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N ow  ample stocks o f Pyrex brand Ball and Socket Jo in ts are available in all sizes.

Im proved machine operations developed by Corning have facilitated production 

and  speeded-up delivery to laboratory supply dealers.

Pyrex Ball and Socket Jo in ts  are accurately ground, precision gauged and vacuum 

tested; made o f Pyrex brand Chemical Glass No. 774. Completely fabricated in  the 

Corning apparatus shop—quality w orkm anship is assured. All parts are interchange­

able. They accommodate clamps o f conventional design.

In  many instances Pyrex Ball and Socket Jo in ts may be used in  place o f Pyrex Stand­

ard T aper G round Joints. T he design of Standard T aper Jo in ts  does not readily lend 

itself to m achine manufacture. Necessary hand operations lim it p roduction even 

though continued on a round-the-clock basis.

Pyrex brand Ball and Socket G round Jo in ts are described and listed on  page 89 o f 

C om ing’s Laboratory Glassware Catalog LP24; o r consult your regular laboratory 

Supply dealer for complete inform ation.

••Pyrex,” " Vycor” an d  " Corning” are registered trade-m arh  a n d  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 . Y .

. J S B jl A i f f  B A L A N C E D  F O R  A L L - A R O U N D  U S E

brand LABORATORY GLASSWARE

C orning
--------- means--------

Research in Glass
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FOR LABORATORY APPARATUS AND C.P. CHEMICALS
come toSHAW

^ « G H T S  • BEAKERS AND BOTTLE 
,ALftNCES AND WEIGHTS

,  T EST IN G  •  CLINICAL A P P A R A T U S
sS •  CEREAL TESTING

— S H 2  • “

» » » »  '  '  " "

INCUBATORS •  JOINTS 
(YDROMETERS • ^ CUBA1

„ „ « C O , «  •  '  “ “  '

oVEM S • PAINT
1ITROGEN APPARATUS • OVEN

lN D  p a p e r  • tE S T ' N G  '  P H Y

HYS!OLOGICAL .  - R O .E T E R S  • RUSSER

cu&KERS • SOIL TEST 
a c c h a r i m e t e r s  •    AppAR)s

We know how important it is to you 
to have Laboratory Apparatus and 
C. P. Chemicals stocked near you for 
quick ordering and delivery. Complete 
stocks are near you.

IN CLEVELAND
1945 East 97th Street * Telephone: CEdar 6300

IN DETROIT
9240 Huhbell Avenue • Telephone: Vermont 6-6300

IN CINCINNATI
224-226 Main Street • Telephone: Parkway 3711

IN PH ILADELPH IA
Jackson & Swanson Streets • Telephone: Dewey 6770

XR,METERS .  SHA A PPA RATUS

^ c o i i l Z E R S  * S U R R A S

O P H O T O M E T E R S  •  V ISC0 S.METERS •  WATER

„METERS • TITRATION APPARATUS

B % M K H A R S H  A W  S C IE N T IF IC lMUS ’
D IV IS IO N  O F  TH E H A R S H A W  CH EM ICA L CO.

Vol. 18, No. 7
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D eterm inations of concentrations of ihrRurity elem ents, often down fto one 
part per million or less, a re  routine lor the A. R. LiX^o-meter, grating  spectrogViph.
This instrum ent, .announced  under the trade name"-«] A. R. L . Dietert s to le
months ago, is proving in p ractice to be  truly the "SpectrogtsR her's SpectrograpV  
Designed in every aspec t to provide better an d  more convenieiiNsjsectrochemicd 
analysis, it is the ideal instrum ent for difficult control analysis or res^CKqh w ork\

The, tw o-m eter spectrograph  is backed  up  by  a  complete and  in tegrated  
line of com panion instrum ents . . . well known and  time tested  . . . including the 
A. R. L. Multisource, A. R. L. Projector Com parator-Densitom eter, an d  now, special 
film developing equipm ent designed  for this large Spectrograph.

O ur sa les engineers, located  a t Newark, Pittsburgh, Detroit, C hicago and  
Los A ngeles will be g lad  to call an d  discuss the m any unusual features of this 
instrum ent an d  its app lication  to analy tica l production control.
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The F A C T S  

Behind the Glycerine 

Shortage

As everybody knows, the war and the widespread dis­
ruptions following it have caused a serious world-wide 
shortage of fats and oils, from which glycerine is derived.

This is the reason why enough glycerine cannot be 
produced at present to supply immediately all the heavy 
demands of the reconversion period.

Just as bread is short because of the world-wide short­
age of wheat so, temporarily, the full demand for glycerine 
cannot be supplied because of the shortage of fats and oils.

As this situation gradually corrects itself, glycerine 
will be in good supply again and fully at your service.

GLYCERINE PR O D U C ER S’ ASSOCIATION
295 M adison A te ., N ew  York 17, N . Y. Research Headquarters, Chicago, III.

V V tW W V W V W W V V V W V V V V tV a V V V V V V V V V lV W V V V W V V V V V V V V V V V V V V V V V V W V V ia W M V V V tV V V V M / V V V V W V V V V V V
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No. 2 0 0 2 5  K IM BL E  BLUE L INE EXAX RE TES TE D GRADUATED CYLINDER:

Capacity (ml) ..............  5 10 25 50 100 200 250 500 1000 2000
Subdivisions (ml) . . . .  0.1 0.2 0.5 1.0 1.0 2.0 2.0 5.0 10.0 20.0

by L ead ing  L ab o ra to ry  S upply  

Houses Throughout the U. S. and Canada
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THE Merck line of Reagents and C. P. Chemi­
cals, as well as those chemicals suitable for 

industrial research, educational, and routine plant 
laboratory uses, is comprehensive. C.P. and Reagent 
mineral acids and Ammonia Water are of highest 
purity, and are indicated wherever those acids 
are used.

The use of Reagent grade chemicals in plant 
operations is constantly increasing. If, in your ex­
perimental work, you find the need of a chemical of 
special purity, or one made to meet your individual 
specifications, our technical and manufacturing facil­
ities are well adapted to the production of such 
ustom-made chemicals.

MERCK & CO., Inc., RAHWAY, N. J.

Please send me the following charts:

 Revised Q ualitative Analysis C hart

 Periodic C hart o f the Elem ents

 Sensitivity C hart

N am e..............................................................................

Company 

P osition . 

S tree t. . .

C ity ......................................................S ta te ................
C H E M . E D U C A T IO N  7-4 ¡
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provides h igh  vacuum  for fractional distilla­
tions, for tem perature and  pressure m easure­
ments, for circulating  nitrogen through 
packed columns, and for other procedures 
in  the analysis of complex hydrocarbon 
mixtures.

T h e  C enco  M a g a v a c  U n it com bines 

h igh vacuum, h igh  speed, and  dependab le  

operation. Speed, 375 ml p e r second at 1 

micron. Vacuum, 0.1 m icron or better. 

Proved for faithful, trouble-free service.

C atalog No. 92015A for 115-volts, 60 cy.................. $170.

Technical personnel are invited to receive "Cenco News C hats '' containing de­

scriptions of latest scientific apparatus. Ask for "Cenco News C hats" No. 52.

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

NEW YORK TORONTO CHICAGO BOSTON SAN FRANCISCO

MEGAVAC PUMP
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Timely R E I N H O L D  Books
ADVANCING FRONTS IN CH EM ISTRY  

Vol. I : High Polymers Vol. I I :  Chemotherapy
Edited by WENDELL H. POWERS, Assistant Professor of 

Chemistry, Wayne University, Detroit, Michigan

A series of lectures sponsored by Wayne Univer­
sity under the direction'of Neil E. Gordon, Chair­
man, Department of Chemistry.
This volume is comprised of six papers by eminent 
authorities on various aspects of chemotherapy 
which is the science of treating infections w ith  
chemical agents w ithout harmful effects on the 
patient. Tuberculosis, antispasmodic agents, pari- 
sitic diseases, the chemistry of sulfa drugs, and the 
use of organometallic compounds, such as those of 
gold, silver, antimony and arsenic are discussed 
exhaustively in a highly competent manner. It 
should be of interest and immediate value to all 
chemists, biochemists, physicians, pharmacists, 
bacteriologists and pathologists. Instructive read­
ing for medical schools, nurses training courses 
and general medico-chemical groups.
155 Pages Illustrated $3-50

T H E ELECTRON  M ICROSCOPE
Second Edition, Revised and Enlarged

E. F. BURTON, Head of Department of Physics, University of Toronto 
and W. H. KOHL, Formerly Chief Engineer, Regers Radio Tubes L td ., Toronto

A completely revised volume covering all significant advances in the field. This follows the notably success­
ful first edition of The Elektron Microscope. The new edition includes, detailed descriptions of improved 
types of electron microscopes, and new techniques for examining colloidal substances. Contains 23 full-page 
plates, some of which are among the most striking electron micrographs ever published. Chemists, physi­
cists, and industrialists w ith  an eye to the future w ill find this book a valuable addition to their scientific 
libraries. Contains a complete bibliography of literature pertaining to the electron microscope.
325 Pages Illustrated $5-00

COLLOID CH EM ISTRY
T heoretical and Applied

By selected international contributors, collected and edited by

JEROME ALEXANDER
VOLUM E VI: 71 papers covering techno log ica l app lications w ith  special em phasis on plastics

Part I of Volume VI is comprised of 38 chapters, ranging in subject m atter from dyeing to drilling muds.
Two of these arc continuations of subjects treated in volume five and one of them is virtually a small book
in itself on the colloid chemistry of alginates. Other topics are soil stabilization, adhesives, insecticides 
and activated carbon.
Part II of Volume VI is devoted to the colloidal aspects of plastics and synthetic polymers. All of the 
better known types of plastics are treated from the theoretical and the practical standpoints. These 
chapters, invaluable to plastic chemists and technologists, conclude w ith  an interesting article on 
nuclear fission which touches upon several previously overlooked points.
1230 Pages Profusely Illustrated $20.00

REINHOLD PUBLISHING CORPORATION
330 West 42nd Street New York 18, N. Y .

Also publishers of Chemical Engineering Catalog, M eta l Industries Catalog, M aterials ¿7*
Methods [formerly M etals and A lloys), and Progressive Architecture —  Pencil Points

A series of lectures sponsored by Wayne University 
under the direction of Neil E. Gordon, Chairman, 
Department of Chemistry.

Edited by SUMNER B. TWISS, Department of
Chemistry, Wayne University

This is a correlation of diverse experimental infor­
mation concerning high polymers. It offers a 
logical, if limited, development of the recent 
chemistry of high polymers which will be of 
interest to beginners as well as trained investiga­
tors. Covers: direct and indirect evidence for the 
free radical mechanism of addition polymerization; 
the importance of chain length and size distribu­
tion; methods by which distribution is controlled; 
geometry of long-chain molecules and the effect of 
intermolecular forces as illuminated by x-ray 
diffraction studies; mechanical properties of the 
concentrated solutions of chain polymers. Presents 
the ultim ately practical work which has been 
accomplished w ith  the natural polymers — silk, 
cotton, and wool.
196 Pages Illustrated $4-50
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THE MACBETH pH METER
LINE OPERATED 

CONTINUOUS INDICATING 
DIRECT READING

Line operated. No batteries whatsoever. Can be left on 
continuously. Direct reading—only one operating control. 
Large, easily read scale. Range from 0 to 14 pH. Untrained 
users can make ordinary pH measurements. Only one lead 
from the two electrodes to the Meter. Electrodes may be 
easily replaced individually.

W rite  for bulletins

M A C B E T H  C O R P O R A T I O N
227  W EST 17t h  ST R E E T  . . . .  N E W  YORK 11 , N . Y. 

M anufacturers of Scientific A p p a ra tu s  since 19 IS
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Dü PONT

H f f l C H L O R O i r a O H E X i l
Another Forward Development in Insecticides

HEXACHLOROCYGLOHEXANE is a new and outstanding insecticide. In 

the annual H urter Memorial Lecture, delivered on March 8, 1945, by Dr. 

R. E. Slade, Research Controller of Imperial Chemical Industries, he 

stated, ’'There has now come to light what promises to he one of science’s 

important contributions to the welfare of m an.” Dr. Slade referred to 

Hexachlorocyclohexane which was developed as an insecticide by Imperial 

Chemical Industries under the following additional names: benzene hexa- 

chloride, 666, and Gammexane.

Du Pont has confirmed the British records of efficiency of this rem ark­

able insecticide in its, own laboratories, and is privileged to announce it 

has Hexachlorocyclohexane available this season in limited quantities for 

experimental use. Inquiries from research institutions and qualified in­

vestigators are invited; a copy of Dr. Slade’s lecture will be mailed on 

request. Grasselli Chemicals Department, E. I. du Pont de Nemours & 

Company (Inc.), Wilmington 98, Delaware.

WÜNI)
rEG.U.5. PAT. Off-

B E T T E R  T H I N G S  F O R  B E T T E R  L I V I N G  

. . . T H R O U G H  C H E M I S T R Y



JNDBERG

S O L D  E X C L U S I V E L Y  T H R O U G H  L A B O R A T O R Y  E Q U I P M E N T  D E A L E R S

H A ,  « A * A o t ('
»  % w * i  A *  •  • * • * • * * * ■  « « * * 1
»«s « 1 ®® •  * A V *  * «

* « ft » A  * * “ « <>
.* •  •  •  » * * «*
.* « * A *  * s  * »

E Q U I P  Y O U R  L A B O R A T O R Y  F O R

6 & tte /l C M V I&  W I T H  T H E

L IN D B ER G  PO T-CRUCIBLE FURNACE

This new furnace of advanced design has a twofold laboratory use­
fulness for heats up to 2 0 0 0 ° F. that should interest every technician.

As a pot furnace it does salt or lead bath immersion tempering, 
hardening and annealing, cyaniding and aluminum heat-treating.

On the other hand it is also a crucible furnace for determining 
critical points of steel, melting base metals, thermocouple ca lib ra­
tion and many other necessary laboratory requirements.

The other advanced Lindberg Laboratory Furnaces illustrated 
are the Combustion Tube Furnace for fast carbon and sulphur d e­
terminations with a temperature range up to 2 5 0 0 ° F. and the Box 
Furnace for chemical analyses and metallurgical tests requiring 
heats up to 2 0 0 0 ° F.

LI NDBERG E N G I N E E R I N G  C O M P A N Y
2 4 5 0  W E S T  H U B B A R D  S T R E E T  •  C H IC A G O  1 2 , IL L IN O IS

These practical, carefully designed and compact Lindberg 

Laboratory Furnaces are handled by your laboratory equip­

ment dealer. Call him today and arrange to see them or 

ask for full information about how they can benefit you.

W ELL K N O W N  T H R O U G H O U T  TH E  W O RL D  A S  
L E A D E R S  IN  D E V E L O P I N G  A N D  M A N U F A C T U R I N G  

I N D U S T R I A L  H E A T  T R E A T I N G  E Q U IP M E N T
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5878-D. Gas Analysis Apparatus, O rsat Portable, A. H . T. Co. Specification, as above described, consisting of 100 ml 
measuring burette w ith all-round graduations and w ith w ater jacket, 125 ml aspirator bottle, three absorp­
tion pipettes — two filled w ith glass tubes and one w ith glass tubes containing copper spirals — and manifold 
provided w ith four glass stopcocks; w ith No. 121A  ball-and-socket ground glass joints between the manifold 
and the pipettes and between manifold and burette, held securely by new type Pinch Clamps. Complete 
w ith necessary rubber bulbs and tubing for aspirator bottle connection, in anodized alum inum case with
removable front and back panels........................................................................................................................... 76.25
Code o rd ...................................................................................................................................................................  H ykuw

5872. Gas Analysis Apparatus, O rsat Portable, identical With above bu t w ith rubber tubing connections between the 
manifold and the three pipettes and between the manifold and burette. W ith rubber bulbs and tubing for 
aspirator bo ttle  connection. In  anodized aluminum case w ith removable front and back p an e ls .. . 59.75
Code W ord ...................................................................................................................................................................  Hxjgeh

ARTHUR H. TH O M AS COMPANY
R E T A IL  — W H O LE SA LE— EX PO R T

L A B O R A T O R Y  A P P A R A T U S  AND R E A G E N T S
W EST W ASHINGTON SQUARE, PH ILA D ELPH IA  5, PA., U .S.A.

Cable Address “ Balance” Philadelphia

G A S A N A L Y S I S  A P P A R A T U S
NEW MODEL W ITH  BALL-AND-SOCKET GROUND GLASS JO IN T S  AND W ITH  

ANODIZED ALUM INUM  CASE

ORSAT PORTABLE GAS ANALYSIS AP­
PARATUS, A. H . T. Co. Specification, for the
determ ination of CO, 0  and C 0 2 particularly  
in flue and furnace gases. Consisting of 100 ml 
m easuring bu re tte  with w ater jacket, 125 
ml aspirator bottle, three absorption pipettes 
— two filled with glass tubes and one with 
glass tubes containing copper spirals — and 
manifold provided with four glass stopcocks.

Glass parts are m ounted in a new type, 
light weight case of anodized aluminum with 
removable front and back panels.

The glass joints are held securely in position by our new type spring-action Pinch. Clamps which 
add greatly to the convenience and speed of m ounting and dism antling.

5878-D.

The ball-and-socket ground glass joints 
offer the advantages of being non-freezing, 
flexible and readily interchangeable, and 
perm it convenient assembling and cleaning 
of p a r ts .. They also elim inate the periodic 
annoyance of having to change rubber tubing 
connections and their use prevents leakage 
of gases such as carbon dioxide at the 
connections.



INDUSTRIAL and ENGINEERING CHEMISTRY

Spectrographic A nalysis of Zinc-Base A llo y s
L E S L IE  L A R R IE U , Morris P. Kirk & Son, Inc., Los Angeles 23, Calif.

A  rapid and accurate spark spectrochemical system incorporating 
the use of the ammonium chloride-packed electrode and the flat 
disk self-electrode has been developed. A  commercial high- 
voltage spark source unit with extra inductance is used for excitation 
of flat disk samples on a Petrey spark stand. A  grating spectrograph 
is employed. Comparator-densitometers are used for transmission 
measurements and conversion to intensity ratios is made on cal­
culating boards. The system provides for simultaneous evaluation 
of all xinc alloy constituents and impurities quantitatively on one 
spectrogram. The method accurately measures lead in the range of 
0.002 to 0.015, tin 0.002 to 0.015, cadmium 0.002 to 0.010, 
magnesium 0.01 to 0.10, iron 0.01 to 0.10, copper 0.75 to 3.25, 
and aluminum 3.50 to 4.50% .

TH E accurate and complete analysis of zinc-base alloys for 
all alloy constituents and im purities by chemical methods is 

tedious, time-consuming, and often subject to  serious discrepan­
cies. Using the accepted chemical methods of analyses for this 
type of alloy, rapid routine determ inations are difficult, since 
the chemist often has to  approach his analytical problems as if 
they were of umpire quality. For some analyses he has to use 
large samples, make multiple precipitations, exercise the utm ost 
care, and hope th a t his result tru ly  represents his sample.

Zinc-base alloys are m anufactured under one of the closest 
specification allowances of any alloy blended today; the speci­
fication prohibits the presence of more than  0.005% cadmium 
and similarly low amounts of tin  and lead in the alloy. The 
spectrograph therefore offers emancipation from the drudgery 
of difficult and sometimes questionable chemical analyses.

Two and a half years ago the laboratories of 
Morris P. K irk & Son, Inc., subsidiary of the 
Xational Lead Company, acquired spectrographic 
equipment for the express purpose of controlling 
the production of nonferrous m etals and alloys.
These alloys consist of tin-base, lead-base, zinc- 
base, and a wide range of aluminum alloys.
Today over 75%  of all these analyses are made 
spectrographically, thanks largely to  the de­
velopment of a special, bu t simple, electrode.

This special electrode (Figure 1) introduces 
ammonium chloride into the spark discharge from 
its tip, where the salt has been placed in a 
hole drilled in the electrode tip. These am ­
monium chloride-packed electrodes are proc­
essed from N ational Carbon Company “spectro­
scopic carbons” by means of a special cutting 
tool, which simultaneously fashions a hemi­
spherical tip  and drills a holeO.156 cm. ( Vie inch) 
in diam eter and 0.234 cm. (‘/a* inch) in depth.
This cutting tool is chucked in a  high-speed 
electrode machine, which contributes ease and 
speed to quan tity  production of electrodes.
The electrode m ay be prepared w ithout the 
sendees of the special tool by cutting a hemi­

spherical tip with a standard tool, then slightly blunting "the lip 
with a fine file and by means of a  '/» -inch  drill, mounted in a 
sleeve, drilling the hole to the desired depth. I t  is essential 
th a t care be observed in electrode fabrication concerning the 
position of the periphery of the tip. The electrode tip, as out­
lined by the periphery of the drilled hole, m ust be a t  right angles 
to the side of the electrode; if this condition is not a ttained the 
spark becomes deflected and produces an irregular pa ttern  on 
the sample disk. This deflection invariably causes discordant 
results. However, a cutting tool with the drill m ounted in the 
center of the cutting blades produces a perfectly formed electrode, 
requiring no further corrections.

The spectrochemical system  of analysis employed for the 
production control of the zinc-base alloys has been chosen for 
presentation here, ra ther than other problems handled by this 
method, because of the unusual requirem ents in analysis of high 
and low levels of alloy content and the very low level of impurities 
allowed. All constituents, alloying elements, and im purity 
elements are evaluated as a simultaneous quantitative estim ation 
on one spectrogram.

The alloy under discussion, often referred to as No. 2 Zamak, 
contains aluminum 3.50 to  4.60%, copper 2.50 to  3.50%, mag­
nesium 0.02 to 0.10%, iron 0.10% maximum, cadmium 0.005% 
maximum, tin  0.005% maximum, and lead 0.007% maximum. 
The literature offers few spectrochemical m ethods for the analysis 
of this type of alloy. Indeed, for the zinc-base alloys no method, 
including th a t of the A.S.T.M ., provides for the quantitative 
determ ination of alloy constituents and the very low concen­
trations of allowable im purity elements in a single spectrographic 
operation, involving the spark technique. This is accomplished 
with the flat disk technique utilizing the Petrey  spark stand, 

ammonium chloride-packed counterelectrode, 
and high-voltage spark source w ith extra in­
ductance.

The method employed in the spectrochemical 
analysis of zinc-base alloys involves sample pro­
curem ent and preparation, electrode prepara­
tion, excitation of sam ple and registration 
of spectral lines, film preparation, densitom etry, 
and calculations.

S A M P L E S  A N D  P R E P A R A T IO Nr
Samples for analysis may’ be specimens of any 

convenient size th a t have sufficient dimensions 
to  rest on the Petrey stand. However, chill- 
cast disks measuring 2.5 inches in  diam eter and 
0.5 inch in thickness have been found conveni­
en t to process in the laboratory. Figure 2 is a 
photograph of chill-cast disk and packed elec­
trode. Die castings, parts  of gates, sprues, 
and sawed slices from m etal ingots have been 
utilized as samples for this type of alloy. N on­
destructive analyses are often made on smooth 
casting surfaces with surprising accuracy. How­
ever, standard practice in this laboratory is to 
im part a smooth surface to  each sample by means 
of the lathe cutting tool.

Figure 1. Hollow-Tipped 
Special Electrode

403
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Figure 2. Chill-Cast Dish 
and Packed Electrode

In tensity  ratio

intensity ratio -

Pb 2833 A. +  background 
Zn 2760 A. +  background

background at 2833 A.

intensity ratio

Zn 2670 A. +  background 

Pb 2833 A.
Zn 2670 A +  background

S P A R K  E X C IT A T IO N  C O N D IT IO N S  A N D  F IL M  D E V E L O P M E N T

The special, hollow-tipped electrode is packed with the am­
monium chloride salt by tam ping it  into a  dish of the ground 
salt and smoothing flush w ith the periphery tip by means of a 
spatu la or fine file. The fully prepared electrode is then placed 
in the lower clip-holder of the Petrey stand and adjusted for a 
3-mm. gap by the swing-away gage. The smoothly machined 
disk, ingot slice, or casting segment is placed on the stand as the 
upper electrode.

The A .R .L .-D ietert, high-voltage spark unit is set a t  full 
power (2 kva.), and use is made of an additional inductance 
so th a t 1.46 millihenrys arc available for the system. Excitation 
is made on an A .R .L .-D ietert grating spectrograph possessing a 
dispersion of 7 A. per mm. Two 30-second sparking operations 
are performed on different parts of the sample surface. A new 
electrode is used for each excitation and the two 30-second 
exposures, w ithout prespark, are superimposed on one spectro­
gram.

Registration is made on Eastm an Spectrum No. 2 film which 
is processed 3 minutes in D19 developer a t  16° C. The film is 
taken through all stages of processing under constant-tem pera- 
turc conditions and in rocker-t.ype developer trays. A new 
electrode is employed for each 30-second excitation to give 
identical conditions of superimposition, because it  was found 
desirable to m aintain maximum gassing conditions over the full 
60 seconds of sparking. Prespark is eliminated, because of the 
initial volatility  of such elements as cadmium and lead.

The film calibration curve is obtained by s arking a  standard 
iron sample for 1 m inute, using the step-sector method. A single 
screen of 200-mesh wire cloth is placed before the lens to lessen 
the intensity and the high inductance un it is maintained in the 
circuit w ith ou tpu t power dropped to 4 /3  kva. Transmission 
values are selected from the 2800 to  3000 A. region, and a  plot of 
these data  on log-log paper, using transmissions as ordinates and 
intensities as abscissas, derives the film calibration curve.

D E N S IT O M E T R Y  A N D  C A L C U L A T IO N S

An exposure of one m inute for zinc alloys produces a back­
ground which has to  be accounted for in the calculations and the 
accurate measurem ent of the difference between line with under­
lying background, and background is utilized to  measure the 
extremely small percentages of tin, cadmium, and lead en­
countered. D ensitometry, therefore, includes measurement of 
transmission values for line plus background and adjacent back­
ground. The internal standard  method of quantitative analysis 
is employed and all transmissions are referred to the 2670 A. 
zinc internal standard  line. All films are measured on two 
A .IL L .-D ietert com parator densitom eters which are used inter­
changeably.

Calculations are made on calculating boards, and each element’s 
spectral line, w ith underlying background and average adjacent 
background, is com pared' with the in ternal zinc line plus back­
ground.

A simple subtraction of background intensity ratio, from line 
plus background intensity ratio, gives the line intensity ratio 
corrected for background. No effort is m ade to  measure the 
intensity  of the 2670 A. zinc line w ithout background, since this 
line’s background intensity  becomes a constant in the calculation, 
and can be included with line intensity  for all ratio derivations. 
A schematic presentation for the 2833 A. lead line is:

Background readings, after some experience and practice, are 
made rapidly and the calculation of dual intensity ratios w ith a 
simple subtraction does not m aterially burden this phase of the 
analysis.

For the analysis of the copper-bearing, zinc-base alloys the 
following spectrum element lines have been found satisfactory:

Â .
Zinc ( in te rn a l s ta n d a rd ) 2G70
C ad m iu m 2288
L ead 2833
M ag n es iu m 2 9 2 8 .7
Iro n 2967
A lu m in u m 3060
T in 3175
C o p p e r 3194

Figure 3. Working Curves Derived from Spectrochemical 
Data of Table II

Curves are valid  for quantitative determination of aluminum and copper In 
Nos. 2 and 5 Zamak and for quantitative determination of magnesium, iron, 

lead , tin , and cadmium in Nos. 2 , 5 , and 3 Zam ak
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Table I. Typical Transmission Data, Lot 2142

T ra n sm iss io n  of line  p lu s  b a c k ­
g round

T ra n sm iss io n  of b a c k g ro u n d  
In te n s i ty  ra t io - lin e  p lu s  b a c k ­

g round
In te n s i ty  ra t io  of b ac k g ro u n d  
In te n s i ty  r a t io  of line

Z inc, C ad m iu m , L ead , M ag n es iu m , Iro n , A lum inum , T in , C o p p er,
2670  Â. 2288 Â. 2833 Ä. 2928.7 Â. 2967 Â. 3060 Â. 3175 Â. 2194 À.

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

0 .2 8 0 0 .3 5 0  0 .5 4 5 0 .2 8 7 0 .2 7 8 0 .1 5 9 0 .31
0 .2 0 0 0 .2 8 0  0 .1 3 0 0 .1 6 0 0 .1 4 2 0 .1 3 3 0 .1 3
0 .0 8 0 0 .0 7 0  0 .4 1 5 0 .1 2 7 0 .1 3 6 0 .0 2 6 0 .1 8 0

Table II. Data for Plotting Working Curve
L o t N o. C ad m iu m L ead M agnesium Iron A lum inum T in C o p p er

2142 D u p lic a te  in te n s ity  ra tio s 0 .0 8 0 0 .0 7 0 0 .4 1 5 0 .1 2 7 0 .1 3 6 0 .0 2 6 0 .1 8 0
0 .0 7 8 0 .0 6 8 0 .3 9 3 0 .1 2 9 0 .1 3 6 0 .0 2 6 0 .1 8 0

A v. 0 .0 7 9 0 .0 6 9 0 .4 0 4 0 .1 2 8 0 .1 3 6 0 .0 2 6 0 .1 8 0
C hem ica l an a ly s is , % 0 .0 0 0 9 7 0 .0 0 2 6 0 .071 0 .0 2 5 3 .3 0 T ra c e 0 .7 4

2200 D u p lic a te  in te n s i ty  ra tio s 0 .2 9 0 0 .2 3 7 0 .2 2 0 0 .2 9 1 0 .1 8 1 0 .2 1 8 0 .7 5 0
0 .2 8 0 0 .2 3 7 0 .2 3 3 0 .2 7 6 0 .1 8 8 0 .2 1 0 0 .7 3 0

A v . 0 .2 8 5 0 .2 3 7 0 .2 2 6 0 .2 8 3 0 .1 8 5 0 .2 1 4 0 .7 4
C hem ica l an a ly s is , % 0 .0 0 9 4 0 .0 1 5 7 0 .0 3 3 0 .0 4 6 4 .1 3 0 .0 1 0 3 3 .2 5

2201 D u p lic a te  in te n s i ty  ra tio s 0 .1 1 8 0 .2 5 0 0 .2 4 8 0 .0 7 9 0 .2 1 5 0 .0 8 5 0 .6 4 0
0 .1 0 9 0 .2 4 5 0 .2 4 3 0 .0 8 5 0 .2 2 2 0 .0 8 0 0 .6 7 0

A v. 0 .1 1 4 0 .2 4 8 0 .2 4 6 0 .0 8 2 0 .2 1 9 0 .0 8 3 0 .6 6
C hem ica l an a ly s is , % 0 .0 0 1 9 0 .0 1 7 2 0 .0 3 7 0 .0 1 8 4 .7 0 0 .0 0 2 2 2 .8 3

Table III. Comparison of Spectrographic and Chemical Analytical Results, Lot 2198

D u p lic a te  in te n s i ty  ra t io

S p ec tro g rap h ic , %  
C hem ica l, %

C ad m iu m L ead M agnesium Iron A lu m in u m T in C o p p e r

0 .1 4 5 0 .1 3 8 0 .2 3 5 0 .2 8 5 0 .1 8 0 0 .1 0 5 0 .7 2 4
0 .1 5 0 0 . 140 0 .2 3 3 0 .3 0 0 0 .181 0 .1 0 0 0 .7 3 5
0 .1 4 8 0 .1 3 9 0 .2 3 4 0 .2 9 2 0 .1 8 1 0 .1 0 3 0 .7 3 0

0 .0 0 2 9 5 0 .0 0 7 2 2 0 .0 3 4 0 .0 4 7 4 .0 8 0 .0 0 3 1 2 3 .1 8
0 .0 0 2 8 0 0 .0 0 7 3 0 0 .0 3 2 0 .0 4 5 4 .1 3 0 .0 0 2 9 7 3 .2 5

C O M P A R A T IV E  A N A L Y S IS  O F  A  Z IN C -B A S E  A L L O Y  B Y  SP EC TR O - 
C H E M IC A L  A N D  C H E M IC A L  M E T H O D S

Three standard samples covering the compositional range of 
Zamak No. 2 and with sufficient im purity variations were selected 
to establish working curves for the spectrochemical analysis of 
a fourth sample designated “ unknown” . The analyses of each 
of the three standard samples, lots 2142, 2200, and 2201, are 
listed in Table II, with the duplicate intensity ratios derived 
for the respective element spectral lines by spark excitation of 
the three standards and one unknown, all in duplicate. The 
eight spectrograms comprising this film were made as in daily 
routine procedure and no undue precautions were exercised in 
the execution of the steps of the analysis.

The three standard  samples and the unknown sample were 
very carefully analyzed in duplicate by two or more chemists, 
each of whom practiced precise and approved met hods of chemical 
analysis, such as those sponsored by the New Jersey Zinc Com­
pany research laboratories. Large samples were employed 
for the analysis of low percentage im purity  elements lead, tin, 
and cadmium, and for these elem ents more than one method of 
analysis was used.

Table I presents typical spectrochemical da ta  derived from the 
spark excitation of No. 2142, one of the standard samples. Table 
II lists the individual average elem ent intensity ratios and the 
corresponding chemical compositions for each standard sample 
used in this analysis. The working curves shown in Figure 3 
were derived from plotting the values in Table II. An interesting 
and gratifying feature of the working curves is the accuracy with 
which all points fall on straigh t lines. Table II I  presents the 
results of the analysis on the unknown lot 2198 by spectrochemical 
and chemical methods.

A consideration of the average arithm etical per cent error in 
determinations of the various elements reveals th a t the major 
constituents, copper and aluminum, were measured well within 
an error of 3%  of the am ount present. The error expressed as 
Per cent deviation from the chemical value of each element is: 
magnesium 6.2%, cadmium 5.3%, tin 5.0%, iron 4.4%, copper 
2-1%, aluminum 1.2%, and lead 1.0%. The 6.2% deviation 
for magnesium might a t  first glance appear high enough to 
invalidate the worth of th is determ ination. However, when the 
figure 6.2 %  is arithm etically applied to  th e  accepted value of

0.032% we obtain a difference 
of 0.00198%, which, if equaled 
in routine chemical analyses, 
would be considered satisfac­
tory. The accuracy of the 
cadmium evaluation could, of 
course, be helped m aterially 
by the use of. a  calibration 
curve constructed from trans­
mission results taken in th a t 
region of the spectrum. The 
yardstick phrase “measuring 
an element within an error of 
3 to 5%  of the am ount pres­
en t” loses some of its com­
parative signification when ap­
plied to  an element such as 
tin, which, in the case under 
consideration, is present in the 
am ount of oidy 0.00297%. 
We can, th e r e f o r e ,  a c c e p t  
higher values than  5%  when 
we seek to  evaluate elements 
present in a concentration on 
the order of 0.003%, since in 
the case of the tin evalua­
tion in this analysis 5%  of 
0.00297% is 0 .0 0 0 1 4 8 % , a 
negligible quan tity  in routine 
control analysis. A decrease in 

the accuracy of analysis a t  low concentrations is to be expected, 
particularly a t levels where the difference between line with un­
derlying background intensity and background intensity is small 
compared to background.

A N A L Y S IS  T IM E  R E Q U IR E M E N T S

Sample procurement and sample preparation are in many 
spectrochemical methods great eohsumeis of time. The flat 
disk technique simplifies sample procurement and, since no 
chemical treatm ent is necessary in sample preparation (only 
simple la the machining), very rapid treatm en t is possible.

An analysis time of 5 to 7 m inutes per element is easily achieved 
for a single sample; under normal routine conditions an analysis 
time of 2 m inutes per element is achieved for a  full film of seven 
unknown samples and one standard  sample. Seven elements, 
of course, arc evaluated for both the full film containing seven 
spectrograms and the film with only one spectrogram.

If one were to double these routine spectrochemical production 
time intervals of analysis per element, a comparison with tim e 
requirements for the chemical analysis of certain elements would 
still be meaningless; one cannot compare 30 m inutes to  12 hours, 
which are the tim e requirem ents for determ ining cadmium. The 
30-minute figure can be used for the spectrochemical evaluation 
of cadmium only if all film processing tim e is charged against 
one determ ination; 12 hours is a charitable tim e interval for a 
precise chemical cadmium determ ination by approved methods 
for the No. 2 Zamak alloy.

Iron, copper, and lead can be rapidly analyzed by chemical 
and electrolytic methods. Aluminum, magnesium, cadmium, 
and tin  are the difficult time-consuming chemical determinations.

When the analytical problem is placed on a  volume basis 
where many samples are handled each day for complete analyses, 
the spectrochemical m ethod, as set forth in this paper, gains in 
attractiveness from the time-requiroment standpoint.

A C C U M U L A T E D  D A T A  F R O M  L A B O R A T O R Y  C O N T R O L  W O R K

I t  is standard  practice in th is laboratory to  assemble day to 
day analytical da ta  on prospective standards before placing them
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in service in th e  capacity of control standards. O pportunity is 
therefore offered to present d a ta  on th e  lead content of lot 2198, 
a standard sample which has been used on numerous films, with 
standard  lot 2200, used in the  analysis described above. Some 
21 separate spectrochemical values for lead are presented which 
are, in all instances, based on the working curve shift from day 
to day as dictated by the 2200 standard. Lot 2199 was ac­
curately determined by chemical methods to  contain 0.0107% 
lead. The assembled da ta  are given in Table IV.

In 'a  similar m anner da ta  are available to  show the day by day 
results for aluminum, the constituent present in the alloy in 
highest percentage (Table V). Lot 2144 was placed on m any 
films along w ith standard  lot 2200, no t for the purpose of re­
liability checks, bu t ra ther for the more accurate evaluation of 
aluminum in the lower copper-bearing zinc alloys. A t certain 
times i t  is expedient to place both high and low copper-bearing 
zinc alloys on the same film. The accurate and accepted chemical 
value for No. 2144 is 4.00% aluminum.

I t  is significant th a t lot 2200, which was used as the standard, 
contains 3.25% copper and th a t lot 2144 contains 1.00% copper. 
Experim ental and production work has shown th a t in the analysis 
of zinc alloys for aluminum, standard  sample and unknown 
sample should contain copper in similar am ount. Consequently, 
the author never a ttem p ts to  evaluate aluminum in No. 3 Zamak 
(copper-free) on the basis of a copper-bearing standard.

Table IV . Determination of Lead

D a te  of A n a ly sis  

J a n u a ry ,  1945

M a rc h , 1945

A pril, 1945 

M a y , 1945

J u n e , 1945

A v erag e  le ad  c o n te n t, %  0 .0 1 0 6 6
A v erag e  p e r  c e n t d iffe rence , %  0 .0 0 0 5 3
D e v ia tio n  (%  of q u a n t i ty  m e asu red ) 5 .0
S ta n d a rd  d e v ia tio n , %  0 .0 0 0 6 3 9

D E V E L O P M E N T  O F  A M M O N IU M  C H L O R ID E - P A C K E D  E L E C T R O D E

The development of the ammonium chloride electrode resulted 
from research on the use and effect of chemical salts in the spce- 
trochemical analytical system  involving th e  spark technique. 
Incentive for th is type of research em anated from a desire to 
gain increased sensitivity and yet retain  the speed and accuracy 
of the spark method.

In itia l efforts to  analyze flat disk zinc alloy samples using plain 
hemispherical tipped electrodes indicated th a t long exposure 

. would be necessary to bring the transmission of the 2833 A. lead 
spectral line to  a  m easurable level. W hen to ta l exposure was 
increased to include three and four 30-second intervals of spark 
excitation superimposed on one spectrogram, difficulties arose 
which, under the prevailing conditions, were insurmountable. 
Undesirable effects related to  the high volatility  of zinc resulted

Table V .  Determination of Aluminum

S p ec tro ch em ica l

D ifference  from  
C h em ica l V alue  of 

0 .0 1 0 7 %
% %

0 .0 1 1 5 0 .0 0 0 8
0 .0 1 1 5 0 .0 0 0 8
0 .0 1 1 0 0 .0 0 0 3
0 .0 1 1 2 0 .0 0 0 5

0 .0 1 1 7 0 .0 0 1 0
0 .0 1 1 0 0 .0 0 0 7
0 .0 1 1 2 0 .0 0 0 5
0 .0 1 0 8 0 .0 0 0 1
0 .0 1 0 7

0 .0 0 9 6 0 .0011
0 .0 1 0 7

0 .0 1 0 2 0 .0 0 0 5
0 .0 1 0 0 0 .0 0 0 7
0 .0 1 0 5 0 .0 0 0 2
0 .0 1 0 5 0 .0 0 0 2

0 .0 1 0 1 0 .0 0 0 6
0 .0 1 0 5 0 .0 0 0 2
0 .0 0 9 8 0 .0 0 0 9
0 .0 1 1 4 0 .0 0 0 7
0 .0 1 1 2 0 .0 0 0 5
0 .0 0 9 8 0 .0 0 0 9

D ifference  from  
C h em ica l V alue

D a te  of A n a ly sis S p ec tro ch em ica l of 4 .00%
% %

A u g u st, 1944 4 .1 3 0 .1 3
4 .0 5 0 .0 5
4 .2 2 0 .2 2

N o v em b e r, 1944 4 .0 3 0 .0 3
3 .8 8 0 .1 2
4 .1 1 0 .1 1

J a n u a ry ,  1945 4 .1 3 0 .1 3
4 . 10 0 .1 0
4 .1 2 0 .1 2

F e b ru a ry , 1945 4 .2 2 0 .2 2
3 .9 2 0 .0 8
4 .11 0 .1 1
4 .1 3 0 .1 3

M arch , 1945 4 .1 3 0 .1 3
4 .0 3 0 .0 3

A v erage  a lu m in u m  c o n te n t, %  4 .0 9
A v erag e  p e r  c e n t d iffe rence , %  0 .1 1 4
D e v ia tio n  (%  of a m o u n t m easu red ) 2 ,8 5
S ta n d a rd  d e v ia tio n , %  0 .1 3

in erratic reproducibility of spectral-line intensity ratios for all 
elements. Backgrounds became very dense and in the cases of 
the low percentage elements, insufficient difference resulted 
between line and background intensities to give quantitative 
accuracy.

Ammonium chloride-packed electrodes, used in the first 
experimental runs as they are used in  routine work today, lessened 
background, increased contrast between line and background, 
and produced a high degree of reproducibility.

The use of chemical salts in spectrochemical analysis is not new. 
However, in so far as the author has been able to  discover, its 
use in the spark method is a radical departure. H asler and 
H arvey (!) describe a  method incorporating ammonium chloride 
in an arc analysis of zinc alloy. A m etal peg of the zinc alloy 
is encased in ammonium chloride and contained in a graphite 
sleeve holder. This assembly becomes the lower electrode and 
graphite is utilized as the upper electrode. Four seconds’ 
arcing tim e is employed and, according to the authors, a  large 
am ount of sample is energized in the discharge. A good degree 
of accuracy and reproducibility is indicated by the published 
results.

S U M M A R Y

A rapid and accurate spark spectrochemical system incorporat­
ing the use of the ammonium chloride-packed electrode and the 
flat disk self-electrode has been developed. A commercial high- 
voltage spark source un it w ith extra inductance is used for ex­
citation of flat disk samples on a Petrey  spark stand. A grating 
spectrograph is employed and spectral line registration is made 
on E astm an No. 2 film. Comparator-densitometers are used 
for all transmission measurem ents and conversion to  intensity 
ratios is made on calculating boards.

The system provides for the sim ultaneous evaluation of all 
zinc alloy constituents and impurities in a  quantitative manner 
on one spectrogram. The method is applicable to  the Zamak 
series of zinc alloys over the full compositional range as well as 
to  other types of alloys.

The method presented accurately m easures the quantity  of 
lead in  the 0.002 to 0.015 range, tin  in the 0.002 to  0.015 range, 
cadmium in the 0.002 to  0.010 range, magnesium in the 0.01 to
0.10 range, iron in the 0.01 to  0.10 range, copper in the 0.75 to 
3.25 range, and aluminum in the 3.50 to  4.50%  range.

D a ta  presented in all instances represent results obtained in 
the routine execution of th e  method. C ertain selective refine­
m ents of method m anipulation could have been practiced in the
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production of the d a ta  cited, b u t the true validity of the system 
is shown by results obtained under daily routine conditions.

The application of the ammonium chloride-packed electrode 
in the analysis of other types of alloys has necessarily had to 
suffer in th is paper. However, be tter than  70% of all the 
author’s spectrographic results are obtained by the use of this 
electrode, which has controlled the production of many thousands 
of tons of specification alloys for over two years.

The speed of sample preparation (nondestructive, if necessary), 
simplicity, and directness of manipulation combined with a high 
degree of analytical accuracy are advantages of the method.
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Preparation of Synthetic Samples of Low-Boilin3 
Hydrocarbons

R. H. B U SEY 1, G . L. B A R T H A U E R , a n d  A .  V . M ETLER  
Field Research Department, Magnolia Petroleum Company, Dallas, Texas

The design and operation of an apparatus for the blending of low- 
boiling hydrocarbons are described. The apparatus is so designed 
that standard samples containing any number of components may be 
prepared rapidly, in any size, and with a degree of accuracy far 
superior to present methods of analysis. The apparatus has been 
thoroughly tested. Data are presented for samples in the butane and 
pentane range.

WIT H  the constantly increasing emphasis placed upon 
newer physical methods of hydrocarbon analysis (2)—

i.e., infrared spectroscopy, mass spectroscopy, etc.—a growing 
need has been felt for synthetic mixtures of low-boiling hydro­
carbons. N o t only are such mixtures necessary as a final test 
upon calibration d a ta  bu t periodically a  check sample m ust be 
run to  ensure continued satisfactory performance of the instru­
ment.

Several years ago the need for such a  method became apparent 
in these laboratories. A literature search revealed very little in 
the way of blending units versatile enough to  satisfy the varied 
requirements of the work. N ot only were small “spot” samples 
required for infrared and mass spectrographic work, bu t large 
samples occasionally were necessary to develop adequately a 
variety of methods, ranging from M atuszak procedures and 
bromine numbers to low-temperature distillation analyses.

The usual practice for obtaining such samples has taken either 
of two forms. The sample m ay be prepared upon a pressure 
basis, putting  each component successively into a  constant- 
volume device and measuring the pressure increments added. 
Large volumes arę necessary if the sample is to  be of appreciable 
size and the introduction of inert material, either from a small 
leak in the system or from the hydrocarbons themselves, may 
introduce serious error. Deviations from the gas law equation 
may also be appreciable if mixtures containing components hav­
ing a different num ber of carbon atom s are blended or if rela­
tively high pressures are used.

In  the second method the composition of a mixture is obtained 
by another method of analysis. The instrum ent or method 
tested m ay then be evaluated on the basis of a  study of this so- 
called “secondary standard” . The objections to such an 
evaluation arc obvious, in th a t the evaluation of the tested 
method is limited to  the accuracy of the method used in obtaining 
the sample composition. W ith th e  ready availability of the 
greater num ber of pure low-boiling hydrocarbons on the m arket 
today, direct preparation of the sample from pure materials is 
the only satisfactory method.

1 P re s e n t ad d re ss , T h e  U n iv e rs ity  of C a lifo rn ia , B erke ley , C alif. Figure 1. Schematic Drawing of Apparatus

The blending apparatus described by McMillan (I) for the 
testing of low-temperature distillation procedures approaches 
most closely the apparatus developed in this laboratory. The 
sample was prepared upon a pressure basis, inert m aterial being 
removed prior to preparation in the m anner described below. 
Although satisfactory for the purpose a t hand, the blending unit 
lacked the extreme versatility required in the present-day ana­
lytical laboratory.

D E SC R IP T IO N  O F  A P P A R A T U S

A schematic drawing of the apparatus is shown in Figures 1 
and 2.

 L E G E N D  ------
A STOCK BOMB F SAMPLE BOMB
B BOMB MANIFOLD G MANOMETER 
C “FREEZING-OUTBULB H SWITCH BOX 
0  COLO T R AP  I VACUUM PUMP
E HEATER  J “FREEZ ING -O U T 'BO M B

K N E O P R E N E  TUBING
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Essentially the apparatus consists of the following:
A stainless steel bomb manifold, B, equipped with eight brass 

Hoke valves. To each val e is attached a brass compression fit­
ting (for ‘/«-inch pipe t bread) similar to  th a t shown in Figure 3.

A constant-volume manom eter, G, complete with leveling bulb.
A 500-watt Calrod heater with shield, E, so arranged as to pre­

vent freezing of hydrocarbon in the narrow neck of the enclosed 
Hoke valve.

A w ater bath surrounding four boiling flasks of the indicated 
sizes. Each (lask is equipped with a mercury seal standard-taper 
joint .to preclude leakage during sample make-up.

Three bond) types (Types 59, 65, 80), described in detail below.
A glass manifold equipped w ith the indicated stopcocks, “ freez­

ing-out” bulb, C, and liquid nitrogen traps, D.
A vacuum pump, I.
The apparatus is mounted as an  integral un it on an angle-iron 

table having a  2.5-em. (1-inch) Transite top. The manifold sys­
tem and the expansion flasks are rigidly held in place by clamps 
leading from the various supports which, in turn , are securely 
bolted to the table top. A grill consisting of iron rod (0.5 inch) 
welded in 4-inch squares lias been found m ost satisfactory for 
supporting equipm ent above the table top.

The apparatus measures 42 inches across the front and is 18 
inches deep and 65 inches high.

S A M P L E  B O M B S

A highly satisfactory type of small bomb has been evolved in 
th is laboratory. Double-exit bombs have been found to be much 
superior to single-exit types on two im portant counts: They are 
more readily cleaned by flushing w ith the proper solvents and 
dried by passage of air current, and pressuring of samples is more 
readily accomplished.

S .

O
o

i

■7 MM.

- 6  M M .

-1 3  -  15 M M . 

8  M M.

2 5  M M

 4 5  M M  —

Figure 2. Liquid Nitrogen Trap

The Type 80 bomb, specially constructed for synthes's of 
hydrocarbon mixtures, consists of two brass Hoke valves threaded 
into a copper and brass body and then silver-soldered to form a 
gas-tight junction. Hoke valves w ith ‘/Vinch pipe thread ends 
are used. The body is made of a 5.5-inch length of copper tubing 
(1.125 inches in outside diam eter, 0.065-inch wall), inside which 
six vanes or fins are set longitudinally a t 60° angles to  each other. 
To the ends of th is copper tube body are silver-soldered two brass 
«wedge-type reducers. T he assembly of this type of bomb is 
shown in Figure 3.

The inclusion of the vanes in the Type 80 bomb was found 
advantageous in achieving sufficient heat transfer during freezing 
out of hydrocarbon com onents. When an appreciable amount 
of . hydrocarbon has been frozen into a bomb w ithout such 
vanes, the interior of the mass tends to remain in a  liquid-solid 
s ta te  for a considerable time and the vapor pressure of this mix­
ture is appreciable. When the fin-type bomb is used, heat con­
duction is rapid enough to  accomplish complete freezing through­
out the mass, resulting in an appreciable reduction of the vapor 
pressure.

T he Type 65 bomb is identical in dimensions and construction 
to  the Type SO, except tha t the vanes are om itted.

The T ype 59 bomb is composed of brass Hoke valves which 
have been machined a t  one end to  fit a  4.5-inch length of copper 
tubing (0.5-inch outside diameter, ‘/ss-inch wall) and then silver- 
soldered in position (sec Figure 3). Considerable material can be

machined off the body of the valves to  reduce materially the net 
weight of the bomb.

Each bomb is provided with two brass caps equipped with 16- 
gage .sheet-lead liners which insure against loss of sample during 
storage.

A special brass compression fitting is used for connection to  the 
‘A-inch pipe thread of the valve-cnds. Details of the cap and 
fitting arc shown in Figure 3.

Chrome plating of these bombs is advantageous in th a t wear on 
the threaded surfaces and hence change in weight of the bomb are 
less. There is also less tendency to  pick up stray  mercury on the 
surface of the bomb.

C A L IB R A T IO N

Prior to preparation of synthetic samples, certain instrum ent 
constants m ust bo obtained—the relative volumes of all flask 
and manifold combinations which m ay conceivably bo used in 
sample make-up.

I t  has been found convenient to  assign a value of unity  to  th a t 
volume occupied by the 500-ml. flask and the apparatus manifold. 
T he manifold volume, in this case, includes all space from the 
reference m ark of the. manometer (explained below) to  the Hoke 
valves of the steel bomb manifold, excluding the volume occupied 
by the sample bomb, the freezing-out bomb, and the liquid 
nitrogen traps. The relative volumes of all o ther flask combina­
tions are thus sta ted  in m ultiples of this so-called “unit volume” .

All ratios arc determined in a similar manner. Illustrative of 
the procedure is the determ ination of the ratio  of the volume of 
the 1000-ml. flask to  the un it volume.

P r o c e d u r e . After testing the apparatus thoroughly for 
leaks, adjust the mercury columns in the m anom eter by means of 
the leveling bulb until the to ta l of the readings in both  arm s is not 
more than  950 mm. and not less than  925 nun. (This is most im­
portant. Failure to observe this precaution whenever the system 
is evacuated m ay result in forcing mercury into the glass manifold.)

W ith stopcocks 1, 4, and 5 open, stopcocks 3 and 8 by­
passing the respective bombs, and stopcock 2 connecting all arms, 
evacuate the system. After the system is evacuated, close stop­
cock 1 and ad just the mercury column in the left arm  of the 
manom eter to the 900-mm. reference mark. Record the height, 
of the mercury column in the right arm  as the zero reading.

Now close stopcock 5 and, by means of sto .cock  2, connect the 
bomb manifold to the system leading to the manometer, by-pass­
ing th a t volume between stopcocks 1 and 2. Open one of the 
Hoke valves on the bomb mahifold and allow atmospheric pres­
sure to enter the system. Close the Hoke valve and again adjust 
the mercury column to the reference mark. Record the reading 
in the right arm  as sample reading.

After lowering the mercury in the m anom eter as previously in­
structed, open stopcock 5 leading to  the evacuated 1000-ml. flask 
and allow the system to come to equilibrium. Measure the pres­
sure in the usual m anner and record as equalized pressure reading.

From  these data  determine now, the ratio of the 1000-ml. flask 
to the unit volume, as follows:

sam ple reading — equalized pressure reading 
equalized pressure reading — zero reading ( 1)

In a similar manner determine nooo and new.
In addition to these three ratios a  fourth, few, m ust be deter­

mined. This is defined tvs:

few = volume of 500-ml. flask 
volume of apparatus manifold (2)

D eterm ine feeo directly in the above-described manner, in this 
special case using the manifold alone in  place of the unit volume 
and measuring the pressure drop when the 500-ml. flask is turned 
into the system. The use of few will be apparent later.

C a l c u l a t i o n  o f  R  V a lu e s . Since it is obviously impossible 
to use any flask or combination of flasks w ithout employing the 
use of the manifold volume, the measured ratios (now, rmo, now, 
¡vnd few) cannot bo used per se b u t serve as da ta  for calculating 
the ratio  of any flask combination plus manifold to the unit 
volume.

These la tte r ratios are referred to  as R  values. The R  values, 
once determined for any given instrum ent, serve as a basis for 
com putation w ith any subsequent sample prepared using the 
apparatus.'

i t  is obvious from Equation 2 th a t for a single flask, a,
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Figure 3. Bomb Detail

T Y P E  5 9  B O M B

Ha =
Va +  V„ = r„ + V

un it volume 1 Vm +  Vmkm  

Likewise for any combination of flasks

= To + ksw +  1

R(a +  6 +  . . . X )  = Ta -K'r* +  . . ,rx +  r— T “ i*500 T  i

(3)

(4)

For those flask combinations involving the use of the 500-mi. 
flask, the following simplified relationship may be derived

R(a +  500)
Va +  Vm  +  Va.

unit volume Ta +  1 (5)

Occasionally it has proved necessary to  prepare a  sample con­
taining only a  trace of one component. On these occasions it  is 
desirable to use the volume of the manifold alone. Consequently, 
Rm m ust be calculated.

R,n = ÎF
1

Fm» +  1 ; kÿto +  1
(6)

Using Equations 3 to  6, calculate the ratios for all flask com­
binations and for the manifold alone, tabulating the various 
ratios in  suitable form.

V o l u m e  o f  t h e  A p p a r a t u s . The number of entries of a  given 
component into the apparatus is determined by the volume of the 
flask combination used, the sample size, and the percentage of 
that component desired in the finished sample. At this stage, we 
are primarily interested in the first of these considerations, the 
volume of any given flask combination. Since the R  values 
calculated above relate all combinations to the un it volume, it  is 
necessary to  determine only the latter.
; The volume is obtained by entering any pure hydrocarbon 
from a small weighed copper bomb into the unit volume of the 
apparatus. The pressure of the gas is measured and using the 
loss in weight of the small l>omb, the approximate volume calcu­
lated. By reference to the R  values, the volume of any flask 
composition m ay readily be obtained.

S A M P L E  P R E P A R A T IO N

P r e l i m i n a r y  C a l c u l a t i o n s . Assuming th a t the total weight 
and composition of the desired sample have been established, it is 
now necessary to determine the flask combination and the 
approximate pressures to  be used for each individual component.

As an actual example, the calculations involved in the preparation 
of a butane-pentane sample are presented.

Letting a represent the mole fraction of component A  in the 
finished sample and V, the to ta l sample volume desired (liquid 
ml.), it can be calculated th a t the approxim ate gaseous volume 
(760 mm. and 27° C.) to be added if A is C, material is

(7)Volume (C, material) =  254 V m

Similarly, if A is Cs material

Volume (C5 material) = 205 Vm  (8)

The volume calculated by Equation 7 or 8 is now divided by 
the capacity of the unit volume, obtained in the preceding calibra­
tion. The number so obtained represents the number of un it 
volumes which m ust be introduced into the apparatus a t  760-mm. 
pressure to  obtain the desired am ount of component A .

At this , oint, however, deviation from the ideal gas law must 
be considered: I t  can be calculated tha t, should Ct and Cs
materials be entered at 700-mm. pressure, the deviation of the 
former from ideality would am ount to approximately 3.1% while 
the deviation of Cj material would be 4.6%. This is obviously 
too high a differential for accurate preparation. Consequently, 
it has been the practice in this laboratory to enter the C< materials 
a t 300-mm. and the Ct m aterials at 150-mm. pressure. Under 
these conditions the successive entries of a component m ay be 
kept to a reasonable number and the deviations from ideality 
safely disregarded.

M ultiplication by the appropriate pressure factor yields values 
which may now be compared directly with the R  values obtained 
in the calibration procedure. The flask combination having an It 
number or multiple thereof approach most closely the calculated 
value is chosen as th a t to be used for the component under con­
sideration. (These directions assume th a t each entry  will be 
made at 300-inm. for C, materials and 150-mm. pressure for C6 
materials. If  preparation to an exact predetermined percentage 
is desired, the pressure of each entry m ust be modified accord­
ingly. The conversion factor is simply, the ratio  of the desired 
and actual R  values.) I t  is obviously desirable to  keep the num ­
ber of entries to a  minimum and the pressure of a single entry  to a 
maximum (not over 300 mm. for C« materials, nor 150 mm. for C5 
materials).

The above calculations are repeated for each component in the 
sample.

F i l l i n g  a n d  W e i g h i n g  C o p p e r  B o m b s . If only 5 to 6 grams 
of hydrocarbons are required for a single component, a  small 
copper bomb (Type 59) may be used; otherwise it. will be neces­
sary to use the larger type (Type 65). (The smaller bomb may 
be weighed with an ordinary analytical balance but the large 
bombs require the use of a balance of high capacity. A series of 
small bombs m ay be used, however, if large volumes are necessary 
and a high-capacity balance is not available.)

Connect the copper bomb to a large stock bomb of pure hydro­
carbon, a ttach  a vacuum pump and evacuate the system to the 
closed valve of the stock bomb. Close the valve next to  the 
pump, disconnect the pump, and cool the copper bomb by pouring 
liquid nitrogen over its surface from one Dewar flask to another. 
Now hold the stock bomb in an inverted position such th a t when 
its valve is opened the liquid phase of the contained Hydrocarbon 
will flow into the cooled bomb. Open the valve on the stock 
bomb and, after a  suitable interval, close the valve on the small 
bomb. T ilt the system in such a  way that excess liquid hydro­
carbon may drain from the connecting link into the stock bomb. 
Close the valve on the stock bomb and disconnect. Hold the 
small bomb in a vertical position and vent approximately 0.5 
gram of the hydrocarbon from the bottom  valve. (W..en a 
liquid-full bomb is warmed it becomes slightly distorted in shape.) 
Allow the bomb to warm to room tem perature. No hazard is in­
volved, since liquid-full copper bombs stretch w ithout rupturing 
on warming to room tem perature.

For hydrocarbons normally liquid under atmospheric condi­
tions, the following technique is used.

Connect the evacuated copper bomb to a fuuue by means of a 
clean piece of neoprene tubing. Support funnel and bomb in a 
vertical position ami pour into the funnel the desired amount of 
liquid hydrocarbon. Open the upper valve of the bomb slightly 
and cool the bomb with liquid nitrogen until all hydrocarbon 
passes into the bomb. Close the valve, disconnect the funnel, 
vent approximately 0.5 gram of material, and allow the bomb to 
warm to room tem perature. After washing with acetone and 
drying, accurately weigh each filled bomb on an  analytical bal­
ance.

T e s t i n g  t h e  A p p a r a t u s . M ount the weighed bombs filled 
with hydrocarbon on the bomb manifold, making sure th a t the 
neoprene gaskets in the manifold connections are in good condi-
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Table I. Typical Samples
S am p le  N o. C o m p o n e n t P re s su re  B asis W e ig h t B asis

.Vole % M ole %

1 2 -M e th y lp ro p a n e 19 .8 9 19 .85
2 -M e th y lp ro p e n e 9 .8 0 9 .8 0
1 -B u ten e 10 .5 3 10 .52
2 -B u te n e 20 .21 2 0 .2 5
n -B u ta n e 3 9 .5 7 3 9 .5 8

2 2 -M e th y lp ro p a n e 6 9 .8 0 6 9 .8 8
2 -M e th y lp ro p e n e 5 .0 3 5 .0 5
1 -B u tenc 5 .0 0 4 .9 8
2 -B u te n e 5 .0 8 5 .0 8
n -B u ta n o 15 .0 3 15.01

3 2 -M e th y lp ro p e n e 2 .2 2 2 .2 4
2 -B u te n e 11 .3 3 11.34
2 -M e th y lb u ta n e 5 9 .2 0 59 .21
1 -P en te n e 19 .5 2 19 .49
n -P e n ta n e 7 .7 3 7 .7 2

4 2 -M e th y lp ro p e n e 2 .41 2 .4 4
2 -B u te n e 1 1 .9 8 12 .09
2 -M e th y lb u ta n e 5 7 .1 2 5 7 .0 3
1 -P en ten e 2 0 .2 3 2 0 .2 3
n -P e n ta n e 8 .2 7 8 .2 2

5 2 -M e th y lp ro p a n e 3 .2 6 3 .21
1-B u tene 1 .71 1 .6 8
2 -B u te n e 2 .4 0 2 .3 8
n -B u ta n e 8 .5 5 8 .4 8
3 -M e th y l-1 -b u te n e 4 .1 6 4 .1 2
2 -M e th y lb u ta n e 5 7 .4 3 5 7 .8 0
1 -P en te n e 16 .26 16 .1 2
» -P e n ta n e 4 .8 6 4 .8 4
2 -P en  te n e 0 .6 9 0 .6 9
2 -M e th y l-2 -b u te n e 0 .6 8 0 .6 9

tion. Connect the weighed sample bomb (with a lead-lined cap 
on the lower end) and the freezing-out bomb to  the appropriate 
connection. Fill the w ater b a th  and regrease all stopcocks which 
turn  with difficulty or appear streaked. Adjust the mercury 
columns in  the m anom eter as previously described and evacuate 
the entire system including the sample bomb, freezing-out. bomb, 
expansion flasks, and manifold. Open the Hoke valves on the 
manifold below the bombs, perm itting evacuation to  the bombs 
containing the hydrocarbons.

W ith the system evacuated, close off the expansion flasks by 
means of stopcocks 4, 5, 6. and 7. Place the system “on test” by 
closing stopcock 1, and observe the manometer. Elim inate any 
leaks by isolating critical parts of the system.

W hen the mercury rem ains steady, tu rn  stopcock 8 to  connect 
the sample bomb directly to  the manometer. T urn  the heater 
switch to  “on” and cool the sample bomb in liquid nitrogen.

I f  no leak is apparent after the bomb has completely cooled, the 
sample bomb with its connection is satisfactory for use. If a  leak 
is observed, remove the bomb and reconnect it to the apparatus 
by means of the other valve. If a  leak is still apparent, replace 
w ith another weighed sample bomb.

I n t r o d u c t i o n '  o p  H y d r o c a r b o n s . E nter first th a t hydro­
carbon which will be present in the smallest am ount in the finished 
sample. The next 1 rgest component is then entered, e tc .; enter 
last th a t hydrocarbon present in the greatest am ount in the 
finished sample. (This order of entry  is followed in the prepara­
tion of samples containing C4 and Cs materials. I t  m ay prove 
desirable with lighter hydrocarbons to enter the components in 
the reverse order of their molecular weight, thus keeping the 
residual pressure after condensation to a minimum.)

Open to the system the expansion flask (or combination thereof) 
to be used for component A . Close all Hoke valves on t he bomb 
manifold except the one beneath the bomb containing component 
A . Evacuate the system and record the zero reading in the usual 
manner. T urn stopcocks 3 and 8 to by-pass the bombs. Close 
stopcock 1 and tu rn  stopcock 2 to  connect the bomb manifold to 
the system leading to the manometer. Carefully ojxm the valve 
on the bomb containing component A, allowing hydrocarbon to 
vaporize in to  the system until the appropriate pressure is ob- 
lained. Close the valve on the bomb. Adjust the mercury 
column in the left arm  of the manom eter to the 900-mm. reference 
mark and record the sample reading.

W ithdraw the mercury from the manometer until the total 
length (sum of readings in both arms) does no t exceed 950 mm. 
T urn  stopcock 8 to connect all arms. Add liquid nitrogen to the 
Dewar flask surrounding the sample bomb if necessary. After 
the m anom eter indicates no further condensation, turn  stopcock 8 
to by-pass the sample bomb.

The procedure to be followed a t this point depends upon the 
number of ent ries of this component which are to  be made.

Case I. .4 Single Entry. Usually a small am ount of hydro­
carbon will no t freeze into the sample bomb. The residuafpres- 
sure is due to phase equilibria a t  the surface of the cold hydro­

carbon in the sample bomb; it m ust be taken into consideration 
before accurate composition can be calculated on a weight basis.

Lower the mercury in the m anom eter as usual. Slowly raise a 
half-pint Dewar flask of liquid nitrogen around the freezing-out 
bulb, thereby condensing practically all residual hydrocarbon in 
the system. A fter condensation is complete as indicated by a 
steady manom eter reading, close olf all expansion flasks in use 
from the system. Lower the liquid nitrogen and replace it with a 
Ixiaker of warm water, vaporizing the hydrocarbon into the small 
glass manifold. As soon as the manometer indicates a pressure 
in the manifold greater than the residual pressure of the sample 
bomb, open stopcock 8 to all arm s and allow as much additional 
hydrocarbon as possible to freeze into t he sample bomb. When 
the m anom eter again indicates equilibrium, by-pass the sample 
bomb with stopcock 8, open all expansion flasks previously used, 
and, after adjusting the manometer level to the reference mark, 
record the zero reading after freezing.

The small am ount of hydrocarbon which yet remains in the 
system must be measured, in order that this correction may be 
applied to the loss in weight of the manifold bomb containing com­
ponent A.

Slowly raise a small Dewar flask containing liquid nitrogen 
around the freezing-out bulb and place a similar flask about the 
liquid nitrogen traps. T urn  stopcocks 2 and 3 to connect all 
arms. T urn on the vacuum pump and slowly open stopcock 1. 
All residual hydrocarbon will be caught in either the freezing-out 
bulb or the liquid nitrogen traps, while any inert material present 
in the system will be pumped out. I t  is essential to remove all 
traces of inert m atte r a t this point, as i t  greatly interferes with 
the subsequent freezing-out of the last traces of hydrocarbon in 
the system. After the m anom eter indicates th a t evacuation is 
complete, close off all expansion flasks in use and close stopcock 1.

Turn stopcock 2 to by-pass the bomb manifold. Remove the 
Dewar from around the liquid nitrogen traps and replace with a 
beaker of warm water. A fter all hydrocarbon has vaporized 
from the traps and condensed into the freezing-out bulb, turn 
stopcock 2 to connect the bomb manifold and the liquid nitrogen 
traps, thereby isolating all hydrocarbon in  the small glass mani­
fold leading to the ma lometer. (Because of vacuum inside the 
traps, heat is transferred slowly to  the inner tubes containing the 
hydrocarbon. Be certain all m aterial has vaporized from these 
tubes before turning stopcock 2.)

Remove the liquid nitrogen from around the freezing-out bulb 
and place it  around the freezing-out bomb, covering only about 
an inch of the bomb above the lower valve. Place a  beaker of 
warm w ater around the freezing-out bulb to vaporize hydrocarbon 
from the bulb to the bomb. W hen the transfer is complete, close

the upper bomb valve and, 
after by-passing the bomb 
with stopcock 3, disconnect it. 
Warm the bomb to room 
tem perature under tap  water, 
wash both its surface and 
ends w ith acetone, and re­
move any residual acetone in 
the ends with a vacuum 
pump. Wipe with a  clean 
cloth and weigh. Evacuate 
the contents with a  vacuum 
pump and reweigh.

Case II . More Than One 
E ntry. Im m edia te ly  after 
by-passing stopcock 8, adjust 
the mercury level to the refer­
ence mark, and record the 
zero reading after freezing.

Treat all subsequent entries 
except the last one exactly 
like the first entry, record­
ing only the sample read­
ing and zero reading after 
freez ing  fo r each  e n try . 
The residual pressure after 
condensation is not pumped 
out between successive ent ries 
o f a s in g le  c o m p o n e n t . 
Make all corrections upon 
the last entry. T reat the last 
en try  exactly as described in 
Case I.

R epeat the above pro­
cedure for each compo­
nent comprising the sam­
ple, evacuating the system 
between the entries with the
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sample bomb cut ofT from the system by means of stopcock 8. 
After the last component has entered the sample bomb, close the 
valve on the latter, remove the liquid nitrogen surrounding it, 
and disconnect it  from the apparatus. W arm to room tempera­
ture with tap  water, wash w ith acetone in the usual manner, and 
weigh.

C a l c u l a t i o n  o f  S a m p l e  C o m p o s i t i o n . Pressure Basis. The 
pressure, pi, of a  single entry of component A  with respect to  a 
given combination of expansion flasks is obtained by

Pi = sample reading — zero reading after freezing (9)
The to tal partial pressure, pa, of component A  w ith respect to 

t hat flask combination is simply the sum of the pressures of the 
individual entries of th a t component.

P a =  Pi +  Vi +  • ■ ■ +  P* (10)
The total partial pressure, P a, with respect to  the unit volume 

is calculated as

Pa =  Puli a (1 1 )

where lta is th a t ratio  listed in the table of ratios for the combina­
tion of flasks used for this component.

The mole percentage, Ca, of component A in the finished sample 
is then:

Ca =
100 Pa

Pa +  Pi, +  Pa +  Pn (12)

where Pb, P c, etc., are similarly calculated partial pressures of 
components B, C, etc.

Weight Basis. The to ta l weight of an individual component 
released into the system  is equal to  the loss in weight of the copper 
bomb containing th a t component before and after sample prepa­
ration. The weight actually' present in the sample, however, 
is the above value minus th a t found in the freezing-out bomb 
after removal of the residual hydrocarbon in the system.

Using the combined weight data, the mole percentage compo­
sition is calculated in the usual manner.

T Y P IC A L  S A M P L E S

Table I illustrates the accuracy' w ith which samples (50 liquid 
ml.) in the butane and pentane range may be prepared. All 
butanes and butenes, as well as the «-pentane, isopentane, and 1- 
pentene, were research grade m aterial purchased from Phillips 
Petroleum Company'.

C O M M E N T S

On the basis of the experience of this laboratory, it is estim ated 
th a t a 50-liquid ml. sample containing six components can be 
prepared, obtaining both weight and pressure data , in 8 man- 
hours. Although this appears to  be a considerable period, it  must 
be remembered th a t a 50-ml. volume perm its analysis of more 
than fifty infrared or mass spectrograph samples. Assuming th a t 
one check a day is made on these instrum ents, a single prepara­
tion would last approximately two months.

The time of preparation of large samples is greatly reduced if 
only pressure data  are obtained. Approximately 4 man-hours 
are required to prepare a sample of any composition since, under 
these circumstances, weighings arc unnecessary and the time 
necessary to freeze out the residual hydrocarbon of each com­
ponent is saved.

The usual practice in this laboratory, when introducing an 
operator to  these techniques, is to require him to prepare about 
four samples obtaining da ta  which perm it calculation of the com­
position on both a weight and pressure basis. A t the end of this 
period enough experience has been acquired to obtain accurate 
results on a pressure basis alone.

Occasionally a “spot” sample of definite composition is required 
in conjunction with the infrared work. A small six-component 
mixture may' be blended rapidly (less than  30 m inutes), substitu t­
ing the glass sample container shown in Figure 4 for the sample 
bomb. These samples are prepared on a pressure basis, using the 
glass manifold and the glass sample container (minus the cold 
finger) as the gas volume. Each component is frozen successively' 
into the cold finger and any inert m aterial removed with the 
pump exactly as described above.

Although the apparatus has been used only in conjunction 
with hydrocarbons, i t  is obviously applicable to  the preparation of 
any sample whose components are liquefiablc w ith liquid nitrogen.
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M ethod for Calcium-Sequestering Value of 
Phosphate W ater Conditioners

B. C H A F F O R D , FRED L E O N A R D 1, A N D  R. W. C U M M IN S, Westvaco Chlorine Products Corporation, Carteret, N. J.

COM PARATIVELY recently moleeularly dehydrated sodium 
phosphates have received considerable attention in the fields 

of water conditioning and detergency' because of their ability to 
sequester calcium, magnesium, and other m etal ions in soluble 
form such th a t these ions are not precipitated by' fa tty  acid and 
other radicals. Since the use of these phosphate w ater condi­
tioners depends primarily' upon this ability, i t  is becoming in­
creasingly im portant to  have available a precise analy'tieal 
method for its determination.

A number of investigators have studied the calcium-sequester­
ing properties of polyphosphates, bu t few d a ta  are available 
which may be used to ascertain the true worth of the analy'tieal 
methods cmploy'ed.

Huber (S) and W atzel (6) used a “residual hardness m ethod” 
in which the polyphosphate is added to  w ater of known calcium 
content and the excess calcium determined by' titration  with 
standard soap solution. Andress and W ust (I) preferred to  ti­
trate directly' w ith  standard  calcium chloride solution, the end 
point being m arked by' the appearance of a  white turbidity .

1 P re se n t ad d re ss . P o ly te c h n ic  I n s t i t u te  of B ro o k ly n , B ro o k ly n , N . Y .

They titra ted  0.4-gram samples a t pH  10.0 to  10.5 to a definite 
turb id ity  as measured w ith a Zeiss-Pulfrich photom eter and 
pointed ou t th a t the calcium values so obtained decrease w ith in­
creasing concentration and tem perature, b u t increase w ith in­
creasing pH . Chwala and M artina  (2) also titra ted  directly 
w ith calcium chloride, confirming the effect of pH  in a general 
way, and pointing ou t th a t sharper end points are obtained a t 
higher tem peratures.

Rudy, Schloesser, and W atzel (-5) noted th a t in the direct ti­
tration m ethod the pH  of the polyphosphate solution is progres­
sively' lowered by' calcium chloride addition and attem pted to 
eliminate this factor by keeping the pH  fairly constant by adding 
sodium hydroxide from time to  time during the titration . They' 
also measured the calcium sequestering power of poly'phosphates 
in the presence of precipitating anions such as oxalate and fatty  
acid radicals.

The present paper offers a tested  procedure for determining 
“calcium value” and presents d a ta  showing the effects of some of 
the more im portant variables. In the past, this property has 
been expressed in terms of grams of calcium sequestered by 1 
gram of sample. I t  is now proposed th a t calcium value be ex­
pressed as grams of calcium per 100 grams of sample— th a t is.
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A  photometric titration method (or precisely determines the ability 
of a molecularly dehydrated sodium phosphate to sequester calcium 
is described, and it is proposed that results be expressed as grams of 
calcium sequestered per 100 grams of sample. The effect of pH  
on results is marked and varies with the type of sample analyzed. 
A bility  to sequester calcium increases with decreasing concentra­
tion, but this is not marked enough to affect results using the recom­
mended sample size. The influence of variables suggests that the 
procedure be rigidly standardized and that departures from the 
standard conditions be indicated in presenting results. The method 
has a limit of uncertainty of ± 0 .4  for sodium Inpolyphosphate hav­
ing an average "calcium value" of 10.4. Duplication of results is 
usually excellent.

the per cent calcium sequestered by the m aterial on the basis 
of the original sample. Thus, a  calcium value formerly 
w ritten as 0.127 becomes 12.7 (grams of calcium per 100 grams of 
sample), providing a simpler and more readable number and 
affording a  be tter basis for comparing different values.

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

The only reagents required are approxim ately 0.1 Ar sodium 
hydroxide and standard  calcium chloride solutions. T he sodium 
hydroxide solution is prepared carbonate-free w ithout the addi­
tion of barium  hydroxide; this is conveniently done by diluting 
a  clarified 50%  solution of analytical grade sodium hydroxide with 
boiled distilled water. The standard  calcium chloride solution is 
prepared by dissolving 7.00 grams of pure calcium chloride (Bak­
er’s c . p . anhydrous, lump, for reagent use) in 1 liter of distilled 
w ater to give a neutral solution containing about 0.25 gram of' 
calcium per 100 ml. The calcium chloride solution is conveni­
ently standardized by the well-known precipitation of calcium 
oxalate and subsequent titra tion  w ith potassium perm anganate. 
However, use of the specified grade of calcium chloride perm its 
standardization by simply titra ting  the chloride present: D upli­
cate 25-ml. aliquots are titra ted  in the presence of 1 ml. of 5% 
aqueous potassium chrom ate to a  salmon end point w ith standard
0.1 N  silver n itrate. Two solutions analyzing 0.252 and 0.236 
gram of calcium per 100 ml. by the oxalate-perm anganate method 
gave values of 0.251 and 0.236, respectively, by the silver n itra te  
titra tion  method.

A filter photom eter employing a 40 X 40 X 60 mm. optical 
cell is used to locate the end point of the calcium chloride ti tra ­
tion. An Eim er and Amend photoelectric colorimeter, consist­
ing of a pair of electrically opposed barrier layer type photocells 
whose balance is ascertained by means of a W heatstone bridge, 
was used in the present work. This particular instrum ent is no 
longer.on the m arket, b u t any fairly stable spcctro-or filterphotom - 
eter measuring light transm ittance through a  cell of approxi­
m ately the indicated dimensions should be equally satisfactory 
provided there is enough space available to  position a stirrer and 
titra ting  buret over the cell. Also necessary is a glass electrode 
pH m eter to adjust the pH  of the sample solution before titra tion . 
The Beckman pH  m eter, Laboratory Model G, was used through­
out the present work. The assembly of appara tus is completed 
by a  m otor-driven stirrer consisting simply of a 15-cm. length of 
6-mm. Pyrex glass rod slightly flattened a t  the lower end, a 50- 
ml. buret with offset delivery tube, and a square yard  of light 
weight black cloth.

P R O C E D U R E

Dissolve a 4.000-gram sample and dilute to  exactly 2.50 ml. 
w ith distilled water. After thorough mixing, if the solution is 
turbid, allow the insoluble m atter to  settle ou t or filter through a 
d ry  No. 42 W hatm an paper into a dry vessel. P ipet 25 ml. of 
the clear solution into the 40 X 40 X 60 mm. optical cell, dilute 
to about 45 ml., and ad just the pH  to 10.0 by dropwise addition 
of 0.1 N  sodium hydroxide, using the pH  m eter and ordinary 
glass electrode and om itting the correction for sodium-ion con­
centration. A fter rinsing the electrode assembly into the optical 
cell, d ilute the solution to about 55 ml., conveniently determined 
by previously calibrating the cell. Place the optical cell in the 

hotoelectrie colorimeter and insert the glass stirrer in the right- 
and corner of the cell nearest the light source. Place the t i tra t­

ing buret in position and completely hood the optical cell and ad­
jacent sections of the apparatus w ith the black cloth. Adjust 
the colorimeter to read 100%  transm ittance w ith the stirrer on, 
using W ratten  filter H No. 45 in the Eim er and Amend instru­
m ent, or any available deep blue filter in a similar instrum ent.

T itra te  w ith the standard  calcium chloride solution until a 
sharp decrease in transm ittance is obtained, taking a t least three 
readings a t  0.5-ml. intervals after the end point. For samples 
having calcium values of 9.0 or higher, it is advantageous to add 
about 14 ml. of ti tra n t before making a  reading. Readings a t  1- 
ml. intervals should then be taken until the end point is reached, 
when the intervals should be cu t to 0.5 ml.

The calcium value of the sample, expressed as grams of calcium 
sequestered by 100 grams of sample, is obtained by plotting the 
observed transm ittance readings against the corresponding milli­
liters of ti tra n t added and drawing the best stra igh t lines through 
the points before and after the break. The intersection of these 
lines gives the milliliters of calcium chloride required by the fol­
lowing calculation:

Calcium value =  (ml. of CaCl2) (grams of C a/100 ml.) (2.5)

Often during a  titra tion  small changes in transm ittance will oc­
cur due to fluctuations in fine voltage, etc. If such a change is 
followed by essentially constant readings, it should be attributed 
to a change in the 100%  transm ittance setting and the prior read­
ings disregarded in drawing the stra igh t line through the plotted 
data.

E X P E R IM E N T A L  W O R K

D e v e l o p m e n t  o f  M e t h o d . T he direct titra tion  with stand­
ard calcium chloride was chosen as representing the simplest and 
most rapid method for determining calcium value. Before the 
procedure described above had been developed, and following the 
general technique of previous investigators, 0.4-gram polyphos­
phate samples dissolved in 25 ml. of distilled w ater and adjusted 
to pH 10.1 to 10.3 were titra ted  wit h 0.06 M  calcium chloride to 
the first appearance of a turbidity. The end point was observed 
visually, a flashlight beam being directed through the titration 
cell to increase sensitivity. R ather extensive testing of the pre­
cision of this procedure, using different analysts, indicated that 
while fair duplication of results was usually obtained a t any given 
time, visual location of the end point is unreliable because of 
inability of the analyst to duplicate his previous day ’s values. 
T he situation is also complicated by the occasional appearance 
of a slight turbidity  before the true  end point and by the vary­
ing behavior of different types of samples. Accordingly, it was 
considered advisable to locate the end point photom etrically if a 
precise method were to  be developed.

I N E E R I N G  C H E M I S T R Y  Vol. 18, No. 7

Figure 1. Effect of Initial pH  on Calcium Values of Various 
Polyphosphates
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Photom etric titra tions 011 different samples were carried out 
by dissolving 0.4 gram of sample in 50 ml. of distilled w ater anti 
adjusting the p l l  to 10.0. T his solution was placed in the 40 X 
40 X 60 mm. optical cell in the path  of the light beam in the Eimer 
and Amend colorimeter. A m otor-driven stirrer, consisting of a 
straight glass rod flattened at the lower end, was inserted in the 
solution, and the light- transm ittance adjusted to read 100%. 
Standard calcium chloride solution was then added, the transm it­
tance being determined a t  intervals during titration .

The results obtained m ade it clear th a t in the m ajority of cases 
the transm ittance rem ains a t or near 100%  until the end point is 
reached and then decreases linearly with added titran t. This 
enables the analyst to draw straigh t lines through the plotted 
points after the break as well as through those before the break, 
and to take their intersection as the end point. This procedure 
would appear to be more valid than  titra ting  to a definite measur­
able turbidity , which is obviously beyond the true  end point. 
Furthermore, the straight lines drawn through the plotted points 
after the break have been found to  have differing slopes, indicat­
ing th a t titra ting  to any given turbid ity  would give values vary­
ing by different am ounts from the true end point.

The choice of light filter to  use in the colorimeter should not af­
fect the determ ination greatly, since the colorimeter is used only 
to find the end point. However, a num ber of W ratten  gelatin 
filters were tested, and filters H  No. 45 and C5 No. 47, both 
transm itting deep blue light, were found to  give the greatest 
change in transm ittance for a given unit of turbidity. F ilter H 
No. 45 was arbitrarily  chosen for the present method. Use of a 
deep blue filter has the advantage th a t in the graphical calcula­
tion involved, the intersecting lines are more nearly a t right angles 
than if a  less sensitive filter were used.

It was thought th a t the position of the glass stirrer in the opti­
cal cell might have some effect on the results obtained, since the 
stirrer m ust be placed a t  least partially in the light beam because 
of the dimensions involved. A few tests  indicated th a t small 
changes in position do not affect the relativity  of the transm it­
tance readings, and if the stirrer is left in the same position during 
a determination, no interference is encountered. I t  was dis­
covered, however, th a t extraneous light might cause considerable 
error, especially when light conditions are changing. To nullify

Table I. Effect of pH  on Calcium Values of Various Polyphosphates

this effect the optical cell and adjacent portions of the apparatus 
were shrouded with black cloth.

The effects of titra tion  tim e and time lapse between calcium 
chloride addition and transm ittance measurem ent were also 
tested. In the one case, varying the tim e required to complete 
the titration from 2 to 8 minutes gave four calcium values of
11.0 for a sample of sodium tripolyphosphate. In  the other, 
varying the time interval between calcium chloride addition and 
transm ittance measurement from 10 to  60 seconds gave values 
having a to tal calcium value range of 0.2. Small changes in 
tem perature were also found to be relatively unim portant. A 
series of titrations in which the initial tem perature varied from 
20° to 30° C. gave calcium values ranging from 11.1 to  10.9 for 
the above sample of sodium tripolyphosphate.

E f f e c t  o f  pH. The previously cited work of other investiga­
tors and early unpublished da ta  obtained in this laboratory by the 
visual end point calcium value titra tion  method had definitely 
shown th a t pH  is an im portant variable in the determ ination of 
calcium value.

In order to determine the effect of pH  on the present method, 
the calcium values of various types of polyphosphates were de­
term ined after adjustm ent of the sample solutions to different pH 
levels. Also, since pH  had been found to  decrease during a titra- 
t.ion w ith calcium chloride, the end point- pH  values were deter­
mined on separate aliquots to  which the am ount of ti tra n t re­
quired to reach the end point had been added. Three samples of 
commercial sodium tripolyphosphate, two samples of commercial 
sodium “ tetraphosphate” , one sample of commercial anhydrous 
tetrasodium pyrophosphate, and one sample of glassy sodium 
m etaphosphate were tested as being representative of the types 
of material employed in w ater conditioning. The m etaphosphate 
was prepared by fusing about 25-gram lots of c . p . monosodium 
orthophosphate in a platinum  crucible a t  700° to  800° C. for one 
hour and quenching the hot crucible in ice w ater after ro tating  to  
obtain a thin film of melt on its  inside surface. The results ob­
tained are shown in Table I, and the initial pH values are plotted 
against calcium value in Figure 1. Uncorrected pH  values ob­
tained w ith a  glass electrode are used throughout.

S am ple

Sodium  tr ip o ly p h o s -  
p lm te , sam p le  A

S odium  trip o ly p lio s- 
p h a te , sam p le  B

S odium  trip o ly p lio s- 
p n a tc , sam p le  C

T e traso d iu m  
p h o sp h a te , 
pie D

P . v r o -
sa in -

C alc ium p H C alc ium p H
V alue In it ia l F in a l S am ple V alue In it ia l F in a l

9 .7 9 .21 8 .3 0 S o d iu m  “ te t r a ­ 10 .3 8 .9 9 8 .0 0
9 .7 1 0 .0 0 9 .4 0 p h o s p h a te ” . 1 6 .2 10 .02 8 .4 5
9 .8 10 .30 9 .8 0 sam p le  E 16 .5 10.25 8 .6 5
9 .7 10 .08 10 .2 2 16 .7 10 .5 0 9 . 15
9 .8 10 .7 9 10 .55 16 .7 10 .7 5 9 .9 0
9 .7 11 .0 0 10 .80 1 6 .7 11 .0 0 10.41

1 1 .2 11 .25 11.01 16 .5 11 .5 0 11 .3 5
1 0 .9 11 .50 11 .32 1 8 .0 12 .00 11 .9 9
11.1 11 .77 11 .6 0

10 .2 9 .2 8 8 .4 0 S od ium  " te t r a ­ 9 .8 7 .51 6 .3 9
10 .3 10 .00 9 .5 0 p h o s p h a te ” , 9 .0 9 .0 1 8 .4 2
1 0 .3 10 .3 6 10 .0 0 sam p le  F 1 1 .7 10 .0 0 9 .2 5
1 0 .0 10.64 10 .42 1 1 .6 10 .29 9 .5 5
1 0 .3 10 .79 10 .60 1 2 .5 1 0 .5 6 9 .7 8
11.1 1 1 .1 0 10 .9 0 ' 1 6 .6 1 0 .7 5 9 .2 0
12 0 1 1 .3 0 11.11 18 .9 11 .0 2 9 .81
12 .7 1 1 .5 0 1 1 .3 5 1 8 .9 11.31 10 .92
1 2 .4 11 .78 11 .62 1 9 .6 11 .7 5 1 1 .5 8

1 0 .9 9 .7 0 8 .8 1 S o d iu m  m e ta ­ 1 4 .3 5 .6 8 4 .2 5
1 0 .8 10 .0 5 9 .2 2 p h o sp h a te 1 4 .4 9 .0 2 7 .2 5
10 .9 10 .30 9 .8 7 glass, sam p le  G 1 4 .5 10 .0 9 7 .8 0
1 0 .9 10 .5 3 10 .1 9 1 4 .8 1 0 .3 2 7 .9 2
1 1 .6 10 .7 8 10 .49 1 5 .0 1 0 .5 0 8 .21
1 1 .6 11.01 1 0 .7 0 1 5 .0 10 .7 9 8 .3 0
1 1 .7 11 .2 8 1 1 .0 5 1 5 .4 11 .0 2 9 .3 5
1 1 .7 11 .5 0 11 .2 2 1 6 .0 11 .2 9 9 .5 0

1 6 .7 1 1 .5 0 9 .5 0

4 .9 1 0 .3 0 10 .19
4 .7 1 0 .5 0 10 .3 9
4 .9 10 .8 0 10 .71
4 .9 1 1 .1 9 11 .11
4 .9 1 1 .3 0 1 1 .2 2
4 .9 1 1 .5 0 1 1 .4 5
4 .7 11 .7 5 11 .71
4 .4 1 2 .0 0 11 .99

Inspection of Figure 1 reveals th a t determined calcium value is 
affected by the pH to which the sample solution is initially ad­
justed in a m arked and variable manner. For sodium tripoly­
phosphate, the calcium value appears to  be fairly constant up to a 

pH of 10.5 to  11.5, in which range a 
reasonably sharp increase in calcium 
value occurs. The break does no t seem 
to  be limited to  a  very narrow pH range. 
The sodium “ tetraphosphate” samples 
both show remarkable increases in cal­
cium value a t ra ther different pH  levels. 
The calcium values of the tetrasodium  
pyrophosphate and glassy m etaphos­
phate samples are more constant, the 
la tte r showing a fairly slow increase with 
increasing pH.

These findings indicate th a t for sodium 
tripolyphosphate, a t least, the proce­
dure of adjusting to pH 10.0 gives cal­
cium values in a pH region where pH 
has little effect. T he flat portions of 
the calcium value-pH  curves for tr i­
polyphosphate are not in agreement 
with results obtained by titra ting  to 
the first visual appearance of a turbidity, 
or by titra ting  to  a given instrum ental 
turbidity. The la tte r procedures usually 
give a steady increase in calcium value 
w ith increasing pH, and the present flat 
curves are probably the result of the 
improved method of locating the end 
point. The variability of the calcium 
value-pH  data  shown illustrates th a t use 
of the initial pH value of 10.0 is more or
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less arbitrary, and th a t no given initial pH  will result in calcium 
values adequately comparing various types of polyphosphates. 
The calcium value of a given polyphosphate obviously has little 
meaning unless accompanied by a  statem ent of the pH  a t  which 
it was determined. In cases where the calcium value-pH  be­
havior is unknown, maximum information is gleaned only from a 
calcium value-pH  curve of the type shown in Figure 1.

Figure 2. Effect of Sample Size (Concentra­
tion) on Calcium Values of Several Polyphos­

phates

D uring the development of the present method for calcium 
value, a  few determ inations were made using a  calcium chloride 
solution th a t had been adjusted to  pH  10.0 in an a ttem p t to elim­
inate the difference between “initial”  and “end point” pH  values. 
However, owing to  the difficulty of maintaining the unbuffered 
reagent a t pH  10.0 and because the pH was not constant during 
titra tion  in any case, it was decided to  eliminate this feature in 
the interest of simplicity.

E f f e c t  o f  S a m p l e  S i z e . Andress and W iist ( /)  have shown 
th a t the calcium value of sodium tripolyphosphate decreases 
with increasing concentration in the range 3 to  35 gram s per liter, 
the greatest decrease occurring a t about 10 to 15 grams per liter. 
Chwala and M artina (2) observed the same general effect for 
various polyphosphates. The effect of varying sam ple size on tin: 
present method was determined for commercial sodium tripoly­
phosphate, sodium “ tetraphosphate”, tetrasodium  pyrophos­
phate, and laboratory prepared glassy sodium metaphosphate. 
The pyrophosphate and one of the “ tetraphosphate” samples used 
in the pH study were employed. A different laboratory batch of 
glassy m etaphosphate and a  different sample of commercial 
tripolyphosphate were used. The calcium values obtaimed for 
different sample sizes of these m aterials by the present method 
arc shown in Table I I  and plotted against sample size in Figure 2. 
Since the method specifies a volume of about 55 ml. a t the s ta rt 
of the titra tion  and since about 15 to  20 ml. of titran t m ay be 
added, the final concentration using a 0.4-gram sample corre­
sponds to  about 5.5 grams per liter in the method as written.

Figure 2 confirms the general effect of concentration on calcium 
value noted by other investigators. The curves are fairly flat 
a t  a sample-size of 0.4 gram, indicating th a t sam ple size should 
not affect the precision of the method greatly. The steepest

curve in this concentration range is found for tetrasodium  pyro­
phosphate; a  sample size difference of 0.1 gram in this case would 
give a  difference in calcium value of about 0.5.

P r e c i s i o n . The precision of the present method for calcium 
value has been found to vary somewhat, depending on the type 
of sample being examined. In order to  tes t precision, ten de­
term inations were made by a  single experienced analyst on a 
sample of sodium tripolyphosphate. T reatm ent of the data 
(shown in Table I I I)  as outlined by M oran (4) gives an LU , of 
±0.4 against an average calcium value of 10.4. LJJ\ is the sym­
bol for the limit of uncertainty of the method under the best con­
ditions. For d a ta  which are statistically normal, this LU\ im­
plies th a t a single determ ination has 997 chances out of 1000 of 
being within 0.4 unit of the average calcium value.

On m any samples, duplicate determ inations check somewhat 
better than  might be indicated by the above precision. For in­
stance, in determining the calcium values of various polyphos­
phate mixtures, eight sets of duplicate determ inations gave an 
average difference between duplicates of only 0.05. In  other 
cases, where the end point is not so well defined, duplicate deter­
minations m ay vary by as much as 0.4. In  general, the method 
has been found 'capable of precise results on m ost of the m aterials 
tested.

C O N C L U S IO N S

The calcium-sequestering ability of sodium polyphosphate 
water conditioners can be determined w ith good precision by ti­
tration with standard calcium chloride solution, using a filter 
photom eter and graphical com putation to ascertain the point 
at. which a precipitate first begins to form. Results should be 
expressed as gram s of calcium sequestered by 100 grams of sam­
ple. Increasing concentration decreases calcium value, bu t 
small differences in sample size do not greatly influence the pre­
cision of the method. Calcium values of different polyphos­
phates are affected in a m arked and variable m anner by the pH 
level to which the sample solution is adjusted before titrating. 
The precision of the method, in term s of lim it of uncertainty under 
the best conditions, was found to  be ±0.4  for sodium tripoly- 
phosphate having a  calcium value of 10.4. Precision varies, de­
pending on the type of sample and conditions of determ ination.

Since the calcium value of phosphate w ater conditioners varies

Table II. Effect of Sample Size on Calcium Values of Various 
Polyphosphates

S am p le

S am p le  size , g ram s 
A p p ro x im a te  c o n c e n tra tio n , 

g ram s p e r  l i te r  
S o d iu m  tr ip o ly p h o s p h a te  s a m ­

p le  H
T e tra s o d iu m  p y ro p h o s p h a te , 

sam p le  D 
S o d iu m  “ te tra p h o s p h a te ” , 

sam p le  E  
S o d iu m  m e ta p h o s p h a te  g lass, 

s a m p le  I

Table IN. Precision of Method for Calcium Value

0 .1 0 0

C a lc iu m  V alue  

0 .2 0 0  0 .4 0 0  0 .8 0 0 1 .000

1 .4 2 .8 5 .5 11.0 1 3 .8

J 1 .7 10 .9 1 0 .6 9 .2 9 .9

8 .0 6 .2 4 .8 3 .7 3 .0

13.1 1 5 .8 1 6 .1 15.-4 16 .1

1 5 .3 1 4 .9 1 4 .5 1 4 .3 1 3 .9

C a lc iu m  V alue D e v ia tio n (D ev ia tio n )*

10 .2 7 0 .1 7 0 .0 2 8 9
10 .32 0 .1 2 0 .0 1 4 4
10 .3 9 0 .0 5 0 .0 0 2 5
10 .32 0 .1 0 0 .0 1 0 0
10 .59 0 .1 5 0 .0 2 2 5
1 0 .4 9 0 .0 5 0 .0 0 2 5
10 .49 0 .0 5 0 .0 0 2 5
10 .52 0 .0 8 0 .0 0 6 4
10.61 0 .1 7 0 .0 2 8 9
10 .3 9 0 .0 5 0 .0 0 2 5

A v erage 10 .4 4
A v erag e  d ev ia tio n 0 .1 0
S ta n d a rd  d e v ia tio n . a 0 .1 1
L  U i, 3<r/0.923 
R an g e , 10 .61-10 .27

* 0 .3 6
0 .3 4
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with such factors as pH and concentration, the conditions of the 
determ ination m ust be rigidly standardized, and any departure 
from these conditions should be noted in expressing results. The 
calcium value obtained m ay have little connection with water- 
softening power under conditions of use other than  those of the 
method. Where performance under conditions of actual use is 
required, the method m ay be modified, bu t only w ith the under­
standing th a t the resulting data  cannot be compared directly 
with data  obtained by using the method as written.
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Radioactive Studies
A n a ly tica l Procedure for Measurement of Radioactive A rse n ic  

of 9 0 -D a y  H a lf-L ife ’
F. C. H E N R IQ U E S , JR.2, a n d  C H A R L E S  M A R G N E T T P  

Harvard University Chemical Laboratories and Medical School, Cambridge and Boston, Mass.

A  procedure for the quantitative radioactive analysis of arsenic 
of 90-day half-life depends upon the isolation of arsenic metal by 
redaction with hypophosphite, collection on a Selas filter plate, and 
measurement of the activity inside the chamber of a Lauritzen elec­
troscope. The utilization of 90-day arsenic rather than the 16-day 
isotope extends considerably the duration of experimentation fol­
lowing cyclotron bombardment.

DU RIN G  the course of investigations utilizing 16-day As71 as 
a tracer, it was found th a t an appreciable am ount of radio­

activity due to  90-day arsenic is also present, This long-lived 
arsenic (2) is known to be either As72 or As73. I t  disintegrates 
into Ge72’73 by the capture of a K-shell electron and the emission 
of a gamma-ray of about 0.05 Mcv. Through photon absorption, 
this gamma-ray m ay result in the ejection of either a Iv- or L-shell 
electron surrounding the germanium nucleus. Such electrons are 
known as internal conversion electrons and in the case of 90-dav 
arsenic the process is highly efficient. A special procedure has 
been worked out for the detection of these low energy (approxi­
mately 0.05 Mev.) electrons.

Both the 16- and 90-day arsenic isotopes are formed by the 
deuteron bom bardm ent of germanium. On the basis of a 10- 
hour bom bardm ent by the M .I.T . cyclotron of Ge and the addi­
tion of 50 mg. of carrier As75 for separation purposes, it was pos­
sible w ith As74 to  detect 0.005 microgram and make quantitative 
radioactive analyses to a 0.1 microgram of arsenic for a period of 
only 10 to  12, weeks. The procedure described for the detection 
of the 90-day isotope produced by th e  same bom bardm ent ex­
tended these analyses to a period of about one year.

D E T E C T IO N  A P P A R A T U S

Although the usual thin-walled cylindrical Geiger counter (/) 
or the thin mica window helium-filled bell-type counter (5) is 
satisfactory for detection of the 16-day isotope, it is not satisfac­
tory for detection of the internal conversion electron em itted by 
the 90-day isotope. This is due to  the large fraction of these soft 
electrons th a t are absorbed by either the window or wall of the 
above counters. Since it has not as yet proved feasible to make 
routine radioactive analysis to  better than  15% accuracy by 
placing samples inside counters, recourse is taken to the use of 
the modified Lauritzen electroscope (4).

As in the case of S35, the arsenic samples are placed inside the

1 S econd  a r t ic le  on s u b je c t,  " R a d io a c tiv e  S tu d ie s” . T h e  firs t a p p e a red  
on page  349, J u n e  15 issue . S ucceed ing  p a p e rs  a p p e a r  on  pages 417 a n d  
420. T h e  fifth  p a p e r  w ill a p p e a r  in  a  la te r  issue.

- P re se n t ad d re ss , R a d ia tio n  L a b o ra to ry , U n iv e rs ity  of C alifo rn ia , 
B erke ley , C alif.

4 P re s e n t ad d re ss , M a s sa c h u s e tts  D e p a r tm e n t  of P u b lic  S a fe ty , B o s to n , 
M ass.

electroscope chamber. In  view of the low energy, nearly all the 
ionization resulting from inelastic collision of the electron with 
air molecules takes place in the chamber. This is the reason for 
the much greater sensitivity of the modified electroscope over 
the thin mica window counters in this particular case. The situa­
tion is reversed with the 16-day arsenic isotope, because of the 
high energy of the em itted particles. Thus, during the early 
period following the cyclotron bombardment, the concentration 
of the 16-day isotope is relatively high and the Geiger counter has 
a greater sensitivity as compared to  background than  the modi­
fied electroscope. This is of little im port, however, since during 
this interval the specific radioactivity is also high.

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

The radioactive determ ination is made on finely divided ar­
senic metal. Arsenic in either the + 3  or + 5  state  of oxidation is 
quantitatively reduced to  arsenic m etal by alkali hypophosphites 
in strong hydrochloric acid solutions. The procedure on a micro 
scale was developed by Polyakov and Kolokolov (3). One pro­
cedure for obtaining the arsenic initially in the form of arsenate, 
which is well suited for biological investigations, is to oxidize the 
sample containing the arsenic by the Carius method. Sufficient 
nonradioactive (carrier) arsenic is added in the form of H2AsO(~ 
to produce 4 mg. as arsenic metal.

The Carius solution containing 4.0 mg. of arsenic as H2A s04" 
is transferred to  a 25-cc. beaker and evaporated to  dryness to  re­
move the nitric acid. The residue is taken up in 3 cc. of water 
and 0.1 to  0.2 gram of sodium hypophosphite is added, followed 
by about 10 to 15 cc. of 7 A7 hydrochloric acid. The solution is 
then heated on a hot plate until the clearing of the supernatant 
layer (30 to 45 minutes) signifies th a t the precipitation is com­
plete.

3Mm |

Tr 5
¡6-! I6.5MM *j

- 2 2 M M - I jL
2MM

~*lT
Figure 1. Cross Sections of Filter Cruci­
bles Prepared from Selas Crucible 2001

Effective filtering area, 2 .15  jq . cm.

The arsenic precipitate is collected in a manner similar to  tha t 
used for benzidine sulfate in the radioactive sulfur work (4), ex­
cept th a t a  Selas filter disk (Selas Co., Philadelphia, Pa.) is sub­
stitu ted  for the filter paper. The finely divided state of the ar­
senic m etal necessitates the use of these filter disks, which are 
prepared by cutting off the top of a Selas filter crucible No. 2001. 
After the filtering areas are immersed in paraffin for protective 
purposes, the disks are ground to  identical size as indicated in 
Figure 1. The paraffin is then removed with hot ligroin.
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Tabic I. Radioactivity Measurements as a Function of 90-Day Arsenic Content of hfaAsO« Using Modified Lauritren Electroscope
(D ilu t io n  ex p e rim en ts .

R a d io a c t iv e  
A rsen ic  

C o n c e n tra tio n , C i

C o n c e n tra tio n  of le a s t  a c tiv e  sa m p le  is ta k e n  as  u n ity . R a d io a c t iv ity  m e asu re m e n ts  a re  ex p ressed  a s  ra t io  of n e t  a c t iv i ty  to
a v e ra g e  b a c k g ro u n d .)

R a d io a c tiv e  M ea su re m e n ts
O bse rved , 

Ri
250

200

125

100

50

25

20

Av.

A v.

A v.

A v.

Av.

Av.

A v.

181
182
182

145
145
145

9 0 .2  
9 0 .6
9 0 .4

7 3 .8
7 2 .5
7 3 .2

3 5 .0
3 6 .8
3 5 .9

1 7 .5
1 8 .2
1 7 .9

1 4 .6
15 .1
1 4 .9

E x p e c te d " ,
R i

181

145

7 2 .5

3 6 .3

1 4 .5

A verage
D ev ia tio n ,%

0 .3

0.0

0 . 2

0 .9

1. 1

1 .4

R a d io a c tiv e  
A rsen ic  

C o n c e n tra tio n , C i

1 2 .5

R a d io a c tiv e  M easu re m e n ts
O bse rved , 

R i
E x p e c ted " , 

R i

10

2 .5

A v.

A v.

9 .2 7  
9 .1 4  
9 .2 1

7 .2 8  
7 .1 2

A v . 7 .2 0

3 .4 3  
3 .5 9  
3 .5 1

1 .7 8
1 .6 5
1 .7 2

1 .4 9
1 .5 6
1 .5 3

0 .7 0
0 .6 4
0 .6 7

Av.

A v.

Av.

7 .2 5

3 .6 3

1 .81

1 .45

0 .7 3

A verage
D ev ia tio n .

%
1.6

0 .7

3 .3

5 .3

5 .2

8 .3

R i T h is  e q u a tio n  expresses th e  f a c t  t h a t  theC jZ (R i /C i) log  Ci 
2  log  Ci

a c c u ra c y  of m e a su re m e n t in c reases  so m e w h a t w ith  c o n c e n tra t io n  of rad io - 
ac tiv itj* .

After the arsenic m etal is collected on these disks, it is well 
washed with a  hot reducing solution of 1% sodium hypophosphite 
in 7 N  hydrochloric acid followed by absolute ethyl alcohol. 
Until ready for measurement these disks are kept in a vacuum 
desiccator.

The radioactive determ ination is now made by placing the 
disk containing the arsenic precipitate inside the electroscope 
chamber by means of the sliding bar device previously described
(4). After the sample is measured, the arsenic is removed by the 
reverse flow of hot nitric acid. Alkaline oxidizing agents are to 
be avoided because of their injurious action on the porous plate.

Since the very low energies of the em itted electrons result in 
considerable self-absorption, uniformity of the thickness of pre­
cipitate over the filter disk area is especially im portant in quanti­
tative work. Before preparing the disks, the Selas crucibles are 
selected with this in mind; visual observation of uniformity of 
precipitate suffices and about 70% of these crucibles pass inspec­
tion.

Although the hypophosphite reduction is quantitative (3), it 
cannot bo used for gravimetric analysis, since arsenic m etal forms 
an oxide film in moist air. The resulting increase in weight is 
consistently less than  '2% if the procedure described above is 
strictly followed. This variation in the weight results in a maxi­
mum uncertainty of only 0.4%  in the radioactive measurements of 
arsenic precipitates weighing about 4.0 mg. or 1.86 mg. per sq. 
cm. (Computed from Equation 2.)

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

T he accuracy of the analytical procedure was evaluated by the 
progressive; dilution of the radioactivity, through the addition of 
known amounts of inactive arsenate ion to an arsenate solution 
containing 90-day arsenic. Each arsenate solution tha t was sub­
jected to  analysis contained 0.0552 millimole of arsenic (4.0 mg. 
as arsenic metal). As in the case of S35 (4), the data  are pre­
sented in the term s of the following ratio:

(d/t). -  (d /t)b
(d/t) 6 . '

where d is the distance traversed by the electroscope fiber in tim e f, 
s indicates the radioactive sample, b denotes background, and

( d / t ) b  is the average background rate of fiber discharge. The 
usual distance traversed by the electroscope fiber during meas­
urem ents is 10 small divisions.

D uplicate experimental determ inations are presented in Table
I. The concentration of the 90-day arsenic present in the least 
active sample is arbitrarily taken as unity.

The data  indicate th a t radioactive analysis to  2%  can be made 
on all arsenic samples containing activity  greater than about 5 
times background by the procedure given above.

S E L F -A B S O R P T IO N  O F  E L E C T R O N S  B Y  A R S E N IC  M E T A L  P R E C IP IT A T E

U nfortunately it  is not possible to  prepare, as was done for 
radioactive sulfur (4), a  correction table for self-absorption of 
radioarsenic th a t is nonvarient in time. This is due to the time- 
dependent ratio of 16-day arsenic to 90-day arsenic. This is not 
a  serious lim itation, since in most chemical and biological experi­
ments involving the use of radioarsenic, the weight of the metal 
precipitate can be predetermined by the addition of carrier in the 
form of nonradioactivc arsenate. If the weight of arsenic metal 
precipitate cannot be predetermined, it is necessary to have on 
hand standards of different known weights of precipitate con­
taining equal radioactivity; this activity  m ust of course result 
from the same bom bardm ent as the radioarsenic being analyzed.

I t  is found th a t 4 to  10 mg. (1.86 to 4.65 mg. per sq. cm.) 
of arsenic give a  uniform distribution of m etal precipitate on Selas 
plate. This weight should be kept minimal 111 view of the high 
self-absorption.

After about 100 days following cyclotron bombardment, the 
effective concentrat ion of 16-day radioarsenic is small as compared 
to 90-slay arsenic. Thus from this time on, it would be possible 
to use a  weight correction table for self-absorption. D ata  for 
this table have been obtained but are not. given here in detail. 
To within 4%, these data  follow the following equation (4):

1 =  ~  (1 -  ,■ (2)

I  is the measured radioactivity, A is a constant, d  is the thick­
ness of precipitate in mg. per sq. cm., and « is an exponential ab­
sorption coefficient of numerical value equal to 0.79 sq. cm. per
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mg. of arsenic m etal precipitate. Self-absorption is more than 
80% complete for a precipitate heavier than  5 mg. per sq. cm. 
and is equal to  22%  for a precipitate of about 2 mg. per sq. cm.

A C K N O W L E D G M E N T
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A n a lytica l M ethod for Determination of Lo n g-L ife  Carbon C
F. C. H E N R IQ U E S , JR.1, a n d  C H A R L E S  M A R G N E T T I2 

Harvard University Chemical Laboratories and Medical School, Cambridge and Boston, Mass.

A  detailed quantitative procedure for the measurement of radio­
activity due to long-life C 14 incorporated into organic compounds 
is described and evaluated. The method is based on the insertion 
of carbon dioxide gas into a quartz ionization chamber attached to 
a Lauritzen electroscope. The assemblage of this detection ap­
paratus is described in detail. The method is especially suitable to 
biological work, since it will measure 3 X  1 0 ~ ‘ microcurie of C 1* 
diluted with as much as 20 millimoles of ordinary carbon.

RA DIOACTIVE carbon C 14 of half-life greater than  1000 
years is certainly the most valuable of all the radioactive 

elements for general tracer work. I t  is usually prepared by the 
neutron bom bardm ent of the N 14 present, in ammonium nitrate. 
Radioactive carbon is present in  the form of carbon monoxide 
and carbon dioxide and is ultim ately collected as barium car­
bonate (8). Because of the low yield of the N 14 (n, p) C 14 reac­
tion, the production of appreciable quantities of C 14 of high 
specific activity  by cyclotron bom bardm ent is very costly. How­
ever, the utilization of the neutron sources which are now 
available through the construction of uranium piles will make C 11 
more plentiful.

Ammonium nitrate, subjected to  neutron bom bardm ent by the 
M .I.T . cyclotron staff, was the authors’ source of long-life carbon.

Long-life carbon disintegrates into N 14 by the emission of a 
beta-particle of maximum energy of about 0.14 Mev. (8). Ruben 
and Kamen (<?) have outlined a  procedure for the radioactive 
analysis of C 14, which depends upon the isolation and precipita­
tion of the activity  in the form of a carbonate precipitate. The 
precipitate in milligram quantities is then placed inside a screen- 
wall counter and a certain fraction of the number of disintegra­
tions is recorded. This procedure is subject to two serious limi­
tations: (1) Geiger counters which are repeatedly subjected to  the 
operations necessary for the insertion of a sample inside the 
counter are erratic; hence accuracy better than  10 to 15% is not 
to be expected. (2) Because of the low energy of the em itted 
particles, self-absorption is an appreciable factor, especially in 
biological tracer work, where the weight of a carbonate precipi­
ta te  resulting from the oxidation of 1 gram of tissue is usually in 
grams. In  view of the expense involved in the production of C 14 
of high milhcurie strength, this factor m ust be minimized.

The procedure described was developed w ith both detection 
sensitivity and over-all accuracy in mind.

D E T E C T IO N  A P P A R A T U S

The ideal solution to  the problem would be the insertion of car­
bon dioxide containing C 14 inside a Geiger counter; under these

1 P re s e n t ad d re ss . R a d ia tio n  L a b o ra to ry , U n iv e rs ity  of C alifo rn ia , 
B erke ley , C alif.

: P re s e n t ad d re s s , M a s sa c h u s e tts  D e p a r tm e n t  of P u b lic  S a fe ty , B o s to n , 
51ass.

conditions a t  least 90%  of the radioactive disintegrations would 
be counted. One would have, then, a routine analytical method 
of optimum sensitivity which is applicable to  all long-life radio­
carbon compounds. Unfortunately this gas is no t suitable for 
proper Geiger counter operation (no measurable plateau and 
erratic counting rates), and in  view of the im portance of C 14 de­
tection, considerable research has been directed tow ard the solu­
tion of this problem.

Recently it has been found (6) th a t the addition of certain con­
tam inating vapors to carbon dioxide markedly improves these 

. counter characteristics, bu t, as yet, this met hod cannot be adopted 
for accurate routine analyses.

I t  is also possible to  introduce the gaseous carbon dioxide into 
an ionization chamlier and to measure th e  ionization produced by 
the collisions of the em itted beta-particles w ith carbon dioxide 
molecules by means of an auxiliary apparatus. I t  was decided 
to measure this ionization w ith a Lauritzen electroscope (5). In 
view of its sensitivity, simplicity of design, ruggedness, and accu-

T  +  2 4 0 V

Figure 1. Cross Section of Ionization Chamber, Lauritzen Elec­
troscope Detection Apparatus

A . Light source (11 5-volt 6-watt) for illumination of quartz fiber and scale
B .  M ercury well
C . Tungsten wire providing electrical connection to silvered surface
D . Condensing tube
E . Quartz flask (ionization chamber)
F . Pyrex-auartz graded seal
G . Silvered portion of flask
H . High-vacuum pressure stopcocks
/ .  Ion trap (very coarse silvered fritted disk and silvered glass tube)
J.  Ion collecting wire (3-m il tungsten)
K .  Fiber-repelling post 
L .  Gold-plated quartz fiber 
M .  Electroscope charge button
N.  Portion of flask coated with co llo idal graphite (Aq uad ag )
O. Thin coat of ceresin wax 
P . Brass adapter
P ' . Brass straps, 0 ,2 5  inch (4  in a ll)
P " .  Brass collar provided with screw for cinching straps 
Q. Rubber-stoppered hole 0 .3 7 5  inch, in brass adapter (4  in a ll)
R .  Lauritzen electroscope frame
R ' .  Electroscope tube containing ob jective, scale, and eyepiece 
S .  To vacuum system 
T .  To mercury vapor pump



racy, this electroscope is believed to  be better suited for routine 
analytical work than  (9) either a  sensitive electrometer or a 
vacuum tube electrom eter circuit.

The combination of the ionization chamber and Lauritzen 
electroscope is shown in Figure 1.

A s s e m b l i n g  o p  D e t e c t i o n  A p p a r a t u s . The neck of a  2 0 0 -  
cc. quartz flask is drawn down and sealed to  a quartz-Pyrex 
graded seal. An L-shaped tungsten lead wire, C, is tacked for a 
distance of 2 mm. along the inside wall of the Pyrex tube and then 
is sealed in. A m inute hole (about 0.13 mm.), for subsequent 
introduction of the collecting wire, is made in the bottom  of the 
flask, which is then sealed with a  thin film of quartz.

After the inside surface is scrupulously cleaned, the interior 
spherical segment (about 3 cm. in diam eter) which is to  remain 
unsilvercd is coated w ith vinyl acetate (Vinylite Resin AYAF, 
Carbide and Carbon Chemicals Corp., New York, N. Y.). This is 
done by clamping the flask in a vertical position and then  intro­
ducing a 3%  solution of vinylite in acetone to  the requisite depth 
by means of a long capillary funnel. The excess vinylite solution 
is removed via the capillary funnel by suction. The remaining 
acetone is allowed to  dry; this leaves a thin protective coating 
of vinylite over the small spherical segment.

The flask is evacuated with a w ater pump, and Brashear’s 
silvering solution (9) is introduced by means of a stopcock. Re­
moval .of the silvering solution and subsequent rinsings are 
facilitated by use of the w ater pump. After the silvered surface is 
well washed w ith distilled water, the vinylite is dissolved with 
reagent acetone. Anhydrous reagent ether is used for final rins­
ing. The silvered surface is now tested for electrical continuity.

After the remainder of the glass apparatus shown in Figure 1 
is attached, the outside lower half of the flask is well cleaned and 
dried. The th in  quartz film sealing the hole in the bottom  of the 
flask is pierced by means of a 5-mil tungsten wire. A 3-mil 
(0.076-mm.) tungsten wire is now introduced into the hole until 
it projects 8 mm. inside the flask. This ion-collecting wire is 
sealed in w ith picein wax.

The external surface of the unsilvered spherical segment is 
coated with a th in  layer of ceresin wax. The rem ainder of the 
external surface of the flask is coated with colloidal graphite 
(Aquadag).

After the external portion of the collecting wire is cut to  3-mm. 
length (to tal length 1.3 cm.) the brass adapter is attached to  the 
flask. T his adapter is constructed so th a t when the entire ap­
paratus is assembled the bottom  of the flask is 2 mm. from the 
repelling post of the Lauritzen electroscope.

The adap ter is fitted on to  the electroscope, the collecting wire 
is brought near the repelling post by moving the quartz flask, and 
the flask is securely clamped to the adapter. Final adjustm ents 
are made by bending the collecting wire w ith a dissecting needle. 
A fine pencil brush is used for cementing the wire to  the repelling 
post with colloidal graphite. D uring these operations the quartz 
fiber is kept charged in order to keep i t  ou t of the way. The four 
9.5-mm. holes sym metrically drilled in the cylindrical sides of the 
adapter allow visual observation of th e  above manipulations, after 
which they  are closed with rubber stoppers.

The electroscope chamber is m ade reasonably airtight by seal­
ing the adapter to both the quartz flask and the electroscope 
mounting with beeswax and rosin. These nonconducting surfaces 
are then coated with colloidal graphite.

T he detection apparatus is sealed to  the rest of the vacuum 
system and the entire apparatus is ready for use.

A power pack of standard  design, employing a 5R4 rectifier and 
three VR150 voltage regulator tubes, provides a constant 450- 
volt source required for operating the detection apparatus. A 
115-volt pilot light (6-w att) illuminates the quartz fiber and eye­
piece scale in spite of the interposition of the auxiliary ionization 
chamber.

The detection apparatus operates on the following principle:

Let the electroscope mounting, the brass adapter, and the 
Aquadag surfaces be grounded; let the silvered surface be main­
tained a t  a  positive voltage; and let the unit, consisting of the 
gold-plated quartz fiber, the repelling post, and the ion-collecting 
wire be charged to  a  negative potential and then be isolated. 
Then the ion pairs (mainly CO: + and e~), produced by the in -’ 
elastic collisions of beta-particles from C 14 with gaseous carbon 
dioxide molecules inside the ionization chamber, are separated 
by the electric field resulting from the potential difference of the 
silvered surface and the collecting wire. The subsequent neu­
tralization of the positive ions a t  the collecting wire makes the 
repelling post and quartz fiber less negative, and the elastic re­
storing force of the quartz moves th e  gold fiber somewhat nearer
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the repelling post. The rate of this motiqn is a  m • tsure of the 
am ount of radioactivity present.

I t  is apparent th a t electrical leakage from the silvered and 
Aquadaged surfaces will also neutralize the charge on the repelling 
post. To prevent this the ionization chamber was m ade of 
quartz, in view of its high electrical resistance (7); as was to be 
expected (7), Pyrex proved to  be unsatisfactory. Furtherm ore 
the ceresin wax minimized exterior surface conduction due to the 
absorption of w ater vapor on the quartz. No increase in “n a t­
ural” background rate  due to  volume and surface electric con­
ductivity of the quartz was detectable.

The absolute sensitivity of a  Lauritzen electroscope depends 
upon the elastic force constant of the quartz fiber and the electro­
static  capacity of the isolated unit. By connecting the collecting 
wire to the repelling post this capacity is increased by only about 
0.1 mmf., since a wire of small diam eter (0.076 mm.) and minimal 
length (1.3 cm.) is used. Depending somewhat upon the electro­
scope, the resulting reduction in sensitivity am ounts to about 
30%. I t  is suggested th a t electroscopes to be used for this 
purpose be ordered with a  sensitivity of 5 to 6 divisions per 
minute per millicurie of radium  a t 1 meter.

Optimal operating conditions were ascertained by numerous 
preliminary tests.

W ith the brass adapter and Aquadaged surfaces grounded, 
the silvered surface inside the quartz ionization chamber is kept 
continuously a t a potential of + 240  volts. Except when meas­
urem ents are being made, the collecting wire, repelling post, and 
fiber are held a t a  potential of —140 volts by means of a simple 
lock device attached to  the electroscope charge button . These 
potentials are somewhat in excess of th a t necessary for maximum 
collection of ions. The continual maintenance of the above volt­
ages is necessary because of th e  initial flow of polarization cur­
ren t or “soak in charge” into the quartz insulation; about 18 
hours were required to  a tt ain complete equilibrium (7).

When not in use the quartz chamber is left filled w ith the last 
gas sample subjected to  radioactive analysis. Under no circum­
stances is the chamber left evacuated more than  15 minutes. 
There is apparently  a t  least a monomoleeular layer of carbon 
dioxide th a t is strongly adsorbed by the quartz insulating the 
collecting wire from the silvered surface, and the orientation of 
this layer in the electrical field alters slightly the capacity of the 
measuring unit. This phenomenon is readily recognizable, since 
longer periods of evacuation will result in a discrete jum p of about 
3 small divisions of the electroscope fiber to  a new position of 
equilibrium. Surface adsorption is indicated because this phe­
nomenon does no t take place w ith either d ry  air or hydrogen.

The negatively charged silvered fritted disk, through which 
the gas enters the ionization chamber, neutralizes the slow-moving 
polymeric molecular ions which arc always present in carbon di­
oxide owing to cosmic ray bombardment. The presence of these 
ions in greater than  nonequilibrium proportions results in an ap­
preciably increased discharge rate  of the electroscope fiber for all 
samples with activity  the order of the background for a period 
of about 2 hours. The above ion trap  enables immediate meas­
urement of all samples. This ion trap  proved to be as efficient as 
those of more usual design (2 ).

The ionization chamber is always filled with about 20 milli­
moles of carbon dioxide gas; since its volume is 219 cc., this is 
equivalent to  about 2 atm ospheres’ pressure a t room tem pera­
ture. Under these conditions, the carbon beta-particles en­
counter sufficient inelastic collisions to  produce 97%  of the total 
ionization possible. Further increase in pressure to 3 atmos­
pheres increases the efficiency to  nearly 100%.

' S e n s i t i v i t y . Accurate radioactive analysis for C 14 can be made 
by utilizing the information given above. Through the coopera­
tion of W. W. Miller of the M assachusetts In s titu te  of Technol­
ogy, the num ber of counts per m inute (=*= 10%) were determined 
on 10-em. mercury pressure of carbon dioxide containing C 14 
w ithin a  Geiger counter of 35 cc. detection volume. These data  
were then compared w ith th a t obtained w ith an  identical sample 
inside the author’s detection apparatus. For purposes of compari­
son, the relative sensitivity will be defined as the dimensionlcss 
ratio  of measured radioactivity due to  the sample to  the measured 
activity  due to  background radiation; then, these da ta  show 
tha t, even if it  were possible to  operate a  200-ce. Geiger counter
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Table I. Radioactive.Measurements as a Function of C 14 Content of 
Carbon Dioxide in the Ionization Chamber-Lauritxen Electroscope 

Detection Apparatus
(D ilu tio n  ex p e rim en t« . T h e  C 14 c o n c e n tra t io n  of th e  le a s t  a c tiv e  sa m p le  is 
ta k e n  as  u n i ty .  R a d io a c t iv e  m e asu re m e n ts  a re  exp ressed  as  th e  ra t io  of th e  

n e t  a c t iv i ty  to  a v e ra g e  b ac k g ro u n d .)

R e la tiv e
C " R a d io a c t iv e  M ea su re m e n ts A v erage

ic n tra tio n , O b se rv ed , E x p e c te d 0 , D e v ia tio n ,
C i H i R i %

128 8 3 .4  
8 3 .6  

A v. 8 3 .5 8 3 .2 0 .4

64 4 1 .8
4 1 .5  

A v. 4 1 .7 4 1 .6 0 .2

32 2 0 .2  
2 0 .7  

A v. 2 0 .4 2 0 .8 1 .9

16 1 0 .5  
1 0 .3  

A v . 1 0 .4 10 .4 0 .0

8 5 .2 0  
5 .2 7  

A v. 5 .2 3 5 .2 0 0 .6

4 2 .6 1  
2 .6 6  

A v. 2 .6 4 2 .6 0 1 .5
2 1.31 

1 .2 6  
A v . 1 .2 9 1 .3 0 0 .8

1 0 .6 8  
0 .6 5  

A v . 0 .6 7 0 .6 5 3 .1

1 R i  =  Ci Z (R i /C i ) log  d
2  log  C '—— * ^ » s  e q u a tio n  exp resses th e  f a c t  t h a t  th e

ac cu racy  of m e a su re m e n t in c rea ses  s o m e w h a t w ith  c o n c e n tra t io n  of ra d io ­
a c tiv i ty .

at 2 atmospheres carbon dioxide pressure, i t  would possess u  rela­
tive sensitivity no greater than the authors’ detection apparatus. 
Thus an ionization chamber attached to  a Lauritzen electroscope 
is sufficiently sensitive for all investigations utilizing C "  as a 
tracer, so long as there is adequate gas pressure to  allow nearly 
maximum ionization within the chamber.

I t  is capable of detecting the presence of about 3 X 10-6 micro­
curie of C 14 in 20 millimoles of carbon dioxide (4 grams of barium 
carbonate). Surrounding the ionization chamber w ith a lead 
cylinder would decrease the minimum detectable quantities of 
C14 to about 2 X 10~5 microcurie. This method is of particular 
advantage in biological work where 20 millimoles of carbon are 
normally present in approximately 2 to  4 grams of tissue.

W ith the electroscope used, the discharge rate of the fiber when 
the chamber is filled w ith 20 millimoles of nonradioactivc car­
bon dioxide (background) is numerically equal to about 4.3 small 

' divisions per hour. On the basis of 5 division determinations 
(70 minutes), the maximum variation in background was usually 
less than 3%  and seldom greater than  5% . This variation is 
somewhat less than th a t of the Lauritzen electroscope used pre­
viously (4), since the num ber of molecules inside the ionization 
chamber, and thus the measured ionization resulting from each 
raj-, does not depend upon the room tem perature and barometric 
pressure; probably the number of alpha-particles em itted per 
square centimeter of a  silvered quartz flask is less than th a t of 
brass !~ 6  a ’s per sq. cm. per hour, (I)]; and unlike air (30 a ’s 
per hour per 100 cc.), the number of alpha-particles em itted from 
pure carbon dioxide is not measurable (I).

oxide is condensed in a  trap  surrounded with liquid nitrogen. 
By means of a ground joint, this trap  is then joined to an all-glass 
vacuum  system similar in design to th a t reported in (3). The 
carbon dioxide is transferred to any desired part of the apparatus 
by means of vacuum distillation, employing liquid nitrogen as the 
condensing agent. The number of millimoles of gas produced is 
determined in a calibrated volume connected to a  mercury monom­
eter.

This carbon dioxide is transferred to a mixing bulb and" the 
am ount of nonradioactivc (carrier) gas required to bring the to tal 
am ount to  20 millimoles is added. The previous sample in the 
quartz ionization chamber is either transferred to a storage bulb 
or pumped away. The chamber is then completely evacuated for 
5 m inutes by means of a mercury diffusion pump. The carbon 
dioxide is condensed into tube D (Figure 1) and allowed to  evap­
orate slowly through the ion trap  into the ionization chamber. 
The electroscope charge button is now released and the discharge 
rate of the fiber is determ ined.' Samples producing a sufficiently 
high discharge rate  (greater than one small division per minute) 
are measured in triplicate; others are usually determined in 
duplicate. When the apparatus is in routine use, a standard 
sample, which is kept in a storage bulb attached to  the vacuum 
system, is measured a t  the beginning and the end of the day; 
background is determined during the noon hour.

T he accuracy of this method for the measurement of relative 
amounts of C 14 was determined by progressive dilutions with 
inert carbon dioxide of a standard  sample of carbon dioxide con­
taining some C 14. Depending upon the activity present, each 
radioactive determ ination was made either in triplicate or dupli­
cate. Two independent series of dilutions were measured. As 
in previous investigations (4), the  da ta  are presented in term s of 
the following equation:

Ri =
(,d / t ) .  -  W t ) b 

(d /th ( 1 )

where d  is the distance traversed by the electroscope fiber in time 
i, s indicates the sample, b  denotes background, and ( d / l ) t  is the 
average background rate  of fiber discharge. The usual distance 
traversed by the fiber during measurements was 10 small divi­
sions, although no samples were measured for periods longer 
than about 1 hour.

The experimental determ inations for two independent dilu­
tion series are given in Table I. The concentration of the least 
active sample (approximately 5 X  10~‘ microcurie of C 14) has 
been arbitrarily taken as unity.

The data  indicate th a t radioactive analysis to 2%  can be made 
on all carbon samples containing, per 20 millimoles of carbon, 
activ ity  a t least equal to the background.
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A N A L Y T I C A L  P R O C E D U R E

All organic compounds containing C 14 are oxidized to carbon 
dioxide by the standard combustion procedure. The issuing 
gases are dried with phosphorus pentoxide, and the carbon di-

W o r k  d o n e  u n d e r  C o n tr a c t  N o . N D C rc -lG 9  b e tw e en  th e  p re s id e n t a n d  
fellow s of H a rv a rd  C ollege a n d  th e  Otfice of S cien tific  R esea rch  a n d  D eveloje- 
m e n t, w hich  a ssu m es  no re sp o n s ib ility  fo r th e  ac c u ra c y  of s ta te m e n ts  co n ­
ta in e d  here in .



A n alytica l Procedure for Measurement of Radioactive Hydrogen. (Tritium)

F. C. H E N R IQ U E S , Jr.', a n d  C H A R L E S  M A R G N E T T I3 
Harvard University Chemical Laboratories and Medical School, Cambridge and Boston, Mass.

A  quantitative procedure for the measurement of radioactivity due 
to H 3 depends upon insertion of hydrogen gas in a quartz ionization 
chamber attached to a Lauritzen electroscope. Radioactive analysis 
of organic compounds containing H 3 is based on combustion to 
water and the quantitative conversion of this water to hydrogen. A  
procedure for obtaining tritium water samples of high specific ac­
tivity is described.

TR IT IU M  (radioactive hydrogen) is in certain respects an 
ideal tracer element. I t  has a half-life of about 30 years (7) 

and samples of high millicurie strength are easily obtainable. 
The principal difficulty is in detection. T ritium  (H 3) disinte­
grates into H e3 by the emission of a  beta-particle of maximum 
energy (6) of about 0.015 Mev. This energy is so low th a t tritium  
m ust be detected in the gaseous phase.

Sem iquantitative investigations using tritium  as a  tracer have 
been made principally by Ruben and co-workers (8), who ana­
lyzed for radioactivity by introducing hydrogen gas containing 
H 3 into a Geiger counter. Under the best conditions, radioactive 
analyses by this procedure are limited to  about 10 to 15% accu­
racy because hydrogen is not. an ideal counting gas (1); and be­
cause of the extreme importance of the nature of the cathode sur­
face and traces of contam inants—e.g., mercury vapor—in the 
mechanism of Geiger counter discharge. I t  has been the authors’ 
experience th a t the continual evacuation and refilling of counters 
are not practical as a routine procedure.

Black and Taylor (S) have obtained reproducible counting by 
introducing hydrogen a t  low pressure together w ith three con­
tam inants into a counter. U nfortunately, their method is not 
adaptable to routine analysis.

Since certain planned investigations using tritium  as a tracer 
necessitated about 2 % accuracy, it was decided to employ a 
quartz ionization chamber attached to the Lauritzen electroscope 
as a means of analyzing the relative tritium  content of hydrogen 
gas. This detection apparatus has been used successfully for the 
analysis of long-life carbon as carbon dioxide (4).

This paper evaluates t his procedure as a  general method for the 
radioactive analysis of compounds containing tritium  as a tracer, 
and describes briefly the method of obtaining tritium  samples of 
high specific activity.

P R E P A R A T IO N  O F  T R IT IU M  S A M P L E S  O F  H IG H  SPEC IF IC  A C T IV IT Y

During the production of neutrons by the interposition of a 
water-cooled beryllium target in the deuteron cyclotron beam, 
two nuclear side reactions (2, 7) take place which lead to the 
formation of radioactive hydrogen, H 3 (tritium , T). These reac­
tions, the first of which gives the greater yield of H 3, are:

Be3 +  H 1 =  H 3 +  2H e4(Be8) 
H 2 +  H 3 =  H 3 +  H 1

( 1)
(2)

A significant fraction of this tritium  remains trapped inside 
the beryllium target, probably as T D  gas. The tritium  is re­
moved by placing the target in a quartz tube attached to a 
vacuum apparatus. The tube is evacuated, a  predetermined 
quantity’ of “ carrier” hydrogen is introduced, and the tube is then 
heated to red heat for about 15 minutes. The hydrogen is now 
oxidized to w ater by allowing the gas to come in contact w ith hot 
(300° C.) cupric oxide. The w ater is condensed out into a trap

! P re se n t ad d re s s , R a d ia tio n  L a b o ra to ry , U n iv e rs ity  of C a lifo rn ia , 
B erk e ley , C alif.

1 P re s e n t ad d re ss , M a s sa c h u s e tts  D e p a r tm e n t of P ub lic  S afe ty , B oston , 
Maas.

chilled with liquid nitrogen. A t the completion of this reaction 
the degree of vacuum will be the same as before the introduction 
of the hy’drogen, and thus a spark discharge serves as an indicator.

A t least 99% of the tritium  initially present in the target forms 
tritiated  water by the above process. Both w ater and hydrogen 
are the most useful general starting  materials for the synthesis of 
compounds containing tritium . In  view of the ease of storage, 
water was chosen as the end product of the above process, es­
pecially’ since it is a  simple m atter to convert w ater quan tita ­
tively to hydrogen.

Three samples containing tritium  have been prepared. In 
each case the am ount of carrier hy’drogen added was sufficient to 
form 2 millimoles (36 mg.) of water. Two of these preparations 
were made from berydlium targets obtained through the coopera­
tion of J. G. Hamilton of the Radiation Laboratory, Berkeley’, 
Calif. The authors are indebted to  H. W. Fullbright of Wash­
ington University’, St. Louis, for the beryllium scrapings of 
numerous targets employed in the preparation of the third 
sample. As da ta  on the cy’clotron bom bardm ent tim es are not 
available, the millicurie strength of the w ater sam ples cannot 
be used to compute yield data.

D E T E C T IO N  A P P A R A T U S

All radioactive analyses are made on hy’drogen gas containing 
tritium  inside a quartz-ionization chamber attached to the Lau­
ritzen electroscope. Tliis apparatus has been used successfully 
for the detection of long-life carbon as carbon dioxide (4). The 
substitution of LI3 for C 14 necessitated certain minor modifica­
tions.

Because of the low molecular weight of hy’drogen, the ion trap  
is not necessary.

The chamber is filled w ith 10 millimoles of hydrogen, which is 
equivalent to a pressure of about 1 atmosphere. This quantity  of 
gas is sufficient to  ensure the production of all the ionization 
(mainly H 2+ and e ) which can result from the inelastic colli­
sions of tritium  beta-particles w ith hydrogen molecules.

The potentials of the silvered surface and the unit consisting of 
the collecting wire, repelling post, and quartz fiber are charged to

Figure 1. Vacuum Analytical Apparatus for Measurement of 
Tritium Content of Water

A .  H : storage bulb (5  liters) J .
B .  Storage bulbs (5 0 0  c c .)
C.  Standard sample storage bulb K .

(1 liter) L,
D . M ix ing  chamber
E .  lonixation chamber attached M .

to electroscope N .
G .  Induction co il and hammer O .
H .  Vacuum  stopcock P.
/ .  G lass wool plug

Reaction flask in position to break 
seal

Reaction flask with M g-H g amalgam 
U-tube with water sample containing 

tritium 
M ercury manometer 
To mercury vapor pump 
Fritted disk medium porosity 
Toeppler pump
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+  125 and —125 volts, respectively. These potentials suffice 
for total collection of the ions.

Owing to the low ionization efficiency of hydrogen gas, the dis­
charge rate  of the electroscope fiber is exceedingly slow when the 
ionization .chamber contains 10 millimoles of nonradioactive 
hydrogen. Hence to facilitate the m easurem ent of background 
and “weak” samples, a  20 X eyepiece containing a glass scale with 
0.0254 mm. graduations is substituted for the standard  6 X eye­
piece and 0.1-m m. graduated scale.

For this particular detection apparatus, the background rates 
are numerically equal to about 1.2 and 5 small divisioos per hour, 
respectively, with the 0.1-mm. and 0.0254-mm. graduated scales. 
On the babis of 1-hour determinations, the variations in this back­
ground were identical with th a t obtained w ith carbon dioxide
(4)-—namely, a  maximum variation th a t was usually less than 
3%, and seldom greater than 5% . An intcrcomparison of th is ' 
detection apparatus with a Geiger counter filled with hydrogen 
containing tritium  showed th a t the relative sensitivity (activ ity / 
background) of the ionization chamber is about 40% of th a t of a 
counter’of identical volume filled to the same pressure. Since 
tritium  is readily obtainable with high specific activity, this re­
duction in relative sensitivity is trivial. The apparatus is capable 
of quantitative detection of about 10-4 microcurie of tritium  in 
10 millimoles of hydrogen.

In order to compare the dilution factors possible with tritium  
with respect to  those of the more commonly used hydrogen 
tracer, deuterium, let us consider the tritium  sample prepared 
from targets obtained from W ashington University a t St. Louis. 
This sample, as prepared, contained about 1 millicurie of tritium  
in 2 millimoles of hydrogen; the dilution factor of this particular 
sample is a t  least 5 X 107. This dilution is about 100-fold greater 
than th a t possible w ith 100% deuterium . Since tritium  contain­
ing considerably more than 1 millicurie to tal activity  could be 
readily prepared, this factor can still be increased significantly.

A N A L Y T I C A L  P R O C E D U R E

A general method for the determ ination of tritium  activ ity  is 
based on the conversion of the hydrogen present in the sample to 
water by the combustion method and the reaction of-this water 
with magnesium amalgam to form hydrogen. This hydrogen is 
then introduced into the ionization chamber.

The quantitative formation of w ater b y  direct combustion of 
an organic compound in oxygen is standard. However, instead of 
absorbing the w ater vapor, it is condensed in a weighed U-tube 
chilled with a dry ice-ether mixture. The weight of w ater formed 
is then determ ined by reweighing the U-tube. The weight of 
water used for the production of hydrogen is about 220 =*= 20 m g.; 
thus if the weight of the w ater formed by combustion is less than 
200 mg., nonradioactive (carrier) w ater is added drop wise, while 
the U-tube is on the balance; if this weight is greater than  240 
mg., the w ater is well stirred and a rough aliquot is used.

Allen and Ruben (1) converted w ater to hydrogen by reaction 
with magnesium a t 620° C. The addition of mercury to the mag­
nesium turnings lowers the tem perature to  400° C. and a Pyrex 
vessel can be employed.

About 2 gram s of magnesium turnings and 3 grams of mercury 
are introduced into a 250-cc. reaction flask (K , Figure 1) and are 
well mixed. The flask and U -tube containing the w ater arc 
then attached to  a  3-way stopcock by means of ground joints, 
as indicated in the upper left corner of Figure 1. The w ater is 
frozen with liquid nitrogen and this system is evacuated. All the 
water is vacuum-distilled into th e  reaction flask; the flask is then 
sealed off a t the indicated constriction. Before placing the flask in 
an electric furnace, the contents are well shaken in order to  dis­
perse the magnesium amalgam throughout the inside surface. 
One hour a t 400° C. suffices for complete production of hydro­
gen.

Storage bulb .1 contains nonradioactive hydrogen for the pur­
pose of determining background. Storage bulb C contains a refer­
ence sample of tr it iu m ; during routine analysis th is standard is 
measured daily and then toepplered back into C. The mixing 
chamber, D, enables the dilution of samples which are too active 
to measure accurately. The fritted disk, 0 , prevents spillage of 
the mercury in the Toeppler pum p into the rem ainder of the 
vacuum system. The mercury manometer, M , measures the 
pressure of the hydrogen gas int roduced into the ionization cham-

Table I. Radioactive Measurements as a Function of Tritium Content 
in Benzene

(D ilu tio n  ex p e rim en t« . I P  c o n c e n tra t io n  in  le a s t  a c tiv e  b en z en e  sa m p le  is 
chosen  .a s  u n ity . R a d io a c t iv ity  m e asu re m e n ts  a re  ex p ressed  a s  r a t io “ of 
n e t  a c t iv i ty  to  a v e ra g e  b a c k g ro u n d  m e asu red  as  h y d ro g en  gas  in  io n iz a t io n  

c h a m b e r -L a u r itz e n  e lec tro sco p e  d e te c tio n  a p p a ra tu s .)
R e la tiv e R a d io a c t iv e  M easu re m e n ts A v e rag e

I I * C o n c e n tra tio n , O b se rv ed , E x p e c te d 1*, D e v ia tio n ,
Ci R i Ri %

259 474 
479 

A v. 476 472 0 .7
6 5 .7 1 1 7 .4  

12 0 .7  
A v. 119 120 0 .8

1 4 .6 2 6 .6  
2 5 .8  

A v. 2 6 .2 2 6 .5 1 .1
3 .7 9 7 .0 6  

6 .8 7  
A v. 6 .9 7 6 .9 0 0 .9

1 .0 0 1 .81  
1 .8 8  

A v. 1 .8 5 •1 .8 2 1 .4

a T h is  r a t io  in c lu d es  f a c to r  —1 -  -
toi

w h ere  toi is w e ig h t of w a te r  o b ta in e d

fro m  benzene  co m b u s tio n  a n d  tea is w e ig h t of n o n a c tiv e  w a te r  a d d e d  to  
b r in g  to ta l  w e ig h t ab o v e  200 m g. In  each  case  th is  f a c to r  w as a b o u t  2 a n d  
th u s  ra t io s  of a c tiv i t ie s  m e asu red  a s  h y d ro g en  to  b a c k g ro u n d  a re  ‘/a  of 
th e  v a lu es  g iven  in  ta b le .

t  Ri == ~ ^ ‘ exp resses  th e  f a c t  t h a t  th e  a c c u ra c y  of m e asu re -
2. log  C i

in e n t in c reases  s o m e w h a t w ith  c o n c e n tra t io n  of ra d io a c tiv ity .

bor, E. Since the volume of the ionization chamber and the 
m anom eter were calibrated, the number of millimoles introduced 
can be calculated.

The ionization chamber is always filled w ith 10 millimoles of 
hydrogen (about 70 cm.). In view of the unavoidable dead space 
during the toepplering of gas from the reaction flask, J ,  into the 
ionization chamber, E, a t  least 200 mg. (11 millimoles) of w ater 
m ust be used for conversion to  hydrogen.

The relative am ount of tritium  present in the original sample 
analyzed is computed from the weight of w ater formed during 
the combustion process and any additional carrier w ater added, 
together w ith the discharge rates of the electroscope fiber when 
the ionization chamber is filled w ith the hydrogen generated 
from this water, the reference standard  in bulb C, and nonradio­
active hydrogen, respectively.

The threefold difference in mass between H 1 and H 3 m ay result 
in a considerable difference in reaction rates during any process 
involving either these atoms or the ions. In  order to  ensure 
completion of the chemical reactions in the above analytical pro­
cedure, radioactive analyses were made on radiobenzene pro­
gressively diluted w ith nonradioactive benzene. The radio­
benzene was prepared by the nickel-catalyzed exchange between 
T H  and the hydrogens of benzene; this method was used by 
Polanyi and co-workers for the partial deuteration of benzene (5).

In  order to  include in the final com putations both the weight 
of the w ater produced by combustion and the weight of carrier 
w ater required to bring the  to ta l weight above 200 mg., about 160 
mg. of benzene (about 6 millimoles of hydrogen) were analyzed in 
each case. These experiments also evaluate th e  quartz ionization 
chamber as an apparatus for th e  determ ination of relative con­
centrations of H 3.

T he da ta  are presented in term s of the following equation :

Ri =
U'l +  w, 

»,
[(,//(), - W t ) b]

( 1)
(d/i) i,

where » , is weight of w ater resulting from the benzene combus­
tion, » ! is the weight of the carrier w ater added; d is the distance 
traversed by the electroscope fiber in tim e t, s indicates sample, 
and b denotes background. T he usual distance traversed by the 
fiber during measurem ents was 10 small divisions, although no 
samples were measured for periods longer than about one hour; 
a t least duplicate readings were made.

The radioactive analyses of duplicate benzene samples are 
given in Table I. The concentration of the least active tri- 
tia ted  benzene sample (approximately 3 X 10“ 4 microcurie of 
tritium ) has been arbitrarily  taken as unity.
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The data  in  Table I indicate th a t no detectable isotope separa­
tion takes place in the analytical procedure given here. F urther­
more, radioactive analysis to 2 %  can be made on organic com­
pounds which contain enough tritium , per 10 millimoles of hydro­
gen gas, to  give an activity  a t  least equal to background.
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Determination of Hydroperoxides in Rubber and 
Synthetic Polymers

H . A .  L A IT IN E N  A N D  J. S. N E L S O N  
Noyes Chemical Laboratory, University of Illinois, Urbana, III.

The relative amounts of hydroperoxide In natural rubber or syn­
thetic polymers can be determined by allowing the peroxide to 
react with ferrous Iron in benxene-methanol solution, using o-phe- 
nanthroline as a color reagent for the excess ferrous iron. The 
method gives results reproducible to about 2 0 %  on a given rubber 
solution, but sampling difficulties may cause larger variations on 
solid samples. The procedure as written Is sensitive to 10 or 20 
p.p.m. of active oxygen, calculated on the solid polymer and It can 
be easily made sensitive to 1 p.p.m. by increasing the sample size 
and compensating for Its color. Evidence Is presented to show that 
the results with any ferrous Iron procedure are high and have only 
relative significance.

FERROUS iron has been used as a reagent for the determina­
tion of peroxide by numerous investigators. Yule and 

Wilson (.IS) estim ated peroxide in cracked gasoline by shaking 
with an acid solution of ferrous thiocyanate and back-titrating 
the resulting ferric salt w ith titanous chloride. The method was 
criticized by Young, Vogt, and Nieuwland (11), who used the 
color of the resulting ferric thiocyanate complex as a  basis for a 
colorimetric determ ination of peroxide. In  this procedure meth­
anol was used as the solvent. Bolland el al. (1) modified the 
method to  enable rubber samples to  be analyzed by changing the 
solvent to  a  m ixture of benzene and methanol (73% benzene by 
volume).

For determining peroxide in GR-S (butadiene-styrcne co­
polymer) and other butadiene copolymers it  would be desirable 
to  employ a  solvent rich in benzene, since these polymers tend 
towards insolubility upon oxidation. A solvent composed largely 
of benzene would also improve the sensitivity of the determ ina­
tion, since larger quantities of polymer could be dissolved in a 
given volume of solvent.

There are several disadvantages inherent in  the use of thio­
cyanate as a color reagent for iron (10). The intensity of the 
color depends upon the concentration of thiocyanate and upon 
the acid concentration, and varies with the presence of various 
ions which form complexes w ith iron. In  practice, a  large excess 
of thiocyanate is used to  lower the effects of acid and interfering 
ions and to give a closer approximation to  Beer’s law. The red 
color of the ferric thiocyanate complex is somewhat unstable, re­
quiring colorimeter readings to be made w ithout undue delay. 
The ferrous thiocyanate reagent of Bolland et al. (1) and Robey 
and Wiese (7) is so unstable th a t i t  m ust be freshly prepared every 
few hours and stored in the dark.

The advantages of o-phenanthroline as a color reagent for iron 
have been recognized by many investigators (S, 8, 9, 10). I ts  
complex w ith ferrous iron is very stable, its solutions showing no 
change in color for m any months. Beer’s law is closely obeyed.

The intensity is not so strongly affected by the concentration of 
excess reagent or of acid, as in the case of the thiocyanate com­
plex. Since large concentrations of inorganic salts are no t needed, 
it  should be possible to  use a solvent consisting largely of ben­
zene, w ith only a  small am ount of methanol. Solutions of fer­
rous salts in m ethanol under nitrogen and o-phenanthroline in 
benzene are stable and can be stored indefinitely w ithout notice­
able change.

The effects of complexing agents on the oxidation potential 
of the ferrous-ferric ion system are of interest. Thiocyanate 
lowers the oxidation potential, making the oxidation of the fer­
rous ion proceed more readily. This shift is advantageous in 
making the reagent very reactive toward polymer peroxides but 
also accounts for its extreme sensitivity to  air oxidation, o- 
Phenanthroline has ju s t the opposite effect (4)', the ferrous o- 
phenanthroline complex is no t appreciably oxidized by polymer 
peroxides, and it  is entirely stable w ith respect to  air oxidation. 
To increase the reactivity with polymer peroxides, uncomplexed 
ferrous iron was first tried as a  reagent. As will be seen below, 
satisfactory results were obtained under the proper conditions, 
provided th a t no antioxidant was present in the polymer. In 
the presence of antioxidant, incomplete reduction of rubber 
peroxide was observed. I t  was found th a t the addition of phos­
phoric acid (which lowers the ferrous-ferric oxidation potential) 
made the reaction proceed satisfactorily even in the presence of 
antioxidant. N itric acid was added to  prevent a color due to 
solvolysis of ferric iron.

Farm er and Sutton (S) observed th a t natu ral rubber forms 
only peroxides of the hydroperoxide type. In  the present investi­
gation, numerous synthetic polymers, including polyisoprene, 
polybutadiene, and copolymers of isoprene or butadiene with 
styrene, acrylonitrile, and other vinyl-type monomers, were 
found to  form peroxides which reacted a t the same rate  as natu­
ral rubber peroxides w ith the tex t reagent. Since disubstituted 
organic peroxides failed to  react (S), this observation is evidence 
th a t all the polymers studied form peroxides of the hydroperoxide 
type.

P R O C E D U R E

This method is intended for the determ ination of relative 
am ounts of hydroperoxides in natural rubber, and various syn­
thetic polymers and copolymers. I t  is applicable only to hydro­
peroxides, and except for this lim itation i t  can be used generally 
for compounds of low molecular weight as well as high polymers.

P r e p a r a t i o n  o f  S o l u t i o n s . Ferrous Iron Solution. Re­
move the dissolved oxygen from 1 liter of m ethanol by bubbling 
nitrogen through it  for 30 minutes. Dissolve 19.605 grams of 
ferrous ammonium sulfate hexahydrate, FeSO^NHOoSOt. 6H1O,
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in the methanol containing 13.9 ml. of concentrated sulfuric 
acid to make the solution about 0.25 M  in sulfuric acid. If  stored 
under an atm osphere of nitrogen, this solution is stable for a long 
time. For use over a period of a few days, 10-ml. portions can be 
allowed to stand in air.

Each day a 0.002 N  working solution is prepared by diluting 
2 ml. of the 0.05 N  solution to 50 ml. w ith methanol bu t w ithout 
adding acid.

N itric Acid-M ethanol Solution. Add 1 ml. of concentrated 
nitric acid to  20 ml. of m ethanol slowly and with cooling. One 
milliliter of this solution provides 0.05 ml. of concentrated nitric 
acid.
_ Phosphoric Acid-M ethanol Solution. P repare a 1 M  stock solu­

tion by adding 6.75 ml. of 85% phosphoric acid (14.8 M ) to 
sufficient methanol to  prepare 100 ml. of solution. D ilute the 
1 M  solution to 0.04 M  for use as a working solution; 0.5 ml. of 
0.04 M  solution provides 0.02 millimole of phosphoric acid.

o-Phenanthroline Solution. Dissolve 1 gram of o-phenanthro- 
line monohydrate in 1000 ml. of thiophene-free benzene.

A n a l y s i s  o f  U n k n o w n  S a m p l e s . Pipet 1 ml. of rubber solu­
tion (containing about 1 gram of polymer per 100 ml. of benzene) 
into a 50-ml. volumetric flask. Add about 25 ml. of thiophene-free 
benzene, washing any polymer solution from the sides of the flask. 
Add 1 ml. of nitric acid-m ethanol solution and 0.5 ml. of 0.04 M  
phosphoric acid (methanol), shaking well after each addition. 
P ipet 1 ml. of 0.002 M  ferrous iron into the flask, shake well, and 
allow th e  m ixture to  stand a t least 15 m inutes. Add 3 to  5 ml. of
0-phenanthroline solution and make up to  50 ml. w ith thiophene- 
free benzene. Read the transmission value a t 508 m p  w ith a spec­
trophotom eter or use a  photoelectric colorimeter provided w ith a 
filter showing maximum transmission a t 500 or 510 m p  (pref­
erably no t 520 rap), comparing the transmission w ith th a t of 
benzene.

If the transmission value lies between 50 and 70%, calculate 
the active oxygen content as shown below. Otherwise, estim ate 
the adjustm ent necessary in sample size required, and repeat the 
determination. For samples of entirely unknown peroxide con­
tent, it  is advisable to  vary  the sample size, using'0 .1, 1, and 10 
ml. of polymer solution in the prelim inary estim ation. I f  a  10- 
ml. sample is used, or if the sample is highly colored, a diluted 
benzene solution of polymer should be used instead of benzene for 
the comparison liquid in the optical measurement.

C o n s t r u c t i o n  o f  C a l i b r a t i o n  C u r v e . Using a  graduated
1-ml. pipet, add the following am ounts of 0.002 N  ferrous iron 
solution to a series of 50-ml. volumetric flasks: 0.2 0.4, 0.6, 0.8, 
and 1.0 ml. Add about 25 ml. of benzene to  each flask, washing 
the walls carefully. Complex the ferrous iron w ith 3 to  5 ml. of 
o-phenanthroline solution and m ake up to  50 ml. with benzene. 
Take colorimeter or spectrophotom eter readings relative to  ben­
zene.

Compute the optical density of each solution from the equation 
D = log In/I, and construct a graph of optical density against

Table III. Effect of Nitric A cid
On F e rr ic  C om plex

Table 1. Effect of Sulfuric A cid on Ferric Complex
0.002 JV

Iro n C o n c e n tra te d
C om plexed H*SO< T im e  of !S tan d in g T ra n sm iss io n

M l. M l. t \ , m in . tt, m in . h ,  % n ,  %
1 .0 0 .0 0 95 1200 87 85
1 .0 0 .0 2 95 1200 98 97
1 .0 0 .0 5 95 1200 9 9 .5 9 8 .5
1 .0 0 .0 8 95 1200 9 9 .5 99

1 .0 0 .0 90 360 81 78
1 .0 0 .1 90 360 100 99
1 .0 0 .2 90 360 100 100
1 .0 0 .4 90 360 100 100

3 .0 0 .0 90 1200 80 80
3 .0 0 .1 90 1200 99 78
3 .0 0 .2 90 1200 9 8 .5 98

^ 3 . 0 0 .4 90 1200 99 99

Tabic II. Effect of Sulfuric A c id on Ferrous Complex
0.002 N C o n c e n tra te d

Iron C om p lex ed H 2SO< T im e  o f S tan d in g T ra n sm issio n
M l. M l. M in . %
1 .0 0 .0 0 45 34
1 .0 0 .0 2 45 62
1 .0 0 .0 5 45 68 . 5 #
1 .0 0 .0 8 45 69

1 .0 0 .0 45 34
1 .0 0 .1 45 62
1 .0 0 .2 45 65
1 .0 0 .4 45 69

0.002 N  
I ro n  

C om plexed
C o n c e n tra te d

H N O * T im e of S ta n d in g T ra n sm iss io n
M l. M L ti, m in . ti, m in . h , % h . %
1 .0 0 .0 0 15 60 94 94
1 .0 0 .0 2 15 60 95 95
1 .0 0 .0 5 15 60 95 95
1 .0 0 .0 8 15 60 95 9 4 .5
1 .0 0 . 960 7 6 .5
1 .0 0 .2 960 ' 96
1 .0 0 .5 960 96
1 .0 1 .0 960 98

1 .0

O n F e rro u s  C om plex  
n 00 1R 00 34 34

1 .0 0 .0 2 15 60 34 3 4 .5
1 .0 0 .0 5 15 60 34 3 4 .5
1 .0 0 .0 8 15 60 34 3 4 .5
1 .0 0 .0 960 34
1 .0 0 .1 960 36
1 .0 0 .3 960 83
1 .0 0 .5 960 95

concentration of iron (expressed as equivalents of ferrous iron per 
50 ml.). A straight line, corresponding to Beer’s law, should be 
obtained.

C a l c u l a t i o n s . From the calibration curve the am ount of 
iron remaining unoxidized can be read directly. By difference 
the am ount of iron oxidized is determined. Each equivalent of 
iron oxidized corresponds to one equivalent or 8 grams of active 
oxygen. The active oxygen content is calculated as parts per 
million parts of solid polymer. If a polymer is only partly  soluble, 
the concentration of the soluble polymer is determined by evapo­
ration of an aliquot portion of the solution, and the calculation 
is based on the soluble part only.

(A -  B) X 8 X 10« 
C X V = micrograms of active oxygen per gram of 

polymer =  p.p.m. active oxygen
where A  =  equivalents of ferrous iron taken

B  — equivalents of ferrous iron remaining 
C =  concentration of polymer grams per ml. of benzene 
V =  ml. of polymer solution used ■. .-

D E V E L O P M E N T  O F  M E T H O D

S p e c t r o p i i o t o m e t r i c  C u r v e s  o f  S t a n d a r d  I r o n  S o l u t i o n s . 
A 0.05 N  stock solution of ferrous iron was prepared by dissolving 
ferrous ammonium sulfate, FeS0 4(N H 4)2S0 4. 6H 20 , in air-free 
methanol, with sufficient concentrated sulfuric acid added to make 
the solution 0.25 M  in acid. The solution was stored under 
nitrogen and by occasional titra tion  with eerie sulfate was found 
to  be stable indefinitely. A 0.002 N  working solution was freshly 
prepared each day by diluting 2 ml. of the stock solution to  50 
ml. with methanol.

A 0.1%  solution of o-phenanthroline in benzene was used as the 
indicator solution. Various am ounts of iron from 2.5 X 10~‘ 
to 2.5 X 10“ 3 milliequivalent were treated  w ith 6 ml. of indicator 
solution, and diluted to 25 ml. with benzene, and the absorption 
curves were determined with a Cenco-Sheard spectrophotel- 
ometer. In  agreement w ith Fortune and Mellon (8) for aqueous 
solutions, the maximum absorption was found a t 508 mp.

Calculation of the optical density a t  the wave length of maxi­
mum absorption and plotting against concentration showed th a t 
Beer’s law was being closely followed over the concentration range 
studied.

E f f e c t  o f  A c i d s  o n  F e r r o u s  a n d  F e r r i c  C o m p l e x e s . Pre­
liminary experiments showed th a t while the concentration of 
excess indicator could be varied over wide limits w ithout affecting 
the absorption a t  508 mp, the acidity of the solution is of consider­
able importance. If  the acidity is too low, the ferric ion shows 
appreciable absorption, apparently because of partial solvolysis 
of the o-phenanthroline complex. Upon complete oxidation of a 
solution of ferrous iron, the usual yellow color of ferric iron ap­
peared. W hen o-phenanthroline was added, a deeper yellow color
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Table IV . Effect of Time. Temperature, and A cid on the Reaction
of Rubber Peroxiides and Ferrous Iron

C o n ­ T e m ­
c e n tra te d p e ra ­ T im e  of T im e a f te r

H N O j tu re R ea c tio n C om p lex in g T ra n sm iss io n
M L M in . ‘ tu tu l u  % Tu %

m in . m in .

0 .1 Cold 5 30 64
0 . 1 C ohl 10 30 6 7 .5
0 .1 Cold 15 30 960 69 o i
0 . 1 C old 20 30 6 9 .5
0 .1 C old 30 55 180 6 9 .5 68

C old 30 40 64
6.' i H o t 15 30 960 66 ¿2

H o t 15 30 960 67 60
ô.’ i H o t 30 30 960 70 60

H o t 30 30 960 70 64
o . i H o t 60 30 120 70 6 9 .5

Table V . Effect of Concentration of Excess Ferrous Iron
0.002 N

P o ly m e r F e rro u s T im e  a f te r A c tiv e"
S o lu tio n Iro n C o m p lex in g T ra n sm iss io n O xygen

tu tu lu »3 ,
M L M L m in . m in . % % P .p .m .

0 . 2 i  ft i n 180 r. 43 2230I  . u 1 u * ł o  . O
0 A 1 .0 10 180 51 50 1730
0 .6 1 .0 10 180 59 57 1550
0 .8 1 .0 . 10 67 ■*.. 1470
1 .0 1 .0 10 70 1220
1 .2 1 .0 10 77 1150
1 .4 1 .0 10 83 1080
0 .4 0 .4 60 86 1380
0 .4 0 .8 60 61 1540
0 .4 1 .0 60 51 1730
0 .4 1 .2 60 40 1610
1 .0 0 .8 30 8 2 .8 1120
1 .0 1 .0 30 7 0 .0 1220
1 .0 1 .2 30 6 2 .5 1390
1 .0 1 .4 30 4 7 .0 1280

°  C a lc u la te d  as  p a r t s  of a c tiv e  oxygen  (e q u iv a le n t w eigh t *» 8) p e r  m illion
p a r t s  of d ry  p o ly m er.

appeared instead of the usual blue color obtained in aqueous solu­
tions. W ith a larger excess of acid, absorption at 508 m/i by the 
ferric complex could be eliminated, bu t the ferrous o-phenanthro- 
line complex then became unstable.

A series of experiments was performed in which conditions 
were sought th a t  would give the maximum transmission for ferric 
iron and the minimum for ferrous iron a t 508 m/i. In  each ex­
perim ent a known am ount of standard ferrous ammonium sulfate 
in methanol or standard  ferric chloride, prepared by dissolving 
sublimed ferric chloride in methanol, was used. The iron solu­
tion, in a  50-ml. volumetric flask, was treated with 25 ml. of 
benzene. Five milliliters of 0.1 °/ç Denzene solution of o-phenan- 
throline were added. After addition of the acid being investi­
gated and just sufficient methanol (1 to 2 ml.) to  keep the acid in 
solution, the volume was made up to 50 ml. with benzene. The 
spectrophotom etric transmission value was determined a t 508 m/i 
a t  different time intervals after complexing, using benzene as a 
comparison liquid.

The results for sulfuric acid are shown in Tables I and I I  and 
for nitric acid in Table III .

Similar da ta  for trichloroacetic acid showed that the ferrous 
complex was unaffected b u t that, the absorption by the ferric 
complex could not be removed. Hydrochloric acid prevented 
absorption by the ferric complex bu t decomposed the ferrous 
complex.

Nitric acid is the only acid tried th a t will remove the absorp­
tion by the ferric complex at 50S m/i and yet no t affect the ferrous 
complex. N ot more than 0.1 ml. of concentrated acid can be 
used per 50 ml. of solution. Using this am ount of acid, the ab­
sorption by the ferrous complex is no t affected, and only 5%  
absorption is found for the ferric complex.

E f f e c t  o f  T i m e , T e m p e r a t u r e , a n d  A c i d  o n  R e a c t i o n  

b e t w e e n  P o l y m e r  P e r o x i d e  a n d  F e r r o u s  I r o n . A  polymer 
of relatively high peroxide content was desired.

A laboratory GR-S sample was heated in air a t 70° for 2 hours. 
The polymer was allowed to  stand w ith 100 ml. of benzene for 
each gram of polymer: the gel was filter«! off w ith a  100-mesh 
stainless steel screen, The resulting solution contained 0.00SS

gram of soluble polymer per ml. Prelim inary experiments showed 
th a t 1 ml. of this polymer solution gave a convenient extinction 
value when allowed to react with 1 ml. of 0.002 N  ferrous iron.

Experim ents were run as described in the previous section, using 
1 ml. of polymer solution, 1 ml. of 0.002 N  ferrous iron, and 0.1 
ml. of nitric acid, except as noted. The solutions containing 
ferrous iron, polymer, and acid were allowed to stand various 
lengths of time a t room tem perature before the o-phcnanthrolino 
was added. No oxidation of iron occurred in the presence of the 
indicator. In  certain experiments the mixture was heated to 
boiling and kept a t the boiling point for the desired time. In 
these instances the acid was not added until after cooling and 
complexing, as the acid would oxidize the ferrous iron in hot solu­
tions.

The data  in Table IV  indicate th a t the reaction between poly­
mer peroxide and ferrous iron is complete in 15 m inutes a t room 
tem perature if acid is present. No increase in transmission was 
obtained by heating up to 60 minutes. The final solutions were 
stable with respect to transmission values for periods of 1 to 2 
hours, with only slight effects over longer periods of time. In  all 
cases a  more stable color was obtained in the presence of acid.

E f f e c t  o f  C o n c e n t r a t i o n  o f  E x c e s s  F e r r o u s  I r o n . T o 
determine whether an excess of ferrous iron is necessary for com­
plete reduction of the rubber peroxides, the same polymer solu­
tion and procedure were used as in the previous section, allowing 
reaction times of 15 and 30 minutes a t room tem perature. The 
results are given in Table V.

From Table V it  appears th a t with an increasing excess of 
ferrous iron a higher apparent peroxide content is in general ob­
tained. As is shown below, this trend is caused by a variable 
amount of a ir oxidation of the excess ferrous iron. By limiting 
the observed transmission range to 50 to 70%, a maximum devi­
ation of around ± 20%  in apparent, peroxide content is allowed, 
according to  Table V. Considering the difficulty of sampling 
solid polymers and the relative nature of the method, this vari­
ation is not serious for following trends in polymer peroxides.

E f f e c t  o f  A n t i  o x i d a n t . To determine the effect of anti- 
oxidant, 2%  of phenyl-/S-naphthylamine (based on the dry poly­
mer) was added to the polymer solution already studied. W ith 
antioxidant present, hardly any oxidation of the ferrous iron 
occurred either at room tem perature or upon heating.

E f f e c t  o f  P h o s p h o r i c  A c i d  i n  P r e v e n t i n q  I n t e r f e r e n c e  

b y  A n t i o x i d a n t . Experiments designed to increase the ease of 
oxidation of ferrous iron by lowering the ferrous-ferric ion oxi­
dation potential were carried out. Fluoride and phosphoric acid 
were used as complexing agents. After preliminary experiments, 
phosphoric acid was adopted to avoid the etching effect of 
fluorides. The optimum concentrations of phosphric and nitric 
acids were found by a study of the spectrophotom etric absorp­
tion a t 508 m/i of the ferrous and ferric o-phenanthroline com­
plexes in the absence of peroxides. The same procedure was used 
as for ferrous and ferric complexes above, w ith the addition of 
phosphoric acid iii the form of a  methanol solution. The results 
appear in Table VI. In  each experiment 1.00 ml. of 0.002 Ar fer­
rous or ferric iron was treated  w ith various am ounts of phos­
phoric and nitric acids, o-phenanthroline was added, and the 
volume brought to  50 ml.

Even small am ounts of phosphoric acid exert an adverse effect 
on the ferrous complex if no nitric acid is present, presumably by 
pulling the ferrous iron away from the o-phenanthroline complex. 
A small am ount of nitric acid, by suppressing the ionization of the 
phosphoric acid, prevents the interference. Phosphoric acid has 
a desirable effect on the ferric iron in decreasing the absorption by 
forming the colorless ferric phosphate complex. From these re­
sults it was decided that. 0.02 millimole of phosphoric acid and 
0.05 ml. of concentrated nitric acid per 50 ml. are the optimum 
amounts.

To determine whether phosphoric acid prevents the interfer­
ence by plienyl-/3-naphthylamine, the polymer solution contain­
ing antioxidant was tried w ith a reaction tim e of 20 m inutes before 
adding the indicator. The results are shown in Table V II. A
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Tabic V I. Effect of Phosphoric A cid
C o n ­

c e n tra te d
H N O j I liP O i T im e  of S ta n d in g T ra n sm issio n

M il l i ­ ti , h , / 1. h ,
M l. moles rnin. m in . % ■ %

O n F e rro u s  C om plex
0 .0 0 .0 0 30 34
0 .0 0 .0 0 8 30 4 0 .3
0 .0 0 .0 2 30 4 3 .3
0 .0 0 .0 4 30 4 4 .3

■ 0 .0 5 0 .0 0 20 180 3 4 .0 3 3 .(
0 .0 5 0 .0 0 8 20 180 3 3 .9  • 3 5 . (
0 .0 5 0 .0 2 20 180 3 4 .0 35 . i
0 .0 5 0 .0 4 20 180 3 4 .5 36..'
0 .1 0 .0 0 25 180 35 36
0 .1 0 .0 0 8 25 180 36 39
0 .1  , 0 .0 2 25 180 36 39
0 .1 0.0-1 25 180 30 39

O n F e rr ie  Com pliex

0 .0 5 0 .0 0 35 95
0 .0 5 0 .0 0 8 35 i 20 97 9 7 ’
0 .0 5 0 .0 * 35 120 97 97
0 .0 5 0 .0 4 35 120 98 98

Table V II. Oxidation of Ferrous Iron in Presence of Antioxidan
0 .002  M

P o ly m e r F e rro u s T im e  a f te r A ctive
S o lu tion Iro n C o m p lex in g T ra n sm iss io n O xygen

M l. M l. M in . % P .p .m .
0 .2 1 .0 15 44 2230
0 .4 1 .0 15 5 1 .5 1770
0 .6 1 .0 15 5 9 .2 1560
0 .8 1 .0 15 67 1420

comparison of the results with those obtained with the same 
polymer solution in the absence of antioxidant (Table V, first 
four experiments) shows th a t very similar da ta  were found in the 
two cases. The modified method using both nitric and phos­
phoric acids was also tried on the polymer solution without 
antioxidant, w ith very similar results.

The commonly used antioxidants BLE (a complex condensa­
tion product of acetone and diphenylamine) and S talitc (an 
alkylated secondary arylamine) wore likewise shown not to inter­
fere in the peroxide determination.

A B S O L U T E  A C C U R A C Y

To check the absolute accuracy of the proposed method, an 
analysis of a standard peroxide was desired. Benzoyl peroxide 
and furoyl peroxide, which is much less stable thermally, failed 
to react noticeably with the reagent even after long standing. 
On the other hand, terl-butyl hydroperoxide reacted as readily as 
polymer peroxides.

Since Farm er and Sutton (2) have shown natural rubber per­
oxides to  bo of the hydroperoxide type, it  was of interest to  com­
pare the results obtained on rubber peroxides by the proposed 
method and by the thiocyanate method of Robey and Wiese (7), 
which responds to all peroxides. The same rubber or GR-S solu­
tion showed about 20% more peroxide (relative) by the o-phe- 
nanthroline method than  by the thiocyanate method.

Analysis of solutions of fcW-butyl hydroperoxides standardized 
by the iodide method of Liebhafsky and Sharkey (<?), and diluted 
for colorimetric analysis, showed th a t both colorimetric pro­
cedures gave high results, increasing w ith decreasing amounts of 
peroxide in  the reaction mixture (compare Table V). However, 
careful exclusion of oxygen by bubbling the reagents before and 
during the reaction led to lower results (Table V III). W ith use of 
the thiocyanate m ethod , the rate  of reaction between peroxide and 
iron was found to  decrease markedly as the last traces of oxygen 
were removed. Thus a fading of the thiocyanate color led to low 
results in air-free solutions. These observations suggest th a t 
peroxide catalyzes the air oxidation of iron (induced reaction) and 
conversely th a t oxygen catalyzes the peroxide iron reaction. Thus 
both colorimetric procedures are nonstoichiometric in the pres­
ence of a ir and very slow in its absence. For best results, both

Table V III. Effect of A ir  on Colorimetric Peroxide Determination
0.002 jV 0.002 Ar Iro n
P ero x id e Iron U sed R eco v ery

M l. M l. M l. %  

o -P h en an th ro lin e

C o n d itio n s

M eth o d
0 .5 0 1 .2 0 1 .14 228 A ir s a tu r a te d
0 .5 0 1 .0 0 0 .7 3 140 N j th ro u g h  b en z en e  on ly
0 .5 0 1 .0 0 0 .6 5 130 N t th ro u g h  a ll re a g e n ts  be fo re  

reac tio n
0 .5 0 1 .0 0 0 .5 9  118 N 2 th ro u g h  a ll reag en t«  an d  

d u r in g  reac tio n

T h io c y a n a te  M e th o d
0 .2 0 15 0 .3 8 190 A ir s a tu ra te d
0 .3 0 15 0 .5 6 187 A ir s a tu ra te d
0 .5 0 15 0 .7 5 150 A ir s a tu r a te d
0 .8 0 15 0 .7 7 96 A ir s a tu r a te d
0 .3 0 15 0 .5 5 183 N t  b e fo re  reac tio n
0 .5 0 15 0 .7 2 144 N* befo re  reac tio n
0 .8 0 15 0 .7 4 93 N j b e fo re  roac tion
0 .3 0 15 0 .1 8 60 N j b efo re  a n d  d u rin g  reac tio n
0 .5 0 15 0 .1 2 24 N j befo re  a n d  d u r in g  reac tio n

should be applied only over a narrow range of peroxide content 
in the reaction mixture.

If the recommended transmission range of 50 to 70%  is used 
in the proposed procedure (corresponding to a twofold range of 
peroxide concentration), comparative analyses can readily be 
made without standardization. For results of absolute signifi­
cance, standardization by means of ieri-butyl hydroperoxide is 
recommended. For larger amounts of peroxides, the iodide 
method gives stoichiometric results, bu t titra tion  methods in­
volving ferrous iron again were found to give high results in the 
presence of air. This observation has also been made by Kolthoff 
and co-workers (5) in the analysis of soap peroxides.

S E N S IT IV IT Y

The procedure as given is sensitive to 10 or 20 p.p.m. active 
oxygen, calculated on the solid polymer. No particular effort 
has been made to  gain the utm ost sensitivity, bu t much larger 
sample sizes could be used. The limiting factor is the color of the 
polymer solution itself, which could be compensated by using a 
solution of the polymer rather than  benzene as the comparison 
liquid. By this means, less than  1 p.p.m. of active oxygen could 
be detected, considering the fact th a t the method gives an ab­
normal response to  very small traces of hydroperoxide.
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Separation of Calcium from Magnesium
By O xalate  M ethod in Samples of H igh Magnesium-Calcium Ratio

E. R. W R IG H T  A N D  R. H. D E L A U N E , Texas Division, The Dow Chemical Company, Freeport, Texas

By careful control of the relative concentrations of magnesium and 
oxalate ion, it is possible to achieve acceptable separations of 
calcium from magnesium by direct precipitation of calcium oxalate 
in samples containing magnesium-calcium ratios of SO to 1 or 
greater. Results which can be achieved with a single precipitation 
are limited by the solubility of calcium oxalate which increases 
rapidly with increasing oxalate concentration in hot solutions.

I N  T H E  analysis of magnesites and magnesium chloride brine 
concentrates, it  has long been recognized th a t the separation 

of calcium as calcium oxalate becomes increasingly uncertain 
as the magnesium content of the sample is increased. This un­
certainty is caused by two properties of magnesium oxalate: 
its complex-forming nature which effectively ties up oxalate 
ion and makes the precipitation of calcium oxalate slow or in­
complete, and its low solubility which causes excessive adsorp­
tion and especially postprecipitation of magnesium oxalate.

As a result of a study of the solubility of magnesium oxalate in 
ammonium oxalate solutions, Bobtelsky and Malkowa-Janow- 
ski (2) pointed out th a t both  these effects could be ameliorated 
by adding to the solution a  much larger quantity  of oxalate 
ion than  normally employed, th e  additional concentration of 
oxalate having the effect of forming a  soluble complex w ith mag­
nesium and furnishing sufficient oxalate in excess for the pre­
cipitation of the calcium. Additional information is herein pre­
sented dealing w ith the solubility of calcium oxalate, the quan­
tity  of oxalate required to prevent precipitation of magnesium 
oxalate, the best mode of precipitation of calcium oxalate, the 
am ount of error to  be expected from coprecipitation of magne­
sium, and maximum permissible magnesium-calcium ratio.

R E A G E N T S

M a g n e s iu m  C h l o r id e  S o l u t io n . A solution of magnesium 
chloride free of calcium was prepared by dissolving pure magne­
sium m etal in hydrochloric acid and diluting so th a t it  contained 
16.0% magnesium chloride (4.09% magnesium). A spectro- 
graphie analysis showed th a t th is solution contained less than 
0.001%  calcium and no detectable am ount of aluminum, copper, 
iron, manganese, silicon, or nickel. The solution was stored in a 
Pyrex, glass-stoppered bottle.

S t a n d a r d  C a l c iu m  S o l u t io n . The solutions were made up 
as needed to contain about 0.8 mg. of calcium per millimeter by 
dissolving a  weighed quan tity  of Baker’s Iceland spar in a slight 
excess of distilled hydrochloric acid and diluting to  known 
volume. The solutions were standardized according to  the pro­
cedure shown below, although a good agreement was always 
obtained between the calcium content as determined and th a t 
obtained by assuming the Iceland spar to be a prim ary standard.

H y d r o c h l o r ic  A c id . Reagent grade hydrochloric acid was 
diluted w ith an equal volume of w ater and distilled from an all- 
Pyrex still. The resulting solution was approximately 6 N  in 
hydrochloric acid.

A m m o n ia . Ammonia solutions were prepared 1 liter a t a 
tim e by passing ammonia gas from a cylinder through a water 
scrubber, then into cold w ater in a  Vycor flask. The concen­
trated solution (6 to  9 N )  so obiained was stored in the Vycor 
flask, or in some cases in hard rubber bottles.

A m m o n iu m  O x a l a t e : For most of the work, ammonium oxa­
late was purified by a single crystallization from hot w ater in 
order to  remove insoluble impurities.

In  some cases where crystallization did not appear neces­
sary, analytical reagent grade ammonium oxalate monohydrate 
was used directly. D eterm inations of the solubility of calcium 
oxalate were made with ammonium oxalate prepared by crystal­
lizing reagent grade oxalic acid which was then neutralized with 
ammonia gas.

N i t r ic  A c id . Analytical reagent grade acid was distilled 
from an all-Pyrex still and stored in  a  Pyrex bottle.

P R O C E D U R E

S t a n d a r d iz a t io n  o f  C a l c iu m  S o l u t io n s . The required 
am ount (25.00 or 50.00 ml.) of calcium solution was pipetted 
into a  400-ml. beaker and 5 ml. of 6 N  hydrochloric acid were 
added. The solution was diluted to  75 ml., 25 ml. of 5%  am ­
monium oxalate solution were added, and the solution was 
heated to about 80° C. The calcium oxalate was then precipi­
ta ted  by the dropwise addition of 6 N  ammonia until the solution 
became basic to methyl red indicator and about 3 drops in ex­
cess. After digestion a t 80° C . for about 15 m inutes the solu­
tion was allowed to cool for an hour, and was then filtered through 
a tared fritted Pyrex  filter (fine porosity) and washed 5 times with 
cold 0.2%  ammonium oxalate solution. The precipitate was 
dried for a half hour a t  180° C., and was ignited for one hour a t 
475° to 500° C. in a muffle furnace according to the procedure of 
Willard and Boldyreff (9 ). The resulting calcium carbonate 
was allowed to  cool a t  least 4 hours in a  desiccator containing 
anhydrous calcium chloride and was then weighed.

Grams of (N H ^ C jO i .H jO  p e r  100 M l. of W ater

Figure 1. Solubility of Calcium Oxalate in 
Ammonium Oxalate Solutions at 95° C.

Table I. Solubility of Calcium Oxalate in Solutions of Ammonium 
Oxalate and Other Salts

S a lt P re s e n t p e r  100 M l. 
of H jO  a t  8 0 -9 0 °  C .

C a lc iu m  C a rb o n a te  
T a k e n  F o u n d C a  D isso lved

G ram s M g. M g. M g.

5 .0  (N H «),C j0 4.H jO 4 9 .5 4 9 .2 0 .1 4 °  ±  0 .0 2
1 0 .0  (N H O sC îO i.H iO 4 9 .5 4 8 .6 0 .3 5 °  =t 0 .0 5
1 5 .0  (N H 4)jC 20 4 .H ,0 4 9 .4 4 7 .9 0.60&  =*= 0 .1 2
2 0 .0  (N H <)2C 20 4 .H í 0 5 7 .0 5 3 .6 1 .4 *  ± 0 . 2
2 5 .0  (N H 4)iC j0 4 .H ,0 4 9 .5  • 4 4 .4 2 .0 °  ± 0 . 2
1 8 .0  H jC j0 4 .2 H i 0 ^ 5 6 .5 5 3 .2 1 .4*
2 6 .0  K î C j0 4 .H 20 6 8 .4 6 3 .2 2 .0 *
2 0 .0  N H 4CI 5 6 .5 5 6 .4 < 0 .1 *
2 0 .0  N aC l 5 6 .5 5 6 .8 < 0 . 1 * •
2 0 .0  K C l 5 6 .5 5 6 .8 < 0 .1 *

a A v erag e  o f fo u r  d e te rm in a tio n s .
& A v erag e  of th re e  d e te rm in a tio n s . 
e A v erag e  of five d e te rm in a tio n s .
4 N e u tra liz e d  w ith  N H 4O H .
* A v erag e  of tw o  d e te rm in a tio n s .
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P r e c i p i t a t i o n  f r o m  M a g n e s i u m  C h l o r i d e  S o l u t i o n s . 

Several modes of precipitation were tried as shown below, the 
following being adopted finally as the recommended procedure.

The neutral magnesium chloride solution containing the 
proper am ount of calcium and about 1 gram of ammonium chlo­
ride is diluted to  100 ml. in a 400-mL beaker and heated to 80° C. 
The proper quantity  of solid ammonium oxalate monohydrate 
(from Table III)  is then added all a t  once and the mixture 
stirred until solution is complete. The precipitate is digested for 
0.5 to  1 hour a t  80° C., and filtered hot through a tared Pyrex 
filter. The determ ination is completed as for standardization of 
calcium solution.

In  m any cases a second precipitation was m ade by dissolving 
the ignited calcium, carbonate in dilute hydrochloric acid, filtering 
the acid solution through the Pyrex filter from which the calcium 
carbonate was dissolved, and then continuing by the procedure' 
shown above under standardization of the calcium solutions.

RESU LTS

S o l u b i l i t y  o f  C a l c i u m  O x a l a t e . The fact th a t the solu­
bility of calcium oxalate increases w ith oxalate-ion concentra­
tion became evident early in  the work, and in order to obtain 
data  showing the m agnitude of this effect, a  number of deter­
minations were made by adding various quantities of solid 
ammonium oxalate m onohydrate to  the ho t solution containing 
calcium oxalate m onohydrate precipitated by  the procedure 
described above for standardization of the standard calcium 
solutions. After addition of the solid ammonium oxalate the 
solutions were digested ho t for l.hour, filtered hot, and washed 
with cold 0.2%  ammonium oxalate. R esults arc shown in 
Table I, together with similar determ inations made w ith a few- 
other salts.

In  order to provide further corroboration of the general magni­
tude of this solubility, a num ber of determ inations were made by 
analyzing for calcium in the filtrate of the ammonium oxalate 
solutions. For this purpose an all-Pyrex apparatus was em-

Table II. Quantity of Ammonium Oxalate Required

M ag n esiu m

0 .0 4 6

0 .1 1 6

0 .2 3 1

1 .1 6

C alc iu m C a rb o n a te
F o u n d E rro r , C a

(N lli)» - 1st 2nd 1st 2nd
C sO rH jO T a k en p p tn . p p tn . p p tn . p p tn .
. at 90° C. M g. M g. M g. M g. M g.

3 .0 5 0 .3 5 0 .7 4 9 .9 +  0 .1 6 -  0 .1 6
3 .0 5 0 .3 5 0 .5 4 9 .7 +  0 .0 8 -  0 .2 4

3 .0 5 6 .8 1 2 8 .6 5 6 .4 +  2 8 .7 -  0 .1 6
3 .0 5 6 .8 1 4 2 .0 5 6 .5 + 3 4 .1 -  0 .1 2
3 .0 10 1 .0 2 1 8 .4 1 0 0 .3 +  4 7 .0 -  0 .2 8
3 .0 101 .0 2 2 4 .5 1 0 0 .6 + 4 9 .4 -  0 .1 6
5 .0 5 6 .8 6 0 .6 5 6 .1 +  1 .5 -  0 .2 8
5 .0 5 6 .8 5 7 .3 5 5 .1 +  0 .2 -  0 .2 8
5 .0 1 0 1 .0 1 3 1 .2 1 0 0 .4 +  12 .1 -  0 .2 4
5 .0 101 .0 1 3 4 .0 10 0 .4 +  1 3 .2 -  0 .2 4
7 .0 5 0 .3 5 0 .5 4 9 .6 +  0 .0 8 -  0 .2 8
7 .0 5 0 .3 5 0 .3 4 9 .5 0 .0 0 -  0 .3 2
7 .0 1 0 1 .0 1 0 1 .5 100 .1 +  0 .2 0 -  0 .3 6
7 .0 1 0 1 .0 101 .5 10 0 .2 +  0 .2 0 -  0 .3 2

5 .0 5 6 .8 8 6 .5 5 8 .0 +  1 1 .9 +  0 .4 8
5 .0 5 6 .8 2 2 8 .5 9 8 .1 +  6 8 .7 +  10 .5

1 0 .0 5 6 .8 5 5 .8 5 5 .3 -  0 .4 -  0 .6
1 0 .0 5 6 .8 5 5 .7 5 5 .2 -  0 .4 -  0 .7
1 5 .0 5 6 .8 5 4 .4 5 4 .2 -  1 .0 -  1 .0
1 5 .0 5 6 .8 5 4 .0 5 4 .1 -  1 .1 -  1.1

5 .0 5 1 .3 V ery h igh V ery  h igh
1 0 .0 5 1 .3 7 1 2 .2 2 3 8 .4 +  264 +  75
1 0 .0 5 1 .3 5 1 8 .8 3 4 1 .0 +  187 +  116
1 5 .0 5 1 .3 106 .9 5 0 .5 + 2 2 .2 -  0 .3 2
1 5 .0 5 1 .3 9 1 .7 4 9 .0 +  16 .1 -  0*9
2 0 .0 5 1 .3 4 8 .7 4 8 .7 -  1 .0 -  1 .0
2 0 .0 5 1 .3 4 7 .9 4 7 .5 -  1 .4 -  1 .5
2 0 .0 6 8 .8 6 5 .5 6 4 .7 -  1 .3 -  1 .6
2 0 .0 6 8 .8 6 5 .9 6 5 .6 -  1 .2 -  1 .3
2 5 .0 5 1 .3 4 5 .8 4 5 .4 -  2 .2 -  2 .3
2 5 .0 6 8 .8 6 3 .6 6 2 .7 -  2 .1 -  2 .4

2 5 .0 5 6 .8 V ery h igh V ery  h igh
3 0 .0 5 6 .8 1 4 5 .0 5 5 .7 + 3 5 .3 -  0 .4
3 0 .0 5 6 .8 1 5 3 .0 4 7 .4 + 3 8 .5 -  3 .8
3 5 .0 5 6 .8 4 3 .0 4 2 .5 -  5 .5 -  5 .7
3 5 .0 5 6 .8 4 2 .3 4 2 .2 -  5 .8 -  5 .8

ployed containing a  sealed-in fritted filter, so th a t the filtration 
could be made while the apparatus was immersed in a  constant- 
tem perature bath  a t 95° C. Results by th is method (Figuré 1) 
provide an approximate check on those values shown in T able I.

I t  is evident from these solubility figures th a t if hot filtration 
is employed, the solubility error is appreciable and increases 
rapidly with increasing oxalate concentration.

Q u a n t i t y  o f  A m m o n i u m  O x a l a t e  R e q u i r e d . The solu­
bility a t 100° C. of magnesium oxalate dihydrate in ammo­
nium oxalate solutions of concentration up to  20 grams of 
ammonium oxalate per 100 grams of solution is shown in Figure 2 
according to  da ta  presented by Bobtelsky and Malkowa-Janow- 
ski (2).

The practical significance of these solubility figures was 
checked approximately as showm in Table I I  by a procedure which 
consisted of adding various quantities of solid ammonium oxalate 
monohydrate to 100 ml. of hot solution containing known quan­
tities of magnesium and calcium. These solutions were digested 
a t 80° to  90° C. for 0.5 to 1 hour and filtered hot. T he quan­
tity  of precipitated magnesium oxalate drops sharply when suf­
ficient ammonium oxalate is present to equal the solubility re­
quirement showm in Figure 2. In actual practice a  further ex­
cess of oxalate appears desirable in reducing coprecipitation of 
magnesium; consequently am ounts of ammonium oxalate are 
recommended as shown in Table I I I ,  together w ith the solubility 
corrections necessary.

Table III. Recommended Quantity of Ammonium Oxalate

Grams of (N H ^ Q O *  per 100  Grams of Solution

Figure 2. Solubility at 100° C. of Magnesium 
Oxalate in Ammonium Oxalate Solutions (2)

(N H O s- S o lu b ility
M ag n esiu m C tO vH jO C o rrec tio n ,

P re s e n t A dded C a
G ./1 0 0  ml. G ./1 0 0  m l. M g . /100 ml.

0 .1 0 7 0 .2 0
0 .2 0 11 0 .3 5
0 .3 0 15 0 .6 0
0 .4 0 20 1 .4
0 .5 0 25 2 .0
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Table IV . Mode of Precipitation
(asE r ro r  in  F irs t  P p tn . 

C aC O j) M gO  in P p t.
M ag n e ­ M eth o d M eth o d M eth o d M eth o d M eth o d M eth o d

s iu m C 20 4 -H -0 A B C A B C
G ra m s /100 mi. M g. M u. M g. M g. M g. M g.

0 .0 7 5 1 .5 +  1 .3 1 .0
3 .0 +  0 .6 + 0 . 6 6 .5 0 .7
5 .0 +  0 .7 +  0 .3 6 .6 0 .5
6 .0 — 6 .5 6 .2

0 .2 0 0 1 .5 +  + 7 3 .3
5 .0 +  2 ,4 +  ¿ ‘.7 +  8 6 .7 1 .3
8 .0 +  0 .5 0 .5

1 1 .0 +  1 • 4 -  i ’3 — 0.G 0 .6 6 ' i 0 .2
0 .4 0 0 1 0 .0

1 3 .0
+  1 3 .5  

- 1 . 1
+  5 .3

+  Ü  * 6 0 .7
1 5 .0 — 2 .2 - 2 . 0 - 1 . 4 0 .9 6! i 6! 3

0 .4 6 2 2 0 .0 - 3 . 8 0 . 1
M eth o d  A, K olthoiT  a n d  S an d e ll (o).
M e th o d  B , rev erse  o rd er, a d d itio n  of sam p le  to  h o t  (N UO sCsCh so lu- 

tio n .
M e th o d  C , a d d itio n  of w eighed q u a n t i ty  of so lid  (N llO iC s O rlls O  d i­

re c t ly  to  h o t  s am p le .
A ll d e te rm in a tio n s  m a d e  w ith  ca lc iu m  c o n te n t of a b o u t  50 m g. of CaCO a. 
F ig u re s  lis ted  a re  av e ra g es  of d u p lic a te  d e te rm in a tio n s .

M o d e  o f  P b e c i p i t a t i o n . T his is the point to which pre­
vious investigators have devoted most of their attention  in an 
effort to  improve the calcium-magnesium separation. I t lias 
been clearly shown (1, 3, o, 6, 7) th a t in magnesium-calcium 
ratios (by weight) of 1 to 1 or lower a better separation is a t­
tained by slow neutralization of an acid oxalate solution than  by 
addition of oxalate to a neutral solution. In  th is case, suf­
ficient oxalate according to Figure 2 is not always added and it is 
necessary to  depend upon supersaturation to keep magnesium 
oxalate from precipitating (4).

I t  was pointed out by Blasdale (I) th a t there is no purpose in 
the slow neutralization of a sample containing much magnesium 
because the calcium does not begin to  precipitate in th is case until 
the solution is nearly neutral. This observation has been re­
peatedly confirmed; in fact, it was noted th a t the neutralization 
of a  hot acid solution containing 20 grams of ammonium oxalate 
m onohydrate and 0.4 gram  of magnesium ion resulted sometimes 
in a heavy precipitation of magnesium oxalate which tended to 
dissolve as the neutralization proceeded. This behavior is to be 
expected, since in an acid solution the oxalate-ion concentration 
is low a t  first and as it increases during the neutralization a point 
is reached a t  which the oxalate-ion concentration is favorable for 
the precipitation of magnesium oxalate. As the oxalate-ion 
concentration continues to  increase during the neutralization, 
the precipitated magnesium oxalate goes back into solution, 
presumably in the form of a complex ion. The exact nature  of 
this complex ion is not clear, b u t it  may contain a  mole ratio  of 
oxalate to  magnesium as high as 4 to  1, since the mole ratios 
calculated from the solubilities shown in Figure 2 appear to  ap­
proach this value as the magnesium content increases.

I t  was decided, therefore, to

m onohydrate was used by m aintaining the solution a t 70° G. in 
order to  prevent precipitation of ammonium oxalate monohydrate 
upon cooling.

M e t h o d  B. Reverse order. The sample was added dropwise 
from a separatory funnel to a ho t solution of ammonium oxalate 
of such dilution th a t the final volume would he 100 ml. The 
precipitate was digested 0.5 hour a t 70° O. and filtered hot.

M e t h o d  C. Solid ammonium oxalate monohydrate was 
added directly to the hot solution according to the method given 
under Procedure.

After the first precipitation was completed according to  one of 
the above procedures, the ignited and weighed precipitate of 
calcium carbonate containing any coprecipitatcd magnesium was 
dissolved in hydrochloric acid, and a  second précipitation was 
made (see Procedure). The filtrate from the second precipita­
tion was examined for magnesium by  the T itan  yellow method
(S) as a check on the loss in weight between the first and second 
precipitations.

Conclusions drawn from the results shown in Table IV m ay be 
summarized as follows:

M ethod A results in a somewhat greater coprecipitation of 
magnesium than  method B or C, b u t gives less precipitation of 
magnesium oxalate where a deficiency of ammonium oxalate is 
used.

M ethod B is somewhat less convenient than method C and does 
not give results th a t are much, if any, better than  those with 
method C.

If  sufficient ammonium oxalate is present, methods B and C 
result in negligible coprecipitation of magnesium, about 0.1 to 
0.3 mg. of magnesium usually being found w ith the ignited cal­
cium carbonate. Results are low however, because of the 
solubility of calcium oxalate in the concentrated ammonium 
oxalate solutions.

M ethod A lends itself to good accuracy w ithout solubility cor­
rection in samples containing magnesium-calcium ratios by 
weight as high as 20 to 1 if 5.0 grams of ammonium oxalate 
monohydrate are used per 100 m l.'of solution, a  double precipita­
tion is made, and no t more than 0.2 gram of magnesium ion per 
100 ml. is present.

T he stability  tow ard boiling of a magnesium solution con­
taining excess oxalate was tested  by boiling gently for 2 hours a 
solution containing 0.462 gram of magnesium ion, 20.0 grams of 
ammonium oxalate and 20.7 mg. of calcium ion. The precipi­
ta ted  calcium oxalate was then filtered, washed, ignited,' and 
weighed in the regular mariner. No evidence of postprecipita- 
tion of magnesium oxalate was found. This point was checked 
further by rcfluxing for S hours a pure magnesium chloride 
solution containing 0.462 gram of magnesium and 20.0 grams of 
ammonium oxalate per 100 ml. No visible precipitation of 
magnesium oxalate occurred.

A p p l i c a t i o n s . Results which can be obtained by a single 
precipitation of calcium oxalate in the analysis of three samples 
containing a high magnesium-calcium ratio  are shown in Table V. 
While these results are in general satisfactory, the method is not

investigate three modes of pre­
cipitation according to  the 
fo l lo w in g  schem e. Results 
are shown in Table IN'.

M e t h o d  A. According to 
Kolthoff and Sandell (5). This 
procedure consists of the drop- 
wise addition of 6 N  ammonia 
to an acid solution containing 
1.5 grains or more of amm o­
nium oxalate monohydrate 
per 100 ml. a t 70° to 80° C. 
un til the  solution is basic to 
m ethyl red indicator. The 
solution is then allowed to 
stand w ithout further heating 
for 1 hour and filtered cold. 
This procedure was modified 
in  cases where more than 5.0 
grams of ammonium oxalate

Table V . Miscellaneous Applications
C alc iu m

D esc rip tio n

R a tio  
b y  W eig h t 

M g :C a

C o rrec­
tion  A p­
p lied , C a

M ag n e­
s ium

P re se n t V olum e

(N H ih -
CsO nH sO

U sed P re s e n t

F o u n d  
C a C C V  K M nC h 
m e th o d  m e th o d

M g. G ram s M l. G ram s % % %
D ilu te  (1 5 % ) M g C lt 

liq u o r 16:1 1.4 0 .4 3 100 20 0 .2 3 2 6 0 .2 3 1
0 .2 3 1
0 .2 3 2

0 .2 2 9  
0  229 
0 .2 2 9

C o n c e n tra te d  (34% ) 
M g C lt liq u o r 8 5 :1 4 .0 1 .OS 200 50 0.099<> 0 .0 9 8  .

0 .0 9 7
0 .0 9 6

B . of S . b u rn e d  m ag­
n e s ite  ( s ta n d a rd  
sam p le  104) 2 2 : 1 1 .4 0 .41 100 20 2 .3 9 2 .3 90  OP

2 .3 7

** B y  m e th o d  sh o w n  u n d e r  p ro ced u re , u s ing  sin g le  o x a la te  p re c ip ita tio n .
b B y  rem o v a l o f 9 0 %  o f m ag n esiu m  w ith  N a O il ,  fo llow ed b y  d o u b le  o x a la te  p re c ip ita tio n  o f ca lc ium , 

ig n itio n  to  CaCO *.
th e n
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always practical because of the large quantity  of ammonium 
oxalate required, and the necessity for applying an accurately 
known empirical correction due to  solubility of calcium oxalate. 
The calcium oxalate precipitate can be titra ted  w ith permanga­
nate w ith results th a t check closely those obtained by weighing 
as calcium carbonate, as shown in Tabic V.

C O N C L U S IO N S

The separation of calcium by precipitation as oxalate from 
solutions containing much magnesium is limited by the solubility 
of calcium oxalate, which becomes appreciable in hot concen­
trated ammonium oxalate solutions, and by the necessity of 
using large amounts of ammonium oxalate in order,to  prevent 
precipitation of magnesium oxalate. By the addition of suf­
ficient ammonium oxalate, up to 0.5 gram of magnesium ion can 
be held in solution in 100-ml. volume a t 80° C.

Coprécipitation of magnesium is small if a large excess of 
ammonium oxalate is added directly to a hot neutral solution 
containing magnesium and calcium.

In the range of magnesium-calcium ratios (by weight) of

20 to 1, calcium can be determined with acceptable accuracy by a 
single precipitation of calcium oxalate using a large amount of 
ammonium oxalate and an empirical correction for solubility of 
calcium oxalate, or by double precipitation using not over 5 
grams of ammonium oxalate per 100 ml. as precipitant.
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Systematic Polarographie Metal Analysis
Determination of Tin, Lead, N icke l, and Z in c  in Copper-Base A llo y s

JA M E S  J. L 1 N G A N E  
Department of Chemistry, Harvard University, Cambridge 38, Mass.

Procedures are described for determining tin, lead, nickel, and zinc 
in copper-base alloys. Other minor elements such as antimony, 
bismuth, iron, and manganese, do not interfere, and two samples 
suffice for all four determinations. Electrolysis at controlled poten­
tial is used to remove copper (and antimony, bismuth, etc.) prior 
to the determination of lead and tin, and to remove copper, lead, 
and tin prior to the determination of nickel and zinc. Separate 
aliquot portions of the solution remaining after removal of copper 
are used for polarographic determination of lead and tin, the former

in 1 N sodium hydroxide, and the latter in a supporting electrolyte 
composed of 4 M ammonium chloride and 1 N  hydrochloric 
acid. Nickel and zinc are determined simultaneously in the 
solution remaining after removal of copper, lead, and tin, an am- 
moniacal supporting electrolyte is used, and small amounts of nickel 
may be determined accurately in the presence of large amounts of 
zinc. A ll  four determinations can be completed in about 2.5 
hours. Results obtained with several representative Bureau of Stand­
ards copper-base alloys agreed very well with accepted values.

PROCEDU RES for the polarographic determ ination of cop­
per, zinc, lead, iron, and nickel in brass have been described 

by Holm (2, S) and Mnieh (3, 11), a method of determining only 
copper and zinc in  such alloys has been discussed by Tyler and 
Brown (16), and a  method for nickel in brasses and bronzes was de­
veloped by Milner (10). Several studies of the polarographic char­
acteristics of tin  have been made (4, 8, 9, 13, 14, 15), bu t no 
method for the polarographic determ ination of this element in 
alloys has previously been described. In  this paper a systematic 
procedure for the determ ination of tin, lead, nickel, and zinc in 
various kinds of copper-base alloys is presented. O ther minor 
elements which may l>c present in such alloys, such as antimony, 
bismuth, iron, and manganese, do not interfere, and two samples 
suffice for all four determinations.

-Since the wave of cupric copper precedes th a t of the other ele­
ments concerned, it m ust lie removed. Taking advantage of the 
fact th a t the cuprous cyanide complex ion is not reducible a t  the 
dropping electrode in basic solution, Holm (2) and Milner (10) 
recommended the reduction of cupric copper by cyanide ion in 
ammoniacal medium to eliminate its interference in the deter­
mination of nickel. T his procedure is no t applicable when tin 
and lead are also to be determined, and M ilner (10) found that 
the diffusion current of the nickel cyanide complex was influenced 
by the am ount of zinc present.

In the present method copper is removed by electrolysis w ith a 
platinum cathode a t controlled potential, and lead and tin  are

directly determinable in the residual solution in the presence of 
nickel and zinc. Antimony and bismuth are removed with the 
copper, and iron is finally present in the ferrous s ta te  and does 
not interfere. Nickel and zinc are determined in a second 
sample after removal of copper, tin, and lead (and antimony, bis­
muth, etc.) by controlled potential electrolysis. Although, on 
paper, i t  m ight seem th a t a precipitation method of removing 
copper would be simpler than  controlled potential electrolysis 
because of the large am ount of precipitate th a t would have to be 
handled, electrolytic separation is more convenient. Using 
the autom atic apparatus previously described (6, 7), electrolytic 
separation actually requires less of the operator’s tim e than that 
involved in processing a precipitate. Furtherm ore, in a pre­
cipitation method errors due to coprecipitation m ust be con­
sidered, and the necessity of introducing relatively large quanti­
ties of reagents frequently complicates subsequent polarographic 
determinations. In  electrolytic separations only hydrogen ion 
in am ount equivalent to  the m etal deposited is introduced, and 
t he preparation of the residual solution for polarographic deter­
minations is thus facilitated.

The solution remaining after removal of copper, which con­
tains the tin in the stannic state, is diluted to a known volume 
and separate aliquot portions are used for the determination of 
lead and tin. Nickel and zinc are determined simultaneously 
in the solution remaining after electrolytic removal of copper, 
tin, and lead from a second sample. In the ammoniacal sup­



porting electrolyte employed the wave of nickel precedes, and is 
well separated from, the wave of zinc, which perm its the simul­
taneous determ ination of the two m etals from a single polaro- 
gram (Figure 2). The am ount of nickel in a copper-base alloy is 
usually considerably less than  the am ount of zinc, and accurate 
determ inations of nickel m ay be made in the presence of a large 
excess of zinc w ithout difficulty.

E X P E R IM E N T A L  T E C H N IQ U E

T he electrolytic separations were performed w ith a platinum  
gauze cathode 5 cm. high and 5 cm. in diam eter, and a  platinum  
gauze anode 5 cm. high and 2.5 cm. in diam eter which was 
mounted inside and coaxially with the cathode, Efficient 
stirring was provided by a  magnetic stirrer consisting of a bar of 
soft iron sealed in a Pyrex glass shell activated by a  rotating 
m agnet m ounted on the end of a m otor shaft below the 250-cc. 
beaker which served as the electrolysis cell. (This device is 
obtainable from A. H . Thom as Co., Philadelphia.) A sa turated  
calomel electrode was used to  control the cathode potential, 
and the tip  of the sa lt bridge was placed as close as possible to the 
outside surface of the cathode near its middle.

The electrolyses were performed by so adjusting the to ta l 
e.m.f. applied to  the cell th a t the potential of the cathode ver­
sus th e  sa turated  calomel electrode atta ined  the  desired value, 
which was m aintained as electrolysis proceeded by suitable read­
justm ent (usually decrease) of the applied e.m.f. The electrical 
circuit used which has been described (<?, 7), performs this func­
tion autom atically and m aintains the cathode potential to 
within =*=0.02 volt of any desired value w ithout any attention . 
N ot more th an  5 m inutes of th e  operator’s tim e is required for 
an electrolytic separation w ith this autom atic apparatus, and 
the to ta l elapsed tim e is usually less than  45 m inutes. A m anu­
ally operated circuit of th e  type described by Sand {12) can also 
be used, bu t it requires constant attention .

When the electrolysis was complete (5 to  10 m inutes after the 
current fell to  a  small constant value) th e  stirrer was stopped, the 
beaker was lowered from the electrodes w ith the circuit still 
connected, and the electrodes were washed w ith a small am ount 
of w ater from a wash bottle. If lead has been deposited on the 
cathode the washing should be done quickly w ith a minimal 
am ount of water, because appreciable am ounts of lead are dis­
solved by prolonged washing (7). Since no more th an  2 or 3 cc. 
of the original 200 cc. of solution electrolyzed adheres to the 
electrodes, and since the accuracy of the subsequent polaro- 
graphie analysis is of the order of 1%, a single washing of the elec­
trode suffices. The combined residual solution and washings 
were prepared for polarographic analysis as described below 
under the separate determ inations.

Polarograms were recorded w ith a Sargent-H eyrovsk£ Model 
X I polarograph, whose recording galvanom eter was calibrated 
as previously described (3). The polarographic cell was placed 
in a  w ater therm ostat a t 25° C.

The dropping electrode assembly, including a  stop-clock de­
vice which autom atically measures the ra te  of flow of mercury, 
has been described (5). Prelim inary m easurem ents, in which 
accurate values of half-wave potentials were desired, were m ade 
w ith the usual H -type cell w ith sa tu ra ted  calomel anode (3). 
In  subsequent determ inations of nickel and zinc in an ammoni- 
acal supporting electrolyte a length of lead wire (No. 18) wrapped 
in the form of a  helix directly on the dropping electrode capillary 
served as anode. T he potential of this lead anode in a  solution 
containing 0.2 M  ammonium ion, 1 M  ammonia, and 0.1 M  
sulfite ion is about —0.68 volt vs. the  S.C.E. T he anode reac­
tion is Pb +  2 0 H "  =  Pb(O H )5 4- 2e, and since lead hydroxide is 
very insoluble in ammoniacal media no appreciable concentra­
tion of lead ion is produced in the solution.

For determ ination of tin  in a  supporting electrolyte con­
taining 4 M  ammonium chloride and 1 AT hydrochloric acid, and 
for determ ination of lead in 1 M  sodium hydroxide, a  silver wire 
anode wrapped in  a  helix on the dropping electrode was used (5). 
In 4 M  ammonium chloride-1 M  hydrochloric acid the potential 
of the silver anode is approximately —0.1 volt, and in 1 M  sodium 
hydroxide —0.2 volt, vs. the sa tu rated  calomel electrode.

" in  the determ ination of nickel and zinc in ammoniacal medium, 
sulfite ion (0.1 =1/ )  was added to  the solutions to  remove oxygen. 
In  addition to  its convenience, sulfite ion removes oxygen more 
effectively th an  nitrogen or hydrogen gas. In  these determ ina­
tions a sm all (10- to 25-cc.) Erlcnm eyer flask served as the polaro­
graphic cell. T he use of sulfite to  remove oxygen, and of the 
lead or silver wire anodes, constitutes the simplest possible tech­
nique, and it  is very well suited to  rapid routine analysis.

Concentrations were computed from the relation C =  i j /Im s ,Hl / t 
millimoles per liter, where u  is the observed diffusion current
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(microamperes) , I  is th e  diffusion current constant, m  is the ra te  of 
flow of m ercury (mg. per second), and i is the drop tim e (4). The 
use of this relation, w ith previously determined values of diffusion 
current constants, eliminates the calibration of each dropping 
electrode with known concentrations of th e  substance being 
determined. The pertinent diffusion current constants at 
25° C. determ ined in this investigation are summarized in 
T able I. In using these d a ta  it  should be borne in mind th a t 
the above relation fails when the drop tim e is less than  about 1 
second.

L E A D  A N D  T IN

A suitable size of sample is dissolved in hydrochloric acid with 
the aid of the minimal am ount of nitric acid required to effect 
complete solution. The solution is diluted and treated with 
hydrazine dihydrochloride as an anodic depolarizer, and the 
copper (and antim ony) is removed by electrolysis w ith the po­
tential of the platinum  cathode maintained constant a t  —0.35 
volt vs. the saturated calomel electrode. In  the deposition of 1 
gram of copper from a volume of about 200 cc. the initial current 
was usually about 8 amperes, and it  decreased to about 0.02 
ampere w ithin about 45 minutes. In  agreement w ith the experi­
ence of Diehl and Brouns (1) it  was found th a t the deposition of 
metallic copper on the cathode proceeds slowly a t  first, and during 
the initial stage of electrolysis reduction of cupric ion to a  chlo­
ride complex of the cuprous s ta te  appears to  be the predominant 
cathode reaction. Reduction to  the cuprous sta te  is alm ost com­
plete after a few m inutes and deposition of metallic copper then 
proceeds rapidly to  completion. Diehl and Brouns (1) recom­
mended the use of a  1 to 1.5 M  hydrochloric acid solution for the 
separation of copper from tin, but the writer obtained much 
better deposition when the concentration of hydrochloric acid 
was kept just large enough to prevent hydrolysis of stannic ion, 
not over 0.5 M . W ith this minimal concentration of hydrochloric 
acid the complications observed by Diehl and Brouns (1) in 
more concentrated chloride solution were not encountered, the 
presence or absence of tin  was immaterial, and antimony 
was completely deposited with the copper. The potential should 
not be allowed to  exceed about —0.4 volts, as otherwise lead and 
tin m ay deposit, and it  should be a t  least —0.3 volt to  obtain 
rapid deposition of copper. The solution remaining after the 
electrolysis, which contains the tin  in the stannic state, is diluted 
to a known volume and separate aliquot portions are taken for the 
determ ination of lead and tin.

Lead is determined in 1 M  sodium hydroxide as supporting 
electrolyte; in this medium the half-wave potential of the plum- 
bite ion is —0.76 volt vs. the saturated  calomel electrode and the 
wave characteristics are excellent (4). Since stannic tin  docs not 
produce a  wave in this solution (4), nickel and iron are precipi­
tated, and the half-wave potential of the zineate ion is —1.50 volt,
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Table 1. Pertinent Half-Wave Potentials and Diffusion Current 
Constants

T e m p e ra tu re  =  25° C . T h e  h a lf-w av e  p o te n tia ls  a re  re fe rre d  to  th e  s a tu ­
ra te d  ca lom el e lec tro d e . T h e  d iffusion  c u r re n t c o n s ta n ts  co rresp o n d  to  the  
ob serv ed  d iffusion  c u r r e n t  in  m icro am p eres , w hen  th e  c o n c e n tra t io n  is 
I  m illim o la r, a n d  w hen th e  v a lu e  of m 2/* t x / t  is 1 m g .2 /* s e c .~ 1/ 2. A ll so lu­

tio n s  co n ta in e d  0 .0 0 5 %  g e la tin  as  a  m a x im u m  s u p p re sso r .

M eta l S u p p o rtin g  E le c tro ly te
E i / i

V olts I

Lead 1 M  N a O H
4 M  N IL C l -H 1 M  H C 1

- 0 .7 6
- 0 .5 2

3 .4 0
3 .5 2

Tin 4 M  N IL  C l +  1 A/ H C 1 - 0 .2 5
- 0 .5 2

2 . 84°
3 . 4 9 &
6 . 33c

N ickel 0 .2  M  N H 4CI 4- I  M  NH> 
1 M  N IL C 1 4-  1 -1/  N H a 
3  M  N H 4CI 4 - 1 M  N H a

- 1 .0 6
- 1 .0 9
— 1 : 12

3 .5 4
3 .5 6
3 .3 3

Zinc 0 .2  M  N H 4CI 4 - I M  NTH, 
1 M  N H 4CI 4 - 1 M  N H a 
3 M  N H «C 1 4 - 1 M  N H a

- 1 .3 3
- 1 .3 3
- 1 .3 6

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

a F ir s t  w ave. 
b S econd  w ave. 
c T o ta l d o u b le  w ave.
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very small am ounts of lead can be determined w ithout inter­
ference from the other metals. The amounts of nickel and iron 
present in copper-base alloys are relatively small, and usually the 
hydroxides of these metals need not bo filtered off. Curiously 
enough it  was found th a t sulfite (0.1 M ) does no t remove oxygen 
efficiently from sodium hydroxide solutions th a t contain lead; 
apparently the plumbitc ion inhibits the oxygen-sulfite reaction, 
and hence nitrogen or hydrogen m ust be used.

The polarogram of th is solution also includes the wave of 
zincate ion a t  —1.50 volt vs. the  saturated calomel electrode, 
and, provided the am ount of lead does not exceed the am ount of 
zinc, this wave m ight be used for the determ ination of zinc. 
However, the characteristics of the zincate wave leave much to 
be desired and the writer prefers the determ ination of zinc in 
ammoniaeal medium in conjunction with the nickel determina­
tion.

. e . vs  • 2 . C , E .

Figure 1. Typical Polarogram of 2.08 fvtilli- 
molar Stannic Tin in 4 A4 Ammonium Chloride, 
1 A4 Hydrochloric A c id , and 0.005 %  Gelatin, 
Showing Method of Measuring Diffusion Current

Tin is determined in a supporting electrolyte containing 4 M  
ammonium chloride and 1 M  hydrochloric acid. In  this medium 
stannic tin produces a double wave, corresponding to stepwise 
reduction first to the stannous s ta te  and then to the metal, with 
half-wave potentials of —0.25 and —0.52 vo lt vs. the saturated 
calomel electrode (3). The first diffusion current is not com­
pletely developed before the second wave begins, bu t the total 
diffusion current is very well defined (see Figure 1). The height 
of the first wave is 45%  th a t of the to tal double wave, instead of 
50% as it would be if the diffusion current were completely de­
veloped, bu t this creates no difficulty because the proportion is 
constant regardless of the concentration of the tin. Hence 
either the first wave, the second wave alone, or the to tal double 
wave may be m easured; the diffusion current constants, id/ 
{Ctnt n  t l/>), a t 25° are listed in Table I. Since the measurement 
of either the first wave or to tal wave requires correction for the 
residual current, which m ust be separately determined because 
the first wave s ta rts  from zero applied e.m.f., the w riter prefers 
measurement of the second wave. The half-wave potential of 
lead in this supporting electrolyte is virtually coincident w ith th a t 
of the second stage of the reduction of the chlorostannate ion, 
and hence the second wave includes a diffusion current due to lead 
for which correction m ust be applied. As the am ount of lead in 
a copper-base alloy seldom exceeds the amount of tin, and usually

is less, such a correction is not as objectionable as it  m ight o ther­
wise be.

The method of applying this correction is best illustrated by a 
typical exam pie. Aliquot samples (50 cc.) were used for each 
determ ination and in each case were finally diluted to 100 cc. in 
the appropriate supporting electrolyte. The observed diffusion 
current of lead in 1 N  sodium hydroxide was 2.34 microamperes 
w ith mt/3 I1 =  1.57, and the diffusion current of the second 
wave in 4 M  ammonium chloride-1 M  hydrochloric acid was 
7.10 microamperes w ith m 1 n  I1 /# =  1.60. From the d a ta  in 
Table I the diffusion current constant of lead in 4 M  ammonium 
chloride-1 M  hydrochloric acid is seen to be som ewhat larger 
than  in 1 M  sodium hydroxide, the ratio being 3.52/3.40 =  1.036. 
The contribution of lead to the second wave in the former medium 
was thus 2.34 X 1.030 X 1.60/1.57 =  2.47 microamperes, and 
the diffusion current due to tin  was 7.10 — 2.47 =. 4.63 micro­
amperes. The concentration of lead was 2.34/(3.40 X 1.57) = 
0.438 millimolar, and th a t of tin  was 4.63/(3.49 X 1.60) = 0.829 
millimolar.

For percentages of tin  and lead between about 0.1 and 10, a 
0.5- to 1-gram sample is suitable, and it  is convenient to dilute 
the residual solution after removal of the copper to 250 cc. and 
take 50-cc. aliquots for the polarographic determ inations.

P r o c e d u r e . Dissolve a 0.5- to  1-gram sample of the alloy in a  
warm mixture of 6 cc. of 12 N  hydrochloric acid, 4 cc. of water, 
and 1 cc. of concentrated nitric acid in a K jeldahl flask. D ilute 
to about 50 cc. and boil briefly to  remove oxides of nitrogen and 
chlorine. T ransfer the solution to a 250-cc. beaker, add 2 
grams of pure hydrazine dihydrochlorido, dilute to about 200 
cc., and electrolyze w ith the potential of the platinum  cathode a t 
— 0.35 volt vs. the saturated  calomel electrode. T ransfer the 
residual solution to a 250-cc. volum etric flask, cool to room tem ­
perature, and dilute to the m ark. The final solution will be 
about 0.4 Ar in respect to  hydrochloric acid.

Transfer a  50-cc. aliquot (corresponding to one fifth of the 
sample) to  a 100-cc. volum etric flask, add 24 cc. of 5 Ar sodium 
hydroxide (or 4.8 grams, 0.12 mole, of th e  solid) and 2.5 cc. of 
0.2%  gelatin solution, and dilute to  the mark. T ransfer a por­
tion of the solution to the polarographic cell in a w ater ther­
m ostat a t 25.0° =*= 0.2° C., remove dissolved air with nitrogen 
or hydrogen, record the polarogram, and m easure the diffusion 
current of the lead. D eterm ine the m-value of the dropping elec­
trode, m easure the drop tim e a t  the potential a t  which the 
diffusion current was measured, and compute the concentration 
of lead from the relation C' = ij/3 .40  m!/3 i1/6 (see Table I).

Transfer another 50-cc. aliquot to a  100-cc. volumetric flask, 
add 21 gram s (0.4 mole) of solid ammonium chloride, G.6 cc. 
(0.08 mole) of 12 N  hydrochloric acid, and 2.5 cc. of 0.2%  gelatin 
solution, and dilute to about 90 cc. Shake until the ammonium 
chloride is dissolved, warm back to  room tem perature, and 
dilute to  the mark. T ransfer a  portion of the solution to  the 
polarographic cell in a  w ater therm ostat a t 25.0° ±  0.2 ° C., re­
move dissolved air with nitrogen or hydrogen/record the  polaro­
gram, and measure the diffusion current of the second wave 
(see Figure 1). Apply the correction for lead, and compute the 
concentration of tin, as described above.

The concentrations of the components of the supporting 
electrolytes are no t critical, bu t should be w ithin about 10%  of 
the values specified.

N IC K E L  A N D  Z IN C

A sample of the alloy is dissolved, and the copper is removed 
electrolytically exactly as in th e  determ ination of lead and tin . 
After most of the copper has deposited (about 15 m inutes), the 
potential is increased to  —0.70 volt vs. the saturated  calomel 
electrode to deposit tin  and lead. The initial current a t  —0.70 
volt was usually of the order of 3 to  5 amperes, and ordinarily, 
it decreased to a  constant value of about 1 ampere after about 15 
minutes. The current a t  —0.70 volt does no t decrease to  zero 
because hydrogen ion is reduced a t  th is potential. To ensure 
complete deposition of tin  and lead the electrolysis should be 
continued for about 10 m inutes after the current decreases to a 
constant value. Since tin  and lead are precipitated in  the am- 
moniacal supporting electrolyte used for the determ ination of 
nickel and zinc i t  is not essential th a t they be removed com­
pletely; in fact, if the am ount of tin  and lead present does not 
greatly exceed the am ount of nickel or zinc (whichever is the 
smaller), they need not bo removed a t  all. A large precipitate
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of the hydrous oxides of tin  and lead is objectionable because it 
may coprecipitate significant am ounts of nickel and zinc.

A system atic study was made of the influence of the concentra­
tion of ammonium chloride and ammonia on the nickel and zinc 
waves; the effect of various concentrations of ammonium chlo­
ride a t  a  constant concentration (1 M ) of ammonia is shown by 
the da ta  in Table I. Increasing the concentration of ammonium 
chloride shifts the half-wave potentials of both metals to  slightly 
more negative values, and since the half-wave potential of nickel 
is shifted more than  th a t of zinc, the separation of the waves is 
less satisfactory in 3 M  ammonium chloride than in 0.2 M . Even 
very large changes in the concentration of the ammonium chlo­
ride produce relatively small changes in the diffusion current con­
stants, so th a t the adjustm ent of the concentration of ammonium 
chloride is no t a t all critical. Increasing the concentration of 
ammonia from 0.1 to 5 M  a t  a constant concentration (0.2 M ) 
of ammonium chloride also decreases the separation of the 
waves, bu t causes only slight changes in  the diffusion current 
constants. The optimum supporting electrolyte is one tha t 
contains about 0.2 M  ammonium chloride and 1 M  ammonia; 
in this medium the two waves are so well separated th a t there is 
no difficulty in determining nickel in the presence of a fiftyfold 
or even larger excess of zinc (see Figure 2).

A P P L IE D  E . M . F . ,  V O LTS  

Figure 2. Polarograms of Nickel and Zinc
Obtained in analysis of Bureau of Standards cast bronze N o . 52 b , contain- 

ing 0 .7 2 %  nicke l and 2 .9 6 %  zinc. Supporting electrolyte contained 
0 .2  M  ammonium ch loride, 1 M  ammonia, 0.1 M  sodium sulfite, and 
0 .0 0 5 %  gelatin. A  lead wire anode was used. Curve a  was recorded 
with a galvanometer sensitivity of 0 .7 4 8  microampere per cm ., and curve b 
with a sensitivity of 0 .1 8 7  microampere per cm. to magnify the nickel wave.

P r o c e d u r e . Dissolve a 0.5- to 1 -g ra m  sam ple, and prepare 
the solution for electrolysis, exactly as for determ ination of lead 
and tin . Electrolyze first a t a potential of —0.35 volt vs. the 
sa tu rated  calomel electrode, and after m ost of the copper has 
deposited increase the potential to  —0.70 volt to deposit tin  
and lead. Continue the electrolysis for about 10 m inutes after 
the current decreases to  a constant value. Transfer the residual 
solution to  a 250-cc. volumetric flask and dilute to  the mark.

Transfer a  50-cc. aliquot to a  100-ec. volum etric flask, add S ce. 
of 15 M  ammonia, 1 to  1.5 grams (approximately 0.01 mole) of 
pure anhydrous sodium sulfite to  remove oxygen, and 2.5 ce. of 
0.2%  gelatin, and dilute to  the m ark. Place a portion of the 
solution in a polarographic cell in a w ater therm ostat a t 25.0° =* 
0.2° C.—e.g., a 15-cc. Erlenm eyer flask if a lead wire anode 
wrapped on the dropping electrode is used—and record the polaro- 
gram. If th e  am ount of nickel is much smaller th an  th a t of 
zinc, a  second polarogram should be recorded a t  an increased 
sensitivity to  magnify the nickel waVe to a value large enough for

Table II. Analysis of Bureau of Standards Copper-Base A llo ys
P o la ro g ra p h ie  A naly ses , %S am p le  an ti B u re a u  of S ta n d a rd s  

A naly ses

P h o sp h o r  b ro n z e  63a
C u  78.48, P b  8 .92 , Sn 9.76 , N i 0 .32, 
Zn 0.61, Sb 0 .49 , F e  0.62, P  0.58, 
S 0.11

P b
9 .0 4

Sn
9 .8 4

N i
0 .3 2

Zn

0 .6 0

C a s t b ro n ze .5 2 b  
C u  88.26, P b  0.01, 
Zn 2.96 , F e  0.034

Sn 8 .00 , N i 0 .72,
0 .0 2  7 .8 2  0 .7 0  2 .9 6

O unce m e ta l 124a
C u  85.05, P b  1.86, Sn 4 .81 , N i 0.001 
Zn 5.25, F e  0.004

B rass  37c 
C u  70.07, P b  0 .97 , Sn  0 .96 , N i 0 .58, 
Zn 27 .22 , F e  0.17

4 .8 4  5 .0 0 5 .2 9

0 .9 2  0 .9 7  0 .5 9  2 7 .8

accurate measurem ent. M easure the two diffusion currents (see 
Figure 2), the m-value of the  capillary, and the drop tim es a t  the 
potentials a t which the diffusion currents were measured. Com­
pute the concentration of nickel from the relation C =  id / 
3.54 i1 /*, and the concentration of zinc from the relation 
C = i'd/3.78 t1/«.

Polarograms of some samples showed a final current increase a t 
about —1.5 volts, which interfered w ith the full development 
of the diffusion current of the zinc. This was usually observed 
with samples th a t contained relatively large am ounts of iron. 
In the presence of hydrazine the iron in the electrolyzed solution 
will be present in the ferrous sta te , and from the work of Vori- 
skova (17) it  is-known th a t ferrous iron produces a wave in am- 
moniacal solutions whose half-wave potential is —1.49 volts vs. 
the sa tu ra ted  calomel electrode. The interference can easily be 
eliminated by treating  the electrolyzed solution, or an aliquot of 
it, with 5 cc. of concentrated nitric acid, and evaporating to 
dryness to oxidize ferrous iron and hydrazine. The residue is 
taken up in an appropriate am ount of dilute hydrochloric acid, 
and the solution is prepared for analysis as above.

RESU LTS  A N D  D ISCU SSIO N

The foregoing procedures were tested w ith several representa­
tive Bureau of Standards copper-base alloys, with the results 
shown in Table II.

W ith percentages of the various metals smaller than about 5, 
the polarographic analyses agree w ith the bureau’s values about 
as closely as the la tter are known, and even w ith larger percent­
ages the agreem ent is satisfactory. For determ ining fractions 
of a per cent of these metals, especially zinc, the polarographic 
method is probably more reliable than  the classical procedures, 
bu t it cannot compete with the classical methods, except from 
the standpoint of convenience, for am ounts larger than about 
10%. Determ inations of the four metals can be completed 
within about 2.5 hours by the polarographic procedure.
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Calculation of Specific Dispersion of Pure Hydrocarbons 
and Petroleum Fractions

M. R. L IPK IN  A N D  C. C. M A R T IN , Sun O il Company Experimental Division, Norwood, Pa.

A n  equation is presented for the calculation of specific dispersion of 
pure hydrocarbons and petroleum fractions from common physical 
properties, density, refractive index, and approximate molecular 
weight, which can be estimated from mid-boiling point and density 
or viscosities at 100° and 210° F. This makes it possible to obtain 
specific dispersion on a highly colored sample or in a laboratory 
where no instrument is available for the direct measurement of dis­
persion. The accuracy of the calculated specific dispersion for 
petroleum fractions is comparable with the accuracy of measure­
ments obtained on the A bbe instrument, =t 3 units.

T H IS paper continues the general investigation in this labo­
ratory  of. the interrelationship of physical properties and the 

relation of these properties to  hydrocarbon structure (4, 6-12, 15, 
18), and is particularly concerned w ith the calculation of specific 
dispersion of hydrocarbons from easily determined physical 
properties. This perm its the use of specific dispersion by many 
laboratories which do not have equipm ent for experimentally 
determining specific dispersion, and extends the use of specific 
dispersion to highly colored samples on which it  is difficult or 
impossible to  obtain a direct measurement.

Specific dispersion is the difference between the refractive in­
dices of a  sample a t  two different wave lengths of light divided by 
the density of the sample. Most literature data  are reported in 
terms of the F and Clines of hydrogen, although experimentally it 
is often more convenient to use other wave length combinations 
(16). In this paper specific dispersion, 5, is defined as:

5 J  x  10<

where tip =  refractive index for the F  line of 
hydrogen a t  20 0 C. 

nc — refractive index for the C line of hy­
drogen a t  2 0 0 C. 

d =  density a t  20 ° C.

For hydrocarbons specific dispersion is a  unique 
physical property because it  is nearly constant for 
paraffins and naphthencs and is variable with the 
number of double bonds and their position in an 
unsaturatcd hydrocarbon molecule (2, 8, 17). 
Accurate determ ination of specific dispersion re­
quires considerable skill and precision apparatus. 
Moreover, determ ination of this property on 
samples which are highly colored is very difficult 
and often impossible w ith the instrum ents 
available.

The application of specific dispersion to analysis 
of hydrocarbons has been seriously handicapped

(1)

by the difficulty in obtaining this measurement. Early investi­
gators attem pted to develop atom ic constants for the calculation 
of specific dispersion. More recently Thorpe and Larsen (17) 
have devoloped a  method dependent on a knowledge of structure 
which limits the calculation to pure hydrocarbons whose struc­
ture is known. No correlation has been developed which 
perm its calculation of specific dispersion for petroleum fractions.

In  an effort to correlate the physical properties of hydrocar­
bons, L ipkinand M artin (11) have recently developed Equation 
2 for the calculation of the sodium D refractive index of paraf­
fins and naphthenes a t 20 ° C .:

69.878d -  0.401 L id  -  0.797A +  13(5.566
5.543d -  0.74(5/1 +  126.683 (

where

.4 =  —106 X the tem perature coefficient of density, 
which is obtained from the approxim ate molecular 
weight, Table I (12). Molecular weight is ob­
tained from boiling point and density (15) or the 
kinematic viscosity a t 100° and 210° F. (4).

If double bonds are present, the calculated refractive index 
will be lower than the observed refractive index and the differ­
ence is a linear function of the specific dispersion. T he method 
has the advantage over earlier methods of being applicable to 
petroleum fractions as well as pure hydrocarbons.

Figure 1

Saturato
Blend

1
2
3
4

Aromatic

Table 1. Effect of Unlike Additivities of Physical Properties on Calculation of Specific Dispersion

%  S a tu r a te  
V o lum e W e ig h t

5 0 %  
B .P ., 
° C . d l ° n D 5

M ol. W t.
from

B . P . - d
10* X

n — rtcRlcd. ¿caled. ¿caled. ”* ¿ fy*
100 100 113 0 .7 0 6 9 1 .3 9 8 8 9 7 .9 113 ■ 1 9 8 .5 0 .6

8 0 .0 7 6 .6 116 0 .7 3 7 6 1 .4171 1 1 4 .4 112 59 1 1 2 .8 - 1 . 6 112 .1
6 0 .0 5 5 .2 123 0 .7 6 8 7 1 .4 3 5 7 1 3 0 .2 112 117 1 2 7 .0 - 3 . 2 1 2 6 .4
4 0 .0 3 5 .3 130 0 .7 9 9 3 1 .4 5 4 0 1 4 4 .3 112 174 1 4 0 .9 - 3 . 4 1 4 0 .6
2 0 .0 1 7 .0 139 0 .8 3 1 2 1 .4 7 3 3 1 5 7 .2 113 235 15 5 .9 - 1 . 3 1 5 4 .9

0 0 148 0 .8 6 2 9 1 .4 9 2 3 169 .1 115 293 170 .1 1 .0

¿caled.

0 .7
0.0
0 .3
1.0

1 Fictitious value calculated from 3 of saturate and 3 of aromatic assuming volume % additivity.
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Table 1!. Agreement of Pure Compound Data
(A v erag ed  b y  G ro u p )

N oncyclics
Olefins
D iolefins, c o n ju g a ted  
D iolefins, n o n co n ju - 

fated 
T n o le fin s  
A cety lenes

M onocyclics 
A ro m atics  
A ro m a tic s  - f  olefin 

side  cha in  
N a p h th e n e s  +  olefin 

s id e  ch a in  
C yclo-olefins 
C yclo -o lefins +  olefin 

s id e  cha in  
C yelod io le fins 
C yclod io le fin s  +  olefin 

s id e  ch a in  
P o lycyc lics

A lky l n a p h th a le n e s  
M iscellaneous d ic y clics 
M iscellaneous tr icyclics

N o t a v e ra g ed  
A ro m a tic s  4* co n ju ­

g a te d  d io lefin  side  
ch a in  

A n th race n es

N o . of 
C om ­

p o u n d s
10* X

(«  -  n e tt le d .) Scaled* ¿ ¿c a led . “ * ¿

120 86 119 122 -  3
21 469 213 219 -  6

8 198 147 142 5
3 411 199 209 . - 1 0
9 64 ■ 114 113 1

47 264 163 163 0

11 436 205 210 -  5

5 126 129 126 3
41 88 120 118 2

5 210 150 146 4
■ t 12 266 164 171 -  7

11 394 195 197 -  2

20 553 234 231 3
32 296 171 170 1

8 718 274 266 8

where C = a  small correction term  roughly dependent upon the 
average molecular weight of the mixture. The following table 
of approximate corrections, derived from the data  in Table IV, 
m ay be used:

Correction to Be Used for Petroleum Fractions
M o lec u la r W e ig h t C

100
200
300
400

A verage  d e v ia tio n  p e r  com ­
p o u n d

A v erage  d e v ia tio n  p e r  g roup  
D ev ia tio n  of av e ra g e

992
1373

345
435

393
506

-4 8
-7 1

D E R IV A T IO N  O F  E Q U A T IO N

T he difference between the observed refractive index and the 
refractive index calculated by Equation 2 was plotted against 
specific dispersion, as shown in Figure X, for all olefinic, acetylenie, 
and arom atic type pure hydrocarbons on which specific disper­
sion data  are reported. A best straight 
line was drawn originating a t  98.3 spe­
cific dispersion for zero difference in 
refractive index. The value 9S.3 is con­
sidered to be the average specific dis­
persion of paraffin and naphthene hydro­
carbons (2, 17).

From this line the following equation 
was derived for the calculation of speci­
fic dispersion:

Low results for mixtures are due to  the fact th a t the physical 
properties used in this calculation and the property calculated 
are not additive on the same basis. Molecular weight is additive 
on a  mole basis and density on a volume basis in the absence of 
volume change on mixing. Refractive index is more nearly 
additive on a volume basis and specific dispersion more nearly 
additive on a weight basis.

Table I  demonstrates this effect of difference in additivities of 
properties. In  this example the authors have blended in various 
proportions an  arom atic stock and a paraffin-naphthene stock 
of approximately equal molecular weight. W hen blended these 
stocks show less than  0.2% volume change on mixing, which is a 
negligible factor in these calculations. Specific dispersions of the 
blonds calculated by Equation 3 are lower than  the experimental 
specific dispersions, bu t agree well w ith fictitious values calcu­
lated on a  volume basis from the specific dispersions of the paraf­
fin-naphthene stock and tiie arom atic stock. In  most petroleum 
fractions the situation is further aggravated by the fact th a t the 
paraffin-naphthene component is significantly higher in molecu­
lar weight than  the arom atic component.

I t  is emphasized th a t the correction term is only approximate 
and intended for the types of hydrocarbon fractions normally

Tabic III. Agreement of Aromatic Extracts, Pulfrich Refractometer Data

íe»icd. =  98.3 +  2450 (n — rivaled.) 

whore
(3)

and

n  = refractive index for the 
D line of sodium a t 
20°

tided. =  value calculated by use 
of Equation 2

For pure hydrocarbons and mixtures of 
hydrocarbons of nearly the same specific 
dispersion, such as paraffin-naphthene 
m ixtures or m ost arom atic extracts, this 
equation is satisfactory. I f  (» — rivaled.) 
is negative the sample can be considered 
to  consist of saturated  hydrocarbons and 

' m ay be assigned a  5 of 98.3.
For mixtures such as ordinary petro­

leum fractions containing hydrocarbons 
of appreciably different specific disper­
sions, Equation 3 will give low results and 
is modified to  include a small additive 
correction:

Scaled. =  98.3 -f-
2450 (n — rivaled.) +  C (4)

B oiling
R an g e ,

5 0 %
B .P .,

d  1° n  D

V iscosity , .C e n ti-  
s to k e s 10* X

° C . 0 C . 100° F . 210° F ¿ n  — ncalcd. ¿caled. —
6c s t r a ig h t  ru n

frac tio n 10 132 0 .8 6 1 1 1 .4 9 4 2 178 339 3
d 2 140 0 .8 6 4 9 1 .4 9 6 9 180 342 2
e 15 145 0 .8 6 8 3 1 .4984 178 338 3
f 10 162 0 .8 6 5 2 1 .4 9 6 4 173 314 2

E
4 168 0 .8 6 9 5 1 .5 0 0 0 174 328 5
7 173 0 .8 7 4 8 1 .5 0 2 9 174 331 5

i 4 1S1 0 .8 7 5 7 1 .5 0 2 3 172 316 4

i 12 185 0 .8 7 5 5 1 ,4 9 9 8 165 280 2
10 198 0 .8 8 3 8 1 .5 0 5 0 167 297 4

1 12 209 0 .9 1 4 1 1 .5 2 5 7 187 376 3
m 17 223 0 .9 0 2 7 1 .5 1 3 4 166 287 3
n 2 233 0 .9 5 2 9 1 .5556 217 506 5
o 19 244 0 .9 3 8 4 1 .5401 193 400 3
P 1 254 0 .9 4 4 2 1 .5 4 6 0 197 432 7
Q 6 257 0 .9 6 4 8 1 .5675 232 564 4
r 11 266 0 .9 5 5 0 1 .5535 208 457 2
8 7 274 0 .9 5 3 8 1 .5 5 2 7 207 448 1
t 4 280 0 .9 5 9 0 1 .5 5 8 5 215 483 2
U 11 288 0 .9 5 8 3 1 .5 5 4 6 206 443 1
V 14 300 0 .9 5 5 7 1 .5 4 9 7 197 399 -  1
w 8 311 0 .9 6 1 7 1 .5523 198 396 -  3
X 7 318 0 .9 6 4 8 1 .5527 195 385 -  2
y 21 332 0 .9 7 0 6 1 .5561 197 389 -  3
z 18 352 0 .9 7 7 8 1 .5 6 1 9 204 412 -  5

6aa 80 146 0 .8 6 6 0 1 .4 9 4 3 176 328 3
b a 90 232 0 .9 2 3 1 1 .5 3 3 0 193 394 2

23a c a ta ly t ic  frac ­
tio n 15 136 0 .8 6 3 8 1 .4 9 6 2 180 343 2

b 13 143 0 .8 7 3 9 1 .5 0 1 9 179 353 6
c 1 163 0 .8 6 5 0 1 .4 9 7 3 174 322 3
d 1 168 0 .8 7 3 5 1 .5 0 5 0 177 361 10
e 1 172 0 .8 7 7 4 1 .5 0 5 4 178 349 6
f 2 183 0 .8 7 0 0 1 .5 0 0 3 170 315 5

7 a  fuel 110 198 0 .9 1 1 5 1 .5 2 9 2 200 431 4
8a 150 185 0 .8 8 7 3 1 .5 0 8 8 177 333 3
9a 80 203 0 .8 8 7 6 1 .5064 168 292 2

24a th e rm a l fuel oil 0 .9 6 1 7 1 .5 5 3 5 2 8 .7  . 3 .9 7 200 381 — 9
b 1 .0 2 1 2 1 .6 0 6 9 7 7 .7 5 .7 1 262 669 0
c 1 .0471 1 .6 3 1 8 1 1 S .9 6 .4 2 296 813 1
d 1 .0 6 1 7 1 .6 4 5 2 1 0 3 .6 5 .8 5 310 891 7

20a s t r a ig h t  ru n  oil 1 .0 0 5 5 1 .5 7 2 7 2 3 5 .0 8 .9 195 387 -  2
b 0 .9 9 6 8 1 .5 6 0 6 8 6 9 .1 1 4 .9 172 298 -  1
c 0 .9 6 6 1 1 .5 3 5 4 4 S 2 .8 1 3 .6  144 169

A v erag e  d e v ia tio n  
D e v ia tio n  of av e ra g e  
M ax im u m  d e v ia tio n

-  4
3
2

10
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Table IV . Agreement of Petroleum Fractions, Pulfrich Refractometer Data

1 S tr a ig h t  ru n  gaso lin e
2 C a ta ly t ic  gaso line
3 T h e rm a l gaso line

4a C a ta ly t ic  g aso lin e  c u t
4b C a ta ly t ic  gaso lin e  c u t
4c C a ta ly t ic  gaso lin e  c u t
4d C a ta ly t ic  g a so lin e  c u t

S tra ig h t- ru n  fu e l c u t  
S tra ig h t- ru n  fuel cu t
F u e l 
F u e l 
F u e l
T h e rm a l gas oil 
T h e rm a l g as  oil 
C a ta ly t ic  g as  oil 
C a ta ly t ic  gas oil 
S tra ig h t- ru n  g as  oil 
S tra ig h t- ru n  g as  oil
L u b e  oil 
L u b e  oil 
L u b e  o il 
L u b e  oil 
L u b e  oil 
L u b e  oil 
L u b e  oil

6b
7
8 
9

10
11
12
13
14
15

16
17
18
19
20 
21 
22

M a g n itu d e
B o ilin g

50 %
B .P .,

d j ° »i20n D

V iscosity ,
C en tis to k e s

A v.
M ol.

10* X
n  — rtca lcd .

R an g e , ° C . ° C . 100° F . 210° F . W t. à C  ¿c ftlrd . ftlcd . — à
125 120 0 .7 5 2 1 1 .4 1 9 9 * 112 107 26 2 107 0
130 108 0 .7 5 5 5 1 .4253 104 122 79 2 120 - 2
180 149 0 .7 9 1 0 1 .4 4 2 9 126 124 80 - 3 121 - - 3

30 79 0 .7 1 8 3 1 .4 0 1 3 92 103 15 2 104 1
25 107 0 .7 7 5 2 1 .4 3 5 2 101 128 104 2 126 - 2
25 136 0 .8 1 5 9 1 .4 6 2 8 113 148 192 2 147 - 1
25 163 0 .8 3 8 8 1 .4 7 7 5 127 154 222 3 156 2
75 132 0 .7 6 0 3 1 .4 2 4 2 118 107 28 3 108 1

110 226 0 .8 1 4 3 1 .4 5 5 0 178 116 58 4 117 1
140 216 0 .8 5 0 6 1 .4 7 8 5 164 140 151 4 139 - 1
150 174 0 .7 7 1 8 1 .4 3 1 8 144 108 28 3 108 0
90 198 0 .8 3 6 4 1 .4 5 8 5 152 106 19 4 107 1

130 267 0 .8 5 4 9 1 .4 7 8 0 205 128 103 5 129 )
120 236 0 .9 0 1 4 1 .5 0 7 9 170 157 229 4 158 1
130 266 0 .8 6 9 4 1 .4907 201 146 171 5 145 - 1
140 267 0 .8 6 1 3 1 .4811 202 130 109 5 130 0
140 263 0 .8 3 2 3 1 .4 6 5 2 .205 120 70 5 120 0
110 283 0 .8 8 1 8 1 .4 8 3 6 215 114 42 5 114 0

0 .9 1 7 3 1 .5 0 6 0 2 2 .1 3 .6 0 300 128 92 7 128 0
0 .9 1 2 6 1 .5 0 2 8 2 2 .4 3 .6 9 308 125 78 7 124 - 1
0 .9 2 4 4 1 .5 0 9 8 4 6 .3 5 .3 4 332 130 93 7 128 — 2
0 .9 2 5 3 1 .5 1 0 5 6 1 .6 6 .1 7 347 129 93 7 128 - 1
0 .9 3 2 5 1 .5 1 5 2 10 4 .7 8 .0 362 133 107 8 133 0
0 .9311 1 .5 1 4 4 15 0 .7 9 .9 387 131 101 8 131 0
0 .9 3 9 0 1 .5186 4 7 0 .8 1 7 .5 426 132 104 8 132

A v erag e  d e v ia tio n  
D e v ia tio n  of a v e ra g e  
M a x im u m  d e v ia tio n

0
1
0

- 3

encountered in the petroleum industry. To obtain a more ac­
curate correction term , it  would be necessary to know the mag­
nitude of difference in the physical properties and the relative 
concentrations of the components. This information is not 
generally available and would be difficult to obtain.

Table V . Agreement of Petroleum Fractions, A bbe Refractometer
Data

(A veraged  b y  G ro u p )
N o . of
F ra c -  M o l. 10« X  n -

W ealed.
P e tro leu m  frac tio n s  

K reu len  (6), gas 
oils

F en sk e  ( / ) ,  lu b e  
oils

P e n n a . 180 n eu ­
tra l

R o d essa  n e u tra l  
M id c o n tin e n t 

n e u t ra l  1 
M id c o n tin e n t 

n e u tra l  2 
C a lifo rn ia  n e u ­

t r a l41 
G u lf C o a s t n e u ­

tr a l

E x tra c ts  from  lu b e  
oils 

F en sk e  (1)
B osco  n e u tra l ex­

tr a c ts  
B osco  n e u tra l  ex ­

tra c ts  
B osco  • n e u tra l,  

H iS O i, A lC lj, 
a n d  clay - 
t r e a te d  fra c ­
tions 

•M id c o n tin e n t 2 
e x tra c ts  

- - 'M id c o n tin e n t 2 
e x tra c ts  

M a ir  a n d  S ch ick- 
ta n z  (13) 

M id c o n tin e n t 
e x tra c ts  

M id c o n tin e n t 
_ ex tra c ts  

M a ir a n d  W illing­
h a m  (14) 

M id c o n tin e n t 
e x tra c ts  

H y d ro g en a te d  
e x tra c ts

tio n s  W t. 6 C  ¿citlrd* ¿ c a le d . 6

11 219 130 113 5 131 1

22 393 115 53 8 119 4
16 396 107 49 8 118 11

18 380 126 85 8 127 1

18 366 126 89 8 128 2

17 303 137 136 7 139 2

18 345 130 101 7 130 0
A v erag e  d e v ia tio n  p e r  f ra c tio n  
D e v ia tio n  of av e ra g e  p e r  f ra c tio n

4
+.3

12 135 145 134 - 1

11 96 - 1 0 98 2

9 106 49 110 4

4 137 166 139 2

5 92 12 101 9

7 114 48 110 - 4

17 99 - 1 3 98 - 1

52 175 302 172 - 3

15 100 - 1 2 98 —  2
A v erag e  d e v ia tio n  p e r  f ra c tio n  4
D e v ia tio n  of a v e ra g e  p e r  f ra c t io n  — 1

‘ T w o f ra c tio n s  o b v io u s ly  in  e r ro r  o m itte d  from  ta b u la t io n .

A C C U R A C Y

Table I I  presents the data  on 362 pure hydrocarbons of all 
types and degrees of unsaturation. The average deviation (with­
out regard to  sign) of the calculated specific dispersion is 7 units. 
Nine compounds have been om itted from this average because 
of their wide deviation from the average fine, Figure 1. These 
compounds fall into two classes whose specific dispersion is ex­
tremely high, the anthracenes and arom atics with conjugated 
diolefin side chain. The, calculated specific dispersions of these 
nine compounds are lower than  the experimental values. The 
authors intend to make a further investigation of this deviation.

The averages for all other classes, including acetylenes and 
conjugated diolefins, scatter on both sides of the line as is demon­
strated in Figure 1. The groups showing the larger numerical 
deviations are usually of higher specific dispersion, so th a t devia­
tions considered on a percentage basis are about the same. T ri­
olefins and other types wiiich polymerize readily, and wrhich 
are difficult to synthesize and analyze, showr the poorest agreement 
with the equation.

These pure hydrocarbon data  are obtained from the sources 
listed previously (12) and from Thorpe and Larsen (17).

Table I I I  presents da ta  obtained in this laboratory on aro­
m atic extracts from petroleum. These fractions include straight- 
run, thermal, and catalytic materials of narrow and wide boiling 
range, from the gasoline to  lube oil boiling ranges. Specific dis­
persions w’ero obtained on the Pulfrich refractom eter and are 
accurate w ithin =*=0.5 unit. The average deviation for 42 frac­
tions is 3 units and the maximum deviation is 10 units.

Table IV  presents da ta  obtained in this laboratory on various 
petroleum fractions containing olefins, aromatics, paraffins, and 
naphthenes. For these materials it wras necessary to  calculate 
specific dispersions using the additive corrections because these 
fractions are mixtures of different hydrocarbon types. Average 
deviation for 25 fractions is 1 unit, maximum deviation is —3 
units.

Table V showrs literature data  for 252 petroleum fractions on 
which dispersions have been determined w ith the Abbe-type 
refractometer. The average deviation is 4 units, which is com­
parable with the experimental accuracy of the data.

Nonhydrocarbons will, of course, affect the calculation, but 
are probably present in concentrations too small to be significant.

The data  in Tables I I I  and IV  dem onstrate th a t the specific 
dispersion of petroleum fractions may be calculated with an ac-
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curacy of =*=3 units. This is comparable with experimental 
determ ination on the Abbe-type instrum ent which is, accord­
ing to von Fuchs (2), accurate within 3 dispersion units.
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Determination of Copper in Cast Iron and Steels 
with Quinaldic A c id

J O H N  F. F L A G G  A N D  D O N  W. V A N A S ,  Department of Chemistry, The University of Rochester, Rochester, N. Y.

The method of Zan'ko and Butenko for the determination of copper 
in steel by precipitating with quinaldic acid has been investigated 
and extensively modified. Satisfactory results are obtained only 
after a reprecipitation of the copper quinaldate. The speed of the 
method may be increased by making a preliminary separation of 
copper by internal electrolysis, using an aluminum anode. Spec- 
trographic studies showed precipitates to be of sufficient purity for 
reliable results. The method, as applied to Bureau of Standards steels, 
gave an accuracy of about 2 to 3 %  on samples containing 0 .1 %  
or more of copper, but less at lower percentages of copper. The 
precision is about the same as the accuracy.

M ETH O DS available for determining copper in cast iron and 
steel include hydrogen sulfide precipitation (13), direct 

electrolysis (5, 10, 12, 15), polarography (9), spectrographic 
methods (18), and precipitation w ith organic reagents. Among 
the reagents whose use as précipitants for copper has been recom­
mended are salicylaldoxime (7, 16), benzotriazole (2), a-benzo- 
inoxime (8, 14, 17), 5,7-dibromo-8-hydroxyquinolinc (19), and 
quinaldic acid (20).

The method described in this paper employs quinaldic acid as 
tho precipitant for copper. The method has been studied in some 
detail in order to  obtain a  clear picture of the conditions neces­
sary for precipitation, the sources of interference, and, finally, 
its ultim ate accuracy. (Studies were also made using 5,7-di- 
bromo-S-hydroxyquinoline. The extreme insolubility 'of this rea­
gent in w ater caused its precipitation, in m any cases, along with 
the copper salt, and its further use was no t investigated.)

Quinaldic acid was chosen as the precipitant because of its 
solubility in w ater and stability  in solution, the definite composi­
tion of its salts and their easy filtration, and because information 
on the behavior of other quinaldates was available (3). The 
m ethod of investigation has been to  test the precipitation of 
copper under conditions similar to  those encountered in steel 
analysis, and t hen to analyze Bureau of Standards steels.

M A T E R IA L S  A N D  A P P A R A T U S

Quinaldic acid was prepared by the method of Hammick (6) 
from quinaldine, E astm an No. 216. The product was recrys­
tallized from glacial acetic acid and melted a t 156-156.5° (un­
corrected). Hammick gives 156° (uncorrected) as the melting 
point. A 1% solution of the acid in w ater neutralized to  pH  7 
w ith sodium hydroxide was used as a  reagent.

Standard  copper solutions were prepared by dissolving accu­
rately weighed samples of freshly cleaned pure electrolytic copper 
foil in dilute nitric acid and diluting to  volume.

Ferric salts, for use in making synthetic solutions, were made 
by dissolving Baker’s prim ary standard  iron wire in the appro­
p riate  acids. Baker’s c . p . iron powder, by hydrogen, was also 
used and has the advantage of dissolving more rapidly. How­
ever, it contains sufficient insoluble m aterial to  require filtration 
of its solutions before use.

T arta ric  acid was M erck’s reagent grade, fine crystals. Oxalic 
acid was U.S.P. grade. Hydroxylam ine hydrochloride was the 
E astm an m aterial and was generally dissolved in a small amount 
of w ater im mediately before use.

¿All other reagents and chemicals were of the highest purity 
obtainable. Normax volum etric ware was used throughout. 
T he weighings were performed in a  new Seko analytical balance 
w ith a  sensitivity of 0.2 mg, per scale division and a reliability 
determ ined as ±0.03 mg. by th e  method of Benedetti-Pichlcr 
( /) . A Beckman pH  m eter w ith glass electrode assembly, fre­
quently tested against carefully prepared standard  buffers, was 
used for the pH  measurem ents.

E X P E R IM E N T A L

A. D o u b l e  Q u i n a l d i c  A c i d  P r e c i p i t a t i o n . The pre­
cipitation of metals from solution w ith quinaldic acid has been 
investigated theoretically by Flagg ami McClure (3). The fol­
lowing procedure was followed to  check the reliability of the de­
termination of a small am ount of copper from a pure standard 
solution.

Sufficient standard  copper solution to contain 1.008 mg. of 
copper was p ipetted into a 250-ml. beaker and 5 ml. of glacial 
acetic acid were added. The solution was diluted to  95 ml. and 
the pH  adjusted to  5.5 w ith dilute sodium hydroxide. The 
mixture was then  heated to 70° to  80° C. and 5 ml. of the 1% 
quinaldic acid (50 mg.) solution were added slowly. The pre­
cipitate was digested 15 or 20 m inutes on a steam  bath  and 
allowed to  cool to  room tem perature before filtering. After 
the precipitate was collected on a weighed Pyrex '30F  filtering 
crucible and washed several times with w ater, it was brought to 
constant weight a t 115-120° C. Two such determ inations gave 
an average value of 1.012 ±  0.009 mg.

The procedure was then repeated, substituting oxalic or tar­
taric  acid for acetic acid. No precipitate appeared in any of 
several trials using 2 grams of oxalic acid a t a  pH of 5.5.- Two 
runs in which 2 grams of ta rta ric  acid and a pH of 5.5 were used 
gave an average value of 1.013 ±  0.003 mg. for the weight of 
copper. Evidently  the  complex formed by cupric ion with 
oxalate is too stable to  perm it the precipitation of copper qmn- 
aldate a t th is pH.
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The high pH  value was used because the stability of the com­
plexes formed w ith oxalate and ta r tra te  increases w ith increasing 
pH, so th a t any interference of these ions w ith the precipitation 
of the coppei will be magnified. In  practice, quantitative pre­
cipitation chn be obtained under these conditions with a pH  as 
low as 2.6. Obviously, copper can be quantitatively precipi­
ta ted  as the quinaldatc in the presence of a large excess of ta r­
trate.

W hen tes t analyses were begun on synthetic solutions con­
taining 1 gram of iron (III) and 6 grams of tartaric  acid, a  diffi­
culty was encountered in the precipitation of large quantities of 
basic ferric ta rtra tes  on neutralization. Experim entation showed 
th a t the basic salts do no t appear if the iron was originally present 
as the n itrate  or sulfate, bu t appear only when much of the iron 
was there as the chloride. Hence, thereafter, the iron for the 
synthetic m ixture was dissolved in a mixture of nitric and sul­
furic acids.

The procedure used for the analysis of synthetic mixtures was 
as follows:

To the pipetted volume of the standard copper solution were 
added the solution of 1 gram of iron as ferric sulfate and 6 grams 
of ta rta ric  acid. The solution was brought to the desired pH 
with concentrated ammonium hydroxide and an excess of quin- 
aldic acid was added after heating to 70° to 80° C. F iltration, 
etc., were as in the determ inations described above. In  every case 
the precipitates were contam inated w ith ferric quinaldatc, as evi­
denced by their color. Several different wash liquids were tried, 
but none was successful in removing the contam ination.

Results obtained are given in  Table I. The am ount of iron 
coprecipitated is seen to  vary  irregularly w ith the pH. In  runs 
similar to  those reported in Table I  the am ount of iron in the 
precipitate was estim ated and up to 0.03 mg. was found. Ob­
viously the single precipitation does no t give a satisfactory sepa­
ration of copper from such a  large quan tity  of iron. A double 
precipitation procedure was then  tried on standard steel samples 
obtained from the Bureau of Standards.

Recommended Procedure. A factor weight (1.493 grams) 
sample of the m aterial is dissolved in 15 to  20 ml. of aqua regia. 
When the m aterial has dissolved completely, 10 ml. of dilute 
sulfuric acid (1 to 1) are added and the solution is evaporated to 
dense white fumes of sulfur trioxide. The residue is taken up in 
50 ml. of w ater and as m uch dilute sulfuric acid (1 to  4) as neces­
sary to effect solution of the salts. N ext the silica and other 
insoluble m aterial are filtered off on W hatm an No. 40 filter paper. 
After the silica is washed once w ith water, it  is washed w ith 25 
ml. of a solution containing 10 grams of ammonium ta r tra te , and 
then once more w ith water. C oncentrated ammonium hydroxide 
is then added to  the combined filtrate and washings until it turns 
a deep cherry red color. Upon cooling the pH  is adjusted to  3.0 ±  
0.2 with dilute ammonium hydroxide (1 to  3) or dilute sulfuric 
acid (1 to 4). The solution is then heated to  70° to  S0° C. and 
5 ml. of 1% quinaldic acid solution are added per milligram of 
copper present. Solution and precipitate are digested on the 
steam bath  for half an hour and then allowed to cool to  room 
tem perature. The precipitate is collected on the filtering cru­
cible and washed once or twice w ith cold water.

The filtering crucible is placed in an apparatus designed for 
quantitative recovery of filtrate and the precipitate is dissolved 
in a few milliliters of hot dilute hydrochloric acid (1 to  1). The 
crucible is rinsed w ith several small portions of hot acid and 
finally w ith water. To the filtrate 2 grams of ta r ta ric  acid and 
2 ml. of the quinaldic acid solution are added and the pH is ad­
justed to  about 3 w ith dilute ammonium hydroxide (1 to 4). The 
precipitate is digested a t 70° to  80° C., cooled and filtered as be-

Table I. Determination of Copper by Precipitation with Quinaldic 
A cid  from Synthetic Mixtures

C u T a k en  
M g.
1.01 
1.01
3 .0 4
5 .0 4
5 .0 4

Table II. Determination of Copper in Standard Steels by Double
Quinaldic A c id  Precipitation

B . of S.

B . of S.
F i r s t S econd C e r t i ­

T y p e
P re c ip i­ P re c ip i­ A v e r­ fica te

N o. ta t io n ta t io n ages V alue
% % % %

I l l N i-M o 0 .1 5 1
0 .1 4 6
0 .1 3 6
0 .1 2 7

0 .1 1 5
0 .1 1 7

o! i21
C r-M o -A l

0 .1 1 8 0 .1 2 2
10G 0 .1 0 2  

0 .1  GG 
0 .1 5 6

o ! i-io
0 .1 3 9

0 .1 4 0 0 .1 4 2
101 18 -8 0 .0 7 5 0 .0 6 6

0 .0 5 5
0 .0 6 1 0 .0 5 5

5h C a s t F e 1 .5 7  
1 .45  
1 .01

1.4G 
1 .4 0  
1 .4 6

1 .53 1 .4 7 1 .4 5 1 .4 5
l i e P la in , low  C 0 .1 1 4

0 .1 1 7
0 .1 0 3
0 .1 0 3

1 .1 0 3 0 .1 0 5  •
125 H ig h  Si 0 .0 8 1

0.0G 6
0 .0 7 0

0 .0 6 7
0 .0 5 5
0 .0 5 2

0 .0 5 8 0 .0 6 6
30c C r-V 0 .0 9 2

0 .1 1 0
0 .0 9 2
0 .1 0 6

0 .0 9 9 0 .0 9 9
55a In g o t iro n 0 .0 4 3

0 .0 4 6
0 .0 4 3
0 .0 1 3

0 .0 4 3 0 .0 4 6
8d B essem er 0.011

0 .0 1 5
0.011
0 .0 1 0

0.011 0 .0 1 3

Q u in a ld ic * W e ig h t of P re c ip i ta te
p H A cid  U sed T h e o re tic a l A c tu a l

M g. M g. M o .
3 .4 50 6 .7 7 1 0 .1 8
5 .8 50 • 6 .7 7 7 .6 4
2 .4 100 3 2 .7 5 3 6 .2 8
3 .7 100 3 2 .7 5 3 7 .9 9
4 .5 100 3 2 .7 5 3 6 .1 2

fore, this tim e on a weighed glass crucible, and washed w ith cold 
water. The crucible is dried a t 115° to  120° C. for one hour and 
weighed. The weight of the precipitate in milligrams divided 
by 100 gives the percentage of copper in the sample.

The values given in Table II  wore obtained by this method. 
In  m ost cases the copper quinaldate from the first precipitation 
was dried and weighed and th a t value is given also. Perchloric 
acid digestion was tried  because of the difficulty encountered in 
dissolving the basic salts formed in the sulfuric acid evaporation, 
particularly since hydrochloric acid cannot be used to  aid in re- 
dissolving them. However, solutions prepared in this manner 
tend to give precipitates of basic ta rtra tes  similar to  those th a t 
form when chloride is used. I t  was found, in general, th a t it  is not 
necessary to  redissolve the basic salts formed in the evaporation 
quantitatively before filtering in order to obtain good results. 
The pH  m eter need not be used in these precipitations. The pre­
cipitations m ay be carried out satisfactorily a t  a  somewhat higher 
pH, using nitrazine paper for the first neutralization and methyl 
orange for the second. The Filtrat'or, obtainable from the Fisher 
Scientific Company, Pittsburgh, Pa., was found to be m ost con­
venient in obtaining quantitative recovery of the filtrate after 
dissolving the impure copper quinaldate from the first precipi­
tation.

The silica precipitates, reprecipitation filtrates, and copper 
quinaldate precipitates from several of the analyses reported in 
Table I I  were reserved for qualitative spectrographic analysis. 
The spectrum plates were taken w ith a Bausch & Lomb large 
Littrow  spectrograph and analyzed in a roughly quantitative 
m anner by the projection method. The results showed definitely 
th a t the copper quinaldate precipitates were no t contam inated 
w ith weighable quantities of any elements. Further, the quan­
tities of copper lost to  the silica precipitates and the reprecipita­
tion filtrates are also negligible. Hence it  is likely th a t the favor­
able results reported in Table I I  are no t the result of compensating 
errors. The copper quinaldatc precipitates were generally free 
from iron; occasional traces of nickel, zinc, silver, tin, titanium, 
lead, chromium, cobalt, and manganese were found. N otably 
absent were the elements silicon, tungsten, vanadium, and molyb­
denum.

B. P r e l i m i n a r y  S e p a r a t i o n  b y  I n t e r n a l  E l e c t r o l y s i s . 

The separation of copper from iron by internal electrolysis using
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Table III. Determination of Copper by Internal Electrolysis from 
Ferrous Chloride Solution

C u  T a k e n  
Mg.
5 .0 4
5 .0 1
5 .0 1  
1.00 
1.00

T im e  of 
E lec tro ly s is  

M in.
45
75
30
75
30

C u  F o u n d  
Mo.

4 .9 8
5 .0 4  
5 .0 0
1 .0 4
1 .0 4

Table IV . Determination of Copper in Steels by Quinaldic A cid  
Precipitation after Separation by Internal Electrolysis

B . of S. 
N o. T y p e

B . of S. 
C e rtif ic a te  

V alue
% C u

F o u n d

I l l N i-M o 0 .1 2 2 0 .1 2 0
l i e P la in , low  C 0 .1 0 5 0 .1 0 2
125 H ig h  Si 0 .0 0 6 0 .0 6 1
50a C r-V -W 0 .0 4 7 0 .0 4 3
55a In g o t  iro n 0 .0 4 6 0 .0 4 8
101 1 8 -8 0 .0 5 5 0 .0 3 5

an aluminum anode lias been described by Lurie and Ginsburg 
(.11). An extension of their work by Flagg and Underwood (4) 
indicated th a t the separation of milligram quantities of copper 
from 1 gram of iron was a t least feasible. The technique is 
simpler and in general more rapid than  external electrolytic 
methods and appeared to  offer a  method applicable to steel analy­
sis.

The apparatus used was similar to  th a t of Lurie and Ginsburg 
(11). The cathode was an ordinary platinum  gauze electrode, 
the anode a 23-cm. length of B aker’s 99.99% aluminum wire 
bent into a spiral or simple loop. The electrolysis and prelimi­
nary  operations were carried ou t in an electrolysis cell made by 
cutting a 38 X 300 mm. Pyrox te s t tube to a length of 13 cm. 
T est analyses were run from a solution containing 1 gram of iron 
as ferrous chloride. To the iron solution in the electrolysis vessel 
were added the pipetted volume of standard  copper solution, 1 
ml. of concentrated hydrochloric acid, and 1 ml. of concentrated 
nitric acid. The cell was then immersed in a beaker of w ater held 
a t 70° to  80° C. by a steam  bath  and the electrolysis continued 
for the tim e indicated. A t the end of the run the electrodes were 
removed with a stream  of w ater playing on the cathode, rinsed in 
distilled w ater and acetone, and dried and weighed in the usual 
m anner. R esults obtained are shown in Table I I I .

Analyses of Bureau of Standards nickel-molybdenum steel, No. 
I l l ,  were then attem pted. A 1-gram sample was weighed in 
the electrolysis vessel and dissolved in aqua regia. Three milli­
liters of concentrated sulfuric acid were added and the solution 
was evaporated to  fumes. T he residue was taken up w ith about 
10 ml. of water, and boiled, and 1.2 grams of hydroxylamine hy­
drochloride in 10 ml. of w ater were added to  reduce ferric ion to  
ferrous. Two milliliters of dilute hydrochloric acid (1 to  1) 
and 2 ml. of dilute nitric acid (1 to  3) were added and the elec­
trolysis was carried ou t as above.

Six such analyses gave a value of 0.157 ±  0.021% copper as 
compared w ith the standard analysis of 0.122%. The poor pre­
cision is explained by the possibility of a varying am ount of in­
soluble silica and graphite being occluded in the deposit. A simi­
lar effect was noted by MacNeven and Bournique (IS) in  external 
microelectrolysis and was avoided by filtering before electrolysis. 
The high results are due to  this occlusion and to  the presence of 
small amounts of other m etals which can be deposited under 
these conditions. Their presence was confirmed by spectro- 
graphic analysis of three of the deposits, all of which showed 
fairly strong lines of silver, bismuth, and tin . The combined 
percentages of these elements would not have to exceed 0.02% to 
account for the above error. However, i t  was found th a t  this 
interference can be elim inated if the deposit be stripped and the 
copper determined by quinaldic acid precipitation.

Recommended Procedure. The deposits are stripped, after dis­
solving and electrolyzing the sample as described above, w ith

concentrated nitric acid in an apparatus similar to  th a t described 
by Silverman, Goodman, and W alter ( I S) .  The solutions are 
then run into 150-ml. beakers and 5 grams of ammonium acetate 
are added. The pH is adjusted to  3 to  3.5, bu t m ethyl orange 
may be used with equally satisfactory results. The copper is then 
determined by precipitating w ith 50 mg. of quinaldic acid; fil­
tration , washing, and drying of the precipitates are as described in 
Section A, recommended procedure. R esults obtained on several 
B ureau of Standards steel samples are given in T able IV.

The values obtained are satisfactory in m ost cases. The 18-8 
steel, No. 101, a t  the point of electrolysis had suspended in the 
solution large amounts of basic chromic sulfate, which m ay have 
prevented complete deposition of the copper. The solution was 
usually sufficiently acid after the evaporation, so th a t additional 
acid was unnecessary. In  this case the chloride and n itra te  ions 
necessary to  the smooth performance of the electrolysis were 
added as the sodium salts instead. In  the case of readily soluble 
materials, such as the ingot iron, No. 55a, the evaporation can be 
om itted entirely, as the acid concentration when solution is com­
plete will be ju s t about th a t required for smooth electrolysis.

Spectrographic analysis showed th a t the precipitate is as a 
rule somewhat less pure than th a t obtained by a  double quinaldic 
acid precipitation bu t th a t the quantities of the elements pres­
ent are still negligible.

A D V A N T A G E S  A N D  D IS A D V A N T A G E S

A d v a n t a g e s . Use of simple and readily available apparatus, 
an advantage over conventional electrolytic methods; precipi­
ta te  of definite composition; stable reagent readily soluble in 
water.

The average cost of m aterials per duplicate determ ination is 
about 3 cents. The reagent can be recovered by dissolving the 
precipitates w ith hydrochloric acid, precipitating the copper with 
hydrogen sulfide, filtering, and recovering the quinaldic acid 
from the filtrate by evaporation.

D i s a d v a n t a g e s . Necessity for reprecipitation, making for a  

somewhat slower process.
The method is no more accurate than  methods previously in 

general use. In  m any steels, the accuracy is limited by the small 
weight of precipitate obtained.

Complete removal of chloride ion is absolutely necessary in the 
quinaldic acid procedure in order to  avoid precipitation of basic 
ferric ta rtra te .
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Determination of Rubber Hydrocarbon  
by a Gravimetric Rubber Bromide M ethod

C. O . W ILLITS, M . L. S W A IN , A N D  C. L . O G G , Eastern Regional Research Laboratory, Philadelphia 18, Pa.

A  direct method is given for determining rubber hydrocarbon in ex­
tracts from plant tissues, and in rubber crudes, latices, and liquors. 
The method is based upon the formation of an alcohol-insoluble 
rubber bromide whose composition varies slightly, depending on 
the source of the rubber. Gravimetric factors are established for 
converting weights of rubber bromide to weight of rubber, when the 
source is guayule, Cryptostegia, or kok-saghyz. Data are pre­
sented showing that reasonable variations in time and temperature 
of bromination and changes in concentration of rubber and bromi- 
nating solution, within rather wide limits, do not appreciably alter 
the accuracy of the method.

D IR E C T  determ ination of rubber hydrocarbon in crude rub­
bers and in latices has been generally considered so inac­

curate and unreliable th a t determ ination of rubber hydrocarbon 
by difference has been a common practice. The difference 
method usually suffices in the analysis of products derived from 
Hevea rubber, in which the nonrubber constituents have been 
well characterized or occur in low concentration. In  the analy­
sis of natural rubber products obtained from sources other 
than Hevea, such as guayule, kok-saghyz, and Cryptostegia, 
the situation is different. The chemical and physical properties 
of the nonrubber constituents of such products are largely un­
known, and in m any cases the nonrubber contam inants are 
present in excessive amounts, sometimes more than  50%  of the 
total. Since the rubber hydrocarbon analysis usually affords 
the most reliable means for estim ating the rubber content of 
plants and for following the concentration and purification of 
rubber by mechanical and chemical processes, it  appeared desir­
able to  devise or adap t a method which would perm it direct 
determination of th is constituent in the presence of relatively 
large amounts of natural and added contaminants.

Among the methods for determ ination of rubber in the litera­
ture, those which have received the largest am ount of study are 
the gravimetric (1,8, 6 ,10 ,12) and volumetric (7 ,11,13) methods 
based on the formation of the bromine derivative of rubber. 
Other methods are the empirical chromic acid oxidation (4), the 
direct alcohol precipitation (6), and the nitrosite procedures (9, 
15). The gravimetric bromide method showed the great­
est promise of adaptability  to  the determ ination of rubber hydro­
carbon in a wide variety  of rubber-containing products. Both 
the volumetric bromide method and the chromic acid oxidation 
method are subject to error when the rubber contains material 
other than rubber hydrocarbon, since any nonrubber compounds 
capable of reacting w ith bromine interfere in the volumetric 
bromide method and any constituents yielding volatile acids on 
digestion w ith chromic acid tend to  give high results if the 
chromic acid oxidation method is employed. Estim ation of 
rubber by direct weighing of the hydrocarbon precipitated with 
alcohol is not applicable to the determ ination of rubber in im­
pure or dilute solutions. The nitrosite method was no t investi­
gated, since i t  has never m et with favor because of the uncertain 
composition of the reaction products. The gravimetric bromide 
method was therefore selected for further investigation as a pos­
sible and practical means for the direct estim ation of rubber 
hydrocarbon.

The bromine derivative of rubber or the so-called “te tra- 
bromide” was first prepared by Gladstone and H ibbert (8), who 
isolated the compound by evaporating the solvent from a cnloro- 
form-rubber solution th a t had been treated  with bromine. Weber
(14) found th a t the compound could be more conveniently iso­

lated by precipitation with alcohol. Analysis of his prepara­
tion showed a composition in essential agreement w ith the for­
m ula CioHijBr». The methods devised for determ ination of 
rubber hydrocarbon based on the formation of the bromide vary 
in the choice of (a) rubber solvent (carbon tetrachloride, chloro­
form, or benzene), (6) brom inating conditions such as time, tem ­
perature, and composition and concentration of the reagent, and 
(c) bromide precipitant (alcohol, acetone, or petroleum ether). 
In  several of the methods the bromine in the isolated bromide 
precipitate is determined and the am ount of rubber hydrocarbon 
calculated by using the ratio of 1 isoprene unit (C5II8) to  2 
bromine.

Several early investigators recognized th a t this theoretical 
ratio  was no t obtained in practice, since formation of the bromide 
was generally accompanied by liberation of hydrogen bromide, 
indicating th a t substitution as well as addition of bromine took 
place. Hinrichscn and Kindschcr (10) observed no liberation 
of hydrogen bromide if the bromination was carried ou t a t 0° C., 
and proposed a method based on this finding. The volumetric 
bromide method of Lewis and McAdams (11) a ttem pted to  evalu­
ate the am ount of substitution by titra tion  of the liberated hy­
drogen bromide and corrected the results accordingly. Bloom­
field (2) has recently reported th a t when brom ination of rubber 
is carried ou t a t  tem peratures below 0° C. in a medium con­
taining a trace of alcohol, substitution of bromine is minimized. 
A simple adaptation  of the bromide method was made by Edi­
son (5) and his associates for use in their survey of native Ameri­
can plants as potential sources of natural rubber. In th is m ethod, 
a  benzene or carbon tetrachloride solution of rubber is bromi- 
nated for one hour, the bromide is precipitated w ith alcohol, 
washed, dried, and weighed, and the rubber hydrocarbon con­
ten t is calculated by m ultiplying the weight of recovered bromide 
by an  empirical factor, 0.285, instead of the theoretical factor, 
0.299.

Since conversion of weight of rubber bromide to weight of 
rubber is based on an empirical factor, it was necessary to  estab­
lish this factor for rubber from different sources. Effects of 
variations in conditions were studied to  determine the limits 
within which it is possible to use the established factor.

E X P E R IM E N T A L

Samples of rubber bromide for ultim ate analysis were pre­
pared by the bromination of benzene solutions of rubber de­
rived from various Cryptostegia, guayule, and kok-saghyz prod­
ucts. Benzene solutions of the rubber of each p lan t species were 
obtained as benzene extracts of the acetone-extracted p lan t tis­
sues, solutions of the resin-containing crude rubber, milled, or 
extracted from the plants, or extracts of latices or p lan t liquors 
prepared from the plants.

Accurately measured volumes of such rubber solutions con­
taining between 2 and 2.5 mg. of rubber per ml. were brom inated 
a t room tem perature by adding 1 ml. of the brom inating solu­
tion (see reagents) for every 10 ml. of rubber solution. Bromina­
tion was stopped and the bromide precipitated a t  the end of an 
hour by the addition of 30 ml. of absolute alcohol for every 10 ml. 
of the brom inated mixture. The bromide was allowed to  settle 
for 2 hours and was then filtered, washed with absolute alcohol, 
and dried to  constant weight a t 50° C. in vacuo. The dried 
precipitates were analyzed for carbon and hydrogen and in 
some cases for bromine. When the bromide was separated by 
filtration from the m other liquor immediately after precipita­
tion, the weight and composition of the recovered bromide were 
the same as those of the bromide separated after standing for 2 
hours.

All analyses of carbon, hydrogen, and bromine were made by 
common microprocedures. M any analyses were made of bro­
mides prepared from resin-free solvent-extracted rubber, crude 
rubber, and rubber latex obtained from each of the three p lant
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Table 1. Composition of Rubber Bromides“ from Three Plant 
Sources
B ro ­ C a r­ H y d ro ­ S u m  of

P la n t  P ro d u c t  from m ine, b on , gen, C  +  H , T o ta l,
S ource  W h ich  P re p a re d % % % % %

G u ay u le  L a te x  d isp ers io n 2 5 .9 3 .4 2 9 .3
C ru d e  ru b b e r 2 5 .3 3 .5 2 8 .8
A c e to n e -e x tra c te d

p la n t  tissu e 6 9 .8 2 5 .9 3 .5 2 9 .4 9 9 .2
A v. 2 5 .7 3 .5 2 9 .2

K o k -sa g h y z  C ru d e  ru b b e r 6 9 .9 2 5 .7 3 .2 2 8 .9 9 8 .8
A ce to n e -e x tra c te d

p la n t  tissu e 7 0 .4 2 5 .9 3 .3 2 9 .2 9Ô .0
A v. 2 5 .8 3 .2 2 9 .0

C ry p to s te g ia  C ru d e  ru b b e r 6 9 .2 2 7 .0 3 .4 3 0 .4 9 9 .6
A ce to n e -e x tra c te d

p la n t  tissu e 6 9 .9 2 6 .9 3 .4 3 0 .3 1 0 0 .2
A v. 2 6 .9 3 .4 3 0 .3

T h e o re tic a l co m p o sitio n  of
C iH gB rj 7 0 .1 2 2 6 .3 4 3 .5 4 2 9 .8 8

a E a c h  v a lu e  is a v e ra g e  of v a lu e s  o b ta in e d  in  th re e  to  e ig h t d e te rm in a ­
tio n s .

Table II. Effect of Volume Ratio of Brominating Reagent 
Rubber-Benzene Solution on Weight of Rubber Precipitated

to

K ok -sn g h y z G u ay u le
R u b b e r R u b b e r

B r  S o lu tion b ro m id e b ro m id e
p e r  10 M l. of from  20 m l. W t. of from  20 m l. W t. of
I tu b b e r-B e n - of ru b b e r- ru b b e r of ru b b e r- ru b b e r
zene S o lu tio n ben zen e c a lc u la te d 0 ben zen e c a lc u la te d 6

M L G ram s G ram s G ram s G ram s
1 0 .1 1 3 3 0 .0 3 2 9 0 .1 3 2 7 0 .0 3 8 7
2 0 .1 1 2 4 0 .0 3 2 6 0 .1 3 4 5 0 .0 3 9 3
3 0 .1 1 3 5 0 .0 3 2 9 0 .1 3 4 8 0 .0 3 9 4
4 0 .1 1 4 5 0 .0 3 3 2 0 .1 3 5 5 0 .0 3 9 6
5 0 .1 1 5 9 0 .0 3 3 6 0 .1 3 5 0 0 .0 3 9 4
6 0 .1 1 4 3 0 .0 3 3 1 0 .1 3 6 3 0 .0 3 9 8

°  G ra v im e tr ic  f a c to r  0 .2 9 0 . 
b G ra v im e tr ic  f a c to r  0 .292.

sources. The average values in Table I were obtained by three 
to eight determ inations of bromides from eaclt source.

The sums of the averages of the carbon and hydrogen con­
ten t give the factors for converting weights of rubber bromides 
to weights of rubber. The factors obtained are as follows:

G u ay u le
K o k -sag h y z
C ry p to s te g ia

0 .2 9 2
0 .2 9 0
0 .3 0 3

A mean deviation of ^  0.003 for each of the three factors was 
obtained when the carbon and hydrogen da ta  for all the samples 
were analyzed. In  general usage it  is not necessary to employ 
the two factors, 0.292 and 0.290, for guayule and kok-saghyz, 
respectively, bu t ra ther to use the average factor, 0.291, whose 
mean deviation is within the limits of experimental error.

As an additional tes t of the variation of the gravimetric factor 
for rubber in rubber bromide, m any of the benzene-rubber ex­
trac ts  obtained in the course of plant analyses were analyzed for 
rubber both by the bromination procedure and by weighing the 
rubber film obtained by evaporation. U ltim ate analyses showed 
th a t the films were 98 to  99% pure. The gravimetric factors 
were determined by dividing the weight of the rubber film by the 
weight of the rubber bromide. The average of more than  one 
hundred such determinations yielded the follow­
ing factors: guayule, 0.292 =*= 0.003; kok-saghyz,
0.290 =*= 0.004; and Cryptostegia, 0.302 ±  0.003.
All are in close agreement with the values ob­
tained by the ultim ate analysis of the bromides 
(Table I). Preliminary experiments have indi­
cated th a t this method is applicable to Hevea and 
th a t’ the factor 0.291 gives satisfactory results.
In  addition, te s t analyses on a sample of GR.-S 
synthetic rubber indicated th a t reliable results 
are obtainable using an experimentally found 
factor of 0.342.

To evaluate variations in time, tem pera­
ture, rubber concentration, and bromine con­
centration which would not significantly

alter the factor, the weights of bromide recovered from 
aliquots of rubber-benzene solutions brom inated under various 
conditions were compared. Table I I  shows the effect of varying 
the volume ratio of the brom inating solution to  the rubber-ben- 
zcne solution.

Although there is a  slight increase in the weight of rubber 
bromide formed with increased amounts of the brominating 
solution, the weights of rubber, calculated by the factor pre­
viously established by ultim ate analyses, are fairly constant. 
Since the variation caused by increasing amounts of brominating 
reagent is small, the procedure adopted has been to use 1 ml. of 
reagent for every 10 ml. of rubber-benzene solution, as the 
gravimetric factors have been established on the basis of this 
ratio. To change the ratio  would necessitate establishing new 
factors which would be even further from the theoretical value of
0.299.

To show the effect of varying rubber concentration on the 
amounts of rubber calculated from the bromide w ith the estab­
lished factor, a series of 10-ml. aliquots of a rubber-benzene solu­
tion was diluted w ith different am ounts of benzene. These 
were brom inated by the addition of 1 ml. of brom inating solu­
tion for every 10 ml. of the rubber-benzene solutions. Table I I I  
shows the results.

I t  is'evident th a t rubber-benzene solutions containing 0.5 to 3.0 
mg. of rubber per ml. of solution can bo analyzed by this pro­
cedure, with a  recovery of 98 to 100%. For solutions containing 
much more than  3.0 mg. of rubber per ml., low values were ob­
tained.

Aliquots of benzene solutions of rubber from three p lan t sources 
were brom inated a t  room tem perature (25° ±  2.5° C.) and in a 
refrigerator a t 4° C. for periods ranging from 1 to  24 hours. 
One milliliter of brom inating reagent was used for every 10 ml. 
of rubber-benzene solution. Table IV  shows the results.

The d a ta  indicate th a t reasonable variations in tim e and 
tem perature of brom ination from the one hour and room tem ­
perature of the described procedure cause insignificant changes 
in the am ounts of rubber calculated from the bromides. How­
ever, prolonged bromination a t room tem perature results in a 
gradual increase in the weight of the precipitate; th is is pre­
sumably due to substitution of bromine. A t 4° C. the same 
phenomenon occurs, but, as would be expected, the ra te  is 
slower. When brominations were made a t —4° C. in carbon 
tetrachloride solution containing a  trace of alcohol, the gravi­
m etric factors calculated for rubber in rubber bromide formed 
approached the theoretical value. The proposed method of 
brominating a t room tem perature is preferred, however, be­
cause of its ease of operation, its  adaptability, and the accuracy 
obtainable.

Results of the carbon and hydrogen analyses of the bromides 
indicate th a t the gravimetric factors for converting weights of 
bromide to  weights of rubber vary  from one p lan t source to  an­
other. The cause of these variations has not been determined; 
they  m ay be due to the inherent nature of the  rubbers. T hat 
th e  bromide m ethod accounts for all the rubber in a solution is

Table 111. Analysis
G u ay u le

of Solutions of Different Rubber Concentrations
K o k -sa g h y z C ry p to s te g ia

M g . of R u b b e r  p e r  
10 M l. of R u b b e r-  
B enzene S o lu tio n R eco v ­

M g . of R u b b e r  p e r  
10 M l. of R u b b e r-  
B enzene  S o lu tio n %

R eco v ­

M g . of R u b b e r  p e r  
10 M l. of R u b b e r-  

B enzene  S o lu tio n
A d d ed F o u n d 0 ery A d d ed F o u n d 0 ery A dd ed F o u n d 0

6 .6 6 .6 100 5 .6 5 .6 100 5 .4 5 .4
7 .9 7 .8 99 6 .6 6 .6 100 6 .5 6 .5
9 .9 9 .7 98 8 .2 8 .2 100 8 .2 8 . 1

1 3 .2 1 3 .1 99 1 0 .9 1 0 .7 98 1 0 .9 1 0 .8
1 9 .8 1 9 .6 99 1 6 .4 1 6 .4 100 1 6 .3 1 6 .1
2 9 .7 2 9 .5 99 2 4 .6 2 4 .5 100 2 4 .5 2 3 .9
3 9 .5 3 7 .4 95 3 2 .8 3 1 .9 97 3 2 .6 3 1 .5

%
R eco v ­

e ry
100
100

99
99
99
98
97

°  G ra v im e tr ic  fa c to rs : g u av u le , 0 .292 , k o k -sag h y z , 0 .290 ; C ry p to s te g ia , 0 .303 .
of b ro m in a tin g  re a g e n t a d d e d  fo r  each  10 m l. o f ru b b e r-b e n z e n e  s o lu tio n .

1 m l.
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Table IV . Effect of Time and Temperature of Bromination on 
Weight of Rubber Found

W e ig h t of R u b b e r  C a lc u la te d 0 from  B ro m id e  P re c ip ita te d  
from  20 M l. of S o lu tio n

T im e  of C ry p to s te g ia K o k -sag h y z G u ay u le
B ro m in a ­ R o o m R o o m R o o m

tio n te m p . o p te m p . 4 °  C . te m p . 4 °  C .
H ours Q ram G ram G ram G ram G ram G ram

1 0.01G 2 0.01G 2 0 .0 2 7 6 0 .0 2 7 1 0 .0 4 0 5 0 .0 4 0 2
3 0 .0 1 6 4 0.01GG 0 .0 2 8 2 0 .0 2 7 5 0 .0 4 1 8 . 0 .0 4 0 8
G 0 .0 1 7 8 0 .0 1 7 2 0 .0 2 8 4 0 .0 2 7 7 0 .0 4 2 7 0 .0 4 1 4

24 0 .0 1 8 4 0 .0 1 7 7 0 .0 2 8 5 0 .0 2 7 8 0 .0 1 4 2 0 .0 4 2 7

°  P re v io u s ly  e s ta b lish e d  fa c to rs  fo r  b ro m in a tio n  a t  room  te m p e ra tu re  fo r 1 
h o u r  w ere u sed .

indicated by the close agreem ent between the weights of rubber 
calculated by these gravimetrie factors and the weights ob­
tained by evaporation of the pure rubber benzene extracts. 
This agreem ent does no t preclude the possibility of obtaining high 
rubber values by the bromide method from im pure benzene ex­
tracts. However, the possibility is rem ote th a t any nonrubber 
plant m aterials are present which are soluble in benzene and also 
form alcohol-insoluble bromine derivatives. Added antioxi­
dants and solution aids have never interfered.

R E A G E N T S

Alcohol, A.C.S., absolute 
Acetone, A.C.S., analytical reagent grade 
Benzene, A.C.S., analytical reagent grade 
Trichloroacetic acid, Eastm an Kodak Company W hite Label 
Benzene containing 1%  trichloroacetic acid 
Brominating solution. Dissolve 2 grams of iodine in 100 ml. of 

carbon tetrachloride, filter through filter paper, and add 5 ml. of 
bromine to  the filtrate.

A N A L Y T I C A L  P R O C E D U R E S

D eterm ination of rubber by the bromide method is useful in 
evaluating the rubber content of benzene extracts of plant tissues, 
crude rubbers isolated from plants by mechanical or chemical 
means, and rubber-containing liquors and lattices.

D e t e r m i n a t io n  ok  R u b b e r  i n  t h e  O r g a n ic  S o l v e n t  E x ­

t r a c t  o p  P l a n t  T i s s u e . An o rg a n ic  s o lv e n t  e x t r a c t  o r  t h e  
r u b b e r  f ilm  o b ta in e d  b y  e v a p o r a t in g  a n  e x t r a c t  m a y  b e  a n a ­
ly z e d  by t h e  b ro m id e  p r o c e d u r e .

To analyze a rubber film, rcdissolvc it  in  benzene by stirring 
and gentle heating, cool, and make to  volume in a  volumetric 
flask w ith benzene. Choose as the final volume of either the 
extract or the redissolved film one which will contain 0.5 to 3.0 
mg. of rubber per ml. T ransfer to a  beaker an aliquot containing 
a  minimum of 25 mg. of rubber, and add 1 ml. of the brom inating 
solution for each 10 ml. of the aliquot. Cover the beaker w ith a 
watch glass and let stand a t room tem perature for one hour to 
perm it agglomeration of the particles. A t the end of the hour 
stir the brom inated m ixture thoroughly w ith a  glass rod, taking 
special care to  loosen any precipitate from the bottom  of the 
beaker. Add absolute alcohol, w ith constant stirring, in the 
ratio of 30 ml. of alcohol for each 10 ml. of the brom inated mix­
ture. Allow the bromide precipitate to settle for a t  least one 
hour and then filter with suction, using a  tared  Gooch crucible 
With asbestos pad. An ordinary rubber policeman and alcohol 
m ay be used in transferring the bromide and in washing the 
beaker. Wash the bromide several times w ith alcohol, dry  a t 
50° C. in vacuo under 5-mm. mercury pressure, cool, and weigh. 
Calculate the rubber content from the weight of the rubber 
bromide by the following gravimetric factors: 0.290 for kok- 
saghyz, 0.292 for guayule, and 0.303 for Cryptostegia.

D e t e r m in a t io n  o k  R u b b e r  i n  R u b b e r  C r u d e s . Prepare 
the analytical sample of the crude rubber by passing it several 
times through compounding rolls, finally mill i t  into a thin 
ribbonlike sheet, and from this cut or tea r narrow strips for 
moisture and for rubber analysis.

Determ ine the moisture by drying approximately 2 grams of 
the crude rubber in vacuo a t  50° C. to constant weight (12 hours).

Solution of the sample for rubber analysis m ay be obtained 
either by heating it in benzene or by allowing it to stand a t room 
tem perature in a  1% solution of trichloroacetic acid in benzene. 
Although the la tte r method requires 2 to  3 days for solution, it is 
more convenient in routine analysis, and in general less time- 
consuming. Since determ ination of the benzene-insoluble and 
acetone-insoluble content of the crude rubber is usually required 
in addition to rubber hydrocarbon, samples of approximately 0.5 
grams are recommended.

C ut or tea r approximately 0.5 gram of the milled sheet into 
fine strips, weigh to  the nearest 0.1 mg., and place in a ta red  70- 
ml. centrifuge tube. Add 50 ml. of a 1% solution of trichloro­
acetic acid in benzene, insert a glass stirring rod, lightly stopper 
the tube with a plug of cotton, and allow it to stand  a t room 
tem perature for 3 days. To aid in the complete solution of the 
rubber, s tir two or three times a day during the 3-day interval. 
Centrifuge to  separate the bcnzene-insolublcs and decant the 
benzene-rubber solution into a 200-mi. volumetric flask. Wash 
the benzene-insolubles and the centrifuge tube twice with 50-ml. 
portions of benzene, centrifuging after each wash. Add the ben­
zene washes to  the benzene-rubber solution and dilute to 200 ml. 
with benzene. Determ ine the rubber in a 20-ml. portion of this 
solution by the bromide method described in the previous sec­
tion. Calculate the per cent rubber in the crude by the equation:

gravimetric factor X weight of bromide (g.) X
o? . \ i . _  volume of sample (200 ml.) X 100
/0 ru )CI weight of crude rubber (grams) X

100 — %  moisture . . ,. , , . j —   X portion used (20 ml.)

If the percentage of acetone-soluble or resin fraction and the 
percentage of those m aterials insoluble in both acetone and ben­
zene are desired, determine the insolubles directly and calculate 
the acetone-solubles by difference. To determine the insoluble 
fraction, thoroughly wash the benzene-insoluble residue left in 
the centrifuge tube w ith acetone, separate the insolubles by 
centrifuging, and discard the acetone wash solution. D ry  the 
residue in the tared  centrifuge tube for one hour a t 110° C. in 
an air oven, cool, weigh, and calculate the per cent insolubles on a 
moisture-free basis.

The per cent acetone-soluble fraction is obtained by  sub­
tracting the sum  of the percentages of moisture-free rubber and 
insolubles from 100. Since the proposed method is especially 
suited to  th e  analysis of crude rubber and is applicable to samples 
containing either large or small am ounts of nonrubber nonresin 
m aterials, several typical analyses of samples of such rubber 
from different plants are given in Table V. These show the re­
producibility of the method.

D e t e r m i n a t io n  o k  R u b b e r  i n  A q u e o u s  L iq u o r s  L o w  i n  
R u b b e r  C o n t e n t . M any types of aqueous rubber-containing 
emulsions having rubber contents ranging from less th an  1 
to  about 5%  may be conveniently analyzed for rubber by the 
bromide procedure. Benzene extracts of the rubber in such 
emulsions are m ost easily prepared in the W aring Blcndor. The

Table V . Analyses of Crude Rubber from Different Plants

P la n t  S ource  

G u ay u le

K o k -sa g h y z

C ry p to s te g ia

Sam plo
N o. %  R u b b e r

%  In so lu b le s  
(B en zen e  a n d  

A cetone)

A cetone-
S o lu b le s“
(R esins)

5293 6 5 .0 6 5 .1 1 5 .3 1 5 .3 1 9 .7
5319 7 8 .6 7 9 .2 5 .3 5 .3 1 5 .9
5341 6 8 .2 6 8 .0 1 0 .4 1 0 .3 2 1 .6
55G4 7 3 .8 7 3 .9 7 .2 7 .3 1 8 .9
5568 77 A 7 7 .5 1 .8 1 .8 2 0 .8

7510 8 0 .9 8 0 .9 6 .4 6 .9 1 2 .5
7520 8 0 .2 8 6 .1 7 .2 7 .2 6 .7
7579 7 7 .3 76 . S 8 .0 8 .0 1 5 .0
8088 7 9 .0 7 8 .7 7 .1 7 .4 1 3 .9
8227 7 7 .5 7 7 .5 9 .7 9 .9 1 2 .7

7726 6 4 .5 6 5 .3 1 .1 1 .0 3 4 .1
9040 8 7 .4 8 7 .2 5 .2 5 .3 7 .5
9050 6 3 .1 6 3 .3 2 8 . 1 2 8 .1 8 .7
9054 5 1 .3 5 1 .2 4 0 .5 4 0 .3 8 .4
90G0 8 4 .6 8 4 .4 5 .4 5 .3 1 0 .2

°  C a lc u la te d  b y  d iffe rence  from  a v e ra g e  of b o th  ru b b e r  a n d  in so lu b les .
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persistent emulsions which result when alkali-stabilized rubber 
liquors are extracted w ith benzene in the Blendor can be avoided 
by acidifying the liquor w ith concentrated hydrochloric acid pre­
liminary to  the extraction.

To determine the rubber content, transfer 10 to 50 ml. of the 
emulsion to a W aring Blendor using a transfer pipet, rinse the 
pipet several times w'ith water, and combine the rinses with the 
measured sample, making a to ta l volume of approximately 75 ml. 
Add sufficient concentrated hydrochloric acid to break th e  emul­
sion; usually 5 to  10 ml. are required. Then add about 180 ml. 
of benzene, churn for 2 minutes, wash the emulsion into a 500-ml. 
separatory funnel w ith water, and allow to  stand  until the 
aqueous layer appears clear, usually about 8 hours. Draw off 
and discard the clear aqueous layer.

Transfer the benzene and the interface layers to centrifuge 
tubes, centrifuge until separation into layers is complete, and 
transfer the benzene layer to  a  400-ml, beaker using a  pipet and 
suction. Rinse the separatory funnel w ith benzene. Add the 
rinses to  the aqueous residue in the centrifuge tube, mix well, 
and centrifuge. Again draw off the benzene layer and add i t  to 
the original benzene solution in the beaker. Concentrate on a 
steam  bath, transfer, and make to the m ark in a volumetric flask 
of such volume th a t 20 ml. of the final volume will contain be­
tween 10 and 60 mg. of rubber. T ransfer a 20-ml, aliquot to a 
250-ml. beaker and brominato by the previously described 
procedure. Should the 20-ml. aliquot of the original solution 
contain more than  60 mg. of rubber, dilute to  the desired con­
centration and brominato a 20-ml. portion. W hen the to tal 
benzene extract is very low' in rubber, it m ay  be reduced to  20 ml. 
and brom inated in its  entirety. Calculate the rubber content 
from the equation:

Mg, of rubber/m l.

gravimetric factor X weight of 
bromide (mg.) X dilution factor 

ml. of sample

D e t e r m in a t io n  os- R u b b e r  i n  L a t e x  o r  L iq u o r  o p  H ig h  
R u b b e r  C o n t e n t . W hen concentrated rubber liquors (con­
taining more than  5%  rubber) and latices are being analyzed, 
complete extraction of the rubber by benzene cannot be achieved 
by the W aring Blendor method described above. Instead, ben­
zene is added to  the sample, the mixture is acidified, and the w-ater 
is removed by distillation in a Bidwell-Sterling type moisture

apparatus. This results in a  wrater-free solution of the rubber in 
benzene.

Weigh by difference from a glass-stoppered vial th a t am ount of 
the w'ell-mixed sample which contains less than  1.5 grams of 
rubber and transfer to  a 500-ml. volumetric (boiling) flask 
equipped w ith a 24/40 f  outer joint. Acidify the sample w ith con­
centrated hydrochloric acid to  give an acid concentration of 
about 10%, then add 200 ml. of benzene and a ttach  the flask to a 
B arre tt type Bidw'ell-Sterling moisture tes t apparatus provided 
w ith a condenser. Boil the m ixture until all w ater is removed 
(water level in the trap  rem ains constant), and a clear benzene 
solution is obtained. Remove the flask from the apparatus, 
cool, and dilute to the m ark w ith benzene. Transfer, with a 
pipet, a  50-ml. aliquot to a 600-ml. beaker and determ ine the 
rubber in th is aliquot by the bromide m ethod and th e  following 
equation:

G ravim etric factor X w'eight of bromide (grams) X
 volume of sample (500 ml.) X 100________

w'eight of sample X aliquot (50 ml.)
% rubber
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Determination of A lk y l Disulfides in the A bsence and 
Presence of Mercaptans

I, M . K O L T H O F F , D, R, M A Y , A N D  PER R Y M O R G A N , University of Minnesota, Minneapolis, Minn., A N D

H . A .  L A IT IN E N  a n d  A .  S, O 'B R IE N , University of Illinois, Urbana, III.

Disulfides are reduced to mercaptans by means of amalgamated zinc 
and titrated amperometrically with silver nitrate. If the relative 
amount of mercaptan present is not large, the disulfide is determined 
by difference by titrating portions of the solution before and after 
reduction. To determine a trace of disulfide in a mercaptan, the 
mercaptan is removed before the reduction treatment by precipita­
tion as silver mercaptide.

B ASED upon the reducibillty of alkyl disulfides (I, S, 6) lo  
m ercaptans and amperometric titra tion  of the resulting 

m ercaptans (4) a  simple method of determ ination of disulfides 
has been developed. Experim ents w'ere carried out to find suit­
able conditions for quan tita tive  reduction and for removal of the 
m ercaptan from the disulfide before reduction.

R E D U C T IO N  O F  D IS U LF ID E

Prelim inary experiments showed th a t in order to  approach 
quantita tive reduction in a Jones reduct or, a  tem perature of 50 ° C. 
was necessary. T he zinc amalgam was of a  very low concentra­

tion (0.02%) in mercury. Under these conditions evolution of 
hydrogen occurred when an acid solution was passed through the 
reductor. To prevent difficulties encountered w ith the counter 
flow of liquid and gas, the solution to  be reduced was made to 
pass upw'ards through the zinc in the reductor. A sketch of a 
reductor w ith a  heating jacket, which is easily constructed and 
satisfies the above specifications, is shown in Figure 1.

Two different samples of n-dodecyl disulfide w'ere used with 
identical results. A t the U niversity of Minnesota, the disulfide 
was prepared by oxidation of n-dodecyl m ercaptan w ith hydrogen 
peroxide in alkaline ethanol solution, followed by recrystallization 
from absolute ethanol. The product had a  melting point Of 32 °, 
in agreem ent w ith the value of Collin et al. ( I ) . A t the University 
of Illinois, n-dodecyl disulfide was prepared by the method of 
Westlake and D ougherty (6’), in wffiich the B unte salt prepared 
from n-dodecyl bromide and sodium thiosulfate was oxidized 
w ith hydrogen peroxide in aqueous dioxane medium. The 
crystals which separated upon cooling and standing w'ere ex­
tracted w ith dioxane, and the disulfide was precipitated by the 
addition of water. The product had a melting point of 34-35 °, in 
agreement w ith the value of 33.5-34° reported by Fore and 
B est (#). I t  is not certain whether the low results were caused
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entirely by incomplete reduction, or partly  by the presence of 
impurities.

Known am ounts of n-dodecyl disulfide were dissolved in a 0.3 N  
solution of sulfuric acid in 90%  ethanol, and 25-ml. portions of 
the solution heated to 50 °, were allowed to  flow through the re­
ductor which was m aintained a t a  tem perature of 50°, a t such a 
ra te  th a t the disulfide remained in contact w ith the solution for 
about 5 minutes. The reductor was washed w ith 75 ml. of 0.3 N  
sulfuric acid in 90%  ethanol, and the m ercaptan was determined 
in the resulting solution after addition of an  excess of ammonia 
corresponding to  about 0.25 M  by the amperometric method of 
Kolthoff and H arris (4). Results obtained w ith different 
amounts of disulfide are shown in Table I.

An alternative procedure consisted of adding amalgamated 
zinc to  the acidic disulfide solution (80 ml.) in a  4-ounce screw- 
cap bottle and rotating i t  in a therm ostat a t 50°, usually for 20 
minutes. Results w ith this procedure are given in Table I I  
using 0.3 N  sulfuric acid and 1 N  acetic acid in 90%  alcohol as 
the solvent.

The use of acetic 
instead of sulfuric 
a c id  w as  fo u n d  
beneficial for small 
amounts of disulfide 
(less th an  4 mg.). 
I f  large quantities 
of disulfide were 
present th e  reduc­
tion was slower in 
acetic acid medium, 
w h ile  w ith  v e ry  
small amounts (less 
than  0.3 mg.) the 
r e d u c t io n  was in­
complete using sul­
furic acid. Chang­
ing the concentra­
tion of acetic acid 
did no t appreciably 
affect the ra te  or 
completeness of re­
duction.

S E P A R A T IO N  O F  
M E R C A P T A N  F R O M  

D IS U L F ID E

F o r  th e  d e t e r ­
m ination of small 
am ounts of disul­
fide in the pres­
e n c e  o f  l a r g e

amounts of m ercaptan i t  is necessary to remove the mer­
captan, since the m ercaptan cannot be titra ted  w ith suffi­
cient accuracy to  allow the disulfide to  be determined by 
difference. T he m ercaptan can be removed by adding an  exactly 
equivalent am ount of silver n itra te  and filtering off the silver 
mercaptide. An appreciable excess of silver leads to  low results 
for disulfide, since silver m ercaptide is precipitated during the 
reduction step and is not completely reduced to  m ercaptan. Us­
ing the amperometric end point w ith a  sufficiently sensitive 
galvanometer, i t  is easily possible to  adjust the excess silver 
concentration to  a very small quantity .

Experiments involving the removal of a 1000-fold excess of n- 
dodecyl m ercaptan from know-n am ounts of n-dodecyl disulfide 
gave an excellent recovery of disulfide after reduction and titra ­
tion. Using mixed te rtia ry  m ercaptans, some difficulty was 
encountered in filtration of the silver mercaptide, since the m er­
captide m ixture was a  gummy liquid a t  room tem perature. 
Working a t  a  tem perature of 0 ° throughout the precipitation and 
filtration, however, gave satisfactory results.

Table 1. Reduction of n-Dodecyl Disulfide in Jones Reductor
D isu lfide  T a k e n D isu lfid e  F o u n d R e d u c tio n

M g. M g , %
4 0 .0 3 8 .3 9 5 .8

3 8 .4 9 5 .0
3 8 .3 9 5 .8

2 0 .0 19 .1 9 5 .2
1 9 .0 9 4 .8
19 .1 9 5 .2

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

Table II. Reduction of n-Dodecyl Disulfide in Bottles
D isu lfide  T a k e n T im e  D isu lfide  F o u n d R e d u c tio n

M g . M in . M g. %

U sin g  S u lfu ric  A cid
1 5 .6 20 1 4 .9 9 5 .5

4 .5 2 60 4 .2 9 9 4 .9
3 .1 2 20 3 .0 3 9 6 .8
3 .0 1 20  2 .8 9 9 6 .1
0 .7 5 2 60 0 .7 0 0 9 3 .1
0 .3 1 2 20  0 .2 0 2 6 5 .0
0 .3 0 1 60 0 .2 5 0 8 2 .9

U sin g  A ce tic  A cid

4 .5 2 20  3 .4 8 7 6 .9
4 .5 2 60 4 .2 0 9 3 .0
3 .0 1 20 2 .8 1 9 3 .3
3 .0 1 60 2 .9 4 9 7 .7
1 .51 20  1 .4 9 9 8 .6
0 .7 5 2 10 0 .7 3 8 9 8 .2
0 .7 5 2 30 0 .7 2 0 9 5 .8
0 .7 5 2 60 0 .7 0 4 9 3 .6
0 .3 0 1 10 0 .3 0 4 101
0 .3 0 1 20 0 .3 0 7 102
0 .1 5 0 10 0 .1 7 9 119
0 .1 5 0 10 0 .1 8 8 125

D E T E R M IN A T IO N  O F  D IS U L F ID E  IN  P R E S E N C E  O F  M E R C A P T A N

A. J o n e s  R e d u c t o r  M e t h o d . D e t e r m i n a t i o n  b t  D i f f e r ­
e n c e . Preparation of Amalgamated Zinc. E tch 100 grams of 20- 
mesh granulated zinc by stirring w ith 6 N  hydrochloric acid for 
one minute. Add 27 mg. of mercuric chloride, and after stirring 
for a minute, wash the zinc w ith distilled water. One hundred 
grams of zinc are sufficient for a  reductor of a convenient size.

Incom plete reduction is encountered if the reductor is not 
completely cleaned by acid rinsing. A 10 N  sulfuric acid solution 
was found to  be satisfactory for the rinsing. The reduetor should 
be checked before every run or series of runs by reducing a 
standard disulfide solution and determining the am ount reduced. 
If the reduction rem ains slow the reductor should be filled with 
freshly prepared zinc amalgam.

Reduction of Disulfide. Using 90%  ethanol-10%  w ater 0.3 N  
in sulfuric acid as the solvent, allow the solution a t  50° to  run 
through the reductor a t such a ra te  th a t the disulfide remains in 
contact w ith the zinc for about 5 minutes. W ash the reductor 
w ith 75 ml. of the solvent.

Determination of Mercaptan. N eutralize the solution with 
concentrated ammonium hydroxide, using litm us paper as an 
indicator. Add 2 ml. in excess, and titra te  amperometricatly 
with silver n itrate. If  m ercaptan was present initially, ti tra te  a 
second portion of the solution w ithout reduction. The difference 
is a  measure of disulfide present.

B. B o t t l e  M e t h o d . R e m o v a l  o f  M e r c a p t a n . For the 
determ ination of a trace of disulfide in m ercaptan. dissolve a 0.1- 
to 0.2-gram sample of m ercaptan in 80 ml. of alisolute ethanol 
and add concentrated ammonium hydroxide (1.2 ml.) until the 
solution is about 0.25 M  in ammonia. T itra te  the solution 
amperometrically w ith 0.05 N  silver n itra te  to  a very slight excess 
of silver. A highly sensitive current^measuring instrum ent such 
as a wall-type galvanom eter is recommended. If  necessary, 
ad just the excess silver by the addition of 0.005 M  m ercaptan in 
alcohol and 0.002 N  silver n itra te  until the excess of silver, as 
indicated by the current, corresponds to  about 0.1 ml. of 0.002 N  
reagent.

F ilter the solution w ithout suction and wash the precipitate 
thoroughly w ith small portions of alcohol. Add 5 ml. of glacial 
acetic acid. Add 10 to  20 mg. of amalgamated zinc prepared as 
described in Procedure A to  the solution in a 4-ounce screw-cap 
bottle and ro tate  in a  50° therm ostat for 20 minutes.

F ilter the solution again, taking care th a t no small pieces of 
zinc amalgam pass into the filtrate. Add 7 ml. of concentrated 
ammonium hydroxide and titra te  w ith 0.002 N  silver n itra te  to 
the usual amperometric end point.
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A C C U R A C Y  A N D  S E N S IT IV IT Y

The accuracy of the method is lim ited by the degree of reduc­
tion of the disulfide by the amalgamated zinc. Using either 
method the results are about 5%  low if the am ount of disulfide is 
in the optimum range. The results are reproducible to 2%  
relative on a  given sample in the optimum range.

M ethod B lias proved successful in detecting 0.05% disulfide in 
m ercaptan and in making quantita tive estim ation of disulfide in 
amounts from 0.1 to 1% or more.
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A c id  ChloridesHigher A liphatic
Estimation of Y ie ld  in the Preparation of Lauroyl Chloride

RO B ERT R. A C K L E Y  A N D  G 1 U L IA N A  C. T E S O R O , O nyx O il & Chemical Company, Jersey City, N . J.

A  titration procedure for estimation of yield in the preparation of 
lauroyl chloride has been found equally applicable for other fatty 
acid chlorides containing 12 to 18 carbon atoms. Using this pro­
cedure, the effect of the ratio of lauric acid concentration to thionyl 
chloride concentration on the yield of lauroyl chloride was deter­
mined. The titration method is applicable to the determination of 
fatty acid chloride content in reaction mixtures or in distilled prod­
ucts. By the use of this procedure, it was found that undistilled 
acid chlorides prepared from the corresponding fatty acids and 
thionyl chloride are sufficiently pure for most synthetic work.

I N T H E  course of an investigation of derivatives of higher fa tty  
acids i t  was necessary to prepare relatively large quantities of 

lauroyl chloride. W hen the acid chloride was prepared by the 
action of thionyl chloride on lauric acid and the yield determined 
by distillation, i t  was found significantly lower in the case of reac­
tions involving 1 mole of lauric acid th an  in identical experiments 
employing only 0.1 mole of the acid. D uring the distillation of 
larger runs, large am ounts of hydrochloric acid were evolved.

Among other explanations for lowered yield and evolution of 
acidic fumes, i t  seemed possible th a t the reaction of lauroyl 
chloride w ith unreacted lauric acid m ight take place:

C„H„C0C1 +  CnHjjCOOH — >- (CnH MC 0 )20  +  HC1 (1)

T he conditions of distillation (flask tem perature approximately 
130° C. a t  2 mm. of mercury) m ight favor this reaction. I t  is 
apparent, further, th a t if the initial conversion amounts to 90%, 
the unconverted acid is capable of reaction w ith a sufficient 
quan tity  of acid chloride to  reduce the apparent yield on distilla­
tion to  S0%, the anhydride remaining behind in the residue. 
K etene formation, followed by polymerization, m ay also be a 
yield-reducing factor. The polymerized products would not be 
distillable. An experiment in which the reaction m ixture was rc- 
fluxcd under vacuum for a prolonged period showed th a t the 
am ount of acid chloride present was reduced during the heating 
period. If  small quantities of acid chloride are involved, distilla­
tion m ay be carried out w ith sufficient rapidity  to  minimize yield- 
reducing side reactions.

The high yields obtained when small quantities are involved, 
together w ith the dem onstrated reduction of yield during slow 
distillation, suggested the probability th a t lauric acid chloride 
could be prepared in  sufficiently high yield to  make distillation 
unnecessary. In  order to  prove this, it  was necessary' to  develop 
an  analytical procedure independent of distillation or prolonged 
heating.

Several derivatives of lauroyl chloride were prepared which 
might lend them selves to  quantita tive recovery. Q uantitative 
separation of these derivatives from unreacted fa tty  acid was 
difficult, however, and an indirect method based upon the

formation of amide from lauroyl chloride w ith subsequent deter­
m ination of the unreacted lauric acid proved to  be more satis­
factory. Since the completion of this work Bauer (2) has de­
scribed an analytical procedure based upon anilide formation. 
While the principles involved in these two methods are similar, 
the procedure described in the present paper perm its accurate 
estim ation of fa tty  acid chloride in  the presence of extraneous 
m atter (in addition to  free fa tty  acid) and the technique is more 
readily adaptable to  p lan t control. Caspari (3) and ICrafft and 
Stauffer (4), have prepared lauramide by the action of lauroyl 
chloride on aqueous ammonia. Aschan (I) investigated the 
preparation of various amides by this method.

W hen a m ixture of lauric acid and lauroyl chloride is stirred 
rapidly into a  tenfold excess of aqueous ammonia, the following 
reactions take place:

C „H mCOC1 +  2N H , — >  ChH 2JCONH2 +  NH,C1 (2) 

CnH,,COOH +  N H , — >■ CnH ^C O O N H , (3)

Because of the emulsifying properties of the ammonium lau- 
rate, the reaction mixture is a soapy suspension. Upon acidifica­
tion, the ammonium laurate is converted into lauric acid while the 
amide remains unchanged. A fter extracting the lauram ide- 
lauric acid m ixture w ith ether, the am ount of lauric acid in the 
m ixture mayr be determined by  titra tion  according to  the pro­
cedure for determ ination of free fa tty  acid.

T he to ta l lauric acid content m ay be accurately' determined by 
saponification of the reaction m ixture w ith excess aqueous sodium 
hydroxide, followed by acidification, extraction, and titration. 
The to ta l content of lauric acid determ ined by' this procedure was 
found to  be in excellent agreem ent w ith the known lauric acid 
content based upon the am ount of lauric acid employed and the 
to ta l weight of the reaction mixture.

From  the above determinations, the per cent of free fatty' acid 
and the per cent of to ta l fa tty  acid are obtained. Using these 
da ta  the per cent yield and per cent purity  of the lauroyl chloride 
can be calculated.

Using this procedure, when a reaction mixture resulting from 
the action of thionyl chloride upon lauric acid was heated a t 
150° C. and 5 mm. of mercury', the apparent conversion was 
found to  decrease from an initially determined value of 96 to  85% 
after 2 hours.

The applicability of this procedure for studying the effect of 
varying the proportion of thionyl chloride to lauric acid on the 
yield of lauroyl chloride was determ ined by a  series of experiments 
in which the reaction m ixtures were analyzed by this method 
(Table I  and Figure 1).

T he values found for yield are apparently' independent of the 
relative proportions of lauric acid and lauroyl chloride, whereas
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Figure 1. Effect of Varying Proportion of Thionyl Chloride
M oles of thionyl chloride per mole of lauric acid

«

in the presence of a large proportion of unreacted lauric acid the 
lauroyl chloride present cannot be distilled quantitatively.

W hen distilled lauroyl chloride was analyzed by th is method, 
the composition was in excellent agreem ent w ith th a t found by 
chloiidB determ ination. A product from the reaction of 1 mole of 
lauric acid and 1.2 moles of thionyl chloride, when analyzed prior 
to distillation, showed 96%  conversion to  lauroyl chloride. By 
distillation, 90% of the theoretical am ount of distillate was 
collected. Upon analysis of the distillate by chloride déterm ina-. 
tion, however, the chloride content was found to  am ount to only 
92% of the calculated. A similar result was obtained when the 
titra tion  procedure was employed. Thus, the actual percentage 
yield after distillation was 83%  and the free lauric acid content of 
the distilled acid chloride was no less than th a t of the undistilled 
reaction m ixture from which it  was obtained.

E X P E R IM E N T A L

The lauric acid used in all experiments was obtained by careful 
fractionation of coconut fa tty  acids through a  25-cm, Widmer 
column. The portion used was collected a t  145° to  150° C. a t 3 
mm. of mercury. I t  had  a neutralization equivalent of 199.5 
(theoretical 200) and melted a t  43-47° C. The thionyl chloride 
was the fraction boiling a t  72-76° C., obtained by distillation of a 
commercial product.

Lauroyl chloride was prepared by the method of Ralston and 
Selby (5).

A . D e t e r m i n a t i o n  o f  U n r e a c t e d  L a u r i c  A c i d  ( F r e e  
F a t t y  A c i d ) i n  C r u d e  o r  D i s t i l l e d  A c i d  C h l o r i d e . Ten 
grams of acid chloride were added slowly w ith cooling and strong 
agitation to  125 ml. of 6%  ammonium hydroxide. The suspen­
sion obtained was allowed to stand  w ith in term itten t stirring and 
cooling a t room tem perature for 20 minutes. Hydrochloric acid, 
10 N , was then  added dropwise w ith stirring and cooling until the 
m ethyl orange end point was reached.

One hundred and fifty milliliters of a 2 to  1 m ixture of ethyl 
ether and ethanol were added, and the m ixture was transferred to 
a 500-ml. separatory funnel, the reaction vessel being washed with 
repeated small portions of ethanol. T he aqueous layer was w ith­
drawn, and the extracted m aterial washed repeatedly w ith 50-ml. 
portions of saturated  sodium chloride solution until the last wash­
ing became alkaline to  phenolphthalein on the addition of a single 
drop of 1 Ar sodium hydroxide.

Table I. Preparation of Lauroyl Chloride
(W ith  v a ry in g  a m o u n ts  of th io n y l ch lo ride , %  re ac tio n )

L au ric  
A cid 
i f  ole

0.5
0.5
0 .5
0.5
0 .5
0.5

F F A  in 
C ru d e  P ro d u c t

T F A  in 
C ru d e  P ro d u c t

Y ie ld  of C ru d e  
P ro d u c t

S O C lt C a led . F o u n d  C a led . F o u n d  C a led . F o u n d
T h e o ­
re tica l

The solvent solution was transferred to  a 500-ml. flask, and the 
separatory funnel washed w ith 100 ml. of ethanol in small por­
tions. T he extract, together w ith the combined ethanol wash­
ings, was titra ted  to the phenolphthalein end point w ith 1 N  
sodium hydroxide.

B.' D e t e r m i n a t i o n  o f  T o t a l  L a u r i c  A c i d  ( T o t a l  F a t t y  
A c i d )  i n  C r u d e  o r  D i s t i l l e d  A c id  C h l o r i d e . Ten grams of 
acid chloride were added with cooling and stirring to  125 ml. of 
10% sodium hydroxide solution. The resulting soapy solution 
was allowed to  stand a t  room tem perature for 20 minutes, and 
acidified to  m ethyl orange as before with 10 Ar hydrochloric acid.

D e t e r m i n a t i o n  o f  Y i e l d  o f  L a u r o y l  C h l o r i d e  b y  D i s ­
t i l l a t i o n  a n d  b y  T i t r a t i o n . Lauroyl chloride was prepared 
by the reaction of 1.2 moles of thionyl chloride and 1.0 mole of 
lauric acid. The to ta l weight of the crude reaction m ixture was 
224 grams. T his crude product was analyzed by procedures A 
and B, giving 4%  free fa tty  acid, 89%  to ta l lauric acid, a  per­
centage yield of 96%, and a  lauroyl chloride content of 92%.

One hundred and ninety grams of the reaction m ixture (84% 
of the to ta l weight) were distilled from a Claisen flask, 165 grams 
of distillate being collected a t  105-115° a t  2 mm. of mercury. 
I f  the distillation produced practically 100% lauroyl chloride, the 
theoretical yield would be 218.5 X 0.84 or 183. Therefore 165 
grams correspond to  an apparent percentage yield of 90%. 
Analysis of the distilled product by the method described above 
gave 7%  free fa tty  aeia, and 91%  to ta l fa tty  acid. This is 
equivalent to  92% lauroyl chloride content and the percentage 
yield after distillation becomes 83%. I t  is evident th a t the crude 
reaction product, lauroyl chloride content 92%, contains the 
same percentage of lauroyl chloride as the product obtained by 
distillation. I t  appears from these results th a t distillation of the 
crude reaction products is no t advantageous, since the quality  of 
the product is no t changed and the yield is decreased by 13%.

A chloride determ ination of the distilled product gave 14.9% 
chlorine. This value, compared w ith the calculated value of 
16.3%, indicates a lauroyl chloride content of 91%. This is in 
close agreement w ith the result obtained by the titra tion  method 
(92% lauroyl chloride content).

E f f e c t  o f  P r o l o n g e d  H e a t i n g  o f  L a u r o y l  C h l o r i d e . 
Lauroyl chloride was obtained in 96% yield by the action of 1.2 
moles of thionyl chloride on 1.0 mole of lauric acid. Analysis of 
the crude product by procedures A and B indicated a lauroyl 
chloride content of 92%  (TFA =  89% ; FFA  =  4% ).

One hundred and eighty gram s of reaction m ixture were main­
tained a t 150° C. and 5 mm. of mercury for 2 hours, then  again 
analyzed by procedures A and B ; the lauroyl chloride content 
was found to  be 84%  (TFA =  91% ; FFA  =  14%), the apparent 
percentage yield after heating being 85%. The decrease in per­
centage yield as indicated by this experiment was comparable with 
th a t observed during a  distillation carried ou t under similar 
conditions.

D ISC U SSIO N

The precision of the titra tion  method, as indicated by a large 
number of duplicate determinations, is ±  1%.

The titra tion  method does not differentiate clearly between acid 
chloride and acid anhydride, as the la tter, if present, is also 
capable of reaction w ith ammonia to form amide. I f  the acid 
chloride is to  be employed in acylation reactions, however, this is 
no t serious. Further, i t  is obvious th a t a  reaction m ixture which 
shows 96%  acid chloride by titra tion  m ust contain a minimum of 
92%  acid chloride and a  maximum of 8%  anhydride.

This procedure has been applied to  the determ ination of yield 
of both  saturated  and unsaturated aliphatic acid chlorides con­
taining 12 to 18 carbon atoms. Oleic acid chloride and saturated 
acid chlorides containing up to  16 carbon atom s can be analyzed 
by this procedure, giving results of the same accuracy as those 

obtained wdth lauric acid chloride. In  the analysis
________ of stearic acid chloride, stearic acid and stearamide

tend to  crystallize from ether a t  room tem perature, 
bu t it  was found th a t th is did not significantly in­
fluence the ease of removal of excess mineral acid 
or the accuracy of the results.R ea c tio n

E x p e ri­
m e n ta l

M ole G ra m s /10 grams G ra m s /10 gram s G ram s % %
0 .0 5 8 .9 9 .3 1 0 .0 9 .9 101 100 10 • 7
0 .2 5 4 .7 5 .6 9 .6 9 .4 105 104 50 41
0 .4 5 0 .9 2 .0 9 .3 9 .1 108 108 90 78
0 .5 5 0 .0 0 .9 8 .9 9 .0 114 112 100 90
0 .6 5 0 .0 0 .7 8 .3 8 .0 126 120 100 91
0 .7 5 0 .0  . 0 .6 7 .7 7 .6 139 130 100 92
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Thiocyanate Complex as a Means of Extracting Cobalt
Before Its M icrodetermination by O th er M ethods

N. S. B A Y L IS S  A N D  R. W. P IC K ER IN G , Department o f  Chemistry, University o f  Western Australia, Nedlands, Australia

T H E  colored complex of cobalt w ith nitroso R  salt forms the 
basis of several analytical procedures for the microestima­

tion of cobalt. Particularly in the case of biological samples, some 
separation of cobalt from other m etals is a  necessary preliminary 
to  its estimation. Sylvester and L am pitt (7), for example, ef­
fected this preliminary separation by precipitating the cobalt 
(together with iron and copper) w ith a-nitroso-0-naphthol. 
M arston and Dewey (2) used dithizone extractions a t  pH  5 and 
pH  8, the first to  separate other heavy metals and the second to 
extract cobalt.

Since few m etals other than  cobalt react w ith ammonium thio­
cyanate to form a complex sa lt th a t can be extracted with organic 
solvents, ammonium thiocyanate suggested itself as a useful 
reagent to effect a prelim inary separation of cobalt. The blue 
complex, (N H 4)2Co(SCN)4, is itself used for the colorimetric 
estim ation of cobalt (5 , 8), bu t the color is not intense enough 
to be used for the small am ounts of cobalt in biological samples. 
Iron, nickel, copper, and zinc as well as cobalt form complex 
thiocyanates th a t are a t least partly  extracted by organic solvents. 
However, the iron complex is not very soluble in solvents con­
taining ether (3). Furtherm ore, nickel, copper, and zinc do not 
interfere w ith the final estim ation of cobalt as the nitroso R  salt 
complex (2).

The present investigation had a  twofold object: to  determine 
the best conditions (solvent composition, pH, and ammonium 
thiocyanate concentration) for extracting the cobalt thiocyanate 
complex, and to determine whether the extract could be used for 
the estim ation of cobalt as the nitroso R  salt complex. The 
authors were led finally to the following recommended pro­
cedure, which was used for all the cobalt recoveries described 
below, except for the obvious modifications required for investi­
gating the effect of varying the conditions of the extraction.

The work reported was carried out during 1939 and would have 
been completed by a series of actual tests on biological samples bu t 
for the outbreak of the war. I t  is unlikely th a t the cobalt project 
will be resumed, b u t the authors behove th a t the results obtained 
will be sufficiently useful to  other workers to  justify publication.

R E C O M M E N D E D  P R O C E D U R E

o. Dissolve the sample (containing, for convenience, 10 to 20 
micrograms of cobalt) in hydrochloric acid, so th a t the resulting 
solution contains an excess of about 5 ml. of 6 M  hydrochloric 
acid.

6. Add 20 ml. of 60%  ammonium thiocyanate. T he solution 
will normally be colored red a t  th is stage owing to  iron in the 
sample or in the reagents. Buffer the solution by adding 1 M  
ammonium citrate until the  red ferric thiocyanate ju s t disappears. 
D ilute w ith w ater to  50 ml. and add 4 ml. of ether to sa tu ra te  the 
solution.

c. E x tract the buffered aqueous solution w ith three successive 
20-ml, portions of a  m ixture of 35%  amyl alcohol and 65%  ether. 
Cobalt enters the nonaqueous phase as (N H t)2Co(CNS)4, while 
the extraction of ferric iron is prevented by th e  ammonium 
citrate.

d. Shake the combined extracts w ith two 20-ml. portions of 
2 M  ammonium hydroxide, thus returning the cobalt to  the 
aqueous phase.

e. Evaporate the  combined ammonia extracts to  dryness. 
Add 20 ml. of 6 M  nitric acid to destroy thiocyanate, and evapo­
ra te  to  dryness. N eutralize the resulting ammonium hydrogen 
sulfate by adding 2 M  ammonium hydroxide and evaporate to  
dryness.

/ .  From  th is point th e  procedure is essentially th a t of M arston 
and Dewey (2). To th e  residue add 5 ml. of w ater, 5 ml. of am­
monium citrate, and 0.5 ml. of nitroso R  sa lt reagent. H eat the 
solution on a  w ater ba th  for 5 minutes, add 5 ml. of concentrated

nitric acid, and hea t 5 m inutes longer. After cooling, add 2  ml- 
of aqueous bromine, and remove excess bromine by boiling. 
D eterm ine the cobalt content by comparison w ith standards con­
taining known am ounts of cobalt.

g. The comparison standards are prepared from th e  required 
am ount of standard  cobalt sulfate solution and ammonium sul­
fate. E vaporate the m ixture to  dryness and tre a t the residue as 
in / .

R E A G E N T S

A m m o n iu m  T h io c y a n a t e  S o l u t io n  6 0 % .  Dissolve 4 2 0  
grams of ammonium thiocyanate in 2 8 0  ml. of water. Thoroughly 
extract the solution w ith a  0.1%  solution of dithizone in chloro­
form, and remove the excess dithizone by  washing w ith chloro­
form, and the excess chloroform by washing w ith amyl alcohol. 
The proper pH  for the dithizone extraction m ay be found by add­
ing ammonia to  th e  ammonium thiocyanate until, on adding co­
balt to  a  small sample of th e  solution, the  cobalt is easily ex­
tracted  again w ith dithizone.

A m m o n i u m  C i t r a t e ,  1 M . Dissolve 2 1 0  gram s of citric acid 
in 4 0 0  ml. of water, add 2 0 0  ml. of concentrated ammonia, and 
cool the solution. Add more ammonia un til the solution is 
alkaline to  phenolphthalein. Adjust the volume to  1 liter, and 
purify the solution as above w ith dithizone.

. A m m o n iu m  S u l f a t e ,  1 0 % . Dissolve 1 0 0  grams of ammonium 
sulfate in  9 0 0  ml. of w ater. Purify th e  solution w ith dithizone as 
before.

A m m o n iu m  H y d r o x i d e ,  2  M . Redistill concentrated ammonia 
in Pyrex and dilute to  the required extent.

H y d r o c h l o r i c  A c i d , 6 M . D ilute concentrated hydrochloric 
acid to  the required extent and distill in Pyrex.

N i t r i c  A c i d , C o n c e n t r a t e d . Twice distill pure nitric acid 
in Pyrex.

B r o m i n e , 0 .2  M . A s a t u r a t e d  s o lu t io n  o f  b r o m in e  ( a n a ly t ic a l  
r e a g e n t  g r a d e )  in  w a te r .

N i t r o s o  R  S a l t  R e a g e n t .  A 1 %  solution in water.
S t a n d a r d  C o b a l t  S o l u t i o n s . Solutions of cobalt sulfate 

in w ater containing 1 and 2 micrograms of cobalt per ml.

Table I. Effect of Solvent Composition, Using Ferric Thiocyanate as 
Indicator

(V o lum e of a q u e o u s  p h a se  in  e a ch  case  w as 50  m l., a n d  i t  c o n ta in e d  10 m icro- 
g ram s of c o b a lt ,  20 m l. of 6 0 %  a m m o n iu m  th io c y a n a te , 5 m l. of 6 M  h y d ro ­
ch lo ric  ac id , a n d  su ffic ien t a m m o n iu m  c i tr a te  j u s t  to  d isc h a rg e  re d  co lo r of 

fe r r ic  th io c y a n a te .  S o lv e n t p h a s e  h a d  a  v o lu m e  o f 20  m l.)
C o m p o s itio n  

S o lv e n t, 
A m y l A lcoho l 
%  by V o lum e

31
33
34
36
37 
39

of C o b a lt  
R e c o v e red  a f te r  
S ing le  E x tra c t io n

%
81
83
86
85
82
75

O P T IM U M  C O M P O S IT IO N  O F  S O L V E N T

Grahame and Seaborg (I) have sta ted  th a t the partition co­
efficient of (NH4)jCo(SCN)4 between am yl alcohol and an ap­
proximately 20%  aqueous solution of ammonium thiocyanate 
is about 10. Rosenheim and Huldschinsky (5) recommended a 
mixture of ether and am yl alcohol in the ratio  25 to 1 for the 
separation of cobalt and nickel. Since the use of ether has the 
advantage th a t the solubility of ammonium thiocyanate in the 
nonaqueous phase is lowered, it  was decided to  study different 
mixtures of amyl alcohol and ether to  find the optim um  composi­
tion. Prelim inary trials indicated th a t the best extraction of 
cobalt was from aqueous solutions buffered to  a  pH  of between 3 
and 4. A series of solvent mixtures was then  tested with aqueous 
solutions buffered w ith ammonium citrate to  be just acid to

446
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Table II. Effect of Thiocyanate Concentration and p H  on Extraction 
of Cobalt

(A q u eo u s p h ase  co n ta in e d  20 n iic ro g ram s of c o b a lt  in  each  case a n d  w as 
s a tu r a te d  w ith  e th e r . S o lv e n t p h a se  in  each  case co n s is te d  of 20 m l. of a  

m ix tu re  of 3 5 %  am y l a lco h o l a n d  6 5 %  e th e r .)
R e a g e n ts  A dd ed  to  A q u eo u s  P h a se

A m m o ­
n iu m H y d ro ­ A m m o ­ A p p a r­ C o b a lt
th io ­ ch lo ric n iu m W a te r e n t R eco v ered

c y a n a te , ac id , c i tra te , to p H  of a f te r
0 0 % 6 M 1 M m ake A queous S ing le  E x ­

P h a se tra c tio n
M L M L M L M l. %

eries 10 1 10 GO 5 .4 0
I 10 2 10 60 4 .8 5

10 3 10 60 4 .1 16
10 4 10 60 3 .4 32
10 5 10 60 2 .8 27

Series 20 2 10 60 4 .8 59
I I 20 3 10 60 4 .1 72

20 4 10 60 3 .4 85
20 5 10 60 2 .8 84

Series 20 2 4 .1 65 4 .0 78
I I I 20 4 9 .0 65 3 .8 81

20 G 1 3 .9 65 3 .8 87
20 8 1 8 .6 65 3 .7 83
20 10 2 2 .7 65 3 .7 88

bromophenol blue (pH =  3). In  each case the aqueous solutions 
were saturated  w ith ether (4 ml. in 50 ml. of aqueous solution) 
before adding the extracting solvent. The best extraction, as 
determined by following the analytical procedure outlined above, 
was obtained w ith a  solvent containing about 35%  of am yl alcohol 
by volume.

After the method of using ferric iron as an  indicator had been 
developed (see below), a  further te s t was made of solvents in this 
composition range. The result is shown in Table I. I t  was con­
firmed th a t about 34%  amyl alcohol is the optimum composition, 
86%  of the cobalt being removed from the aqueous phase in a 
single extraction.

The authors used in each case a single extraction with definite 
volumes of aqueous phase and extracting solvent. This was done 
deliberately to  make it  possible to  calculate approximate partition 
coefficients if necessary, and to  ensure strictly  comparable results. 
When the results are applied in an analytical method, it  is easy 
to  determ ine how m any extractions are needed for a  desired re­
covery. Using optimum conditions of 86%  recovery in one ex­
traction, it  is seen th a t two successive extractions would remove 
98%, and three extractions 99.7%, of the cobalt in th e  aqueous 
phase.

The concentration of ammonium thiocyanate in the aqueous 
phase was 24%, and the partition coefficient for the complex 
thiocyanate under these conditions is about 15. While the ex­
traction efficiency is not unduly sensitive to variations in the 
composition of the solvent, the authors’ optimum composition is 
far from th a t recommended by Rosenheim and Huldschinsky (5).

E FFE C T  O F  p H  A N D  T H IO C Y A N A T E  C O N C E N T R A T IO N

Experim ents to study the effect of varying the pH  and the 
thiocyanate concentration in the aqueous phase are outlined in 
Table II , Series I and II.

In  each case the aqueous phase contained 20 micrograms of 
cobalt in 60 ml., and was saturated  w ith ether before shaking 
with the extracting solvent. The pH  was varied by altering the 
amount of hydrochloric acid present, and was measured after the 
cobalt had been removed by the extracting solvent. A quinhy- 
drone electrode was used, and no a ttem p t was m ade to  correct 
for the salt effect resulting from the very high electrolyte con­
centration. The pH values are therefore “apparen t” values only, 
and have relative, if not absolute, significance. T he cobalt re­
covered in a single extraction was determined by carrying ou t the 
analytical procedure outlined above.

A pH in the neighborhood of 3.4 is seen to  be the best, and a 
comparison of Series I  and I I  shows the expected marked effect of 
altering the thiocyanate concentration. The extraction is rea­
sonably good in Series II , where 60 ml. of aqueous phase contain

20 ml. of 60% ammonium thiocyanate. Using half this concen­
tration  as in Series I, the am ount extracted is too small to  be useful 
in an analytical method.

SU P P R E SS IO N  O F  FER R IC  IR O N  A N D  U SE  A S  IN D IC A T O R

Ferric iron is invariably present a t  much greater concentration 
in  biological samples th an  is cobalt, and it  is also normally pres­
en t in small quantities in reagents th a t have been purified with 
dithizone, which does no t form an iron complex. I t  is therefore 
necessary to suppress the ferric thiocyanate complex in order to 
prevent interference w ith the cobalt determination. Sodium 
pyrophosphate has been suggested for this purpose (f>); bu t the 
authors found ammonium citrate more effective. I t  was also 
noticed, in the experiments comprising Scries I and II, th a t the 
addition of ammonium citrate as a buffer caused the red color of 
the ferric thiocyanate complex (resulting from the iron in  the 
authors’ reagents) to  disappear a t  a  point very close to  the opti­
mum pH  for the extraction.

Series I I I , Table II , records experiments performed to  find 
w hether ferric iron could be used as an indicator. Solutions con­
taining 20 micrograms of cobalt were treated w ith ammonium 
thiocyanate and varying am ounts of hydrochloric acid. Am­
monium citrate was then added in each case until the red ferric 
thiocyanate had ju s t disappeared. The volumes were made up to  
a convenient, uniform value; and the cobalt was extracted and 
determined as before. In  each case the extraction was good, so 
th a t the cobalt in the aqueous phase could be removed practically 
quantitatively by two or three extractions. The use of ferric iron 
as an indicator is therefore possible, and i t  has an advantage over 
organic indicators in th a t the la tte r are carried through the pro­
cedure and m ay interfere with the final color comparison.

R E M O V A L  O F  T H IO C Y A N A T E

Ammonium thiocyanate is slightly soluble in the m ixture of 
ether and amyl alcohol, and if i t  is still present when the excess 
nitroso R  sa lt is being n itrated , there is a  violent reaction between 
the nitric acid and the thiocyanate, w ith the formation of a 
yellow precipitate which is probably isoperthiocyanic acid (4)- 
Using the solvent of optimum composition for the extraction, the 
authors found th a t 6 M  nitric acid removed the thiocyanate satis­
factorily in stage e of the procedure described above. W ith more 
concentrated acid, the reaction was too violent.

C O N C L U S IO N S

In  the extraction of the cobalt thiocyanate complex from 
aqueous solutions containing ammonium thiocyanate and small 
quantities of cobalt, the  m ost suitable m ixture of ether and am yl 
alcohol is one containing 35%  by volume of am yl alcohol, pro­
viding the aqueous phase is first saturated  w ith ether.

I f  the aqueous phase of volume 50 ml. contains 10 to  20 micro­
grams of cobalt, and if the ammonium thiocyanate concentration 
is a t  least 20%, 86% of the cobalt can be removed by a  spg le  ex­
traction with 20 ml. of the above solvent if the pH is in the region 
of 3.5. This corresponds to  a partition coefficient of 15 between 
the solvent phase and the aqueous phase. Two extractions would 
therefore remove 98%, and three extractions 99.7%, of the cobalt 
in the aqueous phase.

I f  the aqueous phase of volume 50 ml. contains 5 ml. of 6 N- 
hydrochloric acid, the addition of ammonium citrate until the red 
color of ferric thiocyanate ju s t disappears no t only prevents 
interference by iron, bu t a t  the. same time gives the correct pH  
for the optimum extraction of the cobalt thiocyanate complex, 
thus dispensing w ith the need for an organic indicator.

The cobalt thiocyanate complex can be back-extracted from 
the organic solvent by 2 M  ammonia, yielding a  residue which, 
after destroying the thiocyanate with 6 M  nitric acid and neu­
tralizing the resulting ammonium hydrogen sulfate, can be used
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for the estimation of cobalt by the nitroso R  salt method of M ar- 
ston and Dewey.
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Small Glass Center-Tube Fractionating Column
E. A .  N A R A G O N  a n d  C. J .  LEW IS  

Beacon Research Laboratory, The Texas Co., Beacon, N . Y.

A n  improved small glass center-tube fractionating column which 
can be easily reproduced is described and construction details 
are given. The fractionating section, which is surrounded by a 
silvered vacuum jacket, is 30.5 cm. long and consists of an 8-mm. 
inside diameter outer tube and a 6.5-mm. outside diameter center

tube. Above the fractionating section a distributor is used which 
distributes the reflux from the head half to the outer tube and half to 
the center tube. The column is equipped with an automatic take-off 
valve. It has an efficiency of over 75 theoretical plates with an
H.E.T.P. of less than 0.4 cm.

T H E R E  is always a need in the laboratory for a  fractionating 
column which is capable of efficiently separating small quan­

tities of close-boiling liquids. To be of practical value such a 
column m ust have a  low operating holdup, m ust be easily repro­
duced from readily available m aterials, and m ust be easily oper­
ated with a minimum am ount of attention. A center-tube 
column previously described (5, (?) was found to  fill all these con­
ditions except th a t it  is no t easily reproduced.

This article deals with a  fractionating column th a t is similar to 
the one previously described b u t includes several improvements 
in design and construction technique which make it  easily 
reproduced and increase its  operating efficiency. The improve­
ments include a  reflux distributor, a  method of accurately spac­
ing the center tube, and an autom atic take-off system. I t  has an 
efficiency under conditions of to ta l reflux of over 75 theoretical 
plates w ith an H .E .T .P . of less than  0.4 cm. for a 30.5-cm. (1-foot) 
fractionating section. The column can be used not only for 
micro work b u t for work involving larger quantities of liquid.

C O N S T R U C T IO N

The following procedure was used to construct the column 
shown diagramm atieally in Figure 1.

A tube of 6.5 ± 0 .1  mm. outside diam eter was carefully selected 
for straightness and uniformity from stock. Capillary tubing 
was used, since i t  was found to  be more satisfactory in meeting 
these requirements than  either regular tubing or rod. One end of 
this tube was drawn down and sealed to  an S-mm. ball. Troughs 
which were made by cutting 7-mm. outside diam eter tubing in 
half w ith a glass saw were sealed on opposite sides of the ball 
just below the horizontal center and tilted  downward a t  an angle 
of 15° from the horizontal. The ends of the troughs were cut 
a t an  angle of 30° from the vertical and a t  right angles to  the 
length. Slots of 1 X 3 nun. were cut into the ends of the troughs. 
Glass projections to  be used for supports were sealed to  the tube 
just below the ball. This assembly was made to  fit w ithin 25- 
mm. outside diam eter tubing with a  clearance of approximately 
1 mm. between the wall and the ends of the troughs and projec­
tions with the ball centered.

The bottom  of the 6.5-mm. outside diam eter tube was drawn 
down to 2-nun. outside diam eter and left extended for 5 cm. (2 
inches) w ith a small needle eye a t the end. The length of the 
tube between the drawn-down ends was 30.5 cm. The tube was 
wrapped a t  a  6-mm. pitch w ith copper wire, which had been 
stretched to  an approximate outside diam eter of 0.75 mm., m ak­
ing use of the needle eye and the glass projections to  hold the 
ends of the  wire. A 30.5-cm. length of Ace Trubore tubing 
(Pyrex) of S ±  0.01 mm. inside diam eter was flared out slightly 
a t  both ends. A 25-nun. outside diam eter tube was sealed to one

end of it. The tube w ith the wire wrapping was inserted through 
the large tube into the Trubore tubing by rubbing the wire down 
carefully w ith fine emery cloth to  obtain a snug fit w ithout any 
binding. Tho wire was loosened from the needle eye and cut 
back to  the Trubore tubing. The end of the center tube was 
drawn down to eliminate the needle eye and was bent over to  the 
side. An 18-mm. outside diam eter tube was sealed to  the other 
end of the Trubore tube, care being exercised to avoid constrict­
ing the annular space. Tho ben t end of the center tube was 
sealed to  the 18-mm. tube. A drip tip  was ring-sealed above the 
ball w ith a clearance of about 2 mm. betw'een the tip  and the 
ball. The glass projections wTere sealed to  the wall.

T he jacket, bottom  drip tip  and joint, head assembly, and 
thermowell, which had a th in  wall a t  the bottom , were added 
in the order named. The column was annealed. D uring the 
annealing, air was drawn slowly through the column to ensure 
even heating and prevent differential stresses. The copper wire 
was removed with aqua regia and nitric acid. The meniscus in 
the annular space was tested for flatness as a check on the uni­
form ity of the spacing by raising and lowering a leveling bulb 
which was connected to  the bottom  of the column and contained 
first w ater and then a hydrocarbon.

The following evacuation procedure was used after silvering 
the jacket. The column was placed in  an  oven and sealed to  a 
system comprising a liquid air trap , a tw'o-stage fractionating 
pump (Distillation Products Co.), and a Welch Duo-Seal pump. 
Evacuation was started. The tem perature of the column was 
brought up  slowly to 300° C. w'hile air was drawn through the 
annular space. The evacuation was continued a t 300° C. 
until the pressure w'as down to 10_* mm. of mercury. The heat 
was then cut back and the column allowed to  cool to approxi­
mately 125° C. Evacuation was continued a t  this tem perature 
until a pressure of 4 X  10-7 mm. of mercury or lower was ob­
tained as measured by an  ionization gage unit (Type HG-200, 
D istillation Products Co.) and then the column was hermetically 
sealed. The finished column wras allowed to cool slowly to room 
tem perature. I t  was insulated w ith 1-inch magnesia pipe lag­
ging.

The critical dimensions in the column are those pertaining to 
the d istributor and to  the annular clearance between the center 
tube and the outside tube. The 2-mrn. clearance between the 
drip tip  and ball of the distributor gives a  liquid contact which 
spreads the reflux to  the column evenly across the ball, w ith the 
result th a t approximately half of it flows down the troughs to  the 
outside wall and the remainder flows down the center tube. The 
clearance and slots a t  the ends of the troughs perm it a  liquid 
contact to  the outside wall. I t  is not necessary to use Trubore 
tubing for the outside tube to  obtain the desired annular clear­
ance if sufficient care is exercised in selecting a tube of uniform 
diam eter from stock. For general use, however, Trubore tubing 
is recommended. A head assembly half the size of the one shown
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TROUGHS 7 MM. 0. 
TUBING CUT IN 
HALF WITH 1X3  
MM. SLOTS

THERMOWELL/

REFLUX 
OISTRIBUTORs

8 MM. D IAMETER - 
BALL

o^_  
MAGNESIA 
PIPE LAGGING

SILVERED 
VACUUM JACKET

2 W IRE TUNGSTEN 
PINCH S E A L  IN 
HARD CANARY TO 
P Y R EX G LASS

STILLPOT

SCALE 30  MM v » mai 
LEA
IN SU LATED  
LEAD  WIRES

Figure 1. Diagram of Fractionating Column

in Figure 1 has been found to be satisfactory on an  otherwise du­
plicate column.

T he spherical end of the take-off valve was made in a brass 
mold. The female impression was m ade w ith a ball bearing 
attached to  a rod. The ground surface was obtained w ith F F F  
Carborundum and polished with cerium oxide.

An iron-constantan thermocouple was cemented in the thin- 
walled thermowell by the method suggested by Baker ( /) , using 
Technical B copper cement obtained from the W einbaum Den­
tal Supply Company (220 W est 42nd St., New York, N . Y.). 
This cement gives good heat conductivity to  the thermocouple 

-arid perm its accurate tem perature readings.
The evacuated (unsilvered) heater flask was constructed as 

shown in Figure 1.
O P E R A T IO N

The operation of the column requires a  minimum am ount of 
attention after it has been started  and equilibrium conditions 
have been reached. I t  consists of periodically measuring the 
tem peratures in the head and still pot, the  boilup rate, and the 
volume or weight of the distillate. Various fractions are collected 
by changing the product receiver as desired. The take-off ra te  
being slow, the product receiver does not have to  be changed 
often and, therefore, very little  of the operator’s time is required

for this operation. The still-pot tem perature is measured, since 
it  gives an early indication of a cut point and warns of the need 
for increasing the heat input to the still po t so as to  m aintain the 
boilup ra te  constant.

In starting  the column the sample is pipetted or weighed into 
the still pot. Boiling chips are added. A hydrocarbon-insoluble 
grease or any other suitable grease is applied to the ground joint 
a t the base of the column and the still po t is p u t in place and held 
w ith small springs hooked to  the glass projections. A thermo­
couple is inserted into the thermowell of the still pot. The 
heater flask is raised around the still pot and insulated a t the top 
by use of glass wool. The heater element w ithin the heater flask 
is raised to  w ithin 12 mm. of the  still pot. The heat is turned 
on and adjusted so th a t a boilup ra te  of approximately 80 drops 
per minute into the still pot is obtained within a half hour. After 
refluxing a t  this ra te  for one hour, the heat inpu t is adjusted to 
give the desired boilup ra te  which is m aintained constant. Ex­
cept for the lower boilup rates, 3 to  4 hours then are usually re­
quired to  reach equilibrium. After equilibrium is reached the 
electric timer, which is used in conjunction w ith a solenoid to 
operate the take-off valve, is adjusted and started  to give the de­
sired take-off rate.

H eat inpu t to  the column is controlled through a constant- 
voltage regulator, a  toy transformer, and a Variac in series. Use 
of the constant-voltage regulator is recommended, since small
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fluctuations in the line voltage materially affect the boilup rate  
in the column. The toy transformer (15 volts) and the Variac 
permit close control of the heat input.

The tem perature readings which are obtained by use of the 
thermocouple in the head agree within 0.5° C. of the true  boiling 
point of the overhead product, except during the distillation of the 
last portion of a constant-boiling fraction. D uring the distillation 
of the last portion of a constant-boiling fraction, the tem perature 
increases gradually until it reaches the boiling point of the next 
higher constant-boiling fraction. The la tte r point has been 
found to agree well with the cut point expected when fractionating 
a known m ixture of pure components which boil 6° C. or more 
apart. This behavior of the tem perature is due to the position 
of the thermocouple which results in a tem perature reading of the 
reflux to  the column ra ther than  of the vapor collected as over­
head product. I t  is necessary, however, to  have the therm o­
couple in its designated position rather than  higher in  the column 
in order to  get constant-tem perature readings and thereby fol­
low the progress of the fractionation.

The operating holdup of the column is estim ated to be of the 
order of 1.0 to 1.5 ml.

E F F IC IE N C Y  TESTS

Efficiency tests of this column were made under conditions 
of to tal reflux, using mixtures composed of carefully purified n- 
heptane and m ethyl cyclohexane. The purification procedure 
consisted of separately fractionating »¡-heptane (c.P. grade 
from California Chemical Corp.) and m ethyl cyclohexane (white 
label grade from E astm an K odak Co.) in a  column under condi­
tions equivalent to a  theoretical platage of about 30 to  obtain 
constant-boiling center cuts. The physical properties obtained 
on these cuts are given below.
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Table I. Efficiency Tésts

B o ilu p  R a te

R e fra c ­
tiv e  I n ­

d e x  of
M ole  F ra c t io n  

n -H e p ta n e T h e o re ti­ H .E .T .P . ,
D ro p s /m in . M l . /h r . D is til la te D is ti l la te  P o t c a l P la te s C m .

50 77 1 .3 8 8 8 0 .9 7 0 0 .0 8 4 8 6 .5 0 .3 5
. 50 77 1 .3 8 9 0 0 .9 6 3 0 .0 7 2 8 6 .0 0 .3 5

50 77 1 .3 8 9 0 0 .9 6 3 0 .0 8 0 8 4 .0 0 .3 6
50 77 1 .3 8 9 2 0 .9 5 7 0 .0 8 9 8 0 .0 0 .3 8
60 92 1 .3 8 8 8 0 .9 7 0 0 .1 2 1 8 0 .0 0 .3 8
60 92 1 .3 8 8 7 0 .9 7 2 0 .1 6 5 7 6 .5 0 .4 0
60 92 1 .3892 0 .9 5 7 0 .1 1 8 7 5 .5 0 .4 0
60 92 1 .3894 0 .9 5 0 0 .1 1 5 7 3 .5 0 .4 2
69 106 1 .3 9 1 6 0 .8 7 8 0 .0 8 3 6 4 .5 0 .4 7
70 107 1 .3899 0 .9 3 4 0 .1 5 9 6 3 .5 0 .4 8
70 107 1 .3 9 0 0 0 .9 3 0 0 .1 6 1 6 2 .5 0 .4 9
70 107 1 .3916 0 .8 7 8 0 .0 9 9 6 1 .5 0 .4 9
70 107 1 .3917 0 .8 7 5 0 .0 9 7 6 1 .5 0 .5 0
77 118 1 .3 9 3 2 0 .8 2 7 0 .0 9 1 5 7 .0 0 .5 4
80 122 1 .3 9 2 8 0 .8 4 0 0 .0 9 8 5 7 .0 0 .5 4
80 122 1 .3 9 3 8 0 .8 0 7 0 .0 9 6 5 4 .5 0 .5 6
80 122 1 .3961 0 .7 3 0 0 .0 6 9 5 3 .0 0 .5 8
8§ 122 1 .3 9 7 9 0 .6 7 5 0 .0 6 5 5 0 .0  ' 0 .6 0
80 122 1 .3 9 2 8 0 .8 4 0 0 .1 5 4 4 9 .5 0 .6 2

Results of the efficiency tests  are shown in Figure 2 and Table
I. Very little or no liquid condensed in the head a t  boilup 
ra tes below 50 drops per minute.

n -H e p ta n e  
M e th y l cyc lo h ex an e

B o ilin g  P o in t  a t  
P re s su re  of 750 

M m . H g , ° C .
9 7 .8

100.2

R e fra c tiv e  In d e x  a t  20° C . 
O b se rv ed  L i te r a tu r e  (5)

1 .3 8 7 8
1 .4 2 3 3

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

D IS T IL L A T IO N  O F  K N O W N  M IX T U R E

The distillation of a  known m ixture of n-heptane and methyl 
cyclohexane was carried out a t  a  boilup ra te  of 60 drops per 
minute into the still pot w ith a  continual take-off ra te  averaging
0.11 mL per hour. Samples of the distillate were taken every 2 
hours and were analyzed by  the refractive index da ta  of Bromiley 
and Quiggle (2). Analyses of the still-pot mixtures were made by 
back-calculating as previously described. Results of this dis­
tillation arc shown in Figure 3.

Analyses of the n-heptanc-m cthyl cyclohexane mixtures were 
made using the refractive index vs. mole fraction n-heptane data  
of Bromiley and Quiggle (2). Analyses of the distillate samples 
were obtained directly. Analyses of the still-pot mixtures which 
ranged from 20 to 40 ml. in  volume were obtained by back-calcu­
lating from the analyses and volumes of the charge to  the still 
pot and of the distillate samples, assuming no holdup in the 
column. T he charge to  the still pot was analyzed, measured, and 
changed periodically to make certain th a t cumulative errors did 
not invalidate the efficiency values. This method gave slightly 
lower efficiency values than would be obtained by direct analyses 
of the still-pot mixtures bu t was more convenient. Fenske’s (4) 
formula (relative volatility =  1.07) was used for calculating 
the efficiencies in term s of theoretical plates.
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NOTES ON A N A L Y T IC A L  PROCEDURES

M ercury Cleaning Apparatus for Continuous Operation
FREDERIC E. H O L M E S , 6515 Bluerldge A ve., Cincinnati 13, Ohio

T H E  present contribution is concerned w ith the mechanical 
means of bringing about thorough agitation and fine division 

of mercury in contact w ith any  chosen cleaning solutions rather 
than  w ith th e  chemical process itself. The apparatus con­
sists of as m any units, arranged in  series, as are needed to ac­
commodate th e  desired num ber of reagents and washes. A 
single unit is shown in Figure 1.

Each unit is prepared for operation in the following m anner. 
In  order to  prevent escape of solution, a  sm all am ount of mer­
cury is introduced into the outlet trap  through the outlet by 
means of a funnel and short piece of rubber tubing, and a few 
drops are also placed in the inlet cup and trap . The solution 
reservoir is filled to  w ithin about 100 ml. of its capacity w ith the

Splash trap and solution chamber 
O utle t trap (part surrounding ascending tube) ' 
Ascending and descending tubes 

Inside diameters (bore)
Pump tube
Vertica l distance, D  to L  
Vertica l distance, D  to M  
inside diameter of chopping bulbs

Dimensions are outside diameters except as noted, 
ratio of delivery to recirculation.

25 -28  mm.*
15-16 mm.*

9 ■*= 0 .5  mm.* 
3 -3 .5  mm.

15 mm.
11 -1 3  mm.
20 -2 2  mm.

9-11 mm.

*  Calculated for desired

desired cleaning solution and connected with the unit by rubber 
tubing as shown. The air inlet is connected by pressure tubing to 
a source of air under pressure. Cleaning solution is poured in 
through the splash trap  until the level reaches about halfway be­
tween bottom  and top of the pum p tube. The connections to  the 
solution reservoir are freed of air by pinching the rubber tubing. 
Air under pressure is adm itted cautiously through the air inlet 
until it  is bubbling freely from the top of the ascending tube a t J  
in the solution chamber. M ercury is then  allowed to  flow into 
the inlet cup of the first unit, and the ra te  of flow is adjusted to 
the desired rate  of cleaning.

Air entering the ascending tube a t  A  makes the column of fluid 
above this point lighter than  in the descending tube and produces 
a rapid flow in the direction indicated by the arrows. Mercury 
entering the solution chamber through the inlet trap  flows into 
the descending tube a t M  in large drops interspersed w ith solu­
tion from the chamber and thence down this tube to the ascend­
ing tube. The bulb below A  retains enough mercury to  act as a 
valve, retarding backward flow and favoring normal flow. 
Above A , the mercury is broken into smaller droplets by the air. 
The chopping Dulbs in the ascending tube promote division, co­
alescence, ana redivision of the mercury, thus frequently renewing 
the surface exposed to  action of the solution and greatly extend­
ing its area. D uring their progress upward in this tube, these 
fine droplets are falling in relation to, and through, the more 
rapidly moving solution and air. Air, solution, and mercury are 
ejected into the solution chamber from the je t a t J . The air 
passes ou t through the pump tube, carrying solution over w ith it 
and m aintaining circulation of the solution between reservoir 
and solution chamber. The mercury impinges on the wall of the 
chamber and falls back in a  shower of droplets to  the dividing 
point, D, where a  small p art enters the top of the outlet trap. 
The larger portion falls to the bottom  of the chamber and re­
enters the cleaning cycle.

The ratio of mercury delivered from the outlet to  th a t recircu­
lated is approximately proportional to  the areas of the annular 
space between the outside of the ascending tube and the top  of 
the outlet trap  and th a t between the top of the trap  and the wall 
of the solution chamber, indicated by I  and 0 , respectively, in 
the insert. The ratio is fixed in the construction of each unit. A 
ratio of approximately 1 to 5 has been used.

Adjustm ents during operation are no t critical w ithin a  wide 
range. N orm al function is maintained by  rates of flow of air 
from th a t of a  “lazy” stream  of bubbles to  th a t which produces 
vigorous action and  maximum turbulence. The lim iting factor 
is back-pressure in the  ascending tube. T he ra te  of flow of mer­
cury m ay be from the minimum obtainable to  as much as 8 kg. 
per hour atta ined  in one un it tested. Because of this wide range 
in ra te  of performance, each un it of the series will accommodate 
varying am ounts delivered from the preceding unit, and no elabo­
rate  balancing of adjustm ents is required.

Air under pressure m ay be obtained from th e  usual laboratory 
system or from a  pum p delivering a t  a  pressure of 700 grams per 
sq. cm. (10 pounds per square inch). Each un it requires a sepa­
ra te  valve in  a line carrying full pressure, so th a t  the un it having 
lowest back-pressure cannot steal air from the others. In  order 
to  use. pne pump or one ou tle t of the laboratory air supply for 
several units, a  m etal manifold having a sufficient number of 
m etal valves is suggested. If th is is made of large pipe capped 
a t  one end, i t  can be filled w ith cotton or other m aterial to  serve 
as a filter to  remove oil and d irt from the air.

To prevent escape of cleaning solution when a un it is no t in 
use, th e  pressure tubing m ay be disconnected a t the metal valve 
and the free end raised and hung on the supporting frame by 
means of a  pinchclamp.

451
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B atch operation of single units of a  sim ilar design, using suc­
cessive changes of cleaning solution, has been tested  over a  period 
of two years a t W right Field, D ayton, Ohio, and a t Bushnell 
General Hospital, Brigham, Utah, and proved convenient and 
satisfactory' for processing very small amounts of mercury'. A 
single un it of the present apparatus m ay be used similarly when 
economy of space is more im portant than  the advantages of 
simultaneous m ultiple operations.

The advantages of the apparatus are fine division of mercury 
and prolonged contact w ith the solution, elimination of fine ori­
fices which tend to become clogged w ith dirt, autom atic opera­
tion requiring little  attention , relatively small size, light weight, 
adaptability  to few or many simultaneous cleaning operations and 
to  very small and very large capacity requirements, and small 
holdup.

Cleaning solutions th a t have been used satisfactorily in this 
type of apparatus are 10% lactic acid, 5%  sodium hydroxide, 5%  
sulfuric acid, 3 to  10% nitric acid, and water, usually in the order 
named when more than  one is used. Control of operations has 
been based on such criteria as speed of coalescence of droplets, 
freedom from blemish of the mercury surface, freedom from stain 
on glass surfaces in prolonged contact w ith the mercury, and 
clean appearance during distillation. More specific da ta  have 
not been sought. I t  has been assumed th a t quality  of product is 
inversely related to its  ra te  of flow.

Figure 1 is drawn to  scale, except th a t some diam eters are 
slightly exaggerated for printing. Operable models can be made 
within a wide range of dimensions and proportions.

Ascending tubes have been used having inside diam eters up to 
4 mm. and lengths up to 600 mm. The descending tube should 
have the same inside diam eter as th a t of th e  ascending tube; 
greater bore results in unstable operation, and smaller bore yields 
little if any advantage. The bore of the je t should not be tapered 
to less than half th a t of the rest of the ascending tube; if too 
small, the  back pressure is excessive. The ascending and de­
scending tubes should be built as close to  each other as possible to 
avoid collection of excessive am ount of mercury in the horizontal 
p art of the loop. A slight funnel-like expansion of the top  of the 
descending tube favors normal flow. A slight constriction at 
the bottom  of the pump tube is intended to improve pumping 
action.

The' side tubes for connection w ith the solution reservoir are 
separated horizontally sufficiently to  avoid difficult glass blowing 
and excessive fragility. The one carrying the return  to  the solu­
tion chamber is slightly funnel-shaped and inclined to  provide 
for return  of mercury droplets to  the chamber. The mercury in­
let cup and trap  and the mercury outlet are actually in a plane 
perpendicular to th a t of the ascending and descending tubes and 
air inlet. The longth of the splash trap  m ay be increased for al­
kaline or soapy solutions, or caprylic alcohol m ay be used to 
break any foam. Any convenient bottle is suitable for the solu­
tion reservoir.

U nits of this apparatus m ay be obtained from Harsliaw Scien­
tific Company, Cincinnati, Ohio.

A ssa y  of Hydroquinone
I .  M. K O L T H O F F  A N D  T H O M A S  S. LE E  

University of Minnesota, Minneapolis, Minn.

A  COM PARISON has been made of the iodometric and 
cerometric titrations in the assay of hydroquinone.

I o d o m e t r i c  M e t h o d .  In  this method an excess of standard 
iodine solution is added to  a  solution of the hydroquinone and 
the excess iodine is back-titrated (I, J,, S, 6). The sources of 
error have been studied system atically w ith the following results:

1. In  order to have the oxidation of hydroquinone go to  com­
pletion the pH of the solution m ust be greater than  6. M any 
authors (I, 5, 6) recommend a  solution of sodium hydrogen car­
bonate (pH 8.4) as a  suitable reaction medium.

2. If the reaction is carried out in a  hydrogen carbonate 
solution, the solution should be protected from air to  prevent air 
oxidation of hydroquinone (3). The back-titration of excess 
iodine m ust be made w ith arsenious acid, no t w ith sodium thio- 
sulfate.

3. Another source of error, not discussed in the literature, is 
th a t iodine reacts to some extent w ith quinone to form an orange 
or brown colored product. From  a num ber of experiments it 
was concluded th a t the back-titration of iodine m ust be made 
relatively quickly in  order to  reduce the exten t of reaction of 
iodine with quinone to  a minimum. The orange or brown com­
pound formed also obscures the end point.

The following procedure, taken  from the Laboratory M anual 
of the Rubber Reserve Company and modified slightly, was 
found to  give results almost identical w ith the procedure recom­
mended by Kolthoff (4).

Procedure. Accurately weigh a  sample of 0.15 to  0.2 gram 
and transfer it  to  an Erlenmeyer flask. Add 25 ml. of water, 
dissolve the hydroquinone, and add 5 grams of solid carbon di­
oxide and 2 grams of sodium hydrogen carbonate. Cover the 
flask w ith a small w atch glass and swirl the flask interm ittently  
until the  dry' ice has disappeared. Then warm the solution to 
room tem perature bu t no t above. Do not allow the sample to 
stand any' length of tim e a t this point. Add 1 ml. of starch 
indicator and titra te  immediately w ith 0.1 IV iodine solution to 
the starch-iodine end point. Add ju s t 1 ml. of iodine solution in 
excess and back-titrate w ith 0.05 N  arsenious acid solution to a 
light yellow color.

The error in both Kolthoff’s procedure and th a t given above

was found to  be + 0 .3% , and the precision is of the same order of 
magnitude.

C e r o m e t r i c  M e t h o d . T itration  of hydroquinone w ith eerie 
sulfate solution was recommended by Furm an and Wallace (2), 
who found th a t the end point could be detected potentiometrically 
or with diphenylaminc or diphenylamirie sulfonate indicators. 
The authors have found th a t ferrous phenanthroline is a  very 
suitable indicator.

The average error of ten  titra tions w ith eerie sulfate (0.1 N ) was 
0.02%.

In  the titra tion  of three commercial samples of hydroquinone 
of 96 to  100% purity, iodometric and cerometric methods gave 
the same results to  w ithin ±0 .3% .

The cerometric method is recommended for the assay, rou­
tine or otherwise, of hydroquinone, except when the sample con­
tains impurities, such as oxalate, which are oxidized by eerie 
sulfate bu t not by iodine.

S U M M A R Y

The eerie sulfate procedure for the titra tion  of hydroquinone 
is accurate and precise to  0.02%. Ferrous phenanthroline can 
be used as an indicator. U nder the m ost favorable conditions 
the iodometric method gives an error of + 0 .3% , due to  reaction 
of quinone with iodine.
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Constant-Level Feeder for Thermostatic Baths and Continuous Evaporators
M . S. T E L A N G , Laxminarayan Institute of Technolosy, Nagpur University, Nagpur, India

V ARIOUS forms of useful constant-level devices for thermo­
static batlis a t  elevated tem peratures have been described 

(2 -llt , 16-23). Such devices m ay be broadly classified into three 
groups: (1) The common form of constant-level attachm ent 
not employing the siphon principle, bu t working in combination 
with an  overflow arrangement. To attach  this form to the bath, 
it is necessary to  drill a  hole in the bath. (2) Devices depending 
upon the siphon principle in  combination w ith an overflow ar­
rangement, requiring no drilling of hole to  a ttach  to the bath.
(3) Devices using siphon system in accordance w ith the prin­
ciple of the M ariotte bottle, eliminating drilling of any hole in the 
bath vessel.

Objections to  the first type have been pointed out by Wilde 
(20). Devices of the second type have certain advantages, but 
require a therm ostat in a  place easily accessible to  a w ater tap 
and drain. They waste water, sometimes even hot water, and 
for this reason, they consume more of the gas or electricity used 
for heating in conjunction w ith thermoregulators. I f  the tap 
water is no t soft enough, these devices cannot be run with dis­
tilled w ater to  avoid scale formation in  the bath. Some of these 
devices involve a lot of glass blowing. In  m any cases, i t  is neces­
sary to pay periodic a ttention  to  adjustm ent of w ater flow.

The th ird  type eliminates the defects of the first two types; 
however, reservoirs m ust be frequently refilled, though attem pts 
have been made by some authors to  minimize refilling. The 
present paper deals w ith the th ird  type, simplifies the construc­
tion of older forms, indicates improvements over previous forms, 
and discusses both advantages and disadvantages.

The device is shown in Figure 1. Clamps and other supports 
are not shown in the diagram.

A . A spirator bottle , of any convenient size . B . 
W ater level at beginning. B ' .  W ater level at end. 
C , Single-holed rubber stopper to fit bottom 
tubulature outlet of A . D . Separatory funnel of 
any size . E . Double-holed rubber stopper to fit 
mouth of A . F . Connecting glass tube, 6-mm. 
diameter. G .  Rubber tube. H . Splash head 
such as that of K lc ld ah l's  apparatus. / .  Long 
stem of funnel J  fused or connected by short rubber 
tube to H .  Rim diameter of J  5 cm ., diameter of I  
6  mm. K .  D e livery tube, 3-mm. diameter. L . 
A ctu a l level of water in thermostatic batfi M ,  co in­
ciding with rim of N .  Feed tube of glass, 3- 
mm. diameter. P , P inchcock and short rubber 
tube connecting N  and K .

A  serves as the w ater reservoir, D being the refiller. N  is the 
feeder to  the bath . G, being flexible, perm its adjustm ent of level 
L in M . The splash head, II, prevents carrying over w ater from 
M  back into A . The limb, H I J ,  can be regarded as a  balancer of 
pressure in A  and consequently as a level controller in M . Fun­
nel J  is necessary, as otherwise, even if the level falls below L, a 
column of w ater remains suspended in 7, owing to  surface tension 
effects, and will throw the feeder ou t of action.

To s ta r t working, th e  lower end of N  is immersed well below 
level L  which, in tu rn , is adjusted to  a predeterm ined height by 
the position of the rim of J . P  is closed and A  is filled with w ater 
through D. While filling A , P  should be closed, as otherwise the 
water level in A7 rises above L  by draining through N . E xtra  
pressure produced by compression of air enclosed in the space 
above the w ater leveli n A  during filling through D will be relieved 
by the escape of air bubbles through F  and ultim ately through J . 
If filling of A  is stopped by closing the tap  of D and if P  is then 
opened, a  slight readjustm ent of the levels of w ater in both A  and 
M  takes place and w ater rises in tube I  until it  is the same as in 
A  as shown a t  B. If  the w ater is cold a t  first, the  level in M  
stands a fraction of a centim eter above L. As heating and evapo­
ration progress, the level falls to  L  and rem ains practically con­
s tan t throughout. W henever the level falls very slightly below L  
owing to continued evaporation, the w ater seal a t tne  rim of J  is 
broken and air bubbles escape into A  through H IJ .  T he pres­
sure of air enclosed above w ater in A  thus increases slightly, 
thereby driving more w ater through feeder N  until the level in 
M  rises again to  L  and reaches the m outh of J .  This process 
continues as long as there is a w ater head available in A . When 
the w ater becomes hot, the w ater in the balancer m ay rise a little  
higher than  in A , owing to dim inution in density of w ater a t 
elevated tem peratures.

Operation is an  application of the principle of the M ariotte 
bottle. The flow of w ater from A  depends jointly  upon the head 
of w ater and the pressure of a ir enclosed in  A . Since the pres­
sure of air in A  is controlled by the balancer limb H IJ , it  is 
evident why the flow of w ater from A  in to  il7 should stop when 
the mouth of J  is sealed by w ater reaching level L.

The above arrangement is a modification of Gerdel’s device (7), 
which has the following defects: To refill, the stopper of the res­
ervoir bottle m ust be removed or a  separatory funnel attached 
through the stopper by boring a  fourth hole in it; this leads to  an 
undesirable s ta te  of congestion. Siphoning continues during re­
filling if done through a  separatory funnel, and thus raises the 
level of w ater in the bath. A t the boiling tem perature, some 
water is carried from the bath back into the reservoir, owing to 
the increased frequency of air bubbles rising in the balancer limb. 
This may not be a serious defect so far as the therm ostatic bath  
is concerned, bu t if all the distilled w ater in the reservoir is not 
used up by the bath, the w ater remaining will be rendered unfit 
for other purposes, owing to contam ination with the w ater in the 
bath. A t elevated tem peratures, air dissolved in w ater is ex­
pelled and air bubbles accum ulate a t  the head of the siphon, 
hindering or stopping the siphoning operation. These defects 
are eliminated in the improved device here described.

The advantages of this arrangem ent are obvious. I t  can be 
made of materials readily available in a good laboratory. I t  
feeds w ater to  the bath  only when necessary, eliminating wastage 
of hot water. I t  can be set up in any desired place. I t  avoids 
any damage to vessels, especially those of glass or stoneware. 
I t  can be worked even a t  the boiling tem perature. Any desired 
water level in the bath  can be obtained quickly by adjusting the 
position of the rim o iJ .  The device and the bath  are entirely in­
dependent of each other, hence substitution of either is possible. 
As there is no continuous flow of water, adjustm ent of flow needs 
no attention. Dissolved a ir expelled from hot water in the bath 
has no place to  accum ulate to  obstruct siphoning operation, as the 
flow of w ater depends mainly upon the hydrostatic head. There 
is no complicated glass blowing, as the equipment needed is of 
standard type. I t  can be used with any quality of water, being 
specially suitable for distilled water. Refilling of the aspirator
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bottle is necessary; bu t th is is not serious if an  aspirator bottle 
of large capacity is chosen. For a therm ostatic ba th  of normal size 
(IS), refilling may be necessary once a  day. If a  m etal tank 
reservoir is available, so much the bettor.

C o n t i n u o u s  E v a p o r a t o r s . Evaporators m ay bo of various 
types (1), bu t they are either open pans or closed bodies employ­
ing vacuum. They m ay be of the small-scale laboratory size

Figure 2. Feeder for Continuous 
Evaporator

or the larger size used in industry. The essential features of a 
laboratory-size continuous open evaporator are described in the 
present paper; results referring to a  vacuum evaporator will form 
the subject m atte r of a future paper.

L iterature on the subject of constant-level feeders for con­
tinuous evaporators, particularly laboratory or pilot-plant size, 
is rather scanty. A device for m aintaining a  constant level during 
continuous evaporation in  the determ ination of to ta l dissolved 
solids in w ater recently described (IS) has to  be specially made 
to given specifications, and so does no t perm it the choice of m ate­
rials ordinarily available in a laboratory.

I f  an evaporating basin is substituted for a therm ostatic bath, 
the arrangem ent in Figure 2 can be readily understood. I f  a 
separatory funnel is substituted for an aspirator bottle, the liquid 
to  be evaporated can be completely drained, especially when a 
measured volume of liquid is placed in it. In  order to  accom­
modate the arrangem ent properly, the stem  of the separatory 
funnel is ben t as shown, and drawn out to  a narrow tip  of about 
3-nnn. diameter. Air bubbles th a t m ay rem ain in the stem  of 
the separatory funnel m ay be expelled by pinching a rubber tube 
tem porarily attached a t  the tip.

If  a  rubber connection is undesirable, H  and I  m ay be joined 
by fusion, as the liquid splashes right up to  the splash head, H. 
The apparatus is simple and easily constructed and can give 
satisfactory service even in analytical work.
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A dsorption  Apparatus without Stopcocks for Use with H ydrocarbon Gases
C. B. W E N D E L L , JR., G . L . Cabot, Inc., Boston, Mass.

T H E  development of the Bcunauer, Em m ett, and Teller low- 
tem perature adsorption isotherm method for determining 

the surface area of finely divided substances (2-7) has led to 
widespread acceptance and use of this procedure in m any labora­
tories. The validity of the method has been further established 
by the work of H arkins and Ju ra  (S, 9, 10), whose approach to  
the problem involves precision calorimetry and makes no assump­
tion as to the  effective cross-sectional area of the adsórbate. 
Their measurements yield surface area values in excellent agree­
m ent with those of the Brunauer-Em m ett-Teller method.

A P P A R A T U S  F O R  IN E R T  G A S E S

The Brunauer-Em m ett-Teller method has been used in  the 
au thor’s laboratory for the past five years for determining the 
surface area of a variety  of fine pigments. D uring this period, 
an  apparatus which is accurate and reasonably foolproof in opera­
tion has been developed. Figure 1 shows the apparatus em­

ployed for surface area measurem ents using nitrogen as the 
adsorbate.

The apparatus, as originally constructed, was similar to th a t 
used by Benton and W hite (I). I t  consists of a constant-volume 
buret w ith two in ternal blue glass pointers sealed in  the constant- 
volume arm  a t  suitable points to  provide two volume figures, one 
approxim ately twice the other, for versatility in operation. Con­
ventional m ercury reservoirs are used to  control the mercury 
levels in  buret J  and m anom eter I .

The usual 120° three-way stopcock first used on the gas buret 
was unsatisfactory. This particular design of stopcock has such 
a  short distance between each tw o of th e  three side arm s th a t it  
frequently leaks under high vacuum  conditions. To overcome 
this difficulty, stopcock D  (fabricated by  Eck and Krebs, New 
York, N . Y ,, shown in detail in Figure 2) was employed. This 
cock has very little  dead space in the bore, y e t has a full 180° be­
tween th e  two side arms. Figure 2 also shows a  special adsorp­
tion cell, C, designed to  reduce operating time when a  series of 
samples of the same density is to  be measured. Since the dead 
space in  this cell rem ains constant as long as samples of the same
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weight and density are used, a  series of measurements m ay be 
made under these conditions w ith a single helium dead space 
calibration. A considerable gain in tim e is thus effected over the 
conventional “ seal on and off” type of cell. The ground jo in t is 
a t least 5 to  7.5 cm. (2 to  3 inches) from the surface of the liquid 
nitrogen bath ; however, conduction by the glass necessitates a 
w ater jacket on the female member of the jo in t to  prevent the 
grease from freezing. T he long capillary tube on the lower part 
of the male jo in t member effectively reduces dead space to a 
minimum.

A P P A R A T U S  F O R  H Y D R O C A R B O N S

Some months ago, it  was decided to  extend adsorption studies 
to a  num ber of hydrocarbon gases. Because of the effect of these 
gases on stopcock grease, an apparatus with no stopcocks in 
contact w ith the adsórbate gas was indicated. Since apparatus 
of this type described in the literaturę left much to  be desired for 
the au thor’s purposes, the apparatus pictured in Figure 3 was 
finally designed and constructed. Considerable experience has 
been gained w ith this apparatus in conjunction w ith a  study  of 
the heats of adsorption of various gases on fine pigments. The 
results will be discussed in a forthcoming paper.

The apparatus, aside from the usual mercury cutoffs operated 
by reservoirs K , is essentially similar to  th a t shown in Figure 1

except for the unique controls, A  and B. These controls (shown 
in detail in Figure 2) were developed to  solve the problem of con­
fining a volume of gas in buret / 'a n d  varying its  volume with the 
buret mercury level independent of the levels in the inlet and out­
le t tubes. By making use of Pyrex hypodermic syringes, b, and 
ground-glass valves, a, positive control of the gas is obtained with 
no contact of the gas with grease. (M edical Center brand 
syringes were used, m anufactured by Becton, Dickinson and Co., 
Rutherford, N. J.) In  each case, the piston of the hypodermic 
syringe is connected to  the ground-glass valve by means of glass 
toggle joints, c, which perm it enough freedom of movem ent in the 
male sections of the ground-glass valves so th a t the valve can, be 
tightly  seated in  the female section. The syringes proper are 
greased, b u t since m ercury from the reservoir always covers the 
toggle-joint connection, no contact between gas and grease is 
perm itted. Thus, the valves connected to  the syringe pistons 
m ay be operated manually, preferably by thumbscrews of proper 
design. The valve in  the left-hand arm  of unit B  is of the simple 
floating type.

O peration of these units is simple and positive. W ith all mer­
cury levels lowered, th e  entire apparatus is evacuated to the de- 
sirod working pressure. B uret J  is then filled w ith gas as follows: 
The right-hand valve of B  being closed by means of the thum b­
screw, the m ercup ' control cock of B  reservoir is opened to  the 
atmosphere. T his places a pressure of about 660 mm. on both 
valves. After the mercury level in  the buret is raised to  about the 
center of the U-tube, J , and the mercury in A  to slightly above 
the higher toggle joint, the desired quantity  of gas m ay be taken 
into the buret from either the helium or hydrocarbon reservoir. 
The mercury level in unit A  is then raised to  point L, and both 
valves are closed tightly by means of the thumbscrews. Now the 
pressure on the gas in the buret m ay be varied a t  will (between 0 
and about 550 mm.) w ith no resultant change in the mercury 
levels of A  and B. Hence the meroury level in  bu ret J  may 
be adjusted to  touch the desired pointer and the pressure read off 
the right arm  of the buret which is calibrated in millimeters.

W ith the buret filled, the transfer of known am ounts of gas 
from buret to  adsorption cell involves manipulation of un it B  
only. After raising the mercury level in m anom eter I  to  shut 
the cell unit off from the line, the control stopcock on th e  reservoir 
of B  is cautiously cracked to  suction until the m ercury level in B  
proper falls to slightly below the bottom  of the floating valve in 
the left arm. This valve is now open bu t the right-hand valve is 
still closed by the pressure maintained on it  by the thumbscrew. 
M anipulation of the thumbscrew will now adm it suitable am ounts 
of gas to the adsorption cell. To close control B  in order to 
measure the volume of the gas remaining in the buret, the control

Table 1. Reproducibility of Results
P ressu re P re ssu re  R ea d in g C a lc u la te d

D ifference  (B u re t) (C ell) C ell V olum e
M m . M m . m .

T  -  2 2 .8 °  C .
70 9 6 .8 2 6 .7 1

152 211 .1 2 6 .6 0  C ell I
2 2 9 .5 3 1 8 .3 2 6 .6 4

T  -  2 3 .3 °  C .
0 4 .3 12 1 .3 19 .6 1

1 1 2 .0 2 1 2 .0 1 9 .4 8  C ell 11
109 .3 3 2 0 .3 1 9 .4 8

to  diffusion Qnd

r  S
Figure 2. Detail of Stopcock
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cock of B  reservoir is again opened to the atmosphere, the rising 
mercury forcing all of the gas trapped in B  either into the buret or 
into the adsorption cell where it  will be measured in cither case.

The reproducibility, of results obtained w ith this apparatus has 
been found to be fully equal to th a t of the apparatus shown in 
Figure 1, and is well w ithin 1%, as illustrated by the d a ta  in 
Table I, which were taken during the calibration of the apparatus, 
using two cells of different size. The agreement of the da ta  shows 
clearly how accurately the transfer of small amounts of gas may 
be accomplished w ith this apparatus.

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

The writer wishes to  express his appreciation to R alph A. 
Beebe and Johnathan Biscoe for their helpful suggestions con­
cerning the development of this apparatus.

S U M M A R Y

A high-vacuum apparatus w ithout stopcocks has been designed 
which perm its efficient handling of hydrocarbon gases in adsorp­

tion work. Positive control of the gases has been achieved 
through “m ercury stopcocks” which involve simply hypodermic 
syringes and ground-glass valves.
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Rapid Q ualitative and Q uantitative Determination of Barbiturates 
from Postmortem Specimens

P A U L  V A L O V ,  Toxicological Laboratory, Los Angeles County Coroner's Department, Los Angeles, Calif.

A  M ETHO D  is described for the separation of barbiturates 
from postmortem specimens by extraction with aqueous 

sodium hydroxide. Proteins are coagulated w ith sodium tung- 
s ta te  upon acidification with sulfuric acid and, following filtration, 
the filtrate is extracted w ith ether. Evaporation yields the 
barbiturates usually in crystalline form ready for qualitative 
and quantitative determination. The yield is complete. The 
elapsed time required is 90 minutes.

T he prevalent use of barbiturate drugs has resulted in a  steady 
increase in the num ber of postmortem cases in which barbiturate 
is the issue. The introduction in this laboratory of the method 
described below has resulted in large savings in tim e and reagents.

P R O C E D U R E  F O R  E X T R A C T IO N  O F  B A R B IT U R A T E  F R O M  B L O O D  A N D  
V IS C E R A

1. Measure 60 ml. of blood (or minced viscera), 410 ml. of 
distilled water, and 10 ml. of 10% sodium hydroxide into a 1-liter 
flask. Shake 5 minutes.

2. Add 60 ml. of 10% sodium tungstate. Add slowly 60 ml. 
of 0.67 N  sulfuric acid with continuous shaking, and acidify with 
18 N  sulfuric acid until acid by Uiiiversal indicator paper.

3. Filter to collect 450 ml extract w ith an  equal volume of 
redistilled ethyl ether, and shake 5 minutes. Separate from 
the w ater phase and evaporate.

The relatively large volume of ether prevents emulsions, which 
occasionally occur with smaller quantities of ether. The evapo­
ration is normally performed in distillation equipment. The 
ether is recovered and re-used in later extractions. This pro­
cedure permits the attainm ent of lower blanks.

4. Weigh, deduct blank, and calculate milligrams per 100 
grams.

D eterm ination of Blanks. Add 250 mg. of phenobarbital to 
60 grams of liver and extract according to  preceding directions. 
The average recovery is 253 mg., representing the barbiturate 
plus blank. E xtrac t in the same way 60 grams of liver. The 
average residue is 3 mg.

The established average of foreign m atter per 60 grams of liver 
m ay be subtracted in the quantitative determ ination of high 
positive cases. Low positive cases call for a  colorimetric quanti­
tative determ ination of barbiturate.

5. Identify the presence of barbiturate by the customary 
Zwikker-Koppanyi method.

The Rotondaro (1) method may be employed for final puri­
fication of the residue, in which case the color effects with the 
Zwikker-Koppanyi reagents will be brighter. This is not neces­
sary, however, as” the presence of a few milligrams of barbiturate 
m ay be established conclusively w ithout Rotondaro purification.

D IS C U SS IO N

The distinctive feature of this m ethod is the extraction of a 
small quantity  of tissue with sodium hydroxide which brings the 
barbitu ra te  directly into solution, separating it simultaneously 
from fats and oils. The coagulation of proteins yields a clear 
solution, substantially purified, so th a t the final ether extraction 
is rapid and complete. T he final residue is usually crystalline, 
ready for qualitative and quantitative determination. Melting 
points can also be established after sublimation. Secanol resi­
dues and, sometimes, nem butal are noncrystallinc, bu t the la tter 
also becomes crystalline after evaporation of added water. In 
practice, the following residual quantities of ingested barbiturates 
are encountered: for secanol, up to  3 mg. per 100 grams of liver; 
for nem butal (pentobarbital), up to 16 mg., and for phenobarbital, 
up to  39 mg.

Cases are very rare where barbitura te is accompanied by other 
substances extractable by ether from an acid medium (such as 
salicylic acid, sedormid, or acetophenetedin). Since therefore 
any abnormal weight exceeding 40 mg. of ingested barbiturate 
per 100 grams of tissue would a ttra c t the attention  of the toxicolo­
gist, it  could no t bo overlooked, and would indicate inter­
ference of the above type. This makes the method practically 
specific for commonly used barbiturates.

The advantages of the method become obvious if it  be con­
trasted  to the customary method employing ethyl alcohol. Pri­
marily, in order to  ensure recovery from low positive barbiturate 
cases, large quantities of tissue, up to  400 grams, are subjected 
to four alcohol extractions, followed by evaporation, This pro­
cedure, besides being cumbersome, yields a  gummy paste, formed 
by heating the fa tty  and oily components of hum an tissue which 
are extracted with the barbiturate. Subsequent w ater and ether 
extractions yield a final noncrystalline residue requiring addi­
tional purification. T he elapsed tim e required is from 2.5 to 
3 days. Endeavors to  reduce the tim e by working w ith smaller 
amounts of tissue and decreasing the num ber of consecutive 
alcohol extractions often leads to  failure in low positive cases.
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M  icro-Kjeldahl Determination of Nitrogen in Gram icidin and Tryptophan
Comparison of Gunning-Arnold-Dyer and Friedrich Methods

L A W R E N C E  M . W H ITE a n d  G E R A L D IN E  E. SECO R  
Western Regional Research Laboratory, U. S. Department of Agriculture, A lbany, Calif.

W ORK a t this laboratory on the modification of gramicidin 
through reaction w ith formaldehyde (6) required a simple 

and reliable micromethod for the determ ination of nitrogen in 
this antibiotic and in  certain of its derivatives and components.

Hotchkiss and Dubos (8) reported th a t the D um as combustion 
method was unreliable w ith gramicidin and th a t consistent results 
were obtainable w ith the K jeldahl method only when the sample 
was given a Friedrich pretreatm ent w ith hydriodic acid prior to 
the usual digestion (9). O ther workers (8, 77) have also used the 
hydriodic acid reduction method for the determ ination of nitro­
gen in gramicidin.

T he need for the hydriodic acid pretreatm ent was a ttribu ted
(S) to  the failure of the K jeldahl method to  show more than  88 to 
95%  of the to ta l nitrogen of pure tryptophan, which constitutes 
up to  40%  of th e  gramicidin molecule. Van Slyke, Hiller, and 
Dillon (IS ) reported tha t, w ith pure tryptophan, the Kjeldahl 
m ethod gave variable results averaging about 90%  of the theo­
retical. Since the experimental work for the present paper was 
completed, M iller and Houghton (8) have reported 92.8% recov­
ery of nitrogen from tryptophan solutions w ith a  digestion time of 
2 hours and 97.7 to  100.7% recovery for a 7-hour digestion. The 
presence of half of the nitrogen of tryptophan  in th e  indole ring 
may explain the difficulty experienced in obtaining a quantita­
tive yield of nitrogen from this compound.

Experience w ith the Gunning-Arnold-Dyer method as de­
scribed by Clark (7) led the authors to  believe th a t the nitrogen 
of tryptophan could be completely recovered by this method with­
out recourse to the time-consuming and tedious Friedrich hydri­
odic acid pretreatm ent. This paper reports a comparison of the 
nitrogen contents of several samples of gramicidin and ¿-trypto­
phan and their derivatives as determ ined by the two methods.

M E T H O D S

A 5- to 7-mg. sample is weighed by difference into a  30-ml. 
Kjeldahl flask and digested in the presence of a  5- to  6-mm. glass 
bead with 1.5 ml. of concentrated sulfuric acid, 500 mg. of po­
tassium sulfate, and 40 mg. of mercuric oxide. The digestion is 
carried out as described by Clark (7) for the Gunning-Arnold- 
D yer method for a  minimum of 1 hour or until the digest is clear 
and colorless for 0.5 hour. After cooling, a drop of ethyl alcohol 
is added and the m ixture is again heated until it  is colorless. The 
digests m ust be boiled vigorously during the later stages of the 
digestion; otherwise low results m ay be obtained. (W ith the 
samples described in this paper the to ta l tim e of heating was usu­
ally 80 to  85 minutes.) D istillation of the sample is carried out 
according to  C lark’s method, bu t the ammonia is received in 5 
ml. of 2%  w /v  boric acid containing 1% v /v  of the mixed indi­
cator of M a and Zuazaga (7). The absorbed ammonia is titra ted  
with 0.01 N  hydrochloric acid in a  final volume of 25 =*=2 ml. 
The acid is standardized by the determ ination of nitrogen in acet- 
anilide (N .B .S. standard sample 141) an d /o r cystine (N.B.S. 
standard  sample 143). Blank determ inations are made daily and 
other usual precautions are taken.

The authors’ modification of the Friedrich method varies from 
th a t described by Clark (7) in the same particulars as does their 
modification of the Gunning-Arnold-Dyer method and, in addi­
tion, they use red phosphorus w ith the hydriodic acid as pre­
scribed by Pregl and R oth (9).

D IS C U S S IO N  O F  R ES U LT S

¡-Tryptophan from two sources was analyzed w ithout purifica­
tion; 3,4,5,6-tetrahydro-4-carboline-5-carboxylic acid was pre­
pared from tryptophan and formaldehyde according to  th e  direc­
tions of Jacobs and Craig (4). The rem ainder of the samples used

in this study were kindly supplied by H . S. Olcott and co-workers 
of this laboratory, who will report on their preparation and sig­
nificance elsewhere. All results have been corrected for moisture.

The percentages of nitrogen found by the Gunning-Arnold- 
D yer method in a number of samples of gramicidin, tryptophan, 
and their derivatives are compared in Table I w ith those found 
by the Friedrich method. These data  show th a t there was no sig­
nificant difference between the results obtained by simple diges­
tion and those obtained by longer p retrcatm ent for any of the 
samples.

Table I. Nitrogen Analyses of Gramicidin and Tryptophan and 
Their Derivatives

G u n n in g -
A rn o ld -D y e r F rie d ric h

C om p o u n d D igestion D ig estio n
% N % N

¿ -T ry p to p h a n  (M e rc k ) , 13.5 to  13.8% 1 3 .6  1 3 .6 1 3 .6 1 3 .7
¿ -T ry p to p h a n  • (E a s tm a n  2025), th e o ry

13.7%
iV -acety l t ry p to p h a n ,, th e o ry  11.4%

1 3 .5  1 3 .6 1 3 .8 1 3 .8
1 1 .3  1 1 .4 1 1 .3 1 1 .4

^ -b e n z o y l  t ry p to p h a n , th e o ry  9 .09%  
¿ -T ry p to p h a n , H C H O -tre a te d ° , th e o ry  

1 2 .9 6 %

9 .0 3  9 .0 5 8 .9 7 8 .9 8

1 2 .9  1 2 .9 1 2 .8 1 2 .8
G ram ic id in  (33%  try p to p h a n , m .p . 208° C .)

1 4 .2  1 4 .3 1 4 .2 1 4 .2
G ram ic id in  (3 7 .5 %  try p to p h a n , m .p .

225° C .) 1 4 .5  1 4 .5
1 4 .5  1 4 .6

14 .4 1 4 .5

G ram ic id in , H C H O -tre a te d 1 3 .4  1 3 .4 1 3 .2 13'.4
G ram ic id in , H C H O -tre a te d , c ry s ta llin e 13.3«  1 3 .4 1 3 .3 1 3 .3

° 3 ,4 ,5 ,6 -T e trah y d ro -4 -ca rb o lin e -5 -c a rb o x y lic  ac id .

The recoveries of nitrogen by simple digestion from ¡-trypto­
phan and its  acetyl and benzoyl derivatives were between 98.5 
and 100%. Very slightly higher recoveries of nitrogen in tryp to­
phan can be obtained if the digestion is prolonged 30 minutes over 
th a t  prescribed by Clark. W ith th e  longer digestion, recoveries 
ranged from 99 to  100%. More prolonged digestion was w ithout 
effect. I t  m ay therefore be assumed th a t the recovery is equally 
good for gramicidin, since ¡-tryptophan is the only component of 
this m aterial th a t has been reported to  give low nitrogen values.

Nitrogen in the carboline ring m ight be expected to  be resist­
an t to  oxidation. However, analysis of 3,4,5,6-tetrahydro-4- 
carbolinc-5-carboxylic acid showed a nitrogen recovery of 99.5% 
by the simple digestion.

The exact nature of the product obtained on treatm en t of 
gramicidin w ith formaldehyde has no t y e t been established. 
However, i t  is doubtful th a t the nitrogen occurs in a  linkage dif­
ferent from th a t present in other samples used in this study.

The complete recovery of nitrogen from the indole ring of 
tryptophan is in  accord w ith the findings of Clark (7), Kaye and 
Weiner (5), and Shirley and Becker (70), who dem onstrated the 
applicability of mercury as a catalyst to  similar refractory ni­
trogen-containing rings, such as pyridine, quinoline, purine, 
pyrimidine, thiazole, and pyrole. W orking w ith solid samples 
the authors have been unable to  confirm the results of Miller 
and Houghton (8), who recovered only 92.8% of the nitrogen ! d 
tryp tophan  solutions after a  2-hour digestion wdth mercuric ox­
ide. The authors found, for example, 92.7% recovery after 35 
m inutes of to ta l digestion; 97% after 55 minutes; 99.4% after 85 
m inutes (regular digestion); and 100% after 115 minutes.
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S U M M A R Y

M e rc u ric  ox ide  h a s  b e e n  sh o w n  to  b e  a  s u ita b le  c a ta ly s t  fo r th e  
m ic ro d e te rm in a tio n  o f n itro g e n  in  t r y p to p h a n  ( in d o le  a n d  a m in o  
n itro g e n )  a n d  i t s  a c e ty l  a n d  b e n z o y l d e r iv a tiv e s . B y  i t s  u se  th e  
reco v e ry  o f n itro g e n  fro m  th e  c a rb o lin e  r in g  is  c o m p le te . W ith  
m ercu ric  ox ide  a s  a  c a ta ly s t ,  n i tro g e n  m a y  b e  d e te rm in e d  in  
g ram ic id in  a n d  in  th e  g ra m ic id in -fo rm a ld e h y d e  re a c tio n  p ro d u c t 
w ith o u t th e  c u s to m a ry  p r e t r e a tm e n t  w ith  h y d r io d ic  ac id .
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M ethod for Purifying Beta-Picoline and a Test for Purity

G E O R G E  R IE T H O F  a n d  S ID N E Y  G . R IC H A R D S  
Pittsburgh Coke & Chemical Co., Pittsburgh, Pa.

A N D

S ID N E Y  A .  S A V IT T  a n d  D O N A L D  F. O T H M E R  
Polytechnic Institute of Brooklyn, Brooklyn, N. Y.

B ETA -PICO LIN E, an im portant raw m aterial for the m anu­
facture of nicotinic acid, is no t usually available in purity  

higher th an  90 to  95% ; and this is m ade from a commercial pico- 
line fraction containing about 30% (3-picoline. The boiling point 
range of th e  90 to  95%  m aterial is 143-5° C., and the usual im ­
purities consist of y-picoline and 2,6-lutidine. F u rther frac­
tional distillation does not increase the purity, since the boiling 
points of all fall in  a  very narrow range. The a-picoline and the 
other lutidines boil a t  tem peratures sufficiently removed to  
allow separation by fractional distillation.

A suitable chemical method was desired which would allow 
quantita tive separation of y-picoline and 2,6-lutidine from /3- 
picoline and qualitative dem onstration of even very small traces 
of these im purities in  a given sample of jS-picoline.

■y-Picoline and 2,6-lutidine may be converted to pyrophthalones 
(I, 2). /3-Picoline does not react. For purifying 1000 grams of 
approximately 95% /S-picoline, 250 grams of phthalic anhydride 
and 250 grams of acetic anhydride are boiled together under re­
flux for 4 hours. The mixture is cooled and poured into 5000 cc. 
of distilled w ater and then  made strongly alkaline with sodium 
hydroxide solution (concentrated) added slowly. A dark brown 
precipitate of the pyrophthalones is filtered off. W hen the fil­
tra te  is distilled an azeotropic mixture of /3-picoline and w ater 
comes over a t 97° C. The distillate is dried with solid sodium 
hydroxide, which separates two layers: picoline above the 
aqueous sodium hydroxide. The la tte r is drawn off, and solid 
sodium hydroxide is added again, until no further separation into 
two layers is effected.

The picoline is separated from the solid sodium hydroxide and 
distilled, and the fraction distilling a t 143-4° C. is collected. 
The entire procedure is repeated, starting  w ith the  addition of 
phthalic and acetic anhydrides, until the m ixture of the impure 
d-picoline and the two anhydrides give no yellow color on heating. 
I t  is usually necessary to  repeat this three times.

TEST  F O R  P U R IT Y

One hundred grams of /3-picoline, purified as above until no 
yellow coloration developed, were added to  25 grams of phthalic 
anhydride and 25 grams of acetic anhydride. Several such 
mixtures were boiled under reflux for 10 m inutes after adding 
small amounts, down to O.OOS gram, of substantially pure 2,6- 
lutidine.

tam ing 0.008 gram of 2,6-lutidine was a  pale yellow, showing th a t 
as little  as 0.01%  of this m aterial could be detected.

The same results were obtained when the procedure was re­
peated using y-picolinc as the im purity.

These tests using varying am ounts down to alm ost infinitesimal 
traces of 2,6-lutidine and y-picoline, which are the m ost common 
im purities of 0-picoline, show' conclusively the extreme sensi­
tiv ity  of th is method of purifying and testing /3-picoline. F u r­
therm ore they  show' th a t (3-picoline so purified is substantially 
free of the im purities norm ally associated w ith it.

D IS C U SS IO N

The phthalic anhydride reacts w ith the m ethyl groups of pico- 
lines when present in the 2 and 4 positions to give yellow pyro- 
phthaloncs, bu t no reaction occurs w ith the picoline having a 
m ethyl group in the 3 position. The condensation takes place as 
follow's:

o

Phthalic anhydride y-Picoline

CH.

& + H . 0

Pyrophthalone

N

W ith th e  2,6-lutidine, the condensation reactions m ay be 
represented as follows:

N i O + ’h 2;C H -4 v > - C H , 
!/* - 1

Phthalic anhydride 2,6-Lutidine

T he yellow coloration developed in all cases, decreasing in  W ith a large excess of phthalic anhydride and acetic an- 
intensity w ith smaller am ounts of lutidine. The sample con- hydride, both m ethyl groups react as follows:
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The pyrophthalone compounds are yellow dyes, the properties 
of which have been described by H ew itt (I).

This formation of pyrophthalones m ay be traced to  the pres­
ence of 4-picoline or 2,6-lutidinc, or both; and it  has been recog­
nized th a t a  m ethyl group in position 2, 4, or 6 is necessary for 
condensation w ith carbonyl groups. Two hydrogen atom s from 
the  picoline and one oxygen atom  from the phthalic anhydride are 
released to  form water.

However, the m ethyl group in the 3 position is entirely unrc- 
active and therefore no color develops. The 0-picolinc m ay be 
considered absolutely free of its  isomers and homologs when there 
is no appearance of color following this treatm ent.

Pure /S-picoline is extremely hydroscopic and precautions 
should be taken to  keep it  absolutely dry.

Slight traces of any of the usual im purities in a sample of /3- 
picoline will be detected by the appearance of yellow color on re- 
fluxing w ith phthalic anhydride and acetic anhydride. There­
fore, if no color develops, the picoline m ay be considered free of 
these impurities. The sensitivity of the method and long color 
stability allow for color comparison as th e  purification procedure 
is repeated; and i t  is possible th a t a  quantita tive colorimetric 
method m ay be developed for particular conditions, such as the 
control of m anufacture or use where the same impurities are 
commonly present in about the same relative amounts.

This method serves a twofold purpose—purification of |3-pico- 
line and qualitative analysis of (3-picoline for its common im puri­
ties.
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M odified Gate V a lve  for Control of W ater Flow
G . RO SS R O B ER TS O N , University of California, Los Angeles, Calif.

L ABORATORY workers have long deplored the  fact th a t a 
w ater faucet, adjusted to  low ra te  of flow, often shuts off 

the stream  spontaneously. This treacherous hab it unfortunately 
is a special failing of the "compression” valve, a  device conceded

to be the m ost satisfactory faucet y e t developed. In  the new ar­
rangem ent shown in the figure, the regular compression valve, 
CV, w ith washer, is retained for leakproof on-and-off service. 
A djustm ent to  low ra te  of flow is delegated to  a second device, 
the modified gate valve, GV.

In  the standard commercial gate valve, A , a brass gate nor­
mally rises and falls across th e  w ater stream  w ith ro tation  of the 
left-hand-threaded shaft and wheel handle. As shown in the 
separate view of the gate, E, a  narrow slot is cut in th e  extreme 
edge of the gate. This slot perm its the passage o f  a small but 
very definite and constant stream —for example, a t  adjustm ent 
B. The stream  is precisely adjustable between values fully 
double th a t a t  B  down to position D, where the stream  is reduced 
practically to  zero flow. A t thé same tim e it  is possible to  open 
the gate to  full flow as needed. The modified gate valve thus 
has a much wider range of usefulness th an  a needle valve which 
m ight serve a t  position G V  to  provide a small stream.

Since i t  is unnecessary and undesirable to  have a narrow slot 
on both sides of the gate, the lower side (as of gate in position E) 
is cleared for unrestricted flow w ith a  wide slot, whose operating 
position is seen a t  F, which merely shows the opposite threaded 
end of valve A . In  steady service of one kind from day to  day— 
for example, to a  reflux condenser—little  or no adjustm ent of GV  
is required, and thus undue wear is obviated.

M e c h a n i c a l  S p e c i f i c a t i o n s . A standard plum bers’ brass 
gate valve, usually 3/s  or 1/ i inch (“iron-pipe-size” ) is selected, 
choice being based on maximum width of the annular ground 
■contact surface of the gate. Such maximum width perm its maxi­
mum length of slot w ith lim it shown in D. The slot is cut w ith a 
fine jewelers’ saw; a  blade 0.31 mm. in  w idth was found to 'be  
satisfactory. The resulting slot is of suitable w idth for use with 
water pressure of 60 pounds per square inch, or approximately 4 
kg. per sq. cm. I t  should be noted th a t the  opposite and sup­
posedly identical contact faces of a gate are often of varying an­
nular width, or overlap. The wider, w ith the  greater overlap, is 
selected for th e  narrow slot, B, and the narrower, also cut with 
the saw, for F.

Since this mechanical alteration requires disassembling of the 
gate valve, inexperienced workers are warned th a t  nu t N  m ust 
not be opened while the valve is closed, lest the interior mechanism 
be sprung and the valve ruined. Instead, the gate is first screwed 
out about half way. The valve is now fastened securely in a  vise, 
with vise jaws pressing upon the two threaded mouths of the de­
vice. N u t N  m ay then be started  w ithout mechanical damage, 
and the parts separated by finger contact only.



BOOK REVIEWS
Official an d  T entative M eth o d s of A nalysis. 6 th  edition , xii +  932 

pages. A ssociation of Official A gricu ltu ral C hem ists, P . O. Box 540, 
B enjam in F ra n k lin  S ta tio n , W ash ing ton , D . C ., 1945. Price, 
$6.25.

E ver since i t  w as founded in  1884 th e  A ssociation of Official A gricul­
tu ra l C hem ists has d evo ted  itself a lm ost exclusively to  stud ies in  th e  
field of m ethodology. B eginning w ith  th e  s ta n d a rd iza tio n  of m ethods 
for th e  analysis of com m ercial fertilizers, th e  scope of its  w ork  has 
expanded continuously  to  m ee t th e  ever-increasing  needs of its  m em ­
bers w ho are now  concerned w ith  th e  enforcem ent of law s an d  regula­
tions re la tin g  to  com m ercial fertilizers, sto ck  feeds, food, drugs, cos­
m etics, insecticides, fungicides, caustic  poisons, and  o th er artic les; 
o r who a re  engaged in  research  in  these an d  re la ted  fields.

E ach  succeeding ed ition  of th e  association’s te x t, w hich  h as come to  
be know n b y  th e  sh o rt ti t le  “ M ethods of Analysis, A .O .A .C .", rep re­
sen ts the  elim ination  of obsole te o r little -u sed  m ethods, revisions and 
im provem ents of o th er m ethods, an d  the  ad d itio n  of m any  new  p ro­
cedures.

T h e  6 th  edition  is no tab le  for new  ch ap te rs  on  cosm etics, gelatin , 
dessert p rep ara tio n s an d  mixes, enzym es, an d  ex traneous m ateria ls 
in foods an d  drugs. A ch ap te r  on  v itam in s assem bles u nder one head 
m ethods for v itam in  assays previously  sc a tte red  th ro u g h o u t th e  book 
under o th e r  titles. A  m echanical im provem en t in  th e  form  of p res­
e n ta tio n  is th e  use of A rabic num erals to  designate  ch ap te rs , w ith  
decim als for th e  subhead ings there in . A special effort h as  been m ade 
to have  th e  “se lected  references" cited  a t  the  end of each ch ap te r  show, 
as far as possible, th e  original w ork upon  w hich th e  m ethods are 
based.

I t  is p e r tin e n t to  no te  t h a t  these m ethods have  acquired  an  added 
significance in  recen t years, since m any  of th em  are  being incorpo­
ra ted  in s ta n d a rd s  for food p ro d u c ts  p rom ulga ted  u n d er a u th o r ity  of 
the F ederal Food, D ru g  an d  C osm etic A ct. T h is gives legal s ta tu s  
to th e  procedures th u s  cited.

L ab o ra to ry  w orkers in  th is  co u n try  who are engaged  in official 
w ork w ith in  th e  scope of th e  association’s activ ities, an d  who com ­
prise th e  ac tive  m em bership  of th e  association , will welcome th is  new 
edition  as an  indispensable la b o ra to ry  guide. So also will w orkers 
in like fields in  foreign countries, am ong  whom  th is  te x t h as  come 
to hav e  wide recognition  and  acceptance.

F,. M . B a i l e t

Q uantita tive O rganic M icroanalysis. E d ited  by J u liu s  Grant, 
4 th  English  ed. B ased on th e  m ethods of F ritz  Pregl. vii +  238 
pages. T h e  B lak iston  C o., 1012 W alnu t S t.. Philadelphia , P a.. 
1946. Price, $5.00.

T he th ird  E nglish  edition  of P reg l's classical book, pub lished  in 
1937, was, like its  two predecessors, sim ply  a  lite ra l tran sla tio n  of 
the corresponding G erm an  edition . I t  w as ev iden tly  fe lt th a t  the  
Pregl tex t was sacrosanct.

N ow  com es D r. G ra n t, w ith  w h a t is s ta te d  to  be n o t ju s t  an o th er 
and  b e tte r  tran sla tio n , b u t  ra th e r  som eth ing  betw een th a t  an d  a 
new  and  orig inal trea tise  on organic m icroanalysis.

T h is  seem s to  th e  review er to  be a  p roper developm ent. W ith  all 
the  g rea t respec t due to  Pregl, there  is no sense in  con tinu ing  to  p re­
ten d  th a t  he w rote  th e  la s t w ord in  organic m icroanalysis. T h e  fact 
th a t  he  w rote th e  first w ords is sufficient to  ensure h im  enduring  fam e. 
I t  is to  be hoped th a t  th e  nex t a u th o r  to  build  upo n  the  base e s tab ­
lished b y  P reg l w ill be even m ore em ancipated  th a n  is D r. G ra n t 
from  an  obligation  to  classicism.

Indeed , th e  review er’s only  real critic ism  of D r. G ra n t’s book is 
th a t  he d id n o t give nearly7 enough recognition to  th e  hun d red s who 
have followed Pregl. T here  w as a  tim e, n o t too m an y  decades ago, 
when i t  w ould have  been heresy  to  w rite  a  book on general analy tica l 
chem istry  th a t  w as n o t described in th e  flyleaf as based on Fresenius. 
We hav e  long since g o t over th a t ;  an d  y e t F resen ius’ fam e as a 
pioneer has n o t d im m ed. So le t it  be w ith  Pregl!

T he book u n d er review  has on ly  238 pages of tex t as com pared w ith 
271 in th e  prev ious edition . D esp ite  th is, m ore ac tu a l te x t is p ro ­
vided; th is  is ach ieved b y  b e tte r  o rgan iza tion  of m ateria l an d  by  
space econom ies in  m ake-up . T h e  o lder book had  27 ch ap te rs; the  
presen t, seven; M icrochem ical B alances, G eneral M ieroanaly tical 
T echnique, D ete rm in a tio n s of th e  E lem ents , D e te rm in a tio n s of the  
G eneral G roups, D ete rm in a tio n s of the  P hysica l C o n stan ts , M is­
cellaneous Physica l M ethods, and  C alcu la tions of th e  R esu lts of 
M icroanalyses.

T h e  a u th o r  has m ade a  real a t te m p t to  d iscrim inate  am ong a lte r­
native  m ethods, g iving first place to  those he believes to  be th e  best, 
even though  th e y  o rig ina ted  ou tside the  P reg l school. B u t, as 
s ta te d  earlier, th e  review er believes th a t  th is policy m ig h t hav e  been 
pursued  even m ore vigorously.

Specific m ention  should  be m ade of C h a p te r  I I I ,  w herein th e  sec­
tions of th e  determ in a tio n s of th e  m eta ls have  been g ra tify ing ly  ex­
panded . T h e  book is m odernized b y  brief m ention , in C h a p te r  V I, 
of the  new  techn iques of e lcc trom etry , po larography , rad ioactive  
indicators, and  u ltra v io le t fluorescence analysis. T h is  is all to  the  
good, as fa r as i t  goes; b u t  i t  is hoped th a t  tho n ex t ed ition  wall go 
m uch fu rth er. T ho indexes are  m uch  im proved, an d  it- is no ted  th a t  
the  tab les  of g rav im etric  fac to rs  have  been recalcu lated  to  tak e  ac­
cou n t of changes in a tom ic w eights. f

For th e  benefit of those n o t fam iliar w ith  o th e r  ed itions of P regl, 
we quo te  from  D r. G ra n t’s P re face: "T h e  needs of th e  beg inner in
m icroanalysis hav e  been borne p ro m in en tly  in m ind, a lthough  a 
background  of know ledge of o rd in ary  organic analysis is assum ed .” 

T h is  book is stro n g ly  recom m ended to  all who have occasion to  
practice, teach , or s tu d y  q u a n tita tiv e  organic m icroanalysis.

B . L. C i . a r k e

CORRESPONDENCE

Semimicrodetermination of Saponi­
fication Equivalent

S i r :  K etch u m  (I) h as devised  a  sem iin icrom ethod for th e  d e te r­
m ination  of th e  saponification  n um ber (or th e  saponification  equ iva­
len t). In  com paring  h is m ethod  w ith  ours (3) he  s ta te s : " T h e  pro­
cedure of M arca li an d  R iem an  is lim ited  to  com pounds w hich are 
readily  soluble in  alcohol and  w hich can  easily  be saponified .”

T h is s ta te m e n t is  n o t correct, as is  p roved  b y  th e  successful app li­
cation  of o u r m ethod  to  eleven oils (3), of w hich only  casto r oil is 
read ily  soluble in  alcohol.

L IT E R A T U R E  C ITED

(1) K etchum , D .,  I n d .  E n g .  C h e m .,  A n a l .  E d., 18, 273 (1946).
(2) M arca li, K., and  R iem an; W„ I I I .  Ib id ., 18, 144 (1946).

K a l m a n  M a r c a l i
R utgers U n iversity  W i l l i a m  R i e m a n  I I I
N ew  B runsw ick, N . .).

S i r :  In  th e  sentence, "T h e  procedure  of M arca li an d  R iem an (d) 
is lim ited  to  com pounds w hich are  read ily  soluble in  alcohol. . .” , th e  
w ord " re a d ily ”  w as em ployed only in  th e  loose sense in w hich th e  
word is o ften  used . I t  w as n o t a  good choice of w ord, b u t th e  sen­

te n c e  does n o t a lte r  th e  m ain  them e th a t  m y m ethod  has a  w ider ap ­
plication  th a n  the irs, because of th e  so lub ility  lim ita tio n s im posed by 
the ir  m ethod . T h is  is illu s tra ted  by  th e  fact th a t  th e  ketones w hich 
were successfully analyzed  by  m y procedure could n o t be ru n  by  th e ir 
m ethod  because of th e  so lub ility  lim ita tio n s . W hen  these ketones 
were m ixed w ith  only  tw e n ty  tim es th e ir w eight of alcoholic potash- 
th ey  w ould n o t open th e  ring.

D o n a l d  K e t c h u m

E astm an  K o d ak  C om pany 
R ochester, N . Y .
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INSTRUMENTS
for Polarographie Analysis
Potentiometric Pen Chart Recording 
SARGENT MODEL XX POLAROGRAPH
—the latest development in polarographic instrumen­
tation, incorporates a specially designed continuously 
balanced strip  chan  recorder—not affected by vibration. 
Polarogram recordings are continuously visible from be­
ginning to end of analysis—prom pt readjustment can be 
made at any stage in the progress of a polarogram. 28 cm 
chart specially calibrated, permits direct reading of large 
step heights and voltage ordinates—making the deter­
mination of half wave potentials and diffusion currents a 
simple, rapid procedure.

S-29303 P O L A R O G R A P H — Model XX, V isib le  C h a r i  Recordin g, 
S arge n t. Co m p lete  w ith 3 vessels S-29306; 1 e lectro de  
S-29340; 21 cm c a p illa ry  tubing S-29350; 1 m ercury re servo ir. 
125 ml, S-44345; 3 sto p p e rs fo r  vessels; 3 ft. N eoprene tubing; 
connecting w ires; 3 ro lls c h a rt  p a p e r S-29341 ; 1 bottle  o f Ink 
S-29342; 2 pens S-29343; and 1 tool k it S-29344. Fo r operation  
from 115 vo lt A .C . 60 c y c le  c ir c u it ................................... $1500.00

Indicating -  Photographic Recording 
MODEL XII HEYR0VSKY POLAROGRAPH

E. H. SA RG EN T & CO ., 155-165 E. Superior St., Chicago 11, III.
M ich ig a n  D iv is io n : 1959 E a s t  J e f f e r s o n , D e tro h  7 . Michigan

Visual deflection and photographic recording for cur­
rent 150 millimeter current axis—current sensitivity 
approximately 4 x 10'y ampere per millimeter, perm it­
ting analysis of solutions as dilute as 10 6 normal—pro 
vision for uni-directional voltage change through both 
anodic and cathodic ranges—instant manual adjustment 
of record position and applied voltage—recording sys­
tem is motor driven.

S-29301 P O L A R O G R A P H — H e yro v sk y , A m erican  Model X II, In- 
d lca fin g-R e co rd in g , Co m p le te  w ith 3 vessels, S-29305, 30 mm; 
l^ le c t r o d e , S-29340. 21 cm c a p illa ry  tubing, S-29350: 4 pkgs. 
brom ide p a per, S-293 47 ; 3 ft. Neoprene tubing, 3/16 inch; 3 
stoppers fo r  vessels; m ercury re se rvo ir, 125 ml. S-44345; and  
connecting w ires. Fo r o peration from  115 vo lt A .C . 60 c y c le  
e !re u !t...............................................................................  $550.00
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PRECIOUS METALS SINCE 1875

P A L O - M Y E R S

LABORATORY STIRRERS
I M M E D I A T E  D E L I V E R Y

LABORATORY ST IR R E R  — 7609A — A constant speed 
gear drive stirrer, suitable for the heavier laboratory mixing 
operations. Induction type motor 110Y AC only, chuck 
speed 287.5 r.p.m. Torque 3.0 inch lbs., 1/50 h.p., ball 
bearings, inclosed gears, forced air circulation, push 
button switch. $34.50

UNIVERSAL S T IR R E R  — 7605 — An inexpensive, direct 
drive stirrer suitable for general laboratory use. Built in 
rheostat control. Speed 0-5000 r.p.m. 110V AC-DC.

$14.95

PALO P IG M Y  ST IR R E R  — 7605C — A midget labora­
tory stirrer with an unusual amount of Torque for a stirrer of 
this size, suitable for light mixing. Speed control, 0 to 
5000 r.p.m . $10.50

LABORATORY ST IR R E R  — 7605B — A heavy duty 
table top stirrer, rheostat provides smooth speed control 
over full range — continuous duty motor 110V AC-DC. 
1 /75 h.p. — 0-8000 r.p.m. at no load, ball Bearing forced 
air circulation. $23.50

All P a lo -M y ers  s t i r r e r s  e q u ip p ed  w ith  so lid  b rass  
c h u c k -c a d m iu m  p la te d  — tr u e  r u n n i n g — 3/4 * c a ­
p a c ity .

S c ien tif ic  E quipm ent a n d  Supp lies

I W O z - M Y E R S  in c .

81 Reade St. New York 7, N. Y.

REMLER APPOINTED 
Agent for

W A R  A S S E T S  
ADMINISTRATION

(Under Contract N o . 5 9 A -3 -4 8 )

. . .  to handle and sell a 
wide variety of

E L E C T R O N I C  E Q U I P M E N T

released for civilian use 

Write for Bulletin Z-1A 

Remler Company Ltd., 2107 Bryant St., San Francisco 10, Calif.

R E M L E R  S i n c e  1 9 1 8

Radio • Communications • Electronics
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Photometers

S IN C E  E IG H T E E N  F I F T Y - S I X

No, 900-3

P la n t  a n d  L a b o ra to r ies:  S O U T H  L E E , M A SS.

E xe cu tive  Offices: 116-118 W E ST  14th S T R E E T  
N E W  Y O R K , N . Y.

D e s ig n e d  fo r  t h e  ^ ^ l I l S i l g M  |
r a p id  a n d  a c c u r a te  ""1......111 —
d e t e r m i n a t i o n  of

th i a m in ,  r ib o f la v in , a r id  o th e r  s u b s ta n c e s  w h ic h  
f lu o re sc e  i n  s o lu t io n .  T h e  s e n s i t iv i ty  a n d  s t a ­
b i l i ty  a r e  s u c h  t h a t  i t  h a s  b e e n  f o u n d  p a r t i c u ­
la r ly  u s e f u l  i n  d e te r m in in g  v e ry  s m a l l  a m o u n t s  
o f th e s e  s u b s ta n c e s .

N o . 19 2 5 /1  C e n t r ic o n e  A n g le -  
H e a d  C e n t r i fu g e , C l in ic a l  M o d ­
e l .  W ith  s ix  15 m l. tube ho lders. 
For 115 v o lts , 60 cyc le s , A .C . o n ly . 
P rice  w ith o u t g la s s  tubes.. $35.00

= K L E T T  SCIENTIFIC P R 0 D U C T S =
ELECTROPHORESIS APPARATUS .  BIO -COLORIM ETERS 
G LA SS ABSO RPTIO N  CELLS .C O LO R IM E TER  NEPHELOM. 
ETERS •  G LA SS STANDARDS •  KLETT REAGENTS

M a n u f a c t u r i n g  C o

1 79 E A S T  8 7 T H  S T R E E T  N E W  Y O R K ,  N . Y
SCHAAR & COMPANY

Com p lete  La b o ra to ry  Equipm ent  
7 4 8 W . LEXINGTON STREET CHICAGO 7
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B* F. €S&®drIdh Chem ical Company
a s  a v a i l a b l e  f o r  s a l e  t h e s e  o r g a n i c  c h e m i c a l
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P b e n j U t t a P W W ^ . „ w , „ - . .  
Distilled — A va ila b le  

»» p |U/W
P - ’V . , I 'S a b io ln c a m m e r c ia lq u a n t i l io .

Commercial- Av°

Purity 98.0%

O ^ O Û  î  D i B  N a p h th jt  p  P h e n y la n e  I D
Î  n ia m in eD",am ,n e  merclal quantities
?  Available In «"V m! rCl°  q

* M- P’ 98%•  Purity v a  /o

 ................................   I

m a h l s t
,#•••••••••*•* Q nO - 0^ 15 Ï  Mnnobenzyl Łtner oi nju.vM-

M1«d m * *  Diliep,yl c,B,sO » O c'"'> Î

:  ’ 0%
D i s t i l l a t i o n  r a n g e  
(3.0 mnO 
Purity 9S%

V »  — — -

Q c h p O 0 C H * Q
   .....

# • • • • • • • • • • * * * * * * * * * *  *
  .............. O ü O o er"' :  Dibenzyl Ether of Hydroqui-

Isopropoxy '• *  * § ” *Available in comnterdaU .  M p u 9 o
M- P- mIn •  Purity 85
Purity 92%  •

!

........................................................
• • • • • • • • • • * • ; *  / c H jn> C h 0  c - s

o S O oh :  O its.pr.pyl » 1 ^ 1 . , , > L J i
• Available in commercia q

..............................................  s ' T

l l i s o p i u p j .  , „„„«ties
Available <n commercta q

M. P. 52°
J  Purity 9 8 %pHydr.xyDiph.ny'»™“ ,,,,

Available in commercta a

p -« v  W % Î     I
 .........................................   Ethyl and Dimethyl cu r   ̂ c s h

•  • • • • * • • *  / - \NOr ^  I  Mercaptothiazoles c H j - C - s
s—7 V—/ .  Available in commercial

N-Nitroso Diphenyl J™ «
Available in commercial a

»• P- 62m
purity 97 /o

q M P  ' 36-153°  C i  S í  5 H
»  ■ t . v  A p p r o x i m a t e l y  l a /

Purl,y dimethyl

•  • • •

A p p ro x im a te ly  »
85%  dimethyl H -  C

. . . . . .  .  and 15%  ethyl
Purity 97%  î  mercaptothlaxoles . . . « • • • • • •

 .......................   - i

................................ u##! 7 1  ? .  ■___..i
C H 5- C - S

D i p h c n y l p P h e n y l ^ b “ “ . ,
Available In commercial q

M. P- 1441  
Purity 9 2 7o

0 ^ 0  So ::  Mixed Aliphatic Thiazyl
S Disulfides
;  Available in  com m ercial

9 quantit*®*
•  Liquid

C  h s - c - n %
<- °  Il y C - 5

H — C - S '  J Z

For additional Information please write B. F. Goodrich Chemical Company, Department c a -7. Rose Building, Cleveland 13, Ohio.

B. F. Goodrich Chem ical Company » „ rs s .
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f t n  t h e  Januarj’ column we predicted extensive applications of 
*  the newer nuclear techniques to the analysts’ problems. We 
are happy to  announce the organization of Tracerlab, Inc., of 55 
Oliver St., Boston, Mass., which will m anufacture instrum ents, 
make radioactivity analyses, and offer consultation services in the 
various phases of radioactive tracer research. This organization 
includes physicists, organic and inorganic chemists, electronic 
engineers familiar with modern circuit design and production 
methods used in radar development, and business personnel 
familiar w ith production methods. This staff is supplemented by 
an impressive list of consultants on nuclear physics, chemistry, 
and medicine. Tracerlab is now in the process of constructing a 
chemical laboratory for the analysis and compounding of radio­
active tracers and is currently'engaged in the design of a  printing 
interval tim er and a sample changer for autom atic routine meas­
urem ent of radioactive samples.

0 ¡¡ox. 9 * td ica ti* ty  R a d io a c tiv ity .
Two instrum ents which are representative of T raccrlab’s offer­

ings are here described in the belief th a t they offer interesting and 
im portant possibilities for the analyst. An instrum ent for the 
qualitative indication of radioactivity  is illustrated in Figure 1. 
This is a  line-operated Geiger counter-amplifier system which 
indicates the presence of radioactive m aterial by the “blinking” 
of a  small neon lam p m ounted on the front panel. This unit is 
designated as a Blinker. A similar unit, known as the Squawk'er, 
is available and, as the nam e implies, produces an audible signal 
in the presence of an active preparation. E ither of these units 
will be recognized as very useful tools or aids during the execution 
of routine analytical procedures, in which precipitates, filtrates, 
etc., are to  be examined for the presence of the tracer.

The quantitative instrum ent known as the Autoscaler is shown 
in Figure 2. I t  is a line-operated device which (1) supplies the 
high potential for a  Geiger-Müller tube, (2) counts the impulses 
from this tube, and (3) measures the tim e required for the recep­
tion of a  given number of impulses. Describing the functions in 
this order, the two controls a t the bottom  of the panel select the 
high voltage for the counter. The knob to  the left sets the 
threshold voltage and its  setting is chocked by an aural monitor. 
The knob to the right of this brings the potential to  the operating 
point in 10-volt increments to  100 volts above threshold. The 
high voltage supply is continuously variable between 700 and 
2000 volts. This and all other pow’er supplies in the instrum ent 
are electronically regulated.

Impulses from the Geiger counter are fed to a preamplifier, a 2- 
stage amplifier, and then a m ultivibrator which triggers the first 
of a series of twelve “scale of tw o” counter circuits. The la tter 
can be selected by the switch shown in the upper left of Figure 2 
to provide a predeterm ined num ber of impulses from 2 to  the 
second power to  2 to  the twelfth power—i.e., 4 to 4096 in integral 
powers of 2. The statistical error involved in the measurement 
of an average counting ra te  by tim ing a  finite num ber of random 
impulses is determ ined by the to ta l num ber of impulses timed. In  
the Autoscaler predeterm ined counts of 128, 256, 512, 1024, 2048, 
or 4096 correspond to  fixed probable errors of approximately 
'6, 4, 3, 2, 1.5, and 1%. Consecutive scaling units are intercon­

Fipure 1. Blinker, Qualitative Instrument for Indicates the 
Presence of Radioactive Material

nected with buffer stages and each stage is connected to a  small 
neon lamp, the blinking of which appears through the plastic in­
serts in the scale selector dial. M onitoring features are provided 
ahead of the scaling circuits by a cathode followrer stage which can 
feed an oscilloscope for examination of the amplified pulses and a 
loudspeaker for aural monitoring. Calibration of the Autoscaler 
on any range is easily effected by switching the amplifier input 
to  a  60-cycle m ultivibrator.

M easurement of the tim e interval required for the accumulation 
of the selected number of impulses is accomplished by an output 
amplifier and cathode follower stage which actuates the clutch of 
the timer. The la tte r w ith its reset bu tton  is shown in the upper 
right of Figure 2.

Additional features which m ay be mentioned are:

1. The interruption of the scaling circuit when the tim er is 
stopped.

2. The over-all resolving time of the input amplifiers and scal­
ing circuits is less than 5 microseconds; therefore random im­
pulses up to 200,000 per m inute can be counted w ith losses no 
greater than 1 %.
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Figure 2. Autoscaler

3. Complete elimination of nonessential controls. Tube 
m atching or selection is unnecessary.

4. Provision of a  function switch perm itting scaling circuit 
and tim er to  run  continuously. A relay is actuated, the contacts 
of which are connected to external binding posts. These m ay be 
used to  photograph the tim er dial or actua te  other control cir­
cuits.

5. Automatic “cleaning” of the scaling circuit a t  the beginning 
of each counting run.

6. A preamplifier containing hither a Neher-Pickering (stand­
ard) or classical type of quenching circuit is also furnished. I t  is 
contained in a 13/a X 3 inch cylindrical housing which is connected 
to the main chassis by a 7-foot cable. T est leads for connection 
to  the Geiger tube are 12 inches long. O ther counter tube m ount­
ings to  accommodate a th in  window beta-ray counter are avail­
able.

7. A choice of five interchangeable precision timers is avail­
able; the standard model provides a  maximum totalized time per 
revolution of 6000 seconds.

The Autoscaler is contained in a cabinet 10‘A X 19 X 14 
inches w ith standard  relay rack panel construction.

decisión and. Hucleasi GauntesiA-
In  addition to  the references which we listed in the January 

column we wish to  recommend the recent monograph by S. A. 
Korff, “Electron and N uclear Counters—Theory and Use” , D. 
Van N ostrand Co., New York, N . Y., 1946. Two th irds of this 
useful book is devoted to the properties and characteristics of 
counters. Additional chapters discuss errors and corrections and 
m ost of the more im portant electronic circuits which are needed 
in nuclear work. Instrum entation  of a high order is essential in 
this field and the extraordinary progress in nuclear physics and 
chemistry is largely due to  the skillful and uninhibited develop­
m ent of new devices and circuits.

W ith the ominous beating of th a t metronome a t Bikini still 
reverberating in our ears, we recall th a t some 10,000,000 words 
will be w ritten in describing the fourth atomic bomb drop. We 
are interested only in the 10 or 20 thousand words which will 
be required to tell the  role of instrum entation in th a t test. They 
•null contain 90%  of the useful, irrefutable information.

If we were to  recommend an installation for a b last furnace, 
guaranteed to  read tem perature, pressure, gas composition and 
other variables twenty-four times a  second, prin t the answer 
on film and deliver i t  to  the superintendent by air mail, while 
the president of the company viewed the whole proceedings in 
his air-conditioned office, we would be called insane—not the 
first time, thank  you. Y et a  few drone planes accomplished a 
more rem arkable data-gathering mission th an  this on the morn­
ing of July 1, 1946. I t  is comforting, for those who have been 
annoyed with instrum ents and their difficulties, to  know th a t on 
occasion they can be made to operate themselves and thus remove 
one more barrier to  be tter knowledge.

•  F ast p re h e a t in g  b e c a u se  o f  
l ig h t  w e ig h t .
•  R e s is t h e a t s h o c k  to  p e rm it 
r e u s e  o f  th e  b o a t  f o r  r e p e a te d  
c o m b u s t io n s .
•  S u lp h u r  free .

V E R Y  LO W  C O S T
T h e r e  is a L eco  C o m b u s tio n  
B o a t to  s u i r  y o u r  ev e ry  re* 
q u ire m e n t . L a rge  s to c k s  o f  
s ta n d a rd  s h a p e s  a n d  sizes a re  
m a in ta in e d  to  a ssu re  im m e d i­
a te  d e liv e ry .S p ec ia l sh ap es  m ay 
b e  fu rn is h e d  u p o n  re q u e s t .  
C o m p a re  th e  L cco b o a t  w ith  
an y  o th e r  o n  th e  m a rk e r . W e  
w ill fu rn ish  y o u  free  sam p le s  
fo r  th is  p u rp o s e .

Greater Accuracy in Absolute Units
HOEPPLER

VISCOSIMETER
Absolute viscosity according 

to the Falling Ball

F o r d e te rm in in g  th e  a b s o lu te  v isco s ity  o f  g ases , l iq u id s , 
o ils , p la s tic , sy ru p s , o r  v isco u s  ta r s .  D ire c t r e a d in g s  in  
c e n tip o ise s  ( o r  c e n tis to k e s) . F ro m  0 .0 1 to  1 ,0 0 0 ,0 0 0  
c e n tip o ise s . A ccu racy : 0 . 1 %  to  0 .5 % . D iffe ren c e  in  v is ­
co s ity  b e tw e en  d is ti l le d  a n d  ta p  w a te r  ca n  b e  m e asu red .

T h e  fa l lin g  tim e  o f  th e  b a l l  m u ltip l ie d  by o th e r  g iv e n  
fa c to rs  sh o w s  th e  a b s o lu te  v isco s ity  in  c e n tip o ise s . S m all 
s a m p le  (3 0  cc) r e q u ire d . R esu lts  c o n s is te n t a n d  r e p r o ­
d u c ib le .

W rite today for new Bulletin H V -3 0 3 .

Order direct or from fading laboratory supply dealers.

F IS H -S C H U R M A N  C O R P O R A T IO N  
230 E a s t  4 5 th  S t r e e t ,  N e w  Y o rk  17 , N . Y .

L E C O  
C O M B U S T IO N  B O A T S
h a v e  b e e n  d e s ig n e d  to  w ith* 
s t a n d  t e m p e r a t u r e s  u p  to  
2 7 0 0 °  F a h re n h e it.

h e y  g iv e  y o u
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If it has to do with DDT, 
work it out with DU PONT!

MANUFACTURERS who have been thinking 
of using DDT in their products are invited 
to come to Du Pont for technical service. 
Experience gained as a major supplier o f  
DDT to the armed forces may be o f con­
siderable value to you.

That experience plus Du Pont’s continu­
ing laboratory and field studies make it 
possible to supply you with DDT Tech­
nical that always measures up to rigid 
requirements.

Because o f the method by which it is 
manufactured, Du Pont DDT Technical is 
uniformly dependable. It works w ell in 
dry preparations and dissolves quickly, 
forming clear solutions.

To help you formulate DDT preparations 
that have a sound basis for commercial 
use, our complete facilities are available. 
E. I. du Pont de Nemours & Co. (Inc.), 
Grasselli Chemicals Department, W il­
mington 98, Delaware.

-D U  P O N T-
DDT TechnicalB E T T E R  T H I N G S  F O R  B E T T E R  L I V I N G  

. . . T H R O U G H  CH EM IS T R Y



I l l©  T a y lo r  L o n g  R a n g e  p H  C o m p a r a to r  ih c o m p le te ly  
p o r ta b le ,  r e a d y  f o r  i n n t a n t  us© . . a n y w h e r e ,  a n y t im e .
C o m e s  in  a  c o m p a c t  c a r r y i n g  c a s e  w h ic h  h o ld s  f r o m  3  to  
9 c o lo r  s t a n d a r d  s l id e s  a n d  a l l  o t h e r  a c c e s s o r ie s .  D e te r m i­
n a t io n s  a r e  m a d e  b y  m o v in g  t h e  s l id e  in  f r o n t  o f  t h e  te s t
s a m p le  u n t i l  a  c o lo r  m a t c h  is  o b t a in e d  a n d  r e a d i n g  t h e (p f l
f ro m  t h e  v a lu e s  o n  t h e  s l id e .  C o lo r  s t a n d a r d s  a r e  e n c lo s e d  

in  p l a s t i c  s l id e s  a n d  c a r r y  a n  U N L IM IT E D  
G U A R A N T E E  A G A IN S T  F A D IN G .
M o d e l T -3  w i th  a n y  3 c o lo r  s t a n d a r d  
s l id e s , ' s u c h  a s  C h lo r p h c n o l  R e d , B r o m -
th y m o l  B lu e  a n d  C re s o l  R e d  (p H  5 .2 -8 .8 ) ,
a n d  a l l  o t h e r  a c c e s s o r i e s ...............   $42 .00 .
E x tr a  c o lo r  s t a n d a r d  s l id e s ,-  w i t h i n  th e  
r a n g e  (p H  0 .2 —13.6) . . . . . . . .  $8 .00  e a c h .
S ee  your dealer . . . or write for free 88-page book­

let, " M odern pH  and Chlorine Control.”

W. A. TAYLOR *a
7302 YORK RD. • BALTIMORE-4, MD

vV.V***---•**>*

I WHATMAN *
w Filter Papers
f  for
¥

Cement Analysis
The high quality of the ce­

ments sold in the United States 
today is guarded by careful and. 
accurate analyses of raw ma­
terials, clinker and finished prod­
uct.

Y
¥

Y
w

Y
¥

If  Cement chemists have speci-
2  fied WHATMAN Filter Papers

for years, finding them uniform 
in retentiveness, rapidity and 
ash weight; quickly available 
from all dealers in laboratory 

^  supplies and modestly priced.

Y
W

Y
¥

\  Most chemists prefer No. 40
for Silicas and Magnesium deter­
minations, No. 41 or 41-H for 
R A , No. 42 for Barium Sulfate. 
For the - filtration of Calcium 
Oxalate, No. 30 is a great favorite 

W in many laboratories.

Be guided by the experience 
¥  of the Cement Chemists, choose
^  WHATMAN for your work.

¥  Samples cheerfully supplied.

Yl II. R e ev e  A nge l &  Co.. In c .vv  v v . ,

52 D u an e  S tre e t , New Y ork  7, N . Y.

C ontrol pH...
TO SIMPLIFY MANY PROBLEMS

I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 18, No. 7



T y p ica l In d u s tr ia l L a b o ra to ry

SHELDON’S long, continuous, and successful e xperience ; 
e ffic ient planning se rv ice , and unsurpassed production 
fac ilit ie s  combine to provide the utmost in u tility  and 
economy in Laboratory Equipment. Let SHELDON Planning 
Engineers help you plan y o u r  r e s e a r c h  and control 
Laboratories.

SHELDON'S new  Industria l Catalog for Chemical 
and Physical Laborato ry , X - ra y , M etallographlc 
and Dark Room f ix e d  Equipment is now on the

 _________ A N A L Y T I C A L  E D I T I O N  . 25

I m p r o v e d  Fisher  T i t r im e te r

Headquarters for Laboratory Su p p lies

Fisher Scientific Co. n  Eimer and Amend
717 Forbes S t., P it ts b u r g h  (19), P a . G r e e n w ic h  and M orton S t r e e t s
2109 Lo cu st S t ., S t .  L o u is  (3), M o . N e w  Y o r k  ( 1 4 ) ,  N e w  Y o r k

In Canada: F ishe r S c ie n t if ic  C o ., Ltd ., 9 0 4  S t .  Ja m e s  S tre e t, Montreal, Q u e b e c

LABORATORY
E Q U I P M E N T

End points determined by the electro­
metric method — indicated by the un­
mistakable movement of the magic eye — 
are much more accurate than those detected 
by visual means.

F u rn ish e d  C o m p le te , R eady  F o r Use

F ish e r T itr im e te r ,  with Manual of Di­
rections, for 110 volts, A.C., $260 00

The Improved Fisher Titrim eter (Reg. 
U. S. Pat. Off.) enables greater accuracy of 
results, saves time and opens new fields of 
application. I t  lias three times the sensi­
tivity of the original model and there are 
now only three controls.
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HUPPERT'S 
MIGHTY MIDGET

LABORATORY FURNACE

L a r g e -F u r n a c e  Automatic - Control ACCURACY 
Integrally Built into Small Laboratory Unit

NOW —
any desired tem perature in the furnace range can be set and 
automatically maintained. Power input is automatically balanced 
to heat demand. You have everything in one compact unit - - no 
extra expensive controllers to buy — no space consuming panel 
boards and wiring to consider —  just connect your Huppert 
Furnace to the power line and begin producing.

H ER E IS  the newest and smallest precision furnace in the Huppert 
Line. Yet, any tem perature from 200°F. to 1750°F., may be set 
and automatically maintained on the line. Special high tem pera­
ture alloy elements and sturdy construction insure above average 
life expectancy. Standardly furnished with porcelain tray; pilot 
light for indicating furnace operation; counterbalanced, tight- 
closing door; totally enclosed contacts and quality indicating 
pyrometer. The Mighty Midget is only available for 110 A.C. 
operation. C urrent consumption is 500 watts. I.D. 3 '  x 3 '  i  3". 
O.D. 8 )4 ' x 10y>" x 8)4*.

Net Wt. 11 lbs.
Ship Wt. 17 lbs.
Export Wt. 22 lbs.

Price (Including automatic con- X f i f l O Q
N o. J-15600 froj an(j pyrometer).................... © U ——

P rice S ub jec t to  C hange  W ithou t N otice

109 W. Hubbard St. Chicago 10, Illinois

new
G Y C O P Y R O T R A N

TRANSFORMER and PYROMETER
In  O N E  I n s tr u m e n t

The Gyeo Pyro tran  is a  new heavy-duty combination transformer 
and pyrom eter. Although designed prim arily to  control tempera­
tures in heating jackets, i t  can be used wherever a variable 
transformer is required. The Pyro tran  can operate a t  full power 
for a  long period of time a t  high amperage load without any appreci­
able heat rise.

The principal feature of the P yro tran  is the method of controlling 
voltages by two snap-type switches; one for prim ary adjustm ent 
and the other for vernier adjustm ent, giving approximately three 
volt step-ups. Thus, positive repeat voltage control is assured. 
This arrangem ent eliminates sliding contacts which arc and fre­
quently burn  ou t under load. Pyro tran  switches, made wdth 
ceramic housings, have silver plated contacts for long sendee.

The Pyro tran  is provided with a  heavy-duty rubber covered input 
cable, and has tw in plug outlet receptacles for connecting both a 
hemispherical jacket and cover or two hemispherical units a t  the 
same tim e and a t  the same power. A red signal light shows when 
transform er is in operation. An easily replaceable fuse is provided 
to protect the instrum ent. Each P yro tran  is fully insulated and is 
tested to  five times the maximum working voltage to  insure safe 
operation.

A Weston pyrom eter is built into the Pyrotran  to indicate operating 
tem perature up to  400° C. A red line indicates maximum operat­
ing tem perature for heating jackets under all conditions. An 
iron-constantan fixed resistance wire lead, encased in a woven glass- 
impregnated sleeve is installed to  the Pyrom eter, w ith an "AN” 
type iron-constantan plug a t  the other end for hooking up to  Gyco 
heating jackets. (This plug m ay be removed for use w ith any 
jacket no t equipped with an "A N ” type plug.)

CG-100 GYCO P y ro tra n , complete as described above $75.00

G YC O  In s tr u m e n ts  are d is tr ib u te d  exc lu sive ly  by

SCIENTIFIC GLASS ¡53SSR “ J£
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SCHAAR & COMPANY
Com plete Laboratory Equipment 

74 8 W. LEXINGTON STREET CHICAGO 7

NEW ALL
TWO in ONE M A G N A D Y N E  R E L A Y

, ' ■ v s' * ;>> r' ' V' ̂
(O h sü isL  Jim s L  jL&jLaM O TTE BLOCK  

COMPARATOR
***• ^ " ^ 2 3  This co m p ac t L aM otte O utfit

i  g rea tly  fac ilita tes sim ple, ac- 
cu ra te  H ydrogen  Ion Control. 
It is especia lly  recom m ended  

— —i -■■ .--~~I_ ’ o r  th e  u se  of ind iv idual
op era to rs  on  any  s te p  of a 
p ro cess  w h e re  a  defin ite  

pH  va lue  m ust b e  m a in ta ined . E ven w ith  h igh ly  co lo red  o r  tu rb id  
solutions de te rm ina tions  ca n  easily  b e  m ade  w ith  ac cu racy .

C om plete  w ith  any  one  se t of LaM otte P e rm a n en t C olo r S tandards, 
to g e th e r w ith  a  sup p ly  of th e  co rresp o n d in g  in d ica to r solu tion , m easu ring  
p ip e tte  an d  m ark ed  te s t tubes. C om plete , $12.50 F.O .B ., Towson, Md.

«marks th
WITH

musical

y jU L Îi J 'im L  a .
THE NEW SERIES OF 

LaMOTTE WATER SOLUBLE pH INDICATORS
(Sulfonphthalein) pH  0.2-9.6 

In  Sparkling Crystalline Form

• REQUIRES* N O  W IN D IN G ;
merely set pointer for interval 
desired.

•  SINGLE TAP CHIME; 
once and is quiet. -

IN T E R V A L  TIM ERS
9 3 5 1 /1  30-minute ra n se   $4.15
9 3 5 1 /2  60-minute ran se   4.15

P O R T A B L E  SW ITCH ES —  for
turnin3  electric current off after a desired 
interval. For 110  volt, 6 0  cycle A .C . cur­
rent 1 0  amperes capacity.
9 3 5 1 /3  15-minute range  $6.55
9 3 5 1 /4  30-minute raege    . 6.55
9 3 5 1 /5  60-minute range...........  6 .55

♦ DIAL GRADUATED IN MIN­
UTES ; fractions are  easy to

'  estim ate, . * _ *

•  FIVE MODELS TO CH O O SE 
*• FROM*|up jo  , I Hour capacity .



All  in controllable C ^ f U  
cyc les  inside the

NEW ATLAS TWIN ARCH a lf  S iz e  
S t a n d a r d  L e n g th  6 >£ in c h e s  

D ia m e te r  B u lb  2 in c h e s

for D ispensing, Transferring and Sam ­
pling L iq u id s — Ideal for Filling Bottles 

and Small Containers

R ESU L TS 

: AS **St

The Ace Siphon Bulb is a simple and / 7 f  N
dependable device for starting siphon ¡1
flow and transferring liquids. jl

It eliminates unsanitary and danger* \  
ous sucking by mouth and the usual \ \
splashing and spilling, thus providing \\
an easy and safe method of removing 
liquids from carboys, drums, barrels, 
tanks, aquariums, etc. B,B!L

The Ace Siphon Bulb consists of a 
high-quality rubber- suction bulb, a V  ' y / /
leakproof valve assembly which starts J L  /
or stops liquid flow at the will of the \ ,
operator and an inlet nipple for attach- f a  III VS
ing siphon hose.

Pinching and releasing the bulb fills ¿//~~~-
the siphon tube and pressing the valve qHiHi I11““' / /
disc against the rim of the receiving  -----  ZJ
container opens the valve. W hen hand ^

[T7]|i pressure is released a compression spring
closes the valve and liquid is retained in 
the hose.

I? fl
The Ace Siphon Bulb can be used with 

A '  all liquids not detrim ental to the rubber and
/< 'a brass from which its component parts are
J.1 *.1 made. By washing the bulb
U \  after use and exercising
\\ j]  -a77 ordinary care however, cor-

/ J  x & . ' - 4 E r o s i v e  liquids may be si- 
Alv A i phoned.

PRICE 
com plete with  

instructions for use

Valve

ATLAS ELECTRIC DEVICES CO,
361 W. Superior St., Chicago, Illinois

O rd e r from your Laboratory Supp ly  D ealer or

THE CHEMICAL RUBBER CO.
S c ien tif ic  E q u ip m e n t,  A n a ly tic a l C h em ica ls , L a b o ra to ry  S u p p lie s  

HANDBOOK O F  C H E M IST R Y  AND PH Y SIC S 
2310 S u p e rio r Aye. •  C leveland 14, O hio

ATLAS-OMETERS
W EATH ER-O M ETER  ★  LAUNDER-OM ETER *  FADE-OM ETER
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G L A S S  A B S O R P T I O N  CELLS

O F  F I N E  Q U A L I T Y

L U M E T R O N
P H O T O E L E C T R I C  C O L O R I M E T E R  M O D .  4 0 2 - E

Sola manufacturer In the 
'K  U n i t e d  S t a t e s  of fused 'fc 

E l e c t r o p h o r e s i s  Cel ia .

M ekers of complete 
Electrophoresis Appc,r*tus

Fused in an electric furnace with cement 
that is acid, alkali and solvent resistant. 

Optical Flat Walls. Many stock sizes are 
available. Special sizes made to order.

■ KLETT SCIENTIFIC PRODUCTS
KLETT-SUMMERSON PHOTOELECTRIC COLORIMETERS •  
COLORIMETERS •  NEPHELOMETERS •  FLUORIMETERS •  BIO- 
COLORIMETERS •  COMPARATORS •  ELECTROPHORESIS 
APPARATUS •  GLASS STANDARDS •  GLASS m  I c  •  

KLETT REAGENTS

MANUFACTURING CO., 1 7 7  East 87th Street, N e w  York, N . Y.

e a m y
TURBIDIMETER
A T U R B I D I M E T E R  W I T H O U T  S T A N D A R D S

MEASUREMENT 
OF TURBIDITY (SiOs) 

DETERMINATION OF 
SULFATE ($04) 

AND OTHER 
APPLICATIONS

The H eilige T u rb id im e te r is b ased  on 
th e  Tyndall e ffec t and , the refo re, does 
n o t re q u ire  any  s tan d a rd  suspensions. 
ACCURATE, FO O LPR O O F and  UNI- 
VERSAL, th is p rec ise  in s tru m en t is 
idea l fo r tu rb id ity  an d  su ifate d e te r­
m inations of w a te r  and  of suspended  
m a tte r  in  g en e ra l. T urb id ity  m easu re­
m ent ca n  b e  m ade  dow n to  zero- 
tu rb id  w ate r.

S en d  for Inform ation an d  Prices.

H E L LI G E
I N C O R P O R A T E D  

3718 NORTHERN BLVD.. LONG ISLAND C IT Y  I. N.Y

A  highly sensitive instrument covering an unusually wide
held  of ap p lica tio n .

•  Designed for use with filters isolating narrow spectral 
bands. 16 monochromatic filters available.

•  Great variety of sample holders including test tubes, micro­
cells, absorption cells up to 150 mm light path.

•  L in e -o p e ra te d , h igh sta b ility  and re p ro d u c ib ility  due to 
use of b alanced  p h o to ce ll circu it.

•  A p p lic a b le  with accessories to fluorescence, u ltravio let 
absorption , scattering effect, haze, reflection o f opaque 
liq u id s , pow ders, pastes, so lids.

Write for 15-page bulletin.

PHOTOVOLT CORPORATION
95 Madison A venue New York 16, N. Y.

Colorimeters, Fluorescence Meters, Reflection Meters,
Glossmeters, Densitometers, Smokemeters, Photometers



C O L E M A N  I N S T R U M E N T S *
3 1 S M A D I S O N  S T . .  M A Y W O O D ,  

S A L E S  O F F I C E  N E W  Y O R K
COLEMAN

g P iS g fp i!
'  V;>‘ .

S A V E  T I M E  A N D  M A T E R I A L  
WITH A VERSATILE  COLEMAN

Fast—accurate pH tests are vital to modern product con­
trol. W herever pH is a factor—in plant or la b —reliab le  
Colem an pH Electrometers deliver precise data with real 
econom y of operation.

Portable, ru gged , unaffected by humidity or stray 
fields, only the Colem an pH Electrometer has fully  Auto­
matic Tem perature Com pensation. Reads both pH and 
millivolts—measures oxidation reduction potentials. 

W rite for new Bulletin B-207.

A VAILA BLE N O W ...........................................PROMPT DELIVERY

PH Y SIC A L CONSTANTS 
OF H Y D R O C A R B O N S

by Gustav EgloiT
Director o f Research , U niversal O il Products Co., Chicago 

American Chemical Society M onograph No. 78

V o lu m e  I I I —  M o n o n u cle a r  A r o m a tic  C o m p o u n d s  
674 p a g es $15.00

We are particularly glad to announce the publi­
cation of the third volume of this exhaustive 
catalog of hydrocarbon compounds and their 
properties.
Volume III  contains the structural formulas and 
complete data on the boiling point, melting 
point, density, and refractive index of the ben­
zene series of hydrocarbons. This highly im­
portant group of substances forms the very core 
of organic chemistry. Knowledge of their physi­
cal properties is, therefore, indispensable in all 
branches of industrial research; it is especially 
necessaTy for those in the coal tar and petroleum 
fields. Every technical library and organic re­
search chemist will find particular need for this 
volume of the series.

E A R L IE R  V O L U M E S  
V o lu m e  I —  P a ra ffin s , O le fin s, A c e ty le n e s , a n d  O th er  
A lip h a tic  H yd ro ca rb o n s 4 i6  p a ges $10.00
V o lu m e  I I  —  C y c la n es , C y c len es , C y c ly n es , a n d  O th er  
A licy c lic  H y d rocarb on s 608 p a g es  $12.50

REINH0LD PUBLISHING CORP.

C O L E M A N  
E L E C T R O M E T E R S

TEMCOw S
M O D EL G R P

FO R  H E A T  T R E A T IN G  
S M A L L  T O O L S  A N D  
P A R T S . T E S T IN G  A N D  
L A B O R A T O R Y  W O R K .

F A S T  H E A T IN G  — 1500°
F. in 30 m in.T em perature 
controlled by four point 
s w i t c h  s e t  f o r  5 0 0 ° ,
1000", 1500° and 1850° F.
T h e s e  s e t t i n g s  easi ly
changed by adjusting bands on rheostat coils. D epend­
able indicating pyrom eter is calibrated in  both Fahren­
heit and Centigrade scales.
U N IFO RM  TEM PER A TU R E— H eating elem ent of highest 
quality nickel-chromium alloy forms a continuous coil 
and is embedded in sides, top and bottom  of m uffle 
chamber. This construction assures uniform  tem per­
ature and protects element from damage and oxidation. 
Complete muffle uni t  is replaceable,
P O R T A B LE— Body is alum inum . T otal "weight, 17 lbs. 
Muffle chamber, 4" x 3-54" x 354”; furnace overall, 
954" x 1354" x 101/ 2". Supplied w ith attachm ent cord. 
Operates on A.C. and D.C., 115 o r 230 V. (be sure to 
specify voltage). Max. pow er consum ption 1200 watts.
M ode! G R P  co m p le te , 115 V .................... S 5 0 .0 0 , 230  V . . ................. 5 5 5 .00

S e e  yo u r s u p p ly  house o r  w r i te

THERMO ELECTRIC MFG. CO., 478  W . lo c u s t  S t . ,  D ubuque, lo .
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all of fhe advantages 
of the well established 
Hercules method without 
any of its disadvantages. 
Range extended to cover 

75 to 1,000,000  
centipoises Constant tem­
perature jacket built-in. 
Automatic timer can be 
furnished upon request. 
Write for bulletin No. 451.

U. S. PATENT NO 2,252,572 LICENSED 
UNDER HERCULES POWDER CO PATENTS

*Will be featured in 
our new bulletin.

S M I T H - N E S T E R
S T I L L

with magnetic reflux con­
trol, vacuum jackets and 
flat ground jo int between 
column and distilling head. 
Flat ground connection', * 
held securely by newly de­
veloped clamp, is vacuum 
tight and eliminates freez­
ing or sticking. Solenoid- 
activated "clapper'' per­
mits accurate regulation of* 
reflux ratio. Column which 
can be furnished in various 
lengths is provided with 
electric winding and pro­
tective jacket. This Still 
has compact, efficient head 
with very small holdup and 
can be used over wide 
range of temperatures from 
below '25 deg. C to well 
above 200 deg. C. Sup­
plied with clamp for flat 
ground joint, solenoid and 
six feet of rubber-covered 
cord. Fraction Cutter tor 
use with the above Still in­
corporates vacuummanom - 
eter for use at pressures 
below 150 mm Hg. and 
novel control stopcock tor 
simplified operation. Liquid 
jacketed calibrated re ­
ceiver prevents evapora­
tion of low boiling distil­
lates.

F o r C om plete In fo rm a tio n  
w rite  to:

ECK & KREBS .
131 W. 24th St. • New York 11, N . y .

MODIFIED K JE LD A H L
Distilling Apparatus

Smith-Nester design for macro or micro am­
monia distillations and steam distillations in 
general. Compact, sturdy, reguires no rubber 
tubing. Consists of one liter steam generator 
flask (heated by gas flame), sparger, spray 
trap and very efficient condenser. Can also 
be supplied for use with rubber stoppers in­
stead of interchangeable ground glass joints.



These are the optical elements of a monocular microscope— condenser, objective and eyepiece

BALCOTE'
for Microscope Optics

Balcote has already more than proved its and condensers will soon, be available
worth in actual use on binoculars, photo- for your microscopes. Orders will be ac-
graphic lenses, and military optics. Now cepted for delivery as our production fa-
Bausch & Lomb is announcing this same cilities will permit.
anti-reflection surface treatment for For complete information, please write
microscope optical systems! Bausch & Lomb Optical Co., 609-7 St.

Eyepieces, binocular bodies, objectives, Paul Street, Rochester 2, N. Y.
* Balcote is the revolutionary anti-reflection coating  developed by Bausch & Lom b O ptical Co.

BAUSCH & LOMB


