p.m. showed an apparent water content of 243 to 247 
p.p.m. after the addition of 4 ml. of E thy l Fluid per gallon. Ob
viously the reagent is consumed by the E thyl Fluid, giving 
erroneously high values.
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A  Fast Grating Spectrograph
A c c e s s o r ie s  and Techniques for Studying the Raman Effect

RO BERT F. S T A M M , American Cyanamid Company, Stamford Research Laboratories, Stamford, Conn.

This paper outlines the design and construction of a fast, high- 
resolution, moderate-dispersion grating spectrograph suitable for 
use in an industrial laboratory. The experimental techniques found 
satisfactory for the obtaining of Raman spectra in a routine manner 
are described along with the special appurtenances necessary for 
such work. Many structural problems which are soluble by the 
special methods of Raman spectroscopy arise in the chemical in
dustry. For those not acquainted with the method, an elementary 
discussion on the elucidation of molecular structure has been in
cluded. This has necessitated the inclusion of a short description 
of an experimental method used in obtaining depolarization values 
of Raman lines. Finally, the subjects of qualitative and quantitative 
analysis by Raman effect are discussed and practical examples are 
given to show results obtainable.

S IN C E  its discovery in  1928, the phenomenon known as the 
Ram an effect has proved of prime importance as a method 

for the elucidation of molecular structures and for locating vari
ous functional groups or chemical bonds in molecules. Since 
the R am an spectrum of a solution of several components is a 
superposition of the spectra of the individuals comprising the 
solution, the method is useful for qualitative analyses. The 
intensities of the Ram an lines of each substance in a solution are 
indicative of the am ount of th a t substance present in the solution 
giving rise to the spectrum. This extends the use of the method 
to  quantitative molecular analysis and has, along w ith the other 
capabilities, made the method potentially popular in  industrial 
laboratories.

This popularity, however, has been hindered by a dearth  of 
very fast, moderate-dispersion spectrographs on the market. 
Presented here are the results of the au thor’s efforts to counteract 
this situation by buying high-quality optical parts and building 
his own instrum ent. The essential appurtenances are also de
scribed, since they too are vital.

In  obtaining a Ram an spectrum, monochromatic light origi
nates in a  suitable source, passes (usually) through filters into the 
sample in  a  suitable container, and is scattered by the substance, 
the scattered light being then dispersed by a spectrograph and 
the spectrum recorded. The frequency shifts of the Ram an 
lines are then determined, and they are the Ram an active vibra
tional frequencies of the molecule scattering the light. The 
essential parts are discussed in the above order.

Light Source for Excitation
The intensity of the scattered light is proportional to the fourth 

power of the frequency of the exciting line. Thus it  is advan
tageous to use as high a  frequency line as possible. Table I  gives 
the wave lengths of the lines in the mercury arc th a t have been 
used the most for the excitation of R am an spectra. The fourth 
to  seventh columns of the table are devoted to a comparison of 
the efficacies of the various lines in exciting R am an spectra. 
These figures are only approximate because the lines are not 
equally intense.

The frequency of the exciting line m ust have less energy than  
the minimum energy required to  pu t the molecule being irradi
ated into the lowest lying, observable, excited electronic state; 
otherwise, absorption followed by fluorescence or photodecom-

1 O ther papers presented a t  thé  New Y ork M eeting, sponsored by  the 
N orth  Jersey  Section, in  the  Symposium on Spectrochem ical M ethods of 
Analysis, were p rin ted  in  the  F eb ruary  issue, pages 65 to  88.

position (or both) and no R am an spectrum will be the result. 
Because of the nature of the molecules studied in  these labora
tories, 4358 has been chosen as best for general use. For excita
tion of colored substances absorbing 4358 bu t whose absorption 
ends on the low X side of 5461, the la tte r is used.

The arcs used should be of reasonably high intensity and yet 
operate a t a  pressure low enough to  produce a narrow exciting 
line (thereby enhancing the possibility of resolving close lying 
Ram an lines). In  all mercury arcs, there is a broad continuum 
caused by the fluorescence of mercury excited by 2537 A. This 
continuum is strong in the region occupied by Ram an spectra 
excited by 4358 A., and its intensity increases with pressure. 
A double-jacketed mercury arc will operate w ith rather constant 
intensity, bu t the pressure will be considerably higher than th a t 
existing in a single-jacketed arc containing a limited am ount of 
mercury to  control the pressure. Thus the single-jacketed arc 
will usually possess sharper lines and have a  more favorable (line 
intensity)/(continuum  intensity) ratio than  a double-jacketed 
arc. On the other hand, the former is much more susceptible 
to intensity alterations caused by variation in the am bient tem
perature. The single-jacketed source should be used in a  con- 
stant-tem perature room if it  is necessary to maintain constant 
intensity.

The light source used consists of twelve single-jacketed Gen
eral Electric Type AH-2 (250-watt) mercury arcs, each provided 
w ith an individual auto transformer (G. E. Catalog No. 58G42, 
115 volts primary, 150 volts secondary, 300 w atts, 60c.p.s.). These 
transformers are divided into two banks of six, each bank be
ing furnished constant voltage by one of two Sola stabilizers 
(Catalog No. 3061, prim ary volts 95-125, secondary volts 115, 
2000 volts X ampere. These stabilizers are not necessary for 
doing only photographic work.).

W ith these arcs running hot (a single fan blows downward on 
them) the 4358 line is relatively sharp. (The resolution obtain
able is discussed below.) Their useful lifetime will be approxi
m ately 9 months operating 8 hours a day for a  6-day week (1700 
hours). The arc assembly is surrounded by a cylindrical reflector 
of aluminized glass, cut from a 5-gallon carboy (two such cylinders 
are kept on hand).

T h e  w rite r learned  th is  sim ple m ethod  of cracking large glass cyl
inders from  L. P inney  a t  Iow a S ta te  College. T h e  m ethod  does n o t 
seem  to  be v e ry  well know n and  is w orthy  of descrip tion . P aper 
tow eling is cu t an d  folded to  form  double-th ickness s trip s . T h e  
folded edge should  be n early  s tra ig h t. T h e  tu b in g  should  be nicked 
w ith  a  deep file m ark  ab o u t 0.3 to  0.6 cm . (0.125 to  0.25 inch) long 
perpend icu lar to  an  elem ent. T h e  w et tow eling s tr ip s  are  th en  
w rapped  in  tw o ban d s a round  th e  body of th e  cylinder w ith  th e  
folded edges facing one an o th er. T h e  sc ra tch  is in  betw een them . 
T h e  to ta l se p ara tio n  of th e  strip s  should be ca. 1 cm . for sm all tubing, 
2 cm . for large tub ing . A n air-gas b las t lam p  is m ade to  produce a 
m odera te ly  h o t flame abou t 2.5 cm. ( l in c h )  long. T h e  cylinder is th en  
ro ta te d  for 8 to  12 revo lu tions w ith  th e  flame d irec ted  a t  th e  area  in 
betw een th e  s trip s; th en  i t  is rem oved from  th e  flame. I f  i t  is soft 
glass, i t  will crack  of i ts  ow n accord; if P yrex , a  d rop  of w a te r on the

Table I. Relative Power of Mercury Lines in Light Scattering
(Ait), V (Vacuum ), vi/ v i „4/„4 „4/„4 v*/v*

Â. Color C m .-1 5791 5461 4358 4047
2537 U ltrav io le t 39,412 27.2 21.6 8 .7 6 .4
4047 Violet 24,705 4 .2 3 .3 1 .4 1
4078 Violet 24,516 4 .1 3 .2 1.3
4358 Indigo 22,938 3 .1 2 .5 1
5461 Green 18,308 1.3 1
5770 Yellow 17,328
5791 Yellow 17,265 • i ’

318



May, 1945 A N A L Y T I C A L  E D I T I O N 319

Binding Posts

Binding Post?

Aluminized Mirror

for 12 250W H~2 Hg Arcs

Figure 1. Raman Excitation Unit

Lens 
f- I7.lcm. 
dr 39.9 cm. 
3= 29.9cm.

t PrCÎ , 5mm, sat'd. Sola 
2. Rhodamine 5GDN extro 

5mm, .0750 g/i. aq. soln.
1 NaN0 2 , lern, 600 g/1, agsotn 
4. HjO - cooied base plate

sc ra tch  will p roduce  a  clean b reak . C ylinders m ay  be cracked  along 
an  elem ent by  th e  sam e m eth o d  prov ided  s tr ip s  are p u t  on  bo th  the  
ou tside  an d  inside surfaces.

I t  is necessary to  realuminize the surface about every 2 months 
because of dust and fumes. These are much better reflectors 
than  polished aluminum or chromium, and are therefore worth 
the extra trouble. The excitation un it is shown diagramm ati- 
cally in Figure 1.

Filters and Sample Tubes
Filters are usually interposed between the source and the 

sample in order to  remove high energy light which m ight cause 
fluorescence of photodecomposition, isolate a  single exciting line, 
and remove the continuous spectrum  in the region occupied by 
the R am an lines. Three filters are usually necessary for 4358 
and 5461 excitation.

There is a  paucity of transmission data  on these filters in  the 
literature, even though a num ber of people have used them. 
The w riter feels th a t these data  will be of service to  a number 
of people who work w ith R am an spectra.

For 4358 excitation a saturated  solution of sodium nitrite  is 
used to  remove ultraviolet and violet light; praseodymium 
chloride is used to  remove the continuum to the high X side out 
to  4850 A.; Rhodamine 5GDN E xtra  is used to  clean up the 
blue-green and green regions. The nitrite  and dye are circu
la ted  through the filter jacket by means of midget centrifugal 
pumps (from E astern Engineering Co., New H aven, Conn. Stain
less steel type). The n itrite  passes through a  water-cooled con
denser. The praseodymium is stagnant. The transmission 
curves for these filters are given in  Figures 2 and 3.

Praseodymium is purchased from the Maywood Chemical 
Co., Maywood, N. J., as the oxalate, Pr2(C2C>4)3.10H2O, and 
contains a small am ount of neodymium and 10 to 15% lan
thanum . The lanthanum  is easily removed by conversion to the 
chloride (via the oxide) followed by precipitation of the oxalate 
from a strongly acid solution. The praseodymium oxalate is in
soluble, the lanthanum  oxalate soluble. Three such treatm ents 
will lower the lanthanum  concentration to  the point where it is 
no t objectionable.

Rhodamine is obtained from E. I. du Pont de Nemours & Co. 
This m aterial is used in w ater solution and is protected from 
the direct light of the arcs by the sodium nitrite . I t  fluoresces 
less strongly in w ater than  in alcohol.

The concentration of th e  praseodymium chloride is no t given 
because the purity  is not known. I t  is approxim ately an 80% 
solution of PrCl3.7H20 .

W hen working w ith solutions containing colloidal m aterial 
which cannot be removed, very dilute solutions, or crystal 
powders, i t  is desirable (and sometimes absolutely essential) to 
keep 4358 from getting into the spectrograph. For this purpose,

a  solution of potassium ferricyanide in a 1-cm. layer in front of the 
slit is useful. (M ercury atom s in the 6p, 3P i s ta te  would per
form this function very nicely. The w riter has assembled the 
parts for such a filter bu t has not had the opportunity of trying 
it.) The ferricyanide is better for this purpose than  any other 
filter supposed to perform the same task.

For 5461 excitation an outer layer of sodiufn chromate, 1 cm. 
thick, pH 8.7, is used. This is circulated and cooled; next comes 
a 5-mm. layer of 2 molar cupric n itra te  (stagnant), and finally a 
5-mm. layer of saturated  neodymium chloride (stagnant). This

Amjj
Figure 2. Transmission Curves

1. N a N O î, 600 grams per liter, 1 cm.
2. Rhodamine 5 G D N  Extra, 0.075 gram per liter (aq.), 5 mm.
3. 1 plus 2, 61.5%  4358
4. KsFeiCNX, 0.001 molar, 1 cm., 22%  4358
5. KsFe(CN)«, 0.003 molar, 1 cm., 1 %  4358
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A mp
Figure 3. Transmission Curves

1. Saturated PrCb, 5 mm., 19.7%  4358
2. 1 plus N aN O z, 600 grams per liter, 1 cm,, 17.2%  4358
3. 2 plus Rhodamine 5 G D N  Extra, 0.075 gram per liter, 5 mm., 12%  4358

does no t clean up the entire 5461 Ram an region, bu t is fairly 
satisfactory. The transmission curves for these filters are shown 
in Figure 4. If  the chromate is more acid than  pH  8.7, the ab
sorption curve is not nearly so sharp.

In  Figure 2, curve 3 was obtained by multiplying ordinates. 
In  Figure 3, curves 2 and 3 were obtained in the same way, as 
was curve 5 in Figure 4. All the others were observed as they 
appear. These transmission curves were obtained on a G.E. 
(Hardy) spectrophotom eter w ith spectral slit w idths of 10 mp. 
No originality is claimed for any of these filters save the ferri
cyanide and the filter mentioned above. (Literature references 
to the original users of certain of these filters are to  be found, 2.)

The sample tubes (obtained from The American Instrum ent 
Co., Silver Spring, Md.) used are of two sizes, 23 cc. (15 mm. 
in outside diam eter) and 2.5 cc. (6 mm. in outside diameter). 
These are provided w ith fused-on Pyrex windows which are flat, 
polished, and strain-free. The open ends are provided w ith f  
ground stoppers, so th a t the Ram an tubes m ay be easily con
nected to  a vacuum system for filling if necessary. A “ cold 
finger’’ w ith the same taper is used whenever highly volatile 
liquids are used. (I t is time-consuming to  seal the Ram an tube 
each tim e in routine work.) The horn is painted flat black and 
then wrapped w ith aluminum foil to  decrease absorption of light. 
(The horn is exposed to  the direct light from the arcs.)

Figure 5 shows the filter jacket, sample tube, and method of 
supporting the la tter. The filter jacket is of all-glass construction 
and was finally evolved after the constant irritation  concomitant 
with using gaskets and cements w ith concentric cylinders. The 
jacket is cemented to  the end plates w ith a m ixture of shredded 
asbestos and Glyptal. The edge of the window of the Ram an 
tube rests in a cone. This cone and the two V-shaped fingers a t 
the top serve to center the tube in the jacket and to eliminate re
alignment between changes of tubes. Cones of different aperture 
are used for different sized tubes. In  changing from a large 
tube to a small tube, the bigger cone is lifted out of the well 
by means of a  T-shaped wire, the smaller cone pu t in its place, 
and the iris diaphragm stopped down accordingly. The cones 
have polished windows on their lower ends to prevent dust from 
falling down onto the right-angle prism. Wherever feasible, 
the glass surfaces should be made nonreflecting. This has not 
been done bu t would conserve light.

A lens especially chosen for the job is used to focus the center 
of the illuminated portion of the tube onto the slit. The focal

length of the lens as well as do and di (the object and image 
distances relative to the lens), are given in Figure 1. This ar
rangement serves to fill the grating with light from the collimator.

Figure 6 shows the excitation unit (minus the reflector), filter 
jacket, the horn of a sample tube, the condensing lens, and other 
items mentioned below.

The Spectrograph
The prototype of this instrum ent is one a t the Johns Hopkins 

University which has been only briefly mentioned in the litera
ture (J).

The present instrum ent has as its essential parts a Gaertner 
bilateral slit, an off-axis paraboloidal collimating mirror, a plane 
echelette grating, and a  fast objective lens.

The slit is 18 mm. high and is adjustable to within 0.0025 mm. 
(graduated in 0.01 mm.). The slit is capable of motion parallel 
to  the optic axis and of rotation about the optic axis. Proceed
ing on past the slit are found a shu tter and then a  45° mirror 
(aluminized).

The collimating mirror (made by W. H. Perry, Towson, Md.) 
is 6 inches in diam eter and 1 m eter in focal length. I t  was made 
6° off axis and is so used. The mirror is capable of motion to
wards and away from the grating as well as tilt about a horizontal 
axis. The surface is aluminized.

The grating was ruled by W. H. Perry under the supervision 
of R. W. Wood a t Johns Hopkins. I t  is a  1-inch thick Pyrex 
disk, 8 inches in diameter, which has had one face ground and 
polished flat, then aluminized and ruled. The ruled area is 
ca. 6.25 X 4.25 inches w ith 15,000 lines per inch and a to tal of 
ca. 90,000 lines. I t  is an echelette-type grating and concen
tra tes the diffracted light in the blue and blue green region of the 
spectrum in one of the first orders. The grating is capable of ro
tation  about a  vertical axis which lies in the plane of the face and 
of tilt about a horizontal axis. For convenience in getting the 
lines of the grating parallel to the slit, the grating should also be 
capable of rotation about an axis normal to the face. Lacking 
this adjustm ent, satisfactory results were obtained by trial and 
error. F irst the slit was fixed a t the principal focus of the colli
m ator by using a  plane mirror in front of the grating, thus send-

Figure 4. Transmission Curves
1. Saturated NdCIa, 5 mm.
2. Saturated Na2Cr04, pH 8.7,

1 cm.

3. 2 molar Cu(N03>2, 5 mm.
4. 1 plus 2, 80%  5461
5. 1 plus 2 plus 3, 50.5% 5461



ing parallel light back to  the collimator and focusing the image of 
the slit in the plane of the slit when the slit to collimator distance 
was correct. Next the slit was set in a vertical direction by the 
use of a plumb line and a telescope. Finally a short focal length 
lens was used to throw  an enlarged image of the green mercury 
line issuing from the camera onto a suitable screen in juxtaposi
tion w ith a plumb line. The grating was then  ro tated  about a 
horizontal axis normal to  its face until the image was vertical.

The objective is a  high quality Petzval type lens, designed espe
cially for this instrum ent, and obtained from the Perkin-Elmer Cor
poration, Glenbrook, Conn. I t  has a focal length of 18 inches 
(F:3.6), produces a flat focus normal to the beam from 4300 to 
5200 A., and does no t im pair the linear dispersion of the grating. 
The dispersion-1 is 36.97 A. per mm. 0

R am an spectra excited by 4358 extend to  ca. 5200 A. The 
middle of the 4358 R am an region is ca. X 4780 A. For this reason, 
the angle between the incident beam and the optic axis of the 
lens has been fixed a t ca. 16.5°, so th a t X 4780 has a diffraction 
angle of 0°. Thus X 4780 falls on the middle of the plate and 
passes parallel to  the optic axis of the lens. The dispersion is 
therefore a  minimum and linear in  the immediate vicinity of the 
middle of the plate and departs very slightly from linearity on 
either side.

The cassette ways are vertical and allow twenty-six spectra 
to  be taken on a plate w ith the centers 2 mm. apart. The 
mounting for these ways is connected to the lens by means of a 
bellows (made to  order by W illoughby’s in New York) and is 
capable of motion parallel to the optic axis by means of a No. 32 
screw as well as rotation about a  vertical axis lying in the middle 
of the plane of the plate. Coarse and fine indexes are provided 
for these adjustm ents. The plates used are 4.25 X 3.25 inches 
w ith the former dimension horizontal.

Because of the high intensity of the exciting line, a mask has 
been built into the camera, so that, the exciting line m ay be 
blocked off mechanically. This mask can be flipped up and 
down rapidly w ithout disturbing anything else. I t  covers the 
portion of the plate where the exciting line hits and in this posi
tion is about 1 mm. in front of the emulsion. I t  can be moved 
parallel to  X to allow accurate adjustm ent. The external arm 
actuating the mask is shown in Figure 7.

By rotating the grating to  bring the 5461 region into the center 
of the plate it is possible to  get a flat focus for this region by ro
tating  the plate through an angle of ca. 54', the red side being 
farther from the lens.

Figure 8 is a schematic scale drawing of the instrum ent. The 
optic axis is 9 inches above the table top. The base is a piece of 
annealed, aged, ribbed channel 5 X 1  foot X 3 X 0.375 inches. 
The case is made of V32 inch black iron and extends 12 inches 

above the top of the channel. I t
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Figure 6. Excitation Unit

The spectrograph rests on a  6 X 4 foot X 2 inch Alberene-top 
table w ith nine steel legs. The table is 31 inches above the floor 
thus making the top of the spectrograph only 46 inches above the 
floor. The process of standing on a stool or kneeling on a  table 
in order to look into the spectrograph while lining i t  up is thus 
avoided. An extension on one comer of the table supports the 
excitation unit.

Figures 9 and 10 show various details of the instrum ent. 

Accessories
This category includes plates, darkroom equipment, micro

photometer, means of plate calibration, means of wave-length 
measurement, contrivances for depolarization measurements, 
and apparatus for purifying samples.

For 4358 excitation 103-H or 103-J E astm an spectroscopic 
plates are used, ordered w ith antihalation backing. The H  is 
usually faster than  the J  in the gross or half-gross batches which 
t he author has ordered. The 103a emulsion is too grainy and fogs 
too easily for this work. For anyone not caring about color 
sensitization—i.e., no shifts above 1800 cm.-1— the writer would 
recommend the 103-0 emulsion.

For 5461 excitation the w riter uses the Eastm an 103-B or 103-F 
for an over-all survey. The F sensitization extends to  longer X 
and is more uniform than  the B. However, the B sensitization is 
faster and therefore used more unless shifts belonging to O—H 
or N—H stretching frequencies are being studied. In  this 
event, the F  is used, bu t the study of these frequencies is a  long 
process by 5461 excitation. There are available a variety  of sen
sitizations which will be much faster in certain portions of the 
5461 R am an region (5461-6700 A.)—for example, for shifts below 
700 cm.-1 the w riter uses the 103-G; for shifts from 700-1600 
cm.-1, the 103-D.

Because of oxidation of the developer in open tray  develop
m ent and the chance of scratching the emulsion w ith brush de
velopment, a  stainless steel tank  is used (Figure 11). This tank 
is provided w ith two vertical grooves, one for the plate, the 
other for a manually operated plunger. The horizontal blade 
of the plunger has one edge l/ m inch from the emulsion, thus 
producing considerable turbulence in the solution and enhancing 
the possibility of obtaining uniform development. The plates 
are developed in Eastm an D-19 for 4 minutes a t 18° =*= 0.5° C., 
rinsed for 20 to  30 seconds, and fixed for 15 minutes in Eastm an 
F5, all a t 18° C. (These fast plates take about twice as long to 
clear as the Eastm an No. I l l  emulsion.) The w ater is heated 
in the winter by a water-jacketed rheostat (Cenco 20.5 ohms) 
and cooled in the summer by a drinking fountain cooling unit. 
Fenwall (Fenwall, Inc., Ashland, Mass.) thermoswitches are 
used for tem perature control.

For plate calibration, a helium discharge tube (4-mm. bore, 
3000 volts, 30 ma., 10X enlargement on slit) is used in conjunction 
with a 1 to 1.9, two-series six-step sector rotating a t  ca. 1300 
r.p.m. The sector is left in the open position when not in use 
and is thus always in readiness. A 45 ° prism is used on a pedestal 
between the slit and the condensing lens for Ram an light to
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throw the beam from the helium lamp on the slit. A partially 
aluminized plate is used to  lower the intensity of the helium 
lamp, so th a t the tim e involved in putting  on the intensity marks 
is comparable to  th a t involved in taking the Ram an spectra. 
These accoutrements may be seen in Figures 6 and 10. On the 
103-H and 103-J plates in  the indigo and blue, the six steps of the 
1 to 1.9 sector span a density range of 0.03 to 2.00 when the cor
rect time and slit w idth are chosen. The highest density read-

Figure 7. Camera

able on the microphotometer is 2.4, and this is the reason for the 
choice of the 1 to 1.9 ratio. The estim ated accuracy in cutting 
the sector angles is ± 6  seconds (an accuracy of ± 1  minute would 
be adequate).

The microphotometer used is by Leeds & N orthrup. I t  is 
equipped w ith a Speedomax pen recorder and gives densities 
directly. The paper moves a t a  speed of 52.5 mm. per m inute; 
the plate can be scanned a t speeds of 0.1, 0.2, and 0.5 (X I , X10, 
X100) mm. per minute. When used a t maximum resolution, 
two lines 0.01 mm. apart are resolvable by the microphotometer.

The linear dispersion-1 (36.97 A. per mm.) simplifies the meas
urem ent of wave length. The light from a helium Geissler tube 
is focused on the slit by means of a 45° prism used in conjunction 
w ith the condensing lens. The reference spectrum is superim
posed on the Ram an spectrum. Five helium lines suffice to 
measure all the Ram an lines w ith an accuracy of =*=2 cm.-1 
The microphotometer trace contains the helium lines along w ith 
the Ram an lines, the la tte r being measured by interpolation 
between the former. The plate is scanned a t a  speed of 0.5 mm. 
per minute with a resultant enlargement of 105 X . The measure
m ents of X (A. in air) are converted to v (cm.- 1 in vacuo) by means 
of K ayser’s “Tabelle der Sehwingungszahlen” and the Ar’s then 
determined.

A totally  symmetrical vibrational frequency will be Raman- 
active and polarized (p <  6/ 7). A vibrational frequency which 
is antisym metrical or degenerate to one or more sym m etry ele
ments will be depolarized (p =  6/ 7) if observable or else will be in
active. Thus the im portant thing is to  be able to  distinguish 
p =  6/ 7 from p <  e/ 7. For depolarization measurements the 
writer uses a  calcite Wollaston prism between the lens and the 
slit a t such a distance th a t the two images are just separated on 
the slit. In  traversing a prism instrum ent, the vertically polar
ized component is weakened more than the horizontally polar
ized component because of preferential reflection from the 
prism faces. In  a  grating instrum ent, on the other hand, the 
horizontal component is weakened the more of the two. How
ever, in the la tte r case, this weakening does not occur to so great 
an extent as does the inverse effect in the prism instrum ent. 
Because of this, there is interposed between the Wollaston and 
the slit a quarter-wave plate of mica w ith its principal directions 
a t 45° to  the vertical. This converts the two linearly polarized 
components into circularly polarized light, so th a t no preferential 
weakening of either beam will occur in traversing the spectro
graph. Inasmuch as a quarter-wave plate will accomplish this 
feat a t only one wave length, three such plates have been made;

F ig u r e S .'” Raman Spectrograph
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Figure 9. General View of Spectrograph and Accessories

these produce quarter-wave retardations a t  XXX 4358, 4725, and 
4975 Â. For general work the second one is used. I f  only low or 
high frequencies are to be examined, the first or third ones are 
used accordingly. A thin calcite wedge would serve as a  de
polarizer in place of the mica {1,10).

In  m any instances the w riter is confronted with the necessity 
of purifying relatively small quantities of materials, often by dis
tillation of 99.9% of a  sample away from 0.1%  of a fluorescent 
im purity. All the distillate m ust be recovered and in many 
cases no heat can be applied during the distillation. The simple 
still shown in Figure 12 accomplishes this nicely. Liquid air is 
used as a  refrigerant.

required with all the filters. The use of the baffles is discussed 
below.

In  discussing resolving power, such items as the resolution of 
the grating, camera lens, and photographic plates m ust be con
sidered as well as the lim itations imposed by the w idth of the 
exciting line and tem perature and pressure fluctuations.

In  order to test the resolution, an air-filled Geissler tube was 
used (3000 volts, 30 ma., 1-mm. bore) w ith a  slit of 0.02 mm. 
(1.75 cm.-1). The new Eastm an 548 emulsion was used (capable 
of resolving 500 lines per mm.). The plates are very slow, and a 
3-hour exposure was necessary. One hundred lines per mm. were 
resolvable in the blue. (This lim it is set by the slit w idth.) The

Performance
In  this section, speed, resolution, etc., are 

discussed. In  so far as photographic work 
is concerned, a  fast spectrograph is one 
which has the ability to register a  spectral 
line a t a  workable density (0.4 to 2.0) in a 
short exposure. For such work, it  is advan
tageous to have a  camera of shorter focus 
than  the collimator, allowing a wider slit to 
be used. A number of workers have re
ported on the speed with which they were 
able to photograph Ram an spectra. The 
results are not comparable because they do 
no t have a  common denominator. Here 
the w riter chooses to give the peak and 
background densities of A v  801 cm . - 1  of 
cyclohexane and Av 992 cm . - 1  of benzene 
excited by H g 4358 w ith various filters and 
various exposure times w ith a slit width of 
0.06 mm. (spectral slit of ca. 5 cm.-1) on an 
E astm an 103-J spectroscopic plate. The 
results are shown in Table II . The scatter
ing volume was 17.9 cc. (12.5 cm. X 1/ t  ir X 
1.352 cm .2).

The data  in Table II  show th a t under 
these conditions the 992 line of benzene can 
be recorded a t a density nearly too great to 
be usable in 1 m inute with no filters and a t 
a  workable density in ca. 2  minutes w ith all 
the filters. In  the case of Av  801 of cyclo
hexane, 1 m inute is sufficient to record the 
line w ith no filters and ca. 1 0  minutes are Figure 10. V iew  of Spectrograph, L id  Removed Figure 11. Developing Tank
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Table II. Test of Speed
(Twelve 250-w att arcs, m irror in use for 2 m onths)

Peak
Back

ground
Corrected

Line In t. X / In t. X ' / In t. X ' /
T est D ensity D ensity I ntensity In t. A In t. A ' In t. A'

I, A, 1 2 .26 0. 107 29 .60 1.000
I, A ', 1 1.365 0.041 11.75 1 000 0 ’ 398
I, B , 1 1.91 0.041 21 .02 0.710
I, B ', I 1.203 0.029 10.21 0.869 0.486
I, C , 1 1.500 0.012 14.12 0.476
I, C ', 1 0.840 0.002 7.57 0" 644 0! 536
I, D, 1 0.426 0 4.75 0Ü 60
I, E , 1 0.287 0.002 3.66 0.123
I, E , 4 1.281 0 12.31
II , A, 1 0.630 0.031 5.39 1.000
II, A ', 1 0.232 0.023 2 .5 6 1.000 o !475
II , B, 1 0 .436 0.011 4 .40 0 !8 i6
II , B ', I 0 .186 0.024 2.16 0 .* 844 0.491^
11, C, 1 0.241 0.009 2 .95 0 !ö46
II , C ',  1 0.080 0.003 1.50 0.586 0.5Ö8
II , D , 1 0.030 0 0.70 0. ¿28
II , E , 1 0.015 0 0.36 0.067
11, A, 4 1.93 0.195 19.6 1.000
II , A ', 4 1.155 0.069 9.07 1.000 0.463
11, B, 4 1.611 0.040 15.27 0 ! 778
II , B ', 4 0.902 0.032 7.45 0.821 0.488
II , C , 4 1.121 0.012 9.77 0.498
11, C ', 4 0.561 0 5.55 0.611 0! 567
11, D , 4 0.251 0 3 .24 0Ü 65
II, E , 4 0.153 0 2.39 0.122
11, D , 16 1.143 0.012 9 .96
11, E , 16 0.800 0 • 7 .32

I. CeH«, Av 992 cm. ~l 
I I .  CeHm, A* 801 cm. "I
A. N o filters.
B. N aN O a.
C. N a N 0 2 +  rhodam ine 5G D N  E xtra .
D. N a N 0 2 +  PrCl».
E . N a N 0 2 -j- rhodam ine 5G D N  E x tra  +  PrCl».
1. 1 m inute.
4. 4 m inutes.

16. 16 m inutes.
Prim es on le tters indicate th a t baffles were used betw een  arcs and filter 

jacket.

lens is supposedly capable of resolving 160 lines per mm. To 
achieve this would require a narrower slit and a more intense 
source as well as constant tem perature and pressure conditions 
which are not available at present.

Figure 13 shows the theoretical resolution of the grating, the 
resolution of the lens (assuming 1 0 0  lines per mm.), and the resolu
tion to be expected from various plates. Each curve is divided 
into a  section for 4358 excitation and one for 5461 excitation if 
the plate is sensitive to both regions. Even with a fairly fine- 
grain plate (III-H ), the best resolution obtain
able in R am an work with the present excitation 
unit is 6  c m r 1 This can be attribu ted  largely to 
the considerable width of the exciting line caused 
by Doppler broadening and pressure broadening.
(The la tter is all-important here; the former 
am ounts to  only 0.076 cm . - 1  for 4358.35 A. at 
5000° C. This value is the “half intensity” 
width.) This same line pair 6  cm . “ 1 apart was also 
resolved on a 103-H plate under normal operating 
conditions. A narrower exciting line could be ob
tained by using arcs w ithout an added rare gas 
and by operating them a t a  lower mercury pres
sure by suitable cooling arrangements. Under 
ordinary conditions, the carbon bisulfide pair at 
648-656 is easily resolved even though one is con
siderably more intense than the other.

Since the instrum ent is capable of performing 
the task, it  was hoped th a t the isotope effect could 
be resolved in Ar 459 of carbon tetrachloride and 
thus show clearly th a t the instrum ent was capable 
of the utm ost resolution ever attained in Ram an 
spectra even though it  has a modest dispersion - 1  

of 37 A. per mm. W ith the argon-filled H - 2  arcs 
running hot or running cold (cooled by air blasts) 
and using 4358,5461,and 5769 excitation,the micro

photom eter traces of CCI4 459 showed the presence of four com
ponents, bu t they were definitely not resolved. This will be tried 
again w ith direct current arcs when the room housing the spec
trograph is therm ostated. Thus the present light source limits 
the resolution to 6  cm . - 1  The writer is satisfied with this resolu
tion, especially in  view of the fact th a t it is accompanied by con
siderable speed.

In  the close-up of the excitation unit (Figure 6 ), the reader 
will note a  set of baffles surrounding the filter jacket. These 
baffles are no t used in routine work along with filters. For very 
poor scatterers, however, they ensure essentially right-angle 
scattering w ith a much higher secondary/prim ary intensity ratio 
in the light leaving the window of the Ram an tube. This 
allows the taking of longer exposures w ithout filters with a re
sultant background of m oderate density. They also are used 
whenever a  small-diameter sample tube is employed, especially 
if a liquid of very low refractive index is being studied. A rea
sonable substitute for these baffles consists of a  set of th in  wash
ers used as fins directly on the sample tube. Over a 4.5-inch 
length of tube, about eight washers 1 to 1.5 inches in diameter 
will suffice. An inspection of the data  in the last column of 
Table I I  will show th a t the intensity of excitation is more than 
halved by these baffles.

In  discussing th e  light source for excitation it  was mentioned 
th a t the center of the illuminated portion of the tube was imaged 
on the slit. Under these conditions the image consists of a 
relatively dark circle with a brighter ring surrounding it. (The 
bright ring can be eliminated by using smaller aperture baffles 
between the tube and condensing lens, thereby lowering the in
tensity.) A diaphragm on the slit allows the center portion 
of this image to  pass through the slit. Under these conditions, 
the prim ary light intensity will be lowered but the lines will be 
fa tter in the center, a very undesirable feature when comparing 
densities of lines in two different spectra. Therefore, under 
these conditions of illumination, it  is best whenever feasible to 
superimpose the spectra containing the lines whose densities are 
to be compared.

W ith the W ollaston prism being used with its refracting edge 
horizontal for depolarization measurements, the spectra cannot 
be superimposed, and it is better to  focus the window of the sam 
ple tube on the slit. Under these la tter conditions, the image 
will be of nearly uniform intensity and thus make spectral lines of 
uniform density throughout their length, bu t more primary light
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will get into the spec
t r o g r a p h .  To cut 
down the am ount of 
prim ary light, baffles 
are used between the 
source and the tube.
These allow illumi
nation from two op
posite sides by only 
tw o  a rc s ,  e n su re  
e s s e n t ia l ly  r ig h t-  
angle scattering, and 
perm it the elimina
tion of filters as men- 
t io n e d  above. In  
this work also, the 
two u n i l lu m in a te d  
quarter sections of 
the sample tube are 
painted black along 
the entire length of 
the tube.

I f  a n u m b e r of 
spectra are to be taken 
on one plate, so as to 
conserve plates and minimize plate storage problems, it is essen
tial th a t an  unexposed area intended for occupancy by a spectrum 
later on in the course of work be unfogged during the process of 
taking a spectrum on a  closely adjacent area. For this purpose 
the modern prism spectrographs include a mask directly in front 
of the plate, so as to  nullify fogging. In  th is spectrograph, the 
slot that perm its the spectra to  pass through to the p late is high 
enough to allow three such spectra to pass. Even so, the clear- 
p late density between adjacent spectra is the same as th a t of the 
unexposed portion of the plate th a t is covered during all the ex
posures. The scattered light is thus much less than  in a prism 
instrum ent. Since, in taking Ram an spectra, the light belonging 
to the Rayleigh line (or lines) is much more intense than th a t be
longing to the R am an lines, and since a  prism is a finite volume 
of a material substance and therefore has the ability to  scatter 
light in all directions when illuminated originally in only one 
direction, th is am ount of scattered light is fairly objectionable 
when taking the relatively long exposures usually necessary in 
Ram an work.

A t present, work is under way to convert this instrum ent to 
autom atic recording (7, 8). The detector will probably be an 
R.C.A. 931-A electron m ultiplier tube. Instead of rotating the 
grating, the spectrum will be scanned by a vertical slit which will 
sweep across the focal plane.

A c k n o w l e d g m e n t .  I t  is a  pleasure to acknowledge many 
kindnesses of R. C. Lord, Jr., of the Johns Hopkins University. 
T he excellence of the grating is attributable to IL W. Wood and 
W. H. Perry. The high quality of the lens is indicative of the 
pains taken in the calculation of its elements by E. L. M cCarthy 
of the Perkin Elmer Co., as well as in the actual figuring by the 
staff of the same Company. Thanks are also due to the staffs of 
the Physics Division and the machine shop of these laboratories.

Raman Effect and the Elucidation of Molecular Structure

TH E V IB R A T IN G  M O LEC U LE

T h e  M e c h a n i c a l  M o d e l .  Molecules may be imagined to be 
made up of a system of point masses (the atoms) bound to
gether by springs (the valence bonds). These atoms are con
stan tly  in motion about positions of equilibrium .. In general 
the motion is of a very haphazard nature and probably is ex
tremely complicated; however, any motion which the atoms 
undergo can be obtained by a superpositioning of certain so-

13. Factors Affecting Resolution

called normal vibrations. The normal vibrations are defined 
in a narrow sense a% being those vibrations in which all the atoms 
of a given molecule pass through their equilibrium positions 
simultaneously and likewise through their extreme positions si
multaneously. (They move in straight lines and move in phase.) 
In  a wider sense, a normal vibration is defined as one in which all 
degrees of freedom (see below) undergo harmonic motions of 
equal frequency.

If  each atom  is referred to a set of rectangular axes, it  is seen 
th a t three coordinates are required to specify the position of each 
atom  a t any instant. Dynamical systems are designated as 
holonomic (or nonholonomic) according as arbitrary  infinitesimal 
increments of the coordinates define (or do not define) a possible 
displacement of the system. Holonomic systems possess the 
same num ber of degrees of freedom as there are independent 
coordinates required to specify the configuration of the system. 
The systems dealt with here are holonomic. Thus for a  molecule 
with N  atoms, 3 N  coordinates are required to  specify the posi
tions of the atom s; also, there are 3 N  degrees of freedom. Of 
these, 6  (only 5 in the case of linear molecules) are required to 
describe the outer motions of the system—namely, 3 for the mo
tion of the center of gravity (translation of the molecule as a 
unit) and 3 (or 2 in the case of a linear molecule) for the rotation 
around the 3 (or 2) mutually perpendicular axes. These outer 
motions have no accompanying restoring forces as do the remain
ing 3 N - 6  (or 3 .V-5) inner degrees of freedom and m ay be re
garded as vibrations of zero frequency having an infinitely long 
period.

These 3 A - 6  (or 3 Ar-5) inner degrees of freedom are also known 
as the fundamental modes of vibration of the molecule in ques
tion. The problem a t hand is th a t of finding the number and 
nature of these fundam ental modes as well as their exact fre
quencies by spectroscopic means. The frequencies are governed 
by the masses of the atoms, the geometrical characteristics of the 
molecule, and the Hooke’s law force constants of the valence 
bonds and angles. (Hooke’s law states th a t the restoring force 
is proportional to  the displacement and opposite in sign. In 
the present instance it seems appropriate to say th a t a valence 
bond tends to  m aintain a fixed length and th a t two valence bonds 
tend to keep a constant angle between them. The former tend
ency is stronger than the latter.) Once the frequencies have 
been found, the ultim ate goal is th a t of postulating several 
models, deriving a set of equations for each model relating the 
frequencies to the structural factors and force constants, and
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Figure 14. Binary Solutions

then finding a  set of force constants th a t perm its the calculation 
of a set of vibrational frequencies (from one given set of equa
tions) in agreement with those found experimentally. The 
model giving such a set of equations is taken to be the correct 
model out of the several postulated. Because of m athematical 
difficulties this goal is reached only in the case of relatively 
simple molecules.

M o l e c u l e s  w i t h  S y m m e t r y  E l e m e n t s .  A m o l e c u l e  i s  
s p o k e n  o f  a s  p o s s e s s in g  a  p l a n e ,  a  c e n t e r ,  a  p - f o ld  r o t a t i o n  a x i s ,  

o r  a  p - f o ld  r o t a t i o n - r e f l e c t i o n  a x i s  o f  s y m m e t r y  a c c o r d i n g  a s  r e 

f l e c t i o n  a c r o s s  t h e  p l a n e ,  i n v e r s i o n  t h r o u g h  t h e  c e n t e r ,  r o t a t i o n
27t 2ir

around the axis by — radians, or rotation by — followed by re

flection across a plane perpendicular to the axis gives rise to a 
molecule identical with the molecule before the symmetry opera
tion was applied. The molecules are assigned these symmetry 
properties w ith the nuclei in their equilibrium positions.

The various vibrational modes are classified as being sym
metrical, antisymmetrical, or degenerate to these symmetrical 
elements. [Degenerate frequencies occur only when the mole
cule has a 3-fold (or higher) rotational or rotation-reflection axis 
of symmetry. A frequency is said to be doubly, triply, etc., 
degenerate when there are two, three, etc., modes all having 
the same frequency.] If, in a  given mode, the molecule is ex
amined with the nuclei a t their extreme positions, it can be seen 
whether or not the mode is symmetrical or antisymmetrical to the 
various sym metry elements possessed by the molecule a t rest. 
To differentiate between a degenerate mode and an antisym metri
cal mode it is necessary to  compare the atoms in the displaced 
position after applying the sym metry operation w ith the atoms 
one-half period later a t the other extreme position w ithout apply
ing the sym metry operation. If  the two are the same, the mode 
is not degenerate to th a t sym metry element; it  is only anti
symmetrical. If  the two are different, the mode is either de
generate or symmetrical to  th a t symmetry element, and the la tte r 
is redundant.

By turning to the m athematical formalism of group theory, 
Wigner (IS), Tisza (12), Wilson (14,15), Placzek (6), and Rosen
thal and M urphy (11) have developed tables for the different 
crystallographic point groups (and for additional groups too) 
characteristic of each possible type of molecular symmetry. 
These show the number of vibrational frequencies appearing in 
infrared absorption, in Ram an effect, in both, in neither, and 
the polarization properties of the frequencies if they are Raman- 
active. A very convenient summarization of these data is

— B (moles CgHg /moles CgHjp) 

Sample.- 22cc.

Filters: NaNOg, PrCI-j

Time: 5 or 10 mln.

Silt; 0 06  mm.

Average of 12

60
1.2

65
13

70 A 
1.4 B

given by Kohlrausch (2, 
1931-1937 Supplement). 
The investigation of the 
number and symmetry 
properties of the normal 
modes of oscillation of a 
given molecular model is 
now a m atter of routine.

From Kohlrausch (2, 
pp. 34-5) the writer cites 
the fo llo w in g  g en e ra l 
rules:

1. As a general rule, 
the intense Ram an lines 
belong to  to tally  sym
m e tr ic a l  v ib r a t io n s .  
O v e r to n e s  a n d  com 
bination f r e q u e n c ie s  
occur only weakly if a t 
all.

2. Totally symmet
r ic a l  v ib r a t io n s  a re  
polarized in the Raman 
effect—i.e., the depolari
zation ratio is small or

3. Frequencies th a t are antisymmetrical or degenerate to 
one or more elements of sym metry are either Raman-active and 
depolarized or else forbidden.

4. In  molecules having a  center of sym metry those vibrations 
antisymmetrical to  the center of symmetry are forbidden. (This 
case is interesting, inasmuch as Ram an active vibrations for such 
a molecule are inactive in infrared absorption and vice versa.)

To these rules should also be added the statem ent th a t the 
appearance of a vibrational frequency in infrared absorption 
depends on th a t frequency’s causing a change in the dipole mo
m ent of the molecule. On the other hand, a vibration must be 
accompanied by a change in the polarizability of the molecule 
if th a t frequency is to be Raman-active.

T h e  E m p i r i c a l  S i d e  o p  t h e  Q u e s t i o n .  Characteristic Vibra
tions. A vast am ount of work on the Ram an and infrared ab
sorption spectra of a multitude of compounds has shown that, 
to a very marked degree, like linkages exhibit like frequencies 
even when these linkages occur in rather radically different mole
cules. Thus it  has become customary to speak of a C—H aro
matic frequency or a C—H aliphatic frequency; of a C = 0  ester, 
acid, aldehyde, ketone, or acid anhydride frequency; of C ^ C ,

C = N , C = C , C = N , N = 0 ,  n / ° ,  Se—H, S—H, O—H, N—H,

c / H
C\ H ’

C— (OH), C— (NHj), C— (C = N ), C—Cl, C—Br, C—I

frequencies, and also of ring frequencies of various types as well 
as frequencies characteristic of methyl and ethyl groups, etc. 
These characteristic frequencies are often very helpful to the 
chemist as long as he does not believe th a t the structure of any 
complicated molecule is always going to  be solved merely by 
finding its vibrational frequencies. The w riter is a bit more 
prone to take a slightly pessimistic a ttitude  rather than the view
point th a t the method will always work.

Limitations. The biggest nuisance in Ram an spectroscopy is 
th a t a  slight am ount of fluorescent im purity in the sample can 
give rise to a continuous background which ofttimes completely 
masks the Ram an lines. In  the case of a pure liquid a simple 
distillation will usually remove the offending substance. T reat
m ent with activated charcoal and activated alumina can also be 
used to  great advantage (this m ust not be resorted to  in the case 
of solutions because of preferential adsorption). In  the case of a 
solid, dissolution followed by clarification and recrystallization 
will help. For organic liquids, adding a small quantity  of nitro
benzene will often quench the fluorescence to a high degree. 
(This is brought about by deactivation of the fluorescing mole-
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cules by collisions of the second kind—i.e., inelastic collisions 
with the nitrobenzene molecules.) For aqueous solutions the same 
result can often be accomplished, although not so well, by em
ploying potassium iodide. This deactivating method should be 
used only as a last resort, in the opinion of the writer.

A ttention was called above to  relation of the frequency of the 
exciting line to the lowest lying electronic absorption frequency. 
To the reader not accustomed to  thinking in terms of energy-level 
diagrams, this statem ent might well be explained more fully.

I f  a  substance is a  pale yellow color, an investigation of its  ab
sorption spectrum will show th a t it  absorbs light in the near u ltra
violet and violet regions. To get the R am an spectrum of such a 
substance i t  would .be necessary to  use an  exciting line of lower 
frequency (higher wave length) than  the low-frequency side of the 
absorption band (the 4358 A. line of mercury can be used for such 
substances). I f  the substance is bright yellow or orange, the 
absorption band has now moved, or spread, to lower frequency 
(longer wave length) and so a lower frequency line m ust be used 
to  excite the R am an spectrum successfully (the green, 5461 A., 
line of mercury could be used for such substances). I f  the sub
stance is red, the absorption band will be in  the green, and it  
would be necessary to  use, say, a  yellow line to  excite the Ram an 
spectrum. If  the absorption band is in the yellow, i t  would be 
necessary to  use a red exciting line. The exciting line m ust have 
a frequency less than  the lowest lying electronic absorption fre
quency. Obviously then, the investigation of the R am an spectra 
of colored substances is a  nuisance and is beset w ith difficulties.

Advantages. In  obtaining a R am an spectrum, the entire 
range of frequencies occupied by the fundam entals is covered

Figure 1 5. Binary Solutions

by one exposure (if recorded photographically) or by one tracing 
(if recorded photoelectrically). These R am an lines can be meas
ured by interpolating between secondary or tertiary  standards of 
wave length and these standard lines have been measured by 
three different investigators to  ca. 0.002 A. (0.01 cm . - 1  in the 
region under consideration).

I f  it  is necessary to study a solution, the solvent may be any
thing, so long as i t  is colorless (or nearly so) and optically clear. 
The R am an spectrum of w ater is very weak by visible excitation, 
and the only frequency region blotted out by the O—H  band of 
the w ater is 3200 to 3700 cm . - 1  (This region also includes 
N —H stretch and h=C—H  stretch.)

In  following a given vibrational frequency through the spectra 
of a  series of closely related compounds, the R am an effect per
mits three quantities to  be found for the frequency—namely, the 
numerical value in cm.-1, the intensity, and the depolarization 
ratio. These three param eters are of more use than  ju s t the 
frequency and intensity would be. Although only these two 
last-named quantities are found by infrared absorption spectra, 
both spectra m ust be obtained in a ttem pting to prove the struc
ture of a molecule by vibrational spectroscopy. Thus the two 
methods are complementary and not competitive.

Analytical Applications 

Q U A L IT A T IV E  A N A L Y S IS

A F u n d a m e n t a l  H y p o t h e s i s .  If  several molecular species 
are present in a  solution, the Ram an spectrum of the solution 
should be a  superposition of the spectra of the several compo
nents comprising the solution. D epartures from this in the way 
of actual frequency shifts (the error of these measurements 
usually being equal to  =*=1 or 2  cm.-1) will not be observed 
as a  general rule. However, for polar molecules this is often not 
true, inasmuch as the strong interaction forces of species A on spe
cies B and vice versa can change the spectra of either or both 
relative to  those of the pure compounds. For hydrocarbons, 
even in the liquid state, the initial hypothesis is valid. I t  is true 
th a t slight intensity alterations m ay occur, bu t they will be so 
small as to be of importance only for quantitative analysis. 
This whole question of molecular interaction and its influence on 
vibrational frequencies is characterized by the ease w ith which 
vague wordy descriptions can be made to describe w hat is going 
on and by the difficulty involved in making quantitative calcula
tions or predictions about these interactions.

M a i n  U s e s  a n d  L i m i t a t i o n s .  Because of the fact th a t very 
few overtone and combination frequencies are observed in the 
R am an effect (the nonappearance of overtone an d /o r combina
tion frequencies provides a simpler spectrum; a particular ad
vantage in a mixture), the method is of a  great deal of use in 
following the course of a distillation, especially if the distillation 
is a  first a ttem pt to fractionate the products of a new reaction. 
I t  often happens th a t unsuspected azeotropes are discovered 
during this first distillation. Much time m ay be saved if it is 
possible to  identify the components of such azeotropes spectro
scopically. I f  the interest is directed only tow ard the main 
products, the Ram an method will generally be of more use than 
methods involving absorption spectra. This is attributable to 
the fact th a t the Raman spectra of the minor components will be 
so weak tha t the spectra of the major components will stand out 
above all else.

This failure of Ram an spectra to show the lines of minor con
stituents is an advantage in one way. On the other hand, it 
offers severe limitations to the method, in th a t the spectra of 
substances present in low concentration are usually not detect
able. No definite figures can be set forth on this subject; only 
approximate ones. Using 4358 excitation, many substances pos
sessing strong absorption bands in the violet or near ultraviolet— 
e.g., aromatics, conjugated olefins, nitriles, etc.—can be detected
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Table III. Binary Solutions

A ctual In t. 992 C ö.Hö 
M ole R atio  I n t . 801 C6Hll 

A ctual CęHę 10 5
%  CöHe C 6H 12 m in. min.

Av. %  Dev. 
in  In tensity  

Ratio  
10 5

min. min.

CeHc— C6Hi2

M ax. %  Dev. 
in  In tensity  

Ratio  
10 5

min. min.

% CsHe, 
M ethod A 
10 5

min. m in.

%  E rror, 
M ethod A 

10 5
m in. min.

%  CeHe, 
M ethod B 
10 5

min. min.

%  Error, 
M ethod B 

10 5
min. min.

50 .68  1.1069
35.43  0.5911
11.30 0.1373

3.625
1.522
0.364

3.622
1.501
0.415

1 2 .1
2 .4
3 .8

7 .5
4 .9

12.9

2 2 . 2
4 .5
8 .5

13.4 
9 .5

29.4

45.6
26 .0

7 .8

45.6
25.7  

8 .7

1 0
27
31

1 0
27
23

30 .1
9 .3

29.9
10.5

15
17

15.5
7

Exposure tim e for each, 
%  from  m ean.

1 m inutes. AverageM ethod A. 19 pairs of superim posed spec tra  of CeHe and C 6H 12 used.
in tensity  ra tio  992/801 =  4.938. Average deviation  =  6.8 
992/801 =  4.011 for a 1:1 mole ra tio .

M ethod B. Twelve 10-m inute and  tw elve 5-m inute exposures of each so lution (four different p la tes, in tensity  marks 
on each plate).
992/801 =  3.275 for a  1:1 mole ra tio  as obtained from the d a ta  for the  solution w ith mole ra tio  of 1.1069 X

0 -  -  5 ® .

Table IV . Binary Solutions
[(A) CsHt, (B) CCU. F ilter, NaNOs. s iit, 0.10 mm. (8.8 Exp. tim e, 4 or 8 m inutes]

33.63%  A,
65.08% A, A /B  = 3.671 A /B  =  1:1

Line Pair
604/314

1178/314
1584/314
1603/314

604/459
1178/459
1584/459
1603/459

In t.
ra tio

Av. % 
dev. in t. 

ra tio %  A
07/o

E rror
In t.

ra tio

Av. % 
dev. in t. 

ra tio %  A r , %E rro r
In t.

ra tio

Av. % 
dev. in t. 

ratio

2.886 6 .3 88.7 - 1 . 4 0.675 2 .2 64 .8 - 0 . 5 0.186 3 .2
2.718 6 .3 88 .8 - 1 . 3 0.656 3 .2 65.6 +  0 .8 0.174 8.1
2 .048 6 .4 88.5 - 1 . 7 0.511 1.4 65.8 +  1.1 0.135 5 .2*
1.480 7 .1 88.6 - 1 . 6 0.356 2 .5 65 .0 - 0 . 2 0.097 16.5

3.249 4 .4 89.5 - 0 . 6 0.678 1.6 64 .0 +  1.7 0.193 4 .2
3 .100 2 .7 89.6 - 0 . 4 0.661 2 .3 64.6 +  0 .8 0.184 8 .2
2.340 5 .6 89.6 - 0 . 4 0.515 0 .8 65.3 +  0 .3 0.139 7 .9
1.691 7 .2 89.4 - 0 . 7 0.359 2 .2 64.2 +  1.4 0. 102 17.7

spectra 89.1 64.9

a t concentrations as low as 0.2 to 1.0% by their Ram an spectra. 
However, only one or two of the very strongest lines will appear 
and one or two lines can only serve to  suggest the possibility of 
the presence of a given molecule; they cannot prove its presence. 
Such substances, of course, would be easily detected by u ltra
violet absorption methods, especially if they were minor constitu
ents accompanying a major component th a t was a  weak absorber. 
If, on the other hand, both major and minor components were 
strong absorbers, Ram an spectra might serve to detect the minor 
component (at least one or two of its strongest lines) with 
greater facility. The intensity of a  Ram an line is inversely pro
portional to (r2e — v'2ex)2 (the former is the frequency of the low
est lying electronic absorption frequency, and the la tte r is the 
frequency of the exciting line), and directly proportional to  the 
squares of the changes in average polarizability and /o r optical 
anisotropy brought about by the vibration belonging to the 
Ram an line in question. There are additional compounds which 
do not have absorption bands in the near ultraviolet bu t still 
give rise to  some strong Ram an lines because they have certain 
vibrations involving large polarizability changes, and certain 
highly symmetrical molecules possess multiple degenerate fre
quencies which often lead to  strong lines. Such compounds are 
also detectable in relatively low concentrations by the Raman 
effect, even though they m ay not be strong ultraviolet absorbers. 
Finally, a molecule possessing a preponderance of a  certain spe
cific structural unit—C—H, for example—will yield intense lines 
attributable to  these linkages.

Q U A N T IT A T IV E  A N A L Y S IS

In  the spectrum of a  solution containing several molecular 
species, the intensities of the spectral lines attributable to each 
of the species will be indicative of their respective concentrations 
in the solution. Thus, in order to perform quantitative analyses, 
a method of obtaining intensities of spectral lines is a prerequisite. 
If the spectra are recorded by photoelectric means, the photo
electric intensities are obtained directly. If, on the other hand, 
photographic plates are used, recourse m ust be had to photo
graphic photometry.

The results discussed here were obtained by the la tter method,

and they involve photo
graphic photom etry a t its 
worst. B e c a u se  of th e  
weakness of the light be
ing photographed it is 
customary (and usually 
necessary) to  use very fast 
plates. These are grainy 
and are easily fogged, and 
usually have low contrast. 
This is a disadvantage in 
tha t the density change 
produced by a given al
teration in exposure is not 
so great as th a t produced 
in the case of a higher con

trast plate. On the other hand, the wider 
latitude is favorable because it allows a 
coverage of a greater intensity range with 
a given exposure time than  does a high 
contrast plate.

Finally, unless very concentrated filter 
solutions are used, there will be a con
tinuous background in addition to the 
discrete Ram an lines. This background 
is caused by Rayleigh scattering of the 
continuum in the arcs and by fluorescent 
impurities in the sample (the filter will 
not diminish the la tte r if the exciting line 
causes the fluorescence). Thus in the 

photographic photom etry it  is necessary to correct for the back
ground. The method used for this is th a t described in detail by 
Pierce and Nachtrieb (5 ). The writer uses a plate calibration 
curve of density vs. exposure, the densities being obtained directly 
from the microphotometer tracings. The intensity of the back
ground is subtracted from the peak intensity of the line to get the 
corrected intensity.

If all the filters are used, the background density m ay vary 
from th a t of the clear plate (taken as zero) to 0.1. If the praseo
dymium chloride is omitted, the background may be as high as 
0.6 in some work. The density range involved in the case of the 
peaks of the lines is from 0.4 to 2.1, the lower limit being slightly 
below the lower lim it (0.55) of the linear part of the H. and D. 
curve for the plates used.

If  the solutions being examined are optically clear, it  will often 
be advantageous to dispense w ith the praseodymium chloride and 
let the continuous background from the arcs be scattered as 
Rayleigh light to  aid in overcoming the inertia of the plate. 
This practice will probably be impossible w ith double-jacketed 
arcs, inasmuch as they usually run hot and exhibit an intense 
continuum (if they had just the minimum am ount of mercury in 
them , the above procedure could be used with the double-jacketed 
arcs too). I t  is common practice to filter the liquids through 
sintered glass into the sample tubes in order to remove any motes. 
Sometimes the liquids still exhibit a slight turbid ity  even after 
this treatm ent. This is especially true in hot, humid weather 
and is most noticeable in substances which are the least miscible 
with water. Drying such solutions with solid desiccants is dan
gerous because of preferential adsorption. In  such cases, there
fore, it  is usually necessary to use the praseodymium chloride to 
keep the background down.

S c h e m e s  o f  A n a l y s is . A  Fundamental Hypothesis. In  
absorption spectroscopy it  is possible to compare the intensity 
of the light transm itted by the solution under investigation with 
th a t transm itted by the same thickness of solvent or with th a t of 
the empty cell. In  emission spectroscopy it  is customary to deal 
with relative intensities of spectral lines, and to relate these rela
tive intensities (usually in terms of intensity ratios) to concen
trations or to concentration ratios. Here our fundam ental hy-
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pothesis will be th a t the intensity of the scattered light is di
rectly proportional to the number of molecules in the scattering 
medium. Several analytical schemes are described below in
corporating this hypothesis and examples are given. I t  is shown 
tha t this hypothesis is not always valid and th a t other schemes 
m ust then be used.

Method A . In tensity  <x num ber of molecules (no standards 
involved).

Step 1. Superimpose the R am an spectra of A  and B  taken 
under identical volume conditions.

Step 2. Pick a line of A  and a line of B  uninfluenced by any 
other lines. Find the ratio. In t. A / In t. B  in the superposed 
spectra.

Step 3. Take spectrum of unknown containing A  and B.
Step 4. Find (Int. A /In t . B )x for the same line pair in this 

spectrum.
Step 5. Assume intensity of scattering to be proportional to 

number of molecules. Correct intensity ratio in step 2 by in
corporating the ratios of the molecular weights and densities 
of A  and B  in the correct m anner to  get the intensity  ratio for a 
1 to 1 mole ratio.

Step 6 . In t. A = K a moles A.
In t. B  =  K b  moles B.
(Int. A / In t. B )x — K  (moles A /m oles B )x. But
(Int. A / In t. B )m  = K  for a 1 to  1 mole ratio, and so
. . , . , (Int. A / In t. B )x
(moles A /moles B)x =  ( I n t  A / l n t  B )y i

Method B . In tensity  « number of moles (one standard  solu
tion involved).

Step 1. Take Ram an spectrum of a  solution containing A and 
B  in a 1 to  1 mole ratio.

Step 2. Pick a line of A and one of B  uninfluenced by any 
other lines. F ind ratio  (In t. A /In t . B) m.

Step 3. Take spectrum of unknown containing A and B.
Step 4. F ind (In t. A /In t . B )x for the same line pair in this 

spectrum.
Step 5. Assume intensity of scattering to  be proportional to 

num ber of molecules. This leads to final relationship in step 6  

of Method A.

Method C. Synthetic standards.
Step 1. M ake up  solutions contain

ing known amounts of A and B.
Step 2. O btain their spectra.
Step 3. Choose suitable line pairs of 

A and B, and find (In t. A /In t. B) for 
each line pair in each spectrum.

Step 4. P lo t (grams A /gram s B) vs.
(In t. A /In t. B ), each graph involving 
one line pair.

Step 5. Use the graphs to  find con
centration ratios from intensity  ratios 
in spectra of unknowns.

Method D. In ternal standard.
Step. 1. Make up standard solutions 

containing known amounts of A and B.
Add to each solution approximately the 
same weight %  of substance S, the inter
nal standard.

Step 2 . O btain the spectra of the 
standard solutions, and find (Int. A /In t .
S ) as well as (Int. B / In t. S) for as many 
lines of A and B  as desired.

Step 3. P lo t (Int. A /In t. S) vs. (grams 
A /gram s S). Do th e  same for B.

Step 4. Use the graphs as working 
curves for analyzing unknowns, the 
spectra of the unknowns being obtained 
w ith approximately the same concen
tra tion  of S  in each unknown as was 
used in the standards.

Method E. M ethod of dilution.
To find: %  A in I  (a solution con

taining A and B)
Given: (Int. A /In t. B )j =  K '  (moles 

A /m oles B )i =  K [X /{1  — X )]/ where 
X  =  grams A /g ram  of -solution in I.

Add: Y  grams of A to  1 gram of I;  
get (X +  Y) grams A, (1 — X) grams 
B  in solution II.

Since:

Thus:
solution.

(Int. A /In t. B ), 
(Int. A /In t . B )u
X  =  Y {R ,/(R „

R i /E u  _|_ y

— Ei)] = grams A /gram  of original

Discussion. M ethod A would be used only in the event th a t 
it  was impossible to  use one of the other methods. I t  takes no 
account of molecular interaction.

The ideas incorporated in Methods A and B can be extended 
to solutions of more than  two components. The ratios of the 
molecular weights can be incorporated in the constant, to  obtain 
an expression involving grams. I f  the to tal percentage of all 
the components is known, expressions for direct percentages of 
the various components can be obtained by simple algebraic 
manipulations.

Method C is used when B will not work—-i.e., when the mo
lecular interaction is so great or changes so markedly w ith con
centration as to invalidate the fundam ental hypothesis.

M ethod D  would be most usefully employed as an extension of 
B. This would involve adding a fixed weight per cent of the 
standard to  each of the components involved and the same per 
cent to the unknowns. The “ scattering coefficients”  (9) of each 
component could then be used to find the composition of the un
known. W ith regard to the work in (9), the writer is not in 
sym pathy w ith the method of using volume per cent, nor with 
using activated alumina for removing fluorescent impurities 
(because of preferential adsorption). He also feels th a t it  would 
be better to  pu t a fixed per cent of internal standard in a solu
tion containing equal quantities of all the components present in 
the unknown which is to be analyzed by the method of scattering 
coefficients, and to  use the scattering coefficients obtained with 
this solution rather than  those obtained from the binary solutions 
involving each of the various components along w ith the internal 
standard. The internal standard should be a molecule w ith as 
few atoms as possible and w ith a  high degree of sym metry, in 
order to  contribute the least possible number of vibrational fre-

Table V . Binary Solutions
[(A) CaH sC H s, (B) CCU. F ilter, NaNO«. Slit. 0.10 m in. (8.8 cm. '). Exp. time , 4 or 8 iminutes J

37.51% A,
90.02%  A, V  B =  15.062 65.14% A, A /B  = 3.120 A /B =  1:1

In t. Av. c/, % Int. Av. % % In t. Av. %
Line P a ir ra tio in t. ra tio  %  A E rror ratio in t. ratio  % A E rror ratio in t. ra tio

520/314 3.048 5 .7 86.8 - 3 . 5 0.767 6.1 62.3 - 4 . 3 0.278 9 .4
788/314 7.778 4 .8 84.5 - 6 . 1 2.108 8 .8 59.7 - 8 . 3 0.854 9 .5

1003/314 14.548 5 .2 86.8 - 3 . 5 4.024 11.7 64 .5 - 0 . 9 1.327 11.9
1028/314 3.815 8 .8 87.3 - 3 . 0 0.978 6 .5 63.6 - 2 . 3 0.334 8 .7
1205/314 3.482 8 .4 87 .4 - 2 . 9 0 .903 7.2 64.2 - 1 . 4 0 .302 5 .0
1375/314 1.248 15.1 85.2 - 5 . 3 0.329 6 .7 59.5 - 8 . 6 0 .130 12.3
1580/314 1.142 9 .3 87 .4 - 2 . 9 0.293 4.1 63.9 - 1 . 8 0.099 16.2
1603/314 2.250 7 .6 86.6 - 3 . 8 0.626 5 .9 64.3 - 1 . 2 0 .208 6 .7

520/459 2.622 5 .3 85.4 - 5 . 1 0.719 6 .5 61.2 - 6 . 0 0 .274 8 .0
788/459 6.698 4.7 82.8 - 8 . 0 1.973 8 .2 58.5 - 1 0 . 0 0.836 11.1

1003/459 12.925 7 .5 85.6 - 4 . 9 3.773 10.0 63 .5 - 2 . 5 1.297 11.4
1028/459 3.272 4 .6 85.7 - 4 . 8 0.920 9 .7 62 .8 - 3 . 5 0.327 10.7
1205/459 2.988 6 .0 85.8 - 4 . 7 0.846 6.6 63.1 - 3 . 1 0.297 8 .1
1375/459 1.062 9 .1 83.4 - 7 . 3 0.308 8 .4 59.2 - 9 . 1 0.127 15.0
1580/459 0.980 4 .5 85.7 - 4 . 8 0.273 6.2 62.6 - 3 . 8 0 .098 14.3
1603/459 1.932 7 .0 85.0 - 5 . 6 0.585 5 .1 63.4 - 2 . 6 0.204 9 .8

Av. of 80— ,5 spectra 85.7 62.3

Table V I. Binary Solutions
[(A) C8H12, (B) CCU. F ilter N a N 0 2. Slit, 0.10 mm. (8.8 cm .-1) Exp. tim e, 8, 16, or 22.5 m inutes!

35.38%  A,
88.12% A, A /B  =  13.697 64.11%  A. A /B  = 3.274 A /B  == 1:1

Av. % Av. % Av. %
In t. dev. int. % In t. dev. int. % In t. dev. in t.

Line Pair ratio ratio % A E rro r ratio ratio % A E rror ra tio ratio

801/314 11.919 11.5 88.1 0 .0 2.714 3.4 63 .8 - 0 . 5 0.884 1.9
1026/314 4.743 9 .1 87.7 - 0 . 5 1.183 2 .6 63 .9 - 0 . 3 0.366 3 .0
1264/314 3.937 8 .0 87.9 - 0 . 2 0.956 3.1 63 .8 - 0 . 5 0.297 2 .0
1442/314 3.796 9.3 88.4 +  0 .3 0.919 2 .6 64 .7  . +  0 .9 0.274 5.1

801/459 12.634 5 .6 88.4 +  0 .3 2.716 2.1 62.1 - 3 . 1 0.909 3 .2
1026/459 5.038 2 .7 88.3 +  0 .2 1. 185 4 .0 63.9 - 0 . 3 0.367 1.4
1264/459 4.188 1.3 88.5 +  0 .7 0.959 5 .5 63.7 - 0 . 6 0.299 3 .7
1442/459 4.031 2 .4 88.9 +  0 .9 0.921 3 .5 64.6 +  0 .8 0.276 5.1

Av. of 40— 5 spectra 88.3 63 .8
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Table V II.  Binary Solutions
[(A) CoHsCHg, (B) CeHia. F ilter, NaNOs. Slit, 0.06 mm. (5.3 cm .-1). Exp. tim e, 14 or 28 m inutes]

10.13% A, A /B  =  0.1030 36.87% A, A /B  =  0.5335
52.29% A, 
A /B  = 1:1

Line Pair
In t.
ra tio

Av. % 
dev. in t. 

ra tio %  A E rro r
In t.

ra tio

Av. % 
dev. in t. 

ra tio %  A E rro r
In t.
ratio

Av. % 
dev. int. 

ra tio
520/801 0.034 5 .9 9 .1 -  9 .9 0.192 3 .1 36.3 - 1 . 6 0.369 3 .3
788/801 0.103 11.7 11.8 +  16.8 0.475 1.5 38 .0 + 2 .8 0.845 0 .4

1003/801 0.177 2 .3 10.4 +  2 .6 0.884 1.2 36 .6 - 0 . 8 1.674 8 .3
1205/801 0.050 10.0 12.5 +  23 .7 0.209 5 .3 37 .4 +  1 .4 0.383 3 .7

Av. of 16—-4 spectra 1 1 . 0 37.3

quencies to c lu tter up the spectrum. The writer prefers carbon 
bisulfide to  carbon tetrachloride although full arc excitation can
not be used w ith the former because even 3650 A. radiation will 
destroy it. A strong objection to the use of the internal standard 
is th a t fairly large quantities of pure materials are contam inated 
by its use.

Method E is sometimes handy for analyzing a single unknown 
when a  great deal of work is unwarranted.

B in a r y  S o l u t io n s . In  order to  see whether the aforemen
tioned fundam ental hypothesis were tenable, five binary solu
tions (three solutions for each binary pair, one out of each three 
having a 1 to 1 mole ratio) were examined according to  Method 
B. One pair, CaII6 +  CeHu, was also examined by M ethod A. 
In  this last case, the spectra were superimposed in 19 different 
spectra, the pictures being taken by using two Ram an tubes as 
nearly alike as possible and including spectra obtained w ith all 
possible combinations of tubes and liquids.

The results are shown in Tables I I I  to V II, inclusive. The 
1 to 1 mole ratio solution included in each series was used as a 
single standard solution to obtain the results on the other solu
tions which were treated as unknowns. For these five binary 
pairs, three yielded satisfactory results and two did not. The 
la tter two consist of the pairs C6H 6—-C«Hi2 and CtHsCHs—CC1(. 
This work should be repeated, b u t i t  cannot be done now because 
of more pressing m atters. The failure of Method B to work

necessitates making up standard solutions 
to obtain an analytical curve. The data 
from Table I I I  were employed in making 
Figure 14, which would yield errors in 
analysis shown beside each of the points.

Figure 15 shows several working curves 
for acrylonitrile (CH2= C H C = N )  plus 
methanol. The exposure time (30 minutes) 
listed is th a t when using a Zeiss Tessar 
a t F : 8 . The tim e w ith the Petzval lens 
would be shorter by  a  factor of x/s-
One curve is from a set of standards
containing nitrobenzene, which was ex

amined to determine the effect of nitrobenzene on the curve. 
The nitrobenzene was intended to  be added to  fluorescent 
unknowns, thereby doing away with the time necessary to 
redistill such samples. The working curve obtained with stand
ards no t containing nitrobenzene is reproducible; th a t ob
tained with standards containing nitrobenzene is not. This last 
statem ent is made on the basis of considerable experience. In  
the case of the standards w ith nitrobenzene, experiments were
conducted w ith two sets of standards, w ith the nitrobenzene
being added directly before starting the exposures. The lines 
used were the pair shown in Figure 15 as well as Ar 1342 of nitro
benzene in combination w ith the C = C  line and the C = N  line 
of the acrylonitrile. The results were unsatisfactory and cannot 
be explained by the writer. I t  was thought th a t enough 4047 
or 4078 radiation might be getting through the sodium nitrite fil
ter to  excite the nitrobenzene electronically, which in turn  might 
enhance the velocity of polymerization of the acrylonitrile.

Table V III.  Analysis of o-, m-, p-Xylenes
[F ilter, N aN02. Slit, 0.06 mm. (5.25 cm .-1). Exp. tim e, 5 or 10 minutes.
One stan d ard  solution used— 33.2%  o, 33.8%  m, 33%  p.

exposures and two 10-ininute exposures]

%
o-Xylene

%
m-Xylene

Two 5-m inute

%
p-Xylene

T rue value: 20 .1 55.1 24 .8
Lines Used

0 m V
1226 1248 1203 20.2 56 .5 23 .6
1056 1002 1203 20.5 55.5 24 .0
582 534 642 21.7 53 .0 25 .3

1056 1002 827 20.8 56 .3 22 .9
582 534 457 20.7 51.9 27 .5

Av. 20.7 54 .7 24 .7
%  E rro r + 3 .0 - 0 . 7 - 0 . 4

Figure 16. W orking Curve for A nalysis of Butyl A crylate

Four more sets of standards were then made up w ith nitrobenzene 
added to two and hydroquinone (to inhibit polymerization) plus 
nitrobenzene to the other two. Each solution was used to give 
three spectra taken one after the other and of equal duration to 
find an explanation. The results obtained did not permit any 
explanation. All this is to show th a t i t  is sometimes dangerous 
to add nitrobenzene to highly reactive materials.

Figure 16 is a  working curve for the analysis of butyl acrylate. 
The standards contained butyl acrylate plus butyl alcohol. To 
each standard was added 5%  by weight of carbon bisulfide. The 
C = C  line of the ester produces a  nice analytical curve bu t the 
acrylate concentration can be found more easily by other m eth
ods. In  some spectra, several butanol lines were related to the 
carbon bisulfide line bu t no satisfactory working curves resulted. 
There is evidently strong interaction between the alcohol and the 
C = 0  group of the ester in this case. This is demonstrated by 
the doubling of the carbonyl line in the ester when the alcohol 
is added. In  liquid butyl acrylate this line is a t  1727 c m . '1, 
when butanol is added (1 to 1) two lines appear a t  1709 and 1727. 
This is an example of w hat may arise to plague the vibrational
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Table IX . Analysis of o-( m -, p-Xylenes Plus Styrene
[F ilter, NaNOs. Slit, 0 .0 6  mm. (5 .25  c m .-1). Exp. tim e, 5 or 10 m inutes. One stan d ard  solution used: 28 .2 %  o, 28 .7 %  m, 28.0%  p, 15 .1%  styrene.

Two 5- and  tw o 10-m inute exposures of each solution]
o-Xylene m-Xylene p-Xylene Styrene

Lines Used T rue %  T rue % T rue % T rue %
o m p 8 %  Found A %  A %  Found A % A %  Found A %  A %  Found A % A

1226 1248. 1203 1628 15.0 15.0 0 .0  0 .0  4 0 .0  3 8 .0  - 2 . 0  - 5 . 0  3 5 .0  3 6 .4  + 1 .4  + 4 .0  10.0 9 .4  - 0 . 6  -  6 .0
1056 1002 827 1628 15.0 15.7 + 0 .7  + 4 .7  4 0 .0  37 .6  - 2 . 4  - 6 . 0  3 5 .0  34 .2  - 0 . 8  - 2 . 3  10 .0  9 .8  - 0 . 2  -  2 .0
582 534 642 1628 15 .0  15 .6  + 0 .6  + 4 .0  4 0 .0  40 .5  + 0 .5  + 1 .2  3 5 .0  34 .0  - 1 . 0  - 2 . 9  10.0 10 .0  0 .0  0 .0
582 534 457 1628 15 .0  15.5 + 0 .5  + 3 .3  4 0 .0  41 .4  + 1 .4  + 3 .5  35 .0  3 3 .2  - 1 . 8  - 5 . 1  10 .0  9 .9  - 0 . 1  -  1 .0

Av. 15.5 0 .5  3 .0  3 9 .4  1 .6  3 .9  3 4 .5  1 .3  3 .6  9 .8  0 .3  2 .3

-  6 . 0  
0 . 0  

- 1 0 . 0
-  2 . 0

Av. 19.5 0 .9  4 .8  52 .7  0 .9  1 .6  2 3 .0  1.2  5 .1  4 .8  0 .3  4 .5

1226 1248 1203 1628 19.1 19.5 +  0 .4 + 2 .1 52.4 52.2 - 0 . 2 - 0 . 4 23 .5 23 .3 - 0 . 2 - 0 . 8 5 .0 4 .7 - 0 . 3
1056 1002 827 1628 19.1 20 .9 +  1 .8 +  9 .4 52.4 51.5 - 0 . 9 - 1 . 7 23.5 22.6 - 0 . 9 - 3 . 8 5 .0 5 .0 0 .0
582 534 642 1628 19.1 18.0 - 1 . 1 - 5 . 8 52 .4 52.6 +  0 .2 +  0 .4 23.5 24.9 +  1.4 +  6 .0 5 .0 4 .5 - 0 . 5
582 534 457 1628 19.1 19.4 +  0 .3 +  1.6 52 .4 54.6 +  2 .2 +  4 .2 23 .5 21.2 - 2 . 3 - 9 . 8 5 .0 4 .9 - 0 . 1

spectroscopist when working in the liquid sta te  with substances 
other than  hydrocarbons.

M u l t ic o m p o n e n t  S o l u t io n s . In  the case of solutions of 
more than  two components it is an advantage to be able to use 
M ethod B or an  extension of this method in conjunction with an 
internal standard because of the tim e and materials involved in 
making up synthetic standards bracketing the concentration 
range of the unknowns to be analyzed.

Tables V III and IX  show results obtained on two practical 
problems by method B. Only one standard solution is involved. 
Some of the weaker lines are too faint to give accurate results. 
Obviously, in routine work the set of lines giving the best results 
would be employed and the others disregarded.

Figure 17 is an example of analysis of inorganic salts in water 
solutions. The plot of intensity ratios vs. concentration ratios 
produces a  greater curvature than  the plot shown. The working 
curve does not change markedly w ith to tal salt concentration. 
This work was done a t F : 8  with sodium nitrite  and rhodamine

5GDN extra filters. The exposures varied from 30 to 90 min
utes (these exposure times would now be 6  to 18 minutes).

C h i e f  U s e s  a n d  L i m i t a t i o n s .  For quantitative work Raman 
spectroscopy should not be used below ca. 5%  for substances 
which scatter light strongly nor below ca. 1 0 % for substances 
which are poor scatterers. Thus the Ram an method is best for 
th a t region where absorption spectral methods are poorest—i.e., 
a t high concentrations.

The biggest objections to  its use in industry are the scarcity 
of suitable spectrographs, and the time involved in  obtaining 
spectra by the photographic method and the resultant photo
graphic photometry.

The writer maintains th a t it is possible to use a “home-made” 
spectrograph. As to  the latter, i t  is certain th a t additional de
velopments in the field of autom atic recording Ram an spectro
graphs will extend the use of this method to problems in labora
tories which would not consider adopting it a t present.

A c k n o w l e d g m e n t .  The w riter wishes to acknowledge the 
contributions of his associates, John W. Berry and John J. 
Whalen.

ADDENDUM

A new book on Ramanspektren (3) may soon be lithoprinted 
by Edwards Brothers, Ann Arbor, Mich., under the auspices of 
the office of the Alien Property Custodian.
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Autom atic Apparatus for Electrolysis at 
Controlled Potential

JA M E S  J .  L IN G A N E , Mallinckrodt Chemical Laboratory, Harvard University, Cambridge, Mass.

CO N TIN U IN G  experiments on separations of metals by 
electrolysis with a  mercury cathode a t  a controlled poten

tial (3) created the need for an apparatus th a t would autom ati
cally m aintain the potential of an electrode a t  a  constant value 
during the course of electrolysis, and thus relieve the experimenter 
of the tedious task of manually controlling the potential. In 
genious circuits for performing this function have been described 
recently by Ilickling (2) and by Caldwell, Parker, and Diehl 
(J), bu t both of these leave something to  be desired from the 
standpoint of simplicity and versatility.

Hickling’s circuit has the advantage of being completely elec
tronic w ithout moving mechanical parts, bu t it is practical only 
for electrolysis currents of a few tenths of an ampere, and it 
controls in only one direction. The circuit of Caldwell, Parker, 
and Diehl can handle large currents, bu t it  is limited to  the use of 
a to tal applied e.m.f. of 1 0  volts, and it  also controls in only one 
direction—i.e., i t  prevents the cathode potential from becoming 
more negative than a given value during the course of electroly
sis, but it  does not correct a positive drift. Both circuits require 
preliminary calibration before use. The apparatus described 
herein controls in both directions, it  is applicable with applied 
voltages and currents of any magnitude, its component parts are 
commercially available and relatively easy to assemble, and it 
does not require preliminary calibration.

The essential features of the circuit are shown schematically in 
Figure 1.

The to tal voltage applied to the electrolysis cell is adjusted by a 
100-watt, 30-ohm radio potentiom eter rheostat, R, and indicated 
by the voltm eter F, (0 to  15-volt scale). R heostat Ri (General 
Radio Co., Type 333-A) is powered from the direct current house 
main, or with lead storage batteries, and a 50- or 100-ohm vari
able resistance, R 2, is provided for convenience in adjusting the 
voltage across Ri to  the optimum value for a particular experi
ment. For most purposes 10 to 15 vqlts across Ri are convenient, 
bu t a smaller or larger value m ay be used in special cases. For 
some purposes it  m ay be desirable to connect Ri into the electroly
sis circuit as a series resistance, ra ther than  as a potential di
vider, bu t for the usual type of electrolysis experiment the arrange
m ent shown is most suitable.

The electrolyzing current is read on the multiple range am
meter, A . The range of the amm eter m ay be varied to suit the 
particular electrolysis conditions; for work with the mercury cath
ode under the conditions previously described (3, 4) two ranges 
from 0  to 0 . 1  and 0  to 1 ampere are most useful.

The e.m.f. between the working electrode and the reference 
electrode (usually a saturated  calomel electrode, S.C.E.) is op
posed by an e.m.f. from a 1 0 0 -ohm radio-type potentiom eter rheo
stat, R 3, which m ay be powered by a  single No. 6  dry cell or a 
2-volt lead storage cell. Obviously, R 3 cannot bo powered from 
the same source as R lt because this would create a short circuit 
between the electrolyzing and control circuits. The opposing 
e.m.f. (“cathode potential” ) is read on voltm eter Vt (0 to  1.5 
volts), which should be calibrated and capable of being read to
0 . 0 1  volt.

A galvanometer relay, G, sensitive to ±0.02 volt (Weston Elec
tric Instrum ent Co., Model 30), is placed in series in the control 
circuit as shown.- Off-balance between the cathode-reference 
electrode e.m.f. and the opposing e.m.f. set on 'Rz causes the gal
vanometer relay to make contact either right or left and operate 
one or the other of the two electronic relays, R y  (E. Greiner and 
Co., Catalog No. E-1S04), which control the direction of rotation 

• of the reversible synchronous motor, M . In  turn, the motor ro
tates rheostat Ri until the to ta l e.m.f. applied to  the cell is de
creased or increased by such an am ount th a t the cathode po
tential returns to  the value set on R 3, and thus balance in  the con
trol circuit is restored. The motor operates only when the control 
circuit is unbalanced.

The small m otor used required only 9 w atts a t 110 volts

alternating current, and it  is provided with a built-in gear train  
which provides a shaft speed of 60 r.p.m. and a torque of 5 
oz. in. (H oltzer-Cabot Electrical Co., Boston, Mass., Type 
RW C 2505). A worm-gear combination as shown is used to  de
crease the speed further to  0.60 r.p.m. Mechanical connection 
to Ri is made by a belt drive with wooden pulleys, whose ra
tio is 2.7, so th a t Ri rotates a t only 0.22 r.p.m. In  addition to its 
simplicity the belt drive has the advantage of serving as a simple 
friction clutch, so th a t Ri can be moved manually w ithout having 
to  bother with locking devices.

The rate of rotation of Ri should be small to prevent overshoot
ing and hunting, and yet great enough so th a t off-balance in the 
control circuit is corrected without delay. W ith one revolution 
in about 5 minutes hunting is avoided, and the time required to 
restore balance in the control circuit is seldom greater than about 
1 0  seconds and usually is considerably less.

The time of response between the instant when the galvanom-

10-15 12

R \.  100-watt, 30-ohm radio potentiometer (General Radio Co., Type 333-A)
R 2. 5 0 -or 100-ohm regulating resistance
R 3 . 100-ohm radio potentiometer (General Radio Co., Type 301)
A. Multiple range ammeter (0- to 0.1- and 0- to 1-ampere scales)
Vr. Voltmeter (0- to 1 5-volt scale)
V 2. Calibrated voltmeter with scale from 0 to 1.5 volts, capable of being read to 

0 . 0 1  volt
G . Galvanometer relay sensitive to *0.02  volt (Weston Electric Instrument Co., 

Model 30)
R y. Electronic relays set for normally open (E. Greiner and Co., Catalog No. E-1804)
M, Reversible, synchronous electric motor with shaft speed of 60 r.p.m. or less

(Holtzer-Cabot Electrical Co., Boston, Mass., Type RW C 2505)
S.C .E. Saturated calomel reference electrode 
Cell. Elecirolysiscell
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eter relay -makes or breaks contact and the instant th a t Ri begins 
to  move or stops is only a few tenths of a  second.

When the electrolysis current is large, a relatively large change 
in the to tal applied e.m.f. is required to  produce a  given change 
in the potential of the working electrode, because the major frac
tion of the to ta l e.m.f. is dissipated as iR  drop through the cell, 
bu t near the end of an electrolysis when the current becomes very 
small the potential of the working electrode changes virtually di
rectly w ith the total applied e.m.f. Hence there is a greater tend
ency for the instrum ent to hun t its  balance point near the end of 
an  electrolysis when the current is small. For this reason the 
to tal voltage applied to Ri should not be larger than necessary, so 
th a t Ri is nearly fully open a t  the beginning of an experiment—
i.e., so the increment of applied e.m.f. caused by momentary op
eration of the motor will be relatively small. Hunting can also 
be eliminated by increasing R> to decrease the voltage across R, 
after the current has dropped to a  small value, bu t this usually is 
not necessary. W ith these precautions hunting was not a prob
lem.

Considerable difficulty was experienced a t first with sticking 
of the contacts of the galvanometer relay, even though the 
alternating control current of the electronic relays amounts to 
only about 2  microamperes and there was no visible sparking. 
This difficulty was eliminated completely by placing two 0.25- 
microfarad paper condensers, each of which is in series with a 
1 0 0 -ohm resistance to  the common center contact, across the 
galvanometer contacts as shown. By trial the condensers must 
be connected so th a t their ground sides bear the proper relation 
to  the ground sides of the control circuits of the electronic relays, 
otherwise the condensers m ay leak current to  operate the relays.

If the electronic relays are provided with pilot lamps connected 
in parallel w ith the load terminals, these m ust be removed; other
wise both circuits in the motor will be energized when either of the 
two relays operates. Pilot lamps of low resistance may be placed 
in series in each of the two m otor circuits to indicate when the 
controller is operating and its direction.

Since both the to tal applied e.m.f. and the potential between 
the working electrode and the reference electrode are read directly 
on voltmeters V, and Vi, the instrum ent requires no calibration 
of any sort before use.

To begin an experiment, switch S 3 is closed first, and R 3 is ad 
justed until Vi indicates the cathode potential which it  is desired 
to m aintain. Then Ri is turned back to  zero, and Si is closed. 
Finally S i is closed to activate the control circuit, and the ap
paratus is left to itself until the electrolysis is completed. At 
the end of an experiment S i should be opened to disconnect the 
control circuit before Si and S 3 are opened.

The sensitivity of the instrum ent is governed primarily by the 
intrinsic sensitivity of the galvanometer relay, and by the total 
resistance in the control circuit. W ith the W eston Model 30 
galvanometer relay, and a resistance of 700 to  1000 ohms in the 
control circuit, most of which was in the bridge between the ref
erence electrode and the electrolysis solution, the apparatus con
trolled over a range of slightly less than  0.04 volt—th a t is, an off- 
balance of 0 . 0 2  volt in either direction from the value set on Vi 
was sufficient to actuate the motor. This sensitivity is more than  
ample for the great m ajority of electrolysis experiments. For 
some purposes i t  m ay be desirable to  work a t  a lower sensitivity, 
and this can be obtained by increasing the spacing between the 
contacts of the galvanometer relay, and /o r shunting the relay 
w ith suitable resistances.

The apparatus has been in use for several months for electro
lytic separations of m etals w ith the mercury cathode under the 
conditions previously described (3), and has given very satisfac
tory  service. In  a number of instances quantitative separations 
of metals whose standard potentials differ by only 0 . 2 0  volt have 
been achieved. These experiments will be described later.

In  addition to purely analytical applications, the apparatus has 
proved very useful for the electrolytic preparation of organic com

pounds by controlled potential electrolysis according to  the “po- 
larographic synthesis” technique described by Lingane, Swain, 
and Fields (/).

Although the instrum ent was designed primarily for use with 
the mercury cathode, it  is, of course, equally suitable for use with 
platinum electrodes according to the procedures developed by 
Sand and his collaborators (5), with any combination of working 
electrode and reference electrode, and for controlling the potential 
of an anode. By connecting the control circuit across the cathode 
and anode of an electrolysis cell the instrum ent can be used to  
control the total applied e.m.f., if desired.

SU M M AR Y

An apparatus is described which autom atically m aintains the 
potential of an electrode constant during electrolytic determina
tions and separations. The instrum ent is sensitive to  ± 0 . 0 2  

volt, it is applicable w ith currents and applied voltages of any 
magnitude, its component parts are commercially available and 
relatively easy to  assemble, and it does not require preliminary 
calibration. Although the instrum ent was designed particularly 
for controlling the potential of a mercury cathode, it  is equally 
suitable for use with platinum or other metal electrodes, and it 
can be emploved with any combination of working and reference 
electrodes.
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P a r t  I I I ,  N onm etallic M ateria ls , G eneral, includes fuels, petro leum  
products, electrical in su la tin g  m aterials, rubber, tex tiles, soaps and 
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gency a lte rn a te  provisions w hich have  been widely used  to  expedite 
production  an d  p rocurem ent of im p o rta n t m ateria ls. E ach  p a r t  has 
a  com plete sub jec t index  (from  36 to  44 pages).

T o  keep th e  books up  to  da te , a  supp lem ent will be issued to  each 
p a r t  la te  in  1945. A com plete 200-page Index to  S tan d a rd s  is fu r
nished w ith o u t add itio n a l charge and  a  copy accom panies th e  pur
chase of each p a r t  or com plete set.



Microdetermination of A cetyl Groups in Acetates 
of Sugars and Glycosides
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•

I N C ON NECTION  with the studies of a fructosan in Yucca mo- 
havensis it was necessary to devise micromethods for the deter

mination of the acetyl groups in sugar derivatives.
The fact th a t the acetyl esters of sugars are easily hydrolyzed 

with dilute alkali a t room tem perature has been known for some 
time. In  1902 (1 4 ) and 1904 (1), the rate of the hydrolysis of 
acetylated monoses and bioses was studied. The hydrolysis 
was carried out in an alcohol-water solution with 0.04 N  sodium 
hydroxide solution. I t  was generally concluded for most of the 
sugars used th a t K  (velocity coefficient) was not constant, but 
decreased as the change proceeded, indicating th a t the acetyl 
groups were not separated a t the same rate. Armstrong and 
Arup (/) , in order to obtain further evidence as to the manner in 
which the acetyl groups were removed extended the study to 
acetates of m ethyl glycosides of a -  and ^-glucose and a -  and fi- 
galactose. They found th a t these glycoside acetates were hy
drolyzed a t about the same rate and th a t K  remained fairly con
stan t for about three fourths of the hydrolysis. N ear the end 
the hydrolysis proceeded far less rapidly.

The action of alkali on sugars has been studied extensively, 
de B ruyn and van Ekenstein (3) postulated a series of trans
formations for d-glucose and d-galactose in an alkaline solution.

Nef (18, 19) and his co-workers postulated for these hexoses 
the existence of a  series of enediols in an alkaline solution.

Evans (4-11) and co-workers have studied the influence of 
tem perature and alkali concentrations on certain mono- and disac
charides by characterizing the volatile acids and residues which 
result from the splitting of any possible enols.

The problem of devising an analytical method based on alka
line hydrolysis centers principally on behavior of the reducing 
sugars.

For the purpose of this paper, the conclusion can be drawn from 
the above work th a t oxidation of reducing sugars takes place 
much less readily w ith dilute alkaline solutions a t  tem peratures 
below 25° C. Nef (18,19) stated  th a t the enediols do not exist in 
solutions of an alkalinity less than  0.033 N  and th a t they begin to 
decompose in systems of alkalinity above 0.05 N . I t  thus be
comes obvious th a t the alkaline hydrolysis micromethod of 
K uhn and R oth (15) would not give satisfactory results for re
ducing sugars.

Since the fructosan studied in this laboratory was nonreducing, 
it was possible to obtain very satisfactory results by dissolving the 
sample in 95% ethanol and then hydrolyzing w ith an aqueous 
0 . 1  N  sodium hydroxide solution a t room tem perature for 4 to 15 
hours and back-titrating the excess alkali w ith standard sulfuric 
acid. A similar macromethod has been described by Kunz and 
Hudson (16). This method has been used successfully for fruc
tose pentaacetate hydrolyzing a t 0° C. w ith 0.1 Í  sodium hy
droxide for 3.5 hours (13). I t  has also apparently been used on 
d,<*-phenyl xylose triacetate (17).

In  view of the above, a micromethod for the determ ination of 
acetates of sugars and sugar derivatives was investigated.

EX P E R IM E N TA L

The sugar and glycoside acetates used in this investigation were 
prepared from pyridine-acetic anhydride mixtures using essen
tially the procedure of H aw orth and Percival (12).

To 3.0 grams of sugar (or glycoside) were added 35 ml. of an
hydrous pyridine. The solution was agitated interm ittently  
until all the sugar had dissolved. Then 30 ml. of acetic anhy
dride were slowly added w ith stirring and the solution was

allowed to  stand for approximately 24 hours a t room tem perature. 
This mixture was then poured with vigorous stirring onto 500 
grams of ice. The white solid, which usually formed immedi
ately, was removed by filtration, washed w ith cold water, and 
dried. Further purification by recrystallization from alcohol 
could be accomplished when necessary.

When the above procedure was used with galactose, an oil was 
formed when the reaction mixture was poured upon ice. This 
oil was dissolved in hot alcohol and crystallized upon cooling.

Several of the (3-glueoside tetraacetates used were prepared by 
the method of Bembry and Powell (2).

Figure 1. Rate of Hydrolysis of Sucrose Octaacetate

In  order to establish the optimum conditions for the quanti
tative hydrolysis of these acetates a number of initial studies 
were made.

R a t e  o f  H y d r o l y s i s .  Studies w ith sucrose octaacetate in
dicated th a t deacetylation of this compound w ith 0.045 N  sodium 
hydroxide a t 20° C. was complete in  3.5 hours (see Figure 1).

Similar tests with acetates of glucose and maltose indicated 
complete deacetylation in 3.5 hours in the case of the disaccha
rides, while glucose gave results higher than  theoretical. On 
continued hydrolysis maltose (21 hours), lactose (19 hours), as 
well as galactose (14 hours) gave high and erratic results.

Since this excess was best accounted for on the basis of enoliza- 
tion, splitting, and oxidation of the breakdown products of the 
sugar, test runs were made using a layer of a hydrocarbon to 
shield the acetates from the air.

The results of these experiments are given in Table I.
C o n c e n t r a t i o n  o f  t h e  A l k a l i .  Because of the critical na

ture of the concentration factor (4-11), several experiments were 
conducted to establish optimum condition. According to  Nef 
(19), enolization and breakdown of reducing sugars do not occur

Table 1. Rate of Hydrolysis

A cetate T em perature  Tim e
C oncentration 

of Base H ydrolysis
0 C. Hours N %

Glucose (w ith a 20 6 0.045 98.6
layer of a 20 26 0.045 102
hydrocarbon) 20 72 0.045 116

334
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in solutions of less than  0.033 N  base. The results of a series of 
experiments in which this factor was tested are tabulated in 
Table II .

P r o c e d u r e  o f  A n a l y s i s .  On the b a s i s  of these studies the 
following procedure was adopted :

A 5- to  10-mg. sample of the acetate is weighed out in a small 
glass boat and placed in a 25-cc. Erlenm eyer flask. The sample 
is then dissolved in 95%  ethanol, 2 to  5 cc. depending upon the 
solubility of the acetate, being warmed if necessary to obtain 
solution. Four milliliters of 0.045 N  sodium hydroxide (car
bonate-free) are added from a microburet. The flasks are stop
pered and shaken mechanically or in term ittently  by hand for 
4 to 24 hours a t 20° C. The excess alkali is neutralized with 
dilute sulfuric acid (0.05 N ) using phenolphthalein indicator. 
The per cent acetate is calculated as follows:

err n n  o n e  N h  of base — (ml. of acid X T)\ X 1V& X 5900yo CXI3LUC — ----------------------------- j-------- -.------------------------mg. of sample

T  = norm ality ratio of acid to  base 
Nb =  norm ality of base

Using this procedure the data  in Table I I I  were obtained.

D ISCU SSIO N

As indicated by the results in Table I I I ,  the determination of 
the acetate w ith 0.045 N  sodium hydroxide a t 20° C. is complete 
in from 4 to  24 hours. These conditions appear to be satisfac
tory in all tests except those applied to the reducing monosac
charides.

In  the case of these reducing sugars, the minimum concentra
tions necessary for enolization and splitting as reported by Nef 
were confirmed. Lower concentrations of alkali were not satis
factory for analytical purposes in all cases.

Since deacetylation of glucose pentaacetate even w ith 0.015 N  
sodium hydroxide a t 20° C. gave high results, oxidation is evi
dently taking place. A t 0° C. more normal results are obtained, 
owing to slow rate  of hydrolysis and probable absence of oxida
tion.

From  the data  in Table I  it  appears probable th a t increased 
acidity  results from a self-oxidation. In  the case of glucose, high 
values under certain conditions m ay be due to  lactic acid forma
tion, owing to  the rearrangement of glyceric aldehyde resulting 
from the fragm entation of the original molecule (8).

Evans (4) has pointed out th a t sucrose octaacetate should not 
give values in  excess of theory in the absence of oxygen since the

Table II. Rate of Hydrolysis

A cetate T em perature Time
C oncentration 

of Base H ydrolysis
° C. Hours N %

G lucose 20 10 0 .09 105
20 34 0 .09 114
20 60 0 .09 126
20 6 0.045 102
20 24 0.045 106
20 i 60 0.045 113

0 * 4 0.045 101
0 26 0.045 103

20 4 0.015 101
20 7 0.015 103.6
20 19 0.015 103.8

0 12 0.015 96 .6
0 24 0.015 100.6
0 41 0.015 100.5
0 68 0.015 100.6

M altose 20 11 0.015 98 .8
20 24 0.015 103

0 45 0.015 98.2
0 69 0.015 98 .8

Lactose 20 8 0.015 98.5
20 18 0.015 99.6

Sucrose 20 11 0.015 99.3
0 45 0.015 95 .3
0 68 0.015 97 .3

sucrose formed cannot undergo transformations to form double 
bonds as in enediols. This viewpoint is supported by the data 
in Tables I I  and III .

According to the information in Table III, this procedure gives 
fairly consistent results w ith an average deviation of approxi
m ately 0.7%, which is satisfactory for a microdetermination of 
this type.

Table III. Determination of Acetyl Groups

A cetate

No. of 
D eterm i
nations Tim e

/ °  
CHsC— O

T heory

✓
CH*C— O 

Found 
(Average)

Average
D eviation

Glucose 7
Hours

6
%

75 .6
%

77.1
P.p.1000

5 .9
G alactose 4 14 75.6 77 .0 9 .0
Sucrose 14 4 69.6 69 .7 6 .0
Lactose 7 16 69.6 69.7 3 .7
M altose 7 4 69.6 69.7 3 .0
Raffinose 6 14 67 .2 67 .0 2 .0
Inulin 5 10 , v 61 .7 6 .8
Glycogen 7 24 61 .4 10.0
Fructosan 5 15 6 1 .8 3 .2
Salicin 10 8 59.5 59 .6 7 .7
Amygdalin 6 10 55 .0 55 .6 7 .5
D igitalin 5 6 46 .6 2 .6
Phloridzin 4 9 56^6 55 .0 3 .6
A rbutin 4 11 61 .0 6 0 .8 2 .5
Aesculin 3 11 53 .4 54 .6 6 .8
Eugenol-ß-d-

glucoside 7 8 47 .8 48 .5 6 .2
Phenyl-/3-d-

glucoside 4 6 55 .8 55 .2 6 .8
Guaiacol-/3-d-

glucoside 6 5 52.1 52.0 7 .7
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T H IO C Y A N O G E N  V A L U E S

LAST year this committee attem pted to  determine whether 
thiocyanogen constants, stoichiometrically calculated from 

fatty  acids to  glycerides, could bo used w ith satisfactory accuracy. 
In  th a t program the committee was unable to obtain agreeing 
results in the several laboratories. This year it undertook to find 
out why. Accordingly, samples were sent out and reagents were 
supplied from two sources, so th a t all collaborators used iden
tical materials. The thiocyanogen values were run using these 
reagents and the reagents regularly used by each member. The 
results are shown in the following tabulation:

Labora C ottonseed Oil P eanu t Oil Soybean Oil
to ry R egular Special Regular Special R egular Special

1 68 .2 6 7 .5 72 .0 71 .8 8 6 .0 86 .0
2 66 .9 67.3 71 .5 71 .8 85 .9 86. 1
3 65 .2 69 .9 83.1
4 66 .8 67 ’. 0 71.1 71 A 84 .9 85 ! 4
5 66.4 70 .8 83 .9
6 68.7 67 .6 73.1 7 Ü 8 86 .0 86 ! 4
7 67 .0 67 .0 72 .0 71 .7 85 .2 85 .6

Av.
Av. devia

67 .5 67.3 72 .0 71 .7 85 .6 85 .9

tion 0 .7 0 .3 0 .5 0 .1 0 .4 0 .4

L aboratories 3 and 5 no t included in averages.

In all of these determinations 200% excess reagent and 1.66 
grams of powdered potassium iodide were used.

For the m ost p art these results are in much better agreement 
than previous figures.

Some samples, especially the higher melting point fats, are not 
completely soluble in the reagent. Their solubility is improved 
by the addition of carbon tetrachloride. Therefore, a comparison 
has been made of thiocyanogen results w ith and w ithout the 
addition of carbon tetrachloride. The carbon tetrachloride was 
purified by a method supplied by one of the committee members.

P u r i f i c a t i o n  o f  C a r b o n  T e t r a c h l o r i d e .  Removing Re
ducing Substances. The carbon tetrachloride is shaken in a 
separatory funnel with about 50 ml. of concentrated sulfuric acid 
(A.C.S. grade) per liter of carbon tetrachloride and allowed to 
stand for 2 hours. This acid treatm ent is repeated w ith fresh 
charges of acid until a color no darker than  a light straw  develops 
in the acid layer on standing for 2 hours. After the acid layer 
is separated, the larger portion of the acid remaining in the car
bon tetrachloride is washed out w ith water. The last traces of 
acid are removed by two consecutive washings w ith 50% aqueous 
potassium hydroxide (50 ml. per liter of carbon tetrachloride). 
Thé carbon tetrachloride is then partially dried by allowing it to 
stand  several hours over pellets of potassium hydroxide. I t  is 
then decanted into a  distilling flask and distilled. At this stage 
the carbon tetrachloride is suitable for use in iodine number de
terminations bu t m ust be freed of the last trace of moisture be
fore use in the thiocyanogen reagent.

Drying. To remove the last traces of moisture, the carbon 
tetrachloride is placed in a flask with phosphoric anhydride (50 
grams per liter of carbon tetrachloride), and allowed to stand 
several hours with occasional shaking. The phosphoric anhy
dride is then filtered off, the filtrate collected in a distilling flask 
with another charge of phosphoric anhydride ( 1 0  grams per liter 
of carbon tetrachloride), and the dry carbon tetrachloride dis
tilled off. All equipm ent used in distilling the carbon te tra
chloride m ust be dried for a t least 1 hour a t 120° C., and all con
nections in the distillation apparatus should preferably be made 
with ground-glass joints. The use of a two- or three-necked re
ceiving flask to  collect the distillate is recommended. One outlet 
should be fitted with a drying tube. See Table I.

A summary of results obtained to date indicates th a t the use of 
carbon tetrachloride is undesirable except possibly in the case of 
high melting point fats which are difficultly soluble in the regular 
reagent. More work is contemplated.

In  a previous report this committee recommended that the 
am ount of reagent be increased from an excess of 100-150% to 
150-200%. I t  is now recommended th a t the quantity  of potas
sium iodide be increased from 1 to 1 . 6 6  grams.

F A T  STA BILITY  TEST

Additional work has been done on the fat stability test. This 
work has been concentrated on further standardization of the 
details of the method.

Samples were distributed among committee members, who 
reported the following results:

L aboratory Sample
2 3 4 5

8 30 45 34 35
2 2 2 -2 0 -2 6 -2 1 46 31 28
7 29 45 33 30
9 28 45 35 30

12 35 48 40 34
6 31 52 35 33
4 28 47.5 31 31
5- 26 31 33

11 25 42 ' 29 .5 25 .5
10 24 47 .5 32 21

Av. 26 46 33 30
Av. deviation 3 .5 1.9 2 .3 2 .2

While there are some large individual differences, the average 
deviations are much improved over previous results. More 
work is contemplated on this method.

Table I. Effect of Carbon Tetrachloride
L abora- C arbon T etrachloride Added

tory Sample R egular 25% 40% 10 ml. 5 ml.
1 C ottonseed oil 67 .5 66.3
1 P eanu t oil 71 .8 70.7
1 Soybean oil 86 .0 85.3
4 C ottonseed oil 67 .0 66.9
4 P ean u t oil 71.4 71.1
4 Soybean oil 85 .4 85.2
2 N ot designated 24.2 23 .5 2 4 ‘. i 23 .7
2 N ot designated 44.5 45.5 46.1 45 .0
2 N ot designated 55 .9 57 .7 59.3 56.2
1 Soybean oil 85 .2 85 .7
1 P eanu t oil 70.9 71 .2
4 Glycerides 87.0« 85.5« 89.4« 8 3 .5  b
4 Glycerides 84 .5 84.2 86 .8 83.5
4 F a tty  acids 91 .3 89 .3 90 .0 86.6
4 F a t ty  acids 24 .2 23 .4 22 .7 22.9
7 C ottonseed oil 66 .7 6 6 .3 C
7 P eanu t oil 71 .7 69 .7
7 Soybean oil 85 .5 82.5
7 Tallow 1 47 .3 47.0
7 Tallow 2 42 .4 42.5
7 Tallow' 3 47 .0 46 .2
7 * F a tty  acids, 

tallow  1 48 .2 45.9
7 F a tty  acids, 

tallow  2 44 .2 43.1
7

5

F a tty  acids, 
tallow  3 

N ot designated
47 .2
70.9

46.7
69.3

5 N ot designated 61 .3 60.2
5 N ot designated 62 .2 61 .0
5 N ot designated 56.2 56 .8
5 N ot designated 69.1 68.4
5 N ot designated 73.2 70.7

« Effective norm ality  of thiocyanogen reagent 0.194 to 0.206.
b Effective norm ality  of thiocyanogen reagent 0.140.
e Effective norm ality  of thiocyanogen reagent 0.200.
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The Army Quartermaster Corps requested th a t the committee 
supply them  w ith a method for the fa t stability tes t incorporat
ing the best technique known a t  this time. Therefore, a proce
dure has been w ritten and approved by the committee and sub
m itted to the Quarterm aster Corps. While this procedure has 
not yet been accepted as final by the Committee and m ay re
quire modification, it  is agreed th a t i t  represents an acceptable 
method.

A p p a r a t u s .  (The entire apparatus, including calibrated cap
illary tubes, may be obtained from E. H. Sargent & Co., 155 E ast 
Superior St., Chicago, 111.)

The apparatus consists of an aerating train, which is designed 
to  supply washed air to  the samples and a  ba th  to  keep the 
samples a t constant tem perature. The entire unit is calibrated 
in such a way th a t a  constant volume of air (2.33 cc. per second) 
passes through each sample. The apparatus and procedure of 
standardization of the air flow are illustrated and described in the 
original paper (2).

The bath  consists of a  w ater jacket in which w ater is kept a t 
the boiling point, using a  reflux condenser to  keep the volume 
constant. This w ater jacket encloses a mineral oil ba th  in  which 
is contained a rack accommodating 25 by 200 mm. test tubes. 
The b a th  is m aintained a t such a  tem perature th a t the samples 
within the tubes will remain a t 208° ±  0.5° F. (97.7° C.). The 
tem perature of the outer ba th  m ay be regulated by the addition 
of alcohol to lower or glycerol to  raise the boiling point. The 
bath is preferably insulated w ith about 1.5 inches of asbestos. 
This facilitates the maintenance of a uniform tem perature. The 
bath  m ay be heated w ith either gas or electricity. The heating 
m ust be arranged so as to  give uniform heating throughout the 
length of the bath . I t  is im portant to be sure the tem perature is 
the same over-all.

The only modification to  the  original design of the aerating 
train  is th a t a  reflux condenser is inserted in bottle E  which con
tains the air-washing liquid (Figure 1). The air passes from 
bottle E  through the condenser to remove as much w ater as 
possible. From the condenser the air passes to the regular 
manifold distributing bottles, G and F. A satisfactory arrange
m ent is described by Riemenschneider, Turer, and Speck (4). 
B ottle B  and cylinders C and D  contain water. B ottle E  con
tains a  solution of 2 % potassium dichromate in 1 % sulfuric acid.

All-glass aeration tubes as described by Riemenschneider, 
Turer, and Speck are permissible bu t not required (4).

S o l u t i o n s .  1. Sodium Thiosulfate, 0.1 N  accurately stand
ardized.

2. Sodium Thiosulfate, 0.01 N , accurately standardized.
Use reagent grade thiosulfate, freshly distilled water, and

store in brown glass bottles. Add 10 ml. of isoamyl alcohol and
0 . 1  gram of sodium carbonate per liter to stabilize the solution. 
Prepare a solution approximately 0.1 N  and standardize as 
follows:

Prepare 0 .1 A  potassium dichromate by dissolving 2.452 grams 
of finely powdered and dried reagent grade potassium dichromate 
in distilled w ater and make up to  500 ml. P ipet 25 ml. of this 
solution into a glass-stoppered Erlenmeyer flask, add 5 ml. of 
concentrated hydrochloric acid, 5 ml. of potassium iodide solu
tion (150 grams per liter), and 50 ml. of distilled water. Add 
the thiosulfate slowly with continuous and vigorous swirling 
until the yellow color has almost disappeared. Add about 1 ml. 
of starch indicator and continue the titration, shaking as before, 
until the blue color just disappears. Adjust the thiosulfate solu
tion to  exactly 0 . 1  N .

D ilute thiosulfate solution (0.01 N ) may be prepared by ac
curately pipetting 100 ml. of 0.1 N  thiosulfate solution into a 
1 0 0 0 -ml. volumetric flask and diluting to  volume with boiled and 
cooled distilled water.

3. Starch Indicator Solution. Make a  homogeneous paste 
of 10 grams of soluble starch (Lintner) in  cold distilled water. 
Add to this 1 liter of boiling distilled water, stir rapidly, and cool. 
Salicylic acid (1.25 grams per liter) m ay be added to  preserve the 
indicator solution. If  long storage is required, the solution 
should be kept in a refrigerator.

4. Air Washing Solution. An aqueous solution containing 
2%  potassium dichromate and 1% sulfuric acid. This solution 
m ust be changed a t least weekly.

5. Potassium Iodide Solution. Saturate distilled w ater with 
reagent grade potassium iodide. Be sure solution remains com
pletely saturated. This is best indicated by the presence of crys
tals of undissolved salt in the solution bottle. Store in the dark. 
This solution turns a  light brown on standing and m ay become 
faulty w ith age.

6 . Acetic Acid-Chloroform Solvent. Mix 60% reagent 
grade glacial acetic acid and 40% U.S.P. chloroform by volume.

7. Cleaning Solution. Place 5 to  10 grams of technical po
tassium dichromate in a 1-liter Erlenmeyer flask w ith about 50 
ml. of water. W arm the flask under the hot w ater tap  to dissolve 
as much dichromate as possible. Add concentrated sulfuric 
acid slowly and carefully until the volume is about 2 0 0  ml. 
Allow the hot solution to stand for about 5 minutes, then dilute 
to 1 liter with concentrated sulfuric acid.

The life of the cleaning solution depends upon the thoroughness 
of removal of the fat from tubes, beakers, etc. The solution is 
discarded when the distinctly red chromic acid color has changed 
to  brown. If  the fa t has been well washed away, the solution 
can be used for 3 or 4 weeks. Its  life m ay be still longer if not in 
daily use.

S a m p l i n g .  All equipment and containers m ust be scrupu-

Figure 1. Diagram of Air-Distributing System

A. Device to control pressure of incoming air
B. Bottle containing water for washing air
C .D . Water columns. A ir in space above water in B  is kept under constant pressure

sufficient to by-pass air through C  and D at a steady rate 
E. Bottle containing acid dichromate solution. A ir  from E  passes throughcondenser.

J  into bottle I , thence into bottles F , G, and H , which distribute air to tubes 
N , which lead to the aeration tubes 

K , L. Pinchcocks to release pressure when shutting off apparatus 
M  Screw clamp to regulate flow of air 
O Connection to source of air pressure



lously clean. The containers m ay be new (unused) tinned cans 
or glass jars. M etals such as copper, bronze, and brass must, 
under no circumstances, be allowed to  come in contact with 
samples. Glass containers are cleaned with cleaning solution, 
thoroughly rinsed with distilled water, and dried by heat. Mason 
fruit jars w ith rubber gaskets are satisfactory, b u t all parts 
m ust be cleaned as described above. Jars with plastic or enam
eled tops, or covers containing paper liners, are not recommended.

Samples are removed from tierces or similar packages w ith a 
stainless steel trier (butter type, 18 to  36 inches long) which has 
previously been well cleaned w ith soap and water, thoroughly 
rinsed w ith distilled water, and completely dried by heat or 
w ith new paper towel. Samples m ust be so taken th a t none of 
the shortening will be taken less than  2  inches from the wall of 
the container or from the surface.

Samples m ust be packed and transported to  the destination 
laboratory in such a way th a t they will arrive in a solid state. 
Samples th a t have been melted or partially melted a t any time 
are no t to  be used.

Porcelain or stainless steel spatulas are used in the laboratory 
for removing the test portion from the container. Clean the 
spatula between samples in a  stream  of hot w ater and wipe with 
paper towel. Select a  portion of the test, after removing the 
top surface and discarding, in such a way as to  avoid taking any 
fa t which has been in contact w ith the sample container. Place 
in a beaker which has been cleaned w ith cleaning solution, 
thoroughly rinsed w ith distilled water, and dried with heat. 
Completely m elt the contents of the beaker bu t do not allow the 
tem perature to rise more than  a few degrees above the melting 
point of the sample.

A e r a t io n  o f  S a m p l e . Caution. The control of tem perature, 
maintenance of absolute cleanliness, and elimination of any 
chance of contamination cannot be overemphasized. If these 
factors are no t well guarded, the results are likely to  be incorrect.

Pour 20 ml. of liquefied sample into each of three 200-mm. 
test tubes, which for convenience should be calibrated a t the 2 0 - 
ml. level. Place one of the tubes in the oil bath , which has pre
viously been brought to  th e  desired tem perature, and make 
necessary connections to  s ta rt the air flow. Record time of 
starting. Stopper the second and th ird  portions and hold a t a 
cool tem perature until the time arrives for their incubation. 
A t the desired time after starting  the first portion, s ta rt the second 
portion of the sample and similarly the third  portion.

The time spacing of tubes is conveniently regulated as follows:
K eeping Tim e, H ours Space Tubes

0 -16  1 hour a p a r t
16-32 2 hours ap a r t
32-50 3 hours ap a r t

Over 50 4 hours ap a r t

The tubes m ust be m aintained a t 208° *  0.5° F. (97.7° C.) and 
inspected regularly to be sure th a t the air is flowing properly. 
Incubations m ay be conducted in two ways, depending on 
whether the exact keeping tim e is desired or whether a given 
minimum keeping time is to  be met.

For Exact Keeping Time. Incubation is continued to  definite 
peroxide levels corresponding to  the point of inception of ran
cidity. These levels are:
Lard  and  oleo oil 20 me. of peroxide per kg. of fa t
H ydrogenation and  blended shortening 100 me. of peroxide per kg. of fa t

I t  is convenient, w ith long keeping samples, to  run a “pilot 
tube” 12 to  15 hours in advance of the three test tubes to  get an 
approximation of the keeping value. Successive small samples 
( 1  gram) may be withdrawn from this tube to  test for peroxide 
value as the rancid point is approached. This should not be con
tinued after a  to ta l of 5 grams have been removed from a single 
tube. The pilot tube serves a  twofold purpose; (1) it  enables 
the operator to  carry the incubation safely overnight, and (2 ) 
it  eliminates most of the guesswork from choosing the tim e for 
making titrations.

Note. After a  little practice, the odor of the air from the ex
haust tube can be taken as a  good indicator of the end point bu t 
because of the large personal variation in organoleptic testing, 
the odor is not accepted as final.

I t  is desirable to  incubate samples continuously until they 
have reached a stage a t  which, if continued throughout the night, 
rancidity will have developed before morning. When this stage 
has been reached, the tubes are removed from the batch and 
immediately chilled. They m ust be held in the chilled condition 
until incubation under constant supervision can be resumed.
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All tubes are titra ted  when the end point has been reached. 
Results are reported in terms of hours to  the nearest hour a t which 
the peroxide value just fails to exceed 2 0  or 1 0 0  me. as the case 
m ay be.

Example. Hydrogenated or Blended Shortening
T ube No. H ours M e. of Peroxide per Kg.

1 120 110
2 116 90
3 112 80

I t  will be seen from a simple graph of the results th a t a t the 
end of 118 hours the peroxide value ju s t reaches 1 0 0  me. of per
oxide per kg. R eport 118 hours.

For M inim um  Keeping Time. To determine whether a  sample 
meets a specified keeping time requirement it  is necessary to 
conduct the incubation of the three tubes as outlined above for 
exact keeping time, except th a t the incubation m ay be inter
rupted when the specified time has elapsed. The pilot tube is 
not needed if the operator arranges his work so as to be able to 
stop the incubation a t the proper time.

D e t e r m in a t io n  o f  P e r o x i d e s . Weigh 5 grams (±0.05) of 
sample into a 200 to  300-cc. Erlenmeyer flask and dissolve in 30 
ml. of the acetic acid-chloroform. Add 0.5 ml. of saturated 
potassium iodide solution and shake until the solution becomes 
clear. After 2 minutes, add 30 ml. of distilled water and titra te  
w ith standard sodium thiosulfate. Add starch indicator when 
near the end point. The flask should be shaken vigorously near 
the end of the titra tion  to  liberate all the iodine from the chloro
form layer. The number of milliequivalents of peroxide present 
per 1 0 0 0  grams of sample is calculated from the am ount of so
dium thiosulfate solution required to  titra te  the liberated iodine.

Milliequivalents of peroxide per 1000 grams of sample equal:

T itration  (ml.) X norm ality X 1000 
wt. of sample (5 grams)

A blank titra tion  should be made daily on all reagents and 
should never exceed 0 . 1  ml. of sodium thiosulfate.

C l e a n in g  P r o c e d u r e . Wash the used tubes from the sta
bility determinations with soap and w ater and rinse with tap  
water. Place on a test-tube rack and nearly fill w ith cleaning solu
tion. Wash off the air-inlet and -outlet assembly, including the 
rubber stopper, with ethyl ether or light gasoline before washing 
w ith soap and w ate r.' This solvent wash is necessary on the in
side of the glass tubes; since the small diam eter makes it  impos
sible to  scour the inside with a brush. After the soap and water 
wash and several rinses, place the inlet and outlet assembly in the 
test tubes containing cleaning solution. By means of a rubber 
tube and a vacuum line draw some of the cleaning solution up 
into the air-inlet and air-outlet tubes and allow to drain back. 
R epeat this several times until a  film of cleaning solution adheres 
evenly to the inside of the glass tubes, then allow the air delivery 
tubes to  stand overnight in contact with the cleaning solution 
within the test tubes.

After soaking as described, pour off the cleaning solution, rinse 
all parts a t least four times with warm tap  water, and then allow 
the tubes to stand for a t least 2 hours in tap  water. Follow 
with a t least six rinses of distilled water. D ry the test tubes in 
an air oven a t 105 ° C. D ry the air-inlet and -outlet assembly in a 
vacuum oven a t about 60° C. A low tem perature is used to  pre
vent softening of the rubber stoppers. Inspect all glass parts 
minutely and discard everything not absolutely clean. The units 
are then ready for use. Protect all glass parts in a dustproof 
cabinet until ready to  use.

M a in t e n a n c e  o f  E q u i p m e n t . All equipment and washing 
solutions m ust be kept clean. Oil and w ater baths m ust be kept 
a t proper levels. The water should be 1.5 inches from the top 
and the oil 2 inches from the top. Use distilled w ater to prevent 
scale formation and pure white mineral oil.

Keep the capillary tubes clean to  ensure proper air passage. 
A very fine wire is convenient for this purpose.

Do not use rubber tubing or rubber stoppers th a t have started 
to  crack or have become sticky from the heat. Clean all new 
rubber thoroughly before using. Be sure th a t the ends of the 
rubber tubing do not pick up any oil from contact with the bath.

The bath  is easily cleaned by wiping with a cloth to  which has 
been added a little carbon tetrachloride.

IN S O LU B LE  BRO M IDES (H E X A B R O M ID E  TEST)

The insoluble bromide test has stim ulated considerable interest 
this year because of its application to the evaluation of soaps in
tended for use in the production of synthetic rubber. Some time 
ago this committee did some work in an attem pt to make this
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test quantitative. While those data  were no t published, they 
can be summarized by the statem ent th a t the results had no 
quantitative significance. Several of the members, especially 
the Southern Regional Research Laboratory, made a  very 
thorough investigation and concluded th a t the method and 
several modifications of this method were unreliable.

This tim e interest has been in the qualitative aspects of the 
hexabromide test. The method generally used is as follows:

P r o c e d u r e .  Add approximately 1 gram (if solid) or 1 ml. 
(if liquid) fa tty  acids to 25 ml. of acetic acid-ether solvent (4

Earts by volume of ethyl ether to  1 p a rt of glacial acetic acid) in a 
oxhlet flask. Cool to  0° to  5° C. and hold a t this tem perature 

for 2 hours. If  a precipitate forms, filter the solution cool 
through a small filter paper into another cool Soxhlet flask which 
has been rinsed w ith acetic acid-ether solvent. If  there is no 
precipitate, proceed immediately to  the next stop.

Add bromine to  the contents of the flask from a dropping 
bottle until a deep red color is im parted to  the mixture. Do this 
under a  hood. Cool the m ixture again to  0° to 5° C. and hold 
it  in this range for an additional 4 hours. Examine the contents 
of the flask again. If a heavy precipitate has formed, report as 
“Positive” . If  the solution is clear and brilliant, report as “Nega
tive” .

Investigation of the details of this procedure has brought out 
some of the following facts.

o. The quantity  of bromine used is of some significance in 
determining whether a precipitate will form:

Sam ple
Tallow  a 
Tallow  b 
W hite grease a 
W hite grease b 
Tallow  a 
Tallow  b 
W hite grease a 
W hite grease b

Color of Solution 
a fte r Adding Brom ine

Orange 
Orange 
Orange 
Orange 
D eep red 
D eep red 
D eep red 
D eep red

P rec ip ita te
Positive
N egative
Positive
Positive
N egative
N egative
N egative
N egative

The melting points of the precipitates obtained from several 
samples of known purity  were:

Tallow glycerides 
Tallow fa tty  acids 
W hite  grease glycerides 
Soybean glycerides 
Soybean fa tty  acids

6 0 - 65° 
60° 

6 5 - 70° 
135-140° 
176-180°

The melting point data  suggest th a t the precipitates obtained 
from tallows and greases are not hexabromides.

b. Spectrographic determinations of linolenic acid were made 
on several samples and these data  were used to  determine the 
minimum sensitivity of the insoluble bromide test:

Sam ple
Tallow  1 
Tallow  2 
Tallow  3 
W hite  grease 1 
W hite  grease 2 
Soybean oil

%  Linolenic Acid 
Triglycerides F a t ty  acids0

0 . 6
0 . 8
1 . 2
1 .7
1 .7  
6 .4

0 .9
1 . 1
1 . 1
1 . 6
1 .9
7 .2

° F a t ty  acids were sepa ra ted  according to  A.O.C.S. m ethod for th e  t ite r  
de te rm ina tion .

These data  and Table I I  indicate th a t the insoluble bromide 
tes t is no t reliable for quantities of linolenic acid below 2 to  3%.

I t  has been suggested th a t when the fa tty  acids are separated 
they should be protected a t  all times by a blanket of nitrogen and 
th a t any heating should be done only in vacuo. A few samples 
of soap were sent out, w ith the following results:

L abora
to ry

7
2
1

C ollabora
to r

Sam ple 1 
N P  P

Neg. Neg. 
Neg. Trace 
Neg. Pos.

Sam ple 2 
N P  P

Neg. Neg. 
Neg. Pos. 
Neg. Pos.

Sam ple 3 
N P  P

Neg. Neg. 
Neg. Trace 
Neg. Pos.

Pos.

Sam ple 4 
N P  P

Neg. Neg. 
Neg. Pos. 
Neg. Pos.

Pos.Pos. . .  Pos.
N P . N o t p ro tec ted . P . P ro tected .

In  no case were the positive results confirmed by a  melting 
point. The literature indicates th a t the melting point of the 
hexabromide derivative of linolenic acid is approximately 180° C.

The indications are th a t a positive test should always be con
firmed by a melting point of the precipitate.

There is some evidence th a t in the separation of fa tty  acids 
from soap, the procedure of splitting the fa tty  acids m ay have 
some significance. Spectrographic determinations were made of 
linolenic and linoleic acids on several samples of pure soap, and 
fa tty  acids separated from these soaps. The fa tty  acids were 
separated according to  the A.O.C.S. method:

Linolenic Acid Linoleic Acid T o tal
F a tty F a t ty F a tty

Sam ple Soap acid Soap acid Soap acid
1 0 .8 7 0 .50 2 .2 0 2 .56 3 .0 7  3 .06
2 0 .52 0 .29 2 .6 8 2 .97 3 .2 0  3 .2 6
3 0 .51 0.51 2 .14 2 .4 7 2 .6 5  2 .9 8

All results calculated to  the same basis for comparison.
While these differences are significant from the viewpoint of

Table II. Mixture of Palmitic and Soybean O il Acids

%  Linolenic Acid
1 . 1
1 . 8
3 .0
4 .0  .

P rec ip ita te  Form ed w ith 
Insoluble B rom ide T est

N egative
N egative
Positive
Positive

Table III. Congeal Point

L aborato ry
A.O.C.S. M ethod 
C loud Congeal

P roposed M ethod 
C loud Congeal

2 3 1 .4
Sam ple 1 

3 2 .0 26 .8 3 1 .9
12 27 .1 3 2 .6
4 30 .2 30 .7 2 7 .4 32 .4

13 3 0 .0 32 .6
7 20! 6 3Ô'a 2 7 .5 32 .2

2 3 0 .9
Sam ple 2 

31 .3 26 .8 31 .1
12 ., 26 .5 31 .5

4 26 .2 3 1 .4
13 2 9 .7 32 .3
7 28 ! 8 20! 6 2 6 .4 30 .9

2 32 .1
Sam ple 3 

3 2 .2 27 .1 3 0 .6
12
4 27! 4 3 1 .8

13 30 .0 32 .1
7 28 i0 28^6 2 7 .8 3 1 .4

2 33 .2
Sam ple 10 

33 .6 28 .5 34 .4
12 32 .0 3 2 .8 30 .2 34 .9

4 3 0 .7 31 .2 29 .1 34 .8
13 3 1 .4 3 5 .2
7 30 .1 3Ü 3 29 .2 3 3 .7

2 34 .2
Sam ple 11 

34 .6 29 .5 3 6 .2
12 34 .2 3 5 .0 3 0 .8 35 .9
4 34 .4 34 .7 29 .6 35 .7

13 31 .4 3 6 .4
7 3<L6 3 Ü 8 29 .9 34 .9

2 30 .7
Sam ple 12 

3 0 .8 22 .4 31 .9
12 2 9 .0 31 .2 23 .2 3 1 .7

4 27 .2 29 .2 22 .4 31 .5
13 24 .4 32 .0

7 27 .1 3Ô!ô 22 .6 31 .5

2 24 .1
Sam ple 13 

24 .2 15 .5 22 .3
12 24 .0 24 .2 18.1 23 .5

4 17.6 18 .4 16.6 22 .2
13 .. 15.3 2 1 .6
7 22 .0 2 2 ! 7 16.4 22 .0

2 30 .2
Sam ple 14 

3 0 .8 2 6 .8 32 .0
12 30.1 3 1 .0 28 .4 32.1

4 27.9 28 .2 27 .4 32 .0
13 .. 29 .8 3 2 .4
7 28 .6 29! 4 2 7 .4 29 .8

2 2 7 .8
Sam ple 15 

27 .9 26 .0 28 .8
12 27 .5 28 .6 21 .3 28 .8
4 23 .9 26 .1 20 .6 28 .5

13 22 .3 29 .0
7 2 8 .6 29^4 21 .0 2 7 .4
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accurate analyses, they are not so in terms of the sensitivity of 
the insoluble bromide test. Further work is required before the 
hexabromide tes t can be accepted w ith any degree of certainty. 
M otion was made, seconded, and carried th a t no further work be 
done on this hexabromide method because it  has been demon
strated  to  be inexact and unreliable.

Note. Spectrographic determinations were made by Drs. 
Urbain, Kauffman, and Lingard in the Research Laboratories of 
Swift & Company.

C O N G E A L  P O IN T

The committee has done considerable work in an  a ttem p t to 
standardize some method for the congeal point. I t  was found 
th a t the methods in use in the industry were much alike in 
principle bu t varied in detail. Therefore, these details were 
standardized and samples subm itted to  several committee mem
bers. The method in  general was as follows: The temperatures, 
apparatus, and lighting were standardized and a definite quan
tity  of sample was stirred to  the clouding point in a water-cooled 
bath. The sample was then transferred to  an air-cooled bath, 
and the thermom eter fixed in one position and allowed to  remain 
stationary until the tem perature increased to  a maximum.

I t  has been the practice of some to  use a congeal point proce
dure which is according to the A.O.C.S. tite r method except tha t 
the test is made on the glycerides instead of on the fa tty  acids. 
The samples sent out were run by both methods. Some of the 
results are shown in Table III .

I t  is apparent th a t neither procedure is satisfactory. Further 
work is planned.

U N S A P O N IF IA B L E  M ATTER

Time has not perm itted much work on the unsaponifiable 
method, although two samples were sent out. These samples were 
run by the official A.O.C.S. method, the continuous extraction 
method (3), and the English S.P.A. method (I). The results are 
shown below:

C ontinuous
E x traction Official A.O.C.S. S.P.A.

Sample Sample Sample Sample Sam ple Sample
Doratory 1 2 1 2 1 2
14 1.49 1.44 1.22 1.18 1.85  1.81

8 1.16 1.10 1.10 1.28
15 1.29 1.02 1.21 0 .95
16 1.22 1.19 1.25 1.22

6 1.31 1.36 1.25 1.27
7 1.18 1.27 1.05 1.06

1.06 1.23 1.10 1.04

D r. Fitelson of this committee, who is referee on oil, fats, and 
waxes for the A.O.A.C., comments as follows:

We are now conducting A.O.A.C. collaborative work on m eth
ods for unsaponifiable m atter, and it appears, from the results 
obtained so far, th a t the S.P.A. method will be recommended as 
the official A.O.A.C. method. Although the continuous extrac
tion method m ay be satisfactory for m any fats, we are convinced 
th a t the S.P.A. method has wider applicability and gives higher 
and more accurate results.

Two members reported no significant differences between re
sults when the extract was dried according to the A.O.C.S. official 
procedure and in a vacuum oven a t  80° C., providing the latter 
was continued to constant weight. Additional work is required.

T A B L E  O F  IN TER P R ETA TIO N  O F  F.A .C . C O L O R  S T A N D A R D S

About one year ago this committee published a table indicating 
the visual relationship in intensity between the F.A.C. color 
standards. I t  is now recommended th a t this table be incorporated 
in the method for the evaluation of color using the F.A.C. 
color standards (Table IV).

F .A .C . C O L O R  C O M P A R A T O R

The committee has been considering the adoption of some in
strum ent which would furnish standard lighting conditions and

Table IV . Relationship between F.A .C . Color Standards
F.A .C . Tubes L isted  Below Are E q u a l to  or L ighter T han the  Cor- 

Tube No. responding Tube in th e  L eft-H and Column
1 1
3 1, 3
5 1, 3, 5
7 1, 3, 5, 7
9 1, 3, 5, 7, 9

11 1, 3, 5, 7, 9, 11
11A 1, 3, 5, 7, 9, 11, 13, 11A
11B 1, 3, 5, 7, 9, 11, 13, 11A, 11B
11C 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 11A, 11B, 11C
13 1, 3, 5, 7, 9, 11, 13, 11A
15 1, 3, 5, 7, 9, 11, 13, 15, 11A, 11B
17 1, 3, 5, 7, 9, 11, 13, 15, 17, 11A, 11B
19 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 11A, 11B, 11C
21 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 31, 33, 11A, 11B, 11C
23 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 31, 33, 35, HA, 11B, 11C
25 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 31, 33, 35, 37, HA,

11B, 11C
27 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 31, 33, 35, 37, 39,

11A, 11B, 11C
29 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,

39, 41, 43, 11A, 11B, 11C 
31 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 31, H A , 11B, 11C
33 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 31, 33, 11A, 11B, 11C
35 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 31, 33, 35, 11A, 11B, 11C
37 1, 3, 5, 7, 9, 11, 13, 17, 19, 21, 23, 25, 31, 33, 35, 37, 11A, 11B

1 1 C
39 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 31, 33, 35, 37,

39, 11A, 11B, 11C 
41 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 31, 33, 35, 37,

39, 41, 11A, 11B, 11C 
43 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35,

37, 39, 41, 43, 11A, 11B, 11C 
45 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35,

37, 39, 41, 4 , 45, 11A, 11B, 11C

a uniform method of reading F.A.C. colors. One such instrum ent 
was constructed by the Fisher Scientific Co., Pittsburgh, Pa., 
according to  the design of W hyte (5) and circulated to several 
members of the committee. This model was not satisfactory. 
Mr. W hyte then subm itted an improved modification of his origi
nal instrum ent which was also sent to  several members of the 
committee. The principal objections raised to  this instrum ent 
were th a t the sample and standards are not viewed under identical 
conditions of illumination, and th a t light from standards other 
than the one selected for the comparison may reach the observer’s 
eye. The committee plans to  go further in its search to  find a 
suitable instrum ent with which to  read F.A.C. colors.

TITER STIRRING D EV ICE

The committee examined a mechanical stirring device for titers 
which was made by the Fisher Scientific Co., Pittsburgh, Pa. 
This un it was motor-driven and perm itted vertical stirring of 
three samples of fa tty  acids a t  a  time. W ith a few exceptions, 
the apparatus perm itted stirring as required by the A.O.C.S. 
method. The ratio of stirring did not exactly conform to re
quirements. The Transite top of each individual ba th  needed 
redesigning so as to  allow easy addition or removal of water. 
Several samples were stirred in this instrum ent and the results 
obtained compared w ith figures obtained by the official method. 
The agreement was satisfactory. Several minor suggestions were 
made, all of which were passed on to the Fisher Scientific Co.

M IS C E LLA N E O U S

The committee has been requested to study some procedure 
by which better to evaluate fats for soap production w ith respect 
to  color. This problem is being considered bu t the committee has 
no data to present now.

The following people have collaborated w ith the committee in 
some part of this program: G. W. Agee, J. J. Ganucheau, and 
B. W. Beadle.

LITER A TU R E CITED

(1) A nalyst, 58, 203 (1933).
(2) Oil & Soap, 10, 105 (1933).
(3) Ib id ., 15, 287 (1938).
(4) R iem ensehneider, T u re r, and  Speck, Ib id ., 20, 169 (1943).
(5) W hyte , Ib id ., 19, 199 (1942).
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Michigan  D iv isio n: 1959 East  Jefferson, D etro it  7, Michigan

E. H. SARGENT & CO.. 155-165 East Superior Street, Chicago 11, Illinois

Uniform ity of tem perature, ±O .O l°C. Tem perature range  
fro m  s e v e r a l  d e g r e e s  a b o v e  c o o lin g  w a t e r  to 6 0 ° C .

O T his w ater bath is applicable to  all labora
tory operations requ iring  close regulation 
of tem perature.

The central circulating and heating tow er 
applies heat at the point of most rapid circu
lation of water. T his efficient application of 
heat combined w ith the complete and rapid 
circulation of the bath m edium eliminates 
stratification and creation of perm anent gra
dients. Tem perature uniform ity throughout 
a ll areas of the bath is w ith in  ±0.01 °C.

Of the total surface area of the bath which 
is approxim ately 190 square inches, only 15 
square inches is occupied by control equip
m ent. A ll rem aining space is entirely free for 
insertion of vessels.

Except for the inlet and outlet tubes of 
the cooling coil, the w all of the Pyrex glass 
container is free of obstructions. Unrestricted 
observation of immersed vessels and meas
urem ent of capillary rise, liquid  flow, etc., 
can be made easily and accurately.

A cooling coil is supplied and should be 
used when operating  tem peratures are less 
than 3°C above average room  tem perature. 
A compact constant w ater level device at
tached to  the w all of the container perm its 
rap id  overflow and replacement of w ater 
displaced by immersed apparatus.

Both central tow er and cooling coil are 
easily removed for cleaning Pyrex glass con
tainer. T he central circulating and heating 
tow er merely lifts out of the bath.

S-84805 W A T E R  B A TH — C o n stan t Tem per
atu re, Full V isib ility , 0 .01°, Sarge n t, (P a t 
ent No. 2,017,993) Consisting of container, 
the central circulating and heating un it w ith 
motor, the Sargent m ercurial therm oregula
tor, a cooling coil and constant level device, 
the Sargent zero current relay un it complete 
w ith  cord and p lug for connection to  stand
ard outlet and w ith cable for connection to  
the w ater bath. Tem perature range from sev
eral degrees above that of the cooling water 
to  about 60°C. Diameter, 16 inches; height, 
1 0  inches; w ater depth, inches; tem per
ature uniform ity, ±0.01 °C. For operation 
from  115 volt, 60 cycle single phase cir
cuits ....................   $150.00

S-84815 D itto. But for 115 volt D.C. 
circuits ................................................$155.00

S-84825 D itto. But for 230 volt, 60
cycle, single phase circuits...............$150.00

S-84835 D itto. But for 230 volt,
D.C. circuits.......................................$155.00

ACCESSO RIES
S-84847 CONSTANT 
HEAD DEVI CE .  A
simple, inexpensive 
un it to p rov ide  con
s tan t ra te  o f flow o f 
w a t e r  p a s s i n g  
th rough  the cooling 
coil of a ba th , thus 
m in im iz in g  v a r i a 
tions in  tem perature  
uniform ity  caused by 
fluctuation in  pres
sure o f cooling w a
ter. M ade entirely  of 
Pyrex glass.
Each .....................................   $6.00

S-71565 PUMP 
— W a te r  C ir 
c u la t in g .  For
c i r c u l a t 
in g  te m p e ra 
tu r e  c o n t r o l l 
in g  w ater from  
b a th  th ro u g h  
w a ter jacketed 
a p p a r a tu s .  D e 
signed fo r suspen
s io n  fro m  r im  o f  
Sargent w ater baths. 
Flow  rate , ap p ro x i
m ately 4 liters per 
m in u te .  P ro d u c e s  
circulation against a 
w ater head o f 200 
cm . F o r  o p e ra t io n  
from  115 volt, A.C. 
60 cycle circuits. 
Each .............................. ..$45.00

S C I E N T I F I C  L A B O R A T O R Y  S U P P L I E S
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16813 16814

WIDE-RANGE 
THERM OREGULATORS
Based on an entirely new principle, this “Thermo
switch” offers extreme sensitivity, wide range, 
rugged construction, and moderate price. It is 
recommended for controlling temperatures to 0.1° 
F in incubators, ovens, water baths, etc.

It is constructed with two silver contacts mounted 
on, but electrically insulated from, curved nickel- 
iron struts of low expansion coefficient. This as
sembly is then suspended under tension in a seam
less metal tube. Changes in temperature cause the 
shell to expand or contract and to exercise more or 
less tension on the struts, causing the contacts to  
make or break.

The separation of the contacts is approximately 20 
times the lineal expansion of the outer shell, re
sulting in a slow-break action, free from vibration. 
The contacts are sealed within the shell, eliminating 
any trouble from moisture, dirt, or tampering.

The “Thermoswitch” covers a range from —100 
to + 4 0 0 °  F. Adjustment is made by turning the 
screw at the top. For A. C., a relay is seldom  
necessary since the contact rating is 10 amperes at 
115 volts or 5 amperes at 230 volts. A suitable 
condenser should be used for D . C. The contacts 
close on temperature decrease.
16813—THERM O REG ULATO R, Flange Head Type. 

H as three tapped holes for mounting on any flat 
surface by means of screws. The shell can be in
serted through a Vs" diam eter hole. Approximate 
length below flange head, 36/s". F itted  with 14" 
long asbestos im pregnated lead w ire..................... 6 . 0 0

16814—THERM O REG ULATO R, All-Purpose Type. The 
head is fitted w ith dial and knob and an armored 
cable is provided to  perm it ready disconnection of 
the electrical load. Immersion length approxi
m ately 73/ 4"; diam eter 6/ 8"; with 3" arm ored cable 
and midget connector............................................ 1 0 . 0 0

W ILL CORPORATION, ROCHESTER, 
N E W  Y O R K

Offices and Warehouses 

B u f f a l o  A p p a r a t u s  C o r p . ,  Buffalo, N. Y. 
W i l l  C o r p o r a t i o n ,  596 Broadway, New Y ork City

H  E  L  L  I  G  E
C O L O R I M E T E R S

/ m

V I S U A L
a n d

PHOTOELECTRIC  
C O L O R I M E T R Y

DIRECT 
READER 

HELLIGE- 
DUBOSCO 

COLORIMETER
EMBODIES 

AN UNUSUAL 
COMBINATION 

OF 10 
STRIKING 
FEATURES

W rite {or B ulletin  
2 5 0 -A , D ept. I.

HELLIGE - DILLER
PHOTOELECTRIC COLORIMETER

A self-contained colorimeter emphasizing the three 
primary considerations of accuracy, foolproofness and 
universality. This precise instrument for accurate and 
ALWAYS reproducible colorimetric determinations has 
already proved to be the solution of numerous extra
ordinary and difficult colorimetric problems. No 
standards are required.

Write for Bulletin 400, D e p t  I.

H E L L I G E
I N C O R P O R A T E D

3718 N orthern B lvd . Long Island  City 1, N . Y.
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PRECISE LABORATORY FRACTIONATION
An efficient and versatile laboratory fractionation column assembly 
with a new method o f adiabatic temperature control for precise 
fractionation o f many types o f organic liquid mixtures.

Covered by U nited  States and foreign patents.

FEATURES:
1. Fractionation efficiency up to 50 theoretical plates.
2. Fractionation charges from  2 cc. to  500 0  cc.
3. Tem perature range from  room  temperature to 4 0 0  °C. (7 5 2 °F .).
4. N ew  precision  device for adiabatic temperature control.
5. A tm ospheric or  vacuum fractionation.
6. T hree interchangeable fractionating colum ns.
7. Im proved spiral packing.
8. R apid fractionation w ith  com plete visability.
9. Easily operated w ith  a m inim um  o f  experience.

For additional experimental results, method o f operation, and 
details, see article, "Efficient and Versatile Laboratory Fractionation 
Column Assem bly,” by F. T odd, Ind. Eng. Chem., Anal. Ed., Volume 
17, page 175, 1945.
W rite for reprint and TECH NICAL BULLETIN 100 for detailed inform ation  
and prices.

TODD S C I E N T I F I C  GLASS APPARATUS CO.
D esigners and m anufacturers o f special scientific laboratory  apparatus.

D R E X E L  H I L L ,  P A .

•  FASTER PUMPING 
•  LARGER CAPACITY 
•  NOISELESS 

OPERATION

WELCH DUO-SEAL 
VACUUM PUM PS

No. 1403-B

Cat. N o. 1403 Duo-Seal Vacuum Cat. No. 1403-B With % H .P. 110
Pum p.................................. $100.00 Volt A.C. Motor mounted on

B ase     $145.00

W. M. Welch Scientific Company
1518 Sedgwick Street Established 1880 Chicago 10, Illinois, U.S.A.

A matchless Fore-Pump for diffu
sion and molecular-drag pumps. Per
fectly suited for distillation.
VACUUM GUARANTEED

0.005 mm Hg, or 5 microns.

FREE AIR CAPACITY
1700 ml per second (102 liters per minute) 
—510 ml per second at 5 microns.

OPERATES AT 375 R .P .M . 
ONLY 1400 m l (3 pints) OIL REQUIRED

Write fo r  FREE 32-page booklet on Welch 
Duo-Seal Pumps and Vacuum Techniques.
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I tllMIIII'TIIH tEUS
T h e  R e c o g n iz e d  S ta n d a r d

o f  D im e n s io n a l  P re c is io n

★

Fused—Not Cemented

Windows and bodies are fused into one 
continuous mass, without joints, cement, 
or flux. Windows can not become 

detached.

Available in 
Pyrex 

Corex “ D”
Fused Quartz

12 Styles 
373 

Standard
Sizes

•  Parallelism of Faces of Each Window: 
±  5 minutes.

•  Windows Flat Over Entire Area to 
W ithin 6 Wavelengths.

•  Parallelism of Liquid-Glass Interfaces: 
±  0.025 to ±  0.01 mm.

•  Inside Length (Between Faces of Win
dows) Held to Unusually Close Toler
ances: From ±  1% to ±  0.005 mm. of 
nominal length. Actual mean length 
marked on each cell to nearest 0.001 mm.

★ Fully Described in  B ulletin  P-2130 ★

AMERI CAN I NS T R U ME N T  CO.
8010 GEORGIA AVENUE * SILVER SPRING, MARYLAND

< I h e l c a

U T I L I T Y  O V E N
. . . th e  f in e s t e lectrica lly  h ea ted  
co n sta n t tem p era tu re  laboratory  
oven in  th e  m oderate p rice  f ie ld  . . .

Note these Superb Features
1 Inherent sensitivity of sealed hydraulic therm ostat

plus or minus J^° C. Fully enclosed silver contact 
points. No open sparking or arcing.

2 Nickel-chromium heating coils on asbestos refrac
tories, in a separate compartm ent, covered by a dif

fuser plate to safeguard against drippage.

3 H eaters operate at black-heat — an added measure of
safety in the presence of inflammable gases. Self-open- 
ing latch pulls door tightly  shut, but springs open in the 
event of sudden interior pressure or explosive burst.

4 Cabinet and door insulated with a  blanket of glass
wool.

All-metal, rigidly welded, 
rust-resisting steel.

Inner and outer walls are

6 Fresh air enters through intake port a t  bottom  of 
oven, passes through heater bank, into working cham 
ber; is discharged through ceiling ports and exits 
through adjustable shutter.

W orking chamber I V  x  11" x  11". O vera ll dimen
sions 161/2" wide, 16" deep, 25" high. Includes 2  
latticed metal shelves adjustable for height on 3 sets 
of brackets to permit pulling half-way out;  thermom
eter holder,- ventilating shutter, hazard-safe door 
latch. Neon pilot lamp, cord and plug.
For A .C . single phase, or D.C. Wattage, $ Q  C  
300. Specify  115 or 230 volts.............

THE CHEMICAL R U B B E R  CO.
Scientific Equipment, Analytical Chemicals, Laboratory Supplies 

H A N D B O O K  O F  CHEM ISTRY A N D  PHYSICS

2310 Superior Ave. N. E. Cleveland 14, Ohio
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. . .te c h n ic a l re se a rch  p ro p e r ly  
o rg a n iz e d  fo r  p r o f it !"
It really pays to give your research men 
the best in laboratory furniture. For, as 
you surely know, a well-equipped labora
tory pays for itself over and over again. 
Both in approved products at lower pro
duction costs and in developing profit
able new products.
In laboratory furniture, the best means 
Steelab — the fireproof furniture with 
exclusive lock-jointed construction, ball- 
hearing drawer suspensions, and micro- 
leveling device. Built of lead coated cop
per alloy steel . . . finished with enamel 
highly resistant to acids, alkalis, solvents, 
water, and abrasion. An achievement in 
functional design, every Steelab unit pro
vides the precisely right stage for profit
able research.

'P 'tee
S en d  fo r  n ew  C a ta lo g u e  a n d  M anual —  o ver  
2 2 4  p a g e s  an d  8 0 0  illu s tr a t io n s , in  w h ich  you  
f in d  w ays to  :

(1) Plan and lay out your own lab
oratory.

(2) Save time and money in setting 
up your laboratory.

(3) Help you so lve  la b o ra to ry  
equipment problems.

(4) Choose the proper scientifically 
designed, precision built labo
ratory equipment.

S e n d  fo r  y o u r  c o p y  o f  th is  v a lu a b le  c a ta lo g u e  to d a y .

LA BO R A TO R Y FURNITURE CO., INC.
M a n u fa ctu rers  and  E n g in eers  o f  S c ien tif ic  L a b oratory  

E q u ip m en t fo r  O ver a  Q u arter C entury

37-18 Northern Boulevard, Long Island C ity, N.Y.

th e n  fU o + te & tA .. .  houa lea d & U

. . .  twice the speed of single arc machine
Faithfully duplicates the combined weathering effects 
o f sunlight, rain, heavy dew and thermal shock; accel
erated to reduce years o f actual weathering to a few  
days o f testing.

The new Twin-Arc W eather-Ometer is equipped  
to take large size specimens in order to meet the new  
Federal Specifications dem anding accelerated weath
ering tests. Full automatic control o f light and water 
periods is provided by the Atlas cycle timer unit 
which can be set to meet standard and special require
ments o f w eathering tests. A direct reading thermal 
regulator, automatic shut-off switch and a running 
tim e meter are included as standard equipment. After 
setting exposure cycles on the control panel, the 
W eather-Ometer can be safely left in continuous oper
ation overnight w ithout attention except to replace 
carbons once in 24 hours.

The Atlas W eather-Ometer proves the durability 
of materials under exact conditions of weathering  
found in actual use in outdoor exposure.

ATLAS FADE-OMETER

OF MATERIALS

ATLAS
TWIN-ARC
WEATHER-

OMETER

T he recognized standard testing 
m achine for determ ining the fastness 
to light o f any material or finishes. 
S p ecim en s are rota ted  arou n d  the  
Atlas Enclosed V iolet Arc —  the 
closest approach to natural sunlight 
— in masked holders. Automatic tem
perature control to w ithin ± 3 °  F. 
and hum idity regulated by a con
stant reservoir according to require
ments o f tests. Operation is com
pletely automatic w ithout attention  
from operator; can be left in con
tinuous operation overnight.

i r  O rig inators and sole m anufacturers of acce lerated  test
ing devices for a quarter of a century. The A tlas Fade- 
O m eter, W eather-O m eter, Launder-O m eter are  t he accepted  
standard d ecelerated  testing machines all over the w orld.

ATLAS ELECTRIC DEVICES CO.
341 West Superior S tr.e t, Ch icago  10, Illinois
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P E T  E P S O N ’ S  
5 0  Y E A R S  OF  Q U A L I T Y

ty o w i ¡ /u d h js m n i

INDUSTRIAL 
LABO RATO RY TABLE 6610

W henever you specify Peterson Laboratory furniture you know 
your judgment is supported by the experience of the concerns in 
the field . . . plus the fact that you cannot go wrong on a make 
that has maintained a reputation for quality for half a century!

LEONARD P E T E R S O N  & CO., Inc.
1222-34 FU LLER T O N  AVE. CH ICAGO  14, U .S .A .

LaMotte Testing Equipment
to Control Corrosion 

in Your Plant

Conservation of materials from 
corrosion is more important today 
than ever before. The LaMotte 
Research Department has de
veloped LaMotte pH, chlorine 
and other corrosion control test
ing equipment to assist in solving 
this problem. Write for our 
Special Corrosion Control Report.,

LaMotte Chemical Products Co.
Dept. Towson 4 Baltimore, M d.

Made in U. S. A.

G & D
E L E C T R O -T IT R  A TO R

A universal Electro-Titrator using a highly stable and sensitive 
voltmeter circuit designed by Dr. R. L. Garman and Dr. M. E. Droz 
for determinations of end-points in electrometric neutralization titra
tions (including pH determinations), oxidation-reduction titrations, 
and precipitation titrations.
Som e of its  ou tstand in g ad v a n ta g es are:

1. Variable sensitivity up to a maximum of 40 millivolts per inch of needle 
deflection.

2. Battery operated, uses as little as 0.2S watts; fluctuations in the power 
supply are completely eliminated.

3. Direct reading meter with linear scale permits continuous readings 
of voltage changes.

4. Compact, sturdy design.
Used for control work and research work in leading laboratories throughout the 
country.

E. LEITZ, In c ., 730 Fifth A v e ., N ew  York 19, N. Y.
Please send us ELECTRO-TITRATOR pamphlet No. 1283 (Dept. IEC-EE)

Name.

Address 

C ity .. .. . S tate.
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ELECTRONIC 
RELAY

TERMINAI STRIP-

J  IOAD- 

RECULATOR

Advantages of this new  modern electronic relay are 
years ahead of the usual m agnetic relay. For tem
perature control or other applications in  the labora
tory or plant, it has many outstanding features.

• Does n ot spark on  " m a k e "  or " b rea k ."
• B ecau se  regu lator co n ta c ts  and  m ercu ry  su rface  are  

kept c le a n , th ere 's  no  fou lin g  or erosion .
• R egulators w ill la s t  in d e fin ite ly .
• Gives in crea sed  se n s it iv ity  and  better perform an ce  

w ith  a n y  o f th e  u su a l b i-m eta llic  regu lators. No 
stick in g  or p ittin g .

• Is ap p licab le  w h erev er  ex trem ely  lig h t co n ta c t pres
sures on th e  regu la tor  or p ilot d e v ic e  m u st control 
operation  of a  h ea ter , m otor, or other e lec tr ica l u n it.

• Is sa fe , s ile n t an d  sim p le  to in sta ll.
• Will op erate  a t m a n y  tim es th e  se n s it iv ity  o f ord inary  

relays.
• Will h a n d le  u p  to 30 am peres on  load  c ircu it.
• Is eq u ip p ed  w ith  co n v en ien t p ilot lig h t.
• O nly tw o  m icro  am peres (1 /500,000 a m p .) w ill operate  

th e  r e la y  through  th e  regu lator circu it.

Relay is supplied "normally closed." Power is cut 
off w hen regulator contacts are closed and v ice  
versa. Operations can b e reversed by sw itching  
wire connectors 1 and 2 on primary relay.
C atalog No. J40313—E lectronic R e la y  
for 110-120 v o lts , 60 c y c le  cu rren t,
D im en sion s 7" x 5" x 5"............................ » 3 9 . 59
For current su p p ly  o ther than  1 1 0 -1 2 0  vo lts— 6 0  cy c le s , fo r  
h ig h er  lo a d  ca p a c itie s  than  3 3 0 0  w a tts  or sp e c ia l a p 
p lica tio n s , p le a s e  inquire.

109 W. Hubbard St., Chicago 10, Illinois

Serving the Engineering 
Chemist for 45 Years

PARR
N eed le  V alve

Instruments are only as good as the 
materials and workmanship that go into 
them. For 45 years, Parr instruments 
have been especially designed and 
produced under specifications of ex
treme exactness to incorporate the 
highest available quality of material 
and workmanship. That's why you're 
safe in putting your instrument problems 
squarely up to PARR.

T he DENNIS M elting  P oin t A pparatus

PARR INSTRUMENTS
Built For A ccuracy  

Precision and 
Durability

Parr Instruments are modern 
in design and of sturdy con
struction — built to give years 
of service. Take advantage of 
Parr's 45 years experience in 
fine instrument manufacture. 
Familiarize yourself with the 
many advantages offered by 
Parr Instruments.

PARR  
M icro Bom b

For c o m p le te  in fo r m a tio n  
a b o u t P A R R  I n s tr u m e n ts  

see  y o u r  dea ler or w rite  
d irec t to  th e  fa c to r y

0  7f d d  i n s t r u m e n t
1  r i  J A  J A  COMPANY • Moline, 111.COMPANY ■ Moline, 111.



L U M E T R O N
Photoelectric COLORIMETER and FLUORESCENCE METER

A high precision instrument of unusual 
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

M od. 402EF for d eterm in ation  of Vit. Bi a n d  B2

Also
Colorimeters Densitometers
Reflection Meters Smoke Meters
Glossmeters Vitamin A Meters

Continuous-Flow Colorimeters

W rite fo r  Literature P rom pt D elivery

P H O T O V O L T  C O R P .
95 Madison Ave. New York 16, N. Y.

G L A S S  A B S O R P T I O N  C E L L S ____
OF F I NE QUALITY

N E E  R I N G  C H E M I S T R Y  Vol. 17, No. 5

Fused in an electric furnace with cement 

that is acid, alkali and solvent resistant.

Makers of complete 
Electrophoresis Apparatus

Literature sent 
Upon Request .

K LET T  SC IEN TIFIC  P R O D U C T S -
KLETT-SUMMERSON PHOTOELECTRIC COLORIMETERS • 
COLORIMETER NEPHELOMETERS • FLUORIMETERS • BIO
COLORIMETERS • ELECTROPHORESIS APPARATUS • 

GLASS STANDARDS • KLETT REAGENTS

MANUFACTURINQ CO., 177 East 87th Street, New York, N . Y.

Sole m anufacturer In the 
★  U n ite d  S ta te s  of fu sed  'VLt 

E le c t r o p h o r e s is  C e lls .

Optical Flat Walls. Many stock sizes are 

available. Special sizes made to order.
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Æ V th e  SYM B O L o f  SA TISFA C TIO N  

in  L A B O R A T O R Y  E Q U I P M E N T

SEND for our Catalogue IE-17 

listing our standard products for 

chemical laboratories.

P R E C IO U S
M ETA LS

THE AMERICAN PLATINUM WORKS
N. J. R. R. AVE. at OLIVER ST. NEWARK 5, N. J.

{Z v a lÙ M e A / O lV /

O r d e r  Early  to A v o id  Disappointm ent!

★  COLEMAN pH ELECTROMETER
..................................................... Model 3 A . .$180.00
 Model 3 D . .$235.00

★  COLEMAN UNIVERSAL SPECTRO
PHOTOMETER..................... Model 1 1 . . .  340.00

★  COLEMAN PHOTOFLUOR-
OMETER Model 12 . . .  220.00

★  WACO SEPARATOR,
for Sem i-M icro .................................................  34.50

★  MIDGET MUFFLE FURNACE........................ 44.00

Write jo r  new FREE Edition oj CURVES and REFER
ENCES, exact references fo r  newest colorimetric and  

spectrometric analyses.

Bulletin IE5.

¿ 8 UllliKEnS-ANDERSON GO.
SCHAAR & COMPANY

Complete laboratory [qi/ipment
111 N O R T H  C A N A L  S T R E E T  .  C H I C A G O 6 ,  I L L I N O I S  ■  ■  7 5 4  W E S T  L E X I N G T O N  S T R E E T  C H I C A G O ,  I L L I N O I S

in appearance and construction. Design har
monizes with other modern lab  equipment, 
"stepless" control that gives an y desired heat 
within the range of the unit, 
convenient, m anually operated door like those 
used on industrial furnaces, 
rugged heating elements, low voltage type — 
higher operating temperatures — longer life — 
fewer replacements. Mor®

W r ite  f o r  In fo r m a t iv e  b u l le t in .  W a r  B o B d *
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K l e t t . . . . .
P h o t o m e t e r s

fC le M - S u jn m e /iA x M i

PUoioelecbuc 
Q I g M .  Cell 

ColosUmet&i

N o. 900-3

For th e  varied needs of industria l, clin ica l 
and agricultural laboratories. C om plete and  
self contained — no accessory equipm ent 
necessary. Fused cells for readings on so lu 
tio n  depths of 2.5, 10, 20, and 40 m m . S e lec
tive lig h t filters available.

L U  K U Ü
tf-U u p U m elen .

N o. 2071

D esigned for th e  
rapid and accurate  
d e t e r m i n a t i o n  o f
th iam in , riboflavin, and other sub stances w hich  
fluoresce in  so lu tion . T he sen sitiv ity  and s ta 
b ility  are su ch  th a t it  has been found particu 
larly u sefu l in  determ in in g  very sm all am ou n ts  
of these substances.

To further increase it s  adaptab ility  a separate 
circu it and scale is provided for colorim etric  
determ inations.

J- L
.K LETT SCIENTIFIC PRO DU CTS.

ELECTROPHORESIS AP PA R A T U S •  BIO-COLORIMETERS  
G L A S S  A B SO R PT IO N  CELLS •  COLORIMETER NEPHELOM 

ETERS •  G L A S S  STANDARDS •  KLETT REAGENTS

-L IT E R A T U R E  SEN T UPON REQUEST"

Klett M an u fa c tu r in g  Co.
179 E A S T  8 7 T H  S T R E E T  N E W  Y O R K ,  N .  Y.

V I S C O S I T Y
R E A D I N G S
in  a  f e w  s e c o n d s  

t o a  f e w  m i n u t e s !

Gardner Bubble Tube Viscometers 
include tubes of Standard Liquids 
ranging in viscosity from less than 
one poise to over one 
thousand poises. They 
are widely used for var
nishes, lacquers, heavy 
bodied oils, cellulosic 
dopes, viscous resin or 
chlorinated rubber solu
tions, synthetic poly
mers, sugars, glues, etc.

W rite for 
catalogs and prices!

Henry A. Gardner Laboratory, Inc,
A P P A R A T U S  D I V I S I O N :  4 7 2 3  E L M  S T . ,  B E T H E S D A ,  M D .

FINE ANALYTICAL 
FILTERPAPERS
SIN CE  E I G H T E E N  F IF T Y - S I X

T T

CARL SCHLEICHER & SCHCELL CO.
P lan t and Laboratories: SOUTH LEE,  MASS.

E xecutive Offices: 116-118 WEST 14th S T REE T 
NEW YORK,  N. Y.
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SCHAAR & COMPANY
C o m p lete  La b o ra to ry  Equipm ent 

7 4  8 W . LEX IN G TO N  STREET CH IC A G O  7

NOW AVAILABLE

opprovo\

'T/lit modzi can ¿¿e 
(MjLv&i&cL jfcont 4tocJ$

Cat. No. 6325—Bausch & Lomb Model 
BA-8 Microscope for medical, industrial, 

hospital and commercial laboratories. Vertical monocular 
body. Rack and Pinion coarse adjustment, Lever-Type fine 
adjustment. Built-in mechanical stage. Rack and Pinion 
substage. Achromatic Objectives: 10X (16 mm) 0.25 N.A., 
43X (4 mm) 0.65 N.A., and 97X (1.8 mm) oil immersion 
1.25 N.A. Triple nosepiece. Huygenian eyepieces: 5X and 
10X. Abbe condenser 1.25 N. A. In hardwood $ 1  7 A 0 0  
carrying case......................................................... * I  I  w

Fo r R E S E A R C H  ahead

Set the 

W id e - R a n s e

Flow -Test K it

YO U  can’t perceive a head  of tim e  w hat turn your 
research w ill take or  exactly w hat flow  rate 

m easurem ents you w ill require. But you can save 
yourself a fretful delay by ordering  a h ead  of tim e  
the W ide-R ange F low -T est K it o f  laboratory rotam 
eters. T h is handy K it covers a range o f  2 .0  cc /m in . 
to  7 .5  g.p .m . o f  water and 6 0 .0  cc /m in . to  14 .0  c.f.m. 
o f  air, or  their equivalents in  other fluids. W ith  this  
K it o n  the shelf, you w ill not have to  shelve any project 
requiring accurate flow rate m easurem ent.

T o  be prepared for research ahead, send for Bulletin  
32-E w hich  g ives the full details.

F I S C H E R  & P O R T E R  C O .
3504 C O U N T Y  L IN E  R O A D  H A T B O R O , P A .

This instrument is distinctive 
among clean-out U type man
ometers because of its double 
head—rem ovable clean-out 
heads at both top and bottom. 
These heads are easily discon
nected permitting quick and 
frequent cleaning of complete 
instrument.
The manometer (Model B- 
1275) has a large bore Pyrex 
tubing of 7/h  inside diameter 
which gives a flat indicating 
fluid meniscus. Bold numerals 
and graduations facilitate dis
tant reading. Scale is adjustable.
B-1275 is designed for maxi
mum line pressure of 100 lbs. 
per sq. in. It has holes for 
mounting to wall or panel. Ask 
for Catalog C -ll giving other 
features of this outstanding 
instrument.
THE MERIAM INSTRUMENT CO .
10952 MADISON AVENUE • CLEVELAND 2, OHIO

WESTERN DIVISION:
1418 W ILSON A V E., SA N  M AR IN O , 9, C A LIF . 
IN CA N A D A : PEACOCK BROS., LTD., MONTREAL

IV1 L J U A 1VI
'W Ù a

E S T A B L I S H E D  1911_____________

M AN O M ETER S, METERS A N D  GAUGES FOR THE ACCURATE MEASUREM ENT 
OF PRESSURES, VACUUMS A N D  FLOWS OF LIQUIDS A N D  GASES
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E v e r jt im e

I

IN YOUR LABORATORY
SINGLING OUT a pre-designated target and striking it with 
uncanny accuracy. . .  that’s what our airmen achieve with 
the new science of "pin-point” bombing.

F&R THE SAME "on target” accuracy in the laboratory, 
many chemists count on Baker & Adamson Reagents—the 
precision chemicals for today’s exacting analytical require
ments. The high purity and constant uniformity of each 
B&A Reagent are built in throughout every stage of manu

facture—from initial processing of raw 
materials down to the last of many ex
clusive B&A production controls.

AS A RESULT, each product has th e  
"Baker & Adamson Quality” that means 

accuracy to chemists throughout America 
, . .  the accuracy you can get by specifying "B&A” on youE1 
next order of laboratory chemicals.



' / /

a  "PRECISION F O U R S O M E
of r e c e n t  d e v e l o p m e n t s  for your  labo ra to ry

Reflecting the latest technological developments in labo
ratory techniques for vital research, the four units shown 
below are representative examples of the versatility of 
"Precision" Equipment Engineering. If you have a re
search problem, you will undoubtedly find the solution 
among the more than 3,000 items of "Precision" manu
facture. Keep abreast of these latest developments by 
making sure your name is on our mailing list.

THE "PRECISIO N  "-SH ELL SURFACE AREA 
APPARATUS

The “ Precision” -Shell Surface Area Apparatus is de
signed to facilitate the determination of the surface 
area of powdered or granular, porous or non-porous, 
materials according to the method described in the
literature by Brunauer, Emmet, and Teller.i using low
temperature adsorption of nitrogen gas, or the adsorp
tion of other bases such as butane at appropriate tem
peratures. or by the method described by Harkins and 
Jura.- This apparatus also can be used for the deter
mination of particle size of non-porous materials and 
for the evaluation of porosity, and hence apparent 
density, of certain types of porous materials.
(1) S. Brunauer and P. H.

Emmet, JA C S  57. 1754
(1935). See also P. H. Em 
met, A STM Vol. 41. 1941
and Brunauer “ The A d 
sorption of Gases and V a 
pors“ , Princeton University 
Press, 1943.

(2) W . Harkins and G. Jura,
JA C S  66. 919, 1356, 1362,
1366 (1944).

Send fo r B u lletin  T-9970.

P R E C IS IO N "  U .O .P . D U P LE X  
H IG H  P R ESSU R E PU M P , V A R IA B LE  S T R O K E
Developed in cooperation with the Universal Oil Products Company to 
meet requirements for a sturdy, continuous duty, high pressure adjust
able stroke pump for use in connection with pilot plant operation and 
other types of experimental work. This num.o is of the DuPlex type, with 
individual cylinders permitting two types of liquids to be pumped 
simultaneously. Where increased volume is necessary, both cylinders can 
be piped in parallel. The design of the DuPlex Pump permits con
tinuous operation and w ill maintain a given flow rate continuously 
delivering full rated output at maximum rated pressure. Volumetric 
efficiency throughout the full range is over 90%. Maximum pressure 
8,000 lbs.
W rite  for Bulletin T-9945.

" P R E C IS IO N '-B L A IN E  A IR  P E R M E A B IL IT Y  
F IN E N E S S  TESTER

Developed for measuring the fineness of granular materials by means 
of the a ir permeability method, this apparatus is analogous to the U 
tube viscometer in which the liquid in the U tube provides the pres
sure difference and also serves to indicate the volume of flow.. For 

routine work, the calculations are 
very simple as the relative fine
ness can be expressed in terms of 
the time required for the liquid 
in one of the manometer arms to 
fall a definite distance. The ap
paratus can be calibrated by 
means of a standard sample of 
known specific surface. The re
sults of the tests are reproducible. 
Send for Bulletin 4360 giving 
theoretical discussion by R. L. 
Blaine, Associate Mat’ l Engineer, 
National Bureau of Standards. 

R eprinted  from  A.S.T.M. 
Bulletin

" P R E C IS IO N " -S H E L L  W E A R  TESTER
D e sig n e d  as a  co m p an io n  unit to the //P R E C IS IO N //-S h e ll 4 -B a ll E .P . 
Lu b rica tio n  Tester, the " P R E C IS IO N " - W e a r  Tester u tilize s  the sam e 
b a sic  p r in c ip le  to d eterm in e  the w e a r in g  q u a lit ie s  of lu b ric a n ts . W e a r  
is m easured  in term s o f a v e ra g e  scar d iam e te rs  u n d e r v a r io u s  lo a d  an d  
te m p e ratu re  co n d itio n s. Tests a re  re p ro d u c ib le . R e fe re n ce: T ra n sa ctio n  of 
the A .S .M .E . 4 4 -S A -3 . C o m p lete  in fo rm a tio n  w ill be fu rn ish e d  on request. 
W rite  fo r B u lle tin  T-9 8 1 4.

See 'tyaevi SufrfrCy “DeaCe%

SCIENTIFIC COMPANY
1 7 3 6 - 5 4  N .S p r in g f ie ld  A v e . ,C h ic a g o 4 7 , U .S .A .

(le A e a A cJt a n d  P  n a d u c tio + i G o ttfru U



A  seaman m anning a  2 3̂  meter Range F inder reports 
range continuously during action .—U . S . N a v y  Photo.

In te stin g, the Range F inders are f i l le d  w ith  com
pressed g a s  an d  immersed in  w ater to  reveal leaks.

The coincidence p rism  shown here is  the m ost com plex  
o(  the precision o p tica l p a rts  in  a  Range Finder.

G ia n t Range F inders which span  the ba ttlesh ip  turrets  
represent tw o  tons of precision op tica l instrum ent.

T est chamber dup lica tes the continuous vibration of 
the sh ip  an d  the shock of a  broadside of heavy guns.

Accurately a im ed n a va l gunfire knocks out many 
enemy shore in sta lla tio n s  to make troop landings safer

The W ar’s Toughest Optical Job
When the big guns of  
A m erica ’s w a rsh ip s  
speak, the sea, the sky, 

and the earth tremble. Enemy shore 
installations and enemy ships, pin
pointed by the accuracy o f our gun
fire, crumble even as the hopes of 
the aggressors have crumbled.

Creating and building the optical 
“eyes” that help to make possible 
this unerring accuracy is the war’s 
toughest optical job. These eyes are

the giant range finders which span 
each gun turret and fire control 
tower. They represent highly com
plex optical systems, so precise that 
the allowable deviation of some parts 
is but one-half second of arc, equiva
lent to 1" at 6 V2 miles—systems so rug
ged that accuracy remains constant 
under the shock of thundering salvos 
and continuous ship vibrations.

The production o f these giant 
optical instruments in the quan

tities needed by the world’s greatest 
Navy is just one of the many tough 
optical jobs assigned to Bausch & 
Lomb . . . America’s optical head
quarters. Bausch & Lomb Optical 
Co., Rochester 2, New York.

BAUSCH & LOMB
E S T A B L I S H E D  1 8 5 3

M akers o f Optical Glass an d  a Complete L ine o f Optical Instruments fo r  M ilitary Use, Education, Research, Industry, an d  Eyesight Correction and  Conservation


