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Wosico oo

ES, he CAN get by without shav-

ing, today maybe. . . . and you,
too, may get by without using Chro-
mel-Alumel Leads with your Chro-
mel-Alumel Couples. But if you are
using so-called “‘compensating leads”’
with those couples, here’s what it
means—

In such a hook-up, the leads and:

couples of course don’'t have the
same composition. Hence where
they join in the couple handle, a
thermo-electric junction exists. If
this junction doesn’t get very warm,
no significant error is introduced.
But if it gets very hot, as it often
does, then the error may indeed be

VOL. 8, NO. 2

serious. The point is, that ‘‘com-
pensating leads’’ used with Chromel
couples are always at least a poten-
tial source of erroneous temperature
readings. So why take this chance
of trouble?

The way out is simple: just use
Chromel-Alumel Leads with Chro-
mel-Alumel Couples. @ Where they
join, since they’re of the same com-
position, there is no thermo-electric
effect, and thus you eliminate that
source of error. . . It’s risky busi-
ness, this thing of trying to ‘‘get by”’
. . . For the complete story, send for
Folder-GY. ... Hoskins Manufac-
turing Co., Detroit, Mich.

LEADS ano COUPLES
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All-purpose
Filter Paper

... not 3 Grades

Retention _
Eﬂiciency B The idea surely must appeal—it may
seem radical. Times change. Proc-
esses improve—even in filter paper

SP CQdY - D L treatment. Baker & Adamson is out
F]ltratlon _nt 2 in front.

Think of the convenience. One
paper—no hesitance in choosing at
the bench, no multiple stock to
watch in the storeroom. One grade

—retentive enough for fine pre-
cipitates, sufficiently strong
for all practical require-
ments and speedy

beyond anything of
equal fineness. Will
amaze you on Iron or

Aluminum precipitates.

Try it out at our expense. We'll
quit talking and send you an ade-

. ; quate test supply, if you’ll give it a
P raCtlca]. critical trial ... You’ll be surprised
Strength and we’ll get an order.
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TEST SAMPLES OF B.&A. FILTER PAPER

IF YOU HAVE NOT RECEIVED

FOIU RS CO P OE T H'E BAKER & ADAMSON DIVISION

BAKER & ADAMSON GENERAL CHEMICAL COMPANY, 40 Rector St., New York

CATALOG - S PIACE A" Send me your FREE SAMPLE ENVELOPE of B & A Filter Paper Circles,

CHECK MARK HERE which I will test for a personal observation of its speed and efficiency.
Name: i ne s i sl i e e s e P S e e
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Some of the

Important

MERCK
REAGENT
SOLVENTS

*

ACETONE REAGENT
ALCOHOL AMYL ISO REAGENT

ALCOHOL METHYL ABSOLUTE
REAGENT

BENZENE REAGENT
BENZIN REAGENT
CARBON DISULPHIDE REAGENT
CARBON TETRACHLORIDE REAGENT
CHLOROFORM REAGENT
ETHER ANHYDROUS REAGENT

ETHER REAGENT

ETHYL ACETATE REAGENT Many times when Solvents are used, exacting

e oo research or analytical work is involved. The expe-

rienced chemist knows that he can depend upon
PYRIDINE REAGENT

t WMIERCIK

B  LABORATORY CHEMICALS

Write us if we can be of Service.

MERCK & CO. Inc. ° Manufacturing Chemists RAHWAY, N. J.

NEW YORRK PHILADELPHIA . SETes =IO UATES
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SARGENT RPS

Rubber Plated Sz‘ee/
LABORATORY SUPPORTS

Patents Pending

Welded steel structures are completely plated
with a thick layer of pure latex rubber.

A thick, protective coating of pure latex rubber and welded steel struc-
tures constitute the most practical and durable combination of materials
for service in laboratory environment. The latex rubber is electrolyti-
cally deposited over the entire structure, leaving no metal surface ex-
posed to corrosion.

Sargent RPS supports are unaffected by corrosive agents which
ruinously attack metal plated, enameled or wood supports.

The thick layer of latex rubber is soft, resilient and extremely tough,
effectively resisting abrasive action. The supports, welded at all unions,
are rigid and cannot become loose or unjointed.

RPS supports absorb or retain no contaminating material and may be
easily and thoroughly cleaned, or sterilized by boiling in water. Because
glassware contacts no other material than soft, resilient latex rubber, nor-
mal breakage rates are materially reduced.

Sargent RPS Funnel support No. 9793 has been designed to eliminate
the former unnecessary and awkward adjustable shelf. The height of
the fixed shelf is such that the 150 mm stem of an analytical funnel ex-
tends to a suitable depth into beakers of 250 ml to 600 ml capacity. The
support accommodates, in a double row, 12 funnels of 50 to 75 mm
diameter and 12 beakers of 250 ml to 600 ml capacity.

Sargent RPS Kjeldahl support No. 9783 accommodates six flasks of
500 and 800 ml capacity which are held securely by spring clips and which
may be easily removed by a slight pressure in the direction of the long
axis of the support without heed of holding the support itself.

All Sargent RPS test tube supports have shelves at three levels in
contrast with older designs which provide only two shelves from which
tubes are easily dislodged. This added precaution makes it impossible
for a tube to fall through a Sargent RPS test tube support. Drying
pins are an integral part of the support structure.

Prices and Discounts

9783—Kjeldahl Support, for 500 and 800 ml ﬂasks. Sk PGS (L,
Discount: 6-10%: 12-20%.

9793—Funnel Support, 12 place. .............. ... ... ... ... $2.75 ea.
Discount: 6-10%: 12-20%,.

9813—Test Tube Support, 12 place, for tubes 3/s" to1”. .. .. .. ... $1.40 ea.
Discount: 12-10%: 36-15%: 72-20%: 144-25%,.

9809—7T'est Tube Support, 12 place, for tubes 1/" lo 3/." . . . .. $1.25 ea.
Discount: 12-10%: 36—16%: 72-20%: 144-259%,.

9811—7Test Tube Support, 24 place, for tubes 1/>" to 3/s". . . . . $1.50 ea.
Discount: 12-10%,: 36-15%: 72-20%: 144-25%.

9815—7Test Tube Support, 24 place, for tubes */," fo1". . . . .. $1.75 ea.
Discount: 12-10%: 36-15%: 72-20%: 144-25%,.

Bullelin on Request

SARGENT

E.HSARGENT & CO. CHICAGO

LABORATORY SUPPLIES
155-165 E. Superior St. : Chicago, lIl.
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ADVANTAGES STANDARD SIZES AND PRICES

PRICE
*Doreco Enclosed Element . . . Impervious to TYPE CHAMBER SIZE FURNACE RHEOSTAT
fumes. We s He 5 oNLY. " ONLY:

MP1 4"x 3" x 8" $60.00 $14.00
MPI-A 4"x3"x10” 70.00 15.00
MP2 6" x4"x 12" 90.00 18.00
MP3 8" x6"x 14" 115.00 38.00

*Dual Input...High for quick heating;
low for holding at temperature.

*Plug Type Door. . . Seals perfectly. . . .stops
losses.

*Cool Terminals . .. Heavy industrial type MP4 10” x 6” x 187 175.00 53.00
offlarge o (Type MP Furnaces are also available with
*Heats Quickly . . . Uniformly . . . Eco- rheostats enclosed.)
nomically.

TYPE MP MUFFLE FURNACE

COOLEY MUFFLE FURNACES HANDLE THE HARD JOBS!

One has been running for thirteen months continuous service at 1850 degrees F; heating
small stainless steel parts in an atmosphere that viciously attacks exposed elements. Three
others are fusing bifocal lenses, an operation that requires precision and accuracy.

CHEMISTS AND METALLURGISTS HAVE ACCEPTED COOLEY ELECTRIC
FURNACES because these furnaces are handling their jobs under extreme conditions. There
is no premium to be paid for this quality of equipment and added value of performance.

For further details concerning Muffle, Combustion Tube, Crucible Furnaces,
and Hot Plates, write for our catalogue No. 34 or consult your dealer.

COOLEY ELECTRIC FURNACE CO., "RBANR™"

Micro - Analysis .

now of interest to all chemists ®

The technique of carrying out chemical analytical determinations of the elements
by using only minute amounts of substances has to-day reached a state of im-
portance equal to that of large scale qualitative and quantitative chemical
analyses. The value of all ana?ytical work rests fundamentally on the accuracy
of the apparatus used.
A.P\W. PLATINUM WARE have always qualified as the most
reliable means for obtaining absolute accurate results.  We have
published a special leaflet called

PLATINUM MICRO-APPARATUS

Showing all various types of micro wares.

ASK FOR YOUR COPY TODAY

For the first time any chemist has the opportunity for making all
the chemical determinations with Platinum Wares, which formerly
only a most lavishly equipped analytical laboratory could afford.

complete micro or semi-micro analytical equipment in platinum
involves only a relatively small cost.

WE INVITE YOUR INQUIRIES

The AMERICAN PLATINUM WORKS

N.J.R.R. AVE. AT OLIVER ST.
NEWARK, N. J.

Refiners and Manufacturers of Platinum, Gold and Silver




MARCH 15, 1936 ANALYTICAL EDITION 9

PRECISION
CONTROL ANp RESEARCH

ILLUSTRATED
PRICE LIST

LAstARE

luncnnnu‘”bl

WWLUSTR AT
PRICE LISy

KIMBLE GLASS COMPANY
VINELAND, M. J.

peiRolt « 10110K

Htw YORK - CHIGAGO [ PRILABILPNIA 4

KiMeLe GLASS

VINE

NV roa .C?MPANY f'j

These New KIMBLE
Catalogs should be | ——

in every Laboratory

LAND ‘N
HEAGCD e 3

A g

¥ * tinony f

Every buyer of scientific glassware—every chief
chemist, research man, clinical technician, and
chemical department head in schools and colleges—
will want one or more of these new Kimble books:

BLUE LINE EXAX CATALOG — complete listings,
illustrations and prices on Blue Line Retempered
and Retested Graduated Glassware.

NORMAX CATALOG— complete line for Precision,
Control and Research.

K-BRAND CATALOG—on lamp and mould blown
laboratory glassware.
CR )

Mail your coupon today. Dour copies will go forward promptly.

KIMBLE GLASS COMPANY

DEPT. 16 VINELAND, N.J. YAME
Please send the Catalogs checked: FIRM......
[] BLUE LINE EXAX [ ] K-BRAND TITLE

[] NorMAX ADDRESS
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ULFURIC ACID

MANUFACTURE

by Andrew M. Fairlie
American Chemical Society Monograph No. 69

OR the first time in English, an attempt has been made to produce within the
compass of a single volume a book on Sulfuric Acid Manufacture which would
be at once authoritative, reasonable in price, and handy to use.

Describing both the nitration (chamber) processes and the contact processes as
practiced in the United States and abroad, it deals with many developments of
prime importance to the sulfuric acid industry which have been evolved and
placed on a practical working basis during the last ten years—flash roasting
processes, liquid-cooled chambers of the new Mills-Packard and Gaillard-Parrish
types, new tower processes, a new contact process, new sulfur burners, sulfur spray
nozzles for molten sulfur, sulfur-fired steam boilers, new vanadium and platinum
catalysts, the expansion of the use of vanadium-mass, self-contained heat-
exchange converters, etc.

There is no previous book in any language that describes all of these recent de-
velopments with an array of up-to-date details, pertaining to equipment and
methods of operation used in modern manufacturing practice.

CONTENTS

Preface. : Emphas:s is laid on the value of the follow-
;’I‘its‘;‘;i‘é‘;tlmn' ing tables included in the Appendixes.
Chemistry and Theory Relating to Sulfuric Acid Manu-

facture. I. Hydrometers.
Construction Materials. II. Sulfuric Acid Tables of the Manufacturing
Production Materials. Chemists Association of the United States.
Burners, Roasters and Furnaces. ITI. Sulfuric Acid Temperature Correction
Bl'.lmex_'- or Furnace-gas. ; ; Tables.
o oo Hiration, IV. Sulfuric Acid Conversion Factors.
Lead Chambers and Chamber Substitutes. V. Sulfur Dioxide Percentage Tables.
Recovery of Nitrogen Oxides. VI. Nitrosity of Nitrous Vitriol or Sulfuric Acid.
Auxiliary Equipment of a Nitration-process Plant. VII. Boiling Points of Sulfuric Acid Solutions.
Colr;;grll?c Plant Design—Operation of a Nitration-process VIII. Propcrtie? ?f ShturatediSteam: .
Purification and Concentration of Sulfuric Acid. IX. Tables G1v1_ng the Compqsition and Weight
Contact or Catalytic Processes. General Discussion. of Sulfuric Acid Solutions, from 1.02 to
The Composition of Burner- or Furnace-gas. Cleansing, 100 per cent HzSOs.

Cooling and Drying the Gas. X. Fuming Sulfuric Acid Tables.
Blowers; Preheaters; Heat-exchangers; Converters. XI. Table for Finding Conversion Percentage.
Catalysts. 3 x 5
Comparison of Platinum and Vanadium Catalysts. XII. Brick Shapes, Illustrated, with Sizes.
SO;s-gas Coolers; SO; Absorbers; Oleum Manufacture; XIII. Lead Pipe and Sheet Lead, Sizes and

Miscellaneous Contact-process Equipment. Weights.
Complete Contact Plant. Operation. Methods of Con- XIV. General Conversion Factors (9 pages of

trol of Process. N ; them) for Converting Quantities of a
Special Types of Contact Plant; Individual Installations. Given Unit into Equivalent Quantities of
Mixing and Shipping Sulfuric Acid; Hazards and Safety a Different Unit.

Measures; Costs and Cost-accounting; To Buy or To

Build? Choice of Process; Trends in the Industry. XYV. Nomographs.
APPENDIXES.

672 Pages . lllustrated - $9.75
REINHOLD PUBLISHING CORP. 3% Wetdand sueet
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—THE MARK OF

(]NLY skilled hands make the laboratory

glassware that carriesthe trade-mark “Pyrex’’.

They are the hands of expert workmen whose
chief concern is the fabrication of technical
glassware.

More than this, their work is guided by
chemists, physicists and engineers who are
leaders of progress in this field; they are sup-
plied with the most modern and complete
tools of their trade; and they work with the

material that gives fullest scope for their

skill—¢Pyrex’’ Brand heat-resistant glass.

In making the more elaborate apparatus,
they deal with lamp-blown blanks of uniform
wall thickness. The skill and thoroughness
of master craftsmen have made products of
the Corning Lamp Shop famous for superior
strength, uniformity and reliability.

Your investment in laboratory glassware
is best protected by making sure each' piece,
from a test tube to the most complicated

piece of apparatus, carries the mark “Pyrex”.

“PYREX? is a registered trade-mark and indicates manufacture by

CORNING GLASS WORKS

/4

LABORATORY

+ CORNING, N. Y.

7/

GLASSWARE
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A. H. T. CO. SPECIFICATION

BURETTE MENISCUS READER, A.H.T. Co. Speci-
fication. With improved type of background, quick-
acting clamp and focusing lens. Designed primarily for
observing the position of the meniscus of an aqueous
liquid in a burette, which is sharply defined as a curved
black line against a white field. Can be used with tubes
of from 6 mm to 21 mm diameter, the depth of focus of
the lens being sufficient to permit superposition of lines
on the front of a tube with those on the back—on burettes
with all-round graduations—avoiding parallax. Observa-
tions can be made with either reflected or transmitted
light and position of the meniscus at a mercury-gas or
mercury-water interface can be accurately observed.
Construction is rigid but light in weight, being of alumi-
num finished in dull black.

Thermometer reading attachment contains a lens of
greater magnifying power than that supplied for use
with the Burette Reader and of different depth of focus,
so mounted that reflections from the surface of the outside
tube of the enclosed scale thermometer such, for example,
as a Beckmann thermometer, are reduced to a minimum.
This greatly increases ease and accuracy in reading a
thermometer scale graduated in small intervals.

2502-A

Thermometer Reading Field of view on bu-
Attachment rette with all-round

graduations, with eye

in correct position, i.e.

no parallax on critical
line A—B

2502.  Burette Meniscus Reader, A.H.T. Co. Specification, as
above described, without Thermometer Reading Attach-
ment 7.50
Code Word .... Bilya

2502-A. Thermometer Reading Attachment, only, for interchange-
able use in the holder of No. 2502 Burette Reader. 5.00
Code :Word :2sstisndbisieinstaiishit sl aing Bimaw

9632

THERMOMETER READER, A.H.T. Co. Specifica-
tion. With”improved type of background and quick-
acting clamp exactly as furnished with No. 2502 Burette
Meniscus Reader, but with a higher power magnifying lens
so mounted that reflections from the surface of the outside
tube of an enclosed scale thermometer such, for example, as
a Beckmann thermometer, are reduced to a minimum.
This greatly increases the ease and accuracy of reading a
thermometer scale graduated in small intervals.

The Burette Meniscus Reading Attachment contains a
lens of lower magnifying power and of different depth
of focus, mounted in a shorter tube, for observing the
position of the meniscus of an aqueous liquid in a burette,
which is sharply defined as a curved black line against a
white field.

9633 Field of view in Beck-

Burette Meniscus Read- mann_ . Thermometer
ing Attachment graduated in 0.01°

9632. Thermometer Reader, A.H.T. Co. Specification, as above
described, without Burette Meniscus Reading Atil:gc(l)xa

men
CodexWord: T i cot i Sl e, S e e Ovjiv

9633. Burette Meniscus Reading Attachment, only, for inter-
changeable use in the holder of No. 9632 Thermometer
Readar i S S St it 2.50
Code W Ord S A e e e P T Ovjlp

9633-A. Combination Outfit, for thermometer and burette meniscus
reading, consisting of No. 2502 Burette Meniscus Reader
and No. 2502-A Thermometer Reading Attach-
T L b R G B i sl G G R s L e 12.50
Code s ord S R e s s o Ovjre

The Burelte magnifier is not suitable for reading ther-
momelers and the thermometer magnifier is not suitable
for meniscus reading because of the great difference in
magnifying power, depth of focus, elc.

ARTHUR H. THOMAS COMPANY

RETAIL—WHOLESALE—EXPORT

LABORATORY APPARATUS REAGENTS

WEST WASHINGTON SQUARE
PHILADELPHIA, U.S.A.

Cable Address, “Balance,” Philadelphia

VOL. 8, NO. 2
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Surface-Tension Measurements of Viscous Liquids

A. H. PFUND AnD E. W. GREENFIELD, Johns Hopkins University, Baltimore, Md.

By allowing a small air jet to impinge on the surface of a
liquid, there is produced a small depression whose depth is
an inverse function of the surface tension of the liquid.
This procedure is particularly suited to viscous liquids.

HE usual methods for surface-tension measurements fail

when applied to highly viscous fluids. The following
method, developed by one of the authors (A. H. P.) in 1932
and tested by the other (E. W.G.)in 1934 is based upon the
observation that if a small air jet be allowed to impinge on
the surface of a liquid, an indentation or depression of the
type shown in Figure 1 is produced. The depth of this de-
pression has been found to be an inverse function of the sur-
face tension. The method is at its best when applied to
liquids which are nonvolatile, viscous, and transparent.

The general arrangement of the apparatus is shown in Figure 2,
where A is a glass tube drawn down to a bore of about 0.8 mm.

at its lower end which is separated by about 3 mm. from the

liquid surface, C. While there is nothing critical about the di-
mensions of the cell, B, the thickness of the fluid layer in the direc-
tion LM was chosen as 10 mm. The depth of the depression is
1 to 2 mm. since instability sets in when the depth is made con-
siderably greater. Measurements of the depth of the depression
are carried out with a short-focus Gaertner telescope, M, sup-

lied with a micrometer eyepiece reading to 0.01 mm. II-
umination is effected by means of the small lamp, L, which is
replaced by an arc lamp when the liquids are nearly black.
Light coming over the top of the liquid is cut out by the opaque
shield, S. Since it is necessary that the distance between the
end of the glass tube, 4, and the liquid surface be kept constant—
a condition difficult to realize by attempting to fill the cell always
to the same level—an arrangement of the type shown in Figure 3
was adopted.

Ficure 1. Form oF DEPRESSION WITH Suc-
CESSIVE INCREMENTS OF AIR PRESSURE

Here the cell, B, which fits neatly between the blocks, DD, is
mounted on a plate, E, to which a hinge, H, is attached at one
end and a screw, F, at the other. By means of this screw it
is possible to raise or lower the cell bodily and thus to bring the
image of the undisturbed surface into coincidence with the
telescope cross hair, set to the zero reading of the micrometer.

To facilitate cleaning, the cell is made out of a brass block, 10
mm. thick, from which a U-shaped portion has been removed.
The glass plates forming the sides of the cell are simply held
against the carefully machined sides of the brass block with small
clamps (not shown).

S

FiGure 2. ARRANGEMENT OF APPARATUS
YA
C
H I D
O] E

FiGure 3. ARRANGEMENT FOR MAINTAINING
CONSTANT SEPARATION BETWEEN JET ORIFICE:
AND LiQuip SurrAceE
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8 For the sake of brevity,
no description of the appara-
tus used in the production
and maintenance of constant
3 = air pressure will be given. A
pressure of about 2.4 cm. of

2 49 water was found best. Cali-
N \\J bration was effected by
= means of the known surface
St \ tensions of pure liquids—
N N2 water, glycerol, glycol, di-
8 '\ butyl phthalate, and several
Sa mineral oils—no corrections
$s N being applied for density
< differences. The calibration

b

\ curve obtained is shown in
Figure 4, where the data are
7 plotted on double logarithmic

B

Yo esoske #  paper. The equation of this
Surface Tension (dyne.:/my curve is
Ficure 4. CALIBRATION
CurvE, Liquins oFr Known v = Ka—'/

SurrAcE TENSION

1, Water. 2, Glycerol. 3, Gly-
col. 4, Dibutyl phthalate. 5, Oil
104. 6, Oil 108.

where v is the surface tension,
K a constant, and a the depth
of the depression.

An advantage of the air-jet method over other methods is
brought out in a study of temperature-surface tension rela-
tionships in oils used for the impregnation of cables. The
specific case chosen for the sake of illustration relates to a
mineral oil designated as No. 100/100. At 100° C. this oil
had a viscosity of 0.5 poise and was therefore fluid; at 60° C.,
however, the viscosity has risen to 4 poises and the oil was
thick. Surface-tension measurements made by the air-jet
method and by the “Jolly balance platinum ring” method
are in excellent agreement at temperatures above 60° C.

As shown in Figure 5, measurements by the platinum ring
method become very erratic at 60°, only to become meaning-
less at lower temperatures. The jet method, however, is not
subject to such limitations. Even at 25° C. where the oil
would not pour—the viscosity having risen to 85 poises—
the depression had reached a constant depth in 12 seconds and
measurements could be carried out with the same ease.

This method is obviously applicable also to molten metals
and to opaque materials in general. By directing a jet of
pure nitrogen (in place of air) against the surfaces of molten
bismuth and tin, it became evident that the surface tension
of these materials is much greater than that of water. Up
to the present time no entirely satisfactory method for measur-
ing the depth of the depression has been found.

Another possible application of a modified jet method lies in
the measurement of interfacial tension of water in contact
with some nonmiscible, viscous liquid such as a heavy oil.
In this case, a small, vertical jet of water, directed upward
within the water and striking the oil-water interface perpen-
dicularly, distorts the interface into a small hump or eleva-
tion whose height may be measured as before. Calibration

e
o

P e

3

Surface Tension(tynesfen)
A
3

o 20 30 Q0 50 0 70 o 40 700
Temperature®C.
SurrAcE TENsION vs. TEMPERATURE
(MmverAL O 106)

xx Platinum ring-Jolly balance method
00 Air-jet method
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may be effected through the use of liquids having higher
fluidity and a known interfacial tension with water. In the
absence of such information it is always possible to make
measurements by creating electrically excited ripples (1) at
the interface between water and nonmiscible liquids of high
fluidity.

In connection with the preceding work it was noticed that
air jets are extremely sensitive to short sound waves. If an
air jet of the previously described type be directed vertically
downward on a water surface—the separation between orifice
and surface being 7.5 cm. and the pressure equal to 7.5 cm.
of water—the depression immediately disappears as soon as
a hissing sound is produced or if keys be rattled. There is a
critical jet velocity and separation at which the sensitiveness
is greatest. The behavior of the jet is therefore similar to that
of the well-known ‘‘sensitive flame.” The sensitive jet is well
adapted for lecture-room demonstration: It is merely neces-
sary to use a vertical projection lantern and to send the light
through a flat-bottomed glass dish containing water. By
focusing the water surface on the screen, it is found that a
black spot appears where the water surface is deformed. This
spot disappears immediately upon the production of short
sound waves.

Literature Cited
(1) Pfund, A. H., Phys. Rev., 32, 326 (1911).

Recervep November 1, 1935. Presented at the meeting of the Committee
on Insulation (National Research Council) at Urbana, Ill., 1934,

A New Buret for Potentiometric
Titrations

L. S. KEYSER, University of Illinois, Urbana, Ill.

HE burets which are com-
monly used for potentio-
metric titrations are usually the
ordinary straight type or
those which have the faucet
type of stopcock. In many
titrations where a sfirrer, elec-
trodes, and other apparatus are
necessaryin or above the titrat-
ing receptacle, it has been
found convenient to use the
buret herewith illustrated. It
has the advantage of allowing
control of the stopcock at a
comfortable distance from the
encumbering mechanism over
the reaction vessel. Although
the buret is not available from
laboratory supply houses, it can be easily constructed from
the ordinary straight buret by anyone possessing a minimum
of glass-blowing ability.
The tapered end of the stopcock tip is cut off at its base as
far from the stopcock as possible. The stopcock is then

. wrapped with asbestos cord or other suitable protection

afforded and a length of glass tubing having the same approxi-
mate dimensions is sealed on. The tube is then bent into the
shape shown and the end drawn off to give a tapered point.

Recervep December 31, 1935.



Laboratory Service Testing of Automotive
Lubricating Greases

E. N. KLEMGARD, Shell Oil Co., Martinez, Calif.

REASE manufacturers in
the United States produce
annually nearly 300,000,000
pounds of lubricating grease,
which is sold for approximately
$18,000,000. Of this total
amount, 150,000,000 pounds of
special grease, about 50 per cent,
are consumed in automotive
units. As in other industries,
grease manufacturers are in-
tently alert to new developments
in mechanical engineering, par-
ticularly in the automotive field.
This is only natural, since
roughly one-half of the total
amount of grease produced is
consumed by the motorist.
Special service tests for automobile lubricating oils and gaso-
line have been more or less standardized, but the service
testing of lubricating greases has been largely a matter of
special technic developed as occasion necessitated by the
grease manufacturer, automobile manufacturer, institution,
or consumer. Because casual observation of service results
in equipment on the road often leads to erroneous results and
comparisons, laboratory service tests are frequently used to
secure more precise data from which definite conclusions may
be drawn. Insome
cases, a series of
greases differing
only slightly in
their usual proper-
ties must be
studied to deter-
mine their relative
service value.
Road tests for
thousands of miles
might be needed to
reveal practical
differences, but
accelerated labora-
tory service tests
can be devised
which enable defi-
nite comparisons
to be made in a
few hours.
Obviously, serv-
ice tests may be
used for proving
that under a given set of conditions one grease is superior
to another. The time-honored tests for melting point, pene-
tration, and per cent of water, soap, and ash, while of greatest
value as control tests to secure uniform quality, leave too
much to the investigator’s imagination in predicting service
performance. Carefully performed laboratory service tests
are believed to be invaluable as indicators, pointing the
direction in which definite improvements in automotive
greases may be made.
Salesmanship must necessarily take into consideration

tions.

APPARATUS FOR DETER-
PROPERTIES OF
IN SPRING

Ficure 1.
MINING RETENTION

PRESSURE-GUN GREASES
SHACKLES

The importance and necessity of develop-
ing service tests of value in formulating im-
proved automotive greases are emphasized
in view of the grease industry’s desire to
meet more adequately the demands of
modern cars, high-speed driving, and the
consequent more severe lubrication condi-
Laboratory service tests have been
devised which permit comparisons of sery-
ice properties to be ascertained more
quickly, economically, and precisely than in
more laborious road tests.
however, considered necessary for final
evaluation of service properties.
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color of the grease, odor, cus-
tomer appeal, attractive appear-
ance, and type of container,
but performance must not be
ignored. The discriminating
purchasing agent, chemist, and
engineer are frequently in-
terested in knowing just how
good & given lubricating grease
is and how it performs in
service.

Pressure-Gun Grease

Road test
oa sts are, Many of the cars on the road

are equipped with some form
of plain bushing shackle. In
some cases, needle bearings
have been fitted into the king pins, and the development
of “knee-action” front wheels has brought about modifi-
cations in steering mechanism bearings. However, the
chief problem regarding the quality of pressure-gun greases
is their ability to “stay in place.” For this reason service
tests for determining the retention characteristics of such
greases have been developed by grease manufacturers and
are of interest.

As with most lubricating grease problems, the viscosity
of the mineral oil content, the consistency of the grease
while being applied and while performing within the bearing,
and the quality and amount of soap may all influence results
obtained in service. For this reason, precise service tests for
establishing the value of these items are very difficult. That
much research remains to be done can be inferred from the
fact that one finds on the market different gun greases manu-
factured with calcium, aluminum, and sodium soaps. Thus,
the “experts,” who in this particular case must be the grease
manufacturers, do not agree. Perhaps a condition exists
which is similar to that occurring in the food and clothing
industries: that which pleases one is rejected by another for
psychological reasons. Technically it should be possible to

MoODIFIED APPARATUS FOR DETERMINING
RETENTION PROPERTIES

Produces more rapid vibration than device shown in Figure 1

Ficure 2.
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TaBLe I. PraysicaL aAND CHEmIcAL TEsTS ON COMMERCIAL PRESSURE-GUN LUBRICANTS

Dropping
oint 3
Lubricant Penetration at 77° F. Ubbe- Kind of
Designation Unworked Worked lohde Soap

355 Al 400 ey 385 89 Aluminum
375 Ca 301 362 375 97 Calcium
340 Ca 319 347 340 90 Calcium
370 Ca 350 375 370 90 Calcium
314 Ca 868 315 314 96 Calcium
336 Ca 335 323 336 25 Calcium
318 Ca 460 320 318 Calcium
345 Ca 310 342 345 Calcium
354 Ca 315 354 354 Calcium
335 Al 290 325 335 Aluminum
321 Ca 3000 (blown £

saponifiable oil) 316 321 90 Calcium
319 Ca 35 (latex) 309 319 88 Calcium
227 Ca 300 207 227 92 Calcium
318 Ca 500 (poly- £

isobutylene) SENs 318 95 Calcium
305 Ca 310 (milled) 305 305 91 Calcium
285 Ca 500 (latex) A 285 95 Calcium
282 Ca 425 i 282 ER0S Calcium
350 Na 3100 i 350 135 Sodium
450 Na 2500 WA 450 o Sodium
390 Al 3000 RS 390 101 Aluminum
400 Al 1000 (app.) LA 400 e Aluminum
350 Al 1000 (aI?p.) S 350 Aluminum
0il 2000/100° F. Eint AR

S. U. Viscosity of

Flow of Grease through Saybolt
Mineral OiIOContent .

Universal Viscosity Tube
35° F. 77° F. 100°

Ash at 100° F. Texture 0° F.
% G./min. G./min. G./min.
e 400 Smooth 0.5 9.7

1.04 301 Smooth S0 e

1.06 319 Smooth feis 35
S 350 Smooth 35 o

1.61 868 Smooth 5 oTe e
B 335 String: 0.3 2.0 15.1

1.34 460 Smoot! 0.7 11.0 25.2

1.7 max. 310 Smooth 1.4 19.8 o

1.7 max, 315 Smooth 2.0 22.8 35
3§ 290 Smooth 0.3 7.9 37.0

3000 Stringy e 151

35 Stringy AT 0.2

300 R b 5
500 al e
310 0.5 4.4
500 0.2 2.2
425 0.3 5.0

3100 Trace 1.1

2500 Vb e

3000 Trace

1000 i

1000

2000

determine which of two greases is best adapted to service in
a given chassis bearing under given service conditions. How-
ever, the term ‘“‘given service conditions” is a limitation
which greatly restricts our general problem, and atmospheric
temperatures, rain, dust, ice, wear, and design are variables
which stand in the way of simplified service testing. The
following method of testing has been worked out with a view
to including the more normal types of operating conditions
and thus forms the basis of opinions on retentivity as related
to oil viscosity, consistency, type of soap base, and quantity
of soap.

TesTING PRESSURE-GUN GREASES FOR RETENTIVITY.
Either plain pin or screw-type shackle bolts have been
adopted for the testing of pressure-gun greases in the appara-
tus shown in Figures 1
and 2 because they pre-

R P sent the most important
% /] = current shackle bolt
[ A o] B =1 lubrication problems. A
IS ram R model A Ford front

§zc P22 2228 am il spring with shackles and
[ a Buick series 33-50

E —r rear spring shackle,
8 e representing character-
g istic plain pin and screw-

/
cf type shackle bolts, re-
spectively, make it pos-
sible to study reten-
tivity.

20 40 60 80
RUN IN MINUTES
Ficure 3. GREASE RETENTION
TEsTs
Front spring with plain bushing
shackles on chassis lubricant tester.
Charge, 2.80 to 2.90 grams of grease.
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F1Gure 4

The actuating cam shown in Figure 1 was driven by a 3-
horsepower electric motor through a 30 to 1 reduction gear.
This mechanism imparts a 2.5-cm. (1-inch) deflection to the
spring 60 times per minute. The cam is so designed that after
maximum lift it leaves the roller follower and the spring returns
freely to normal position. The deflection may also be obtained
by means of a suitably designed cam as in Figure 2.

Before each test the spring shackles were completely disas-
sembled and washed thoroughly with benzene, care being taken
to remove all the old grease from the grease ducts and fittings.
After thorough drying, the shackles and bolts were assembled,
making certain that all interchangeable parts were replaced in the
positions from which they were taken.

A small screw-type grease gun was filled with the grease to be
tested and weighed on a balance to the nearest 0.05 gram. Each
shackle was charged with grease until it showed signs of being
forced out at the ends of the shackle bolt bushings. The filling
gun was then reweighed and a small pad of cotton was used to
wipe off the excess grease. The increase in weight of the cotton,
subtracted from the loss of weight of the gun, gave the weight
of grease charged to the shackle. The clearance between shackle
gm%] )bushing was maintained at approximately 0.02 cm. (0.008
inch).

One form of grease-retention test consisted of taking a set of
six readings during a 2-hour test period, the first four being taken
at the end of 15-minute periods and the last two at the end of
0.5-hour periods. The readings were obtained by shutting the
motor down and wiping the edges of the shackle bolts and bush-
ings thoroughly with a weighed wad of cotton, and then measur-
ing the increase of weight of the cotton.

An examination of Figures 3, 4, and 5 reveals that neither
the kind of soap base, the viscosity of the oil content, the
penetration value, nor slight variations in soap content alone

ol ImETS
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Ficure 5
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make one product better than another. Probably the com-
bination of these factors and tke modifying agents present
which influence adhesion, aération, and stability of the grease
while in the shackles are the important items in determining
the retentivity of a pressure-gun grease.

Grease 305 Ca 310 (Figure 4) shows a loss of 22 per cent in
the 2-hour retention test (first number indicates worked pene-
tration; second, soap base symbol; third, Saybolt Universal
viscosity of oil content at 37.78° C., 100° F.). Grease 354
Ca 315 is similar with regard to penetration, type of soap, and
mineral oil viscosity, but shows a loss of 28.8 per cent. A
possible explanation of this difference is that the first grease
has been milled to stabilize it, thus increasing its retentivity.
It therefore may be concluded that the usual tests for pene-
tration, soap base within certain limits, and oil viscosity do
not accurately indicate the degree of retention which may be
expected from a given pressure-gun grease. It also follows
that further research towards establishing a correlation be-
tween retention, pressure viscosity, and stability of the grease
film within the bearing are greatly needed.

RETENTIVITY OF PRESSURE-GUN GREASES IN PRESENCE OF
Water. In order to obtain information as to whether or not
an aluminum stearate-base grease was more resistant to the
action of rain water than a lime-base grease, the retention
tester discussed above and shown in Figure 1 was equipped
with a water-spray apparatus.

Alterations made in equipment consisted in the addition of a
device for spraying water upon the shackles, and the building of a
small tank about the apparatus to collect the water sprayed upon
the shackles. The spray apparatus consists of two atomizers
dipping into a tray ofp water. The two atomizers are operated by
air under pressure, the intensity of the air jet being controlled
through the use of an air valve and a pressure gage. The spray
apparatus was placed in position so that a fine spray of water
could be thrown up on the shackles.

Modifications of this device have undoubtedly been devised
by others for splashing, dripping, or spraying water onto the
shackles. The device as used is a simple method of obtaining
a gentle washing action analogous to what might be met in
service in stormy weather. The rebound of spray from the
side of the tank and other parts of the apparatus results in
water contacting the shackles from every direction from which
water might come in actual service. The test conditions can
also be fairly well reproduced by controlling the air pressure
and the level of the water in the tray.

TasLe II. RETENTION OF GREASE

(Lubricant tester as shown in Figures 1 and 2, plain shackles, 2-hour test
period, fine spray of water)

Grease 335 Al 283 Grease 354 Ca 327

Kind of soap Aluminum Calcium
Per cent of soap 10.2 7.9
Worked penetration 335 354
Qil viscosity, S. U. at 100° F. 283 327
Charge of grease, grams X 2.81 2.81 2.88
Total water spray on shackles, liters 12.50 12.15 12.20
Water wiped from bearing surfaces and
grooves, grams 0.141 0.235 0.302
Grease wiped from bearing surfaces and
grooves, grams 0.160 0.149 0.179
Grease obtained by pressure-benzene 5
treatment 1.241 1.320 1.302
Total grease retained, grams 1.401 1.469 1.481
Per cent retention 50 52 51

The spring, shackle bolts, and the crossbar from which the
spring and shackles were suspended were assembled outside
the tank which surrounds the lift cam. An excess of grease
was forced through the Zerk fittings of the apparatus and
measurements made as previously described.

A 2-hour test period was selected. This was consistent
with previous tests carried out in the absence of water, in
which the length of the test period was 2 hours. Except for
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Ficure 6. UNIVERSAL JoiNT GREASE SERVICE TESTER,
VIEWED FROM ABOVE

Electric dynamometer at right for absorbing power transmitted. Note
method for determining temperatures within joints by means of thermo-
couples and shield for accumulating grease thrown from joint.

the spray playing on the shackles, the conditions of the test
were identical with those of tests carried out on a dry basis.
It was not possible to carry out observations on the amount
of grease leaving the shackles at 15-minute or 0.5-hour inter-
vals so as to obtain a retention-time curve.

The problem of recovering the grease from the water
sprayed on the shackles was given consideration. However,
this seemed impractical since the surfaces of the interior of the
tank were large and the surfaces of the springs were irregular
and likely to retain a certain amount of grease in crevices.
The removal and measurement of the grease retained on the
bearing was resorted to since the surface areas were smaller
and easier to work with.

The results shown in Table IT were obtained in the test.

The results on the two greases are in fairly close agreement,
except in the amount of water removed from the shackles.
However, these water figures are not very reliable, since
losses are bound to occur through evaporation of water and
probably also the loss of droplets of water from the shackles
in removing shackle bolts. Neither grease showed any evi-
dence of emulsification in the shackles as the result of the
entrance of water.

The comparison between these two greases seems to be a
fair basis for comparison of calcium- and aluminum-base
chassis lubricants under wet conditions, since the oil viscosi-
ties, consistencies, and soap contents of the two greases were
similar.

A complete investigation of the effect of water on shackle
lubrication would of course include an investigation of
screw-type shackles as well as plain shackles, and also the
effect of different methods of bringing water in contact with
the shackles. The effect of high-pressure washing should be
of special interest in this regard. The effect of oil viscosity,
soap content, and glycerol content on retention under wet
conditions might also be investigated. However, since the
results so far obtained show so little difference in the behavior
of calcitm- and aluminum-base greases in the presence of
water, it is doubtful if much information of value would be
obtained by further work on a comparison of aluminum- and
calcium-base greases, although a comparison with sodium-
base grease would no doubt be of interest.

Ordinarily, it is considered that temperature conditions
met with in pressure-gun grease service are so low that high
melting point soda-base greases are unnecessary. Since
speeds and load are low, extreme pressure agents in most
cases appear to be unnecessary.
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Universal Joint Grease

Figure 6 shows a view of an apparatus used for service
testing of universal joint greases. It consists essentially of
two joints connected by an intermediate shaft, the entire
assembly being driven by a 30-horsepower induction motor.
Tests may be carried out at a speed of 3590 r. p. m. which
corresponds to an approximate road speed of 80 miles per
hour. The load transmitted was 20 horsepower and was
absorbed by means of a 35-horsepower Sprague dynamometer.
Conditions conducive to accelerated wear were provided
for by operating the joints at an angle of 10°. Temperatures
within the bearings were obtained by means of thermocouples
and retention of the grease was studied and measured by
collecting the grease thrown from the joints.

PenerrAaTION. Table IIT shows that very little relation
exists between penetration and the temperatures attained
within universal joints. Sample 4 has a fairly low unworked
penetration value of 205, and the temperature rise within the
universal joint was 19.5° C. (35° F.). Universal joint grease
7 was much softer, having an unworked penetration value of
325, yet the temperature rise was 27.8° C. (50° F.). Universal
joint grease 6 is somewhat heavier than 7, but the lower pene-
tration value of 275 apparently did not cause any significant
difference in the bearing operating temperature which re-
mained at 50° above atmospheric. It is therefore concluded
that from the standpoint of service the penetration of a
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universal joint grease is not of paramount importance. It is
fully realized that consistency and viscosity must be taken
into consideration in dispensing greases at low temperatures.
A range of 300 to 330 worked penetration should be satis-
factory for purposes of manufacturing control.

PERCENTAGE oF WATER. Most commercial universal joint
greases contain less than one per cent of water, and while it
appears that the moisture content has no direct bearing on
efficacy of lubrication, it is felt that a good grease should not
contain more than 1.5 per cent of water. At very low tem-
peratures, greases containing no glycero] and much water
might be found objectionable.

Mgerring Point. Inasmuch as the service tests indicate
no definite advantages for No. 5 and No. 7 high melting point
greases, particularly from the standpoint of bearing tempera-
tures and wear, the point is not especially important if
service characteristics alone are taken into consideration.
If a high melting point were indicative of good grease reten-
tion, we should expect No. 5 and No. 7 to be considerably less
subject to leakage. An examination of Table III will indicate
that the opposite of this is true. We therefore conclude that,
from the standpoint of service, melting point specifications
are not essential providing the greases are well-made products
having soda-soap bases.

Freg ALkavrt. The analysis indicates that grease 5 has a
free acid content of 0.42 per cent. However, the corrosion
test (copper strip, 3 hours at 100° C., 212° F.) was satisfactory

TasrLe III. Resvrrs oF SERVICE TBSTS MADE WITH A SPICER UNIVERSAL JOINT
(Type G, plain bearing joint)
Fe:0; in Viscosity of Oil, MacMaichael
Max. Op. Temp. Universal Joint Throw-Off Pressure Saybolt Seconds Penetration Cone No. 24 Wire at
Sample above Housing after Test 30 Hours® Viscosity ® at 100° F. Soap at 77° F.¢ 95° F.¢
L2 Gram Grams G./min. %

1 30! 0.157° 65.0¢ 869° 6577 14.1 299 180

2 312 0.198¢ 62.5% 949¢ 1062¢ 11.4 345 100

3 343 0.1333 60.0° 5443 2473 Fur 8.2 304 160
4 35¢ 0.2457 67.07 6024 745! Fur 14.2 204 Not detd.
5 388 Trace! 58.8* 3422 19868 7.8 310 Not detd.
6 508 0.1172 54.5! 230 2951 18.5 275 Not detd.
7 507 0.143¢ 61.84 602¢ 20724 7.8 325 Not detd.

Exponents indicate relative standing.

> IOO-gram initial charge.

530 1b ier 8q. inch'at 140° F.

¢ Unwor.

TaBLe IV. ANavyricAL DaTa ON COMMERCIAL UNIVERSAL JOINT GREASES
Grease No. 1 2 3 4 5 6 7 8 9
Physical Properties:

Appearance Granular  Stringy Stringy Stringy  Stringy String String; Strm Vv Dark green
and dark and dark and dark and dark and dark and dark and dark dark Brown
green green green green green green green green

Odor Sweet Soapy Soapy Soapy Soapy Soapy Soapy Soapy Soapy

Melting point, ° C. Gillette 72 59 49 86 50 80 62 66 Liquid

Melting pomt , Ubbelohde 130 82 151 167 143 126 153 143 Liquid

Channel test, 25 15 30 80 15 30 20 25 10

Penetration at 77° F., unworked 2 & s 205 310 275 325 310 S

Penetration at 77° F., worked o ! e 320 325 330 s ok

MacMichael, viscosity No. 24 wire at 95° F. 180 100 160 ax ) S P il A0

Corrosion, copper strip, 3 hrs. at 212° F. 0.K. KL 0.K. 0.K. 0.K. 0.K. 0.K. 0.K. 0.K.

Bleeding test, 1 hr. at 175° F. No sep. No sep. No sep. No sep. No sep. No sep. No sep. No sep. YA

Separation test at 220° F. None None None None A ST R _None LN

Separation test at 250° F. <34 Yy G e None None None 3 Slight

Composition, per cent by weight:
oap 14.1 11.4 8.2 14.2 7.8 18.5 7.8 7.9 8.0

\onsture 0.70 0.65 0.1 0.60 0.7 1.5 0.55 0.45 0.6

0il 85.0 86.0 91.0 86.0 90.7 80.3 91.0 92.5 91.6

Free alkali (or acid) \eutral

oleic acid) 0.35 0.42 0.42 0.7
NaOH) 0.03 0.01 0.2 0.09
Auﬁhaltxc nmtensl 0.14 0.37 0.26 0.06 0.24 0.04 0.07 0.43 0.01
0.49 .82 0.96 0.34 0.89 0.32 0.36 0.64 0.45
Ash:
Per cent by weight 2.61 2.09 1.50 2.59 1.44 3.68 1.61 1.47 0.89
Analysis, per cent of ash:
l\va:gOs 95.4 92:2 87.2 87.4 82.1 95.2 82.8 87.6
Na:S0« 4.3 5.5 11.5 9.0 12.2 4.1 8.6 10.9
Fe:0s o 1.0 Lok
ALO: 2 X 2.9 et
CaC 0.4 o 0.5 220 2 2. :
Acid-insoluble and Fe:O; 0.9 1.1 0.8 4.0 5 0 3 83 950
M%xeml otﬂ: S. U. at 100° F
iscosity, S. U. a . 657 1062 247 Fur. 745 Fur. 1986 295 Fur. 2072 1060 2810

Viscos:ty. S. U. at 210° F. 65 66 109.6 156 102 153 1'11 66.0 128

Grawty. B ] 22.4 17.4 19.7 20.9 20.3 23.7 20.8 17.4 19.0

Flash, ° F. 400 395 41 465 405 515 335 365 405
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0 7 53'-‘“ u = be observed from Table
5‘.,_.' L1 ,,E?,“ T | g IIT that universal joint
2 > | 2y gggdc 0 s grease 5, containing only

N7 i = 1

P -5=— 7. £ = = === ’_1.8 per cent o.f soap, lost
¢ 7 {0 ] RZ30 — = =% 58.8 per cent in 30 hours
52 1 = §§ =7 <] B of operation, as com-
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Ficure 9. REJECTION OF LUBRICANT FROM

Spicer INEEDLE-BEARING UNIVERSAL JOINT,
Tyee KRL

Speed 3590 r. p. m., load 20 h. p. Universal joint charged
with lubricant to 7.5 grams

and, since wear in the service test was exceedingly low for

: Type G UNIVERSAL JOINT
Speed 3590 r. p. m., 20 h. p., 10° angularity

this product, it must be concluded that the free acid content _

of even this amount is not a serious disadvantage. While

* these service tests have not been carried out with the particu-
lar view of ascertaining the practical significance of free alkali
and free acid, the results obtained are such that no particular
service disadvantages could be predicted on the basis of these
qualities. Therefore the free alkali and free acid specifica-
tions appear to have no very useful purpose with regard to
service.

Frouers. It is the writer’s belief that no grease recom-
mended for universal joint lubrication should contain any
appreciable quantity of filler, as inert solid materials would
greatly accelerate wear.

Asa. The ash content is some indication as to the per-
centage of soap present in the grease. Since the soap content
does not correlate at all well with retention properties, it can-
not alone be taken as an indication of serviceability. It will

This difference in reten-
tion properties is not
proportional to the dif-
ference in soap percentages. Again, universal joint grease 1,
a nationally advertised product which was found to be lost
from the joint to a greater extent than any of the other prod-
ucts tested, contains only 4.4 per cent less soap than No. 6
which had the best retention properties. Therefore, the ne-
cessity for specifying the ash or soap content is not at all ap-
parent when considering service results. Itis obvious that in
order to conform to definite penetration ranges an adequate
soap content must be utilized by the grease manufacturer.
The fact that the ash content may vary within fairly wide
limits does not appear to have a serious effect on service results.

CorrosioN. None of the commercial universal joint greases
investigated failed to meet the copper-strip corrosion test.

MineraL Orn. What has been said above with regard to
soap content can also be applied to the percentage of mineral
oil used for compounding universal joint lubrications. Slight
variations in soap content and consequently oil content are
not reflected in the service results.

Tests WiTH NEEDLE-BEARING UNIVERSAL Joints. Gear
oils and semi-fluid gear greases of the types recommended by
the manufacturers of the needle-bearing trunnion universal
joints are rejected at a rate some ten times greater than that
of a grease such as No. 6, while the operating temperatures
are substantially the same in each case. At the end of 32
hours’ testing, with each of the lubricants used, the rejection
curve showed that little further rejection was probable, and
that ample lubricant remained in the bearings.

Lubrication failure for needle joints appears possible only
through careless assembly or damage to the cork seals, re-
gardless of mileage run.

During the test period which exceeded 10,000 miles the
wear on the bearings was negligible. The fine-lapped finish
of the bearing pins did not acquire a full polish during this
time.

Figure 9 presents the performance of the greases tested in
a clear form, showing especially the low throw-off of universal
joint grease 6 with its satisfactory operating temperature.

Ficure 10. GENERAL ARRANGEMENT OF LABORATORY AP-
PARATUS FOR MAKING SERvICE TEsts oN WHEEL BEAR-
ING (GREASES

WHEEL BEeARING GREASE TESTER SHOWN
iN Ficure 10

Disassembled to show method of applying axial load by means of the
weight and lever system. Note thermocouple leads to bearing.

Ficure 11.
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Ficure 12. WEEEL BEARING TEMPERATURE INCREASES
Load, 7580 pounds

Because the performance of universal joint grease 6 was so
sastisfactory in service tests, it is concluded that a grease is
preferable to an oil.

Wheel Bearing Greases

A service testing device which has been utilized successfully
consisted of a front wheel hub and spindle assembly from a model
A Ford car. The arrangement of this spindle and the mecha-
nism employed for loading the bearings in an axial direction are
shown completely in Figure 10. An axial load of 1336 pounds
is produced by a weight of 30 pounds at the end of the lever arm.
This is equivalent to producing a total radial load of 7580 pounds
on the bearing. Obviously, this load of 7580 pounds is greatly
in excess of the normal load which a Ford front axle is required
to carry, although shock loads may be even higher. The hub is
operated by means of a 0.5-horsepower motor producing a
speed of 860 r. p. m. This is equivalent to a road speed of
approximately 80 miles per hour. Both the loading and speed
are considerably in excess of normal conditions for a car operating
on the road. ?l,‘his, however, was considered necessary in order
to produce accelerated tests.

Thermocouples were placed under the inner race of both spindle
bearings and enabled fairly accurate temperatures to be ob-
tained with the bearings in service. The entire wheel bearing
grease tester was enclosed in a thin metal housing in order to
avoid sudden fluctuations in temperature due to drafts. New
outer bearing cones and races were used for each test run. After
thoroughly cleaning the bearings with aviation gasoline, they
were carefully packed with 10 grams of the sample of grease to be
tested, the grease being kneaded into the spaces between the
Timken tapered rollers and their separator. Later tests indi-
cate that one of the patent bearing packers would accomplish
accurate results.

Temperature readings for the bearings were made hourly and
at the same time the housing and atmospheric temperatures were
recorded. Following these hourly temperature readings, the
driving motor was stopped and the apparatus disassembled for
inspection. Care was taken to disturb the grease as little as

Figure 13. CuAssis DYNAMOMETER ATTACHMENT FOR
MAING WHEEL BeArRING GrEASE Tests 1IN LOADED
Front WHEELS

Heat supplied by electric resistance coils to simulate conditions
of braking

VOL. 8, NO. 2

ossible. Observations of the oil films and the color of the sur-
aces of the rollers and races were made at this time, and particu-
lar attention was paid to any changes in the character of the
gfsease.t g‘he tendency of the grease to leak from the bearing was
also noted.

Resvrrs or Tests. The relative ratings of the wheel
bearing greases tested are summarized in Table V. The best
product tested is given an arbitrary value of 1 and that which
is considered most unsatisfactory has been assigned a value of 7.

TABLE V. TesT oF WHEEL BEARING (GREASES

Time to Aptpeurnnce Retention
Reach High Temperature of Roller of Final
Grease Temperatures ise Bearing Grease  Rating
Hours °F.
1 (1) 39 1) 250 1 1 1
2 §2) 24 2) 220 3 2 2
3 3) 16 3) 250 1 3 3
4 (4) 12 5) 220 6 4 4
5 (5) 4) 200 3 5 5
6 (6) 10 B; 260 3 6 ]
7 (7) 3 7) 275 7 7 7

The temperature-time relationship obtained for the several
greases tested is shown more clearly in Figure 12 than is
indicated in Table V where the time to reach an objectionably
high temperature is variable as well as the rise above the
atmospheric temperature. Grease 1 was found to be definitely
superior in all the qualities observed.

The analyses of the wheel bearing greases tested are shown
in Table VI. The following brief comments deal with the
laboratory tests made on the greases investigated and discuss
the formulas and usual chemical laboratory tests.

PrneTrRATION. Grease manufacturers are not in general
agreement as to whether worked or unworked penetration
values should be established. Table VI shows wheel bearing
greases having variations in unworked penetrations ranging
from 155 for grease 8 to 240 for grease 9. The worked pene-
tration values range from 197 to 316. Information from other
sources indicates that the consistency of commercial wheel
bearing greases may vary from a worked penetration value
of 170 to values as high as 300. It is realized that worked
penetration values are more significant from the standpoint of
service than corresponding unworked penetrations. For a
satisfactory grease there should be no objection to establish-
ing a worked penetration range of 210 to 240.

PERCENTAGE OF WATER. In general, the water content
of wheel bearing grease at present used throughout the
country will vary from a trace to as much as 1.8 per cent.
The effect of these variations in water content has not been
conclusively demonstrated in the service tests which the
author has conducted. It is felt that the presence of appreci-
able quantities of water is of little significance and it has been
found that the experimental grease, containing as much as
1.1 per cent of water, produces no objectionable corrosion or
discoloration of used grease or bearing surfaces. A high
water content may tend to increase corrosion and wear, al-
though this hasnot been definitely proved. In order to reduce
the tendencies in this direction, 0.1 per cent of a material to
inhibit corrosion has been added to grease 1. Practical tests
have shown that in the presence of this ingredient the water
content may reach rather high percentages without detrimen-
tal effects to the bearings. A maximum water content of 1.5
per cent is a good working value.

Merring Pornt. It will be observed from Table VI that
Ubbelohde dropping points vary from 100° C. for grease 7 to
2004-° C. for grease 4. A study of dropping points in con-
nection with service results and retention in wheel bearings
has not conclusively demonstrated that a minimum specifica-
tion as high as 180° C. is definitely necessary. In view of the
fact that field and laboratory service tests have not resulted in
noticeable leakage when operating on wheel bearing grease 1
having an Ubbelohde dropping point of 145° C., & minimum
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TaBLE VI. ANALYTICAL RESULTS ON WHEEL BEARING GREASES
Grease No. 1 2 3 4 5 6 7 8 9 10
Physical tests: 3
ppearance Bright Brown Green Green Light Bright Gray Dark Dirty Brown
black Slt. black brown brown green brown green brown Granular
Spongy Stringy Stringy Stringy Stringy Granular  Soft Stringy
: Stringy Stringy
Odor E. P, base Fatty Soapy Soapy Soapy Soapy Soapy Soapy Soapy  Sweet-
and like pungent
nitro-
s S benzene
Drop?mg point, ° C.

Gillette 1004~ 80 100+ 97

Ubbelohde ? 145 180 162 2004 133 162 . 100 138 129 139
Unworked penetration at 77° F. ot e 164 204 199 198 159 155 240 189
Worked penetration at 77° F. 232 236 5 225 280 236 197 s 316 310
Separation test at 250° F. None il None None None None None None None None
Corrosion, 3 hrs. at 210° F, 0.K. 0.K. 0.K. 0.K. 0.K 0.K. 0.K. K 0.K 0.

Composition, per cent by weight:

/ater 1.4 1.4 0.1 1.75 0.45 1.8 1.0 1.8 1.1
0Oil 80.3 83.5 79.0 78.5 72.0 79.5 81.0 73.0
Soap 4 19.9 16.4 19.0 18.8 23.5 18.4 17.2 22.0
Free alkali as NaOH 0.04 Neutral 0.19 0.1 0.02 0.18 0.05 as 0.13 % 0.11

X Ca(OH)2
Free acid as oleic G0 A7 0.07
Ash:
Per cent by weight 2.86 4.14 3.20 3.41 4.02 2.60 3.90 2.95 4.30
Analysis, per cent of ash:
Na:COs 89.8 93.3 97.2 89.6 95.7 96.9 04.1
Na:S0« 7.0 3.4 2.0 8.5 2.8 3.4 3.9
Ca:S04 N2a.804
R10s 2.2 1.0 0.2 1.5 1.6 1.3
CaO 1.0 0.2 0.4 0.3 96.2
Mineral oil:
Viscosity, 8. U. at 100° F. 348 Fur, 1254 330 5 1%(8)% 355 803 1867 1440
al
Viscosity, S. U. at 210° F, 179 app. 66.1 76.0 50.3 72.2 52,1 63.7 90.4 81.8
Gravity, ° P 22.2 21:1 23.9 25.4 22:1 20.9 19.6 20.2
TABLE VII. PERFORMANCE CHARACTERISTICS OF STEERING GEAR LUBRICANTS
Mechanical Efficiency
Buick gear, —40° F. % Efficient, 150° F. Timken Timken Film Strengthb Heat Stability Separation Reten-
Lubricant Stat. yn. gtat. Dyn.* Wear? 0. K. Failed at 220° F. tion¢
% % % % Mg. %

1 24.0 13.0 75.0 77.0 34.4 8,575 11,430 Jells 4.8

2 .0 16.0 73.5 76.0 24.9 7,140 10,000 Jells 3.0

3 0 Solid 0 80.0 79.5 31.2 14,280 17,140 Becomes hard 1.15

4 71.0 55.0 76.5 79.7 0 14,280 17,140 0.K. 9.2

5 27.0 8.0 73.5 77.5 9.8 22,860 25,700 0.K. 8.9

6 62.0 36.0 76.2 78.0 8.2 17,140 18,570 0.K. 3.5

7 68.0 62.0 70.0 76.5 553 14,280 17,140 Oil separates 5.65

8 68.0 15.0 73.5 76.0 2,9 5,714 Qil separates 3.8

@ 6 hours at 100 feet per minute, 40,000 lb. per sq. inch.
b 400 feet per minute, 1b. per 8q. inch.

¢ Per cent of charge lost.

Ubbelohde dropping point of 135° C. (275° F.) appears to be
justifiable.

PERCENTAGE OF FREE ALkALl AND FREE Acip. There
should be no objection to a maximum free alkali value of 0.6
per cent and a maximum free acid value of 0.3 per cent, but
many bearing manufacturers specify much closer ranges. It
is felt, however, that there should be no difficulty in maintain-
ing wheel bearing greases at a point much nearer to neutral
than is indicated by these rather wide ranges. From the
standpoint of service, however, there are no indications that
products having extreme values within these ranges will be
objectionable under actual service conditions.

PercENTAGE OF FiLLERs. It is generally agreed that any
good wheel bearing grease should contain no appreciable
quantities of inert fillers, as these materials will act as lapping
compounds and cause increased wear.
 PercENTAGE OF AsH. Reference to Table VI reveals that
the soap contents of the wheel bearing greases investigated
vary from 16.4 to 23.5 per cent. The best service results were
obtained with grease 1, having a soap content of 19.5 per cent.
In general, the ash values are proportional to the percentage
of soap. However, appreciable deviations in the ash content
are not considered as having any particular influence on the
serviceability of the grease. It is therefore apparent that
a maximum ash content of 5 per cent could be readily met by
most grease manufacturers and there is no need for meeting
rigid specifications established at appreciably lower values.
From the standpoint of control and uniformity, however,
complying with the above suggested worked penetration

ranges would serve in a better manner than making ash
tests on all batches of wheel bearing grease.

CorrosioN. None of the greases investigated was found
to be unsatisfactory when subjected to the 3-hour copper
strip corrosion test carried out at 100° C. (212°F.). While it
might appear that there is no necessity for including a speci-
fication of this kind in view of the general high quality of
greases in thisrespect, it is felt that, since wheel bearing greases

INNER RACE oF TApeERED ROLLER-
Type WHEEL BEARING

Ficure 14.

Showing results of overloading and improper lubrication
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may contain sulfur-
ized materials and
other “extreme pres-
sure’’ bases, the cor-
rosion test is of im-
portance. There is
some evidence from
the field that soda-
soap base wheel
bearing greases are
corrosive when a
small amount of
water gainsentrance
to a bearing. For
this reason, the ad-
dition to soda-soap
greases of traces of
compounds which
inhibit corrosion
seems justified.
Soar. The ques-
tion of soap con-
tent has been dis-

LABORATORY APPARATUS

Ficure 15.

FOR DETERMINING SERVICE CHARAC- £

TERISTICS OF AUTOMOTIVE WATER-
: Pump GREASES
Temperature of cooling fluid, rate of flow,

and discharge pressure of pumps are easily
controlled.

cussed under the heading of ‘Percentage
of Ash.” Wheel bearing grease
7 has been prepared with a calcium
base and in service tests has been given
a rating of 7, and from all considera-
tions was the most objectionable prod-
uct investigated. Not emphasized in
Table V is the fact that leakage
for grease 7 was many times that of
any of the other greases tested. It is
significant that all of the other greases
were manufactured with soda-soap
bases.

Water-Pump Grease

A laboratory service testing device,
making use of Chevrolet or other makes
of water pumps, is shown in Figure 15.
By selection of a motor pulley of suit-
able size, pumpshaft speeds may be

A

-~
o

o
RN kS

o
\\

> [

\
N
If

EC]

é
B
"
-

o
CHANK-AL CIqN 1

- il ale

-40 - O 20 40 60 80 100 120 140 860 180
TEMPERATURE OF LUBRICANT -~ DEGREES FAHRENHEIT

Ficure 17

~

MECHANIKCAL EFFKCIENCY - PER CENT

<
[
|

Ficure 16. APPARATUS FOR DETER-
MINING StTATIC AND Dynamic EFrrFi-
CIENCIES OF STEERING GEARS

Front removed to show arrangement of gears
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attained of 500 to 2000 r.p.m. Water at temperatures up
to 100° C. (212° F.) or various antifreeze mixtures which
may have a detrimental effect on the lubricating film are
placed in the rectangular metal boxes on the sides of which
the pumps are mounted. Practical tests and comparisons of
the abilities of greases to resist the displacing action of the
various solutions can be made.

Prolonged tests with various makes of pump packing, in
which the packing gland is kept abnormally tight, yield re-
sults bearing on the characteristics of grease and packing most
desirable for preventing shaft scoring. With this device it is
also possible to gain information as to the quantity of grease
which may find its way into the cooling system and retard
heat transfer. The investigation with this equipment has not
vet been completed.

Steering Gear Grease

Eight steering gear lubricants were subjected to a series of
tests to determine their qualifies in four essential respects:
efficiency, wear, stability, and retention. The efficiency and
retention tests were applied over a temperature range from
—40° to 82.22° C. (—40° to 180° F.).

The tests were mostly of a conventional nature, but atten-
tion is drawn to the separation test at
104.44° C. (220° F.) which is regarded
as being significant. The aluminum-
soap greases (No. 1, No. 2, and No. 3)
heated to this temperature either jell or
solidify, and the calcium-soap lubri-
cants (No. 7 and No. 8) separate and
do not recombine on cooling. The
sodium-soap lubricants (No. 15, No. 18,
and No. 6) are heat-stable. The test
temperature of 220° F., while appreci-
ably higher than temperatures which
have been observed in service, is not
unreasonably so and has been employed
to cover extreme cases.

ErriciENCY. A steering gear lubricant
tester was constructed, as shown in Fig-
ure 16, in such a way that two gears could
be held at controlled temperatures and
the ratio of steering wheel effort to steer-
ing arm torque could be determined. The
gears tested were a Saginaw worm and
roller type made for Buick cars and
representative of steering gears used by
General Motors for 1934, and a Gemmer
worm and sector type as used on the 1934
Ford. Gears of these types are estimated
to be on 30 and 62 per cent, respec-
tively, of 1932-34 cars. Large inspection
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TasLE VIII. AnavyricaL DaTa: STEERING GEAR LUBRICANTS
Sample No. 1 2 3 5 6 7 8 9
Physical tests:
preamnce Green brown  Black viscous Black Black Brown stringy Light brown  Brown Dark green
Stringy iqui Semi-solid Liquid Semi-solid Semi-solid Semi-solid Brown
Odor Pine tar Sharp-soapy Soapy Pungent E. P. base .E. P. base- Fatty Sharp-soapy
808Dy
Dropping point s

Gillette, ° C. 36 Room temp. 76 Liquid Room temp. 42 50 Liquid

Ubbelohde, ° C. 48 78 92 Liquid 126 78 81 Liquid
Pour point, ° F. 50 60 Above 120 -5 5 Too heavy Too heavy 30
Channel test, ° F. 0 10 10 —10 Below 0 0 0 10
MacMichael, 1-cm. bob, 60 3 s : : :

r. p. m. No. 26 wire No. 26 wire No. 24 wire No. 26 wire No. 26 wire No. 26 wire No. 26 wire No. 26 wire

140 at 75° F. 65 at 70° F. 126 at 80° F. 33 at 76° F. 56 at 80° F. 55 at 70° F. 143 at 70° F. 93 at 80° F.
Corrosion, copper 3 hr.,

212° F. 0.K. 0.K. 0.K. 0.K. 0.K. 0.K. 0.K. 0.K.
Bleeding test, 175° F., 1 hr. O.K. 0.K. 0.K. 0.K. 0.K. 0.K. Separates e
Separation test, 220° F. Jelle Jells Becomes No : No g Grease Separates Slight

hard like separation separation breaks separation
: axle grease down
Composition, per cent by weight:
oap 10.2 7.3 8.7 4.6 2.9 5.6 7.1 8.0
Moisture 0.1 0.1 0.2 0.15 0.1 0.4 0.2 0.6
0il 85.9 92.2 79.8 93.5 97.1 92.5 90.0 91.6
Free alkali or fatty acid 4.1 oleic 3.6 oleic 11.2 oleic Pb present 0.01 NaOH 0.14 oleic 0.21 oleic 0.7 oleic
Asphaltic material 2.0 0.3 2.0 0.32 Trace Visls et 0.01
Sulfur 0.33 0.50 0.83 2.00 1.86 2.47 0.40 0.45
Ash:
Ash, % 3.08 0.77 1.78 3.3 0.35 0.77 0.86 0.89
Analysis, % 14,0 Na:CO; 77,2 Al:Os 80.1 ALO; 90.0 PbO 90.0 Na;COs 62.2 CaO 91.6 CaO 80.5 CaO
69.3 PbO 21.6 Na:.COs 7.3 AlaSO4 0.9 Acid-ins. 9.8 Al2(SO4)s 6.4 Na:CO; 19.6 CaSOq«
13.8 PbSO« 6.9 Na:CO; 2.8 FeiOs 3.7 FeiOs
Mineral oil: :
Color Green black  Black Black ik 3-Red Red-blue 8 Brown-black
Viscosity, S. U. at 100° F. 1667 000 3270 2640 314 548 379 2810
Viscosity, S. U. at 210° ¥. 89.4 118 164 135 49 53.9 51.4 128
Gravity, ° A. P. L. 20.5 21.9 19.7 16.8 23.2 20.2 22.5 19.0
Flash, ° F. 405 285 390 345 375 320 37 405
Sample No. 10 11 12 13 14 15 16 17
Physical tests:
Appearance Green brown  Black Black Black Green Dark green Black Green
Liquid Liguid Green Brown Semi-solid Brown Semi-solid
QOdor Sweet soapy  Phenol-like Sour Faintly soapy Slightly soapy Pine tar Nitrobenzene Sweet
DropYing point JEES i ey el S

Gillette, ° C. . Liquid Room temp.  Liquid Liquid 54 Liquid Liquid Room temp.

Ubbelohd% e} Liquid Liquid Liquid Liquid 84 Liquid Liquid 64
Pour point, ¢ F. 30 50 60 -5 100 15 -0 20
Channel test, ® F. 15 GiA 40 —10 25 5 -5 0
MacMichael, 1 cm. bob, 60 ; : : :

r. p. m. No. 26 wire No. 26 wire No. 26 wire No. 26 wire No. 26 wire No. 28 wire No. 26 wire No. 26 wire

180 at 80° F. 50 at 70° F. 100 at 80° F. 15 at 80° F. 154 at 70° F. 14 at 80° F. 14 at 80° F. 113 at 70° F.
Corrosion, copper 3 hr.,

21230, ot 0.K. 0.K, Not 0.K. 0.K. 0.K. 0.K. 0.K.
Bleeding test, 175° F., 1hr. ... 0.K. g S S0 0K ; o . cbi 0.K.
Separation test, 220° F. Solidifies No separation Solidifies No separation No separation No separation No separation Noseparation

Composition, per cent by weight:
0ap 6.6 1% 6.3 3.5 5.5 3.7 3.1 5.2
Moisture 0.2 0.05 0.2 0.1 0.2 None Trace 0.1
0il 92.2 98.3 90.5 J 95.5 84.0 .95.6 " 97.0 92.0
Free alkali or fatty acid Al:Oj5 pres. 0.6 oleic 0.56 oleic Lead present 0.03 NaOH 0.35 oleic 0.21 oleic 1.1 oleic
Asphaltic materia 0.03 0.1 0.2 g 0.2 0.1
Sulfur 0.28 0.95 0.99 2.33 0.37 2.37 5.76 2.47
Ash:
Ash, % 0.86 0.04 0.08 g 0.37 1.02 0.03 3 0.005 0.97
Analysis, % 85.6 Al:O; No analysis No analysis 34.2 PbO 80.0 Na;COs No analysis No analysis 59.6 N2:CO:
8.4 Al:(S04)s 51.3 PbSOy 9.6 Na:S0« 38.4 Na:SOu
2.5 Fe:Os 2.2 Fe;03
Mineral oil:
Color Green red Brown black  Green Black Green black  Green black Dark green
Viscosity, S. U. at 100° F, 2298 4520 4560 1267 3930 1305 1097
Viscosity, S. U. at 210° F. 120 230 218 92 177 87 65.4
Gravity, ° A. P. I 21.8 21.6 23.7 18.6 23.2 20.7 17.5
Flash, ° F 420 390 530 390 490 415 410

holes were made in the casings of the gears for convenience in
changing lubricants and were closed by plates. Thermometers
were inserted directly into the lubricant by means of packing
nuts. The gears were set to factory adjustments at the be-
ginning of the series of tests and were not subsequently altered.

Temperatures down to —40° F. were secured by carbon dioxide
snow condensed in a chamois-skin bag formed around the gear
housing, and those up to 180° F. were secured by means of a hot
plate and a fan for circulating the warm air in the cabinet.
Observations on actual cars with atmospheric temperature ranges
up to 105° F. showed that temperatures in steering gears in serv-
ice seldom exceed 160° F.

The efficiency tests were conducted by hanging a 50-pound
weight from the quadrant representing 1350 inch—i)sounds, or a
condition intermediate between turning the wheels while sta-
tionary and turning at 10 miles per hour. This was regarded
as typical of the effort applied when parking in a crowded street.
It was then determined what weight needed to be added to the
input pulley to secure the first movement of the steering arm
(static efficiency) and also to secure a rate of movement of 10°
in 5 seconds (dynamic efficiency). Static efficiency measure-
ments were made in the middle of the worm only and dynamic

efficiency measurements were made in three positions. The
steering arm moves through about 90° in the case of both gears
and dynamic efficiency tests were run in the central position and
15° on either side of this.

Preliminary experiments showed that tests made in this
manner gave the same average results as tests at 10° intervals
over the whole range. The dynamic and static efficiencies
were found to be nearly equal at all temperatures where the
lubricant was fluid, but at low temperatures the dynamic
efficiency was much lower than the static—that is, initial
movement of the gears was secured with less effort than was
necessary for a continuous movement of 2° per second. This
corresponds to about 36° per second on the steering wheel
or moderately rapid turning.

The results obtained are shown in Figures 17 and 18.

REeTENTION. Observations were made on the retention
characteristics of the lubricants by collecting the leakage at
high temperatures from 15.56° C. (60° F.) upwards. Some of
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this leakage was due to the method of mounting the gears,
and the figures are much higher than would be found in
practice. However, the relative figures show what may be
expected with gears in poor mechanical condition.
 From STrRENGTH AND WEAR TEsts. Film strength deter-
minations were made on the Timken machine at rubbing
speeds of 400 and 100 feet per minute, and wear tests, also
on the Timken machine, were carried out for a duration of 6
hours at 40,000 pounds’ pressure and a speed of 100 feet per
minute. The 40,000 pounds’ pressure is at first sight above
the film strength pressure at 100 feet per minute for some of
the lubricants, but these pressures are nominal, assuming line
contact, and actual unit pressures after a run-in period will
be considerably less than this. No actual failures of lubrica-
tion occurred during the wear tests.

Table VII summarizes the significant performance char-
acteristics of the most important of the lubricants tested.

Lubricant 6 is exceeded in dynamic efficiency at low tem-
peratures only by No. 7, which is unsatisfactory from the
point of view of heat stability, and by No. 4 which is consider-
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ably inferior from the point of view of retention. Its wear
characteristics were good and its retention was exceeded only
by No. 3, which gave a poor efficiency at low temperatures
and unsatisfactory heat stability.
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Determination of Starch in Plant Tissues

GEORGE W. PUCHER AND HUBERT BRADFORD VICKERY

Connecticut Agricultural Experiment Station, New Haven, Conn.

F THE various methods that have been proposed to de-

termine the starch content of plant tissues, only those
which depend upon the estimation of the sugar produced by
hydrolysis of the starch with dilute acid or with enzymes have
received much attention in recent years. Sullivan (15) has
recently reviewed and discussed the whole problem of starch
determination, and has pointed out the unreliability of most
methods that have been suggested. Denny (5) has carefully
compared the results with several procedures, and has shown
that hydrolysis of prepared tissue with takadiastase, even
under the best conditions, may lead to serious error owing to
the inclusion of substances other than starch which are hy-
drolyzed by this enzyme preparation with the production of
sugar. He has therefore emphasized the desirability of ex-
tracting the starch from the tissue with some suitable solvent
as a step preliminary to its isolation and subsequent hydroly-
sis to sugar.

Even this procedure, in the authors’ experience, may not en-
tirely eliminate contaminating sugar-yielding substances, and
it has, accordingly, seemed desirable to base the estimation of
starch in plant tissues upon a more specific reaction for this
substance—namely, the well-known color reaction with io-
dine. A procedure of this kind was described in 1895 by
Dennstedt and Voigtlinder (4), but was found unreliable by
Littleton (8) and by Witte (7). Occasional references to
the application of the iodine-starch reaction for quantitative
purposes are to be found in the literature (9), but no satis-
factory analytical development appears to have been made.!

The method described in the present paper is designed to be
applied to samples of dry plant tissue.

The powdered material is prepared for analysis by thorough ex-
traction with 75 per cent alcohol, and is then ground either by
hand or in a special ball mill to an extremely fine powder. The
starch is extracted from a suitable sample either by 21 per cent
hydrochloric acid at 20° to 22° C. (Rask’s method, 1) or by
concentrated calcium chloride solution at 100° C., the solvents
being applied repeatedly until no further starch is removed. The
starch is then precipitated at the correct acid reaction and salt

1 The paper of Sullivan (16) which describes a method based upon pre-
cipitation with iodine and subsequent hydrolysis of the starch to sugar,
came to hand after this manuscript had been submitted for publication.

concentration by means of iodine-potassium iodide reagent, the
precipitate is decomposed with alcoholic alkali, and the starch
is isolated as such. It is then dissolved in water with the aid
of acetic acid, and a definite excess of iodine is added as potassium
iodide-iodate mixture. The starch-iodine compound remains
in colloidal solution under these conditions, and the intensity of
the light transmitted through an S-61 (red) filter is read in a
Zeiss Pulfrich spectrophotometer against a control solution con-
taining the reagents alone. The quantity of starch present is
calculated from a calibration curve prepared by subjecting known
quantities of highly purified potato starch to the same procedure. .

The method gives results that can be duplicated within 10
per cent on quantities of the order 0.1 to 0.2 mg. and within
3 per cent on quantities between 1 and 3 mg. of starch.

Reagents

Calcium chloride solution: 216 grams of Baker’s c. p. anhy-
drous caleium chloride dissolved in 250 ml. of water. The hot
solution is filtered through asbestos and is kept in a warm place;
concentration approximately 46 per cent by weight.

Hydrochloric acid (Rask’s acid): 247 ml. of concentrated
hydrochloric acid diluted to 500 ml.; concentration approxi-
mately 21 per cent.

Hydrochloric acid 2.3 N: 100 ml. of concentrated hydrochloric
acid diluted to 500 ml.

Acetic acid 2 N: 57 ml. of glacial acetic acid diluted to 500 ml.

Sodium hydroxide 10 N: 420 grams of sodium hydroxide di-
luted to 1000 ml.

Alcoholic sodium hydroxide 0.25 N: 25 ml. of 5 N sodium
hydroxide, 320 ml. of 95 per cent alcohol diluted to 500 ml.

Sodium chloride 20 per cent: 20 grams of pure sodium chlo-
ride diluted to 100 ml.

Todine-potassium iodide: 30 grams of iodine and 50 grams of
potassium iodide diluted to 250 ml.

Potassium iodide 10 per cent: prepared in small quantities and
discarded when it becomes yellow.

lkl\illz_lgnesium carbonate: c. ». grade containing very little free
alkali.

Thymol blue 0.04 per cent: prepared according to Clark (3).

Potassium iodate 0.01 N: 0.1783 gram of pure potassium io-
date diluted to 500 ml.

Of these reagents, the potassium iodate alone needs to be pre-
pared with quantitative accuracy.

Preparation of Tissue

* Green plant tissue is rapidly dried in a ventilated oven, pro-
vided with a fan and baffles to circulate the air over the tissue,
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at 70° to 80° C., and is then ground to pass a 50- to 60-mesh
sieve. Weighed samples of from 2 to 5 grams are continuously
extracted in paper thimbles with 75 per cent alcohol for at least
6 hours, the residues are dried and weighed, and are then ground
in a mortar or, preferably, in a small ball mill until the powder
will pass through fine silk bolting cloth.
A convenient ball mill can be readily improvised from quarter-
int cream bottles closed by rubber stoppers. A cylindrical
glock of wood that contains four evenly spaced holes bored par-
allel to the axis, and of such size as to accommodate the bottles
snugly, is mounted on an axle constructed of 0.6-cm (0.25-inch)
pipe attached firmly to the block and carefully centered. The
axle is set in bearings held by clamps, and the cylinder is rotated
by a belt from a laboratory motor around the cylinder or suitable
ulley attached to the axle. About 45 0.6-cm. (0.25-inch) steel
Eall bearings are added to each bottle with the sample, and the
mill is rotated at 120 revolutions per minute for about 8 hours.

Extraction of Starch

HyprocHLORIC AcID METHOD OF Rask. It is convenient to
carry out the extraction of four samples simultaneously; 0.200-
gram samples of the ground tissue are weighed into 25 X 200
mm. heavy-walled Pyrex test tubes, and 1.5 grams of sharp sand,
5 cc. of water, and a stout glass stirring rod are added to each.
The tubes are placed in a boiling water bath for 15 minutes to
?elatinize the starch, the contents being vigorously triturated
rom time to time with the rod. The tubes are cooled to 10° C.
and 5 ml. of concentrated hydrochloric acid are slowly added, the
temperature being kept below 22° C. The contents are then
ground with the rod over a period of about 10 minutes, each tube
being treated for about 0.5 minute at a time and kept in a water
bath at 20° C. during the intervals. The rods are then rinsed off
with a few drops of Rask’s acid and the tubes are centrifuged for
1 minute. The supernatant fluid is decanted into 25 X 200 mm.
test tubes calibrated at 50 ml., allowing sufficient time for drain-
age, and the lips are rinsed with a little water; these tubes are
kept in a water bath at 10° to 15° C.

The centrifuged residues
are next ground with the rods
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with a few drops of water, the tubes are centrifuged, and the ex-
tracts are collected in 25 X 200 mm. test tubes graduated at 50
ml. The residues are ground for 0.5 minute each, are returned
to the boiling water bath, and 3 ml. of water and 5 ml. of hot cal-
cium chloride solution are added to each. The alternate grind-
ing is continued for about 8 minutes, when the tubes are again
centrifuged. Two more successive extracts are made in the same
manner. A few drops of the fourth extract are acidified with
dilute hydrochloric acid and tested with a drop of 0.01 N iodine
solution; if a blue color is obtained a fifth extraction with caleium
chloride is made. The residues are finally washed by being
stirred with 5 ml. of water and centrifuged. The combined ex-
tracts are made to 50 ml. volume and are kept in the refrigerator.

Precipitation of Starch Iodide

The proper size of aliquot of the starch extract to be taken
for analysis can readily be determined after a little experience
by removing 0.2 ml. and testing with a drop of 0.01 N iodine
solution. If a light blue color is obtained, 10 ml. of the ex-
tract should be used; if an intense blue, 5 ml. or less. Cal-
cium chloride extracts must, of course, be acidified before
testing.

The aliquots are transferred to Gradwohl-Blavais sugar
tubes and are diluted to 10 ml.; 2 drops of 0.04 per cent thy-
mol blue and a slim stirring rod with an enlarged end are
placed in each.

HyprocaLoric Acip Extracrs. The tubes are cooled to 10° C.
in a bath and 10 N sodium hydroxide is added drop by drop
with constant stirring to a faint blue color, then 2.3 N hydro-
chloric acid to a yellow color and 1 ml. in excess. The tempera-
ture must not be allowed to rise above 25° C. If the aliquot is
less than 5 ml., 2 ml. of 20 per cent sodium chloride are added and
finally the starch is precipitated by the addition of 0.5 ml. of con-
centrated calcium chloride
and 6 to 10 drops of iodine—

for about 0.5 minute each,
and 3 ml. of Rask’s acid are
added, the alternate grinding

potassium iodide reagent.
The calcium chloride is neces-

of each tube being continued
as before for 5 to 7 minutes.
The tubes are then centri-
fuged and the residues are
extracted twice more in the
same manner, the successive
extracts being collected in the
graduated test tubes. A few
drops of the fourth extract
are tested with a drop of 0.01
N iodine solution, and if a
definite blue color is observed
a fifth extract is made.
Finally the residues are
washed by grinding once with
10 ml. of water. :

The combined extracts are
made to 50 ml. with water
and are then kept in a refrig-
erator until the next step
in the analysis is undertaken;
they are stable under these
conditions for at least 72
hours.

CarnciuM CHLORIDE
MerHOD. Samples of 0.200
gram of tissue are weighed
out into test tubes as before
and 0.05 gram of magnesium
carbonate, 1.5 grams of sharp
sand, 5 ml. of water, and a
stirring rod are added to each.
The tubes are heated with oc-
casional trituration in a boil-
ing water bath for 15 minutes
and 7 ml. of the concentrated
calcium chloride reagent,

reviously heated in the same
gath, are added. The four
tubes are then ground suc-
cessively, while in the boiling
water bath, for 0.5 minute
each over a period of about 10
minutes. Therodsare rinsed

Starch is extracted from plant tissues
either by hot concentrated calcium chloride
solution or by cold 21 per cent hydrochloric
acid, and is precipitated from the extract
by means of iodine at the correct acidity
and salt concentration. The iodine pre-
cipitate is decomposed with alcoholic alkali,
and the starch is isolated as such, dissolved
in dilute acetic acid, and converted again
to the iodine compound under conditions
in which it remains in colloidal solution.
The light transmission is read in a Pulfrich
spectrophotometer and the quantity of
starch present is calculated from a calibra-
tion curve constructed from observations
on pure potato starch.

The method has been applied to a num-
ber of plant tissues. The results, in gen-
eral, are lower than those obtained by cal-
culation of the starch from the sugar re-
duction obtained after hydrolysis, but are
believed to be more trustworthy. It has
been found that, in many cases, sugar-
yielding substances contaminate the iso-
lated starch and give rise to interference.

The method is highly specific and gives
results duplicable within 3 per cent on
quantities of starch between 1 and 3 mg.
in the aliquot analyzed and within 10 per
cent on quantities as small as 0.1 mg.

sary in order to produce a
precipitate which, on decom-
position with alcoholic sodium
hydroxide, will yield a granu-
lar precipitate of starch—
without it this precipitate is
gummy.

Carcium CHLORIDE Ex-
TrRACTS. If the aliquots are
smaller than 5 ml., 1 ml. of
calcium chloride is intro-
duced. The acidity is ad-
justed as already described, 2
ml. of 20 per cent sodium chlo-
ride are added, and the starch
is precipitated with 6 to 10
drops of iodine-potassium
iodide.

The subsequent procedure
is identical for both acid and
calcium chloride extracts.
The tubes are allowed to
stand for 10 minutes and are
then lightly stoppered or
covered with glass Eulbs and
immersed in a boiling water
bath for 15 minutes. After
being cooled to room tempera-
ture, any precipitate floating
on the surface is broken up
with a small rod and the tubes
are centrifuged. It is usually
impossible to decant the
supernatant fluid from these
precipitates. The best
method is to draw it off with
a long thin capillary tube
attached to a suction flask
and source of vacuum with
light-walled rubber tubing so
that the rate of flow can be
instantly controlled. By this
means floating particles are
usually caught on the walls
of the tube and the fluid may



g4 i INDUSTRIAL AND ENGINEERING CHEMISTRY

be removed to less than 1 ml. Asa rule floating particles consist
of sublimed iodine, and their loss does not affect the analysis.
The precipitates are washed twice successively with 2-ml. portions
of 60 per cent alcohol, the precipitate being mixed with the wash
fluid by gentle shaking of the tube which is then thoroughly cen-
trifuged. Spattering of the precipitate on the walls of the tube
must be avoided.

Decomposition of Starch Iodide

To the packed precipitates, 2 ml. of aleoholic sodium hydrox-
ide are added and the precipitates are triturated with glass rods
until nearly colorless. The rods are then washed with 60 per
cent alcohol, and the decomposition is completed by heating the
tubes in a bath at 70° to 80° C. for 5 minutes with gentle agita-
tion. The tubes are cooled and centrifuged, the fluid is decanted
from the starch, and this is washed twice with 2 ml. of 60 per cent
alcohol. After the last washing the tubes are inverted and al-
lowed to drain thoroughly.

Estimation of the Starch

The starch precipitates are treated with 5 ml. of water and are
heated with frequent shaking for 5 minutes in a boiling water
bath. After being cooled, 0.5 ml. of 2 N acetic acid is added, and
the contents of the tubes are thoroughly mixed and centrifuged.
The fluids are decanted into 25 X 200 mm. test tubes, calibrated
at 20 and 50 ml., immersed in a water bath at 15° C. The resi-
dues are washed by being agitated with 3 ml. of water, and are
centrifuged.

The solutions of starch are treated with 2 ml. of 2 N acetic
acid, 0.5 ml. of 10 per cent potassium iodide, and 5 ml. of 0.01 NN
potassium iodate, all being exactly measured. Two compensat-
ing solutions are simultaneously prepared that contain 8 ml. of
water, 2.5 ml. of 2 N acetic acid, 0.5 ml. of 10 per cent potassium
iodide, and 5 ml. of potassium iodate. The two compensating
solutions are diluted to 20 and 50 ml., respectively. The un-
knowns are diluted to either 20 or 50 ml., depending on the inten-
sity of color developed, and are allowed to stand, after being
thoroughly mixed, for 5 minutes. The extinction coefficient of
each solution is then determined in the Pulfrich spectrophotome-
ter using the compensating solution of the same.volume on the
control side of the instrument, and the equivalent of starch is
calculated from the calibration curve. The quantity found is
referred to the 0.200-mg. sample of prepared tissue and this in
turn corrected for the loss in weight during the preparation of the
original dried tissue for the starch analysis.

ﬁl will be found that the 50-ml. dilution should be used for
quantities in excess of 0.5 mg. of starch, the 20-ml. dilution for
smaller amounts. Cells should be selected of such length that
the readings fall between 20 and 80 per cent transmission.

Reference Standard and Calibration of
Instrument

In order to obtain from the extinction coefficient the actual
quantity of starch present, it is necessary to calibrate the in-
strument in terms of a reference standard of pure starch. For
this purpose, a high grade of potato starch was selected. This
was thoroughly extracted with a mixture of ether and alcohol
and with water, and was then dried in the air. Analyses of
two different lots so treated gave moisture contents of 11.36
and 4.78 per cent, ash contents of 0.29 and 0.30 per cent, and
no nitrogen. The two specimens therefore contained 88.4 and
94.9 per cent of starch. Calculation of the starch content by
means of the factor 0.93 from the sugar reduction after hy-
drolysis with 0.7 N hydrochloric acid for 2.5 hours gave 87.4
and 94.4 per cent. The values obtained for the organic
solids were therefore taken to represent the starch content
of these samples with sufficient accuracy. Both were used in
the preparation of the calibration curve.

Standard solutions of starch in hydrochloric acid were ob-
tained by treating the equivalent of 0.050 gram of dry starch as
already described for the extraction of starch from tissue. To
prepare solutions in calcium chloride, the equivalent of 0.050
gram of starch, 0.05 gram of magnesium carbonate, and 5 ml. of
water were heated in a boiling water bath for 15 minutes and 15
ml. of calcium chloride solution were added. A few drops of
caprylic alcohol and a few angular quartz pebbles were intro-
duced and the solution was boiled under reflux for 2 hours. The
solution was then diluted with 15 ml. of water, transferred to a
25 X 200 mm. test tube calibrated at 50 ml., diluted to the mark,
and centrifuged.
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Aliquots of these solutions that contained 0.1 to 3.0 mg. of
starch were then carried through the procedure already de-
scribed, with particular attention to the addition of salts pre-
vious to the precipitation with iodine. Determinations were
also made on solutions in calcium chloride that were heated
for longer times both at 100° C. and at the boiling point.
Furthermore, the precipitation with iodine was carried out in
the cold and at 100° C.,in the presence of acetic acid and also
of hydrochloric acid, and finally the readings of the color were
made at various temperatures from 15° to 28° C. All results
were duplicable within 5 per cent in spite of these variations.
The data were found to yield satisfactorily straight lines be-
tween the limits 0.1 and 0.6 mg. of starch read at 20-ml. vol-
ume, and between the limits 0.2 and 3.0 mg. of starch at 50-
ml. volume. Accordingly, all the data were assembled and
the best straight lines for the two volumes were obtained by
the method of least squares. The data for these lines are
shown in Table I.

TaBLE I. CALIBRATION DATA FOR STARCH DETERMINATION
(Filter S-61; 1l-cm. cell)

Extinction
Starch Volume Coefficient
Mg. Ml
0.100 20 0.089
0.200 20 0.133
0.500 20 0.343
0.200 50 0.053
0.500 50 0.138
1.00 50 0.278
2.00 50 0.559
3.00 50 0.840

Comparison of Colorimetric with Hydrolytic
Method on Pure Starch

Samples of standard starch solution both in calcium chlo-
ride and in hydrochloric acid were carried through the proce-
dure described up to the isolation of the starch precipitate,
save that the iodine precipitates were not heated but were
allowed to stand at room temperature for 30 minutes.

The precipitated starch was treated with 2 ml. of 0.7 N hydro-
chloric acid and the tubes, covered with glass bulbs, were heated
in a boiling water bath for 2.5 hours. After completion of the
hydrolysis, the solutions were cooled and neutralized to phenol
red with 0.5 N sodium hydroxide. They were then diluted to 10
15, or 20 ml., depending on the quantity of starch present, and
aliquots were analyzed for reducing sugar by the Shaffer and
Somogyi (14) method (copper reagent No. 50 containing 1 gram
of potassium iodide).

In addition, samples of dry starch were hydrolyzed directly,
and also after having been dissolved in calcium chloride and
precipitated with alcohol, or simply dissolved in hydrochloric
acid. The glucose values are summarized in Table II.

Y1ELD oF GLUCOSE FROM POTATO STARCH
No. of

TasrLe II.

Glucose  Determinations Factor
%
Direct analysis of starch 106.8 &= 1.0 8 0.936
Solution of starch (CaCls or HCI) 99.2 4= 2.0 7 1.008
Solution of starch in either solvent .
precipitated with iodine 99.2 £ 2.0 14 1.008

Starch on direct analysis yields 106.8 per cent of glucose,
but, after having been dissolved in either of the two solvents,
vields 99.2 per cent and the yield is unchanged by precipita- .
tion with iodine. It is clear therefore that the empirical fac-
tor 0.93, long in use to convert glucose yield into starch, does
not apply if the starch has been taken up in either of these
solvents. This factor is based upon the experiments of a
number of early investigators (6, 10).

The factor 1.01 calculated from the present experiments on
starch solutions suggests that there may have been incomplete
solution of the sugar-yielding material, but tests of the trace
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of residue left after solution of the starch in the solvent
showed that it gave no blue color with iodine and can there-
fore not be what is ordinarily understood as starch. Inas-
much as the present method to determine starch depends on
the blue coloration, it is necessary to define starch for our pur-
poses in terms of this reaction, and to correlate the results of
the colorimetric method with the glucose yielded by starch
after the starch has been treated with solvents.

The yield of glucose from starch that has been precipitated
by iodine varies materially according to the temperature and
acidity at which the precipitation is made, although neither
factor has much effect upon the color value. Data that illus-
trate these points are shown in Table III. Equal samples of
starch solutions were precipitated with iodine at room tem-
perature and one sample was then heated to 100° C. as de-
scribed. The acidity at which the precipitations were con-
ducted was also varied. Examination of the data shows that
the colorimetric values were not affected by heating at any
of the acidities tested. The glucose values were, however,
seriously reduced if the iodine precipitate was heated in the
presence of mineral acid.

TasLe III. ComPARISON OF COLORIMETRIC AND SUGAR
MgeTHODS ON RECOVERY OF PURE STARCH

(After iodine precipitation at room temperature and at 100° C.)
Starch from Sugar

Acid per 15 Ml. of Starch, Titration,
Neutralized Starch Solution Colorimetric Glucose X 1.01
Room Room
tempera- tempera-
ture 100° C. ture 100° C.
Mg. Mg. Mg. My.
Acetic acid 5.0 N, 0.3 to 0.5 ml. 0.095 0.099 0.092 0.097
2.03 2.02 1,98 .96
2.00 2.03 2.00 2.00
2.02 2.00 1,97 1.98
Hydrochloric acid 2.3 N, 0.5 ml. S 5% 2.04 1.68
Hydrochloric acid 2.3 N, 2.0 ml. 2,04 2.00 1.98 1.32
2.00 1.97 2.00 1.20
1.03 1.00 s o0
1.00 1.05
1.01 1.02
0.098 0.093
0.095 0.104
Hydrochloric acid 2.3 N, 2.6 ml. P00 ey 2.00 1.22
Hydrochloric acid 2.3 N, 5.2 ml. i B0, 1.99 1.01

It might be inferred from these data that precipitation in
the presence of acetic acid in the cold is preferable to the pro-
cedure here recommended. As will be shown below, however,
in the practical application of the method to plant tissues,
the precipitation of interfering substances is to a large extent
avoided by the technic the authors have adopted.

Starch Determination in Plant Tissue

BenAVIOR OF Carcium CHLORIDE ExTrAcTs. A solution
of pure starch in concentrated calcium chloride is not stable
at room temperature for more than 48 hours, the amount of
starch precipitable by iodine slowly diminishing. Dilution
with 10 volumes of water gives a solution which is even less
stable, notable losses of starch frequently being observed
within 24 hours.

Losses of starch also occur during the process of extracting
starch from plant tissues with hot calcium chloride unless
steps are taken to control the acidity. The calcium chloride
solutions the authors have used were faintly alkaline to phe-
nolphthalein. After being heated with plant tissue, they
rapidly became more acid and marked losses of starch oc-
curred if the reaction was allowed to drop below pH 6.0.

Table IV shows the effect upon the apparent starch content
when samples of leaf tissue are heated with calcium chloride
alone and together with calcium or magnesium carbonate.
The extracts were made by heating 0.5 gram of dry tissue at
100° C. for 17 hours with 5 ml. of water and 10 ml. of calcium
chloride; from 0.1 to 0.2 gram of the carbonates was used in
addition where mentioned. The extracts were diluted to 50
ml. and the reaction was determined at the quinhydrone
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electrode; starch analyses were then carried out on suitable
aliquots.

TasLe IV. Errecr oN RECOVERY OF STARCH OF HEATING
: TrssueE witH CarciuMm CHLORIDE AT DIFFERENT
REAcTIONS
(Extractions at 100° C. for 17 hours)
Reaction of

Final CaCl;
Tissue Used Solution Starch
pH %o

Tobacco leaf E 3.06 0.00
Tobacco leaf E 4 CaCO; 4.99 0.58
Tobacco leaf E + 2.0 per cent of starch 3.06 0.00
Tobacco leaf E 4+ MgCO; 6.93 1.88
Tobacco leaf E -+ 2.0 per cent of starch + MgCOs 6.94 4.00
Tobacco leaf H 3.10 0.00
Tobacco leaf H 4+ MgCO, 7.32 0.14
Tomato leaf 4.45 0.30
Tomato leaf + CaCOs 4.90 0.61
Tomato Jeaf 4+ MgCO; 6.96 2.17

Complete loss of starch took place if the reaction was not
controlled. Calcium carbonate in the quantity used was in-
effective in maintaining a relatively neutral solution and seri-
ous loss of starch occurred. Magnesium carbonate, however,
preserved a neutral solution and permitted complete recovery
of the starch.

Although an unusually long period of heating was employed
in these experiments in order to magnify the results, appre-
ciable loss may occur from tobacco leaf tissues during extrac-
tion of starch as described above, unless magnesium carbonate
is added. The losses were small, however, with salvia or
alfalfa leaf tissue.

The authors have recommended extraction with calcium
chloride at 100° C. rather than at the boiling point of the con-
centrated solution (113° C.). A careful comparison of starch
values obtained by successive extractions at the boiling point
and at 100° C. showed that somewhat lower results were ob-
tained at the higher temperature. Data that illustrate this
and also give a comparison with cold hydrochloric acid ex-
traction are shown in Table V.

TABLE V. COMPARISON OF EXTRACTION OF STARCH BY BOILING
Cavcrom CHLORIDE SoLUTION, BY CaLcium CHLORIDE AT 100° C.,
AND BY HYDROCHLORIC ACID

CaCls CaCls HCI
Tissue Used 113°-114° C. 100° C. 202 C,
% % %

Tobacco leaf E 1.55 1.65 1.60
Tomato leaf 1.43 1.43 1.45
Tomato stem A 9.95 10.65 10.60
Tobacco stem H 0.73 0.76 0.78
Tobacco stem K 4.23 4.70 4.63
Tobacco stem J 1.73 1.81 1.88
Tobacco stem I 1.60 1.65 1.68

It s clear that the cold hydrochloric acid extraction method
is to be preferred to extraction with calcium chloride at the
boiling point. The stability of hydrochloric acid extracts
for considerable periods of time (5), provided they are stored
in a refrigerator, is also a point in favor of this method of ex-
traction and for most purposes the authors prefer it.

ILLusTRATIVE DaTA. Tables VI and VII show data that
illustrate the close reproducibility of starch determinations in
various plant tissues, and the accuracy with which starch can
be recovered when added to a starch-free tissue. It will be
noted that 0.2 mg. of starch in the aliquots actually analyzed
was recovered with an accuracy of =10 per cent, but that a
somewhat larger quantity can be determined within =2 per
cent. It is accordingly desirable to select aliquots with at-
tention to this point. ]

Table VIII gives a comparison of starch determined by the
colorimetric method with values determined by the reducing
power of the starch after isolation as described and subsequent
hydrolysis with acid. The discrepancy between the two
methods is especially high for tissues of low starch content and
suggests that substances other than starch which yield sugar
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DupricaBiLiTYy OF COLORIMETRIC DETERMINATION
OF STARCH IN PranT TISSUE

Starch in CaCl: Extract Starch in HCI Extract

TasLe VI.

Tissue'Analyzed

% %0
Tomato stem 10.90 10.90
10.80 10.80
10.60
10.65
Rhubarb rhizome 32.00 32.94
32.50 33.20
Rhubarb leaf e 0.35
0.38
0.41
Tobacco leaf E 1.50 1.38
1.44 1.44
Tobacco leaf F i 0.67
0.83
Tobacco leaf B 5.50°
5.35
Tobacco leaf D 6.00
5.85
6.15
Tobacco leaf J 1.42
1.38
Tobacco stem K 4.60
4.70
4.75
Beet root 0.16
0.15
Alfalfa stem 7.45
7.50

RECOVERY OF STARCH ADDED TO STARCH-FREER
BeeET LEAF TISSUB

(0.200-gram samples of tissue)

TasLe VIL

Starch in
Starch Added Aliquot Used Starch Found Recovery

Mg. Mg. My. %

9.40 1.88 9.70 103
9.60 102
9.50 101
9.35 99.6
9.30 99

1.00 0.20 1.00 100
1.05 105
1.07 107
0.90 90

on hydrolysis are precipitated. That thisis the case was dem-
onstrated by further extraction of the tissues after the starch
had been removed and by extraction of starch-free tissues.
In all cases, substances which gave reduction values and ac-
tual fermentable sugar were so obtained. Clearly, therefore,
the high sugar titration values are due to contamination of
the extracts with hydrolyzable substances other than starch.

The sugar titration values of the calcium chloride extracts
agree in range with the hydrochloric acid extracts, provided
the precipitation of the starch iodide is made at pH 1. Pre-
cipitation at pH 3 leads to higher values, and Table IX gives
actual data that illustrate the magnitude of the discrepancies
that may occur. The beet and rhubarb tissues were all low
in true starch, but the extracts gave unusually large precipi-
tates with iodine at pH 3, which in turn yielded much sugar
on hydrolysis. Much less of this material was usually ob-
tained at pH 1 in the cold.

It is clearly impossible to interpret the sugar titration
values of the substances precipitated by iodine as being en-
tirely due to starch. The colorimetric values, however, are
identical regardless of the method of extraction or precipita-
tion.

Lowsr LiviT oF AccurAcy OF THE METHOD. Extracts of
starch from plant tissue prepared by either method frequently
contain other substances that are either precipitated by iodine
or adsorbed on the starch precipitate. These substances may
give rise to a turbidity in the solution of free starch later ob-
tained that interferes with the reading of the spectrophotome-
ter. The amount of these extraneous substances varies with
the tissue analyzed, but, in all cases the authors have en-
countered, can be minimized by heating the solution to
100° C. after the addition of the iodine reagent to the extract
previously acidified to approximately pH 1.
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In order to obtain an idea of the magnitude of the inter-
ference that may occur, analyses of starch-free beet leaf tissue
were carried out. The extracts from this tissue gave no blue
color with iodine, but yielded a small white flocculent precipi-
tate under the conditions of the analysis. If the precipita-
tion was made in acetic acid solution at pH 3, this precipitate
was much larger and yielded a solution in water that showed a
marked Tyndall effect in the spectrophotometer. On the
other hand, if the precipitation was carried out at 100° C. at
pH 1, the precipitate was very small and yielded a solution
that was apparently clear. When diluted to 20 ml. and ob-
served in a 3-cm. cell in the spectrophotometer, extinction
coefficients of 0.032 and 0.010 were obtained, respectively.
Both readings are beyond the lower limit of accuracy of the
starch calibration curve of the instrument and therefore have
little significance. Nevertheless the results illustrate the
superiority of the iodine precipitation at pH 1, and also serve
as a blank on the method when applied to the analysis of tis-
sues very low in starch. The value 0.01 for the extinction co-
efficient has been repeatedly found for tissues that gave no
qualitative evidence of the presence of starch. Consequently
when attempts are made to estimate quantities of 0.1 mg. or
less of starch, it would seem advisable to deduct 0.01 from the
extinction coefficient observed to allow for this blank.

The calibration curve is constructed on the basis of 0.200
gram of tissue, the extract from which is made to 50 ml., and
of this 10 ml. at most are subsequently diluted to 20 ml. The
limit of the calibration is 0.1 mg. of starch; consequently the
lower limit of the method is a starch concentration of 0.25 per
cent of the prepared tissue. If it is desired to determine
smaller proportions, a larger sample of tissue must be em-
ployed. As much as 0.5 gram can be satisfactorily extracted
by the technic described.

Tissues that contain high proportions of starch are most
conveniently dealt with by reducing the size of sample se-

Tasre VIII. CompArISON OF COLORIMETRIC METHOD FOR
STARCE WITH SUGAR TITRATION VALUES
~———8Sugar Titration Values
Colorimetric HCl extract HCl extract
Starch in CaCla precipita- precipita-
Tissues extract tionatpH3 tionatpH1
%0 % % %o
Alfalfa stem 39 7.50 9.14 9.51
Alfalfa stem 40 5.85 6.54
Tomato stem C 9.50 10.50 s e
Tomato stem B 10.60 11.70 12.54
Tomato stem A 10.90 12.34 13.02 12.00
Tomato stem residues® 0.48 e 0.92 0.75
0.18 2 0.39 e
0.20 0.40 0.30
0.25 A 0.55 e
Beet root 0.15 0.37 1.77 0.41
Beet to 0.05 0.21 0.89 0.15
Rhubarb leaf 0.41 0.82 2.20 0.77
Tobacco leaf E 1.41 1.48 2.18 1.50
Tobacco leaf B 5.50 i o 6.20
Tobacco leaf F 0.63 i 0.85
Tobacco stem H 0.78 4 1.13 Sl
Tobacco stem I 1.68 1.80 2.37 1.75
Tobacco stem J 1.88 2.23
Tobacco stem K 4.63 5.00 5.19 5.08
Rhubarb rhizome 31. 40.02 43.00 39.1

¢ Tissue first extracted by refluxing with CaCl: + MgCO; for 2 hours.
Residue washed and then extracted in usual way with Hél.

TasLe IX. CompARISON OF COLORIMETRIC METHOD AND
SuGAR TITRATION UNDER DIFFERENT CONDITIONS
Sugar Titration Values————

1 extract
HCI extract precipitation

Tissue Colorimetric CaCl: precipitation  at pH 1
Analyzed Starch extract at pH 3 in cold
% % % %
Alfalia leaf 7.45 9.14 9.51
Begt top 0.00 0.18 0.89 0.15
Beet root 0.16 0.37 2T 0.41
Rhubarb leaf 0.35 0.82 2.20 0.77
Tobacco leaf B 5.50 e Vo 6.20
Tobacco leaf F 0.63 55 1.85
Tobacco stem K 4.70 5.19 5.18
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lected. For tissues with 30 per cent or more, it is advisable
to employ 0.100 gram or even less.

Action of Takadiastase on Starch Extracts

The purity of the starch extracts from plant tissues can be
readily tested by observations of the effect of takadiastase
upon them.

An alittxot of the extract that contains less than 3 mg. of starch
is neutralized with sodium hydroxide and acidified with a slight
excess of acetic acid; 0.5 ml. of caleium chloride and 2 ml. of a
0.1 per cent solution of takadiastase (takadiastase undiluted 900
per cent, Parke, Davis and Co.) in water are added. The solu-
tion is warmed at 50° to 52° C. for 30 minutes with occasional
stirring, is cooled and acidified with 2 ml. of dilute hydrochloric
acid, and a few drops of iodine-potassium iodide reagent are
added. If the precipitate produced is blue, the analytical pro-
cedure may be completed as already described. If no blue pre-
cipitate is formed, it is obvious that the extract contained no
su{astance other than starch that reacts with iodine to give a blue
color. :

A careful investigation of the authors’ standard prepara-
tions of potato starch showed them to be free from such con-
taminants; this confirms the statements of Ling and Nanji
(7). In addition, tests on a number of preparations of leaf
tissue revealed no case in which the amount of blue precipi-
tate obtained after digestion of the extract with takadiastase
gave readings at the spectrophotometer that could be re-
garded as significant.

Discussion

The colorimetric method employs three distinct steps, each
of which contributes markedly to the specificity for starch.
The preliminary dilute alcohol extraction of the tissue re-
moves compounds such as glucosides and alkaloids, some of
which yield insoluble colored compounds with iodine (1, 2).
The precipitation of the starch with iodine eliminates a large
group of polysaccharides which may be present in the starch
extract but which are not precipitated by iodine. The utili-
zation of the highly specific blue color of the iodine-starch
complex for the quantitative measurement eliminates un-
known carbohydrate compounds which may have been pre-
cipitated by the iodine or adsorbed on the starch precipitate.
When formed in the presence of a large definite excess of io-
dine, this color is reproducible and stable. In addition, the
use of the light filter which transmits a band of light of wave
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length most strongly absorbed by the iodine-starch complex
further contributes to the over-all specificity of the method.

The only source of interference that may be anticipated is
from substances of the amylohemicellulose type described by
Schulze (13), Schryver and Thomas (12), and Ling and Nanji
(7), which occur in certain starch-bearing seeds, in fruits,
leaves, and stem tissues. These substances give an intense
blue, or blue-violet, color with iodine, but differ from true
starch in that they are not digested by takadiastase.

The present method of determining starch is essentially a
comparison between starch isolated from the tissue under an-
alysis and potato starch taken as standard. The authors
have found no evidence of the presence of amylohemicellulose
in the standard starch they have used, nor in the tissues they
have employed in their tests of the method. Obviously, how-
ever, tests should be made for such compounds before apply-
ing the colorimetric method in new cases. On the other hand,
however, such information as is available in the literature
indicates that the relative proportion of these compounds is
usually very small, so that serious errors will seldom be en-
countered.

Literature Cited

(1) Barger, G., and Field, E., J. Chem. Soc., 101, 1394 (1912).
(2) Barger, G., and Starling, W. W., Ibid., 107, 411 (1915).
(3) Clark, W. M., “The Determination of Hydrogen Ions,” 3rd ed.,
p- 91, Baltimore, Williams and Wilkins Co., 1928.
(4) Dennstedt, M., and Voigtlinder, F., Forschungsber. Lebensm.,
2, 173 (1895).
(5) Denny, F. E., Conirib. Boyce Thompson Inst., 6, 129, 381 (1934).
(6) Fresenius, W., and Griinhut, L., Z. anal. Chem., 35, 607 (1896).
(7) Ling, A. R., and Nanji, D. R., J. Chem. Soc., 127, 652 (1925).
(8) Littleton, F. T., Am. Chem. J., 19, 44 (1897).
(9) Mannich, C., and Lenz, K., Z. Unltersuch. Nahr. Genussm., 40,
1 (1920).
(10) Noyes, W. A., Crawford, G., Jumper, C. H., Flory, E. L., and
Arnold, R. B., J. Am. Chem. Soc., 26, 266 (1904).
(11) Rask, O. S., J. Assoc. Official Agr. Chem., 10, 108, 473 (1927).
(12) Schryver, S. B., and Thomas, E. M., Biochem. J., 17, 497 (1923).
(13) Schulze, E., Z. physiol. Chem., 16, 387 (1892).
(14) Shaffer, P. A., and Somogyi, M., J. Biol. Chem., 100, 695 (1933).
(15) Sullivan, J. T., Inp. EnG. CHEM., Anal. Ed., 7, 311 (1935).
(16) Sullivan, J. T., J. Assoc. Official Agr. Chem., 18, 621 (1935).
(17) Witte, H., Z. Untersuch. Nahr. Genussm., 6, 625 (1903).

Receivep November 8, 1935. The expenses of this investigation were
shared by the Connecticut Agricultural Experiment Station and the Carnegie
Institution of Washington.

Determination of Zinc in Soils

HUGH M. BOGGS! AND A. O. ALBEN, Bureau of Plant Industry, U. S. Department of Agriculture, Shreveport, La.

ANY methods for the determination of small amounts
of zinc in various materials have appeared in recent
years. A review of those appearing prior to 1932 is given by
Todd and Elvehjem (75). Since that time methods for the
determination of zinc have been reported by Hibbard (?) and
others (10, 12). Most of these are unsatisfactory for soil
probably because of the large amounts and number of inter-
fering substances present in them. Procedures involving the
precipitation of iron and aluminum from the solution before
the zine is precipitated (1, 13) seem to be unsatisfactory be-
cause these bulky precipitates retain zinc, and it is difficult to
remove all the iron.

In the work reported in this paper on the determination of
zine in soils, variations of several methods are used, including
a modification of Hibbard’s method for the determination of
zine in plant material in which the zinc is precipitated by

1 Present address, Food and Drug Administration, 201 Varick St., New
York, N. Y.

hydrogen sulfide from a properly buffered solution, after a
preliminary precipitation with hydrogen sulfide to remove
certain impurities. An acid concentration higher than that
recommended by Hibbard was found necessary, probably
because of the large mass of soluble salts resulting from a
soil fusion. The zinc is determined with Nessler tubes by
a method adapted to amounts found in soils.

Turbidimetric Determination of Zinc

Several methods (3, 6, 11, 16) have been used in the deter-
mination of small amounts of zine, such as ferrocyanide tur-
bidity, ferrocyanide titration,iodometrictitration, polarigraph,
and indirectly a colorimetric phosphate method. The ferro-
cyanide turbidity method has been used by the greatest
number of investigators and was adopted for this work.

That the degree of opalescence produced by zine in a potas-
sium ferrocyanide solution is dependent on time, salt con-
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cyanide-zinc ratio
and amount of hy-
drochloric acid for
amounts of zine from 0.02 to 0.1 mg. in 50 cc. of solution is
given in this paper.

The potassium ferrocyanide used by the various workers
varied from 0.1738 to 0.00264 gram per 50 cc. A comparison
of opalescence was made using from 0.02 to 0.1 mg. of zinc
and from 1 to 10 ce. of 0.05 N potassium ferrocyanide in 50 cc.
Fifteen cubic centimeters of N hydrochloric acid were used
in all these tests. The readings of the various amounts of
zinc and potassium ferrocyanide are depicted on a parallelo-
gram shown in Figure 1.

For each amount of zinc the opalescence varied with each
amount of potassium ferrocyanide. With 0.10 and 0.08 mg.
of zine, opalescence
was greatest with 1 cc. &2
of the 0.05 N potas-
sium ferrocyanide
and least with 10 cc.
With 0.02 and 0.04
mg. of zine, the opal-
escence produced was
reverse order, being
greatest with 10 cc. of
the 0.05 N potassium
ferrocyanide and
practically none with
1 cc. With amounts
of zin¢ from 0.02 to
0.1 mg. and 15 cc.
of N hydrochloric
acid in 50 cc. it would
seem about 5 cc. of 0.05 N potassium ferrocyanide should
be used.

The effects of acid on the opalescence of zinc in amounts
from 0.02 to 0.1 mg. in potassium ferrocyanide solution are
shown in Figures 2 and 3.

The readings from which Figures 2 and 3 were made are
approximate, because the same amount and shade of opal-
escence are reproduced only by identical conditions in all
respects. Three milligrams of zinc with 3 ce. of N hydrochloric
acid were taken as a standard for the readings in both figures.
Figure 2 shows that with 0.02, 0.03, and 0.04 mg. of zinc there
is opalescence with 3 ce. of N hydrochloric acid. The opal-
escence increases up to 9 cc. with 0.02 and 0.03 mg. and up to
12 ce. with 0.04 mg. of N hydrochloric acid and zinc, respec-
tively. After maximum opalescence is reached the opalescence
decreases with increasing amounts of acid until between 18
and 24 ce. of N hydrochloric acid there is no opalescence.

Figure 3 shows the apparent amounts of zinc as judged by
opalescence produced with 3, 9, 12, and 15 cc. of N hydro-
chloric acid on from 0.03 to 0.12 mg. of zinc. Three cubic
centimeters of N hydrochloric acid show the least opalescence
for the various amounts of zint and the least difference
between the various amounts of zinc. Fifteen cubic centi-
meters of V' hydrochloric acid have the greatest opalescence
and the greatest differences between the various amounts of
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zinc. Figure 2 has shown a disappearance of opalescence
with more than 15 cc. of IV hydrochloric acid with very small
amounts of zine. From these results it would seem that 15 ce.
of N hydrochloric acid are about right to use in 50 cec. of
solution with zinc ranging from 0.03 to 0.1 mg.

The zinc as separated was free of contaminating salts except
for the small amount of sulfide in combination with the zinc.
Several investigators add salts of various kinds to increase the
opalescence. Added salts were found to impart a greenish
tinge to the opalescence and seemed to hasten its breaking
down, and for that reason are not used in this method. The
clearest opalescence was secured by using acid alone. Maxi-
mum opalescence is attained in about 3 minutes and persists
for 15.

Analytical Procedure

The soil sample is first fused with potassium pyrosulfate and
the fusion disintegrated in a hot dilute hydrochloric acid solu-
tion (73). The silica is removed by filtration and the filtrate and
washing are evaporated to a fairly small volume. The acidity
of this solution is fixed at 0.4 N and the interfering members
of the first hydrogen sulfide group in qualitative analysis are re-
moved with hydrogen sulfide. The solution is buffered, a filter
aid added, and the pH fixed at about 3.5 (neutral gray color to
bromophenol blue or bromochlorophenol blue). The zinc is
then precipitated with hydrogen sulfide and filtered. After
thorough washing it is dissolved off the paper with 1 N hydro-
chloric acid. The acid solution containing the zinc is made up to
a definite volume and the zinc determined with Nessler tubes on
an aliquot by the ferrocyanide method.

REAGENTS AND PrECAUTIONS. Only iron, nickel, or monel
metal screens and grinding equipment should be used in the
preparation of the sample, avoiding all brass. Zinc-free glassware
must be used. Pyrex ware is satisfactory.

The buffer solution (9) for zinc precipitation consists of 650
grams of ammonium sulfate, 500 grams of citric acid, 200 cc. of
90 per cent formic acid, and 500 ce. of concentrated ammonium
hydroxide in 2.5 liters. The 3.2 pH buffer solution consists of
37 cc. of 0.1 N hydrochloric acid and 2.5508 grams of potassium
acid phthalate in 250 cc. of solution (4). The indicator solution
is prepared by dissolving 1 gram of bromochlorophenol blue or
bromophenol blue in 28.5 cc. of 0.1 N hydroxide and diluting to
2.5 liters with water.

FusioN. Two 5-gram portions of soil are fused in 50-cc. plati-
num crucibles, each with 12 to 20 grams of potassium pyrosulfate
(8). If the soil is mixed with half or less of pyrosulfate and the
remainder added in one or more portions as the fusion progresses,
boiling over will be practically prevented. The amount of
potassium pyrosulfate needed is largely determined by the quan-
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tity of caleium and organic matter in the sample, more being re-
quired as these components increase. The fusions can usually be
mzzlde almost completely with the lid off, covering only toward the
end. .

SEPARATION OF ImPURITIES. The fusions are cooled and placed
one at a time in a 400-cc. beaker containing 250 cc. of water and
10 cc. of hydrochloric acid. After they have loosened and the
crucibles and lids have been removed and washed, the solution
is evaporated to about 100 ce. on a hot plate. If much calcium
is present, the solution must be kept heated almost to the point
where bumping will occur in order to disintegrate the fusion.
If the fusion is allowed to cool gradually before being placed in
the acid solution for disintegration, it will come free from the
crucible much more readily than if the fusion is placed in the
solution hot or its cooling hurried unduly. The solution is
filtered on a Biichner funnel, removing the silica and a good part
of the sum. The precipitate is washed several times with
cold distilled water. The filtrate and washings are evaporated
to 100 to 150 ce.

The acidity of the solution is now fixed at 0.4 N by adding the
proper amount of 5 N sodium hydroxide. This is determined by
titrating 1 cc. of the unknown solution in a 100-cc. beaker, with 1
cc. of bromophenol blue indicator solution to the same color as an
identical volume of pH 3.2 buffer solution with 1 cc. of bromo-
phenol blue indicator. It is convenient to have ready for com-
parison 100-cc. beakers containing, respectively, 10, 15, and 20
cc. of the buffer solution with 1 cc. of the indicator solution.
From this result and the volume of solution the amount of 5 N
sodium hydroxide required to bring the solution to 0.4 N acidity
can be calculated.

After the normality is fixed, hydrogen sulfide is passed rapidl
into the cold solution (10) for 15 minutes, the solution is filtered,
and the precipitate washed with a 0.4 N hydrochloric acid solu-
tim:{, gatumted with hydrogen sulfide. The precipitate is dis-
carded.

SEPARATION oF ZiNc. To the filtrate, approximately 250 cc.,
are added 25 cc. of buffer solution and 2.5 cc. of bromophenol blue
indicator solution. The solution is titrated to a gray color, or
slightly beyond, with 5 N sodium hydroxide. One cubic centi-
meter of 5 per cent tale suspension is then added and the zinc
precipitated by passing a rapid stream of hydrogen sulfide for
30 minutes.

The precipitate is filtered and the filter carefully washed with
hydrogen sulfide water containing 4 cc. of 90 per cent formic acid
per liter. This washing frees the filter of iron. At least four
washings are necessary and finally the precipitate and tips of the
funnels are washed once with distilled water. The zinc sulfide
on the paper is then dissolved by washing the filter with 30 cc. of
1 N hydrochloric acid into a 100-cc. volumetric flask and made to
volume by washing the paper repeatedly with distilled water.

DETERMINATION OF ZInc. Aliquots of 10 to 25 cc. of the solu-
tion from separation of the zinc are placed in 50-cc. Nessler
tubes. The acidity is increased until each one has 15 cc. of N
hydrochloric acid, water is added to make 45 cc., and finally 5
cc. of the 0.05 N potassium ferrocyanide are added. The whole
is mixed thoroughly and then compared with a set of standards
made up in a similar manner. If talc filter acid and water are
saturated with hydrogen sulfide and filtered, and the hydrochloric
acid used afterward for the standards is run through this filter,
the standards will have the same shade of color as the unknowns,
a considerable aid in quick reaching of the unknowns. Compari-
son of unknowns with standards is best made by placing the
Nessler tubes over fine print as suggested by Birckner (2).

Application and Results

The method was checked by adding 1 mg. of zine to an acid
and a neutral soil at various steps in the process, and the added
zinc recovered. The results are shown in Table I.

TABLE I. RECOVERY OF ADDED ZINC FROM AN ACID AND
NEvTRAL SOIL

Inherent Total
Stage in Method When Zine Zinc Zinc in inc
Was Added Added Soil Sample Recovered
Mg. My. Mg.
Monroe silt loam, virgin soil, 3 to 6 inches, pH 4.68
Zinc applied in solution before fusion 1.00 0.40 1.40
1.00 .40 1.40
Zinc added dry before fusion 1.00 0.40 1.40
1.00 0.40 1.40
Zinc added in solution before fusion 1.00 0.40 1.40
Fused very hard 1.00 0.40 1.40
Yaholla fine sandy loam, 24 to 36 inches, pH 7.00
Zinc added before silica filtered 1.00 0.22 1.20+
1.00 0.22 1.20+
Zinc added after silica filtered 1.00 0.22 1.20+
1.00 0:22 1,20+
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The zine content of six soils ranging in reaction from pH
4.25 to 8.40 as determined by this method is given in Table
II. This table shows considerable variation in the zinc con-
tent of soil profiles. The lowest amount of zine in any horizon
is 0.04 mg. per 10-gram sample and the highest amount is
0.83 mg. Rosette of pecans has been found to be associated
with deficiences of available zinc in soils and a discussion of
this relationship will be presented in another publication.

TaBLE II. Zmnc ContENT OF TyPICAL SOILS

(Amount per 10 grams)
Yaholla  Uvalde Frio Acadia
Fine Silty Silty  Very Fine
Sandy Clay Clay Sandy Clay

Catalpa Ochlocko-
Silty nee Fine
Sandy

Depths Loam Loam Loam Loam Loam Loam

Inches Mg. My. My. My. Mg. My.
0-3 s e A e 0.73 0.23
3-6 ok, i3 i 53 0.83 0.25
0-6 0.63 0.53 0.53 0.04 S 2
6-12 0.63 0.38 0.53 0.09 0.73 0.25
Feet
1-2 0.53 0.38 0.53 0.17 0.83 0.23
2-3 0.43 0.43 0.63 0.21 0.83 0.33
3-4 0.43 0.38 0.63 0.19 0.83 0.38
4-5 0.43 0.33 0.63 0.29 0.83 0.33
5-6 0.43 0.43 0.63 0.31 0.83 0.33
6-7 0.43 > e i

7-8 0.53

8-9 0.63

9-10 0.68

10-11 0.73

11-12 0.78
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Recovering Chloroform from Used
Dithizone Solutions

DONALD A. BIDDLE

Morley Chemical Laboratory, Western Reserve Uni-
versity, Cleveland, Ohio

HLOROFORM from used dithizone solutions can be
economically recovered by first removing any aqueous
layer, then washing until colorless with commercial sulfuric
acid equal to 5 or 10 per cent of its volume, treating with lime,
distilling in the presence of some of the excess lime, and
finally adding alcohol (1.0 to 1.5 per cent by volume). The
sulfuric acid removes the organic impurities, while the lime
neutralizes the excess acid or any acid resulting from the de-
composition of the chloroform during distillation, and the al-
cohol acts as a preservative. The product meets the tests
of the U. S. Pharmacopeia and is suitable for further use with
dithizone or in other procedures.

Recervep December 1, 1935



Measuring the Susceptibility of Asphalts

to Temperature Changes

A. HOLMES, J. O. COLLINS, anp W. C. CHILD, Standard Oil Company of New Jersey, Elizabeth, N. J.

RIOR to the introduction

of modern distillation meth-
ods into the petroleum industry,
the sources of petroleum as-
phalts were comparatively few.
Subsequently, however, the in-
creased use of vacuum pipe
stills, as well as other improve-
ments in refining methods,
opened a considerably broader
field, resulting in the production
of asphalts from sources which
previously could not be proc-
essed for that purpose in exist-
ing equipment without some
decomposition. Modern meth-
ods have also made possible the
manufacture of a larger number
of asphalt grades than were
formerly produced.

Asphalts, in general, are
classified in several groups ac-
cording to their use as binders and paving asphalts for the con-
struction of roads, saturants and roofing asphalts for the roof-
ing trade, as well as innumerable specialty products for many
other uses. Each classification is'subdivided into numerous
grades depending upon their consistency, which is usually
designated by one or more of the standardized tests, such as
softening point, penetration, and viscosity. The ring and
ball softening point is defined as that temperature at which a
sample of asphalt, molded in a ring of standard size and upon
which a 0.94-cm. (0.375-inch) steel ball has been set, sags
under the weight of the ball to a depth of 2.5 em. (1 inch)
when suspended in a fluid, either water or glycerol, heated at
a definite rate of 5° C. (9° F.) per minute. The penetration
is defined as the depth, measured in one-hundredths of a cen-
timeter, to which a standard-size needle penetrates the as-
phalt under definite conditions of temperature, weight, and
time. Because of the nature of asphalts, these methods are
necessarily fixed, arbitrary, and closely defined, in order that
comparable results may be obtained. The viscosity may be
determined in numerous ways by means of efflux-type or tor-
sion-type viscometers.

While these tests per se serve to define the physical charac-
teristics of an asphalt under specified conditions, they do not,
individually or collectively, give a clear picture as to the be-
havior over the wider range of conditions encountered in ac-
tual service.

Recently, there has been an increasing demand from the
asphalt consumer for some simple method by which the be-
havior of an asphalt under service conditions can be definitely

Susceptibility factor

The need for some suitable means of
expressing the change in consistency of
asphalts over the wide range of tempera-
ture usually encountered in actual service
is demonstrated. While no single factor
has been developed which will adequately
serve to measure the temperature suscepti-
bility over the entire desired range of con-
ditions, three methods are suggested which
can be used in conjunction with one an-
other for this purpose.
point—penetration index indicates the sus-
ceptibility over a narrow range of normal
atmospheric temperatures, the ratio of the
penetration at 25° C. (77° F.) to the pene-
tration at 0° C. (32° F.) at subnormal, and
the fluidity index at elevated temperatures.

_ Denetration at 46.1° C. per 50 grams per 5 seconds — penetration at 0° C. per 200 grams per 60 seconds

indicate numerically the con-
sistency changes of an asphalt
at normal, subnormal, and
elevated temperatures. It
should be borne in mind, how-
ever, that asphalts have other
characteristics just as important
which do not come within the
scope of this paper.

Review of Some Present

Methods

In dealing with asphalts, the
term ‘“‘susceptibility’’ is gener-
ally employed to indicate the
tendency of this material to
change in consistency with
changes in temperature. A
product that changes consist-
ency rapidly with temperature
is spoken of as possessing a high
susceptibility, and one which
changes slowly with temperature has a low susceptibility.

The softening

If an asphalt which is highly susceptible is used as a filler in
block pavements, either wood or stone, the heat under normal
summer conditions will cause the asphalt to soften almost to the

int of being fluid. This will ooze out of the joint onto the

locks, rendering them sticky. An asphalt with low suscepti-
bility will not soften to any such degree under the same condi-
tions and although expansion will take place, the bitumen will
remain in a more or less solid, nonsticky condition. In an as-
phalt macadam road, other conditions being equal, a highly sus-
ceptible asphalt tends to lower road stability and cause displace-
ment under the action of heavy traffic in hot weather, because the
asphalt will soften to a greater degree and hence lose more of its
bonding power than one of low susceptibility. On the other
hand, it is sometimes desirable to have an asphalt which becomes
fluid rapidly as the temperature is raised. In the manufacture
of some impregnated products a highly susceptible asphalt, in
this case one which becomes fluid more rapidly at elevated tem-
peratures than one of low susceptibility, tends to impregnate the
material to a greater extent than the less susceptible bitumen,
under the same conditions.

Thus, susceptibility of an asphalt is a property which mani-
fests itself readily and is easily recognizable in all fields where
asphalt is employed. The existing methods of measuring
this property are not entirely suitable, either because of the
limited range of consistencies over which they may be calcu-
lated or because they require the use of special apparatus and
methods of testing not readily available nor widely in use.

SuscepTBILITY FAcTOR. Two methods of expressing the
susceptibility factor which have been used for a number of
years are calculated from the following formulas:

penetration at 25° C. per 100 grams per 5 seconds

penetration at 37.8° C. per 100 grams per 5 seconds

(1)

Susceptibility factor =

measured. In an attempt to meet one phase of this condition,
the available asphalt data obtained from various crude sources
were reviewed with the result that factors were evolved which

penetration at 25° C. per 100 grams per 5 seconds

2)

Method 1 has gradually been almost entirely supplanted by
method 2, which was originally given in the paving asphalt
specifications for one of our large cities. Application of the
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data to these two methods indicates that, while they give re-
sults in the same order of magnitude, they are not always in
agreement. It was also observed that no calculations could

be made on asphalts softer than 70 to 75 penetration at 25° C.

(77° F.) because the values of penetration at 37.8° C.
(100° F.) and 46.1° C. (115° F.) were indeterminate, owing
to the limitations of the penetration test. The limit of pene-
tration is approximately 350, corresponding to the depth of
the asphalt container specified by the test. For a given
source of asphalt, the factors varied over a rather wide range,
depending upon the consistency.

A third type of factor has been suggested by Abraham (1).

hardness at 0° C. — hardness at 46.1° C.

Susceptibility factor =

Since the hardness, defined as the cube root of the number of
grams which must be applied to a circular flat surface 1 sq.
cm. in area to cause it to displace the substance at a speed of
1 em, per minute, is determined by a special apparatus not
in general use, this method has little practical value. The
Kramer-Sarnow softening point differs from the more common
ring and ball method in that the former is obtained by placing
5 grams of mercury on a plug of asphalt formed in a glass tube
of definite size. The Kramer-Sarnow softening point is the
temperature at which the mercury drops through the tube.

The Kramer-Sarnow softening point is usually 8° to 14° C.
lower than the ring and ball softening point.

Frumiry Facror. The correlation of the viscosity of an
asphalt and its penetration forms the basis for the calculation
of a ‘‘fluidity factor’” (4) which is used in some sections of the
country for describing the change in consistency of an as-
phalt with temperature. The formula in this case becomes:

Fluidity factor = (Furol viscosity at 135° C. — penetration at 25° C. per 100

softening point (Kramer-Sarnow) ° C.
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HorprNER-METZGER Viscosity Law. The Hoepfner-
Metzger viscosity law of normal tars and asphalts (3) has
also been suggested as a means of determining the suscepti-
bility of asphalts. The so-called Hoepfner-Metzger ‘rigid
point”’ of asphalts and Ubbelohde drop-point form the basis
of this system. Any tests which measure the viscosity of an
asphalt can be correlated by means of thislaw. Asin the case
of some other factors, it requires tests employing special ap-
paratus and methods not in general use in this country, thus
limiting the wide application of such a system.

Evolution of Suggested Methods

Before discussing the new methods evolved, a
®) few comments should be made on the familiar
viscosity index system for evaluating lubricat-
ing oils as developed by Dean and Davis
(2), since two of the proposed factors may be described as
being essentially indexes similar to this system. Briefly, the
Dean and Davis system consists in obtaining the Saybolt Uni-
versal viscosities of two series of oils, each derived from an
extreme type of crude, at the standard temperatures of
37.8° C. (100° F.) and 98.9° C. (210° F.). From these basic
figures, a general relationship between the viscosity at 37.8°C.
(100° ¥.) and at 98.9° C. (210° F.) was formulated for
each series. From these equations a system of so-called
viscosity indexes was developed which indicates the viscosity-
temperature coefficients of any oil on a scale in which the se-
ries of oils (Texas-Coastal) having a high temperature coeffi-
cient are designated as 0 and those with a low coefficient
(Pennsylvania) as 100.

The usefulness and widespread adoption of this method for
evaluating the viscosity-temperature characteristics or sus-
ceptibility, as it might be called, of lubricating oils is general
knowledge.

We are interested at present in one of the
important characteristics of asphalts—mamely,

grams per 5 seconds) ( 100

As pointed out by Zapata (4), this factor is of particular
value over the range of paving grades, although it does not
remain constant for asphalts from a given source but varies
with the consistency. An asphalt of 122 penetration at 25° C.
per 100 grams per 5 seconds and Furol viscosity at 135° C.
(275° F.) of 222 seconds shows a factor of 122 by this method,
whereas a product from the same source of 29 penetration at

25° C. (77° F.) and 799 Furol viscosity at 135° C. (275°F.)-

shows a value of 223.

Froar Test INDEX. Another method known as the float
test index, which has been used in one of the midwestern state
specifications for paving asphalts, is calculated as follows:

Float test index = v/F X P (5)

where F is the float test in seconds at 80° C. (176° F.) and P
the penetration at 25° C. per 100 grams per 5 seconds.

The float test is a consistency test in which asphalt is poured
into a standardized mold or collar. After cooling the sample for
the designated time, the collar is screwed into the bottom of the
aluminum float or saucer and the assembly floated in a water
bath at the desired temperature. As the plug of asphalt is
warmed by the water, it becomes fluid and is forced upward and
out of the collar. The time in seconds between placing the a
paratus on the water and when the water breaks through the
materia{, causing the float to sink, is taken as the float test of the
material.

The lack of specific data on the float test at 80° C. (176° F.)
precludes a detailed discussion on this factor, although it
would appear that this method would be more or less limited
to those asphalts in the paving range of consistencies—i. e.,
from 30 to 95 penetration at 25° C. (77° F.).

penetration at 25° C. per 100 grams per 5 seconds) (4)

the degree of hardening or softening which
takes place, or in other words, the suscepti-
bility over the temperature range more or less governed by
climatic conditions. At these temperatures, asphalts of par-
ticular interest are those with measurable penetrations.
These considerations would suggest that a factor used for in-
dicating susceptibility should include both the softening
point and penetration at 25° C. (77° I.).

The statement should probably be made at this point that
no single factor or method has been developed in the present
investigation, which will adequately serve to measure the
susceptibility over the entire desired range of consistency and
temperature. Three methods will be described, however,
which can be used in conjunction with one another to give a
fairly complete picture of the susceptibility characteristics of
an asphalt.

SorreNING PoINT-PENETRATION INDEX. From the corre-
lation of data from a large number of crude sources, a general
relationship has been found to exist between the softening
point and penetration for straight reduced asphalts—i. e.,
those produced by steam and/or vacuum distillation, from
any given source. This relationship, which gives a straight
line on log-log codrdinate paper, may be expressed by the
equation:

Log M = alog P + log k (6)
or M = kPs @

where M is the ring and ball softening point, in ° F., P the
penetration, and a and % are constants depending upon the
source of the asphalt and the temperatures at which the pene-
tration is taken. While this relationship gives no indication,
by itself, of the change in consistency of any one asphalt with
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SOFTENING POINT — PENETRATION INDEX
Ficure 1

temperature, experience has shown in a general way that the
higher the penetration of an asphalt at 25° C. (77° F.) for a
given softening point, the less susceptible is that asphalt to
temperature changes. :

An attempt to express this general relationship numerically
resulted in the development of the so-called softening point—
penetration index. From the data obtained on two series of
asphalts from sources of extreme types, a chart (Figure 1)
was constructed. Basic figures used for developing the ar-
bitrary scales were obtained from accurate tests on vacuum-
pipe still reduced asphalts from Heavy Mexican and petro-
leum tar. Asphalts from Heavy Mexican crude were arbi-
trarily chosen as 100 on the index scale as representing prod-
ucts having a low consistency-temperature coefficient, while
those from petroleum tar were selected as the other extreme—
that is, as 0 on the scale, representing asphalts with a high
consistency-temperature coefficient. These two extremes
correspond to the use of Pennsylvania and Texas-Coastal oils,
respectively, as extremes in the Dean and Davis lubricating
oil viscosity index system. . In this discussion, petroleum tar
is to be considered as the residue from the cracking of virgin
gas oil under high temperature and pressure. As in the
viscosity index system, the sources of asphalts selected as
standards do not represent either the lowest or highest known
susceptibilities.

In Figure 1, the ordinate represents the penetration at 25° C.
per 100 grams per 5 seconds, those for Mexican asphalt being on
the right and for petroleum tar products on the left of the 0 to 100
scale. The abscissa represents the index number, which may be
extended above 100 or below 0, and the diagonal lines indicate con-
stant or ismsoftenin% point. Thus, for example, the straight
line shown for 54.4° C. (130° F.) softening point was drawn be-
tween 19.5 penetration at 25° C. (77° F.) at 0 index, the penetra-
tion of a petroleum tar asphalt of this softening point, and 57
penetration at 25° C. (77° E.), the corresponding value at 100
index for Mexican asphalt. As an example of the use of this
chart, it is desired to determine the softening point-penetration
index of an asphalt having a softening point of 54.4° C. (130° F.)
and 40 penetration at 25° C. per 100 grams per 5 seconds. The

netration is read from the ordinate scale on the left, followed

orizontally to the right until it intersects the 54.4° C. (130° F.)

maining sources vary somewhat, particu-
larly over the wide range, since the softer
asphalts from any given source usually display
a higher index.

From the values in Table I, it appears that the softening
point—penetration index affords a ready means of classifying
asphalts as to their susceptibility characteristics at what the
authors chose to call normal temperatures—i. e., 25° C.
(@21

TABLE I. NUMERICAL MAGNITUDE OF SOFTENING POINT-
PENETRATION INDEX
Range of Values for Sf;ftenim; Point—Penetration
¢ ndex
Paving range, ‘Whole range,
30-90 penetration at  0-200 penetration at
Asphalts® 25° C. 25° C.
Mexican 100 100
Venezuelan 85-88 78~ 90
Colombian 67-77 67~100
Heavy Smackover 82-94 72-110
West Texas 59-62 52— 90
Healdton 70-76 70- 80
Midcontinent 59-65 52— 75
Van Zandt 68-75 68-110
California (Kern River) 14-27 4- 58
East Venezuelan 10-27 5~ 65
Petroleum tar 0 0

@ Straight reduced asphalts,
Penetration range, penetration 25° C. per 100 grams per 5 seconds.

SUSCEPTIBILITY AT SUBNORMAL TEMPERATURES. It was
previously shown that methods 1 and 2 for determining the
susceptibility factor of an asphalt were limited to asphalts
with a maximum penetration of 70 to 75 at 25° C. (77° E.).
Another method which has been used from time to time in
practice and which extends the range of asphalts consists in
calculating the ratio of penetration at 25° C. per 100 grams
per 5 seconds and penetration at 0° C. per 200 grams per 60
seconds. Thus, at subnormal temperatures, the susceptibility
becomes:

Susceptibility factor =
penetration at 25° C. per 100 grams per 5 seconds

penetration at 0° C. per 200 grams per 60 seconds 8)

This method not only extends the range over which a factor
can be obtained but also indicates the behavior of an asphalt
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over the temperature range from 25° to 0° C. (77° to 32° F.).
The characteristics of an asphalt, as the temperature is low-
ered, are just as important, if not more so, than at higher
temperatures because it is at the lower temperatures that
asphalts fail by cracking and thus lose their protective or
bonding properties. From these considerations, this method
possesses distinct advantages over methods 1 and 2. The
available data for various sources were calculated by method
8 and shown in Table II.

In this case, Mexican asphalts showed a fairly constant
factor of 3.3, whereas the petroleum tar asphalts varied over
the wide range shown. The smaller the ratio of the two pene-
trations, the lower is the susceptibility of the asphalt over this
temperature range.

TaBLE II. NUMERICAL MAGNITUDE OF THE SUSCEPTIBILITY
FACTOR AT SUBNORMAL TEMPERATURES

penetration at 25° C. per 100 grams per 5 seconds
penetration at 0° C. per 200 grams per 60 seconds

Range of Susceptibility Factor Values
Paving range, Whole range,
30-90 penetration at  0-200 penetration at
25° C. 25° C.

(Susceptibih'ty factor =

Asphalts® 5 5
Mexican - 3.3 3.3
Venezuelan 3.4- 3.8 3.3- 4.5
Colombian 3.6—- 5.0 3.3- 5.5
Heavy Smackover 2.71-3.50 2.5- 5.0
West Texas 4.6- 5.8 4.2- 9.0
Healdton 5.4- 6.6 5.2- 9.0
Midcontinent 3.7- 4.8 3.4- 7.0
Van Zandt . 3.2- 4.2 1.8-7.0
California (Xern River) 12.5-13.3 12.5-13.3
East Venezuelan 4.4- 5.2 3.8-10.0
Petroleum tar 7.0-17.0 7.0-17.0

@ Straight reduced asphalts,
Penetration range, penetration at 25° C. per 100 grams per 5 seconds.

Fruipity INpEX. In order to determine the susceptibility
at elevated temperatures, the so-called fluidity index was de-
veloped in essentially the same manner as the softening point—
penetration index, but using the penetration at 25° C. per
- 100 grams per 5 seconds and Furol viscosity at 135° C.
(275° F.) as the required inspections. Experience has shown
that the higher the softening point—penetration relationship
an asphalt possessed, the less susceptible it was to changes in
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sources are not as marked and for softer asphalts the limit of
accuracy of the Furol viscometer enters the picture. Simi-
larly, at low temperatures, the viscosities on the harder as-
phalts are unduly high with the accompanying sacrifice of
accuracy. This index can also be applied to oxidized as-
phalts since, for a given penetration, the rise in viscosity is
dependent upon the extent of oxidation. As in the case of
the softening point-penetration index, the softer the base from
which an oxidized asphalt is blown, the higher will be its index.

TaBre III. NUMERICAL MAGNITUDE OF THE FLUIDITY INDEX
Range of Fluidity Index Values

Paving range, hole range,
30-95 penetration at  0-200 penetration at
Asphalts 25° C. 25° C.

Mexican 100 100
Venezuelan 85-87 76-87
Colombian 79-81 77-81
Midcontinent 83-86 83-86
Van Zandt 77-79 77-79
California (Kern River) 45 G
California (Kern River

oxidized) : 54-60 Catic
West Texas (straight

reduced) 3 69-71 69-71
West Texas oxidized

(41-50 penetration at

25°.C. 84 oy
Petroleum tar 0 0

Discussion of Results

The present study has indicated the improbability of finding
a single factor or index which will cover a wide range of con-
sistencies and adequately serve to measure the susceptibility
of an asphalt over the entire range from subnormal atmos-
pheric temperatures to elevated temperatures. It does not
necessarily follow that an asphalt which shows a high soften-
ing point-penetration index value will also display a low sus-
ceptibility factor at low temperatures and a high fluidity
factor at elevated temperatures.

Table IV represents a comparison of some of the data to
illustrate this feature.

For example, Colombian 53 penetration asphalt shows a
lower softening point-penetration index than a 55 penetration

were arbitrarily taken as 100 and petroleum
tar asphalts as 0 in the index scale. The

temperature. To carry this one step further,

it has been generally found that of two as- 1000 5 "

phalts with the same penetration at 25° C. . | AWV

(77°F.) that product which shows the = S I TAVE /; //

higher viscosity at a given temperature is 5 DIAGONALS - [50- PENETRATION 25'/i006/5 56C // ,/ AVA ,/ s V.
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lower viscosity. Hence, the penetration can Vw/ // ¢! A 7 // 7

be linked with viscosity to give an indication 4 VA A

of changes in consistency at more or less W A A /

elevated temperatures. : VOIS 14 2
In constructing the fluidity index chart / /// / / / /

(Figure 2), the same two series of asphalts e WA Z:/A A

were used as in the softening point-penetra- % %

tion index—that is, Heavy Mexican asphalts / / /

0
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ordinate in this case represents the Ft}rol !gg VATATE D 0BRSS -
viscosity at 135° C. (275° F.), the abscissa b /{//5// 5T 7,
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cate constant penetration at 25° C. (77° F.).
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By applying a large number of data to
this index, results such as given in Table III

FUROL VISCOSITY @ 135°C- PETROLEUM TAR ASPHALTS

are obtained.
The viscosity at 135° C. (275° F.) was

chosen because it was found that data could
be obtained at this temperature over the im-

3

FUROL, VIS, @ 1357C- HEAYY MEX|CAN ASPHALTS\| \\\V&\\

portant range of consistencies from 200 to 25 5 ~ho

penetration at 25°C. (77°F.). While higher 0 20 30 40 50 & 70 80 90 Jo0 0 120 130 M40 150
temperatures may be employed, the differ- FLUIDITY INDEX

ences between asphalts from various FiGure 2
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Healdton asphalt—i. e., 70 as compared with 73, respec-
tively—although the subnormal temperature susceptibility
for the latter is considerably higher than for the former as-
phalt. In other words, while the Healdton asphalt is not as
susceptible at normal temperatures as the Colombian grade,
the latter does not harden as rapidly as the temperature is
lowered. A similar example can be shown with respect to
the fluidity index. West Texas asphalt with 50 penetration
at 25° C. has the same softening point-penetration index as
a Midcontinent asphalt of the same consistency, although at
elevated temperatures, as measured by the fluidity index, the
Midcontinent asphalt has a higher index than the former.
In this case also, the low temperature susceptibility is lower
for the Midcontinent than for the West Texas product.

TasLe IV. CHANGES IN SUSCEPTIBILITY CHARACTERISTICS
BETWEEN Low AND ELEVATED TEMPERATURES

Softening
Point—  Suscepti-

Penetration bility? Fluidity
Source and Grade Index Factor Index
Colombian, 53 penetration at 25° C, 70 3.83 81
Healdton, 55 penetration at 25° C. 73 6.11 og
Midcontinent, 50 penetration at 25° C. 63 3.92 85
West Texas, 50 penetration at 25° C. 63 5.88 70

5 Penetration at 25° C.
Penetration at 0° C. °

Thus, any theoretical consideration or comparison of as-
phalts must take into account these differences in behavior.
In practice, certain uses demand a highly susceptible asphalt
at elevated temperattires while, in other cases, the low-tem-
perature characteristics are more important.

In applying the proposed methods of measuring suscepti-
bility as an aid in choosing the proper asphalt for a given serv-
ice, the fact should be borne in mind that susceptibility is
by no means the sole criterion upon which the quality of an
asphalt is based. Other properties, such as resistance to
weathering, water absorption, or resistance to acid and alkali,
for example, are usually just as important as susceptibility.

In the presentation of the results of this study, no attempts
have been made to establish definite limits to any of the in-
dexes or factors for the purpose of defining quality or suita-
bility of an asphalt for any particular use. More practicable
methods than those now in use are suggested, by which the
consumer will be able more accurately to correlate his data on
service behavior in so far as susceptibility is concerned. These
methods have the advantages of covering a wider range of
asphalts and conditions than was heretofore possible, and
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employing apparatus and tests which are commonly used and
hence familiar to those in asphalt work. The correlation be-
tween service behavior and the susceptibility as determined
by the suggested methods should then serve as a guide for
future decisions on the suitability of an asphalt for a given
purpose. At the present time, the lack of reliable actual serv-
ice data prevents the authors from giving any specific ex-
amples of this correlation in any one field.

. In addition, it is hoped that the present contribution will
serve as a basis for further thought and experimentation on
the subject of susceptibility, which will undoubtedly result
in a still greater appreciation of this characteristic of as-
phalts.

Conclusions

No single factor has thus far been evolved which will ade-
quately express the temperature susceptibility of an asphalt
over the wide range of temperatures encountered in the com-
mercial application of asphalts.

Present methods are not entirely suitable, because they are
too limited in the range of consistencies over which they can be
determined or require the use of apparatus and testing meth-
ods not commonly used or recognized as standards.

A combination of factors or indexes is suggested by which a
definite measure of the temperature susceptibility character-
istics of a wide range of asphalts can be determined. The
softening point—penetration index indicates this characteris-
tic over a narrow range of normal atmospheric temperatures,
the ratio of penetration at 25° C. to penetration at 0° C. at
subnormal and the fluidity index at elevated temperatures.

These methods are equally applicable to straight reduced
and oxidized asphalts and are easily determined by means of
tests which are in common use.
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Control of High Lights in Reading Microbalance Swings

PAUL H. M.-P. BRINTON, University of Southern California, Los Angeles, Calif.

HE magnifying lens used in the balance case for observing
the pointer of a microbalance, which is not provided
with a telescope, is necessarily of high power and therefore
gathers light from a large area. In cases where special
arrangement for the illumination of the balance is limited,
owing to the use of the room for other apparatus, it frequently
happens that disturbing highlights from distant light sources
are reflected by the lens into the eye of the observer.
A very simple device has proved to be a great assistance in
overcoming trouble from ill-arranged light sources. It con-
sists of a 10- or 12-inch square of dark cardboard (preferably,

but not necessarily, dull black), with a 1-inch circular hole in
the center. By holding this card in the hand between the
balance case and the observer the highlights are almost totally
eliminated, the necessity of closing one eye is removed, and
the balance is, in a measure, protected from the hot breath
of the observer.

The device serves equally well in correcting faulty lighting
conditions for ordinary analytical or assay balances which
are provided with a magnifying lens in the balance case.

REeceivep December 13, 1935,



Determination of Gaseous Olefins or Hydrogen

by Catalytic Hydrogenation

WALLACE A. MCMILLAN, HOWARD A. COLE, AND A. V. RITCHIE, The Texas Company, Beacon, N. Y.

XISTING methods

for the analysis of
olefinic gases may properly
be divided into two classes:
those using sulfuric acid,
and those using bromine,
but both depending on the
reagent to react selectively
with the olefins, leaving
untouched any paraffins or
cyclics present. For accu-
rate work this is an ad-
mitted impossibility, even
when the gaseous mixtures
are separated by low-tem-
perature fractional distilla-
tion and the resulting
fractions are analyzed
separately. Corrections
must still be applied,
which are at best rather
doubtful, since these so-
called selective reagents
possess, in common with all
absorption media, the un-
desirable ability to take up
varying amounts of sub-
stances, other than the
one they are being applied
to absorb, and then to re-
generate a portion of the
dissolved constituents when
used with another gas of
different composition, when
nearing saturation, or with changes in temperature. In addi-
tion, reagents for the determination of olefins are corrosive
and volatile, necessitating unusual precautions and auxiliary
reagents.

Gr Gr

Ficure 1. DIAGRAM OF
APPARATUS

Proposed Method

A new method for the quantitative determination of gaseous
olefins by catalytic hydrogenation, which has been developed
in this laboratory and used for the past three years, gives
consistent reproducible results accurate to a few tenths of a
per cent in a time comparable with that of any liquid reagent
method.

It requires only that a measured volume of hydrogen be
mixed with a known quantity of olefin-containing gas and
the mixture passed over a suitable catalyst at room tem-
perature and substantially atmospheric pressure. The result-
ing contraction in volume is a direct measure of the amount
of olefin present according to the reaction:

Cann + Hg — CnH2n+2

Thus, one volume of olefin reacts with one volume of hydrogen
to form one volume of paraffin, and the change in volume on
hydrogenation is from two volumes to one. In the case of
acetylene or diolefins, the contraction is twice the volume
present according to the reaction:

C,.Hgn_;- + 2H: — CnH7n+2

Suitable corrections must be applied if present with olefins.
The only two compounds likely to be found are acetylene
and butadienes, and these can be determined separately by
saturated potassium mercuric iodide (3) and maleic anhydride
(11), respectively.

Typical results on synthetic samples of propylene in propane
are shown in Table I.

TAaBLE I. ANALYSIS OF PROPANE-PROPYLENE MIXTURES
Difference
Run No. Propylene from True Per Cent
%0
Sample 1 as synthesized 10.5 S
1 10.4 -0.1
2 10.4 —-0.1
3 10.4 —=0.1
4 10.7 +0.2
5 10.5 o
6 10.6 +0.1
Sample 2 as synthesized 50.5 .
1 50.6 +0.1
2 50.4 —=0.1
3 .50.5 s
4 50.56
5 50.5 SR
6 50.3 -0.2
7 50.5 Cae

During the development of the method, similar consistent
quantitative check runs were made using ethylene, propylene,
individual and mixed butylenes, hydrogen, and acetylene.
With only a few exceptions out of the hundreds of runs made,
the results were not more in error than the possible accuracy
of measurement of 0.05 ml. of gas.

Apparatus

The apparatus used, as shown schematically in Figure 1,
consists of two complete Bureau of Standards (8) water-
jacketed buret and compensator assemblies with a catalyst
tube mounted between them. A heater is provided for
catalyst preparation and regeneration.

The catalyst is prepared by melting about 4.0 grams of c. p.
nickel nitrate hexahydrate in its own water of crystallization in a
50-cc. porcelain evaporating dish. Shredded long-fiber as-
bestos, which has previously gi)een digested with hot nitric acid,
washed, dried, and ignited, is then added until all the solution
is absorbed. Any excess solution is pressed out with a porcelain
spatula and drained from the evaporating dish. The nickel-
saturated asbestos is then lightly calcined with a soft Bunsen
flame until part of it appears black and the remainder greenish
yellow. After cooling, the mass is broken up into small pieces
and added to a U-shaped catalyst tube of 8.0-mm. Pyrex glass to a
depth of about 6.5 cm. on each side. Both ends are plugged
loosely with ignited asbestos or glass wool and the glass tuge i8 in-
dented below the plugs to keep them in place.

The tube is then heated to not over 310° C. while slowly draw-
ing laboratory air through it with the vacuum line. This is
continued until no further brown fumes are evolved and the
whole mass becomes entirely black.

The catalyst tube is cooled, connected to the apparatus, and
flushed with hydrogen. It is then heated in a current of hydro-
gen to not over 325° C. for several hours and finally allowed to
cool with the hydrogen still Fassing over it. The catalyst should
be protected against air at all times to avoid Koisoning.

When poisoned it should be flushed with hydrogen and re-
heated in that atmosphere to 325° C. When cooled the activity
will be restored.

Procedure

It is assumed that the catalyst tube, J, has been activated as
described above and that the manifold from B; to B is filled
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with hydrogen to protect it. Accordingly, with the mercury
in the leveling bulbs and burets at the same level, the gases in
manometers ¥ and F, are drawn into their respective burets, the
contents of which are then discarded to the atmosphere.

Connection is then made from 4, (left-hand buret) to a cylinder
of pure hydrogen through a suitable reducing valve. After
thorough purging through 4., the cock is opened to the buret and
70.0 or 80.0 ml. of hydrogen are drawn into D,. Cock 4, is
again closed, C is opened to J, Fi, and By, and B, is carefully
opened, allowing the hydrogen to level manometer F; by filling
it until the mercury almost touches the electrical contact, then
reversing G, to slow down the rate until contact is shown by the
right light flashing; at which (i)oint @ is quickly closed and then
C, is closed to F; but opened to J and B,. anometer F, is
ordinarily left filled with mercury. After C; is closed to Fj,
the remaining hydrogen is flushed out the tail of cock B;. B is
then reversed and mercury brought to A, as before.

The apparatus is now ready for an analysis. Pure hydrogen is
again adpcfe)zd through A, until about 50.0 ml. are taken, although
the amount of hydrogen required depends on the sample. Pref-
erably about twice as much hydrogen is taken as is required;
acetylene and diolefins, of course, require twice as much hydrogen
as olefins. A, is then closed and B, opened to the manifold.
With the levels in H, and D, approximately equal, C; is opened
toward Bs, Fi, and J, and the mercury in F brought to the con-
tact point by adjusting H,. The balance is always obtained by
allowing the mercury to flow upward toward the f)latinum
point—never the reverse. At that point, G»is quickly closed and
the reading taken for ‘“hydrogen added.”

Approximately 50.0 ml. of sample are taken into D; in a similar
manner, except that C; is opened toward B; before B, is reversed.
Afteg F, is set, G, is quickly closed and the amount of ‘“sample”
noted.

With C, opened, the mercury, in F, is pulled up until it just
touches the cock, which is then closed to the manometer. This
step is important and should not be neglected. With G; and
G- opened full, the hydrogen in D, is passed into D, and the gases
are thoroughly mixed by alternately raising and lowering H,
and H, from three to five times.

Both cocks are then partially closed so that the speed is re-
duced to about 2.0 minutes per pass each way. After five com-
plete passes, the mercury in buret D; is raised to cock By which is
then closed. H, and D, are approximately balanced, and () is
carefully opened under a little pressure to the manifold and B;.
The mercury level is set to the point in F}, the level is read in D,
and the contraction noted.

Successively, two additional complete passes over the catalyst
are made anc{ the contraction is again noted until the volumes
remain constant.

In the case of olefins or hydrogen, the loss in volume is a
direct measure of the amount present. In the case of acety-
lene or diolefins, the shrinkage is twice the amount present.

After each analysis, tube J should be flushed with hydrogen
and the manifold isolated to protect the catalyst against
poisoning by air.

For the determination of hydrogen in fixed gas cuts or
“total unsaturation’” in gases containing relatively large
amounts of carbon monoxide, it is necessary to heat the cata-
lyst to 180° C. and pass the hydrogenation mixture over it
at that temperature. Operation in such cases is exactly as
at room temperature except for heating the catalyst and allow-
ing time for cooling before the contraction is noted. At the
end of such determinations, it is necessary to purge the
catalyst with hydrogen and heat it to 310° C. before using
again at room temperature. Such regenerations take about
10 minutes and do not impair the activity of the catalyst.
If used only at 180° C., activation between runs is not neces-
sary. The presence of hydrogen or olefins in the original gas
does not affect the determination but does reduce the amount
of auxiliary gas necessary to be added.

Oxygen, if present, must be removed or determined since
it is also hydrogenated and hence must be considered in the
subsequent calculations.

Comparison of Methods

During preliminary work on the problem, a complete test
was made of the usual reagents for the determination of both
total and individual olefins. Sulfuric acid in varying strengths
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and containing various recommended catalysts (4, 6, 10)
bromine and bromine water, silver nitrate, dichromates, per-
manganate, chromic acid, cuprous sulfate, S-naphthol, and
several other reagents were tested but the results were not
satisfactory. Absorption was either incomplete or the reagent
also attacked the paraffins. In some cases, corrections, when
applied, yielded good results for individual olefins but poor
results for mixtures. The conclusion of the tests was that
none of the present liquid reagents was satisfactory for
reliable quantitative work but that saturated bromine water
in 2 to 1 dilution, and 30 per cent fuming sulfuric acid were
probably the two best, particularly for the determination of
total unsaturation. Accordingly, at the end of the develop-
ment of the hydrogenation method, a comparative test was
made between it and the two best reagents.

Experimental

PararriNs. The paraffins, ethane, propane, and butanes
were commercial gases which had been thoroughly purified by
successive chemical scrubbings through 30 per cent fuming, 98
per cent, and 79 per cent sulfuric acid and 54 per cent potassium
hydroxide, then passed through soda lime and dried by an-
hydrone. They were fractionated and refractionated through a
special precision low-temperature distillation column (7) dis-
carding both end fractions until the whole of the material had a
constant boiling point and the end fractions on distillation showed
the same vapor pressure when' tested in a Shepherd differential
manometer.

ErayLENE. Ohio Chemical ‘“anesthetic’” ethylene was
serubbed through 90 per cent sulfuric acid, then fractionated
and treated the same as the paraffins.

PropyLENE. After several fractionations failed to separate
a small amount of propane impurity from commercial propylene,
the redistilled mixture was brominated at —50° C. and the propyl-
ene regenerated from the dibromide by zine dust in ethyl alecohol
after fractionation of the dibromides. It was then fractionated
the same as ethylene.

BurYLENE. o-Butylene was prepared by the method of Lucas
and Dillon (6), then refractionated to constant boiling point and
Vapor pressure.

AceryLexe. Commercial acetylene was scrubbed through
water, cuprous chloride solution, dilute acid and caustic, dried,
and refractionated several times at 1.5 atmospheres’ pressure.

Synthetic Mixtures

For the comparative test, nine synthetic mixtures of ac-
curately known composition were made in a calibrated and
carefully evacuated all-glass system by blending by condensa-
tion, ethylene with ethane, propylene with propane, a-
butylene with isobutane, and acetylene with ethane. These
samples were representative of the corresponding cuts made
in low-temperature fractional distillation. Each mixture was
then analyzed successively by each of the three methods.

TaBLE II. CoMPARATIVE TESTS
Proposed Sulfuric

Sample True Hydrogenation Acid Bromine

No. Per Cent Method Method Method
% % %

1E 5.4 5.2 9.0 7.3
1P 6.5 6.5 7.8 7.3
1B 6.6 6.4 9.3 7.1
2E 46.9 47.1 54.5 47.5
2P 48.6 48.9 48.6 48.8
2B 49.8 49.9 47.9 50.9
3E 69.3 69.6 68.0 66.8
3P 73.2 73.2 73.8 74.0
1A 40.8 40.6 41.0 40.0

Both the sulfuric acid and bromine runs were made in six
pass cycles followed by three passes into caustic for both,
and one pass into alkaline pyrogallol for the bromine runs.
A T. S. Steel Corporation (1) apparatus with Francis auto-
bubblers was used for all reagents.

Results on the reagent methods were calculated, except
for 1B and 2B by the sulfuric acid method (Table II), by
subtracting the product of the number of cycles times the
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constant contraction from the total absorption, multiplying
by 100, and dividing by the sample volume. Both the butylene
mixtures (1B and 2B) showed no constant contraction in
acid but continued to react until the samples could no longer
be measured. Corrections for these samples were calculated
by the method of Sullivan (9). The corrected results are
shown in Table II. Catalytic hydrogenations were made as
described, no corrections being necessary.

It is apparent that the hydrogenation method gives con-
sistently the best results even when corrections are applied
for the secondary reaction and solubility effects of the liquid
reagents. The magnitude of the corrections and the number
of passes to constant contraction are shown in Table III,

. The acid values for 1B and 2B are based on 12 passes only,
and not on constant contractions.

TasLe III. CorrecrioNns BAsEp oN ConsTaANT CONTRACTIONS
cid: omi
Sample No. Passes Correction Passes Correction
M. M.
1E 30 — 8.0 36 —2.4
1P 36 —15.0 24 —-3.4
1B 12 —15.5 36 —0.9
2E 36 — 4.8 36 —=1.2
2P 24 — 6.4 30 —2.5
2B 12 —=13.7 30 —2.0
3E 24 —13.2 36 —2.4
3P 36 - 4.8 30 —1.0
1A 18 - 2.1 48 —4.0

Even a casual comparison of Table ITI shows that the cor-
rections for low olefin concentrations may exceed the amount
of unsaturate present and that without applying some such
correction both reagents are worthless for exact work.

In the light of work by some other investigators, the use
of such strong acid was admittedly a doubtful procedure,
but the results with it were no worse than those which would
have been obtained for ethylene if some other weaker acid
had been substituted. The choice of 30 per cent fuming acid
was made after careful tests on mixed olefinic gases where it
gave better results, after corrections were applied as outlined,
than any of the weaker acids and in less time. For the indi-
vidual cuts, weaker acids reacted less with the paraffins but
the results were little, if any, more satisfactory. The “selec-
tive” absorption of individual olefins from a mixture by in-
creasing acid concentrations was totally unsatisfactory, as
has been found by other investigators (2).

TaBLE IV. DETERMINATION IN SYNTHETIC MIXTURES
~——Mixture I—— ———Mixture II

Synthesized Found Synthesized Found

Carbon dioxide, % 3.2 A5 5.0 3
Oxygen, % 0.4 S None .
Carbon monoxide, % 6.3 e 26.0 o
Hydrogen, % 41.7 41.8 12.4 12.4
Ethane, % 48.4 W= 5610 £5
Hydrogen sulfide, grains per

00 cu. ft. 13.0 s 10.0

In spite of the increase in accuracy by the hydrogenation
method, it requires only about the same time as the reagent
methods. Five 4-minute cycles over the catalyst are almost
always sufficient for completely hydrogenating 50.0 ml. of
olefins, which is the largest sample usually taken, and only
three volume readings are necessary in the whole analysis.
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The absorption methods, though requiring less time per pass,
take more time because of the larger number of passes neces-
sary to constant contraction and the large number of volume
readings. For control work, rapid determinations can be
made in 12 minutes on as little as 10 ce. of gas with an accuracy
comparable with usual reagent methods.

The method is equally applicable to the determination of
hydrogen in refinery and manufactured gas. - In such cases
the catalyst should be used at 180° to 195° C., at which tem-
perature it is active in the presence of any amounts of carbon
monoxide, and any pure olefin is added instead of hydrogen.
This is shown in Table IV for two synthetic mixtures of gas
similar to manufactured gases encountered in practice.

Application

The method is now being used in this and other laboratories
for the determination of total unsaturation and of hydrogen,
and in conjunction with low-temperature fractionation to
give a complete analysis of refinery and cracked gases. In
spite of rough usage and exposure to gases containing sulfur
compounds up to approximately 60 grains per 100 cubic feet,
calculated as hydrogen sulfide, no catalyst failures have oc-
curred in over 3 years. Typical check results on two routine
plant gases sepamted by fractional distillation and then hydro-
genated are shown in Table V.

TaBLE V. Cueck Resurrs oN Prant GASES

Reformed Gas Absorption Gas

% o % %

Oxygen 0.1 0.1 None None
Carbon dioxide None None None None
Carbon monoxide None None None None
Hydrogen 11.5 11.3 %6:3 6.3
Methane 20.5 20.7 45.5 45.5
Ethylene 16.9 16.8 3.1 3.0
Ethane 8.6 8.8 24.5 24.6
Acetylene 1592 1L None None
Propylene 20.9 20.9 5.0 5.0
Propane 16.8 16.8 12.6 12.6
Isobutane 0.2 0.2 0.6 0.5
Iso -+ l-butene 1.8 137 0.4 0.6
N-Butane 0.5 0.5 0.8 0.7
2-Butenes 1.0 1.1 0.3 0.3
Butadiene ¥ None None Trace Trace
Pentanes and heavier None None 0.9 0.9
Total unsaturation (on original

sample) 42.8 42.8 951 9.0
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Fluidity and Hygroscopic Properties of Shellac

R. V. TOWNEND AND W. R. CLAYTON, William Zinsser & Co., Inc., New York, N. Y.

HENEVER shellac is to be used as a thermoplastic

material, its degree of fluidity when heated is an
important consideration, and may also furnish information
about the age or past history of the resin. When shellac
is heated, it gradually loses water with a corresponding loss
of its plastic properties. This same change takes place,
though much more slowly, at ordinary temperatures. It has
been shown that the thermoplasticity can be restored by
heating polymerized shellac with water under pressure (5);
however, in this case certainly some secondary reactions
take place as well as a hydration, since the iodine number is
increased.

To measure the fluidity under heat, three methods have
been used, two of which are today in regular commercial
use. In the so-called Victor test (3) the sample is not sub-
jected to any previous conditioning, but is tested in its
normal state, being merely ground to 20-mesh. For the
Westinghouse or Metropolitan-Vickers test (4), the sample is
placed in a desiccator over calcium chloride for 48 hours
before testing. Recently Committee D-9 of the American
Society for Testing Materials has been working on a modi-
fication of the V-tube method (1), which recommends that
the sample be conditioned by heating for 16 hours in a well-
ventilated oven at 41° = 2° C. The results obtained by
different laboratories with the three methods have not
checked each other particularly well.

Some time ago it was of interest to the authors to measure
the hygroscopic property of shellac and note the effect on
flow. Experiments were carried out on several shellacs,
and the following series, obtained in using an ordinary super-
fine grade, is typical:

After grinding to 30-mesh, about 5-gram samples were spread
out in thin layers in desiccators of constant humidity, held at
room temperature (about 27° C., 80° F.). The humidity regu-
lators were concentrated sulfuric acid (0.0 per cent humidity),
45.8° Bé. sulfuric acid (25.0 per cent humidity), 36.5° Bé.
sulfuric acid (50.0 per cent humidity), saturated ammonium
chloride solution (79.3 per cent humidity), and water (100
per cent humidity).

The samples were weighed daily until they came to constant
weight, which occurred in about 5 days. Weighings were con-
tinued for several days more in order to get check readings, after
which the samples were transferred to an ordinary concentrated
sulfuric acid desiccator and dried to constant weight. Finally
the weights of the containers were taken.

It took considerable time for a sample to come to equilib-
rium in the moist atmosphere. However, particularly in
the case of the two high humidities, changes took place with
sufficient rapidity, whenever the sample was removed to
balance, to make accurate weighing difficult. The results
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obtained have been plotted in Figure 1. It is of interest
that when the sample which had been dried over concentrated
sulfuric acid was removed to an ordinary drying oven for 24
hours and held at 41° C., it picked up 0.37 per cent moisture.

The equilibrium moisture in the experiments described
above is believed to represent merely adsorbed water at-
tracted by the free hydroxyl groups of the shellac. Gardner
(2) has shown that shellac varnish films are permeable to
water vapor, and also absorbent to moisture. These films
were formed by the evaporation of a solvent, and might con-
ceivably be in a different physical condition from lac in its
native state—that is, the secretion of the lac insect—or in
the manufactured condition, as shellac. In this latter case,
also, the progressive adsorption of moisture with increasing
humidity found in the authors’ experiments is in accordance
with the assumption of a relatively porous structure.

Samples duplicating those described above were prepared
and tested for Victor flow, after coming to equilibrium at the
humidities mentioned. In this test the measure of fluidity
is the distance in millimeters which the molten shellac flows
down an incline of 15° to the horizontal in exactly 12 minutes
at a temperature of 100° C. The flow of the original sample
was 48 mm. The results obtained are given in Table I,
which shows the very great effect of a small amount of ad-
sorbed water on the fluidity, as measured by the Victor
method. Attempts to bring back the fluidity of a “dead”
lac—that is, one which possessed zero flow under ordinary
conditions—by exposing it to the action of a high humid
atmosphere were unsuccessful.

TasLe I. Vicror Frow TEST

Humidity Absorbed Moisture Flow
% % Mm.
0.0 0.00 19

25.0 0.89 28.5
50.0 1.46 46
79.3 2.48 65
100.0 4.79 103
Summary

These experiments show the marked hygroscopic nature of
shellac and the need for specifying exactly the conditions of
preparation of the sample in any method for determining
the fluidity. It is recommended that the sample be condi-
tioned previous to testing by exposure to 50 per cent relative
humidity at room temperature, for three reasons: (1) In
manufacturing operations shellac is used under ordinary
atmospheric conditions which would average near this figure;
(2) at this humidity equilibrium appears to be much more
quickly established than at the higher or lower points; and
(3) in weighing the sample less trouble is experienced than in
the case of shellac conditioned at either high or low humidity.
If the sample is prepared as described, at least 2 days should
be allowed for the moisture content to come to equilibrium
before testing for flow.
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Determination of Selenium in 18-8 Stainless Steels

GEORGE G. MARVIN witH WALTER C. SCHUMB
Massachusetts Institute of Technology, Cambridge, Mass.

HE method used by the Carpenter Steel Company for

the determination of selenium in 18-8 type steels has
been the only available method. It depends upon solution of
the steel in aqua regia, addition of perchloric acid, and evapora-
tion to fumes to dehydrate silica. Solution of the perchlorates
and chromic acid in water is followed by filtration to remove
silica. Hydrochloric acid is added to bring the concentration
to about 30 per cent, followed by addition of concentrated
hydrochloric acid saturated with sulfur dioxide gas. After
being allowed to settle for 3 hours at an elevated temperature,
the precipitated selenium is filtered upon a tared Gooch
crucible, washed, dried, and weighed. The crucible is then
heated to redness, the selenium volatilized, the crucible re-
weighed, and the loss in weight represents the selenium
present.

The manufacturer’s analysis of the sample of steel used
throughout this work was as follows:

C  Mn P S Si Cr Ni Se
0.11 0.83 0.137 0.009 0.50 18.29 8.99  0.218
The percentage of selenium was independently checked by an
analysis carried out according to the directions furnished by
the Carpenter Steel Company. The value is too high, in the
light of further work, apparently because of certain positive
errors which seem to be inherent in this method. Communica-
tion with industrial laboratories also showed that considerable
difficulty was being experienced in getting satisfactory results

in selenium determination.

The method developed in this laboratory depends upon
solution of the steel in perchloric acid, catching the small
amount of selenium which is evolved as hydrogen selenide,
filtration of the solution to obtain the precipitate of selenium
plus silica, and solution of the selenium in nitric acid, followed
by the volumetric determination of selenium iodometrically,
according to the equations:

H,Se0; + 4KI 4 4HNO; = Se + 2L, + 4KNO; + 3H,0
Iz + 2N8.28203 = NaQS406 + 2NﬁI

The apparatus used consists of a 250-cc. Erlenmeyer flask
with a one-hole rubber stopper carrying a 7.5-cm. (3-inch)
drying tube, with the stem elongated and bent so that the
tube is in a horizontal position.

The selenious acid used was prepared from pure sublimed
Se0. and the concentration determined gravimetrically by
precipitation of selenium with strong hydrochloric acid and
sulfur dioxide. The thiosulfate used was approximately 0.01
N. The selenium titer of the thiosulfate solution was obtained
by direct titration of this standard solution of selenious acid.
Bureau of Standards sample No. 101, used for checking certain
results, has the following analysis:

@ Mn P S si Cu Ni Cr
0.061 0.554 0.011  0.013 0.763  0.056  8.44  17.56

Analytical reagent perchloric acid containing approximately
60 per cent of perchloric acid was used.

Procedure

Weigh a 5.00-gram sample of steel into a 250-cc. Erlenmeyer
flask. Add a mixture of 50 cc. of 60 per cent perchloric acid
and 30 cc. of water. (Somewhat less perchloric acid might
be used to effect solution.) Insert the one-hole rubber stopper
and drying tube. In the large end of the drying tube, place a
pad of glass wool about 2.5 cm. (1 inch) long, lightly packed, and
upon it pour 4 or 5 drops of concentrated nitric acid. Heat the
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flask and contents to 80° to 85° C., remove from heat, and allow
solution to proceed. At the end of about2minutes, remove the dry-
in;f tube with the glass wool from the flask; solution of the steel
will proceed without loss of any selenium as hydrogen selenide.
Remove the glass wool, containing about 1 mg. of precipitated
selenium, from the tube, place in a beaker, and wash out the tube
with concentrated nitric acid into the beaker. To this nitric
acid solution add the precipitate obtained by filtration of the
main solution. Filter the main solution through a pad of as-
bestos with the aid of suction, and wash with warm water.
Digest the pad of asbestos plus the dark-colored precipitate and
the glass wool with about 40 cc. of concentrated nitric acid and
evaporate the solution to a volume of about 10 to 15 cc. Make
the solution slightly alkaline with ammonium hydroxide to
precipitate small amounts of iron, filter, and wash the residue
with hot water. The amount of iron is so small that the selenium
carried down may be neglected. Make the clear filtrate just
acid with nitric acid and add an excess of 10 ce. of concentrated
nitric acid. Heat the solution to about 60°, add 3 grams of urea
to eliminate small amounts of nitrous acid, and cool the solution
to room temperature, to allow an iodometric titration. Bring
the volume of the solution to 400 cc., add 3 grams of potassium
iodide, allow to stand 1 or 2 minutes, and titrate the liberated
iodine with thiosulfate, using starch as an indicator. The end
point should last several minutes.

Experimental Data

Because it was impossible to obtain a standard sample of
steel containing selenium, it became necessary to examine
carefully the gas evolved, the precipitates formed, and the
main solution, in order to determine the percentage of selenium
present. When hydrogen selenide is passed over glass wool
containing a few drops of nitric acid, it is oxidized to red
selenium, which is readily visible. This test is sufficiently
sensitive to detect the hydrogen selenide evolved when 0.1
gram of selenium steel (0.19 per cent of selenium) is mixed
with 5.0 grams of Bureau of Standards steel No. 101; thus
the method will detect 0.2 mg. of selenium.

Using this test, it is evident that hydrogen selenide is
evolved when a selenium steel is treated with dilute perchloric
acid, but this evolution lasts for only a few minutes while the
steel starts to go into solution. Once the steel is reacting
vigorously the hydrogen selenide ceases to be evolved. With
concentrated perchloric acid (approximately 60 per cent) no
hydrogen selenide is evolved. The reason for this experi-
mental fact has not yet been established.

In order to test whether the glass wool moistened with
nitric acid caught all the hydrogen selenide, the following
method was used:

Two bubble tubes, each containing 25 cc. of concentrated
nitric acid, were connected to an Erlenmeyer flask containing
the selenium steel and dilute perchloric acid. The evolved gas
was bubbled successively through the tubes until the steel was
completely dissolved. An examination of the two nitric acid solu-
tions showed that the first tube caught all the selenium; none was
found in the second tube. Therefore, the tube of glass wool plus
nitric acid was inserted in the neck of the flask and connected to a
bubble tube of nitric acid. After solution of a 5.0-gram sample of
selenium steel with this arrangement, no selenium was found
in the nitric acid of the bubble tube, proving that the glass wool
plus nitric acid caught the hydrogen selenide which was evolved.

The tube containing the glass wool, nitric acid, and red selenium
was added to the remaining selenium in the precipitate. Approxi-
mately 1 mg. of selenium was evolved as hydrogen selenide when
the recommended concentrations of perchloric acid are used.

The solution, containing a dark red to black precipitate of
selenium together with about four-fifths of the silica, was filtered
on a pad of asbestos, supported by about 1.3 em. (0.5 inch) of wool
felt and a perforated porcelain plate, using the tall-form straight-
sided Gooch funnel. After filtering and washing three or four
times with warm water, a glass rod was pushed up through the
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stem of the funnel against the porcelain plate and the entire pad
forced to the top so that the asbestos layer plus the precipitate
could be removed easily. The asbestos pad thoroughly cleaned
the sides of the funnel, as it moved up. The asbestos pad was
added to the glass wool and the entire mass treated with con-
centrated nitric acid, as described above.

After filtering out the precipitate, it was necessary to examine
the filtrate for selenium. To this filtrate, a volume of about 100
ce., were added 125 cc. of concentrated hydrochloric acid which
had been saturated with sulfur dioxide. The solution was
allowed to stand for 2 hours; upon filtering no selenium was
found. Therefore, to this solution was added a definite quantity
of selenious acid, equivalent to 1.14 mg. of selenium. After
standing 2 hours, the solution was filtered and the amount of
selenium obtained checked with the amount added, showing
that the solution was initially in the proper condition for the
precipitation of selenium.

Samples of Bureau Standards steel No. 101 were dissolved
in 50 cc. of perchloric acid plus 30 cc. of water and a definite
amount of selenium (1.14 mg.) was added in the form of
selenious acid. Upon precipitation with hydrochloric acid
and sulfur dioxide the correct amount of selenium was found
present, showing the accuracy of the iodometric method.

Using the method as outlined on the manufacturer’s
sample (reported as 0.218 per cent of selenium) the following
representative values were obtained: 0.190, 0.191, 0.191,
0.188, 0.193, 0.192, 0.193, 0.188, 0.189, and 0.190 per cent of
selenium. These percentages all reduce to 0.19 per cent
when two significant figures are reported, as is customary
in steel analyses.

The manufacturer’s sample was diluted with an equal quan-
tity of Bureau of Standards sample No. 101. An analysis of
this diluted sample by the recommended procedure gave val-
ues of 0.094 and 0.094 per cent of selenium. ;

Since experiments showed that no hydrogen selenide was
evolved by 60 per cent perchloric acid, a sample of selenium
steel was dissolved in this strength of acid, by heating to about
85° C. After complete solution of the steel, 125 cc. of con-
centrated hydrochloric acid saturated with sulfur dioxide
were added. After standing for 2 hours the precipitate was
filtered, washed, dissolved in nitrie acid, and carried through
the volumetric procedure as described, to give 0.190 and
0.191 per cent of selenium. These results indicate an alter-
nate procedure for the determination of selenium and furnish
a check upon the procedure given.

The method of the Carpenter Steel Company was employed
on samples of selenium steel and carried to the point where
the precipitated selenium was filtered upon a Gooch crucible.
At this point, the precipitate was carried through the volu-
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metric procedure and 0.190, 0.193, and 0.194 per cent of sele-
nium were obtained, furnishing additional corroboration of the
procedure given.

As for interfering constituents, Bureau of Standards steel
No. 101 was carried through the recommended procedure
and gave a blank result. It might be expected that a small
amount of copper could remain in the insoluble residue and
then react with hydriodic acid to yield iodine, but the fact
that negative results were obtained in the blank experiment
was considered sufficient proof that selenium alone was
measured by this volumetric method.

For routine work, the procedure could be materially short-
ened by eliminating the use of the glass wool and applying a
correction factor of about 0.5 mg. for the selenium which is
evolved as hydrogen selenide. Also the precipitation and
elimination of small amounts of iron by ammonium hydroxide
could possibly be eliminated in routine steel analyses.

Conclusion

The procedure given is fairly rapid. A series of 5 samples
was analyzed simultaneously in 1.5 hours. The accuracy has
been checked by two procedures, and seems adequate. The
values are lower than those obtained by the original method
of the Carpenter Steel Company, but an examination of the
gravimetric method, for such small amounts of precipitate,
led to the conclusion that it yields slightly high results.!
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An Efficient Laboratory Extraction Apparatus

FREDERICK C. OPPEN, University of Wisconsin, Madison, Wis.

SERIES of studies in this laboratory upon the con-

stituents of various seeds has frequently met the prob-
lem of efficient extraction of large quantities of material.
Metal apparatus was ruled out in order to avoid the possibility
of contamination; various glass makeshifts proved leaky and
inefficient. With low-boiling solvents such as acetone,
petroleum ether, ethyl ether, ete., these difficulties became

acute. Accordingly, a modified Soxhlet-type extractor (illus-

trated) was developed which can be duplicated at moderate
expense from parts readily available. This model has been
in use for the past year, and has given very satisfactory results.

It is described here in the hope that it may prove helpful to

others having similar problems.

The extractor is made from a 7-liter Oldberg, or cylindrical,
percolator and has a capacity of about 3 kg. of seeds. A per-
colator with a ground upper surface is selected, together with a
small desiccator lid of the same diameter, and these are re-
ground to a good fit. Next a large hole for the cork is cut in the
lid, preferably with a cylindrical copper tool in a slow-speed drill
press, using a rough grade of grinding compound. The main
novel feature is an internal condenser which cools and liquefies
nearly all vapors before they pass into the percolator, thus re-
ducing loss at the ground interface between the percolator and its
cover. In operation, this interface is rendered more nearly

- solvent-tight by clamping it at two diametral points with large

laboratory clamps as indicated. A second advantage gained
from the use of an internal condenser is that uniform conditions
of cold solvent extraction are maintained, often of value where
sensitive crude materials are involved. The bulk of vapors is
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condensed as in the usual o
Soxhlet extractor by the large
Allihn-type reflux condenser
(not shown).

The numerous potential
leaks in such a set-up are
avoided by substituting
ground-glass joints for corks
wherever possible. The joint
connecting the siphon tube to
the bottom of the percolator
is ground in carefully by hand,
first using discarded glass
stoppers of suitable size and
taper until a minimum of grind-
ing is necessary to adapt the
standard taper joint. The
three corks do not cause trouble
if they are of fine grain and
coated with collodion.

A narrow cloth bag con-
taining the material to be ex-
tracted occupies about four-
fifths of the volume of the
percolator but must not be
allowed to pack the interior
completely, if siphoning is to
be effective. A channel is
provided by inverting an 80-
mm. evaporating dish over the
bottom opening and placing
several 10- to 15-mm. tubes
along the full length of the side of the bag. These may be
bent to conform to the curve of the percolator. The siphon
tube extends only a small distance above the top of the
bag, and must not be larger than 6 mm. in diameter if it is
to fill properly. Sometimes the column fails to break com-
pletely after siphoning has stopped, causing the liquid to
trickle over slowly. This prevents thorough extraction of the
upper portion of material, and is caused by surface tension
at the exit end of the siphon tube. It may be remedied by grind-
ing off this end at a 45° angle.

of app

The apparatus may be adapted to smaller charges than the
maximum by inverting beakers or bottles within the percola-
tor to occupy the excess space. It is most conveniently

L5}
fo bulb type
condenser

80 cm. length
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mounted as a permanent as-
sembly, lowering only the
boiler and percolator for
filling or emptying. The
heat source will vary with
the particular solvent used,
but in most cases a water
bath heated by an electric
hot-plate is satisfactory.
Where such a bath is used
for long periods of time, the
constant-level device of Wing
(1) can be employed to ad-
vantage. The riser from the
boiler may be insulated if
desired.

Whereas the description
here given provides for a 7-
liter percolator of the Oldberg
type, any of the percola-
tors common in pharmaceu-
tical technology might be
employed with suitable
modifications. The internal
condenser in conjunction

. with ground-glass joints
wherever there is liquid or hot vapor is important in this
design, whose details may be varied to suit individual con-
venience.
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A Rapid and Efﬁcieﬁt Mixer

D. H. NELSON, University of California, Davis, Calif.

T IS frequently a time-consuming and tedious process to
prepare for analysis samples of emulsions and plastics.
The horizontal spiral-bit type of mixer has been successfully
used in this laboratory and offers some distinet advantages
over other methods of preparing such samples.

It is very easily assembled by attaching a spiral bit to the
horizontal shaft of an electric motor, which should have a
speed of 1725 r. p. m. and be rated at not less than 0.1 horse-
power. A drill chuck obtained from any hardware store for
approximately $2 is mounted directly on the shaft. The
diameter of the motor shaft must be specified in ordering the
chuck. The spiral bit may be obtained from any hardware
store for approximately 75
cents by specifying a 0.75-
inch, solid-center, spiral bit.
Before using this bit it is
necessary to remove the tip,
or worm, and the two
cutters. The bit is then
placed in the chuck. When
the motor runms, the bit is
turned in the opposite direc-
tion from that used when bor-

ing. This motion throws the sample into the bottom of the
sample jar which is slipped over the bit. The jar is held in
the hand and moved around to facilitate mixing. When the
sample jar is withdrawn some particles of the sample may
fly off, and are conveniently caught by a piece of tin shaped
in a half-circle and placed on the bench over the bit.

The author’s experience in using this mixer for preparing
butter samples indicates the following precautions which must
be observed:

Use a thick-walled glass sample jar with a screw cap, straight
sides, flat bottom, and a capacity of approximately twice the
volume of the sample. i

Mix the sample for at least
3 full minutes. Since the
bufter can be mixed at tem-
peratures from 12° to 25° C.,,
the usual time required for
properly tempering the sample
can be eliminated.

Avoid partial separation of
the sample due to melting
around the edges of the sample
jar.

Recervep December 10, 19355




The Determination of Rhenium

II.

The Geilmann Reaction

LOREN C. HURD AND BERNARD J. BABLER

University of Wisconsin, Madison, Wis.

HE Geilmann (2) color reaction for rhenium is brought

about by adding hydrochloric acid, stannous chloride,
and potassium thiocyanate to a solution of a perrhenate.
The stannous chloride presumably reduces the rhenium to
the hexavalent state where it reacts with the thiocyanate to
yield an intensely colored complex. The actual compound
formed is said to be ReO(CNS)s (1, 9). Geilmann and co-
workers have found that the lower limit of sensitivity lies
somewhere in the neighborhood of 0.5y per 10 ml. (1y =
0.001 mg.). The reaction has been adapted to the quanti-
tative determination of rhenium in much the same manner
as the corresponding molybdenum reaction has been utilized
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in the Maag and McCollum (?) determination. Although
molybdenum interferes when the Geilinann determination is
applied directly to the analysis of minerals and concentrates,
the method represents, with slight modification and when used
in conjunction with a preliminary separation, the best avail-
able to date.

The procedure recommended by the original authors and
similar to the analogous molybdenum method was as follows:
To the nearly neutra%solution of rhenium as the perrhenate were
added 10 ml. of 20 per cent hydrochloric acid and 2 ml. of 10
per cent potassium thiocyanate. This was diluted to 50 ml. and
treated with 10 ml. of 2 per cent stannous chloride. After
shaking for 0.5 minute, 20 mf. of ether were added and the yellow
complex was extracted. Residual traces of the complex were
removed by a second extraction. It was early recognized that
the intensity of color produced was dependent upon a number of
factors. Chief among these were concentrations of reagents and
time. By comparing the intensities of colors produced under
varying conditions with the color of an aged ether extract of
the complex, they were able to establish optimum concentrations
and to arrive at what seemed to be the proper time interval
between the addition of stannous chloride and extraction with
ether. The reaction was apparently stopped by the addition of
the extractor.

During the course of a series of analyses made in this
laboratory (4) it became evident that the development of the
color depended not only upon the concentration of the
reagents but upon the amount of rhenium present. Likewise
it was suspected that the reaction was not stopped by the
addition of the extractor but continued in the nonaqueous
solution at a greatly reduced rate. i

The research herein reported was conducted in an effort to
ascertain the magnitude and character of the color changes
taking place during the course of the reaction and to establish
if possible concentrations and time factors more favorable to
analytical applications. The Eastman universal colorimeter,
an instrument which has been previously described (5, 6) and
used (3) in a research of this type, was used to follow color
changes.

Experimental

Solutions used were similar to those of Geilmann, Wrigge, and
Weibke (2). Potassium perrhenate solutions containing 10y
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per ml. served as a source of rhenium. The procedure fol-
lowed throughout was to run into the sample tube of the colorime-
ter a known amount of standard perrhenate solution. In a
beaker were placed the desired amounts of hydrochloric acid,
stannous chloride, potassium thiocyanate, and enough water so
that the total volume of this solution and that of the perrhenate
would equal 50 ml. The reagent mixture was then quickly mixed
with the perrhenate solution and placed in the colorimeter.
The time of mixing was taken as the zero time in all cases.
The color changes were followed by the -blue wedge. When
working with deeply colored solutions it was sometimes found
necessary to make slight corrections with other wedges. All
concentrations reported are on the weight basis.

Tligure 1 illustrates the effect of varying the hydrochloric
acid concentration in solutions containing 0.40 per cent of
stannous chloride, 1.0 per cent of potassium thiocyanate, and
100y of rhenium. The percentage of acid includes that
contained in the stannous chloride solution. In low acid
concentrations the color did not reach a maximum until 20
minutes had elapsed. In the neighborhood of 2 per cent the
color maximum was reached in 5 minutes, but fading took
place over a period of 30 minutes. Figure 2 illustrates the
effect of stannous chloride in a system containing 2.0 per cent
of hydrochloric acid, 1.0 per cent of potassium thiocyanate,
and 100y of rhenium. Low concentrations of the reagent
developed the color slowly, but it is to be noted that at the
end of 35 minutes the color with 0.04 per cent of stannous
chloride was almost twice as intense as in a 0.8 per cent
solution. In the latter concentration, however, the color
maximum was quickly reached and remained practically
constant over an appreciable period.

Figure 3 illustrates the variation produced by changing
the potassium thiocyanate concentration in solutions con-
taining 2.0 per cent of hydrochloric acid, 0.4 per cent of stan-
nous chloride, and 100y of rhenium. Concentrations above
0.4 per cent produced a maximum color at the end of 5
minutes, whereas amounts in excess of 1 per cent promoted
fading after 15 or 20 minutes. In Figure 4 are represented
color concentrations produced by varying amounts of rhenium
reduced in solutions containing 2.0 per cent of hydrochloric
acid, 0.40 per cent of stannous chloride, and 1 per cent of
potassium thiocyanate. Significant is the fading encountered
in concentrations of rhenium much above 200y. Under
the conditions of the experiment it would appear that 7
minutes is the optimum time interval before extraction. In the
400y region there is illustrated a phenomenon which has
often been encountered in these laboratories and which may
introduce serious error into a determination. Curves A and
B represent the behavior of solutions containing exactly the
same concentrations of reagents, the difference being that the
solution represented by B was shaken vigorously for 1 minute
before being placed in the colorimeter. Violent and prolonged
agitation does not appear to shift the maximum but does
promote more rapid fading of the color. In Figure 5 are
plotted colorimeter scale readings against rhenium concen-
trations. Colors were developed in solutions containing 2.0
per cent of hydrochloric acid, 0.4 per cent of stannous chloride,
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and 1 per cent of potassium thiocyanate. The time interval
before extraction was 7 minutes.

The effect of stannic chloride was studied because in actual
practice samples are often encountered which contain small
amounts of oxidizing agents. These would oxidize the stan-
nous chloride to produce significant concentrations of tetra-
valent tin. Stannic chloride in concentrations as high as
2 per cent had little or no effect.

Nonaqueous Extractors

Butyl acetate, cyclohexanol, and ethyl ether have been used
to extract the rhenium thiocyanate. The mixture of 65 per
cent ethyl ether and 35 per cent petroleum ether as used by
Malowan (8) for molybdenum extracts rhenium incompletely.

Because it had been suspected that nonaqueous solutions
of the complex were not stable over a period of hours and that
standards for comparison had best be prepared at the time
of the analysis, a study was made of the behavior of these
nonaqueous solutions. The color of 150y of rhenium was
developed as described in the preceding paragraph, 7 minutes
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were allowed, and the extractor was added in three successive
portions of 20, 15, and 15 ml. Extracts were then combined
and placed in the colorimeter. The entire operation usually
required about 12 minutes. Saturated extractors were pre-
pared by shaking the extraction liquid in a separatory funnel
just previous to use, with a hydrochloric acid, stannous
chloride, and potassium thiocyanate solution of the same type
as used in the actual analysis. Figure 6 illustrates the change
in color of solution of 150y of rhenium (as the thiocyanate
extract) in butyl acetate which had been shaken with the
reagents and in untreated butyl acetate. It is apparent that
the saturated extractor is preferable but that in neither case
may it be assumed that such solutions constitute satisfactory
semi-permanent standards.

Figure 7 is interesting in that it apparently makes little or
no difference whether ether be saturated or unsaturated with
respect to the reagents. However, erratic results are more
often obtained in actual practice if the ether is not treated
prior to extraction. This is in harmony with the findings of
Geilmann and co-workers (2). Figure 8 is characteristic of
cyclohexanol. The use of cyclohexanol eliminates to a large
extent the peculiar results often obtained when ether is used
as an extractor but has the decided disadvantage of separat-
ing slowly from the aqueous solution.

YOL. 8, NO. 2

As a result of the study of the development of color in the
Geilmann reaction it is recommended that when applied
quantitatively to amounts of rhenium under 500y, the con-
centration of hydrochloric acid be held at 2.0 per cent,
potassium thiocyanate at 0.4 per cent, and stannous chloride
at 0.2 per cent. Seven minutes should in general elapse
before extraction, and the solution should be shaken no more
than is necessary to produce uniformity. Behavior of non-
aqueous extractors has been studied and data are presented
which indicate that such solutions do not constitute satis-
factory permanent standards.
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Separation of Stannic Oxide from Various
Oxides by Ignition with Ammonium lodide

Application to Analytical Purification of Ignited Stannic Oxide

EARLE R. CALEY aAnDpD M. GILBERT BURFORD,! Frick Chemical Laboratory, Princeton University, Princeton, N. J.

OLATILIZATION of arsenic, antimony, or tin in the

form of their chlorides from various compounds by
gentle ignition with dry ammonium chloride was apparently
first recommended as an analytical procedure by Rose (5).
Rammelsberg (4) employed repeated ignition with ammonium
chloride in a method for the approximate separation of stannic
oxide from tungstic oxide. The conversion of stannic oxide
into volatile stannic chloride in this way is, according to the
authors’ attempts, an impractical analytical procedure since
an excessive number of successive ignitions are usually re-
quired. For example, in one experiment a sample of ignited
stannic oxide weighing 0.5635 gram left a residue of 0.0127
gram of oxide after five successive ignitions with excess
quantities of ammonium chloride. On the other hand it was
found that ammonium iodide decomposes'even highly ignited
stannic oxide with great readiness, so much so that the amount
of stannic oxide usually encountered in an analytical precipi-
tate can be volatilized as iodide by a single ignition with ten
times its weight of this ammonium salt. Since, at the tem-
perature required for this volatilization, most of the other
oxides likely to be found with tin oxide either are not attacked
or are converted into relatively nonvolatile iodides which may
be changed quantitatively back to the oxides, ignition with
ammonium iodide can be used as a general method for the
separation of stannic oxide from these others. At the time
the present work was done it was thought that the analytical
application of ammonium iodide in this manner was entirely
new, but there was later located a single passing statement

1 Present address, Department of Chemistry, Cornell University, Ithaca,
NEY

by Moser (3) to the effect that metastannic acid could be
separated from silicic acid by ignition with ammonium iodide.
This present paper contains the results of experiments on
the action of dry ammonium iodide at various temperatures
on stannic oxide, ferric oxide, cupric oxide, lead oxide, nickel
oxide, zinc oxide, antimony trioxide, tungstic oxide, and silicon
dioxide, special attention being paid to the conditions for
quantitative separations. As an example of the practical
value of this general method there is given a rapid, convenient
procedure for the determination of the exact stannic oxide
content of ignited impure tin oxide precipitates, such as
those obtained from the nitric acid treatment of common non-
ferrous alloys.

Materials and Apparatus

J. T. Baker’s reagent ammonium iodide was found to be
sufficiently pure, particularly in regard to a low content of
nonvolatile matter, to be used without further purification.
One lot was found to leave no residue on ignition, while
another contained an average of only 0.02 per cent non-
volatile matter. Though it is desirable for such analytical
work to have a reagent that leaves no weighable residue on
ignition, it was found that satisfactory results could be ob-
tained even with ammonium iodide of lower purity by allowing
for a blank correction according to the purity of the chemical
and the amount taken for an ignition. The various oxides
were all prepared from pure chemicals by conventional
methods.

Ordinary porcelain crucibles were used in the ignition ex-
periments, and, while in a few cases a gas burner was used as
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the source of heat, the great majority of the trials were made
in a small electric crucible furnace especially constructed for
the purpose. By means of a suitable resistance this could be
held constant within 5° throughout the working range, a
nitrogen-filled thermometer with bulb placed next to the
crucible being used to determine the temperature.

General Procedure

In the experiments on the oxides the dried weighed samples
were first thoroughly mixed with ten or more times their
weight of powdered dry ammonium iodide in weighed cru-
cibles. Except where a gas burner was used, ignition was then
performed at a controlled temperature by placing a charged
crucible in the electric furnace previously brought to the
desired degree of heat. After ignition was complete as shown
by the cessation of fumes, usually requiring from 10 to 15
minutes, the crucible was removed. In some cases crucibles
were then ignited in the open air in order to convert any
residual iodide completely to oxide. In others, where slightly
volatile iodides were present, the residues were first treated
with small volumes of concentrated nitric acid, followed by
evaporation to dryness on the hot plate in order to decompose
the iodides completely before the final ignitions were made.
Finally the crucibles were reweighed in order to determine
the weights of residual oxide or oxides. Qualitative observa-
tions of the products of the reactions were also made.

Reaction with Stannic Oxide

While there is evidence of action at slightly lower tempera-
tures, the reaction between ammonium iodide and stannic
oxide does not proceed with sufficient velocity and com-
pleteness for practical analytical purposes until about 400° C.
is reached. At this point there is rapid evolution of brown
vapors of stannic iodide from the mixture, accompanied by
white fumes of subliming ammonium iodide and the purple
vapors of gaseous iodide. If the reaction is carried out at a
sufficiently high temperature, the characteristic orange-red
thermoluminescence of iodine can also be seen. It seems
probable that the transformation of the oxide into iodide in
this way is caused by the action of the hydrogen iodide that

When mixed with a suitable excess of
powdered ammonium iodide and heated at
temperatures between 400° and 500° C.,
stannic oxide is quantitatively transformed
into stannic iodide and can thus be com-
pletely volatilized. This behavior can be
used as the basis of analytical procedures
for the separation of stannic oxide from
most other metallic oxides likely to be as-
sociated with it, since these either are not
affected by such treatment or are converted
more or less completely into nonvolatile
iodides which can be transformed back to
oxides. For example, impure ignited lin
oxide, such as that resulting from the
nitric acid treatment of common non-
ferrous alloys, may be corrected for impuri-
ties in this way. The experiments show
that this method of separation is simple,
rapid, and accurate.
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results from the thermal dissociation of the ammonium salt.
If this is the case the essential reaction can be represented
by the equation

SI]OQ + 4HI —> SllI4 + 2H20

It is to be observed in support of this explanation that the
order of the ease with which ammonium iodide and ammo-
nium chloride react with stannic oxide is the same as that of
hydriodic acid and hydrochloric acid, the latter having prac-
tically no action. That the reaction with these ammonium
salts proceeds more readily in both cases than with the cor-
responding aqueous acids is in agreement with other reactions
in which halogen halides at high temperatures react even more
readily than their aqueous solutions with given substances,
especially when water is one of the products of the gaseous
reactions. The iodine appearing as one of the products of
the reaction between ammonium iodide and stannic oxide
apparently results largely from the thermal decomposition of
the hydrogen iodide, although it is possible that a small
proportion may come from its oxidation on contact with air.
A possible alternative mechanism for the reaction is that it
involves a direct action between the two substances as shown
by the stoichiometric equation

Sﬂ02 + 4NHAI e SIII4 + 4NH; + 2H20

Against this may be cited experiments on heating mixtures
of finely ground potassium iodide and stannic oxide in which
no evidence of any transposition reaction could be detected,
though from the somewhat analogous nature of the two
iodides one might expect at least some reaction in the case of
potassium iodide if ammonium iodide reacts by a double
decomposition reaction. Audrieth (1) cites evidence, how-
ever, that tends to show that fused ammonium salts can
themselves behave like acids, and while no actual fusion takes
place in the case discussed here, it is possible, in part at least,
that the reaction between ammonium iodide and stannic oxide
results from such a direct interaction.

Reactions of Various Metallic Oxides

Since for purposes of practical analytical separation stannic
oxide reacts too slowly below 400° C., little attention was
paid to the behavior of the other oxides on ignition with am-
monium iodide below this temperature. At 400° C. or above
these are partially or completely converted into iodides,
depending upon the temperature and the proportion of am-
monium iodide. In general these other reactions appear to
take place by the same mechanism as the stannic oxide re-
action, except that in the case of ferric oxide and cupric oxide
there are, in addition, oxidation-reduction changes.

The reaction with ferric oxide can be represented by the
equation

Fegoa - 6NHI —> 2Fel, + I, + 6NH3 4+ 3H,0

By gentle ignition in the open air the ferrous iodide formed in
this manner can be oxidized quantitatively back to ferric oxide
according to the equation

4FeIz + 302 S 2F8203 + 412

From the analytical viewpoint it was found that, if the treat-
ment with ammonium iodide is carried out over a gas burner
without much care as regards temperature control, the re-
covery of the ferric oxide is by no means quantitative, owing
apparently to volatilization of some ferrous iodide during the
ignition. By performing the ignition in an electric furnace
at temperatures under 500° C. this loss does not occur, and
recovery of all the oxide originally taken is then possible.
From a practical manipulative standpoint the conversion of
ferrous iodide to the oxide by simple air oxidation is not en-
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tirely satisfactory, since there is danger of mechanical loss
due to the formation of a certain proportion of very light,
fluffy ferric oxide. For this reason it is better to treat the
iodide with 2 to 3 ml. of nitric acid first, evaporate, then ig-
nite the resulting nitrate to oxide.

The reaction of ammonium iodide with cupric oxide is
analogous to that with ferric oxide as indicated by the equa-
tion :

2Cu0 + 4NH,I —> 2Cul + 4NH; + I, 4 2H,0

In this case, however, it is not so convenient to convert the
iodide back to oxide by air oxidation, since this takes a longer
time and more care than with ferrous iodide. Apparently
no loss from volatilization of cuprous iodide occurs if ignitions
are made at any temperature in the range 400° to 500° C.

The action of ammonium iodide on lead oxide can be repre-
sented by the equation

In this case also the ignition must be made with temperature
control to prevent loss by volatilization. Conversion to oxide
through nitric acid treatment is necessary for quantitative
results since lead iodide is converted into oxyiodides by
ignition in air (§). Large amounts of lead oxide, however,
cannot be handled conveniently by this method, since then
the conversion of the iodide back to oxide was found to require
an excessive number of repeated treatments with the acid.
With as much as 0.01 to 0.02 gram, far in excess of amounts
likely to be found in impure tin oxide precipitates, the recovery
is fairly satisfactory.

In the case of nickel oxide the equation representing the
reaction is analogous to the one for lead oxide. From a
manipulative viewpoint the behavior of nickel oxide is similar
to that of ferric oxide, for not only is the conversion of the
iodide back to oxide by direct ignition in air possible, but there
is also likelihood of the formation of a fluffy form of this oxide
which can lead to mechanical loss unless due care is taken.

With zinc oxide the reaction follows a course analogous to
that of the last two oxides, but owing to the relatively low
boiling point of zinc iodide considerable loss by volatiliza-
tion occurs when the ignitions are conducted within the tem-
perature range used for the preceding oxides. From the
standpoint of the application of this method to the correc-
tion of impure tin oxide for impurities, it is fortunate that
zine is such a minor contaminant of such precipitates.

Antimony trioxide on ignition with ammonium iodide
behaved in a manner very similar to that of stannic oxide.
The equation for the volatilization can be written

szOg + 6NH,]I —> 2SbI; + 6NH; -+ 3H20
Separation of these oxides is therefore not possible by this

method. On the contrary the two oxides can be quantita-

tively volatilized together from mixtures containing other
oxides, and this procedure can be applied with advantage in
certain cases.

Separation of Stannic Oxide from Other
Metallic Oxides

The separation of ferric oxide from stannic oxide is im-
portant practically because ferric oxide is often the chief
contaminant of impure tin oxide. A number of experiments
were, therefore, made on synthetic mixtures in which the
weights of the oxides were so taken as to give samples that
simulated badly contaminated tin oxide precipitates.
trial a sample was weighed into a weighed crucible and
intimately mixed with 1.5 grams of ammonium iodide. Ig-
nition was performed at various temperatures, and the cru-
cibles with their residues were then gently ignited to constant
weight in air to obtain the amounts of residual oxide. Typical

In each:
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results are shown in Table I. With an ignition temperature
below 400° C. high results were obtained by reason of the
nonvolatilization of some of the stannic oxide, whereas at
500° C. the results were low because of volatilization of some
ferrous iodide during ignition. At the intermediate tempera-
tures, however, the separation is, in general, good. Some
experiments were also made on mixtures which had larger
proportions of ferric oxide but, the results on these not being
as satisfactory, the method is not to be recommended for
such separations.

TaBLeE I. SEPARATION OF STANNIC OXIDE FROM I'ERRIC
Oxme BY IeNITION WiTH AMMONIUM lODIDE
Tempera- Sn0: Fe:0s Fe:0s Difference
ture Taken Taken Residue Error
0:C% Gram Gram Gram Gram
345 0.0993 0.0115 0.0220 -+0.0105
395 0.1151 0.0094 0.0122 +0.0028
420 0.0932 0.0109 0.0106 —0.0003
420 0.0978 0.0112 0.0111 —0.0001
430 0.1027 0.0174 0.0177 +-0.0003
430 0.1017 0.0119 0.0116 —0.0003
450 0.0943 0.0125 0.0122 —0.0003
450 0.0958 0.0111 0.0112 -+0.0001
450 0.1066 0.0100 0.0101 +0.0001
450 0.0986 0.0100 0.0098 —0.0002
460 0.0983 0.0101 0.0097 —0.0004
460 0.0956 0.0116 0.0115 —0.0001
500 0.0984 0.0125 0.0116 —0.0009

0.0965 0.0140 0.0127 —0.0013

In addition to ferric oxide, cupric oxide is a leading con-
taminant of ignited stannic oxide precipitates. For this
reason a number of experiments were made on synthetic
mixtures that contained both these oxides in addition to a
large relative excess of stannic oxide. These trials were
carried out in the same way as the preceding except that the
ignitions in air, because of the presence of cuprous iodide
in the residues, were controlled as to temperature, the start
being made at about 270° C. with a gradual rise to dull red
heat. The results appear in Table II.

SEPARATION OF STANNIC OXIDE FROM FERRIC
Oximpe aANDp Cupric OXIDE

TasLe II.

Tempera- SnO:z Fe:0s CuO  Total Foreign Oxides
ture Taken Taken  Taken aken Found Error
°C. Gram Gram Gram Gram Gram Gram
400 0.1081 0.0090 0.0092 0.0182 0.0183 +40.0001
400 0.0988 0.0077 0.0123 0.0200 0.0202 +0.0002
425 0.0954 0.0104 0.0100 0.0204 0.0202 —0.0002
425 0.1036 0.0105 0.0095 0.0200 0.0199 —0.0001
425 0.0993 0.0022 0.0006 0.0028 0.0029 +0.0001
425 0.0992 0.0020 0.0008 0.0028 0.0028 =£0.0000
450 0.1021 0.0085 0.0127 0.0212 0.0211 —0.0001
475 0.0918 0.0065 0.0094 0.0159 0.0159 =£0.0000
500 0.1074 0.0079 0.0116 0.0195 0.0194 —0.0001
525 0.1074 0.0067 0.0083 0.0150 0.0146 —0.0004
525 0.0934 0.0097 0.0122 0.0219 0.0214 —0.0005

The totals agree satisfactorily except in the case of the runs
made at 525° C. where some volatilization of the iodides
probably occurred. A similar set of experiments was carried
out in which, instead of air ignition, the nitric acid technic
was used for the conversion of iodides to oxides. The results
of these were in general also satisfactory.

Samples containing ferric oxide, cupric oxide, and lead oxide
that were synthetic approximations to ignited tin oxide pre-
cipitates likely to be obtained in the analysis of common non-
ferrous alloys were also analyzed in this way. In most of
these the proportion of total ‘“impurities’” was purposely
exaggerated in order to test the value of the method for
handling grossly contaminated tin oxide. Because of the
presence of lead oxide the reconversion back to oxides was
made by the nitric acid method in all these trials. The
data in Table III show that the recovery of the total added
“foreign’’ oxides from the synthetic mixtures was satisfactory,
especially in view of the possibility of the occurrence of
cumulative weighing errors in the preparation of complex
mixtures of this sort. As could be expected from the results
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of the preceding experiments, the least satisfactory results
were obtained on samples that were ignited at the lowest
and the highest points in the temperature range.

TasLE III. SePArRATION OF STANNIC OXIDE FROM FERRIC
Oxime, Curric OxmE, AND LEAD OXIDE
Tem-
pera- SnO: Fe:0;  CuO PbO Total Foreign Oxides
ture Taken Taken Taken Taken aken Iound Error
°C. Gram Gram  Gram  Gram  Gram  Gram Gram
400 0.1682 0.0078 0.0096 0.0037 0.0211 0.0214 -+0.0003
400 0.1376 0.0011 0.0016 0.0008 0.0033 0.0037 --0.0004
425 0.1101 0.0037 0.0055 0.0028 0.0120 0.0119 ~—0.0001
450 0.1453 0.0013 0.0008 0.0016 0.0037 0.0040 +-0.0003
450° 0.1130 0.0049 0.0053 0.0083 0.0185 0.0184 -—0.0001
450 0.0959 0.0020 0.0014 0.0011 0.0045 0.0049 --0.0004
450 0.0981 0.0033 0.0076 0.0029 0.0138 0.0136 -—0.0002
475 0.0990 0.0046 0.0054 0.0048 0.0148 0.0146 —0.0002
475 0.0978 0.0038 0.0030 0.0041 0.0109 0.0108 —0.0001
500 0.0819 0.0017 0.0011 0.0006 0.0034 0.0034 =-0.0000
500 0.0642 0.0056 0.0032 0.0042 0.0130 0.0131 +4-0.0001
525 0.0875 0.0024 0.0017 0.0024 0.0065 0.0080 —0. 5

Behavior of Difficultly Soluble Oxides

The two oxides of this type considered here differ from the
other oxides likely to be contaminants of stannic oxide in
their behavior on ignition with ammonium iodide, for no con-
version to iodides takes place. In the case of tungstic oxide
some slight reduction to a lower oxide apparently occurs if
the temperature of ignition is too high, but with silica there
is no reaction.

Experiments on mixtures of tungstic oxide and stannic oxide
showed that this general method is practicable for the separa-
tion of the two. Some results are shown in Table IV.

TaBLE IV. SEPARATION OF STANNIC OxIpE FROM TUNGSTIC

OxIDE
Tempera- SnO0: WOs WOz Difference
ture Taken Taken Residue Error
Coles Gram Gram Gram Gram
375 0.1280 0.1129 0.1147 +0.0018
400 0.0118 0.1126 0.1127 -+0.0001
400 0.0770 0.0686 0.0685 —0.0001
425 0.0114 0.1634 0.1635 +0.0001
425 0.1164 0.0976 0.0972 —0.0004
450 0.0104 0.1504 0.1502 —0.0002
450 0.0908 0.1085 0.1086 +0.0001
475 0.1510 0.1419 0.1413 —0.0006

In these trials each sample was mixed with about 1.5
grams of ammonium iodide and ignited in the electric furnace
at the given temperatures. The residual oxide was then
simply weighed after volatilization of all excess iodide. The
usual high results that come from incomplete removal of
stannic oxide on using too low an ignition temperature are
illustrated by the first value. In the remaining trials, with
the exception of the last, the residual oxide had a normal
appearance, and the separation was satisfactory. In igni-
tions made above 450° C. the oxide had a slight greenish
color apparently due to superficial reduction, and low results
were obtained. However, if concentrated nitric acid was
added to such a residue and then removed by evaporation,
the oxide regained its normal appearance and proper weight.
In the separation of stannic oxide from tungstic oxide, there-
fore, it is best to ignite with ammonium iodide at a tempera-
ture between 400° and 450° C., but if too high a temperature
happens to be used the residue can be oxidized back with nitric
acid.

TABLE V. SEPARATION OF STANNIC OXIDE FROM SILICA

SnO: Si0:2 8i0: Difference
Taken Taken Recovered Error
Gram Gram Gram Gram
0.0923 0.0020 0.0021 -+0.0001
0.1197 0.0016 0.0018 -+0.0002
0.1930 0.0009 0.0012 -+0.0003
0.1230 0.0021 0.0019 —0.0002
0.0992 0.0022 0.0019 —0.0003
0.1196 0.0007 0.0007 =£0.0000
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In Table V are shown the results of experiments on the
separation of stannic oxide from silica.

In order to give a material similar to that likely to be met
with in tin oxide precipitates contaminated with silica, that
used in these trials was dehydrated silicic acid prepared by
ignition, rather than crystalline silica. The samples were
mixed with about ten times their weight of ammonium iodide,
and the ignitions were conducted over a Bunsen burner at
low red heat, no attempt at exact temperature control being
made. The separation was satisfactory. For the purpose
of correcting the weight of an impure stannic oxide precipitate
contaminated with silica it is believed that this ammonium
iodide volatilization method is probably more accurate, as
well as more convenient, than the usual treatment with hydro-
fluoric and sulfuric acids, since the new method is conducted
in the porcelain crucible used for igniting the oxide, whereas
the other method necessitates transference to a platinum
vessel. In addition, the process described here is somewhat
more rapid.

Application to Determination of Tin in Alloys

It is commonly recognized that the ignited stannic oxide
resulting from the nitric acid treatment of such alloys as
brasses and bronzes is so contaminated with various impurities
that, when exact results are desired, it must be subjected to
some purification process. Practically the only method
heretofore available for the treatment of such impure tin
oxide has been the sodium carbonate and sulfur fusion process
of Rose. This method is laborious and time-consuming,
especially when a second treatment is required, which is often
the case. Turthermore, several sources of error are inherent
in it, such as that resulting from the introduction of silica by
the action of the fusion mixture on the crucible. Treatment
with ammonium iodide volatilizes stannic oxide quantitatively
from synthetic mixtures of oxides that resemble in composition
the impure tin oxide obtained from ordinary brasses or
bronzes, for, if alloys containing arsenic, antimony, or phos-
phorus are excepted, the usual contaminants of the tin pre-
cipitate are ferric oxide, cupric oxide, lead oxide, zinc oxide,
and nickel oxide. Actually, according to quantitative data
furnished by Hillebrand and Lundell (2), and more extensively
by Tilk and Holtje (6), ferric oxide and cupric oxide are the
chief impurities, the others being normally present in almost
negligible amounts. When applied to the purification of actual
precipitates the ammonium iodide volatilization method was
found to be very satisfactory. In simplicity and time re-
quired it is decidedly superior to the fusion method, and
appears to yield more consistent and accurate results. The
procedure used in these test analyses and recommended for
general use is as follows.

Procedure

Ignite the separated metastannic acid to constant weight in a
porcelain crucible. Then add to the impure tin oxide about
fifteen times its weight of powdered ammonium iodide, and mix
the two in the crucible intimately by means of a small spatula.
Place the charged crucible in an electric crucible or muffle furnace
maintained between 425° and 475° C. Allow it to remain there
until all fumes have ceased to come from the crucible, about 15
minutes. Then remove the crucible and, after having allowed it
to cool sufficiently, add 2 to 3 ml. of concentrated nitric acid.
Evaporate to dryness on the hot plate and cautiously decompose
the residual nitrates over.a low burner flame. Follow this by
ignition at low red heat to constant weight. The difference be-
tween this weight and the original weight gives the amount of pure
stannic oxide present. A suitable correction should be applied
if there is a weighable amount of nonvolatile matter in the am-
monium iodide. To continue the analysis, dissolve the oxide
residue out of the crucible by digestion with a few milliliters of
hot concentrated hydrochloric acid. Dilute the resulting solu-
tion and filter it to remove small amounts of silica that may come
from the filter paper ash. Finally add the solution and washings
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to the filtrate being evaporated down for the determination of
lead as sulfate. The remainder of the analysis is conducted in the
usual way.

Results of Test Analyses

Twelve consecutive determinations of the tin content of
Bureau of Standards brass sample No. 37b using 5.000-
gram samples and several variations in the method of separat-
ing the metastannic acid with 1 to 1 nitric acid yielded the
following percentage values based upon the weights of the
impure tin oxide: 1.09, 1.06, 1.11, 1.08, 1.09, 1.08, 1.07,
1.04, 1.05, 1.06, 1.06, and 1.06. After purification of the
precipitates by the above method the corresponding values
were 1.00, 0.99, 1.00, 0.98, 0.99, 0.99, 1.00, 0.99, 0.99, 0.97,
0.98, and 0.98, the average being 0.99. Though the per-
centages of tin based upon the weight of impure oxide show a
range of 0.07 per cent, due in part to deliberate variations in
the method of treatment in order to introduce varying
amounts of impurities, the values after purification show a
range of only 0.03 per cent between the extreme results. The
value established at the Bureau of Standards on this sample
was 1.00 per cent using a volumetric method, while the co-
operating analysts obtained by various gravimetric and
volumetric procedures the percentages 0.99, 0.98, 0.91, 0.99,
1.01, 0.97, 0.99, 1.02, 0.98, and 1.03, the over-all average of
0.99 per cent being identical with the average of the present
determinations.

The above procedure can also be applied to certain alloys
that contain a higher percentage of tin, such as ordinary
bronzes. It is even applicable to bronzes that contain a
small proportion of antimony if the latter is known or deter-
mined and allowance is made for the corresponding amount
of antimony oxide that is volatilized along with the stannic
oxide during the ignition with ammonium iodide. While
this method involves the use of a double correction, it ap-
parently yields satisfactory results, as shown by test deter-
minations made on Bureau of Standards cast bronze sample
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No. 52. For these 1.0000-gram samples were taken, and for
the antimony content the stated average value, 0.16 per
cent, was used. Six consecutive determinations gave the
following final values for the tin content: 7.85, 7.86, 7.87,
7.85, 7.87, and 7.88, the average being 7.86 per cent. The
value established at the Bureau of Standards was 7.88 per
cent, while the codperating analysts obtained percentages
ranging from 7.80 to 7.99, the over-all average being 7.90
per cent. In the case of this sample also the results were not
only accurate but very consistent, the range between the
extreme values of the single determinations being but 0.03
per cent.

Discussion

It is believed that this general method for the separation of
stannic oxide represents a distinct advance over methods
previously proposed, not only from the standpoint of accuracy,
but also in respect to simplicity of manipulation and the
rapidity with which results can be obtained. The ammonium
iodide volatilization method can be applied to separations
and materials other than those considered in this present

paper.
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The Ignition of Silicic Acid
KNUT A. KRIEGER AND HIRAM S. LUKENS
John Harrison Laboratory of Chemistry, University of Pennsylvania, Philadelphia, Pa.

EVERAL years ago, one of us was disturbed upon being
presented with a platinum crucible containing a jet-
black substance which was stated to be the product obtained
on igniting a sample of silica separated in the course of an
ordinary analysis of a silicate. On interrogating the student,
it was learned that the moist silicic acid, on a wet filter paper,
had been placed in a well-covered crucible and the vessel
and contents had been immediately subjected to the highest
temperature attainable with a large Meker burner. In the
belief that the color was due to carbon, the uncovered crucible
and contents were heated for several hours without effecting a
detectable change in appearance orin weight. By means of a
suitable porcelain cover and inlet tube, oxygen was supplied
to the crucible and the contents were heated for a 6-hour
period in that atmosphere. The contents were unaltered
in appearance and lost but 1.5 mg. in weight. A second and
third heating for 6-hour periods produced a total loss of 3 mg.
in weight. The color changed from black to dark gray.
These observations suggested to the writers that some com-
pound of silicon might be responsible for the observed resist-
ance to oxidation, although no reference to compound forma-
tion under these conditions could be found in the literature.
To test this supposition, silica was precipitated from solutions
of sodium silicate by the addition of hydrochloric acid, washed
repeatedly by stirring and decantation to remove sodium

chloride, and collected on quantitative filter paper (Whatman
No. 42, 7 cm.). Samples, while wet, were put in covered
crucibles of platinum and of sillimanite, and immediately
placed over Meker burners. Provided the silica and filter
paper were wet and the crucibles covered, the ignition product
was invariably dark in color. On treating the product with
hydrofluoric acid and evaporating to dryness, a black powder
was obtained which always left a small, black residue when
ignited in the air. On examination under the polarizing
microscope, this residue was found to be silicon carbide, SiC.
A few imperfect, greenish blue crystals were found in one sam-
ple, which gave evidence of the characteristic pleochroism.
The index of refraction of this substance was found to be
higher than that of methylene iodide (N = 1.74), thus
definitely excluding the possibility that the substance was
merely silica mechanically darkened by carbon.

It is presumed that the carbide is produced by the action
of the carbon, hydrocarbons or carbon monoxide, and hydro-
gen resulting from the ignition of the wet filter paper, al-
though the temperature attained in a 20-cc. platinum crucible,
when heated under the conditions of the experiments, was
never higher than 930° to 950° C., as determined by means
of a platinum-platinum rhodium thermocouple.

Recervep January 8, 1936.



Determining Copper in the Presence of

Interfering Elements
A Modified Iodometric Method

H. W. FOOTE AnND JOHN E. VANCE, Yale University, New Haven, Conn.

HE usual iodometric method of determining copper con-

sists essentially of adding a soluble iodide to & solution
of a cupric salt and titrating the liberated iodine with stand-
ard thiosulfate. In arecent article (Z) the writers have shown
that, if a soluble thiocyanate is added to the solution just be-
fore the end point is reached, some additional iodine is liber-
ated and the reaction runs to completion in stoichiometric
proportions. The end point is extremely sharp, partly be-
cause of the greater insolubility of cuprous thiocyanate and
partly because the precipitate is white and retains no ad-
sorbed iodine.

The present article gives the results obtained by using this
modified method to determine copper in the presence of penta-
valent arsenic and antimony, and ferric iron. These are the
only elements commonly associated with copper which liber-
ate iodine from iodides and thus make the titration unreliable.
All these elements, in their lower valences, can reduce iodine
and in that way also lead to incorrect results. It is, however,
a simple matter to insure the presence of the higher valence
only, so that this latter type of interference need not occur.
The possible interference of selenium and manganese has also
been considered.

The interference of pentavalent arsenic (arsenic acid) and
ferric iron in the usual iodometric method for copper has been
investigated recently by Park (3) who found that arsenic acid
offered the chief difficulty. On account of its oxidizing char-
acter in the presence of mineral acids, he found it necessary
to reduce the hydrogen-ion concentration by means of buffer
solutions, but encountered the difficulty, which was not new,
that the liberation of iodine by the cupric salt was excessively
slow at the low acidity. He abandoned the use of acetates
for this reason and used a buffered phthalic acid solution.
To what extent the reaction runs in stoichiometric propor-
tions under these conditions is not clear, as he standardized
his thiosulfate with copper. Park found, in accordance with
Mott (2) and others, that a soluble fluoride eliminated all
difficulty with the iron. The latter is converted to a complex
fluoride insufficiently dissociated to liberate iodine from po-
tassium iodide.

Experimental

Metallic copper was from the sample used in the previous
investigation (1), and contained 99.955 per cent of copper.
Arsenic was used in the form of HyKAsQy, and antimony as a
potassium antimonate containing 46.5 per cent of the metal.
A standardized solution of ferric nitrate furnished the iron.
Thiosulfate solutions were standardized by means of resub-
limed iodine and the copper equivalent was calculated.
While equally good or better results could be obtained by
standardizing with copper, the authors considered it essential
to use iodine as a standard in order to determine to what ex-
tent the reaction 2Cul, = 2Cul + I, runs to completion dur-
ing the titration. The thiosulfate solutions changed slightly
in strength during the work and were frequently restandard-
ized.

In preliminary experiments the authors determined em-
pirical proportions of sulfuric and acetic acids and ammonia
which would yield a buffer solution of sufficiently high pH to
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prevent the oxidation of an iodide to free iodine by arsenic
acid. The buffer solution adopted contained the equivalent
of 9.3 cc. of 6 N sulfuric acid, 22.8 cc. of 6 N acetic acid, and
12.6 cc. of 6 N ammonia. This mixture in a total volume of
60 cc. has a pH value approximating 3.7 as determined by the
hydrogen electrode. These proportions were used in all de-
terminations given below. An acetate solution of this pH
practically cannot be used in the usual iodometric determina-
tion of copper. In the presence of a thiocyanate, however,
the reaction is rapid and the end point exceedingly sharp.

In all determinations given below the following procedure
was used:

Known weights of copper were dissolved in nitric acid and 9.3
cc. of 6 N sulfuric acid, together with the interfering elements
added to the solution. The solution was then evaporated unt
all nitric acid was removed. After evaporation the residues were
dissolved in 20 cc. of water and the acetic acid and ammonia
added in the volumes noted above; the acetic acid was added
first so that the solution was always acid. When iron was pres-
ent the solution was deeply colored at this point. A basic pre-
cipitate containing iron may form, particularly if arsenic is pres-
ent. One to two grams of sodium fluoride were next added, if
iron were present, which immediately removed all color of iron
and dissolved any precipitate. Usually a slight, apparently
crystalline precipitate appeared at this point (N%aFeFe?g) which,
however, in no way interfered with the titration. After adding
potassium iodide, the titration was carried out until most of the
iodine was removed, then starch solution was added and, when
the end point was nearly reached, 2 to 3 grams of ammonium
thiocyanate, and the titration was completed.

Certain details of the above procedure require mention.

1. The complete removal of nitric acid was found to be
necessary, not because nitric acid itself interferes in the titra-
tion, but because it appears to break down as the last of it is
removed by evaporation from the strong sulfuric acid and the
resulting nitrogen oxides liberate iodine later in the analysis.
Blank tests in the absence of copper showed this conclusively
and determinations of copper, in which the nitric acid was
purposely not removed entirely, gave high results. The ni-
tric acid can be removed conveniently either by evaporating
until the sulfuric acid fumes strongly, or by carrying out the
first evaporation until salts begin to crystallize and evaporat-
ing a second time after adding a small volume of hydrochloric
acid. Both methods were used indiscriminately. Where
there is difficulty with spattering, the second method is more
convenient.

2. All evaporations were made by boiling the solutions,
usually in 300-cc. flasks, over a free flame, holding the flasks
nearly horizontal. To show that losses from this treatment
were negligible, two solutions containing known amounts of
copper were evaporated repeatedly in the manner described,
adding 20 cc. of liquid to the residue after each evaporation.
The loss in copper after ten such evaporations was less than
could be detected by analysis.

3. The amount of sulfuric acid used can be varied, but
there should be a corresponding variation in the amount of
ammonia. The authors chose to use 10 rather than 5 ce.
(used in the previous work) because evaporation and subse-
quent solution in water are a little easier, particularly in the
presence of rather large amounts of salts.
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Tanue I, DererMiNATION OF COPPER IN ABSENCE OF
INTERFERING ELEMENTS

(1 to 7, volume buret used; 8 to 17, weight buret used)

No. Pure Cu Taken Cu Found Error
Gram Gram My.

1 0.1641 0.1641 0
2 0.1071 0.1970 -0.1
¢ 0.3208 0.3211 +0.3
4 0.15602 0.15691 ~0.1
b 0.2108 0.2107 -0.1
6 0,1784 0.1785 +0,1

7 0.3034 0.3034 0
8 0.15629 0,1532 +0.3
1 0,2028 0.2031 +0.3

10 0.2686 0.2586 +0.
11 0.3028 0.3033 +0.5
12 0.3643 0.35647 +0.4
18 0, 1550 0.1558 -0.1
14 0,2008 0.2011 +40.3
15 00,2500 0.2511 +0.2
10 0,3027 0,3030 +0.¢
17 0.3570 0.3575 +0.5

Tapue II. DrersrMiNaTION OF COPPER IN PRESENCE
or TrivaLentT IrON

(1 to 8, volume buret; 9 to 18, weight buret)

No. Fe Pure Cu Taken Cu Found Error
Gram Gram Gram My.
1 0.069 0.1536 0.1536 0
2 0.060 0.1785 0.1787 +0.2
3 0,000 0.2149 0.2149
4 0,000 0.3031 0.3033 +0.:
b 0.138 0.15905 0.1597 +0.2
() 0.138 0.1918 0.1918 0
7 0,069 0.2204 0.2293 +0.1
8 0.009 0.3076 0.3078 +0.2
0 0.069 0.1548 0.1546 0
10 0.069 0,2015 0.2017 +0.2
11 0,060 0.25648 0.2548 0
12 0.0060 0,3027 0.3029 +0.2
13 0,060 0.3542 0.3545 +0.3
14 0,138 0.1525 0.1527 +0.2
15 0,207 0.2032 0.2031 —=0.1
10 0,104 0.2744 0.2747 +0.3
T 0.138 0.3354 0.3359 +0.5
18 0.138 0.4021 0.4028 +0.7

Tanue 111, DeTERMINATION OF COPPER IN PRESENCE OF

PENTAVALENT ARSENIC

(1 to 8, volumae buret; 9 to 17, weight buret)

No. As Pure Cu Taken Cu Found Error
Gram Gram Gram My.
1 0,123 0.1637 0.1639 +0.2
2 0.08 0.2188 0.2138 0
J 0.08 0.2100 0.2103 +0.3
4 0.17 0.3000 0.30902 +0.2
3 0,04 0.1788 0.1789 +0.1
(1) 0.08 0.2008 0.2100 +0.2
T 0,125 0.23883 0.2387 +0.2
S 0.17 0.3040 0.3042 +0.2
9 0.04 0.10338 0.1034 +0.1
10 0.08 0.1501 0.1504 +0.3
11 0,128 0.2041 0.2047 +0.6
12 0.21 0.5024 0.3023 —=0.1
13 0.25 0.3502 0.3504 +0.2
14 0.20 0.4019 0.4023 +0.4
13 0.338 0.4412 0.4422 +1.0
16 0.123 0.1547 0.1549 +0.2
T 0.38 0.3 0.3004 0

4. In adding acetic acid and ammonia it was found best
to add them in the order mentioned, so that the solution
nover became basie. If the reverse order is used, the pre-
cipitate produced by ammonia is somewhat difficult to dis-
solve. Further, in the presence of manganese, it 1S essential
to add the acetic aaid first, as will be shown later.

3. The addition of sodium fluoride is, of course, necessary
only when iron is present. It not only prevents the ferric
iron from liberating lodine when potassium iodide is added,
but 1t also completely prevents the ferrie thiocyanate color
when & thioeyanate is added nesr the end point. One gram
of sodium fluoride is sufficient for somewhat more than 0.1
gram of iron.

0. Roughly, half the determinations were made with s
ealibrated volume buret and the others with s weight buret.
With the latter, somewhat larger amounts of copper could be
determined, but the percentage error by the two methods was
nearly the same.
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Determination of Copper Alone and in the
Presence of Iron and Arsenic

The results obtained on copper alone are given in Table 1.
This series of determinations was carried out in order to show
definitely that the method was reliable at the rather high
pH necessary to prevent the oxidation of iodides by arsenic
acid. The highest pH of the solutions in the authors’ pre-
vious work was approximately 2.0, and iodides are oxidized
freely by arsenic acid at that hydrogen-ion concentration.
Tables II, III, and IV give the results on copper in the pres-
ence of iron, of arsenic, and of both iron and arsenic, respec-
tively.

Tables II, III, and IV show that neither iron nor arsenic
when present alone interferes with the copper determination
under the conditions used even though either may be present
in fairly large amounts; further, when iron and arsenic are
present together, they do not interfere when present in mod-
erate amounts. Although the amounts of iron and arsenic
shown in Table IV are in excess of the amounts likely to be
encountered in copper ores, it seemed of interest to find the
quantities of these two elements which would limit the appli-
cability of the method when they were both present. Table
V gives these results.

The results are low, owing to the formation of a precipitate,
presumably an iron arsenate, which contains some copper.
No entirely definite line can be drawn between amounts which
do and which do not vitiate the method, but a rather close idea
can be obtained from the valuesin Tables IV and V. The use
of a larger volume of solution did not solve the difficulty. If,
in practice, such excessive amounts of iron and arsenic were
found, it might well be possible to avoid the difficulty by using
a smaller sample of material.

Determination of Copper in the Presence
of Antimony

Pentavalent antimony in solution behaves very similarly
to pentavalent arsenic as an oxidizing agent. At the pH used
in all the authors’ determinations it liberates iodine only in
traces with extreme slowness and offers no difficulty on this

account. Antimonic acid, however, is rather insoluble under
TasLE IV. DEeTERMINATION OF COPPER IN PRESENCE OF

TRIVALENT IRON AND PENTAVALENT ARSENIC
(1 to 7, volume buret; 8 to 9, weight buret)

No. Fe As Pure Cu Taken Cu Found Error
Gram Gram Gram Gram Mg.

1 0.069 0.04 0.2072 0.2071 —-0.1
2 0.069 0.08 0.1623 0.1619 —0.4
3 0.035 0.17 0.3006 0.3007 +0.1

4 0.069 0.17 0.1571 0.1571 0
3 0.069 0.125 0.2316 0.2314 -0.2
6 0.035 0.08 0.1887 0.1892 +0.5
7 0.139 0.04 0.3029 0.3032 +0.3
S 0.069 0.04 0.3016 0.3016

9 0.069 0.04 0.3036 0.3038 0.2

TasrLe V. DereryaxatioN oF CoprPER IN PRESENCE OF
LARGER AMOUNTS OF BoTH TRIVALENT IRON AND PENTAVALENT
ARSENIC
{Weight buret used)

No. Fe As Pure Cu Taken Cu Found Error
Gram Gram Gram Gram Mg

1 0.035 0.21 0.3020 0.3015 —-0.35
2 0.207 0.21 0.3005 0.2099 —0.6
3 0.138 0.29 0.1512 0.1509 -0.3
K 0.069 0.21 0.149% 0.1492 —0.4
3 0.069 0.21 0.4522 0.43515 —0.7
5 0.059 Q.42 0.3010 0.3000 —1.0
T 0.069 0.29 0.3002 0.2939 —-1.3
S 0.089 Q.42 0.3017 0.3004 =133
9 0.0589 0.42 0.3033 0.3023 =132
10 0.069 Q.42 0.3028 0.3012 —1.6
11 Q.207 0.29 0.302% 0.35009 —-1.7
b 0.138 0.29 8 4341 0.43510 —3.1
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the conditions necessary for the titration and when it precipi-
tates it always adsorbs small amounts of copper. This be-
havior is very similar to that of metastannic acid. When-
ever antimony is present in considerable amounts, therefore,
the results are low. Table VI gives these results. Roughly,
the limit of solubility of antimonic acid in the solution used
corresponds to 0.020 gram of antimony and this value thus
gives the limiting amount of antimony which will cause no
difficulty in the titration.

TaBLE VI. DETERMINATION OF COPPER IN PRESENCE OF
PENTAVALENT ANTIMONY

(1 to 3 and 6, volume buret; 4, 5, and 7, weight buret)

No. 8Sb Pure Cu Taken Cu Found Error
Gram Gram Gram My.
1 0.005 0.1569 0.1564 —-0.5
2 0.005 0.2111 0.2112 —+0.1
3 0.005 0.1792 0.1792 0
4 0.009 0.2039 0.2039 0
5 0.019 0.2044 0.2045 +0.1
6 0.024 0.3042 0.3029 —1.3
7 0.038 0.2037 0.2020 =157

Determination of Copper in the Presence
of Selenium

Selenic acid is a strong oxidizing agent, and would, if pres-
ent, liberate iodine. Under the conditions of the analysis,
however, the element appears to be oxidized only to selenious
acid and does not interfere. The results obtained are given

in Table VII.
TaBLE VII. DETERMINATION OF COPPER IN PRESENCE OF
SELENTUM
(Weight buret used)

Se Pure Cu Taken Cu Found Error
Gram Gram Gram Mg.
0.005 0.2013 0.2013 0
0.0505 0.2020 0.2018 —-0.2

Determination of Copper in the Presence
of Iron and Manganese

The need to determine copper in the presence of appreciable
amounts of iron and manganese is rare and the authors would
not have considered the matter except that Park (3) states
that in the presence of both these metals the results on copper
are high, and gives data to show this effect. Disregarding
his explanation, it seemed probable that the difficulty was due
to the fact that in preparing his buffer solutions, Park made
them ammoniacal before acidifying with phthalic acid, and
manganous hydroxide, as is well known, forms a higher oxide
rather rapidly when exposed to air. This, of course, would
liberate iodine later in the analysis. The authors therefore
carried out a number of determinations in the presence of
manganese alone and in the presence of manganese and iron.
The results are given in Table VIII.

TasLe VIII. PossiBLE EFFecT 0F MANGANESE ON
DEeTERMINATION OF COPPER

(All the determinations were carried through as usual except that in Nos. 1
and 2 the ammonia was added before the acetic acid and the ammoniacal
solutions allowed to stand 5 minutes before acidifying.)

Cu Equivalent

of Todine

No. Pure Cu MnS04 Fe Liberated
Gram Gram Gram

1 None 0.55 None 0.0029
2 None 0.55 0.138 0.0075
3 None 0.55 None None
4 None 0.55 0.138 None
5 0.2111 0.55 0.138 0.2106
6 0.1838 0.28 0.069 0.1837

Nos. 1 and 2 in Table VIII show the considerable effect
due to manganese alone or in the presence of iron, when the
solutions were allowed to become alkaline. Both effects are
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greater than those obtained by Park, probably because the
solutions were purposely allowed to stand, while ammoniacal,
for some time in order to intensify the effect. Apparently the
presence of iron hydroxide catalyzes the oxidation of the man-
ganese, which accounts for the fact that Park found the effect
of manganese appreciable only in the presence of iron. Nos.
3 to 6 show that manganese and iron do not affect the results
if the solution is not allowed to become ammoniacal.

Summary

By using a modified iodometric method described recently,
and controlling the hydrogen-ion concentration, copper may
be determined accurately in the presence of pentavalent anti-
mony and arsenic. The addition of a soluble fluoride (as first
suggested by Mott) prevents the interference of iron and does
not interfere with the accuracy of the determination. These
are the only elements commonly associated with copper which
interfere in the usual iodometric determination. Selenium
does not interfere under the conditions used. An explanation
of the reported interference of a mixture of manganese and
iron has been found. Under suitable conditions, these ele-
ments do not interfere.

The method is reliable in the presence of rather excessive
amounts of arsenic and iron. In the presence of antimony in
amounts greater than about 20 mg. antimonic acid precipi-
tates together with adsorbed copper and the results are corre-
spondingly low.

The liberation of iodine from a soluble iodide by cupric
copper takes place in stoichiometric proportions under the
conditions used.
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A New Buret for Alkali Titrations

L. S. KEYSER
University of Illinois, Urbana, Ill.

LTHOUGH the ordinary rubber-

tipped buret has long been recog-
nized as not being strictly accurate for
alkaline titration, it still finds wide use in
many laboratories. One of the main ob-
jections to rubber-tipped burets is their
lack of rigidity. The modification pre-
sented herewith provides a means whereby
this difficulty is overcome and at the same
time improves its usefulness. The new {
type of buret has been tried out by several
individuals and all endorse it heartily.

The construction may be seen from the @ A
figure. A is a glass rod or sealed-off tube
which fastens the tip rigidly in line with (F'l’

the main body of the buret. Bis a short
piece of a good grade of laboratory rubber
tubing connecting the buret to the tip.
C as shown in the diagram is a glass
bead, but obviously it could be replaced
by any of the various devices used in con-
junction with rubber stopcocks.

Recervep December 31, 1935.



Semi—Micromethod of Analysis for Nitrogen

ANTHONY R. RONZIO, University of Colorado, Boulder, Colo.
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Ficure 1. DIAGRAM OF APPARATUS

HE Dumas method for nitrogen (3) suffers from two im-
portant drawbacks: (1) the copper spiral placed at the
end of the combustion tube catalytically reduces the carbon
dioxide to carbon monoxide, and (2) this and the intermediate
products of combustion are often incompletely oxidized unless
the burning produces not more than two bubbles per 3 sec-

onds.

The semi-micromethod described here avoids both difficul-
ties by placing at the end of the tube a heated section con-
taining iodine pentoxide, made by heating iodic acid in an oil
bath for an hour at 170° C. At this temperature a minute
amount of iodine pentoxide is decomposed, so small, however,

that it may be neglected.

A section of the crushed oxide
13 em. long, a, is placed in a com-
bustion tube 56 cm. long and
1 cm. in diameter (Figure 1).
The section is kept dehydrated
by enclosing it in a copper
jacket, b, containing boiling
xylene (b. p. about 120° C. at
Boulder, Colo., about 130° C.
at 760 mm.). Since this tem-
perature even in high altitudes
is well above the melting point
of iodic acid (110° C.), the iodine
pentoxide is kept sufficiently
dehydrated and active. The
xylene is heated by burner c.
Following this are a section of
cupric oxide 5 cm. long and a
section of reduced copper 5 cm.
long. This is followeg by a sec-
tion of cupric oxide 15 cm. long,
kept permanently in place by a
small roll of copper gauze. The
Pyrex condenser, d, should have
at least four bulbs, each of about
150-ce. capacity to avoid danger
from fire, and is sealed to the
copper jacket with cementite, e.
The asbestos screens, f, prevent
heating of the nitrometer. The
combustion tube is connected
to the nitrometer by means of a
rubber stopper, g, which is cov-
ered with a short piece of glass
tubing to prevent diffusion of
air into the apparatus. The
combustion stand and set-up
a;c)) similar to that of Pregl

The sample, 12 to 20 mg., weighed to 0.01 mg. on an analytical
balance (5 to 10 minutes), should yield about 1.0 to 2 cc. of nitro-
gen, and is prepared for analysis as described by Pregl. After
the combustion tube is connected to the nitrometer and carbon
dioxide generator, the stopcocks are opened and the tube is
scrubbed free of air. 'While the air is being removed, the burner,
¢, is lighted and the xylene brought to boiling as soon as possible.

The flame is then lowered so that only gentle
boiling occurs during the entire analysis.
When the tube is free from air, the nitrome-
ter is filled with potassium hydroxide and
the combustion performed in the usual
manner. The rate of burning may be such
that as many as three to four bubbles of gas
per second rise in the nitrometer, but a much
faster rate for a few seconds does not endan-
ger the result. The time required for burn-
ing the sample is usually about 30 to 45
minutes. The complete determination from
the time of weighing of the sample until the
iesults are obtained usually requires an
our.

With a freshly filled tube high results
are obtained for the first 7 or 8 analyses,
because traces of oxygen are generated by
the iodine pentoxide. This may be re-
moved from the gas by washing with a little
pyrogallol-potassium hydroxide solution
through funnel e (Figure 2). The only
other difficulty encountered in a series of
over two hundred analyses was the rare
case where methane, a difficultly com-
bustible gas, was generated as one of the
products of decomposition of the burn-
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ing compound and was not
completely burned (7). In
this case there was no de-
crease in volume after wash-
ing the gas first with pyro-
gallol-potassium hydroxide
solution, and then with
ammoniacal cuprous chloride
solution.

With careful work analyses
do not vary more than =0.05
per cent.

A modified nitrometer de-
vised for use with this appara-
tus (Figure 2) consists of an
absorption tube connected by
means of a three-way stopcock
to a gas buret surrounded
by a water jacket. The stop-
cock, a, is a capillary three-
way stopcock of bore not ex-
ceeding 1.5 mm. The gas
buret, b, is graduated in
0.05 cc. and can be read accu-
rately to 0.01 cc.

When the combustion is
finished the gas collected in
the absorption buret, d, is
transferred into the buret, b,
and the volume read in the
usual manner.

The mercuric iodide which
forms in the nitrometer inlet
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should be removed after about 40 combustions. It is ad-
visable to treat all rubber tubing by Pregl’s method to pre-
vent diffusion of gases. Figure 3 shows a diagram of a mer-
cury valve which replaces the one used by Hein in his Kipp
generator (2). It is simpler and the materials for making it
are more easily available.

Summary

The advantages of the semi-micromethod for nitrogen are:
an ordinary analytical balance is used; the sample may
usually be burned in the same length of time as that required
for the microsample; using the modified nitrometer, the vol-
ume of nitrogen may be read in 2 minutes; a sudden increase
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in the evolution of gas above the normal rate for a few seconds
has no effect on the result; and special training is not neces-
sary for accurate work.

A simple and easily made valve for the Kipp generator is
illustrated.

Literature Cited

(1) Dennis and Nichols, *‘Gas Analysis,” revised ed., p. 159, New
York, Macmillan Co., 1929.

(2) Hein, Z. angew. Chem., 40, 864 (1927).

(3) Pregl, “Quantitative Organic Microanalysis,” 2nd ed., pp. 814,
90, 94-5, Philadelphia, P. Blakiston’s Son & Co., 1930.

REcEIVED June 4, 1935,

'Studying the Hardness of Butter Fat

Apparatus and Routine Procedure

. WILLIS D. GALLUP, Oklahoma Agricultural Experiment Station, Stillwater, Okla.

N A STUDY of factors which influence the physical
properties of butter fat there was need for an inexpensive
piece of apparatus which would measure accurately the
relative hardness of different samples of butter fat. Available
pieces of apparatus designed to measure the hardness of
materials of similar consistency were not found applicable
for various reasons, chief among which were lack of precision
and inconvenience of operation within a small constant-tem-
perature chamber. Perkins (2) in discussing several types of
apparatus used in studies of fat hardness points out the in-
‘adequacies of each and describes a device which determines
hardness by the depth of penetration into the fat of standard-
size needles falling through a given distance. Apparatus
based on this principle require relatively large samples of
fat and the application of different weights, depending on the
hardness of the fat and the diameter of the needle employed.
Coulter and Hill (1) studied butter hardness with a modified
apparatus designed to measure the body of cheese.

It was desired to determine the hardness of butter fat at
ordinary temperatures with an apparatus which would
operate within a constant-temperature water bath and give
dependable results over a wide range of values. After
building and testing several pieces of apparatus to determine
hardness by the depth of penetration of needles of different
sizes, by the weight required to crush or force plungers
through a given amount of fat, and by a determination of the
time required for plungers to sink a given distance into fat,
the device here described was found most satisfactory. With
this device, hardness is expressed as grams of mercury re-
quired to force a plunger 5 mm. in diameter through a disk of
butter fat 6 mm. in thickness at 20° C.

The fat disks are made in a two-piece mold which is tl}orougbhly
chilled by placing it on the metal divisions of a tray of ice cubes.
The base of the mold is a brass plate commonly used in histo-
logical technic for paraffin imbedding. A lead ring 4 cm. in
diameter and exactly 6 mm. high forms the side of the mold.
The melted fat, after thorough mixing at 50° C., is slowly poured
into the mold and allowed to cool. A small {abel bearing the
number of the sample is inserted at the edge of the sample for
the purpose of identification. When thoroughly hardened, the
top of the sample is leveled off even with the top edge of the
mold with a straight-edged knife. The whole thing is then placed
in ice water and after removing the base of the mold the fat disk
is forced out of the ring with very slight pressure. A thin sheet
of paper moistened and pressed firmly against the base of the
mofd to remove air bubbles may be used to prevent the sample of
fat from sticking to the base as it hardens. Usually 2 or 3

disks are prepared from each sample of fat and kept in ice water
overnight or longer. Before the disks are ready for hardness
determinations they must be kept for an arbitrarily chosen
{ength ofdtime at the temperature at which the determination is
o be made.

Preliminary investigations revealed that the disks soften
rapidly during the first 3 or 4 hours when taken from the ice-
water bath and placed in the 20° C. bath. After 6 hours very
little change in hardness takes place. Since 20° C. has been
chosen as the optimal temperature for making these deter-
minations, the disks are kept in a constant-temperature
bath held at 20° == 0.2° C. for 8 hours previous to performing
the test. Above 20° C., soft samples of butter fat are difficult
to handle; at lower temperatures hard samples tend to crack
during the determinations.

The hardness determinations are made with the apparatus
sketched herewith.

The fat disk, 4, 6 mm. thick, is placed over the 9-mm. hole
of the cork, B, which is cemented to the bottom of the water bath,
C. The giass rod, D, 5 mm. in diameter working in the glass
sleeve, E, is brought to rest on the disk. The plunger is 19 mm.
in length and together with the mercury receptacle, G, and its
support, H, weighs 50.0 grams. Mercury from the 25-cc. buret,
F, is now run into the 50-cc. beaker, &, at a constant rate of 10

cc. per minute. The tip of the

buret is approximately 1 cm.

above the bottom of the beaker.

F The flow of mercury is stopped

b when its weight becomes suffi-
“c‘ cient to force the plunger
5 through the disk of fat. When
this occurs the rubber support,

H, comes to rest with a sudden

thump on the top of the sleeve,
E. The volume of mercury is

G determined from the bhuret
readings and its weight calcu-
H lated.

The entire apparatus can
be made of ordinary labora-
tory equipment. There are
nomechanical parts to require

special attention or repair.
‘[ Constant temperatures are
Ve easily maintained with two

o ; '; water baths, one at the tem-
| i perature of a mixture of ice
~ = and water and the other close
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to room temperature. Hardness is determined at the most
desirable temperature from the consumer’s standpoint. Only
small samples of butter are required for a determination and
the number of determinations which can be made with one
disk is limited only by the size of the disk. The disks may
be remelted and used several times if necessary. Four deter-
minations are usually made with a 4-cm. disk.

TaBLE I. HAarDNESS OF BUuTTER FAT AT TEMPERATURES
BETWEEN 18° aAnD 23° C.
(Hardness is expressed as grams of mercury required to force a plunger

measuring 5 mm. in diameter and weighing 50.0 grams through a disk of
butter fat 6 mm, in thickness at the temperatures indicated.)

Sample

18.0° 18.6°% 19.2° 20.0% 20.6° 21.4° 22.0° 23.0°
Herd Butter Fat
1 343 ' 267 208 136 95 51
2 261 216 171 111 70 30
3 270 216 175 127 91 47
4 247 193 148 99 67 34
Cottonseed-Meal Butter Fat

1 387 309 248 180 139 90
2 412 320 263 193 148 100
3 383 304 242 173 131 80
4 370 289 229 158 112 63

VOL. 8, NO. 2

The following buret readings are typical for a series of
determinations made on a sample of butter fat at 20° C.:
9.7,9.2,10.1, 10, 9.2, 9.0.

The results of hardness determinations performed at
temperatures between 18° and 23° C., on four samples of
butter fat produced by cows on standard herd rations and four
samples produced by cows on heavy cottonseed-meal rations
are given in Table I, and emphasize the importance of
accurate temperature control. Furthermore they reveal
marked differences in the two types of butter fat; differences
which are less apparent in the usual fat-constants. The melt-
ing points of the herd butter-fat samples were only 3° or 4°
lower than those of the cottonseed-meal butter fat, and differ-
ences in the iodine numbers were of the same magnitude.
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.Détermination of Iron by Titanium Titration and

by «.-Bipyridine Colorimetry

Improved Analytical Procedure

WILLIAM D. McFARLANE, University of Alberta, Edmonton, Canada

SINCE Knecht and Hibbert (4) published their mono-
graph on titanous chloride, an increasing number of
biochemists have employed this reagent in various reduction
processes. It has been used particularly for the estimation
of ferric and ferrous iron in biological materials. This in-
volves a microtechnic using very dilute titanium solutions
(5). It therefore becomes increasingly difficult to maintain
the reducing agent at constant strength for a reasonable
period. In general the reagent has been stored under hydro-
gen and the titration carried out with apparatus of the type
designed by Knecht and Hibbert. Satisfactory results are
obtained only when the greatest care is taken in purifying the
hydrogen and in sealing the apparatus. The necessity for
such extreme precautions has deterred the more general ap-
plication of this valuable reducing agent and has caused many
workers to avoid this method for estimating iron and to turn
to colorimetric procedures.

Horizontal Microburet

The buret described below was designed to obviate these
difficulties and has the following advantages:

1. It is essentially a modification of the Conway buret (2)
and retains its excellent features of accuracy in delivering small
volumes, simplicity of construction, and ease of calibration.

2. The titrating reagent comes into contact only with mer-
cury. Under these conditions the author has found that the
.titer of the reagent against a standard ferric chloride solution
remains practically unchanged over a period of at least 4 months.

3. Expelling the fluid from the buret by a mercury column
gets rid of a common difficulty in the use of titanium solutions,
that of sticking in the buret, and makes cleaning unnecessary.

4. Recharging the buret is extremely simple.

5. A large number of titrations may be made without refilling.

ConstrucTiON. The apparatus (Figure 1) is constructed of
soft glass and mounted on a 3-ply board (87 X 48 em.). Capil-
lary tubing of approximately 1-mm. bore is used for the buret,
f, e. The buret proper, f, is 67 cm. long and is backed by a
strip of graph paper, ten squares to the inch and 25 inches in

length. At the left end it is connected by pressure tubing to a
small (2 X 5 cm.) mercury reservoir, d, and at the right end it is
connected by a ground-glass joint to a three-way stopcock, e.
The mercury reservoir, d, is adjustable to a height of 3 em. above
and below the level of tube f by means of the rack and pinion, g.
The buret is connected by a second ground-glass joint to the
reagent storage vessel, a, which has a capacity of 200 cc. and which
in turn is connected by pressure tubing to a leveling bulb, b,
of approximately the same capacity. The storage flask is
painted with two coats of black enamel and set into the board
by cutting out a strip. The delivery tube, supported by a
bracket (13 X 13 cm.), is drawn out to a fine capillary, the tip
of whi(;h has a clearance of 16 em. from the base board (28 X
87 cm.).

The two ground-glass connecting pieces are used to facilitate
assembling the apparatus. These unfortunately had hollow
bulbs which the author anticipated would be difficult to fill
with liquid and which might cause the liquid column to break.
A continuous capillary joint was obtained by filling the
bulbs (a, Figure 2) with sealing wax as follows:

A piece of copper wire of slightly larger diameter than the
capillary bore was well smeared with vaseline and inserted
through ¢ to plug the capillary at b. The copper wire was then
packed around, and bulb a completely filled with finely powdered
sealing wax. By gentle heating the sealing wax was melted.
The coating of vaseline made possible the withdrawal of the
copper wire after the wax had solidified. The surface of the
wax was ground with a small carpenter’s bit so that the connect-
ing piece, d, fit snugly.

CALIBRATION. This was carried out with titanous chloride
solution and checked with mercury, weighing in each case the
total of five deliveries of the graduated section. The entire
graduated portion (250 divisions) had a volume of 0.718 cc.

PREPARATION OF TrraNous CHLORIDE SoLUTION. Prelimi-
nary tests indicated that the most satisfactory thiocyanate
end point could be obtained when the strength of the reducing
agent was such that approximately 0.25 cc. (87 buret divi-
sions) of the titanous chloride solution just effected the com-
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Ficure 1.

plete reduction of 0.05 mg. of Fet** in a total volume of 20
cc. An approximately 0.004 N titanous chloride solution
was prepared as follows:

To 200 ce. of boiling N hydrochloric acid a 20 per cent titanous
chloride solution was added, so that 0.25 cc. of the mixture just
discharges the red color of 10 ce. of a ferric thiocyanate solution
containing 0.05 mg. of Fet***. About 0.3 cc. of the 20 per cent
titanous chloride solution is required.

CHARGING THE AppAraTUS. The entire apparatus is first
filled with mercury. The titanous chloride solution is quickly
cooled and transferred to the storage vessel, a, through inlet ¢
with the mercury level, b, lowered. Inlet c is sealed with a few
drops of mercury. The mercury reservoir, b, is returned to its
support which is high enough to give a slight positive pressure
to the buret side of the apparatus. The stopcock of the storage
vessel is turned to join a and ¢ and by manipulating the three-
way stopcock, e, with the mercury reservoir, d, lowered, the ti-
trating point, h, and the buret to the zero point are filled with
the reagent. The reagent is obviously discharged from the buret
by raising the mercury level in d, adjusting stopcock e to join f
and h, and using the stopcock on A to control the titration.

Accuracy. The buret described above was constructed
of glass tubing of slightly larger bore than that described by
Conway. A delivery of 0.1 cc. represented 128 mm. on the
graduated tube of his buret, while the same distance on the
author’s scale represents a volume of 0.145 cc. The error of
delivery of the author’s buret is, presumably, of similar magni-
tude to that given by Conway, but it may actually have been
considerably lessened by using mercury to expel the fluid.
The author has investigated the accuracy of the buret only
for the particular purpose for which he wished to use it—
namely, for titrating ferric thiocyanate.

A series of ten titrations of a standardized ferric chloride
solution was made, employing a titrating vessel of the type
already described (5) and carrying out the titration at 50°
(== 2°) with a slow stream of carbon dioxide bubbling through
the solution. The volume of the solution was 20 cc. and com-
prised 10 cc. of the ferric chloride solution containing 0.05
mg. of Fet*++t 5 cc. of 5 N hydrochloric acid, 4 cc. of water,
and 1 ce. of 40 per cent potassium thiocyanate solution. The
thiocyanate solution should not be added until just before
commencing the titration. The height of the titration vessel
was adjusted so that the tip of the buret was just below the
surface of the liquid. The maximum variation in these titra-
tions was equivalent to two buret divisions (0.0057 cc.) and
represents an error of 2.2 per cent.

A further series of ten titrations was carried out with vary-

DIAGRAM OF APPARATUS

ing amounts of the ferric chloride solution from 1 to 10 cc. and
under the conditions just described. The results showed that
the same degree of accuracy can be maintained with a dilu-
tion of 15y of Fe™*+ in a total volume of 20 ce. In the author’s
experience greater accuracy is not obtainable by using a more
dilute titanous chloride solution or a smaller buret, since
the sensitivity of the eye to the thiocyanate end point becomes
the limiting factor.

Cobalt Nitrate Solution as a Color Standard

In the study of iron metabolism there is occasional need for
an analytical procedure which can be relied upon to estimate
amounts of iron of the order of 0.5y. Obviously volumetric
methods are not applicable. Of the many colorimetric
methods devised for this purpose, that recommended by Hill
(3) has much to commend it. The many advantages of
a,a’-bipyridine as a reagent for the microestimation of iron
have been detailed by Hill.

The method has been in use in this laboratory for several
vears. While the author has confirmed, in every detail, the
claims made for the reagent, he has not been entirely satis-
fied with the method of estimating the intensity of the pink
color. Hill’s procedure is analogous to that used for the
colorimetric determination of pH and consists in preparing a
series of standard tubes of varying dilutions of ferrous bi-

ConTiNUOUS CAPILLARY
Joint

Ficure 2.

pyridine which are sealed after passing a small amount of
sulfur dioxide through the solution. In the author’s experi-
ence these color standards are liable to fade, particularly at
high dilutions. Their preparation is also a laborious pro-
cedure which is not likely to commend itself to those desirous
of making a very limited number of iron determinations in
the shortest possible time.

When compared in a colorimeter, the color of a cobaltous
nitrate solution matches excellently the color of ferrous bi-
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4, 2.5 per cent solution of cobalt nitrate ;
B, ferrous bipyridine solution containing 4.77y of iron per cc.

The two solutions were of the same color intensity. The data were ob-
tained with a Bellingham and Stanley direct-reading spectrometer, using
5-om. tubes and making the density readings with an Ilford wedge.

pyridine. Both solutions show selective absorption in essen-
tially the same region of the visible spectrum (Figure 3).
Within a range of iron concentrations from 0.25 to 3.0y per
ce. the intensity of the pink color of ferrous bipyridine is di-
rectly proportional to the amount of iron present (Figure 4)
and can be estimated with an accuracy of at least 10 per cent
by reading against a cobalt nitrate solution containing 2.5
mg. of Cot+perce. Observed through a thickness of 25 mm.,
a solution of cobalt nitrate containing 2.5 mg. of Co*+ per
ce. has a color intensity equivalent to that of a ferrous bi-
pyridine solution containing 1.62y of Fe per cc.
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FiGURE 4. PROPORTIONALITY BETWEEN AMOUNT OF IRON
PrESENT AND INTENSITY OF CoLOR DEVELOPED WiTH BIPYRIDINE

Values plotted represent the colorimeter readings in mm. of a cobalt ni-
trate solution containing 2.5 mg. of Co** per ce. when the test solutions
were set at 25 mm. The diagonal line represents the theoretical propor-
tionality between iron present and color produced. Y

Composition of test solutions: 0.5 to 6.0 co. of standard FeCls solution
containing 5.3y of Fe per cc.; 0.25 co. of approximately 0.004 N' TiCls solu-
tion; 1.0 cc. of 0.004 Ma, a’-bipyridine. Diluted in each case to 10 ce. with
acetate buffer, pH 4.7.
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Modified Procedure

Sovurions ReEQuireDp. Cobalt nitrate solution: 1.235 grams
of Co(NO3),.6H,0 in 100 cec. of distilled water (1 cc. = 2.5 mg.
of Cot*). 0.004 M a,a’-bipyridine solution: 63.2 mg. of
a,a’-bipyridine and 1 ce. of approximately N hydrochloric acid
(prepared from redistilled hydrochloric acid) in 100 cc.

Acetate buffer, pH 4.7: equal parts of 0.2 N acetic acid
(prepared from redistilled glacial acetic acid) and 0.2 N sodium
hydroxide (prepared from sodium and found to contain no iron).

Approximately 0.004 N titanous chloride solution (the prod-
uct of the LaMotte Chemical Co. is free from iron) or solid
sodium hyposulfite freed from iron according to Hill.

ProceEpURE. An aliquot of the solution to be analyzed,
preferably not exceeding 5 cc., is transferred to a 10-cc. glass-
stoppered measuring cylinder and to it are added 1 cc. of bi-
Eyridine solution and 0.25 cc. of titanous chloride solution or a

nife-point of solid sodium hyposulfite. It is diluted to the
10-cc. mark with acetate buffer, mixed and compared in a colorime-
ter with the test solution set at 25 mm., and the cobalt ni-
trate solution adjusted to match.

The iron content of the solution in y per cec. is calculated

from
Reading of standard

25

X 1.62

The colorimetry is most satisfactory within the range of
0.25 to 3.0y of iron per cc. If it is found that the color
given by the test solution exceeds this limit, the solution
should be diluted with acetate buffer and the measurement
repeated.

Ferrous bipyridine develops its maximum color in a few
minutes only in solutions more alkaline than pH 3.5. If the
solution under examination is known to be pH 3.5 or above,
the use of the acetate buffer is, of course, unnecessary. Spe-
cially pure cobalt nitrate or a particularly high degree of ac-
curacy in preparing the standard solution is unnecessary, as
cobalt nitrate solutions do not conform to Beer’s law in that
a relatively large increase in concentration is necessary to
effect much change in the color of the solution.

These modifications greatly simplify a method which, as
pointed out by Hill, has many important advantages over
other methods proposed for the estimation of iron. The
preparation and standardization of an iron solution are now
unnecessary. Special purification of the reducing agent may
be avoided by substituting titanous chloride for sodium hy-
posulfite. Furthermore, in the author’s experience (5), the
colorimetry with ferrous bipyridine with the amounts of
iron under consideration is a decided improvement over that
with ferric thiocyanate.

Unfortunately, the reagent a,a’-bipyridine is not procur-
able on the market, but it may be readily prepared from a-
picoline according to Blau (7). J. M. Tracy in this laboratory
has found that better yields are obtained by precipitating
the copper picolinate with a saturated solution of copper
sulfate instead of a 1 per cent solution and that more rapid
steam-distillation, resulting in better crystallization of the
product, is obtained by saturating the crude bipyridine
solution with sodium chloride.
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Direct Titration of Sulfates ‘

Further Studies with Tetrahydroxyquinone as an Internal Indicator

R. T. SHEEN AnD H. L. KAHLER, W, H. & L. D. Betz, Philadelphia, Pa.

CHROEDER (1) recently
suggested a direct titration
method for sulfates with the use
of tetrahydroxyquinone as an
internal indicator. A direct
titration method of this type
offers considerable advantage
over other rapid methods where
outside indicators, back-titra-
tions, or filtrations are required.
The method as described by
Schroeder allows the direct
titration of sulfate in a sample
with a standard barium chloride
solution, the end point being in-
dicated by the appearance of the
red barium salt of tetrahydroxy-
quinone. An extensive bibliog-
raphy on sulfate determinations
was given in Schroeder’s paper
and further reference is not re-
quired at this time.

Schroeder suggested the dispersion of the tetrahydroxy-
quinone with a large amount of potassium chloride to give a
dilution that could be readily handled by using a few tenths
of a gram of the dry mixture for each determination, this
dry dispersion being necessary because the solutions of tetra-
hydroxyquinone are not sufficiently stable to be added to
the sample in this form. This method of adding the tetra-
hydroxyquinone to the sample was followed in the present
investigation. (The prepared tetrahydroxyquinone-potas-
sium chloride mixture has been named by this laboratory
THQ and will be referred to as such throughout this paper.)

The method suggested by Schroeder limited the range of
sulfate in a 25-cc. sample between 80 and 800 p. p. m. and
further suggested the use of equal quantities of ethyl alcohol
or alcohol denatured by formula No. 30 or 3-A to reduce the
solubility of the barium sulfate and hasten the precipitation,
titrating with 0.025 N barium chloride in a solution neutral-
ized to the acid side of the phenolphthalein end point. Phos-
phate was found to be an interfering ion.

It was the aim of this investigation to extend the sulfate
range, which was found possible, and to find a diluent that
could be used in place of ethyl or denatured alcohol, because
of the difficulty of obtaining either the ethyl or the denatured
alcohol in many plants, owing to certain government re-
strictions. Isopropyl alcohol was found to answer this pur-
pose. Elimination of the phosphate ion is desirable and it
was found that this ion could be eliminated up to 60 p. p. m.
by changing the pH value of the titrating solution to about
4.0.

by pH control.

is given.

Experimental

The indicator used throughout this study was manufac-
tured in the Betz laboratory and considerable quantities of
this material have been supplied to the field.

Detailed directions are given below for a determination
of sulfate by direct titration using THQ as the indicator.

Standard barium chloride solu-

MATERIALS AND REAGENTS.
tion, the strength varying from 1 cc. = 1 mg. of SO, to 1 ce.

The direct titration method for deter-
mination of sulfates with the use of tetra-
hydroxyquinone as an internal indicator
is described. Sulfates can be determined
by this method up to 30,000 p. p. m.
phates up to 60 p. p. m. can be eliminated
Isopropyl alcohol is found
to be as satisfactory as ethyl alcohol for
reducing solubility of barium sulfate and
hastening the precipitation.
sodium chloride to sharpen the end point
in concentrations above 2000 p. p. m. of
sulfate is described. Results obtained by
this method check gravimetric analyses
within an average of 3 per cent.
son of results with the Betz-Hellige method
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50 mg. of SOy, standardized gravi-
metrically. An indicator com-
posed of disodium tetrahydroxy-
quinone ground with dried potas-
sium chloride in a 1 to 300 ratio,
and passing & 100-mesh screen.
Ethyl alcohol or alecohol denatured
by formula No. 30 or No. 3-A, or
isopropyl alcohol. Phenol-
phthalein indicator and bromo-
cresol green indicator (if phos-
phates are Eresent). Sodium chlo-
ride crystals, c. p.

ProcepurrE A. Carefully
neutralize a 25-cc. sainple contain-
ing up to approximately 2000
p. p. m. of SO, with approximately
0.02 N hydrochloric acid until just
acid to phenolphthalein. The
temperature of the sample should
be below 35° C. and it is advisable
to work between 20° and 25° C.
Add either 25 cc. of ethylalcohol
or alcohol denatured by formula
No. 30 or No. 3-A or isopropyl
alcohol. Introduce the TH% the
amount to be determined from
Table I. It is best to use a small
cup to measure the mixture. Swirl the flask to dissolve the THQ;
the solution will be colored a deep yellow. Titrate with standar
barium chloride solution, the strength to be employed depending
on the approximate sulfate content of the sample, in accordance
with Tng e I. Add the standard barium chloride at a steady
dropping rate with a constant swirling of the flask until the
yellow color changes to a rose. The rose color should appear
throughout the body of the solution and not as spots of color.
This point is taken as the end point.

Phos-

The use of

Compari-

TasLe [. THQ REQUIRED FOR VARIOUS SULFATE
CONCENTRATIONS
Sodium
Quantity  Dippers  Strength® Chloride
Sulfate of THQ of THQ of BaCl: Crystals
Concentrations Indicator Indicator Solution Required
P, p. m. Gram Grams
Up to 100% 0.1 0.5 1
100 to 10005 0.2 1 1 Rk
1000 to 2000 0.2 1 4
2000 to 4000 0.4 2 10 2
4000 to 10000 0.4 2 10 4
10000 to 20000 0.6 3 50 8
20000 to 30000 0.8 4 50 8

G 1 cc. = mg. of SO« Aepes :
b Subtract 0.1 cc. as a blank in titration.

Procepure B (sulfate range from 2000 to 30,000 p. p. m.).
Add solid sodium chloride to the sample in an. approximate
amount as given in Table I. The procedure is the same as in
A for neutralization and titration.

Procepure C (with phosphate ion present up to 60 p. p. m.).
Carefully neutralize a 25-cc. filtered sample with approximately
0.02 N hydrochloric acid until just acid (yellow range) to bromo-
cresol green. (approximate pH 4). Follow procedure as in A or
B; no correction will be required for the phosphate ion present.

The titration procedure employed was identical with that
proposed by Schroeder. The end point is taken as the ap-
pearance of rose throughout the body of the solution, and
is somewhat similar to a methyl orange end point in alka-
limetry. To facilitate observation of the end point, a strong
side illumination with a lamp was employed. It was found
that because of the quantities of barium sulfate resulting, in
higher concentrations of sulfates, either an adsorption of the
indicator occurred or the end point was masked. To over-
come this difficulty, additional quantities of the indicator
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TABLE II. TITRATION OF SODIUM SULFATE

(All titrations were carried out at pH 8.3. 25 cc. of ethyl alcohol, denatured
with No. 3-A or 30, were used.)

SO« SO
Present Found Error THQ BaCl: Used
P. p. m. P.p. m. % Gram Ce.
1ce. = 1.04
mg. of SO
20 19.9 —0.5 0.1 0.48
40 37.5 —6.3 0.1 0.90
77.6 74.9 —-3.5 0.1 1.80
101 98 -3.0 0.2 2.35
202 204 +1.0 0.2 1.90
399 —1.1 0.2 9.60
4855 466 —4.0 0.2 11.20
504 516 +2.4 0.2 12.30
1 ce. = 4.07
mg. of SO4
620 602 —-2.9 0.2 3.65
907 904 —0.3 0.2 5.55
15500 1547 —0.2 0.2 9.50
1605 1612 +0.4 0.2 9.90
2132 2096 —=1.7 0.2 12.85
3019 3030 +0.3 0.4 18.00
1 ce. = 10.49
mg. of SO«
2403 2308 -3.9 0.4 5.50
3876 4016 +3.7 0.4 9.57
5426 5509 +1.7 0.4 13.13
54260 5287 —-2.5 0.4 12.60
7558 7343 —2.8 0.4 17.50
96900 9441 -2.5 0.4 22.50
1 cc. = 52.45
mg. of SO4
10856 11015 +1.4 0.6 5.25
15508 15106 —2.6 0.6 7.20
155085 15735 +1.4 0.6 7.50
21711% 20980 —3.4 0.8 9.95
34117 32729 —4.0 1. 15.60

@ 0.1 cc. blank was subtracted from values obtained when 1 cc. of BaCls =
1.04 mg. of SOs.
b 25 ce. of isopropyl alcohol.

were added to allow the proper observation of the end point.
The character of the color of the end point changed somewhat,
owing to the presence of the precipitated barium sulfate, be-
coming more intense in higher concentrations. The results
obtained are presented in Table IT.

Tsopropyl alcohol was used on some samples as indicated
with equally successful results. Standard dippers were em-
ployed to measure the THQ indicator, each dipper holding
0.2 gram of the indicator. The results presented in Table 1T
show that the method is applicable for the determination of
sulfates up to approximately 30,000 p. p. m. of sulfate or
approximately a 3 per cent solution of sulfate. All titrations
in the tables are averages of two or more values, none of the
volumes of barium chloride used deviating from each other
by more than 3 per cent. An arithmetical average of forty-
two determinations gave a 2.4 per cent error; twelve results
of the forty-two were high, showing that in general results
had a tendency to be slightly low. It has been found ad-
vantageous to use varying amounts of the THQ depending
on the sulfate range in which the determination is being made
(Table I).

Several other diluents besides isopropyl alcohol were tried
and found unsatisfactory, including diacetone, furfural, form-
aldehyde, normal butyl and isobutyl alcohol, and acetone.
Acetone at first gave some promise but the end point was not
as clear as with either alcohol or isopropyl alcohol and results
were not as accurate and further work on this diluent was
abandoned. Schroeder investigated the effects of ions and
mixtures of ions in synthetic solutions and stated that at
least 320 p. p. m. of CO;~, 200 p. p. m. of Al*++ 1020 of
S10;~7, 400 of Mg*+, 200 of Catt, and 200 of OH~ could
be tolerated without interference with the method. He also
stated that POs~~~ required excess barium chloride, owing
to the insolubility of some barium salt of PO;~~~, and could
be corrected by subtracting a blank from the total titration,
the value of the blank depending on the quantity of PO~~~
present.
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Serious drawbacks to the correction method for phosphate
advanced by Schroeder are: (1) the phosphate content
must be known and (2) corrections must be made for each
strength of barium chloride titrating solution. Schroeder
was working with only one strength of barium chloride but
this investigation, covering a larger range of sulfate, required
several strengths and would therefore require several correc-
tion factors for phosphate.

The complete removal of the PO,~~~ by the aid of metals
whose phosphates were insoluble and whose sulfates were
soluble was attempted. It was found that other complica-
tions, such as the insolubility of oxides and hydrates of the
metal and destruction or coloring of the THQ by these other
metals and the precise control of the quantity or concentra-
tion of the metals required, were insurmountable obstacles
for practical application.

Knowing that different barium salts of o-phosphoric acid
form at different pH values, it was decided to attempt to
form a more soluble salt at a lower pH. The following pro-
cedure was employed, using bromocresol green as indicator:
The sample was neutralized just to the yellow range of the
indicator, 25 cc. of alcohol were added and then the THQ.
The THQ was stable in such a solution for at least 20 min-
utes, which is considerably in excess of time to complete the
titration in a satisfactory fashion. Solutions with various
sulfate and phosphate contents were titrated and it was found
that by this procedure up to 60 p. p. m. of PO;~=~ could be
tolerated without interference, and above this value excess
barium chloride solution was required to obtain the end point.
Table III shows the results obtained by this procedure for
elimination of interference by phosphates.

In using this lower pH value, care must be exercised to pre-
vent, excess acid being added to the solution, as such will de-
stroy the THQ. Naturally, in titrating, the pH value of the
solutions will gradually rise as the standard barium chloride
employed has an approximate pH value of 7.0. The color
of the titrating medium will therefore change slightly on
account of the bromocresol green present, taking on a greenish
tinge with a rise in pH value. This can be discharged by a
drop or two of the 0.02 N hydrochloric acid. The intensity
of the green color was held at a minimum by use of 0.1 cc. of
0.04 per cent bromocresol green, which was found sufficient to
observe the neutralization. Where work is conducted con-
tinuously at this lower pH value, it might prove advantageous
to buffer the barium chloride standard solution at a lower pH.

TasLe I1I. ProspHATE ELiMiNaTION BY PH CONTROL
(pH 4. 1 cc. of BaCl: = 1.04 mg. of SO4«. 0.1 cc. blank subtracted from
values when 1 cc. of BaCl: 1.04 mg. of SO..)

S04 SO« PO« BaCl:
Present Found Error Present Used
P. p. m. P.p.m. % P. p. m. Ce.
98.8 99.8 +1.0 17.6 2.40
98.8 99.8 +1.0 35.2 2.40
08.8 100.8 +2.0 62 2.42
97 108 +11.3 79 2.60
97 114 +17.5 92 2.76
41562 415 0.0 62 3.90

@ 1 cc. of BaCl: = 4.07 mg. of SOu.

Schroeder found that in each titration 0.1 cc. blank should
be subtracted. This was necessary only when using the
standard barium chloride where 1 cc. of barium chloride
equals 1 mg. of SOs. The only ions giving interference were
Fettt+ Fett Alt+ and PO, in excess of 60 p. p. m.
Iron in both the ferrous and ferric state must be maintained
lower than approximately 5 p. p. m. This is not considered
a serious drawback to the method, as in boiler waters soluble
iron will seldom be found to this extent with higher pH
values, most iron being present in the insoluble form. Where
iron 1s present in a sample, it should be removed prior to titra-
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TaBLE IV. Errecr oF SINGLE IoNS AND OTHER MATERIALS

(pH 4. 25 cc. of isopropyl alcohol used. 0.1 cc. of blank subtracted from
values when 1 cc. of BaCl: = 1.04 mg. of SO« Cl as listed was in excess
of Cl as derived from KCl in the THQ prepared indicator.)

S04 S04 BaCls
Present Found Error Used Ion Present
P.p.m. P.p.m. % Ce. P. p. m.
1 cc. of BaCl: = 1.04 n;-% of S04;
0.2 gram of THQ

97 98 +1.0 2.40 PO 62
97 100 +3.0 2.40 Fettt 6.4
98.8 100 +1.2 2.40 Fet+ 4
98.8 100 +1.2 2.40 8103 1500
08.8 98.8 0.0 2.356 Tannin 80
98.8 100 +1.2 2.40 Mg 120
08.8 98 -0.8 2.38 Ca 344
98.8 96 —2.8 2.30 Ca 688
98.8 98 —0.8 2.35 Cl 3920
98.8 133 +34.8 3.20 Cl 15680

1 ce. of BaCla = 4.07 mg. of SOq;

0.2 gram of THQ

1646 1620 ~1.6 9.95 POy 62
1646 1652 +0.4 10.15 Fett+ 8.0
1646 1645 0.0 10.10 Fet+ 5.8
1646 1610 —2.2 9.90 Si0s 1500
16462 1628 =11 10.00 Tannin 80
1646 1669 +1.4 10.25 Mg 1440
1646 1628 =1.1 10.00 Ca 344
1646 1661 +0.9 10.20 Cl 7840
1646 1677 2.0 10.30 Cl . 47040

1 cc. of BaCl: = 52.45 mg. of SOq4;

0.6 gram of THQ

13160b6:¢ 13108 —0.4 6.20 PO« 62
13160 12798 —-2.7 6.10 Fett++ 8.0
13160 12798 —2.7 6.10 Fet+ 5.8
13160 13467 +2.3 6.40 Si0;, 1500
13160%:¢ 13217 +0.4 6.30 Tannin 80
13160¢ 12798 =2.7 6.10 Tannin 80
131606:¢ 12798 —=2.7 6.10 Al 6.0
13160 13647 +3.5 6.50 Mg 1440
13160b ¢ 13008 —1.2 6.20 Ca 344
13160 13008 —1.2 6.20 Ca 344
14160 12798 -2.7 6.10 Cl 23520

@ 0.5 cc. of bromocresol green used in neutralization because of brown
color from tannin. i ¢

b 6 grams of NaCl used in titration.

¢ 25 cc. of ethyl alcohol denatured by No. 3-A or 30.

tions, as otherwise the THQ is colored green and destroyed.
The results with AlT++ show that even 6 p. p. m. cannot be
tolerated in lower sulfate concentrations. Here again, little
difficulty is expected, as soluble Al**++ is seldom found in
appreciable concentrations in boiler waters. In higher sul-
fate concentrations (about 13,000 p. p. m.) 6 p. p. m. of Al**++
can be tolerated. It is believed that the sulfate content is
only indirectly responsible for this and probably the higher
concentrations of the tetrahydroxyquinone required overcome
the interference with the Al**++. Tolerances of the various
other ions studied were in general high and in water work at
least will exert no influence on the method. SiO;~~~ can
be tolerated up to 1500 p. p. m., tannin up to 80, Mg*+ at
least 1440, Catt to at least 344, and higher depending on
the sulfate content (one of these two variables determines the
tolerance of the other, due to the solubility of calcium sulfate
in the system), and Cl~ up to 15,000 and higher depending
on the sulfate content. Above 2000 p. p. m. of sulfates,
sodium chloride can be used advantageously to sharpen the
end point (Table V).

The effect of temperature was studied and it was found that
the temperature of the sample should be held below 35° C.
Higher temperatures destroy the indicator.

It was realized that detection of the end point in this titra-
tion might prove difficult for inexperienced or nontechnical
operators, and several agents were investigated that might
tend to give a more readily discernible end point under all
conditions. The use of xylene cyanole, a green dye, was in-
vestigated and found to be of no aid in this work. This
dye was selected because of its possible application in clari-
fying the methyl orange end point in alkalimetry work.

In the higher sulfate concentrations, the end point might
be termed as somewhat “sliding”’—that is, the solution starts
to change color before all the sulfate is stoichiometrically
precipitated, probably because the increased amount of
THQ required promotes the reaction between the indicator

ANALYTICAL EDITION 129

and the barium jon. To eliminate this difficulty, the use of
sodium chloride was found advantageous. It has been de-
termined that any agent furnishing sodium ion and not inter-
fering otherwise with the titration could be employed. A
small amount of the solid sodium chloride added to the solu-
tion where the sulfate concentration was above 2000 p. p. m.
not only caused a very rapid change of color at the end point,
but considerably increased the accuracy of the determination
in this range. However, with sulfate concentrations ma-
terially below 2000 p. p. m., high results were obtained, due
to a delayed end point. The results in higher ranges with the
use of this sodium chloride are presented in Table V.

TaBLe V. Errect oF NaCl FOrR SHARPENING THE END PoINT

S04 SO« BaCla NaCl
Present Found Error Used Used
P.p. m. P.p.m. % Ce. Grams

1 cc. of BaCl: = 1.04 mg. of SOy;

pH 8.3 0.2 gram of THQ
97 108 +11.0 2.60 0.5
97 106 +9.0 2.56 0.2
291 408 +4.0 9.80 1.0
1 ce. of BaCl: = 10.49 mg. of SO«;
0.4 gram of THQ
3292 3273 —0.6 7.80 2.0
6584 6630 +0.7 15.80 2.0
1 cc. of BaCl: = 52.45 mg. of SOq;
0.6 gram of TH&
13160 13113 —0.4 6.25 4.0
19740 19511 —1.2 9.30 4.0
26320 25805 —=2.0 12.30 15.0
26320 26015 —1.1 12.40 5.0
32900 32519 —-1.2 15.50 5.0
32900 32834 —0.2 15.65 10.0
pH 4
13160 13113 —-0.4 6.25 10.0

0.1 cc. blank subtracted when 1 cc. of BaCla = 1,04 mg. of SO« 25 cc.
of ethyl alcohol denatured with No. 3-A or 30.

TasrLe VI. REesunrs OBTAINED ON AcTUAL BOILER- AND FEED-

WATER SAMPLES

Percentage Error
Based on Gravimetric
THQ  Betz-Hellige

Sulfate Found
Sample Gravimetric THQ Betz-Hellige

1 9.1 9.4 8.7 +3.3 —4.4
2 206 204 205 =150 +0.5
3 22 2 21 +22.7 —4.4
4 722 712 700 =14 —-3.0
5 1461 1458 1400 -0.2 —4.0
6 9833 9492 9700 —-3.4 =128
7 2315 2277 2250 =1.7 —2.8
8 66 61 67 =720 +1.5
9 21 2214 2150 +1.0 -2.0
10 23602 24337 22500 +3.1 =47
11 484 494 455 +2.1 —6.0

Only a few tests were made adding sodium chloride with
sulfate concentrations below 2000 p. p. m., but these were
sufficient to indicate that a delayed end point producing high
results was obtained. The effect of the sodium chloride when
a titration is carried at pH 4 and in the presence of various
ions was found to give the same results as at pH 8.3.

The final test of the method was obtained by comparing
results by titrations of a number of boiler-water samples to
results obtained by gravimetric analysis and precipitation as
barium sulfate. A comparison of results was also made by
the Betz-Hellige method recently proposed (2), this being par-
ticularly applicable to accurate sulfate determinations in
lower concentrations. As the sulfate content of boiler water
samples will not usually run above 2000 to 3000 p. p. m., and
it was desired to test above this range, some samples contain-
ing a fairly high sulfate content were taken and concentrated
by evaporation.

Fairly good agreement was obtained throughout the range,
the percentage error being greater in the lower concentrations,
Below 100 p. p. m., greater accuracy will be obtained by the
Betz-Hellige method, while in the higher concentrations, the
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tetrahydroxyquinone gives the better result. Results can
be expected to check with gravimetric with an average of
about 3 per cent error.

TaBre VII. ANALYSIS OF SoLUTIONS USED
Total Dis-
Hard- solved
Sample ness Cl HCO; COs OH Solids Fe Si02
P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P, p m. P.p m.
1 24 4 14 3 Tale ate's
2 40 72 o 56 40 700
3 58 12 60 55 e
4 12 224 S 216 72 2208 0.5 30
5 2 496 33 448 156 4432 el o
6 0 1408 503 2552 320 19330 1.5 4
7 2 116 T 116 762 5700 0.5 6
8 88 12 29 be o
9 0 254 a3 152 540 5932 0.5 19
10 Analysis about same as No. 9. SO« increased by Na:SOq4
11 13 190 50 264 62

During the past 3 months over 5000 water samples have
been analyzed in the Betz laboratories employing the tetra-
hydroxyquinone method for the sulfate determination. Over
ten operators are employed in this work and no difficulty has
been experienced with this method.

Conclusions

The tetrahydroxyquinone method for sulfate determination
has been shown to be accurate up to approximately 30,000
p. p. m. or a 3 per cent solution of SOs. Isopropyl alcohol
can be used with equally accurate results in place of ethyl
alcohol for lowering the solubility of the barium sulfate and
hastening the precipitation. The phosphate ion, up to 60
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p. p. m., can be tolerated by adjusting the pH value of the
sample before titration to approximately 4.0 with the aid of
bromocresol green as an indicator. With the exception of
iron and aluminum, other ions normally
present in boiler feed waters give no difficulty.
It was found that solid sodium chloride could
be used to advantage to sharpen end points
with sulfate concentrations above 2000 p. p. m.
A comparison of gravimetric, tetrahydroxy-

PO« pH

70ty quinone, and Betz-Hellige methods on boiler-
i hy water and boiler-feed samples shows that ac-
.. 115 ceptable results in all concentrations were
S 1:2  obtained. Itis believed that this method of
¥ A sulfate determination will have possible ap-
5 11'1 plication in determination of sulfates in fuel,

cement, rubber, and numerous other fields.

Acknowledgment

The assistance of 2. M. Ross on some of the preliminary
investigations is acknowledged. The suggestions and com-
ments of W. C. Schroeder are sincerely appreciated. The
authors wish to acknowledge the financial assistance and spon-
sorship of W. H. & L. D. Betz who made this investigation
possible.

Literature Cited

(1) Schroeder, W. C., Inp. Exc. CrEM., Anal. Ed., 5, 403-6 (1933).
(2) Sheen, R. T., Kahler, H. L., and Ross, E. M., Ibwd., 7, 262-5
(1935).

Recervep October 31, 1935.

Determination of Sulfate

An Attempt to Determine Sulfate by Titration with Lead Nitrate,
Using Eosin as Indicator

JOHN E. RICCI, Department of Chemistry, New York University, New York, N. Y.

HIS is a report of an attempt to titrate sodium or potas-

sium sulfate directly with standard lead nitrate solution,
using eosin as indicator. The work arose from a problem of
analysis in the phase-rule study of certain systems involving
sulfates, in which it was desired to find a rapid method for
the direct determination of the sulfate.

A titration with lead nitrate in the presence of some potas-
sium iodide as internal indicator, using the appearance of the
yellow lead iodide as the end point, was attempted first;
after considerable work on this method, it was given up as
impracticable. The writer then learned that the method
had been suggested as far back as 1853 by Levol (8), and sub-
sequently by several other chemists since that date (5, 10,
12), and that the same conclusion had been reached as to
its inadequacy by other investigators who examined the
method (7, 9, 11). (Levol was also the first to announce,
in 1853, this type of titration even for chloride, using the ap-
pearance of yellow silver phosphate as the end point, instead
of silver chromate, in an otherwise typical ‘“Mohr” titration.)
The use of potassium iodide paper as an external indicator for
this titration is known as Pappenheim’s method (11), and
although it was criticized as impracticable by Mohr (11),
Vinagradov (18) as recently as 1935 found it the best of the
volumetric methods for the determination of sulfate by means
of lead salts. The only other applications of lead salts in the
volumetric determination seem to be in certain electrometric
methods (74, 20), and in indirect methods, in which the sul-

fate is precipitated with an excess of lead nitrate (13) or lead
acetate (4), and the excess of lead salt is titrated by chro-
mate or molybdate, respectively. Roy (15), suggesting the
titration of lead by means of sulfate with fluorescein as ex-
ternal indicator, mentions the possibility of using such a titra-
tion for the indirect estimation of sulfate. Apparently,
however, no method has yet been suggested for the direct
titration of sulfate with lead salts by means of an adsorption
indicator. The reader is referred elsewhere for reviews of
the volumetric methods for sulfate, most of which involve
the use of barium chloride as standard solution (Z, 16).

Suggested Method

The present method makes use of eosin as an internal
indicator for the direct titration of sodium or potassium sulfate
with standard lead nitrate solution. The end point is indi-
cated by the appearance of the red lead salt of eosin, CxHg-
Br,OsPb (2), bringing about a change from the yellowish
flesh color of the mixture of precipitate and solution to a
light but distinct pink-red. The following solutions were
used:

The sodium and potassium sulfate solutions were prepared
from c. ». anhydrous salts, and standardized by evaporation to
dryness at 250° C. and direct weighing of the residue. Strengths
used were from 0.1 M to 0.32 M.

The lead nitrate solutions, also prepared from c. p. reagent

material, were standardized by treating a measured volume with
a known weight of pure potassium iodate, filtering off the pre-
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cipitate of lead iodate and determining the excess potassium

iodate by adding excess of potassium iodide and sulfuric acid

to the filtrate and titrating the liberated iodine with sodium
thiosulfate solution previously standardized against the same
gure potassium iodate. The values so obtained were checked

y repeating the procedure, using pure potassium chromate in-
stead of potassium iodate, and also {;y the gravimetric method of
precipitating and weighinpfr lead chromate. Another method
used for standardizing the lead nitrate solution was evaporation
to constant weight at 85° to 90° C.

The indicator solution was a 0.5 per cent solution of eosin Y,
ConeBI‘¢05Nllg, in water. 4

The results given in A, Table I, and in Table II are from a
series of titrations of 0.1 M sodium sulfate with 0.1 M lead
nitrate, using 12 drops of indicator, the procedure being as
follows:

The sodium sulfate solution (from 6 to 20 ce.) is measured b
buret into a 250-cc. Erlenmeyer flask, enough water being added,
if necessary, to bring the total volume at the end point of the
titration to 30 cc. After the addition of 12 drops of indicator,
the lead nitrate solution is run into the flask drop by drop, with
vigorous shaking. When a certain amount of lead sulfate has
been precipitated, as by the addition of 2 to 3 cc. of the lead
solution, the whole mixture is something between yellow and
flesh color. Xach drop of the lead solution causes a red colora-
tion which disappears into the comparative yellow color of the
mixture on shaking and mixing. The end point is the appearance

and persistence of a distinet pink throughout the mixture. Itis -

most important that the titration be finished very slowly and with
vi%orous shaking to insure the re-solution of the red lead-eosin
salt formed by each drop added as the end point is approached.

The best results are obtained with the use of a reference
color, with approximately the same amount of lead sulfate
in it as will be present in the sample being titrated, prepared
by mixing equivalent volumes of the lead nitrate and sodium

TaBLE I. REesunrs oF TyYpICAL TITRATIONS
(Using 0.1 M lead nitrate)

Total Foreign Na:S04 NaaS0« Per Cent
Volume  Salts Present Found Error Error
Ce. Grams Gram Gram Gram
A 30 None 0.0878 0.0881 +0.0003 +0.3
30 None 0.0910 0.0909 —0.0001 —0.1
30 None 0.1341 0.1339 —0.0002 —0.2
.30 None 0.1594 0.1588 —0.0006 —0.4
30 None 0.1610 0.1613 +0.0003 +0.2
30 None 0.1751 0.1745 —0.0006 —-0.3
30 None 0.1778 0.1781 +0.0003 +0.2
30 None 0.2104 0.2098 —0.0006 —-0.3
30 None 0.2661 0.2673 +0.0012 +0.5
B 40 None 0.2185 0.2184 —0.0001 0
40 None 0.2186 0.2192 -+0.0006 +0.3
40 None 0.2201 0.2214 +0.0013 +0.6
40 None 0.2185 0.2174 —0.0011 —0.5
NaClOs;
C 30 0.5 0.1762 0.1768 -+0.0006 +0.3
30 1.0 0.1762 0.1767 -+0.0005 +0.3
30 1.5 0.1732 0.1723 —0.0009 —-0.5
30 2.0 0.1766 0.1769 -+0.0003 +0.2
D 40 0.2 0.2185 0.2198 +0.0013 +0.6
40 0.6 0.2202 0.2207 -+0.0005 +0.2
40 0.6 0.2214 0.2222 -+0.0008 +0.4
NaNO;
E 30 0.1 0.1743 0.1744 -+0.0001 +0.1
30 0.5 0.1773 0.1777 --0.0004 +0.2
30 1.0 0.1763 0.1767 +0.0004 +0.2
30 0.05 NaCl 0.2215 0.2215 0.0000 0.0
30 0.02 KI 0.2143 0.2140 —0.0003 -0.1
TaBLE II. TrrrATION OF 0.1 M N2.SO, wite 0.1 M

(NOs)2

(No foreign salts, total volume 30 cc.)
No. of runs

65
Na;SOy titrated, grams 0.08 to 0.28

Pb(NO;)2 used, cc. 6 to 20

Errors, grams of Na:SOs:
Extremes —0.0012 to +0.0015
Absolute average 0.00055
Algebraic average —0.00004

Errors, per cent of Na:SOq:
Absolute average 0.33
Algebraic average —0.03
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sulfate solutions, with the same amount of indicator and in
the same total volume. With some practice, however, the
end point is distinct enough even without a reference color.
The results summarized in Table IT were obtained some with
and some without such a reference; out of 72 titrations, 7
gave bad results and were omitted in making up this table.

Effect of Variations

Owing, of course, to the relatively high solubility of lead
sulfate and to the properties of both the eosin solution and
the lead-eosin compound formed, the end point of such a
titration will be markedly affected by changes in conditions,
such as total volume, presence of foreign shlts, etc. Some
study was made of the effect of the variations of these factors
with the following results:

Torar. AmouNT OF SULFATE THAT CAN BE TITRATED.
The best range is from 0.1 to 0.15 gram of SO,—; the maximum
amount is about 0.2 gram, the equivalent of about 18 to
20 cc. of 0.1 M lead nitrate solution. Beyond this the titra-
tion is too doubtful. The quantity of precipitated lead sul-
fate becomes so great as to obscure the color change required
for the end point.

TorAL VoLuME AT Exp Point. In the titrations reported
in Table II, the total volume at the end point was 30 cc. in
each case, except where the sum of the two solutions them-
selves amounted to more. If the final volume is much above
30 ce., the colors are diluted too much, so that it is-again
difficult to detect the end-point change. However, some varia-
tion is possible. Thus, with 40 cc. as the final volume, 10
titrations (with no omissions), using in each case about 15 cc.
of the 0.1 M lead nitrate solution and with no foreign salts
present, gave a relative error of 0.4 per cent as an absolute
average and +0.11 per cent as the algebraic average, with ex-
tremes of —0.5 and +0.7 per cent. Some of these results are
listed in Table I, B.

StrENGTH OF TiTRATING SoLuTION. In the present work
various concentrations of the lead nitrate were tried as
titrating solutions, from 0.1 M to 0.5 M. The best results
as a whole (most widely applicable and reproducible) were
obtained with 0.1 M lead nitrate, the results for which are
reported in Table II. If a stronger solution of lead nitrate
is used in titrating, although the end point is sharper, the
relative errors remain the same, since the total amount of
sulfate that can be titrated also remains the same as with the
0.1 M solution—that is, a maximum of the equivalent of 8
to 9 cc. of 0.2 M solution. With 19 runs using 0.2 M solution,
with a total volume at the end point of 30 cc. again, the aver-
age absolute error was 0.47 per cent, and the algebraic average
error +0.23 per cent.

Inprcator To Be Usep. The quantity of indicator recom-
mended, 12 drops of 0.5 per cent eosin, was also determined by
experiment, and is intended for the amounts of sulfate indi-
cated in Table IT. For smaller amounts of sulfate it is better
to use proportionately less indicator, and a proportionately
smaller final volume at the end point.

ErrecT oF ALcoHoL. It was hoped that alcohol, through
its effect on the solubility of lead sulfate, might cause the end
point to be sharper, an effect found by Nikaido (12) in the
attempt to use potassium iodide as indicator in the titration
of sulfate with lead nitrate. In the present method, however,
because of its effect on the color of eosin solution and ap-
parently also on the solubility or stability of the lead-eosin
compound, alcohol in amounts greater than 3 to 4 per cent
is found to interfere, delaying the end point so much that the
titration becomes impossible. With smaller amounts of
alcohol, while there is no appreciable interference there is at
the same time no improvement in the titration.

Errect or DexTrIN. The addition of dextrin as a pro-
tective colloid was also tried, inasmuch as the color to be ob-
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served is always that of the mixture of precipitate and solution,
but again with no improvement; small amounts do not inter-
fere, while larger amounts cause the end point to appear too
soon.

ErrecT oF Acipity. The solution must be neutral. The
slightest quantity of free acid or base interferes with the
normal operation of the indicator. Perhaps a neutralizing
buffer could be found which would make the titration possible
in such cases, but this was not attempted in this work.

Errect oF ForereN Sants (Table I, C, D, E). The effect
of certain added salts was also studied, and it was found that
potassium and sodium chlorate would not interfere if not
more than 1 to 2 grams were present. Thus, with from 0.1
to 2.0 grams of sodium chlorate present, in 27 titrations in-
volving 11 to 16 cc. of 0.1 M lead nitrate, the relative error
found was 0.35 per cent as absolute average, and +0.29 per
cent as the algebraic average, with extremes of —0.2 to
-+0.8 per cent.  Up to 1 gram of sodium or potassium nitrate
did not interfere: Using 0.1 to 1.1 grams of sodium nitrate
in 11 runs requiring from 12 to 15 cc. of the 0.1 M lead nitrate
solution, the algebraic relative error was --0.32 per‘cent with
extremes of —0.2 to +0.9 per cent. A few tests also showed
that 0.05 gram of sodium chloride and 0.02 gram of potassium
iodide likewise did not interfere: errors: 0.0, 0.1 per cent.
Finally, in experiments with the stronger titrating solution
(0.2 M) the effect of added salts was found to be about the
same as with the 0.1 M solution.

In these titrations with foreign salts present, the reference
color used in each case was that for a mixture containing
approximately the same quantity of the foreign salt.

Conclusion

In comparison with certain other similar methods recently
suggested for the direct titration of sulfate, the method is
similar in prineiple to that of Schroeder (titration with barium
chloride, with tetrahydroxyquinone as internal indicator,
16) and to that of Strebinger and Zombory (an indirect method
using sodium rhodizonate as indicator, 17). Schroeder’s
method applies to quantities of 2 to 20 mg. of sulfate, while
the eosin-lead nitrate titration works best for much larger
quantities. (Ampt, I, reports no success in attempts to
repeat Schroeder’s procedure.) Batchelder and Meloche (3)
have reported experiments on the titration of sulfate with
barium chloride, using methyl red as a hydrolytic adsorption
indicator, with a relative error of 3 per cent in the titration.
The method of Wellings (19), in which sulfate is precipitated
with standard barium hydroxide in the presence of Mg*t+
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. or Mn*" and with fluorescein as adsorption indicator, in-

volves an average relative error, in the published results, of-
=+(.45 per cent in 13 analyses. Thisis about the same as the
error in the procedure here reported, and although Wellings’
method appears to have a wider applicability, the end point,
according to Iyer (6), is not sharp, and becomes “very in-
distinet” in the presence of potassium chloride and potassium
nitrate.

Summary

From 0.10 to 0.25 gram of sodium sulfate may be deter-
mined by direct titration with 0.1 M lead nitrate solution in
a total (final) volume of 30 to 40 ce., using 12 drops of 0.5
per cent eosin as indicator. The solution to be titrated must
be neutral. The best results are obtained in the titration
of about 0.15 to 0.20 gram of sodium sulfate and with the
use of a reference color. The determination is then accurate
to about 0.0005 gram of sodium sulfate. The presence of
1 gram of alkali nitrate or 2 grams of alkali chlorate does not
interfere.
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Gravimetric Determination of Selenium in Alloy Steel
Copper Chloride—Perchloric Acid Method

LOUIS SILVERMAN, 5817 Douglas Ave., Pittsburgh, Pa.

ELENIUM, like sulfur (2), may be separated from

alloy steels by solution of most of the iron, chromium,
nickel, etc., in copper-potassium chloride reagent. The
method of attack (1) has been by (1 to 1) hydrochloric-nitric
acid. Perchloric acid is added, the solution is fumed, cooled
and diluted, and the silica is filtered off. The filtrate is
made 30 per cent acid by volume with hydrochloric acid,
sulfurous acid is added in excess, and the selenium is thus
separated and filtered off on a Gooch, dried at 105° C., and
weighed.

Gopper Chloride Method. |

Transfer 5 grams of the steel (up to 0.4 per cent of selenium)
to a 600-cc. beaker, and add about 500 cc. of the copper chloride.
Place the beaker on a steam bath and stir frequently. With
electrical stirring the sample is dissolved in less than 45 minutes.
Filter the precipitate on paper and wash with hot water, then
return the paper to the beaker. The paper contains all the
carbon, sulfur, and selenium, but only portions of the iron,
chromium, and silica. Add 10 cc. of the zinc oxide-nitric acid
solution, 50 cc. of water, and 15 cc. of perchloric acid and evapo-
rate the solution to perchloric acid fumes. Formation of chromic
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acid indicates sufficient heating. Cool the beaker, add 50 to
60 cc. of water with shaking, and boil out the chlorine. Filter
off the silica and wash with hydrochloric acid (1 to 1) and water.
The volume of the filtrate is 100 to 125 cc. Add 100 to 125 cc.
of concentrated hydrochloric acid and 100 ce. of strong sulfurous
acid. Heat the beaker on a steam bath for 8 hours, then cool.
Filter the selenium on a Gooch, wash with hydrochloric acid
(1 to 1), then water. Dry the crucible at 100° C., then weigh,
ignite, and weigh again. The loss in weight is selenium.

SoLurioNs. Zinc oxide-nitric acid reagent: 200 grams
of zinc oxide sifted into 1 liter of concentrated nitric acid.
Copper chloride reagent: 500 grams of (KCl);.CuCl;.2H0,
100 ce. of hydrochloric acid, and 2000 cc. of water.

The advantages of the copper chloride solution method are:

The bulk of the silica is removed in the first filtration,
so that only a small amount of silica need be washed for
selenium as compared to the large amounts of gelatinous
silica in the acid attack method. 3

In the precipitation of the selenium, only about 1 gram of
possible contaminants is likely to be present as compared to
5 grams in the acid attack method.

While an extra filtration is required, less attention is
needed,.and less time is required for fuming and for acid
treatment.
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TaBLE I. SELENTUM DETERMINATIONS

Selenium Found

Sample Acid solution Copper chloride
%o %
1 0.25, 0.269 0.26, 0.26
2 0.38, 0.37% 0.3
3 0.35, 0.36% 0.38
4 T 0.26, 0.26, 0.26, 0.26, 0.25
5 aie 0.32

@ Contractor, 0.24 per cent selenium.
b C. Coburn, chief chemist, Navy Laboratory, Munhall, Pa.
¢ Contractor, 0.31 per cent selenium.

Table I gives data on check determinations. Small size

of samples prevented more extensive checks.

Summary

Both sulfur and selenium are successfully separated from
alloy steels by the copper chloride solution method. The
method has several advantages over the aqua regia solution
attack.
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Detection of Rhenium in the Sodium
Carbonate Bead

HERMAN YAGODA, Department of Chemistry, Columbia University, New York, N. Y.

HE blowpipe reactions of rhenium have been investigated

by Geilmann and Wrigge (2), who conclude that 0.05
per cent of the metal can be detected by heating a 10-mg.
concentrate in an open tube, reducing the sublimate with
sulfur dioxide, and observing the color of the deposited film.
They also describe the behavior of the element in beads of
molten borax, in anhydrous sodium thiosulfate, and in a
mixture of sulfur and sodium carbonate, in all of which the
rhenium salts form black dispersions or films of either the
metal or the sulfide. The fact that manganese compounds
produce a characteristic green coloration with fused sodium
carbonate suggested that salts of the homologous element,
rhenium, might also produce a color reaction in the sodium
carbonate bead that would be serviceable in the identification
of the metal.

On fusing a minute fragment of potassium perrhenate with
anhydrous sodium carbonate, the bead assumes a black color
which persists for about 1 minute, measured from the time of
the disappearance of the initial red glow. The color of the
bead then changes to yellow, the intensity of which slowly
diminishes and disappears entirely at the end of about 10
minutes. Reheating the colorless bead in the flame, the same
set of color transformations is observed. The formation of
the black bead was also observed by Geilmann and Wrigge,
who employed a mixture of sulfur and sodium carbonate as
the flux.

The color changes, black-yellow-white, are given by rhenium
compounds when the bead is heated either in the Bunsen
flame or in the oxidizing or reducing flames produced with
the blowpipe. The intensity is not influenced by the addition
of oxidizing agents like potassium nitrate or chlorate, as is the
case with the green manganate compound formed under the
same conditions.

The yellow color of the bead is not due to sodium rhenate,

Na.ReO;, as might be expected from the similar reaction in the
case of manganese, for that compound possesses a green color
and is unstable at high temperatures (7). Since the color of
the rhenium bead is the same in both the oxidizing and re-
ducing flames, it would seem that the formation of the yellow
compound is not attended with a change in valence. I.and
W. Noddack have observed that when potassium perrhenate
is fused with sodium hydroxide in the presence of excess air,
a yellow-colored compound is formed in which the rhenium
possesses the same valence as in the original perrhenate salt,
and have demonstrated that the yellow salt thus formed is
sodium mesoperrhenate, NazReO;. As this compound is
readily decomposed by water into sodium perrhenate and
sodium hyrdoxide, so that on reheating the yellow mesoper-
rhenate can again be formed, it seems probable that the yellow
bead formed in this test owes its color to the formation of
sodium mesoperrhenate.

When present to a predominating extent, manganese hides
the color reactions produced by rhenium in the bead. The
presence of the element can be established in mixtures, pro-
vided the manganese content is less than 50 per cent of the
sample, by heating the bead in the reducing flame of the
Bunsen burner, or preferably that of the blowpipe flame.
Under these conditions the green manganate compound is
not formed, thereby permitting the observation of the yellow
color due to the rhenium compound, which is formed in both
the oxidizing and reducing flames.

Of the elements which form colored melts with sodium
carbonate, only chromium is apt to be mistaken for rhenium.
The yellow bead formed by sodium chromate can be differenti-
ated from that formed by rhenium in that the color imparted
by the latter is not permanent and fades shortly after its
formation. The compounds of tungsten and molybdenum do
not, interfere with the color reactions of rhenium in the
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sodium carbonate bead, as in the presence of this flux they
form colorless melts. Molybdic acid imparts a transitory black
color to the bead, which disappears as the bead melts and
remains colorless on cooling. The yellow coloration due to
rhenium can plainly be observed with samples of sodium
tungstate and molybdate that contain 1 per cent or more of
potassium perrhenate.

Sensitivity of the Reaction

The characteristic color changes are readily discernible
when 1 mg. of potassium perrhenate is fused into a bead of
sodium carbonate weighing 30 mg. With smaller quantities,
the initial black coloration is not visible, but the yellow color
of the bead can be observed, though the transformation to
the colorless stage is much more rapid, as can be seen from
Table I.

To establish the minimum quantity of rhenium that can
be detected in the bead, calibrated platinum spirals were
dipped into solutions of known rhenium content, and the

solvent was carefully evaporated by holding the wire about

5 cm. (2 inches) above a microflame. This process deposited
on the wire rhenium salts whose weight could be approxi-
mated from the concentration of the solution and the capacity
of the spiral. When the evaporation was completed the coil
was dipped into sifted anhydrous sodium carbonate and
heated in a small Bunsen flame until the salt fused.

The spirals are conveniently made by winding several turns of
No. 30 platinum wire on a glass rod or other circular form 1 to 2
mm. in diameter and mounting the coil in a glass rod. The
spiral is calibrated by dipping the clean wire while hot in distilled
water and measuring its increase in weight. The volume of
water or solution picked up by the coil varies with the number of
turns and will remain constant, even after many operations,
provided the wire is kept clean and the sodium carbonate is re-
moved by solution in dilute hydrochloric acid. Repeated tests
on a spiral having a capacity of 0.0033 cc. did not show a greater
variation in volume than 5 per cent. This method of securing
minute weighed samples was first described by Truchot for use
in the study of flame spectra (8).

The described method of bead formation was adopted, in pref-
erence to the standard procedure of placing the sample on a
fused bead, because its use minimizes the loss of material during
weighing and as a result of decrepitation in the flame. The
method has the further advantage that by building the bead
with successive additions of sodium carbonate, traces of a metal
left on the wire by the evaporation of the solution impart a deep
color to the initial minute bead, thereby rendering detection
more certain. The sodium carbonate is sifted so as to avoid
rubbing off any of the sample deposited on the wire.

Observations were made first on a solution of pure rhenium
metals, standardized by dissolving a weighed quantity of the
element in 8 M nitric acid and neutralizing the excess
acid by the addition of sodium carbonate, and checked by a
second solution containing potassium perrhenate. The re-
sults recorded in Table I show that a minimum of 0.015 mg.
of rhenium can be detected in the absence of other heavy
metals through the formation of a yellow bead and the slow
disappearance of its color.

TasLE I. DETECTION OF RHENIUM IN SODIUM CARBONATE
Brap
Conen. of Standard Color of 10-Mg. Per-
Solution Volume Rhenium Na;CO; Bead  sistence
Mg./cc. Ce. Mg. Sec.
50 Re 0.0033 0.165 Deep yellow 65
10 Re 0.0033 0.033 Yellow 15
. 5 Re 0.0031 0.016 Faint yellow 10
15.3 KReO« 0.0033 0.030 Yellow 15
7.8 KReOu4 0.0033 0.015 Faint yellow 10
12 KReOq 0.0008 .006 Faint yellow? 15

@ Color visible only in a 2-mg. Na:COs bead.

Similar observations were made with manganese salts in
order to obtain data for a comparison of the relative sensi-
tivity of the bead test for the two metals. Table II reveals
that, in the absence of other metals, 0.0008 mg. of manganese
can be detected in a bead of sodium carbonate weighing 10
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mg. That the limit for rhenium, 0.015 mg., is not of the
same order of magnitude can be attributed to two factors:
(1) that the transformation to the mesoperrhenate in the
sodium carbonate melt is not quantitative, and (2) that the
eye is more sensitive to green light than to yellow.

TasLE II. DETECTION OF MANGANESE IN SoDIUM CARBONATE

Beap
Concn. of Standard Color of 10-Mg.
Solution Volume Manganese Na;COs Bead
Mg./cc. Ce. Mg.
2.94 KMnOq 0.0034 0.0035 Emerald green
1.47 KMnOq 0.0033 0.0017 Green
0.74 KMnO: 0.0033 0.0008 Grayish green
0.37 KMnO4 .0034 0.0004 Very faint green®
3.00 MnSOq 0.0054 0.0060 Deep green
0.30 MnSO« 0.0078 0.0009 Grayish green
0.30 MnSO« 0.0033 Very faint green®

Tests were made on the detection of minute quantities of
rhenium in the presence of the other elements with which it
is commonly associated. It was found that in a mixture of
1 part of manganese and 3 parts of rhenium the manganese
did not interfere with the detection of 0.05 to 0.1 mg. of
rhenium provided the bead was heated in the reducing flame.
Also, 0.025 mg. of rhenium can be detected in a 3-mg. sample
of either sodium tungstate or molybdate. A single crystal
of cesium perrhenate, as formed under the conditions of the
microscopic test for rhenium (1), transferred to a platinum
loop and fused with sodium carbonate, gave a yellow bead the
color of which persisted for 0.5 minute.

The bead test for rhenium cannot be applied directly to
mineral specimens, as even its richest ore, molybdenum glance,
seldom contains more than 0.004 mg. of the element per gram
(6). The reaction is serviceable in confirming the presence of
the metal in the salts crystallized for the microscopic identi-
fication of the element, such as cesium and rubidium perrhen-
ates (Z) or cesium iodorhenate (5), and in testing concen-
trates obtained by analytical processes in which the rhenium

- is systematically separated from the other elements (4).

Summary

Rhenium can be distinguished from the other elements by
the formation of a transitory yellow sodium carbonate bead.
The reaction is observable with 0.015 mg. of the metal when
the bead is heated in either the oxidizing or the reducing
flame, and is not interfered with by the presence of tungstates
or molybdates. The test can be applied in the presence of
small quantities of manganese by heating the bead in the
reducing flame.
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Rotenone Determination by Colorimetric

Methods

H. D. ROGERS AND J. A. CALAMARI, Laboratory, Medical Section, New York General Depot, Brooklyn, N. Y.

ONES and Smith (2), realizing the necessity for a sensitive
colorimetric test for rotenone, modified the Durham
qualitative reaction in an attempt to render the blue color
more lasting. The modification, although a sensitive quali-
tative test, failed to make the color permanent enough for
quantitative work. Gross and Smith (7) discovered a red
color reaction which they developed into an accurate colori-
metric test, but the test was limited to rotenone in acetone
solution. Because of the restriction to acetone solution,
difficulties were encountered in applying this test to liquid in-
secticides having refined kerosene bases. The Jones-Smith-
Durham test was found useful for detecting rotenone in some
liquid insecticides but it failed in several cases when rotenone
was known to be present. One substance which interfered
with this test was the oil of sassafras.

In the search for a more universal test, the authors found
that rotenone in the presence of hydrochloric acid and certain
phenols developed color reactions in certain organic solvents.
These reactions varied from violet-red to deep blue in color,
depending upon the solvent and phenol selected. The or-
ganic solvents used were chloroform, ethylene dichloride, car-
hon tetrachloride, ether, alcohol, and acetone.  Phenol and
some of the homologs of phenol, such as guaiacol and thymol,
also reacted similarly in the solvents named. Small amounts
of hydrogen peroxide, nitric acid, and light exerted a marked
influence in accelerating the reaction. Isorotenone gave a
blue color. Acetylrotenone gave no characteristic color
within an hour, but upon standing for several hours a blue-
violet color developed. -

The advantages of the tests developed over the older meth-
ods are its increased sensitivity, making possible an accurate
quantitative test satisfactory within the limits stated, and the
fact that substances usually found in insecticides do not inter-
fere with the reaction. Some samples of commercial rotenone
gave results approximately 15 per cent higher than the known
rotenone content. Gross and Smith (Z) obtained similar re-
sults with their test, which they attributed to the presence of
deguelin or some unidentified compounds. The difference in
color observed in the detection of rotenone and certain rote-
none derivatives may be used as a future basis for investigation
in differentiating such substances, as well as serving as an
identity test upon comparison with known standards.

A qualitative and two quantitative tests were developed
which were not interfered with by substances usually found in
proprietary liquid insecticides containing extracts of pyreth-
rum flowers, aliphatic thiocyanates (Lethane), or oil of
sassafras.

The following qualitative test is sensitive to 0.01 mg. of
rotenone per ml.:

Dilute 1 to 2 ml. of the insecticide or solution containing ro-
tenone to 5 ml. with chloroform. Add 5 ml. of a chloroform solu-
tion of thymol (10 grams of thymol to 100 ml. of chloroform).
Add 3 ml. of a nitric acid-hydrochloric acid mixture (0.2 ml. of

concentrated nitric acid to 100 ml. of concentrated hydrochloric
acid). Agitate for about 30 seconds. A bluish green to blue
color appears when rotenone is present. The color usually ap-
ears in from 30 seconds to 2 minutes and deepens on standing.
n the presence of the yellow coloring matter of pyrethrum flowers
and of derris extract, the color is green and turns upon standing
to a bluish green and finally to blue.

Two quantitative tests were developed. No. 1 can be
applied to almost colorless liquid insecticides, such as those
which contain rotenone and aliphatic thiocyanates (Lethane).
If the insecticide base is a refined kerosene, an amount of re-
fined kerosene equal to the amount of liquid insecticides used °
in the test must be added to the standards.

Test 1. To 10 ml. of a chloroform solution containing from
about 0.05 to 2.5 mg. of rotenone per ml. in a glass-stoppered
cylinder, add 10 ml. of a chloroform solution of thymol (10 grams
of thymol to 100 ml. of chloroform) and 2 ml. of a reagent made
by adding 2.5 ml. of 3 per cent hydrogen peroxide to 100 ml. of
concentrated hydrochloric acid. Agitate for 1 minute, loosen the
glass stopper, and expose the cylinder to the intense radiation of
a quartz mercury vapor lamp having a minimum output of 1000
microwatts per square centimeter in the field of exposure. (The
use of bright sunlight produced similar results in approximately
3 hours.) A greenish blue color begins to appear in the chloro-
form layer in about 15 minutes. At the end of 30 minutes, com-
pare with standards containing known quantities of pure rotenone
prepared at the same time in the same manner. hen the ro-
tenone sample is not in solution in a hydrocarbon base, concen-
tru.tgddhydrochloric acid may be used in place of the reagent de-
scribed.

Test 2. To 5 ml. of an acetone solution containing from 0.1
to 2.0 mg. of rotenone per ml. in a glass-stoppered cylinder, add
5 ml. of an acetone solution of thymol (10 grams of thymol to 100
ml. of acetone), 0.1 ml. of 3 per cent hydrogen peroxide, and 5 ml.
of concentrated hydrochloric acid. A reddish violet color ap-
pears within 30 seconds. After 1 minute place the glass container
in a water bath at about 20° C., and at the end of 20 minutes com-
pare with rotenone standards, similarly prepared, at the same
time.

When the liquid insecticide contains pyrethrum and rote-
none (not derris extract) in a refined kerosene base, proceed as
follows:

Prepare an extract of pyrethrum with refined kerosene. (Add
1.8 kg., 4 pounds, of pyrethrum to 3.785 liters, 1 gallon, of refined
kerosene and allow to stand at least 2 days.) Filter and preserve.
Match the color of the insecticide, approximately, with the ex-
tract by diluting with refined kerosene. Prepare a chloroform
solution of rotenone of suitable concentration. Use the diluted
pyrethrum extract and rotenone solution in preparing the stand-
ards using the same amount of extract in the standards as insecti-
cide used in the test. Proceed as in quantitative test No. 1.

Literature Cited

(1) Gross, C. BR.,.and Smith, C. M., J. Assoc. Official Agr. Chem.,
17, 336 (1934).

(2) Jones, H. A., and Smith, C. M., Inp. ExG. CaeyM., Anal. Ed.
5, 75 (1933).

RecervEp December 17, 1935,

135



Determination of Iron in Sea Water

NORRIS W. RAKESTRAW, HENRY E. MAHNCKE, AND ELIOT F. BEACH
Woods Hole Oceanographic Institution, Woods Hole, Mass.

ONSIDERABLE interest attaches to the heavy metals

present in small amounts in sea water. Of these, iron

is particularly important, for there is little doubt but that it

may be a limiting factor in the growth of certain organisms.

Thompson, Bremner, and Jamieson (3) reviewed the litera-

ture on this subject and proposed a method for the deter-
mination of total iron in the water.

Any study of the availability of iron must involve its
separation into the several possible forms of combination.
Thompson and Bremner later (I) modified their method
and determined both ‘soluble” and ‘“‘total” iron in a number
of samples of water. The present paper describes an attempt
to determine the concentration of ““free dissolved ferrous and
ferric ions,”’” and since a somewhat different method of
analysis is used the results are not strictly comparable with
those of Thompson and Bremner, who evaporated filtered
samples with sulfuric acid to eliminate interfering substances
such as fluoride and organic matter, and then determined iron
colorimetrically with thiocyanate, extracting the color with
isoamyl alcohol.

The method here described depends primarily upon the
precipitation of iron as sulfide. The results therefore include
iron in all forms of combination yielding ferrous ions in the
concentrations demanded by the solubility product of ferrous
sulfide. Ferric ions are also included, owing to the reducing
action of the sulfide ion in the concentrations used. Ad-
mittedly, organic matter interferes with the precipitation,
but whether this actually occurs in sea water and, if so, how
much of the iron is held in such organic combination, is out-
side the present discussion.

Much of the early work on heavy metals in sea water was
based upon their precipitation by sulfide, but unless some
method of concentration is used the removal is incomplete
in such high dilutions. However, the fortunate presence of
magnesium in relatively large amounts makes it possible to
use a process of co-precipitation, the extremely small quan-
tities of ferrous sulfide resulting from the addition of alka-
line sulfide being carried down quantitatively by the larger
amount of basic magnesium salts simultaneously formed.
The iron is brought into solution again in small volume,
oxidized, and finally estimated colorimetrically with thio-
cyanate.

A serious difficulty with this latter reaction has always been
the instability of the colored compound in water solution.
While trying various methods of extraction it was observed
that ethylene glycol monobutyl ether, which is a moderately
good extractive, will, when dissolved in the solution in small
amounts, stabilize the color reaction and retard the fading
long enough to permit colorimetric comparison in the water
solution without extraction by any organic solvent.

Method Used

A 500-ml. sample of sea water is filtered through a Seitz filter
and transferred to a 1-liter Erlenmeyer flask. Five milliliters of
ammonium sulfide reagent are added and the solution is brought
to boiling for a few moments. A fine magnesium precipitate
should form, which settles quickly on standing. If the precipi-
tate fails to appear, the solution is not sufficiently alkaline, and a
small amount of ammonium hydroxide (ordinarily not more than
5 ml.) should be added and the boiling repeated. The precipi-
tate is filtered on a small paper filter in a Gooch crucible, under

ntle suction. After washing, it is dissolved in 20 ml. of dilute

ydrochloric acid (approximately 2.5N) and the solution boiled
to remove hydrogen sulfide. Then 2 ml. of bromine water are
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added and the excess bromine is boiled off. When the solution
has cooled, 5§ ml. of concentrated hydrochloric acid are added,
and the solution is made alkaline with concentrated ammonium
hydroxide. In this way iron is precipitated, with only small
traces of magnesium. The precipitate is filtered off on a small
Whatman paper (No. 42) and d%ssolved by running 20 ml. of
2.5 N hydrochloric acid through the filter. The filtrate is caught
in & 100-ml. Nessler tube and made up to the mark. Then 2 ml.
of ethylene glycol monobutyl ether and 10 ml. of a 10 per cent
solution of potassium thiocyanate are added and the contents of
the tube mixed by covering the ground end of the tube with a
glass plate and inverting. The color is compared with a set of
standards in similar tubes. These are prepared by adding 5 ml.
of concentrated hydrochloric acid ang the desired amount of
standard iron solution (0.002, 0.005, 0.01, 0.015, 0.02 mg. of iron
as ferric alum) to Nessler tubes and treating with potassium thio-
cyanate and the ether as before. The colors will remain per-
manent for an hour or more.

If preferred, the color comparison may be carried out in a long-
tube colorimeter, which makes closer differentiation possible than
with the use of Nessler tubes, but it is very doubtful whether in
the long run the results are any more accurate.

Occasionally samples of c. p. hydrochloric acid and ammonium
hydroxide are found which are practically iron-free. If not, the
reagents may be made by redistilling the purified gases into pure
water. The ammonium sulfide reagent is made by running hy-
drogen sulfide into iron-free ammonium hydroxide through a
purification train consisting of a wash-bottle and a 120-cm.
(4-ft.) tube packed with glass wool.

The bromine water was tested daily for the presence of iron
taken from the glass. The greatest source of error was found in
the filter paper. This was minimized by soaking all filter paper
and pads in 1 to 1 hydrochloric acid and washing carefully.

Branks. In the early stages of the work, before reagents
were adequately purified, blank values from 0.005 to 0.0065
mg. were found. Later this was consistently lowered to 0.002
t0 0.004 mg. Each reagent was separately tested as a possible
source of iron, with the following results, when reduced to the
basis of a single determination:

Mg.
Bromine 0.0008
%NH.):S 0.0010
Cl 0.0026
NH.OH 0.0010
Total 0.0054

Durnicate DererMINATIONS. The following pairs of
results were obtained at various times from duplicate samples,
independently precipitated and treated:

Mg. of Iron Found

0.012 0.005 0.018 0.017 0.015 0.023 0.005 0.015
0.010 0.004 0.017 0.019 0.015 0.021 0.004 0.015
0.0044 0.0077 0.0052 } (comparison made in

0.0045 0.0073 0.0053 colorimeter)

Recovery of Added Iron

The test of the adequacy of the method is in the complete-
ness with which added quantities of iron may be recovered.
Known amounts of iron, in the order of magnitude which
might be expected to be present in the original water, were
added to sea-water samples with the results shown in Table
I. The iron added was in the form of ferric ammonium sul-
fate. Itisevident from the completeness of the recovery that
ferric iron is completely reduced to ferrous by the sulfide ion,
before precipitation of ferrous sulfide.
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TaBLE I. RECOVERY OF ADDED IRON TaBLe II. DupricATE SampLEs FILTERED IN DIFFERENT
0 Foflénd Waxs
eiore atter i
Adding Iron Adding Iron (Mg ofitron found)
Iron Added Iron Recovered No. 42 paper 0.0045 0.017 0.025 0.017
Mg. . My. Mg. Mg. Seitz filter 0.002 0.010 0.023 0.010
No. 42 paper 0.004 0.003 0.0009 0A0004} Comparison in
0.01 0.02 0.025 0.015 Seitz filter 0.0003 0.0003 0.0004 0.0000 colorimeter
0.01 0.03 0.04 0.03
0.015 0.02 0.04 0.025
0.015 0.02 0.035 0.02
0.012 0.03 0.042 0.03
T
7 7 .0062 . omparison in
0.002 0.005 0.0068 0:0048 ) paneon Tapie III.  INFLUENCE OF FLUORIDE
0.015 0.010 0.025 0.010 Fein Fluoride
0.017 0.010 0.025 0.008 High blank Original Added to Iron
0.010 0.010 0.023 0.013 (0.007 mg.) Water Sample Found
0.012 0.010 0.023 0.011! Reagents and o A M
0.010 0.010 0.021 0.011 paper impure x ik wdih
0.005 0.010 0.015 0.010 0.018 0.25 0.017
0.004 0.010 0.015 0.011 0.017 0.25 0.019
0.007 0.010 0.015 0.008 0.012 0.25 0.010
0.005 0.010 0.017 0.012 0.012 0.50 0.011
0.008 0.010 0.017 0.009 0.012 0.75 0.013
0.008 0.010 0.018 0.010 0.016 0.12 0.015
0.005 0.010 0.015 0.010 0.016 0.50 0.021
0.004 0.010 0.015 0.011 0.016 1.00 0.015
Filtration material, but rather to the varying efficiency of different

Obyviously, if the original water is not filtered to remove
suspended matter results will be high, owing to iron contained
in such material, even though the subsequent treatment is
not vigorous enough to oxidize or decompose completely the
organic iron compounds contained in diatoms, etc. This is
borne out by the results shown from Station 1731, the samples
from which were not filtered, and which are higher than any
others. The results given in Table II, comparing duplicate
samples, one of which had been filtered through No. 42 filter
paper and the other through a Seitz filter, indicate that water
treated in the latter way is more completely free from iron-

bearing suspended matter. The samples in which Thompson .

and Bremner (1) determined ‘‘soluble iron’” were filtered
through No. 42 paper, which may account for their slightly
higher results. ‘

The varying results following different methods of filtra-
tion are evidently due not to iron dissolved from the filter

filtration technicsin the removal of very fine suspended matter,
bacteria, or other microdérganisms containing iron. The
greater portion of the total iron of the water is in suspension.

Influence of Fluoride

Thompson, Bremner, and Jamieson mention the possible
occurrence of iron in the form of a ferrifluoride complex, which
inactivates the iron as far as the thiocyanate reaction is con-
cerned. Although this may be true, the presence of fluoride
has no influence on the determination and recovery of iron
by the present method. The amount of fluoride in the water
should be sufficient to form such complex ions with much more
than the iron already present; nevertheless, added iron is
recovered quantitatively. Furthermore, fluoride was added
to water samples containing small amounts of iron, which
were precipitated and determined both before and after the
addition of fluoride. The results shown in Table IIT es-

TasLE 1V,
Tem- Sa-
Location Depth perature linity Iron
M. s 0/00 - Mg./cu. m.
Station 1731 0 28.20 36.02 19 Not
38° 068’ N., 68° 54’ W. 50 26.81 36.00 41 filtered
100 23.42 36.40 30 Compare
150 20.95 36.58 16  with fol-
200 18.65 36.42 16 lowing
860 4.71 34.96 15 stations
1685 3.48 34.94 8 Filtered
Station 173 0 27.67 35.90 13
37° 217 N., 68° 31/ W. 1370 4.65 34.96 4
2390 3.42 34.96 6
2830 3.11 34.97 10
3830 2.50 34.87 8
Station 1734 0 25.64 36.00 9
36° 27’ N., 68° 38" W. 50 21.03 2
87 19.75 36.56 3
175 18.55 36.51 5
3656 17.96 35.53 5
550 17.00 36.35 6
730 14.43 35.90 1
900 10.21 35.34 4
1330 4.82 34.96 8
1550 4.08 34.97 2
2440 3.45 34.96 2
Station 2450 0 22.23 33.15 10
39° 37/ N., 69° 57’ W. 50 9.35 34.39 4
500 5.08 34.96 6
1000 3.88 34.96 14
2200 3.29 34,96 8
Stat\on 2458 0 27.8 36.26 6
° 54’ N., 67° 47" W. 100 22.84 36.47 6
200 18.93 36.56 6
500 17.97 36.49 12
1000 10.2 35.25 14
2500 3.37 34.90 8

IroN IN SeEA WATER

Tem- Sa-
Location Depth perature linity Iron
M. 0. 0/00 Mg./cu. m.
Station 2220 0 13.96 31.73 6
42° 17 N., 69° 36’ W. 20 13.88 31.95 0
(Gulf of Maine) 40 4.09 32.64 0
60 3.66 32.79 0
80 3.65 32.92 4
120 3.98 33.25 4
175 6.07 33.96 18 (2)
200 6.48 34.12 0
Station 2224 0 12.68 32.00 0
43° 12’ N., 69° 18’ W. 40 5.567 32.60 0
(Gulf of Maine) 80 4.15 32.80 0
175 3.94 33.22 0
Station 2227 0 12.56 32.28 4
42° 15’ N., 67° 16’ W. 40 5.01 32.82 0
(Gulf of Maine) 80 4.78 33.12 0
175 5.39 33.80 0
Station 2228 0 9.63 32.52 0
41° 57/ N., 67° 06’ W. 30 9.59 32,52 0
(Gulf of Maine) 50 9.61 32.52 0
Surface Samples near Woods Hole
Woods Hole Harbor (8;6/34) g
(8/28/34) 7
(8/28/35) 3
Woods Hole Eel Pond 0
Mouth of Great Pond 4
Head of Waquoit Bay 10
Tarpaulin Cove 6
Buzzards Bay, K-1 3
Buzzards Bay, K-2 0
Vineyard Sound, I—-1 g

Vineyard Sound L2
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tablish the fact that fluoride in several times the normal con-
centration has no influence on the determination of iron by
this method.

Iron in Sea Water

Sea-water samples from a number of places within cruising
distance of Woods Hole were analyzed by the above pro-
cedure. The results in Table IV show that there is a small
but significant amount of free inorganic iron—i. e., iron pre-
cipitable as sulfide—generally present in the water. The
concentration is seldom more than 10 mg. per cubic meter,
or ten parts per billion. This is about one-quarter to one-
twentieth of the amount of total iron found in the waters of
the Puget Sound area, by the authors mentioned.

The figures of Thompson and Bremmner (2) for ‘‘soluble
iron” are also somewhat higher than those shown here, ex-
cept in the case of their one deep, off-shore station, where re-
sults were much the same as at Stations 1732 and 1734.
Their discovery of a maximum iron concentration at 1000 to
1200 meters seems to have its counterpart here, too, at Sta-
tions 2450, 2458, and possibly 1734, although at the first of
these, at least, it does not coincide with the depth of minimum

VOL. 8, NO. 2

oxygen concentration, which the above authors think is re-
lated to it.

The water is occasionally free of this form of iron, especially
on the surface near the shore, and sometimes at other depths,
as at Stations 2220-28 in the Gulf of Maine. Whether this is
entirely due to utilization of the metal biologically, or whether
this same process is the cause of the vertical differences in
concentration (as was shown to be the case with total iron,
3), cannot be decided conclusively from the present data. At
any rate, the growth of diatoms would seem to depend prin-
cipally upon other forms of iron than those responding to this
method of analysis. Presumably these are in the nature of
organic or nondissociable compounds.

Literature Cited
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Determination of Reducing Sugars and
Sucrose in Plant Materials

W. Z. HASSID, Department of Plant Nutrition, University of California, Berkeley, Calif.

Details are given for the clarification of
extracted plant materials and for determin-
ing reducing sugars.

The reducing sugars are oxidized with
alkaline potassium ferricyanide; the ferro-
cyanide formed in the reaction is titrated in
acid solution with ceric sulfate, which oxi-
dizes the ferrocyanide back to ferricyanide,
giving a measure of the reducing sugars
present. The indicator used for the titra-
tion is o-phenanthroline ferrous sulfate.

Using five different dry plant materials
and squash sap, the results obtained were
from 0 to about 5 per cent higher by this
method than by the Munson-Walker
method. The method is rapid and con-
venient, and covers a wide range of the
sugar contents encountered in plants.

HE Munson-Walker method (6), most widely used for

determination of reducing sugars in plants, gives satis-
factory results when samples containing large amounts of
sugars are used. Reliable results, however; cannot be ob-
tained when the samples to be analyzed contain small amounts
of sugar. The Committee on Methods of Chemical Analysis
of the American Society of Plant Physiologists (2) referring to
this method states, “As a general rule, reductions giving less
than 20 mg. of copper should not be weighed directly, and
even at this fizure the percentage error is high.”

The volumetric methods used at present for the determina-
tion of sugars in plants are not satisfactory. The writer,
using two known reactions, developed a method which gives
satisfactory results when reducing sugars are determined in
plant tissues and saps. The reaction between the ferricyanide
and reducing sugars was first suggested by Gentele (3).
Furman and Evans (2) have shown that ferroeyanide can be
oxidized quantitatively by ceric sulfate. Whitmoyer (6) was
first to utilize these reactions and devised a microchemical
method to determine pure glucose, fructose, and invert sugar
for amounts between 0.5 and 2.0 mg.

In the present method, precise results can be obtained with
samples containing between 1.0 and 10.0 mg. of reducing
sugars. The method is shorf, the solutions are stable, and a
sharp end point is obtained in the titration.

Materials and Solutions

INpicaTor. A 0.025 M solution of o-phenanthroline ferrous
sulfate was used as an indicator. It was made by dissolving
0.695 gram of FeS0;-7H:0 in water; 1.485 grams of o-phenan-
throline monohydrate were added and stirred until all dissolved,
giving a dark red solution, which was then made up to 100 cc.
volume. Two drops of the indicator were used in each determi-
nation. Care should be taken to use exactly the same amount of
indicator in each determination, because the ferrous sulfate in
the indicator is oxidized by the ceric ion. A blank should
therefore be run on the indicator used. The blank was found
to be 0.30 ce. when a 0.0135 M ceric sulfate solution and 2 drops
of the indicator were used. The end point was s sharp change
from orange-brown to pale green. The indicator was obtained
from the G. Frederick Smith Chemical Co., 67 McKinley Ave.,
Columbus, Ohio.

Ceric Surrate. The ceric sulfate was obtained from the
same source as the indicator and standardized against 0.1 N
ferrous sulfate as follows:
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The ferrous sulfate was first standardized against 0.1 N potas-
sium dichromate by dissolving 6.95 grams of FeSO.7H,0 in
water to which 20 ce. of 1 to 1 sulfurie acid had been added and
diluted to 250 cc. Twenty-five cubic centimeters of the ap-
proximately 0.1 N ferrous sulfate were transferred with a cali-
brated pi{x&t info a 300-ce. Erlenmeyer flask to which 15 cc. of
1 to 1 sulfuric acid and 25 cc. of water were added. One drop
of the o-phenanthroline ferrous sulfate was added and titrated
against standard 0.1 N potassium dichromate until the pink
solution turned bluish green. It took 27.5 ce. of the 0.1 N potas-
sium dichromate to neutralize 25 ce. of the ferrous sulfate. The
concentration of the ferrous sulfate was therefore 0.11 N.

To 8.3063 grams of ceric sulfate dissolved in water, 75 ce. of
1 to 1 sulfuric acid were added and the solution was diluted to
250 ce. (The molecular weight of ceric sulfate being 332.25,
this should be a 0.1 N solution.) A 25-ce. aliquot of this ceric
sulfate solution was transferred to a 300-cc. Erlenmeyer flask,
Iifteen cubic centimeters of 1 to 1 sulfuric acid, 25 ce. of water,
and one drop of the indicator were added, and the solution was
titrated with the standard ferrous sulfate. The change from the
colorless or slightly green to orange-pink was taken as the end
point. To neutralize 25 cc. of ceric sulfate 12.75 cc. were re-
quired. The concentration of the ceric sulfate was 0.0539 N,
which is 53.9 per cent purity of the ceric sulfate used.

The ceric sulfate obtained from the G. Frederick Smith
Chemical Company is not completely anhydrous and contains
other rare earth metals. However, as the cericion is the only
quadrivalent ion effective in the oxidation, the other metals
do not interfere.

A dilute ceric sulfate solution suitable for use in sugar
analysis was made by placing 8.3 grams of the cerie sulfate
in about 500 ce. of water to which 100 cec. of 1 to 1 sulfurie acid
had been added and diluting to 1 liter at room temperature.

This dilute ceric sulfate solution was standardized against
the standard 0.11 NV ferrous sulfate solution in the following
manner:

A 2-cc. aliquot of the ferrous sulfate solution was transferred
to a 300-cc. Erlenmeyer flask and 15 ce. of 1 to 1 sulfuric acid,
25 cc. of water, and one drop of the indicator o-phenanthroline
ferrous sulfate were added. The solution was then titrated with
the dilute ceric sulfate solution until the pink color disappeared,
changing to bluish green and then becoming colorless. Two
cubic centimeters of the 0.11 N ferrous sulfate required 16.25 cc.
of the ceric sulfate. The concentration of the ceric sulfate solu-
tion was therefore 0.0135 N. The solution was very stable;
its concentration did not change after standing for 3 months.

The ceric sulfate solution could also be standardized by the
method of Willard and Young (7).

ArraniNg Porasstum FERRICYANIDE. A mixture of 4 grams
of potassium ferricyanide and 24 grams of sodium carbonate
was used to make up 1 liter of solution. The container of this
solution was painted black and when not in use was kept in
the dark. Under these conditions the alkaline potassium
ferricyanide solution remained stable during 6 weeks.

STANDARDIZATION OF CERIC SULFATE AGAINST GLUCOSE.
An aliquot of 1, 2, 5, and 10 cc- of pure 1 per cent anhydrous glu-
cose, [a]p 52.5, was placed in each of four 100-cc. volumetric

and made up to volume. A 10-ce. aliquot from each of
these flasks, containing 1, 2, 5, and 10 mg. of glucose, was placed
in a 200-cc. Erlenmeyer flask, and 25 cc. of alkaline potassium
ferricyanide were added to each flask. The flasks with their
contents were placed on the steam bath, so that they were im-
mersed about one-third. After exactly 10 minutes the flasks
were removed and cooled to room temperature by immersing
them in running water for a few minutes, 10 cc. of 5 N sulfuric
acid were added, and the flasks were well shaken. Two drops of
the indicator, o-phenanthroline ferrous sulfate, were added and
the solution was titrated with the 0.0135 N ceric sulfate solution.

The amount of ceric sulfate used, after subtracting the
blank due to the indicator, was directly proportional to the
amount of glucose taken. One milligram of glucose was
equivalent to 2.14 ce. of 0.0135 N ceric sulfate.

Description of Method

CrarirrcatioNn OF Prant Extract.. The plant extract
should be clarified so that it is devoid of any coloring matter
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and must be water-clear. Any organic coloring matter present
in the solution is, apparently, oxidized by the ceric ion and
high results are obtained.

A water-clear plant extract can be obtained if the clarification is
carried out in a small volume and a small amount of charcoal
(carboraffin) is added. The plant material, after extraction with
80 per cent alcohol and evaporation of the aleohol, is concen-
trated to not more than 10 cc.  Five cubic centimeters of satu-
rated neutral lead acetate are added and the excess of lead is re-
moved with 10 cc. of saturated disodium phosphate. (The use
of oxalate for deleading should be avoided because of its oxida-
tion by the ceric sulfate.) Carboraffin (0.3 gram) is added and
the mixture is allowed to stand with occasional shaking for half an
hour. Tt is then filtered on a small Biichner funnel containing a
thin layer of tale on a filter paper, prepared as follows:

Fifty grams of tale powder are shaken with 500 ce. of water
until a uniform suspension results. About 25 cc. of the suspen-
sion are poured through a small Biichner funnel supplied with a
wet, 5.5-cm. filter paper and a 250-cc. suction flask, using little
suction. The uniformly thin layer of tale is sucked free of ﬁiquid,
washed with a little water, and sucked free of liquid again. The
water in the suction flask is poured out and the flask rinsed with
water, Full suction is then applied and the plant extract con-
taining the clarifyin nﬁents is ﬁ?t.cred through the dry tale filter.
The precipitate on tﬁe Iter is finally washed with water.

Hyprovnysis or Sucrose 18 Prant Extracr. A 50-cc.
portion of the clarified plant extract was taken and one or two
drops of methyl red were added. The solution, which was
slightly basic because of the excess of disodium phosphate
used in the clarification, was neutralized with a few drops of
10 per cent acetic acid to bring to the acid color of methyl
red. The pH of the solution was 4.9. Two to four drops of a
1 per cent solution of Wallerstein invertase scales were added.
(The invertase was obtained from The Nulomoline Co., 111
Wall St., New York, N. Y.) Ifisnecessary to run a blank on
this invertase, as it has a slight reducing power. The solution
was allowed to stand for 2 hours at 28° or overnight at room
temperature, made up to volume, and 10-cc. aliquots were
used for the determination of reducing sugars. The acid
hydrolysis of sucrose as used by Lehmann (4) was also found
to be satisfactory. Fifty cubic centimeters of the clarified
plant extract were transferred to a 200-ce. Erlenmeyer flask,
heated to 70° for 10 minutes, then cooled rapidly in running
water, and sufficient 15 per cent sodium hydroxide was added
to neufralize to phenolphthalein. The actual amount of
alkali needed was determined on a duplicate sample, so that
no indicator was added to the solution to be analyzed. The
neutralized solution was then made up to 100-cc. volume and
10-ce. aliquots were used for the determination of reducing
sugars.

Procepure. The following method was adopted for the
determination of reducing sugars and sucrose:

One to two grams of dry material were weighed into glass
thimbles provided with sintered glass porous bottoms and placed
in Soxhlet extractors. One hundred and twenty-five cubic
centimeters of 80 per cent alcohol were added to each of the 300-
ce. Erlenmeyer flasks, connected with the extractors to the reflux
condensers, and extracted for 6 hours. The flasks with the al-
coholic extracts were placed on a steam bath, evaporated to about
10 ce., then cooled to room temperature, and cleared with 5 cc.
of saturated neutral lead acetate. The excess lead was removed
with 10 ce. of saturated disodium phosphate, 0.3 gram of charcoal
was added, and the mixture was allowed to stand, with frequent
shaking, for 30 minutes, The precipitate with the charcoal was
then ﬁ%tered on a small Biichner funnel supplied with a thin tale
layer on a filter paper prepared as described above. The flagks
were rinsed with cold water and the final washing of the precipi-
tate on the Biichner was made with warm water. The clear
solutions were diluted in volumetric flasks to 100 or 200 ce.

Aliquota of 10 cc. were transferred to 200-cc. Erlenmeyer flasks,
25 ce. of alkaline ferricyanide were added, and the flasks were
heated on the steam bath, cooled, acidified, and titrated with
0.0135 N ceric sulfate as described above.

The 10-ce. aliquots should not contain more than 10 mg. of
reducing sugar. If more than this amount is present, the
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ferricyanide used is not sufficient to oxidize all of the reducing
sugars. This can easily be detected by the disappearance of
the yellow color of the ferricyanide, the solution becoming
colorless after being heated on the steam bath. In that case
the sugar solution should be diluted to a suitable volume.

A standard 25-cc. buret was used for the titration with the
ceric sulfate. For blank determinations and for samples
containing not more than 4 mg. of reducing sugar, a 10-cc.
buret calibrated to 0.05 cc. was used.

When plant saps which did not contain much chlorophyll
and other coloring matter were analyzed, 5-cc. samples were
taken and clarified as in the case of the extracted plant
material but were not filtered with suction on a Biichner fun-
nel. Instead, they were filtered on an ordinary funnel and
filter paper directly into 100-ce. volumetric flasks,

The sucrose was determined as follows: 50-cc. aliquots of the
clarified plant extracts were glaced in 100-cc. volumetric flasks
and one or two drops of methyl red were added. The solution
was then neutralized with a few drops of 10 per cent acetic acid
to bring to the acid color of methyl red. Four drops of a 1 per
cent solution of Wallerstein invertase scales were added and the
flasks were placed at 28° for 2 hours or left overnight at room
temperature. The flasks were then diluted to volume; 10-cc.
aliquots were taken and determined as in the case of reducing
sugars.

is& blank was simultaneously run with water and the same dose
of invertase using 2 drops of the o-phenanthroline indicator as
in the sugar determinations.

CarcuraTIoN OF REsurts. If, for example, in determining
reducing sugars, a 10-cc. aliquot of the clarified extract from
2 grams of dry material diluted to 200 cc. required 16.2 cc. of
the standardized ceric sulfate, the blank being 0.30 cc., the
calculation is made as follows: :

(16.2 — 0.3) X 20 X 100

514 %X 5000 = per cent of reducing sugar

Experimental Results

The titration was 0.30 cc. of 0.0135 N ceric sulfate, when
10 cc. of water and 2 drops of the indicator were used.

A blank, substituting water for the plant extract, required
0.30 cc. of 0.0135 N ceric sulfate. Since the amounts used in
titrating the indicator and the indicator plus reagents were
the same, apparently the buffering effect due to the acetate
and phosphate has no noticeable effect on the reducing power
of the solution.

A blank on the invertase showed a titration of 0.38 cc. of
the 0.0135 NV ceric sulfate.

In order to determine whether any sugar was adsorbed by
the lead precipitate, charcoal, and tale, pure glucose was sub-
jected to the same treatment as the plant samples. The
results in Table I show a complete recovery of the glucose;
hence no sugar was lost in the process of clarification.

TasLe I. Errsct or CLEARING ON PURE SUGAR SAMPLES

Glucose Glucose Glucose
Dissolved in 100 Ce. Recovered Recovered
Mg. My. %
50.00 s 50.08 100.1
50.00 50.00 100.0
50.00 49.92 99.8
100.00 . 99.84 99.8
100.00 100.10 100.1

Different plant materials were analyzed by the volumetric
and Munson-Walker methods. The results are shown in
Table II. The values for the ten samples determined by the
volumetric method were higher by 1.17 to 4.27 per cent than
by the Munson-Walker method.
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TaBLe II. CoMmPARISON OF VOLUMETRIC WITH MUNSON-

WALKER METHOD

(Reducing sugars calculated as glucose)
Volumetric Method Munson-Walker Method

Glucose  Glucose Glucose  Glucose
per grnm in dry per gram  in dry
of dry ma- of dry ma- Differ-
Plant Material material terial material  terial ence
% %o %
Before Hydrolysis
Swiss chard 30.4 3.04 29.4 2.94 3.40
Cauliflower leaves 34.2 3.42 32.8 3.28 4.27
Sugar cane 86.2 8.62 85.2 8.52 1.17
Sugar beets 57.4 5.74 55.7 5.57 3.05
Sunflower leaves 41.0 4.10 39.4 3.94 4.06
After Hydrolysis
Swiss chard 57.2 5.72 55.6 5.56 2.88
Cauliflower leaves 83.0 8.30 79.8 7.98 4.01
Sugar cane 158.4 15.84 152.8 15.28 3.687
Sugar beets 115.0 11.50 111.5 11.15 3.14
Sunflower leaves 70.0 7.00 67.7 6.77 3.43

In another experiment 1-gram samples of the same plant
material were mixed before extraction with 50 mg. of pure
glucose with 80 per cent alcohol, and the reducing sugars
were determined by the volumetric method as before. There
was a good recovery of glucose added to the samples, as may
be seen from Table III.

TasLe III. REcovERY oF PurRe Grucosg, UsiNG THE VOLU-
METRIC METEOD, WHEN MIXED WITH PLANT MATERIAL

(Reducing values calculated as glucose)

Glucose per

Gram of
Glucose Dry Material
per Gram after Adding

i of Dry  50.0 Mg. of _Glucose
Plant Material Material Glucose Recovered  Recovery
Mg. Mg. Mg. : %
Swies chard 30.4 80.1 49.7 99.4
Cauliflower leaves 34.2 82.8 48.6 97.2
Sugar cane 86.2 137.5 51.3 102.6
Sugar beets ' 57.4 106.4 49.0 98.0
Sunflower leaves 41.0 91.5 50.5 101.0

Table IV shows the results obtained when expressed squash
saps were determined by the volumetric and Munson-Walker
methods. The results obtained by the volumetric method in
10 samples run higher from 0 to 4.83 per cent than the Mun-
son-Walker method. .

TaBLE IV. CoMPARISON OF VOLUMETRIC WITH MUNSON-
WALKER METHOD WHEN PrANT SAP WaAS UseEDp

(Reducing sugars calculated as glucose)
Volumetric Method Munson-Walker Method

Glucose Glucose Glucose Glucose Difference
in 5 ce. in 1 liter in 5 cc. in 1 liter between
of sap of sap of sap of sap Methods
Mg. Grams Mg. Grams %
110.0 22.00 105.0 21.00 4.76
61.3 12.26 59.0 11.80 3.90
78.4 15.68 78.4 15.68 0
79.2 15.84 78.5 15.70 0.89
75.4 15.08 73.2 14.64 3.00
88.6 17.72 85.6 16.12 3.51 |
32.3 6.46 31.4 6.28 2.87
71.7 14.34 68.4 13.20 4.83
67.9 13.58 66.0 13.20 2.88
77.4 15.48 74.6 14.92 3.75
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The Assay of the Platinum Metals

F. E. BEAMISH AND J. J. RUSSELL, University of Toronto, Toronto, Ontario, Canada

HE determination of

the platinum metal con-
tent of the silver bead has
always been recognized:as
exceptionally difficult, because
of the similarity of proper-
ties of metals of the platinum
group, the necessity of work-
ing with small quantities of
the metals, and the absence of
methods for separating and de-
termining such metals as
rhodium, iridium, osmium, and
ruthenium.

The authors have been en-
gaged in determining the plati-
num metal content of a certain
Canadian mineralized property
and consequently were faced with the necessity of devising a
method for the complete extraction and determination of the
platinum metal group. A search through the literature dat-
ing back to the discovery of the metals yielded no method for
the analysis of the bead which could be considered at all
satisfactory from the point of view of the complete individual
separation of the platinum group and of effecting complete
solution of such metals as rhodium and iridium when these
are present together in the cupeled bead.

Much valuable work has been done on the determination
of the individual platinum metals and on restricted separa-
tions, such as the separation and determination of platinum
and palladium by Krauss and Deneke (9). Paal and Amber-
ger (11) established the foundations for a new method of
separation of the platinum metals in the use of the oxides
of the metals precipitated in a medium of controlled acidity.
Wichers, Gilchrist, and Swanger (12) extended very success-
fully these and other researches to the complete wet separation
of the platinum metals and devised a macroprocedure for their
determination, which the authors have found of exceptional
value. Their work was not designed to apply to the assay
bead containing members of the platinum group, gold, and
silver. The authors have made use of this work in an attempt
to devise a simple and accurate procedure for the fire assay
of the platinum metals. The present report deals with some
of the individual problems encountered during the develop-
ment of the combination method of assay.

residue.

Distribution of Palladium

The procedures for parting the silver-platinum metal bead
by means of sulfuric acid may be divided into two classes.
In the modified parting method, advocated by Graham (8)
for routine analysis, an attempt is made to remove the silver
from the platinum metal residue. The parting is stopped at
the last appearance of gas bubbles, and undoubtedly the
amount of palladium dissolved will depend upon the inter-
pretation of the end point. In the second, the bead is parted
in boiling sulfuric acid. Fulton and Sharwood (4) state that
when the bead is parted by this method palladium is dis-
solved, leaving the remaining metals in the residue, and that
“whether this solution is complete or not has not been demon-
strated.” In a footnote they mention that “Lodge holds
to the contrary.”

Beads were made up containing the proportion of platinum
metals found in ore concentrates from various localities chosen

A new procedure has been developed for
_the separation of palladium from silver in
sulfuric acid solutions obtained as a result
of parting the platinum-silver bead, and
for the treatment of iridium and rhodium,
which are dissolved by means of a short
sodium peroxide fusion in a silver crucible.
Palladium is tenaciously retained in the
residue left after having parted the bead
with sulfuric acid, and hence provision
must be made for its extraction from the
The effect of dimethylglyoxime
on rhodium, iridium, osmium, and ru-
thenium solutions is shown.
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because of the variable ratio
of palladium to the rest of the
platinum metals. Those
chosen contained the following
approximate percentages of
metals: Ontario concentrates,
78.0 silver, 8.3 platinum, 9.4
palladium, 0.6 rhodium, 0.6
iridium, and 3.0 gold; South
African concentrate I, 61.4
platinum, 34.3 palladium, 1.0
iridium, and 2.6 rhodium;
South African concentrate II,
83.5 platinum, 9.2 palladium,
0.9 iridium, and 0.8 rhodium,
Fach bead contained about 12
parts of silver to 1 part of plati-

num metals.

The bead was flattened and rolled into a cornet, 20 cc. of
concentrated sulfuric acid were added, and the whole was boiled
for 20 minutes. (The authors have since observed that there is a
consistent loss of platinum metals during the flattening of the
bead unless extreme precautions are taken. In a forthcoming
paper this matter will be discussed more fully.) The sulfuric
acid was removed, a second portion of 15 cc. of concentrated
sulfuric acid added, and the mixture boiled for 15 minutes in
some cases and for 30 minutes in others. The residue was
washed thoroughly with hot water and dilute sulfuric acid until
the washings showed no test for palladium with dimethylamino-
benzilidene rhodanine, as described by Feigl (3). The residue
was dissolved in the usual way with aqua regia and the nitric
acid removed. Whemr gold was present it was removed by re-
duction with oxalic acid which also precipitated small amounts of
palladium.

The ﬁzld was filtered off and the filtrate containing platinum
and palladium made up to 80 cc. with hot water. The acidity
of this solution was adjusted to pH 4 by means of a filtered 10
per cent solution of sodium bicarbonate and bromophenol blue
indicator. Two cubic centimeters of a filtered 10 per cent
solution of sodium bromate were added and the solution was
boiled for 15 minutes. The addition of the sodium bicarbonate
solution was then continued to an acidity of pH 6, using bromo-
cresol purple as indicator.. The brown palladium dioxide was
filtered through a small filter paper and washed with hot water
freshly distilled. (Distilled water which has been exposed to
fumes of ammonia or acids will vary considerably from its usual
pH of about 6. Particularly in the case of rhodium, the dioxide
is carried through the filtering medium as suspended material
if the wash water is much more basic than pH 6. In this case
the water can be adjusted by addition of dilute sulfuric acid.)
The palladium dioxide was dissolved by pouring 4 cc. of a hot
hydrochloric acid solution (1 to 1 by volume) through the filter
paper and washed with about 30 cc. of hot water. The palladium
was precipitated with dimethylglyoxime and filtered through a
No. 00 Munktell’s 7-cm. filter paper. The washed compound
was ignited, reduced, cooled in an atmosphere of carbon dioxide
and then air, and finally weighed as metal. When gold was
absent the palladium was precipitated from the acid solution of
palladium and platinum as the dioxide and then with dimethyl-
glyoxime as described above. The results obtained are given in

Table I.
TaBLE I. DISTRIBUTION OF PALLADIUM IN BEAD ON PARTING
WITH SULFURIC ACID :
Sample Type of Palladium Time of
No. Concentrate Content Parting Residue
Mg. Min. Mg,
1 Ontario 24.18 20 and 15 1.56
2 Ontario 24.03 20 and 15 1.36
3 Ontario 24.51 20 and 30 0.92
4 Ontario 23.19 20 and 30 1.00
5 South Africa I 18.36 20 and 15 2:21
6 South Africa I 17.85 20 and 30 2.38
7 South Africa II 5.04 20 and 15 0.41
8 South Africa II 4.98 20 and 30 0.00
9 South Africa II 5.14 20 and 30 0.35
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Distribution of Platinum, Rhodium, Osmium,
and Ruthenium !

Throughout these experiments it was observed that when
the second parting was continued for 30 minutes, and particu-
larly in those cases not recorded where the parting time was
longer, while the amount of palladium present generally de-
creased, yet appreciable amounts of platinum and rhodium
passed into the solution. These facts indicate that it is
necessary, when the bead is parted by means of boiling sul-
furic acid, to provide for the separation of palladium in the
aqua regia extract of the residue and for the separation of
platinum and rhodium from the sulfuric acid palladium solu-
tion.

Fulton and Sharwood (5) state that the sulfuric acid solu-
tion obtained from parting does not contain ruthenium or
osmium. When ruthenium and osmium were present in the
bead in appreciable proportions and the sulfuric acid solution
was boiled, osmium was collected in sodium hydroxide solu-
tion and precipitated as the hydrated dioxide. When sodium
bromate was then added to the sulfuric acid solution, ruthe-
nium was distilled off and collected in sodium hydroxide
solution and also precipitated as the hydrated dioxide. When
the aqua regia extract was distilled, osmium was collected
and precipitated as the dioxide. Iusion of the final residue
with sodium peroxide and subsequent distillation of the fusion
showed the presence of large quantities of both osmium and
ruthenium.

Separation of Palladium from Large Amounts
of Silver

Heretofore silver has usually been separated from palladium
(and small amounts of other platinum metals) in the sulfuric
acid solution resulting from the parting of the assay bead,
by precipitating it as the chloride. The precipitate always
occludes palladium. To overcome this difficulty silver is
precipitated from a dilute solution, and the chloride is dis-
solved and reprecipitated. After concentrating the filtrates,
a small amount of silver chloride may appear and have to
be removed. Complete separation of the two metals by this
method is tedious and time-consuming.

The precipitation of palladium dioxide at pH 6, used by
Gilchrist (7) to separate palladium (together with rhodium
and iridium) from platinum, can also be used to separate
palladium from silver, and offers a direct method of removing
palladium from the sulfuric acid solution, in the presence of
relatively large amounts of silver. This was demonstrated
as follows:

A palladium sulfate solution was prepared from palladium
chloride by repeated émacipitation of the dioxide according to the
directions given by Gilchrist (?) and solution of the dioxide in
sulfuric acid (1 to 1). To four 10-cc. portions of this acid solution
800-mg. portions of silver carbonate were added, followed by
boiling to dissolve the silver sulfate. The resulting solutions
were neutralized to pH 4 with sodium bicarbonate, using bromo-
phenol blue as indicator. Each solution was then treated with
5 cc. of a 10 per cent solution of sodium bromate, boiled, and
neutralized to pH 6, as indicated by bromocresol purple. After
boiling the solution for 20 minutes, the precipitate of brown pal-
ladium dioxide was collected in a porcelain micro-Gooch crucible
with asbestos mat (a small filter paper could be used) and
washed with hot water of pH 6. The crucible was placed in a
beaker and treated with 4 cc. of hot hydrochloric acid (1 to 1),
in which the precipitate dissolved rapidly. The acid solution
was diluted to about 30 cc., and filtered from the asbestos and a
small amount of silver chloride. Palladium was precipitated
from these solutions with dimethylglyoxime, ignited in air, re-
duced in hydrogen, cooled in carbon dioxide, and weighed. The
results obtained were 0.0219, 0.0219, 0.0219, and 0.0218 gram.
Direct determination of palladium in 10 cc. of the palladium
sulfate solution yielded 0.0219 gram.

In applying this procedure to the sulfuric acid obtained in
parting the assay bead, after diluting it and filtering off the
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insoluble residue, the filtrate is evaporated to a volume of
about 3 cc. The viscous residue is cooled only slightly,
diluted with hot water, and the solution boiled if necessary
to dissolve the silver sulfate. The separation of palladium
is done as already described. Small amounts of rhodium,
ruthenium, and platinum are likely to accompany palladium
in the sulfuric acid parting. Rhodium and ruthenium will
precipitate with palladium as dioxides but will not accompany
it when it is finally precipitated with dimethylglyoxime.
Traces of platinum which are carried down with the palladium
dioxide, unless proper precautions are observed, will later
contaminate the precipitate of palladium dimethylglyoxime
if filtration of this precipitate is delayed longer than an hour.

The tendency of platinum to form a precipitate with di-
methylglyoxime on standing was confirmed by adding an excess
of the reagent to a solution of chloroplatinic acid prepared
by dissolving platinum in aqua regia and eliminating the
nitric acid. A blue precipitate, which has been deseribed by
Cooper (2), appeared within about 30 minutes. On the other
hand, 0.1 per cent solutions of rhodium, iridium, ruthenium,
and osmium, whether as sulfates or chlorides, failed to show
any precipitate with dimethylglyoxime in 4 days. The
observation that rhodium and iridium do not contaminate
the palladium dimethylglyoxime precipitate has also been
reported by Gilchrist (7).

Determination of Palladium and Platinum
in Residue

The residue from the parting of the bead with sulfuric acid
is digested with dilute aqua regia (1 to 5) to.dissolve gold (if
present), platinum, and residual palladium. If gold is absent,
the solution is diluted with about 30 cc. of water for each
25 mg. of palladium, and the palladium separated from plati-
num by the dioxide precipitation, after which it is precipitated
with dimethylglyoxime and added to the palladium ob-
tained from the parting solution. Traces of rhodium and
iridum which are dissolved by the dilute aqua regia will be
precipitated with the palladium as dioxides, but will be
eliminated by the precipitation with dimethylglyoxime. As
previously noted, small amounts of platinum carried down by
the dioxide precipitate may contaminate the dimethylglyoxime
precipitate if filtration of the latter is delayed.

Reduction of platinum by means of sodium formate from
a solution adjusted to pH 6 is recommended for the determi-
nation of platinum after the removal of palladium. Sodium
bromate interferes with the reduction and must first be de-
stroyed by evaporation with hydrochloric acid.

If gold is present, the hydrochloric acid solution of gold,
platinum, and palladium is placed in a cup fashioned from 20
grams of sheet lead and evaporated carefully, silver is added
and the whole is cupeled. The bead is parted with nitric
acid in the usual manner and gold remains as a residue.

Treatment of Rhodium and Iridium

If rhodium and iridium are present in the assay bead, they
remain as an insoluble residue after parting with sulfuric acid
and treatment with dilute aqua regia. According to Fulton
and Sharwood (4), treatment with strong aqua regia dissolves
the iridium, leaving a residue which is considered to be
rhodium, but the authors’ experience does not confirm this.
The literature records no satisfactory method for getting into
solution the residue obtained at this stage of the assay proce-
dures. Ignition with sodium chloridein a current of chlorine is
extremely inconvenient. Sulfuric acid is used by Gilchrist (6)
to dissolve freshly precipitated rhodium, and by Zhemchuzhnii
(13) in sealed tubes to dissolve rhodium sponge, but it scarcely
attacks rhodium which has been previously cupeled with
silver. Fusion with sodium peroxide or a mixture of sodium
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peroxide and hydroxide in a silver or nickel crucible has been
employed by many workers, including Claus (Z), Noyes and
Bray (10), and Wichers, Gilchrist, and Swanger (12), to
convert refractory platinum metals and their alloys into
soluble forms but not, in general, for quantitative purposes.
A procedure based on this method of attack has been de-
veloped which results in complete solution of as much as 50
mg. of combined rhodium and iridium left after cupeling and
parting the silver bead, and treating the residue with dilute
aqua regia.

The aqua regia solution is filtered from the residue, and the
paper containing the latter is dried and ashed in a silver crucible.
About 1.5 grams of sodium peroxide are added, the crucible is
covered, and the contents are heated to dull redness for 5
minutes. After cooling, the crucible is covered with water in a
250-cc. beaker. After the resulting reaction, the crucible is trans-
ferred to a small casserole and washed with dilute nitric acid.
This solution and additional nitric acid to make 10 cc. of concen-
trated acid are added to the alkaline solution. Iridium forms
a blue alkaline solution which turns yellow when acidified.
Rhodium settles out as a brown substance which has not yet been
identified but is presumably an oxide. After boiling for 15 min-
utes to dissolve silver, the solution is filtered from the brown rho-
dium compound.

The paper and contents are digested with 10 ce. of concentrated
sulfuric acid in a small Erlenmeyer flask. Small quantities of
fuming nitric acid are added from time to time, between inter-
vals of boiling, to destroy organic matter, and digestion with the
boiling sulfuric acid is continued until the solution becomes clear
and yellow. The solution is then diluted somewhat, added to the
nitric acid solution, and the whole evaporated to a volume of 3 cc.
If sulfuric acid is added directly to the nitric acid solution, with-
out filtering off the rhodium compound, the latter collects in
rings on the walls of the beaker as evaporation progresses and
is not easily gotten into solution. Separate treatment of the
brown rhodium material, and filter paper, can be completed in
not more than 20 minutes. Rhodium or iridium not attacked
by the sodium peroxide fusion would appear as an insoluble resi-
due after solution of the brown rhodium compound and de-
struction of the filter paper in sulfuric and nitric acids. In
many trials of this procedure no trace of unattacked rhodium or
iridium has been found.

The small volume of sirupy liquid obtained on evaporation of
the combined solutions is cooled slightly (not enough to solidify)
and diluted with hot water. After boiling to dissolve all salts,
the rhodium and iridium are separated from the relatively large
amount of silver by precipitating their dioxides at pH 6, exactly
as was done to separate palladium from silver, except that 10 cc.
of the 10 per cent solution of sodium bromate are used instead of
5 cc. The precipitate is filtered off, washed, and dissolved in
hydrochloric acid in the same way as the palladium dioxide pre-
cipitate, except that warming on the steam bath is necessary to
dissolve it. After removing and washing the crucible, the solu-
tion is first evaporated to a small volume, then diluted and fil-
tered. The residue of asbestos and a small amount of silver
chloride is thoroughly washed with hot water.

If a paper filter (7 cm., Whatman No. 42) is used instead of
asbestos to collect the dioxides, most of the precipitate is dissolved
from the unfolded paper into a 150-cc. beaker with hot hydro-
chloric acid. The paper is destroyed with 3 cc. of concentrated
sulfuric acid and small quantities of nitric acid in a 50-cc. Erlen-
meyer flask. After diluting and again evaporating to eliminate
nitric acid, this solution is combined with the main solution of the
dioxides and the whole diluted to precipitate silver chloride, which
is then removed by filtering. If the silver chloride is colored,
the paper and contents are again treated with sulfuric and nitric
acids; then a few drops of hydrochloric acid are added, and the
resulting solution is diluted and filtered into the h /drochloric
acid solution. This treatment is repeated once more, if necessary.

In a number of experiments designed to test quantitative
recovery of rhodium and iridium which had been dissolved by
the foregoing procedure, pure rhodium and iridium sponges
were used instead of a mixed residue previously cupeled with
silver. This was done because it has not yet been established
whether the residue left after treatment with dilute aqua
regia is free from other metals, or whether losses of rhodium
or iridium occur during cupelation. Rhodium was deter-
mined, in the solutions resulting from the procedure, by pre-
cipitation with hydrogen sulfide and ignition to metal, in the
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manner described by Gilchrist (6). Similarly, Gilchrist’s
procedure was used for the determination of iridium. In
both cases smaller volumes were used.

The results obtained in four trials of the procedure on
rhodium and four on iridium are given in Table II.

TaBLe II. SorLurioN or IrRipiumM AND RHODIUM BY FuUsioN
wITH Sopium PEROXIDE IN A SiLvEr CRUCIBLE
Sample Iridium Rhodium: ~
No. se Recovered Used . Recovered

Mg. Mg. Mg. Mg.
1 25.1 25,1 0 R
2 24.8 24.6 7 &
3 24,8 24.6 e s
4 24.3 24,2 i S
5 ; 23.5 23.5
6 27.4 27.4
7 29.4 29.0
8 28.6 28.2

Low results, such as No. 7 and No. 8, indicate that the
dioxides were not completely dissolved from the Gooch
crucible. All the results given have been corrected for blanks
amounting to 0.7 or 0.8 mg., which are caused mainly by
impurities, such as iron and copper, in the silver crucible.
The amount of the blank is reduced if a smaller amount of
sodium peroxide is used. This is possible when treating the
small amounts of iridium and rhodium usually encountered
in the assay of platinum ores and concentrates.

In addition to its analytical use, the procedurefor the solution
of rhodium and iridium has proved an efficient and rapid
method for the preparation of salts from the pure metal
sponges.

The Silver Crucible

Some of the silver crucibles used were purchased from
Johnson Matthey and Company. The amount of silver corro-
sion during the 5-minute fusion with 1.5 grams of sodium per-
oxide is about 500 mg. or more. This means that an or-
dinary crucible of spun silver lasts for about twelve fusions.

It was decided to prepare thick-walled silver crucibles;
and these were made by means of pure silver placed in a
nickel crucible which was heated in a furnace until the silver
melted. The whole was cooled slowly and the molded silver
cut down to the required size in a lathe. One such crucible
prepared by the authors has already made fifty fusions and
will last many more. The outside dimensions of a suitable
crucible may be suggested as: height, 2 cm.; top diameter,
2.4 cm.; bottom diameter, 2.1 cm.; wall thickness, 0.4 cm.
Crucibles made by fusing silver chloride and soda ash often
contain appreciable chlorides.

Summary

When a bead with a silver-platinum ratio of 12 to 1 is
parted with boiling sulfuric acid it is necessary to provide
for the separation of palladium in the aqua regia extract.

Palladium can be removed completely from the sulfuric
acid parting solution by means of the dioxide precipitation.

Osmium, ruthenium, rhodium, and platinum are partially
dissolved from the bead by means of boiling sulfuric acid.

Platinum salts with dimethylglyoxime produce an indigo-
blue or bronze compound. Osmium, ruthenium, iridium, and
rhodium salts dissolved in dilute hydrochloric acid or dilute
sulfuric acid do not produce a precipitate on standing in
contact with alcoholic dimethylglyoxime solution for 4 days.

A suitable condition for the sodium formate reduction of
platinum is from solutions the acidity of which has been
adjusted to pH 6.

Rhodium and iridium can be dissolved by a short fusion
with a small proportion of sodium peroxide in a silver crucible
and removed from the resulting silver solution by hydrolytic
precipitation.



144 INDUSTRIAL AND ENGINEERING CHEMISTRY

Acknowledgment

The authors are indebted to the International Nickel Com-
pany of Canada, Ltd., for a generous gift of platinum metals.

Literature Cited

(1) Claus, C., Pharm. Centr., 1846, 823.

(2) Cooper, R. A., J. Chem. Met. Mining Soc. S. Africa, 25, 296
(1925).

(3) Feigl, F., “Qualitative Analysis by Means of Spot Tests,” p
185, Leipzig, Akademische Verlagsgesellschaft, 1931.

(4) Fulton and Sharwood, ‘Manual of Fire Assaying,” p. 225,
New York, McGraw-Hill Book Co., 1929.

VOL. 8, NO. 2

(6) Ibid., p. 228.
(6) Gilchrist, R., Bur. Standards J. Research, 9, 547 (1932).
(7) Ibid., 12, 291 (1934).
(8) Graham, K. L., S. African Mining Eng. J. (March 19, 1927).
(9) Krauss, F., and Deneke, H., Z. anal. Chem., 67, 86 (1926).
(10) Noyes and Bray, ‘‘Qualitative Analysis of the Rarer Ele-
ments,” p. 320, New York, Macmillan Co., 1927.
(11) Paal and Amberger, Ber., 1378 (1907).
(12) Wichers, E., Gilchrist, R., and Swanger, W. H., Trans. Am.
Inst. Mining Met. Eng., 76, 602 (1928).
(13) Zhemchuzhnii, S. F., Ann. inst. platine, 5, 361 (1927).

Recervep October 29, 1935,

A Thermionic Titrimeter without Batteries

HOBART H. WILLARD AnD O. B. HAGER, JR., University of Michigan, Ann Arbor, Mich.

INCE the vacuum tubes in a Wheatstone bridge circuit
used by Hiltner (3) and others (I, 4-7) are capable of
simultaneously acting as rectifiers of alternating current and
as statically controlled variable resistors for the bridge, it
appeared possible to power a thermionic voltmeter with or-
dinary alternating current. Trial not only showed it to be
-possible but also showed that the mere substitution of alter-
nating for the usual direct current power enabled the device
to measure alternating as well as direct current applied volt-
ages.
gMa.ny vacuum-tube voltmeters have been described for
chemical purposes since their introduction by Goode (2).
“This multiplicity of offerings is not indicative of a generally
unsatisfactory performance of vacuum-tube voltmeters but
rather is the result of advances in electrical engineering which
enable succeeding authors to offer operational improvements
of real value. More recently Hiltner (3) introduced a novel
method of reducing the grid current to an exceedingly low
value, negligible so far as titrations are concerned. His
method required no manual adjustments, as contrasted to
previous methods of regulating the grid current. He at-
tained alternating current operation by the conventional
method of rectifying the alternating current before applying
it to the tubes. In the interim between presentation of the
titrimeter described in this paper at the 88th meeting of the
AmgericAN CHEMICAL SocIETY in September, 1934, and the
present time, during which it was thoroughly tested and de-
~ veloped, a circuit very similar to Hiltner’s has been offered
by Garman and Droz (I). They used alternating current
power through the usual means of first rectifying and filtering
it. Their chief contribution is introducing into chemical
literature and chemical vacuum-tube apparatus the principles
of mu-balance in combination with a Wheatstone bridge circuit.
This rather elegant method of eliminating the effects of line
voltage variationsis probably effective, but con51derable use of
the more simple circuit to
be described has shown that

bridge at and near balance, the use of self-biasing, and the
use of a twin-type tube to obtain the advantage of identical
vacuum and thermal fluctuations for both triode systems,
together with a heater-type cathode, the usual fluctuations in
the voltage of commercial lines have so little influence on the
device as to be entirely negligible for potentiometric titrations
but great enough to prevent better than about 0.1 pH preci-
sion in pH measurements.

As the name implies, the titrimeter is more useful and re-
liable for making titrations than for measuring equilibrium
voltages, as in pH measurements with hydrogen and quinhy-
drone electrodes. The titrimeter passes sufficient current
(0.1 to 0.5 microampere) so that it will not read the zero cur-
rent voltage of such cells, but it can be employed to determine
pH by using standard buffers to determine the small corréc-
tion due to this small current. It cannot be used with the
glass electrode.

This titrimeter is distinguished from all others based on the
principle of the Wheatstone bridge by the fact that the tubes
in the arms of the bridge not only serve as variable resistors
but also simultaneously rectify the alternating current used
to power the device and thus do away with all batteries and
the necessity of a rectifying tube and filter system. The re-
sult of this dual function of the tubes is a remarkably simple
circuit that requires fewer parts and is therefore simpler and
more economical to construet, more fool-proof, and more con-
venient to use. It does not easily get out of order. One of
these instruments has been in frequent use for more than a
year without giving any trouble. These advantages make it
particularly suitable for chemists, who are usually not fa-
miliar with thermionic circuits.

Much experimental work has influenced the selection of the
following circuit constants and materials as the best compro-
mise with regard to sensitivity, stability, ease of operation,
low grid current, convenient assembly, and general availa-

bility of parts.

it is stable enough for pur-
‘poses of titration. This
paper presents a much
simpler modification of the
Hiltner voltmeter, adapting

the circuit to alternating
current power without a
special rectifying tube and

Circuit Materials

Tusre. RCA-53. RCA-
6A6 is identical in character-
istics except that it has 2 6.3-
volt heater; otherwise it can
be! substituted for RCA-53

without change.
MgerER. Weston micro-

using American vacuum
tubes,

Because of the inherent
stability of the Wheatstone

Figure 1.

WiriNG DI1AGRAM

ammeter, type 440, scale
0-150, 75 divisions, 3.5-ohm
coil.

TRANSFORMER. Since
the power requirements are
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7 low, ALY, 800% radio  flow through the grid circuit. It is of course necessary to ad-
240 power [ransiofmel - just the connection of the microammeter so that the negative
designed for midget R % : 2
sets and capableof  binding post is connected to the plate corresponding to the
220 / delé\éeringl 1 ? mﬁ. grid to which R, is connected.
at 220 volts for the i
et The voltage to be measured is connected to the e. m. f.

200 factory. Should
the high-voltage
secondary of the

/ transformer to be

used be higher than

220 volts, the excess

is dissipated by Rs

(Figure 1).

GRID SWITCH.
Any type of double-
pole double-throw
switch can be used.
A Federal anti-
capacity switch can
be recommended
for its neat ap-
pearance, ease of
assembly, and ease
of operation.

Fixep REsis-

TORS. R, deter-
mines the grid cur-
rent; its value de-
pencis on the char-

o acteristics of the

Of1O;2 88 0. 458 061 0.8 it/ 011/ 2 tube, and since

Apph'ed Potential these vary it is i}n-

Ficure 2. CarLBrATION CURVE }a)x?; %;%Jll?tetovﬁm?
Four tubes re-
quired values between 50,000 and 200,000 ohms. The deter-
mination of this value is the only adjustment the builder of
the titrimeter is required to make. This resistor is very con-
veniently handled when designed to be inserted in grid leak
mountings, thus facilitating adjustment whenever a new tube is
put into operation.

R. is a wire-wound resistor having 1000 ohms and capable of
dissipating about 3 watts. Only a small fraction of this amount
of power will actually be dissipated, but a wide margin is recom-
mended as an aid in preventing a noticeable temperature rise
which would change the resistance and cause drifts in the zero
setting of the titrimeter.

Rs is a wire-wound resistor whose value will depend on the
value of the high-voltage winding of the transformer being used.
It should be capable of dissipating three watts and have a resist-
ance as given b{ the equation Rs = 480 (Er — 220), where Er =
transformer voltage.

R, is a shunt resistor for the microammeter and has the value
of 20 ohms.

VARIABLE RESISTOR. R; is a midget-type radio potentiometer
whose resistance is 2000 ohms. It must be wire-wound.

R, is a midget radio potentiometer whose resistance is 50 ohms.
It must also be wire-wound. If a radio rheostat is chosen for R«
it should be the type with no “off”’ position. The settings of R
and R, have no bearing on the accuracy or sensitivity of the ti-
trimeter, but the value of R, for measuring sensitivity depends on
the effective resistance of the tubes and of the meter, and the
value given is the proper one for the parts recommended.
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To minimize grid current the following procedure is used:

A fairly sensitive galvanometer (a pointer type is satisfactory)
is connected to the e. m. f. binding posts and the grid switch is
thrown to include the galvanometer in the grid circuit. R is
then varied between wide limits when attached to first one grid
and then the other. When R, is attached to one of the grids the
galvanometer will show minimum current for some certain value
of R,. This minimum current must under no condition exceed
0.5 microampere, and if the proper value of R, is used the mini-
mum can be made 0.1 microampere and even less. In a later
paper it will be shown that a grid current no greater than this has
no effect on the titration cell.

It is important that the positive voltage being applied in
measurements be connected to the same grid to which R, is
connected. A reversal of applied polarity immediately
causes a grid current of several tenths of a microampere to

terminals, but the bridge circuit must first be balanced by
throwing the grid switch to connect the two grids directly,
and adjusting R; and R, until the meter shows zero current.
Upon throwing the grid switch to include the e. m. f. between
the grids, the bridge will be unbalanced by this potential to the
extent shown by the reading of the meter.

If & meter other than that specified is used, its resistance
must not be greater than 50 ohms unless one is willing to sacri-
fice sensitivity. The sensitivity to be expected with the
above materials is 0.22 microampere per millivolt impressed
on the e. m. f. terminals. Various factors combine to make
repeated readings of the same impressed voltage show a maxi-
mum variation of about 0.75 microampere, so that one can-
not read with certainty closer than about 4 millivolts of ap-
plied potential.

Higher sensitivities than that given can be obtained by de-
creasing the value of R., the sensitivity being about double at
zero ohms. However, there is a loss of stability as sensi-
tivity is gained by this method and the difficulty of control-
ling the grid current is increased. Higher sensitivities may
also be obtained with tubes of types 47, 2A5, and possibly
2A3, by using them in a two-tube circuit,