INDUSTRIAL

Analytical Edition
Vol. 9, No. 5

N ENGINEERING
CHEMISTRY

May 15, 1937

Vol. 29, Consecutive No. 19
Published by the American Chemical Society
Harrison E. Howe, Editor

Publication Office: Easton, Pa. . Editorial Office: Room 706, Mills Building, Washington, D. C. . Telephone: National 0848

Cable: Jiechem (Washington) . Advertising Department: 332 West 42nd Street, New

ork, N. Y. . Telephone: Bryant 9-4430

GO NI EINETES

19,300 Copies of This Issue Prinled

Determination of Silicon in Aluminum and Aluminum
Alloys . H. V. Churchill, R. W. Bridges, and M. F. Lee 201
Determining the Aniline Point of Dark Petroleum Prod-
uctsie v . Leon Donn 202
Refractive Index of Strontium Nitrate e
. M. L. Yakowilz and P. S. Jorgensen 204
A Comparison of Quantitative Methods for the Determi-
nation of Copper . . H. W. Foole and John E. Vance 205
Determination of Rotenone in Derris and Cube .
. Howard A. Jones 206
Measurement of Particle-Size Distribution by Optical
Methods . H. E. Schweyer 211
A Simplified Sealed Stirrer. Lionel Joseph 212
Determination of Tar Acids and Bases by Extraction
Methods C. H. Fisher and Abner Eisner 213
Determination of the Moisture Content of Tobacco .
. . Richard M. Cone and Loyal H. Davis 219
Separation of Beryllium in the Presence of Complex
Tartrates . . Hoke S. Miller 221

Interference of Phosphorus in the Determination of Fluo-
rine . H. V. Churchill, R. W. Bridges, and R. J. Rowley 222

Direct Determination of Oxygen in Organic Compounds

by Hydrogenation . Paul Goodloe and J. C. W. Frazer 223
An Inexpensive Metal Chimney for Fusions. . . . . .
. Louis J. Curlman and Leo Lehrman 225

b4

-

~

Determining the Gelatinization Temperature of Starches.

. D. H. Cook and Joseph H. Azlmayer 226
Determination of Sugars in Plants by Oxidation with
Ferricyanide and Ceric Sulfate Titration . W. Z. Hassid 228
Turbidity in Sugar Products. V. Color and Turbidity
of Hard Refined Sugars . F. W. Zerban and Louts Salller 229

Estimation of Potassium in Silicates and Soils.

. J. E. Gieseking and H. J. Snider 232

Pretreatment of Wood with Hot Dilute Acid.

Wilby E. Cohen and Elwin E. Harris 234
Determination of the Common and Rare Alkalies. Note
on Wells and Steyens” Method . . John C. Hillyer 236

The’AnalysistoffPollucites = i isia st s
. Roger C. Wells and Rollin E. Slevens 236

0L

Borax as an Acidimetric Standard. iRy
. Frank H. Hurley, Jr.

237

The Calibration of Weights . Frank H. Hurley, Jr. 239
An Apparatus for Determining Odor in Water . :

; . W. B. Hart 243
Twenty-Plate Laboratory Bubble-Cap Still for Low-
Boiling:Materialsts &= s i

. Johannes H. Bruun and Scott D. West 247

A Variable-Voltage Autotransformer D. H. Cook 248

Siphon-Starting Device . T. W. Chandler 249
Apparatus for the Extraction of Liquids with Immiscible

Solvents of Greater Density . Lindsay H. Briggs 250
Calcium Chlorite as a Volumetric Oxidizing Agent (Corre-

spondence). . . . 250

The American Chemical Society assumes no responsibility for the statements and opinions advanced by contributors to its publications.

Published by the American Chemical Society, Publication Office, 20th &
Northampton Sts., Easton, Pa, Entered as second-class matter at the Post
Office at Easton, Pa., under the Act of March 3, 1879, as 48 times a year.
Industrial Edition monthly on the 1st; Analytical Edition monthly on the
15th; News Edition on the 10th and 20th. Acceptance for mailing at special
rate of postage provided for in Section 1103, Act of October 3, 1917, author-
ized July 13, 1918.

Annual su‘)scripuon rates: (a) INDUSTRIAL EprtionN $5.00; (b) ANALYTI-
cAL Eprriox $2.00; (c) News Eprriox $1.50; (a) and (b) together, $6.00;

(a), (b), and (¢) complete, $7.50. Foreign postage to countries not in the
Pan American Union, (a) $1.20; (b) $0.30; (c) $0.60; to Canada one-third
these rates. Single copies: (a) $0.75; (b) $0.50; (c) $0.10, Special rates
to members ! 5 s

Claims for copies lost in mails to be honored must be received within 60
days of date of issue and based on reasons other than ‘“‘missing from files."”
Ten days’ advance notice of change of address is required. Address
Charles L. Parsons, Business Manager, Mills Building, Washington, D, C.,
U. 8. A,



4 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 9, NO. 5

A. O. SMITH CORPORATION

RESEARCH AND ENGINEERING
BUILDING

In these laboratories the finest of precision equipment is used
to develop and control the production standards of Smith
products. Hevi Duty Furnaces are used for metal and ceramic
investigations.
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A WORLD ON WHEELS
. . . CONTROLLED BY GLASS!

Along every highway and by-way from coast to coast roll the
products of the automotive industry —approximately 24,000,000 <
pleasure cars, 3,800,000 trucks, consuming upwards of 17 billion &y
gallons of gasoline a year! Truly a world on wheels, kept spinning o
by more than 6,000,000 workers and over $2,000,000,000 in sales. BLUE

This industrial giant is the largest single user of steel, plate glass, :
rubber, nickel, lead, mohair, gas and oil.

And Kimble Blue Line Exax Glassware helps to guard produc-
tion and quality in the great laboratories controlling this world
on wheels.

Kimble Blue Line Exax ware assures unerring accuracy, speed 0&'
of determination, and reliability in test, control, analysis and research
— wherever it stands guard in chemical, clinical, educational and
research centers of the nation. Its brilliant BLUE LINE calibrations
are fused-in. It is retested and annealed (strain-free). It is the
choice of industry, science and medicine—for ASSURANCE!

Stocked by leading Laboratory Supply Houses throughout
the United States and Canada :

K
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s o o The Visible Guarantee of Invisible Quality s ¢ o

KIMBLE GLASS COMPANY - - .. VINELAND, N. J.
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Relible md Accirite PH Control

with the Rugged COLEMAN pH
==\ ELECTROMETER

Features that make
the COLEMAN Superior

Rugged and Simple—the liquid
junction does not drift—cannot
“freeze.”

Write for
CIRCULAR

Flexible—wide Variety of Sealed
Electrode Assemblies available.

Assymetry correctors on all models.
Automatic Temperature Corrector for
special conditions.

Buffer standardization insures con-
sistent accuracy because the instru-
ment is corrected to ACTUAL

operating conditions.

SEALED GLASS ELECTRODE—

Always Ready for use—no prepara-

SOE Combines P R A C T l c A l_ 6 :;‘R"Ti::.:icompm and Self

MODEL 3D with Automatic

Temperature Compensator

: contained.

p MAILED ON REQUEST
The New Model 3 Coleman Electrometer combines over four years pioneering with HAcasudng pH with the  Glass. Elece
the glass electrode and is meeting with an enthusiastic reception by its consistent trode” an 18 plcs; oslslnal vll‘orllt Ibv
and reliable operation. It incorporates the latest electronic developments, reduces ::::::: f';l:'cl::’,’o""o,'"‘::':;:,"; =
to practice details of design and technique that insure maximum accuracy and sim- the sll,au clc;ltode and factors that

tel H 3 2 1 must be considered In Its practical ap-
plicity. A single switch instantly shifts the instrument from pH to REDOX. o lettioas Tncludos & Blbliosahi of
The New Coleman Glass Electrode is small, and adaptable to measuring the pH of :uﬁ:g'"“ﬂ‘ articles bearing on the
nearly any material that is capable of wetting the surface of the bulb. Glass ;

Electrode is completely insulated from Grid Current the original True Impulse

Amplifier.
Canadian Laboratory Supplies, Ltd. R. W. Bergen Cincinnati Scientific Co. Greene Brothers, Inc.
32 Grenville Street 328 Chestnut Street 224 Main Street 1812 Griffin Street
Toronto, Ontario Philadelphia, Pennsylvania Cincinnati, Ohlo Dallas, Texas
Howe & French Inc. Burrell Technical Supply Co. Eberbach & Son Co.
99 Broad Street 1933 Fith Avenue 200 East Libarty Street &.n?.:néglgrdfhy So;
Boston, Massachusetts Pittsburgh, Pennsylvania Ann Arbor, Michigan /
Emil Greiner Co. W. A. Taylor & Co., Inc. Wilkens-Anderson Co. Redman Scientific Company
55 Vandam Street 872 Linden Avenue 111 North Canal Street 585 Howard Street
New York, New York Baltimore, Maryland Chicago, lllinois San Francisco, California
New Jersey Laboratory Supply Co. Phipps & Bird, Inc. Gaeo. T. Walker & Co.
235 Plane Street 915 East Street 324 Fifth Avenue, South
Newark, New Jersey Richmond, Virginia Minneapolis, Minn.

COLEMAN ELECTRIC COMPANY, INC.

308 MADISON ST., MAYWOOD, ILLINQOIS
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RUN PEIS 7B
ON PETRI DISHES

PERHAPS, in your culture work, you have noticed but little visible
difference in Petri Dishes. You may have even thought they were all
alike. Soonmer or later, however, the difference becomes apparent,
frequently at a time when it is most annoying and inconvenient.

Here is a test you can run in your own laboratory, if you wish. It will
prove conclusively that while there is small difference in cost there is a
vast difference in the quality of Petri Dishes.

Take several Petri Dishes—one of them “PYREX” Brand Ware.
Subject them to from 15 pounds to 50 pounds steam pressure in your
sterilizer for 120 hours or longer. At the end of the test, remove and
inspect them, and determine the loss in weight. (

The “PYREX” dish will have lost less weight. It will be clear,
transparent, unclouded, permitting unhampered examination of the
growing culture.

The comparatively small loss in weight of “PYREX" dishes, even
under these accelerated test conditions, indicates definitely that the
pH of the culture will not be appreciably changed by glass solubility.

This test will demonstrate to you, once and for all, the ability of a
“PYREX” Petri Dish to withstand repeated sterilization, frequent
washings—hard usage. Its exclusive beaded edge gives it unparalleled
mechanical strength. You already know of its superior heat-resistant
qualities.

Run this destructive, yet con-
structive test. Convince yourself
that it pays to specify “PYREX”
Brand Petri Dishes.

Only 38c per pair; substantially
lower pricesin quantity purchases.

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

CORNING GLASS WORKS

Corning, New York

LABORATORY GLASSWARE
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Photo through courtesy of Kelsey-Hayes Wheel Corp.
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The Wire That Made
Electrical Heat Possible

THE FRONT LINE OF DEFENSE

@® In every well controlled plant, like the Kelsey-Hayes
Wheel Corp., the laboratory is the front line of defense, in
behalf of quality. Stalwarts in that line are Hoskins Elec-
tric Furnaces, whose Chromel units are noted for their abil-
ity to ‘‘take it.”’ Noted also, for the ease with which they
may be renewed . . . For your own needs, we or your dealer
will gladly give you full information on Hoskins Electric
Furnaces, described in Catalog-55Y . . .. Hoskins Manu-
facturing Co., Detroit, Michigan. )

HOSKINS

Electric FURNACES
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CENCO-DU NOUY
INTERFACIAL TENSIOMETER

For Precision Measurements of Tensions at Liquid-Liquid
and Vapor-Liquid Interfaces

INTERFAGIALTENSIONETER
uan?ng;mu DIRECT READING MODLL

CENTRAL SCIENTIFIC CO.
Ne % CHICAGO, U, S-A
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HE phenomena of absorption, cataphoresis, condensation, emulsification, evaporation, miscibility,

osmotic pressure, solubility, etc., are present in many industrial procedures or are involved in the
use of some industrial products. Through a clear knowledge of the surface or interfacial tensions of the
materials employed, modifications may be made to establish optimum values for the most rapid or effi-
cient promotion of a process or the improved utility of the product.

The rapidity with which measurements may be made, the small quantity of liquid required for the
measurement, and the lack of necessity for arduous mathematical calculations to determine the results,
make the ring method a preferred method for all kinds of work involving the measurement for the sur-
face tensions of liquids. For colloidal solutions where the surface tensions change rapidly, only the ring
method can be employed with success.

70540 INTERFACIAL TENSIOMETER, Cenco-du Nouy, complete with torsion wire, 6 cm platinum-iridium

ring, olive green enameled metal carrying case and directions foruse............... Each $175.00

CENTRAL ScIENTIFIC CoMPANY:
CHICAGO %HIRALL §1“Cméﬂl\n§v.‘ .:..ucqs g Do 4 L«kﬂﬂjﬁ-“&

D 3 W Neestest el BOSTON
DE _MA 79 Amh St.
1700:1:3;2: 2 SCIENTIFIC TCPEN X LABORATORY 22 d:’:‘ A‘
sels INSTRUMENTs ~ \RIWL)  APPARATUS s

New York « Boston « CHICAGO -+ Toronto » Los Angeles
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A.H.T. CO. SPECIFICATION

B. U R ET T ES

S

ﬁ Stopcocks. The stopcocks are attached directly to the cylinder of the burette without
i { the slender connecting spindle formerly used. The plugs are all of 12 mm dmmeter at the
o | central bore.

Stopcock plugs are all finished with a deep ground corrugation and supplied with a
rubber washer—a most important practical improvement.

All stopcocks of these Burettes are properly lubricated and fastened in place. It is
necessary only to wash and dry before use. The stopcock plug need not be removed.

: These Burettes are tested for leaks by immersing the lower portion, including the
stopcock, in a beaker of water and applying air under pressure—15 inches of mercury—to
the barrel.

“All-round” graduations. Thin, sharply defined, white lines extend over half the
circumference of the cylinder, with evelg' fifth division extending beyond the single division,
and every tenth graduation continued entirely around the cylinder, this method being
commonly designated as “all-round” graduation, which feature, in combination with the
thin white line used by us, greatly facilitates reading of the meniscus particularly with No.
2501 Burette Reader (described in pamphlet EE-84, copy sent upon request).

Tapered tips. The internal diameter of the delivery tips on stopcock burettes is a
gradual taper, extending from 20 to 30 mm from the end, to avoid the inaccuracy caused
by suddenly constricted tips. The wall at the end of the tlp is approximately 1!/, mm thick
and carefully fire finished. The tips all extend for 80 mm below the stopcock to avoid
splashing in use.

Delivery time. The delivery time of stopcock burettes is controlled between approxi-
mately 40 seconds for 25 ml burettes and 65 seconds for 100 ml burettes.

Uniformity. Tubing is selected of uniform bore so that, within reasonable tolera.nces,
the linear graduated distance on all burettes of the same capacity is identical.

Accuracy. All A.H.T. Co. Specification Burettes are guaranteed to be within the
following tolerances for total or partial capacity, these having been established as reason-
able for routine work:

Capacity less than, Limit of Percentage
and including: Error: Error:
10 ml (.04 ml 0.4%
25 ml (.06 ml 0.24%,
50 ml =(.10 ml 0.2%
2404 100 ml (.20 ml 0.2% 2436

2404. Burettes, A.H.T. Co. Specnﬁcatxon, as nbove described, with strmght gluss st,opcock

Capacity, ml. . 8 10 25 50 100
Grad\mtlonmtervalml s el e et e el e 1/ 20 1/10 1/10 1/5
Each. . A R A AR s T o B S s on g B 1.80 2.00 2.70
"O%dlscountmcasecontammg 48 48 36 24
Code Word. .. .. . Berow Berrq Beryc  Besfo

10% discount in carton conta.mmg 12 25% discount in case containing 144.

SCHELLBACH BURETTES AH.T. Co Specification, with dark blue enameled stripe on white background for con-
venient and accurate reading of meniscus. For obvious reasons Schellbach Burettes are not furnished with the ‘‘all-round”

gradq%%)n They are otherwise in exact accordance with the requirements for A.H.T. Co. Specification Burettes as above
eseri

2436. Burettes, Schellbach, with straxght glass stopcock

Capacity, ml.... 25 50 100
Graduatlonmtenalml 1/10 1/10 1/6
Each. . ot oo e S SR e S e S e R N 29263510 3.75 5.25
20%dlscountmcasecontmnmg 48 36 24
Code Word . . Bhdah  Bhdoe Bhdyk

10% discount in carton contmmng 12 25% discount in case contmnmg 144,

For complete assortment of A.H.T. Co. Specification and other Burettes, including
Certified Burettes, see pages 114 to 122, incl., of our current catalogue.

ARTHUR H. THOMAS COMPANY

RETAIL—WHOLESALE—EXPORT

LABORATORY APPARATUS AND REAGENTS

WEST WASHINGTON SQUARE
PHILADELPHIA, U.S.A.

Cable Address, ‘‘Balance,” Philadelphia
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- Determination of Silicon in Aluminum and
Aluminum Alloys

H. V. CHURCHILL, R. W. BRIDGES, AND M. F. LEE, Aluminum Research Laboratories, New Kensington, Pa.

REVIEW of the literature shows that analytical chem-

ists have been more or less dissatisfied with the
status of procedures for the determination of silicon in
aluminum and aluminum alloys. The main basis of uncer-
tainty lies in the fact that conventional methods of acid
decomposition of the sample often yield a residue after de-
hydration which contains both silicon and silica. This situa-
tion is satisfactorily met by an alkaline fusion of the residue
which oxidizes the silicon so that all the silicon before vola-
tilization is present as silica. Callendar (2), however,
pointed out the possibility and the actuality of errors in the
determination of silicon by means of acid solution of the
sample. The error was shown to be caused by a volatiliza-
tion loss of silicon during solution of the sample. The
possibility of such error has been tacitly recognized in most
silicon methods by the use of oxidizing acids. Thus the
inclusion of nitric acid in most acid mixtures recommended
has silicon oxidation as one of its purposes.

Analytical work on various aluminum alloys prepared
under careful control seems to indicate that acid decom-
position yields satisfactory results in most cases, although in
others low results seem to be produced.

It seems obvious that silicon losses would be affected by
the exact kind of acid used, the physical condition of the
silicon as controlled by the thermal history of the metal
being analyzed, and possibly by the compounds in which
the silicon occurred. Typical analytical data covering the
above points are shown in Table I. In the second column
0, H, W, and T have the following meaning: O designates
metal which is fully annealed. H designates metal in a
hard temper produced by cold working. W means temper
of metal produced by solution heat treatment without any
subsequent precipitation heat treatment. In the case of
178, T refers to the temper of metal produced by solution
heat treatment followed by aging at room temperature.
In the case of 518, 7' means the temper produced by solu-
tion heat treatment followed by a precipitation heat treat-
ment. The third column refers to the use of an acid mix-
ture made up of 485 cc. of water, 115 cc. of sulfuric acid,
200 ce. of hydrochloric acid, and 200 cc. of nitric acid. These
proportions are not fortuitous but are the resultant of evo-
lution based upon necessity. Smaller proportions of nitric
acid result in low silicon recoveries.

The data in Table I are representative of a larger amount
of data which cannot be presented within allowable space
limitations. Data indicate satisfactory agreement between

201

tri-acid and sodium hydroxide results except in specific
cases discussed below, and indicate a trend toward low re-
sults in the case of perchloric acid.

SiLicoN CONTENT OF ALUMINUM AND ALUMINUM
AvLLoYs

(As determined after three methods of decomposition)
Metal Decomposed by:

TasLE 1.

: Ti- Perchloric Sodium
Alloy Temper or Thermal History acid acid hydroxide
% % %

518 0 0.93 0.92 0.94
0.93 0.93 0.93
518 w 0.85 0.75 0.94
0.86 0.73 0.93
518 T 0.89 0.84 0.93
0.88 0.84 0.94
178 H 0.50 0.51 0.51
0.51 0.51 0.51
178 0 0.48 0.49 0.49
0.48 0.49 0.48
178 T 0.48 0.48 0.49
0.48 0.47 0.49
28 H 0.19 0.17 0.19
0.19 0.17 0.19
2S 24 hours at 148.89° C. (300° F.) 0.20 0.16 0.20
0.19 0.16 0.20
28 24 hours at 260° C. (500° F.) 0.20 0.17 0.21
0.19 0.17 0.21
38 H 0.25 0.25 0.25
0.25 0.24 0.25
358 24 hours at 300° C. 0.26 0.24 0.25
0.25 0.25 0.27
38 24 hours at 500° C. 0.25 0.26 0.26
0.25 0.25 0.28
438 H 5.06 4.96 5.05
5.05 4.97 5.05
438 24 hours at 148.89° C, (300° F.) 5.06 4.97 5.03
5.05 4.98 5.06
4.99 4.91 5.00
438 24 hours at 260° C, (500° F.) 5.00 4.91 5.03

Marked differences between the tri-acid and the sodium
hydroxide results are shown in the case of 51S-W and 51S-T'.
Satisfactory agreement is shown between the two methods
when 51S-0 is analyzed for silicon. Table II shows the
normal alloying constituents or impurities present in the
alloys.

Tasre II. NominaL ComMposITION OF METALS ANALYZED
28 38 438 178 518
% % o %
Silicon Is I 5.00 I 1.00
Iron I I I I I
Manganese i 1.25 £ 0.50 2
Copper I I I 4.00 I
Magnesium 0.50 0.60

a T indicates element present only as impurity.



i
\

202 INDUSTRIAL AND ENGINEERING CHEMISTRY

It is apparent that significantly discrepant results occur
only in the case of aluminum alloyed with magnesium sili-
cide and then only when the metal is in a heat-treated con-
dition.

In laboratories wherein aluminum and aluminum alloys
are analyzed on a routine basis, the filtrate from the silicon
determination is used for the determination of other ele-
ments. When the tri-acid method is used for silicon, this
filtrate is a sulfate solution which is convenient for further
work. The filtrate, when the sodium hydroxide method is
used, may consist of either sulfates or perchlorates according
to which acid is used for dehydrating silica. However,
the solution contains large amounts of sodium salts which
are somewhat undesirable.

The tendency toward low results found when perchloric
acid is used as the decomposition reagent is somewhat disap-
pointing; the use of this acid is usually desirable in determin-
ing silica, since dehydration of silica is satisfactory and the
subsequent re-solution of salts is more easily effected than
when sulfuric acid is used.

The data shown are representative of many other data, all
of which indicate that while the tri-acid method is satisfactory
in most cases the sodium hydroxide method should be used
when aluminum-magnesium silicide alloys are analyzed for
silicon.

The following methods give satisfactory service in deter-
mining silicon in aluminum and aluminum alloys.

Tri-Acid Solution Method

Place 1 gram of sample in a 250-cc. beaker. Keeping the
beaker covered as much as possible, cautiously add 35 ce. of acid
mixture No. 1 (485 cc. of water, 115 ce. of sulfuric acid, 200 cc.
of hydrochloric acid, and 200 ce. of nitric acid). When no fur-
ther action can be seen, evaporate till heavy fumes of sulfuric acid
are evolved for 15 minutes, cool, add 10 cc. of 1 to 3 sulfuric acid
and 100 ce. of hot water, and boil until salts are dissolved. Stir
in some lPaper ulp, filter through a close-textured paper, and
wash well with hot water. Evaporate the filtrate to fumes, cool,
dissolve in water, add pulp, filter, and wash as before. Ignite the
residues in a platinum thimble. After cooling, mix with 1 to 8
grams (depending on amount of residue) of sodium carbonate.
Fuse cautiously until nearly quiet, then finish with a strong heat.
Run the melt up the sides of the crucible, cool, and place in a
beaker with 50 ce. of 1 to 3 sulfuric acid.

When the melt has dissolved, remove the crucible, washing it
out into the beaker. Evaporate, continue heating until heavy
fuming has taken place for at least 15 minutes, and remove from
heat. While still moderately warm, add a little cold water, fol-
lowed by 100 ce. of hot water. Heat to complete solution of the

YOL. 9, NO. 5

soluble salts, but avoid too long treatment, as the silica tends to
redissolve. Filter, after stirring in some paper pulp, and wash
thoroughly with hot water. Evaporate the filtrate and heat to
fuming again to separate silica, which may have escaped the
former dehydration, and combine with the first residue obtained.
Dry the filters with contents, then ignite in a platinum crucible
at 500° C. until free from carbon, finish at 1000° C., cool, and
weigh. Moisten with a few drops of diluted sulfuric acid and add
several cubic centimeters of hydrofluoric acid. Evaporate dry,
ignite, cool, and weigh again. 'The loss in weight represents silica.
Deduct a determined blank. Silicon = silica X 0.4672.

Sodium Hydroxide Solution Method

Dissolve 0.5 to 1.0 gram of sample in a covered Monel metal
beaker, using 15 cc. of 30 per cent sodium hydroxide solution.
When violent action ceases, place on a bhot plate and heat gently
until the volume of solution is reduced to about 5 cc. If the
solution is still dark, add 2 or 3 cc. of 3 per cent hydrogen peroxide
to hasten oxidation and again reduce the volume to about 5 cc.
Transfer the concentrated sodium hydroxide solution to a Pyrex
beaker containing 80 cc. of 1 to 1 sulfuric acid. Thoroughly
police the Monel metal beaker and, using a few cubic centimeters
of dilute sulfuric acid, wash any adhering material into the Pyrex
beaker. Add 2 ce. of concentrated nitric acid. Evaporate to
copious fumes and finish by the usual silica volatilization proce-
dure. (This method with double dehydration was used to obtain
results shown in last column of Table I.)

AvrerNATIVE METHOD. (This procedure is now preferred to
the one given above because after dehydration salts are more
easily dissolved.) Transfer the solution to a Pyrex beaker con-
taining 65 cc. of 1 to 1 sulfuric acid and 20 cc. of 60 per cent per-
chloric acid. Thoroughly police the Monel beaker and cover and,
using a few cubic centimeters of dilute sulfuric acid, wash any ad-
hering material into the Pyrex beaker. Make double dehydra-
tion by evaporation to copious fumes and finish by usual silica
volatilization procedure.

Another alternative procedure, substantially as published by
the Aluminum Research Institute (1), is: Neutralize the con-
centrated sodium hydroxide solution with 1 to 1 hydrochloric
acid and transfer it to a Pyrex beaker. Add 20 cc. of 60 per cent
perchloric acid. Evaporate to copious fumes, cool, add 50 cc.
of hot water, bring to a boil, filter at once using an ashless paper
pulp, and wash with warm 1 per cent hydrochloric acid. Add 10
cc. of perchloric acid to filtrate, fume, and filter as before. Dry
the filters with contents, then ignite in a platinum crucible at
1000° C. Add a few drops of sulfuric acid and ignite to constant
weight. Cool and weigh. Finish by the usual silica volatiliza-
tion procedure.

Literature Cited

(1) Aluminum Research Institute, Standard Methods for Sampling
and Analyzing of Aluminum and Certain Aluminum Alloys,
1932.

(2) Callendar, L. H., Analyst, 58, 81 (1933).

Recervep February 5, 1937,

Determining the Aniline Point of Dark
Petroleum Products

LEON DONN, The Texas Company, Beacon, N. Y.

HE aniline point (2) is the solution temperature of an
oil with an equal part by volume of aniline. The Insti-
tution of Petroleum Technologists (1) describes a method for
the determination of the aniline point of an oil, and remarks,
regarding opaque oils (3), that their aniline points can usually
be determined with suitable illumination or by observation of
the thin film of the mixture which is splashed up on the sides
of the tube during stirring.
This method works well with both transparent and not too
dark oils. In the case of really opaque materials, however,
it is practically impossible to obtain better than a rough ap-

proximation of the correct result. In view of this, a method
has been developed particularly for dark products and has
been found to give results that are in excellent agreement with
those obtained by the I. P. T. method.

A consideration of the viscosity of a slowly cooling solution
of two liquids in the region of their solution temperature re-
veals the following facts:

1. Above this temperature where true solution holds, the
viscosity of the solution increases uniformly with decreasing tem-
perature.

2. When, on cooling, the solution temperature is reached
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and the solution begins to separate into finely divided particles
of its components, the emulsion-like mass thus momentaril
formed causes a sharp increase in viscosity. This sharp peal
corresponds very closely to the aniline point obtained by visual
methods.

3. As the temperature continues to fall below the solution
temperature, the particles of components grow rapidly in size
so that the emulsion no longer holds. During tgis period o
cooling the viscosity is found to decrease rather than increase
with cooling. This serves to accentuate the high viscosity peak.

Apparently, a study of the viscosity of a solution in the neigh-
borhood of its solution temperature reveals its aniline point.

Procedure

Equal parts by volume of dry distilled aniline and sample are
introduced into an Ostwald viscometer and the viscosity tube is
heated by means of a suitable bath to a temperature sufficiently
high to cause complete solution. During the heating, the mix-
ture of sample and aniline is agitated by applying very gentle
suction to the wide end of the viscometer, thereby causing a slow
bubbling of air through the mixture which stirs it thoroughly.
Solution having been effected, the bath is permitted to cool very
slowly. At the same time relative viscosity readings are begun
at this temperature above the aniline point, and continued as
rapidly as possible during the cooling period. The time of out-
flow steadilpoincreases with falling temperature until a maximum
time of outflow is obtained. Thereafter, through a comparatively
long period, the readinfg,s continually decrease with falling tem-
perature. It has been found that the temperature corresponding
to this maximum reading corresponds very closely with the ani-
line point obtained by the I. P. T'. method.

The aniline used was of c. ». grade, and was dried by contact
with anhydrous potassium carbonate for several days, and then
t(_listilled. Only the middle portion of the distillate was retained
or use.

The Ostwald pipet corresponded to Eimer and Amend Catalog
No. 32804 and had a time of outflow of 15 seconds at room tem-
perature for a charge of 5 ml. of water.

The approximate temperature of complete solution can be
determined in several ways, the simplest being by noting the
appearance of the mixture in the capillary of the viscometer
after a short stirring period. For very dark samples, whose
solutions were even too opaque for observation through the
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finest viscometer capillary, a micromethod was employed,
which consisted in rapidly transferring a drop of hot solution
to a hot but gradually cooling microscope warming stage
equipped with a thermometer, and promptly covering the
drop with a cover glass. Observation through the micro-
scope of the thin film produced by the drop between the two
glasses showed the aniline point by the change in appearance
from a clear, transparent, though often highly colored film, to
the formation of a grainy film, the grains of which grew con-
tinually larger until small droplets were definitely formed.
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The first indication of graininess in the film was taken as the
approximate aniline point, and the heating bath for the vis-
cosity method was started at a temperature a few degrees
higher than this. The behavior of the sample and aniline in
the viscometer serves also to show whether the solution is
complete. Successive viscosity readings of a complete solu-
tion with agitation of the solution between each reading should
agree consistently with each other, while readings of an in-
complete solution taken in the same way will be erratic and

Tasre I.  SorurioN TEMPERATURE

Narrow-Tube Viscosity
Method Method
Run 2

Capillary-
Tube  Micro-

TSRS
Sample Method Method method Runl Run2 Runl

S0 2.Ci 20 SO0 S:C: 20t
1 A 71.2 5 o o5 71.8 71.95
2 o Over 80 o's e e 88.0 88.1
3 55 Over 90 oo ¥ 5 94.1 93.9
4 i 89.8 it e e 89.9
5 e A ik i 63.6 63.7
6 i ey 56.5 57.5 57.5 57.7
7 o 6 65.0 66.0 65.8 685.7
8 3 i 48 49 48.7 48.8
9 = 41 oo sy 41.8 41.6
10 ) 26.5 26.8 26.85
11 oé 35 37.3
12 30 77.5 76.8 76.9
13 =5 72.5 75.6 75.3
14 S 23 22.8 22.7
15 & 69 67.3 67.3
16 5 60 57.5 58.0
17 ] 54 49.0 49.0
18 e 60 58.0 59.0
19 5 69 64
20 73.5 73 73.3 73.5
21 68 % 68 68.1
22 43.8 45 v s
23 46.9 49 oE
24 48.4 49 o 2% o
25 63.5 s s e 64
26 Approx. 98 S e e 99.6 99.5
27 Over 98 e 53 i 104.2 104.2
28  Over 95 i S 3% 101.4 101.5
29 wol eos e oe ol 91 90.5
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not agree, because of varying amounts of each ingredient run-
ning through the capillary.

Slow cooling of the bath is accomplished by having the
immersion heater wired in series with a heavy rheostat. By
adding or taking away resistance from the heater, the cooling
can be cut down to a very slow rate. A smooth rate of cool-
ing of about 1° C. in 5 to 10 minutes was found to be satisfac-
tory. In case a sample has a solution temperature below
room temperature, an immersed copper cooling coil is a con-
venience for further lowering the bath temperature.

Table I compares solution temperatures of different samples
by various methods. The narrow-tube method is a modifica-
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tion of the I. P. T. method in which the test tube employed is
a very narrow one and the quantities of sample and aniline
are reduced to 1 ml. each.

TABLE II. READINGS ON THREE SAMPLES
Sample 10 Sample 25 Sample 28
Time of Time of Time of

Temp outflow Temp. outflow Temp., outflow
20} Sec. {of Sec. e, Sec.
28.0 36.2 68.0 20.1 104.2 37.4
27.9 36.6 67.5 20.3 103.8 38.0
27.8 37.1 65.7 21.1 103.6' 38.2
27.7 37.4 64.8 21.8 103.1 39.0
27.5 38.0 64.5 22.7 102.8 39.4
27.4 38.7 64.0 23.8 102.25 40.2
27.3 39.2 63.6 23.4 101.8 41.4
27.2 39.8 63.2 23.2 101.6 42.6
27.1 40.5 62.4 22.9 101.3 42.3
27.0 41.4 62.0 22.8 101.2 41.6
26.95 42.4 56.2 24 .4 101.0 38.0
26.9 44.0 55.7 24.7 5

26.8 44.9 54.9 25.5

26.7 44.8 S o1

26.6 44.0

26.5 43.6

26.4 43.0

Table IT and Figures 1, 2, and 3 illustrate the rise of the
viscosity to a peak and its subsequent fall, the peak represent-
ing the aniline point. Readings on run of sample 25 were con-
tinued in order to show the second upward turn of viscosity
after the peak in viscosity had been reached.

Summary

A new method is deseribed for the determination of aniline
point or solution temperature, applicable particularly to dark-
colored samples.
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Refractive Index of Strontium Nitrate

M. L. YAKOWITZ AND P. S. JORGENSEN
Food and Drug Administration, U. S. Department of Agriculture, San Francisco, Calif.

HE use of immersion. methods for determining the

refractive indices of solids requires a series of immersion
liquids whose refractive indices are known with an accuracy
of about 0.001. The refractive indices of the immersion
liquids may be determined in a refractometer or by use of a
series of isotropic crystals whose refractive indices are known.
Chamot and Mason (2) list such a series of isotropic crystals
to be used in determining the refractive indices of liquids by
immersion methods. In this list, the refractive index of
strontium nitrate [Sr(NO;).]is given as 1.567.

While checking the refractive indices of a set of immersion
oils, it was found that the value given by Chamot and Mason
isincorrect. The refractive index of strontium nitrate deter-
mined by the immersion method, using white light, is 1.586.
The sample of strontium nitrate used was analyzed and found
to be pure Sr(NOs). with less than 0.1 per cent water.

A check of the literature showed that the refractive index
of strontium nitrate is given as 1.5667 by International
Critical Tables (7), Fry (5), and Landolt, Bornstein, and
Roth (9). The compilers of these tables apparently took
the value of 1.5667 from the standard work of Groth (6),

who depended upon the determinations of Fock (4) and Craw
(8). The correct value is given by Behr (Z) who found
strontium nitrate to have a refractive index of 1.5878, using
sodium light and the more accurate crystal refractometer.
Keenan (8) states that he has depended on Behr’s deter-
mination, which appears to be more nearly correct.
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- A Comparison of Quantitative Methods for
the Determination of Copper

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

HE three most widely used methods for the quantita-

tive determination of copper are the electrolytic, the
gravimetric, based upon the precipitation of cuprous thio-
cyanate (or a combination of this with an oxidation titration),
and the volumetric, which depends upon the fact that bi-
valent copper will liberate an equivalent amount of iodine
from a soluble iodide. Iach method has certain advan-
tages and disadvantages.

The electrolytic method is most susceptible to error in the
presence of other ions. The gravimetric thiocyanate method
is applicable in the presence of ions other than those of lead,
mercury, tellurium, selenium, and the precious metals. The
iodometric method is also widely applicable, the interfering
substances being arsenic, antimony, iron, hexavalent molyb-
denum, selenium, and the oxides of nitrogen. In the majority
of cases met in practice, the interfering elements in the
iodometric method can be controlled by the use of a buffer
solution and by the addition of suitable reagents (4, 6).

Recently it has been shown (2) that the volumetric method
is capable of giving more exact results when the usual pro-
cedure is modified slightly, and the present work has been
carried out with the purpose of comparing this modified iodo-
metric method with the standard methods. This modifica-
tion consists simply of the addition of 1 to 2 grams of a soluble
thiocyanate to the solution after almost all of the iodine
liberated has been removed by the thiosulfate solution. With
this modification the method is so nearly quantitative that
the iodine standard of the thiosulfate may be calculated in
terms of copper without the need for an empirical stand-
ardization with copper. In the presence of the interfering
elements already noted, the arsenic, antimony, and iron are
oxidized and a buffer solution is prepared, which will prevent
the pentavalent arsenic and antimony from liberating iodine
from the potassium iodide. The ferric iron is converted
into a complex fluoride (5). Park (6) recommended the use
of a phthalate buffer, for the reason that the reaction liberat-
ing iodine proceeds too slowly in the presence of the more
usual acetate buffer solution. However, with the modifica-
tion mentioned (2), an acetate buffer may be used. Sodium
fluoride or ammonium bifluoride may be used to form the
complex iron fluoride. During the progress of this work an
article appeared (1) pointing out that the addition of am-
monium bifluoride to an acid solution produces a buffer solu-
tion of the correct pH to prevent the interference of arsenic
and antimony, as well as the interference of iron. This pro-
cedure was also included in the methods studied.

Procedures

The electrolytic method (a) was the usual procedure as
described by Hillebrand and Lundell (8).

The gravimetric thiocyanate method (b) was according to
Hillebrand and Lundell (3) or that recommended by Kolthoff
and v. d. Meene (4).

The iodometric method (¢) using an acetate buffer was
carried out in the following manner:

The samples were dissolved in aqua regia with subsequent
addition of potassium chlorate. The equivalent of 10 ml. of 6 N
sulfuric acid was added and the nitric acid was removed com-
pletely, often with an additional evaporation with hydrochloric
acid. The residue was taken up in 20 to 40 ml. of water and the
equivalent of 25 ml. of 6 N acetic acid and 12 ml. of 6 N ammonium
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hydroxide was added. The resulting buffer solution has a pH of
approximately 3.7. Interfering elements were, in general, added
before the solution of the copper ore. Following the preparation
of the buffer, sodium fluoride was added directly before titra-
tion, 1 gram being used for every 0.1 gram of iron.

The iodometric method (d) using ammonium bifluoride
was identical with (¢) except that no acetic acid nor ammonia
was added, the bifluoride being added directly to the sulfuric
acid solution.

TaBre I. Anavysis oF Ore aND COPPER SULFIDE®
Maximum Maximum
Method Chalcocite Ore  Deviation  Copper Sulfide Deviation
CuCNS 74.47 0.05 (7)b +0.11 64.01 0.02 (4) —0.06
Iodoacetate 74.36 0.03 (7) +40.08 63.98 0.03 (5) +0.09
Electrolytic 74.44 0.04 (3) +0.07 64.05 0.02 (3) +0.03
lodofluoride k Astsh e 63.98 0.03 (6) +0.11

¢ Deviation indicated is the mean deviation. : )
b Numbers in parentheses refer to the number of experiments carried out
using the particular procedure.

To the solutions resulting from procedures (c) or (d),
potassium iodide was added and the liberated iodine titrated
with sodium thiosulfate with the addition of ammonium
thiocyanate near the end point. The sodium thiosulfate
was standardized against nearly pure copper of known copper
content.

The source of the copper used in the determinations was
either a specially prepared sample of cupric sulfide or a chalco-
cite ore, kindly provided by Professor Bateman of the Depart-
ment of Geology of this university. The results showed no
essential differences, whichever of the two samples was used.
Arsenic and iron were added together in the form of arseno-
pyrite, or separately as dihydrogen potassium arsenate and a
solution of ferric nitrate. The antimony was in the form of
potassium antimonate.

The samples of copper sulfide and chalcocite were very
finely ground and as a consequence either oxidized or ad-
sorbed moisture very slightly over the period of time during
which the experiments were performed. In order always to
be able to compare the results with the known copper con-
tent of the pure samples, the two sources of copper were
analyzed frequently, in most cases a sample of the pure ore
being run simultaneously with the analysis of the same ore to
which interfering elements had been added.

Table I shows the results of analyses of the synthetic cupric
sulfide or chalcocite. The term “iodoacetate’” refers to the
modified iodometric method in an acetate buffer, while
‘Godofluoride” refers to the same method using a fluoride-
bifluoride buffer solution alone.

Interfering Elements

In the presence of the interfering elements normally found
in copper ores or alloys, the electrolytic method is not appli-
cable, s0 it was used only in analyses of the pure sulfides. Its
use here, however, serves to show the high accuracy of the
volumetric method; in general, the volumetric method agrees
approximately within one part in a thousand with the two
gravimetric methods, though it is definitely low by that
amount. The possibility that there were traces of interfering
elements in the chalcocite ore was considered; in fact, 0.02
per cent of silver was found and the results are corrected by
that amount. All other elements which might interfere were
found to be absent.
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Tasre II. ANALYSES IN PRESENCE OF INTERFERING ELEMENTS®
Substances Added Fe Fe AsV Sbv ———————Arsenopyrite Fe + As Fe + As + Sb
Gram Gram Gram Gram Gram Gram Gram Gram Gram
Amounts 0.05-0.14 0.2-0.3 0.04-0.2 0.008-0.023 0.1-0.2 0.3-0.4 0.1-0.2 + Fe 0.07-0.14 Fe 0.07-0.2
5 Fe 0.07-0.14 As 0.05-0.2 .gls; 88?3(_)2
CuSCN b —0.07(8)b —0.12(3) —0.05(6) —0.09(6) —0,05(3) 5 =-0705(2) e ho. e vie dm e i B e T
Maximum deviation —0.14 —0.15 —0.21 —0.19 —0.22 = ) O s R e M s s e e
Iodoacetate —0.03(9) —0.05(5) -+0.02(9) —0.09(5) —0.08(7) —0.30(3) =—0.27(2) —0.20(8) —0.18(3)
{\isthurpddevmtmn —8.20(7) —8.52(3) +0.14 —0:17. —0.28 —0.40 —0.28 —0.38 —0.28
odofluoride =0 == 0203 (3) 2t S R R =0: —0.02(2 - —=0. 5
N arimumdeviaton - oA =Nl BT e oot gl i) ) e

@ Yigures given for each method are mean deviations from per cent of corper in pure sample.
n

b Figures in parentheses give number of determinations carried out in eac

particular case.

The results of nearly 100 analyses carried out in the pres-
ence of interfering elements are given in Table II. The
arsenopyrite used had the following percentage composition:
Fe, 33.88; As, 45.35; S, 19.62; SiO,, 0.87. Copper, if
present, amounted to less than 0.02 per cent and was dis-
regarded.

The size of sample of ore or cupric sulfide was varied within
wide limits, and about half the results were carried out
using a weight buret, the other half being with a volume
buret.

Several conclusions may be drawn from the results: The re-
sults are generally low by a small amount. The iodofluoride
method fails in the presence of more than 0.15 gram of iron
(column 2), but is slightly more accurate than the iodo-
acetate method in the presence of large amounts of arseno-
pyrite (column 6). In general, the results of the volumetric
methods are excellent. In the presence of usual amounts of
iron and arsenic, such as are likely to be found particularly
in ore analysis, it is of no consequence which of the two volu-
metric procedures is used, and both are in perfect agreement
with the more laborious method involving the precipitation of

copper thiocyanate (column 5). It was always noted that in
using the iodofluoride method the end point was distinctly
yellow rather than white, and consequently not quite so
sharp as in the iodoacetate method. Column 9 shows the
results of the iodoacetate method in the presence of all three
commonly occurring interfering elements.

The gravimetric procedure is applicable in the presence
of as much as 35 mg. of antimony; the results are not shown
in the table.
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Determination of Rotenone in Derris and Cube

Crystallization from Extracts

HOWARD A. JONES, Bureau of Entomology and Plant Quarantine, U. S. Department of Agriculture, Beltsville, Md.

B VERAL years ago the author proposed a method for the
determination of rotenone in plant material involving
extraction and crystallization with the use of carbon tetra-
chloride (4). Since that time numerous similar methods have
been proposed, usually employing other extraction solvents,
but in most cases crystallizing the rotenone from carbon tetra-
chloride. Cahn and Boam (2) have made a detailed study
of the extraction and crystallization and have proposed a
modified procedure embodying several improvements. They
have, however, questioned the accuracy of the crystallization,
particularly for samples of low rotenone content. Other in-
vestigators (Z, 3, 6) have stressed the need of more rapid
extraction and have suggested other solvents, but have made
no detailed study of the crystallization. The method used
in this laboratory has also been changed from time to time
since the procedure was published. The need for a shortened
procedure and the importance of a knowledge of the accuracy
of the determination have led to a more detailed study of this
method for rotenone determination.

The method involves two phases, extraction and crystal-
lization. It is necessary to decide on the latter procedure
first, since errors in, or improvements of, the extraction can
be studied only by means of crystallization. The present

article will be confined to a description of the crystallization
procedure adopted, a discussion of its mechanism, and an
evaluation of its accuracy.

Proposed Crystallization Procedure

The crystallization procedure finally adopted is similar to
the original method, but the size of sample has been reduced,
precautions have been taken to assure quantitative crystal-
lization, and a test for the purity of the separated solvate has
been introduced. The exact procedure is as follows:

The extract from a 25-gram sample of root in a 125-cc. Erlen-
meyer flask is evaporated on the steam bath in a current of air
until free of solvent. The residue is tréated with exactly 25 ce. of
carbon tetrachloride, the flask is loosely stoppered, and complete
solution is effected by gentle warming. he extract is next
cooled in an ice bath for several minutes and then seeded with a
few crystals of rotenone—carbon tetrachloride solvate. The
flask is then tightly stoppered and swirled until crystallization is
apparent. If at this stage only a small amount of crystalline
material separates, an accurately weighed quantity of pure
rotenone should be added, the mixture warmed to effect com-
plete solution, and crystallization again induced. Sufficient
rotenone must be present so that the result, expressed as “pure”
rotenone, is at least 1 gram. At the same time a solution of ro-
tenone in carbon tetrachloride containing 0.27 gram per 100 cc.
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of solution (the solubility at 0° C.) is prepared for use in washing.
The extract and the washing solution are then placed in an ice
bath capable of maintaining a temperature of 0° C. overnight.:

In the morning (the method is based on a crystallization time
of 17 to 18 hours) the extract is filtered rapidly through a weighed
Gooch crucible in the bottom of wbich has been placed a disk of
filter paper, the flask being removed from the ice bath only long
enough for pouring a small portion of extract into the crucible.
The separated crystalline material is rinsed from the flask and
washed under suction with sufficient of the ice-cold saturated
solution (usually 6 to 10 cc.) to remove the excess mother liquor.
Suction is applied for about 5 minutes, and then the material is
dried to constant weight at 40° C., which usually requires about 1
holur. This is the weight of crude rotenone-carbon tetrachloride
solvate.

The contents of the crucible are then broken up with a spatula
and thoroughly mixed, and a 1-gram sample is placed in a 50-cc.
Erlenmeyer flask where it is treated with 10 cc. of alcohol which
has been saturated with rotenone at room temperature. The
flask is swirled for a few minutes and then tightly stoppered and
set aside at the same temperature for 4 hours. The mixture is
then filtered at the same temperature through a weighed Gooch
crucible with filter-paper disk. The erystals are rinsed from
the flask and washed under suction with the solution of alcohol
saturated with rotenone at the temperature of the recrystalliza-
tion. About 5 ce. are usually required for this. Suction is
applied for about 3 minutes, and then the material is dried at
105° C. to constant weight, or for about 1 hour. The weight in
grams is multiplied by the weight of crude solvate, and to the
product is added 0.07 gram, representing, the correction for
rotenone held in solution in the 25 cc. of carbon tetrachloride
used in crystallization. If any pure rotenone was added, its
weight must be subtracted from the value obtained. This
gives the weight of ‘“pure” rotenone contained in the extract
of the 25-gram root sample.

General Procedure of Study

In this study the general procedure was to make use of
aliquots of large volumes of carbon tetrachloride extracts of
several root samples, to avoid errors due to possible differences
in extraction.

In preparing an extract, 250 grams of root were treated with 1
liter of carbon tetrachloride and the mixture was boiled on the
steam bath under a reflux condenser for several hours. The
mixture was filtered by suction and the marc washed on the
filter with a small amount of hot carbon tetrachloride. The clear
filtrate and washings, refiltered if necessary, were then made to
exactly 1 liter. A 100-cc. aliquot of this represented approxi-
mately a 25-gram sample of the root. By using aliquots of a
single extract in the comparative study of any particular point
in the method, samples of exactly the same composition were
assured. These aliquots were evaporated to dryness and treated
by whatever procedure was being tested. The total solid con-
tent of each extract was determined by evaporation of smaller
aliquots. It was found that heating the dried extract on the
steam bath overnight caused considerable decomposition, and
excess heating should therefore be avoided. A number of com-
parative determinations were made by several methods of crys-
tallization in which one sample of a pair was evaporated in a
current of air and the other in a current of carbon dioxide, with
no difference in the final result.

Time of Crystallization

The rate of crystallization of the solvate is an important
factor in the procedure. It has been found that the crystal-
lization is markedly retarded by the resinous, or nonrotenone,
portion of .the extract. Thus, solutions of pure rotenone in
carbon tetrachloride reached the point of equilibrium by
crystallization, as judged by no additional separation, in &
much shorter time than did similar solutions containing equal
amounts of rotenone in the presence of other extractives of
derris and cube. Further, in the cases of both pure rotenone
and rotenone in extracts crystallization was more rapid when
larger proportions of rotenone were present, in accordance
with the established fact that rate of crystallization is greater
with a higher degree of supersaturation. Because of this fact
it seems wise to run the crystallization at as low a temperature
as practical. The results also indicate that the resinous por-
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tion of the extract exelts practically no solvent effect on the
rotenone solvate. This point will be discussed more fully in
connection with the accuracy of the method.

Purity of the Solvate

The amount of washing that should be given the separated
solvate must be left to the judgment of the analyst. Suffi-
cient wash solution should be used to remove most of the
mother liquor. Additional washing effects no appreciable
increase in purity and, as Cahn and Boam (2) have pointed
out, causes a loss even when a saturated solution is used. It
is believed that the impurity in the washed, dried solvate
crystals is principally adsorbed resin.

Cahn and Boam (2) have proposed a purity test for the sol-
vate and have found that by this test the crystals as ordi-
narily obtained are from 80 to 90 per cent pure. This test is
based on the fact that the solvate, when treated with a small
proportion of alcohol, undergoes solution and recrystallization
asrotenone, a purification resulting as in any recrystallization.
They used 5 parts of saturated aleohol to 1 part of solvate and
allowed the mixture to stand overnight at room temperature.
This method was used by the present author in preliminary
work on improving the crystallization, and found to be rather
satisfactory. However, a shorter method with a reasonable
degree of accuracy was desired.

Attempts were first made to obtain the original solvate in a
state of higher purity. Crystallization from a larger propor-
tion of carbon tetrachloride than that usually employed gave
material of higher purity, but to obtain solvate of the desired
purity by this method would require volumes of solvent so
large as to cause difficulty in handling and introduce a source
of considerable error.

To test methods of determining the purity of the separated
solvate, samples of crude solvate of known purity were pre-
pared. It was desired to have these resemble as closely as
possible the solvate obtained in the usual procedure. There-
fore, extracts containing known, small amounts of rotenone
(prepared as described under Accuracy of the Method) were
treated with an amount of pure rotenone calculated to give
the desired purity, the whole was dissolved in hot carbon
tetrachloride, and the solution evaporated to a small volume.
The carbon tetrachloride remaining after this evaporation was
considerably in excess of that required to combine with the
rotenone present as solvent of crystallization. The solution
was cooled to room temperature, and stirred continuously un-

til the solvate had crystallized to a pasty consistency. The

mixture was stirred frequently until dry. was then thoroughly
mixed, and all lumps were broken up.

It was found that, by heating these impure solvates to con-
stant weight at 105° C. and assuming the loss in weight to be
all carbon tetrachloride of crystallization from the rotenone,
values approximating the known purities of the solvates were
obtained. Considerable time was required, however, to re-
move the solvent of crystallization, and the method is less
accurate than one based on a determination of the rotenone,
since it is based on the determination of less than 28 per cent
of the weight of solvate.

Comparative tests were then made of the original Cahn and
Boam test and analogous procedures using different propor-
tions of solvent and shorter periods of time. Results of some
of these tests are shown in Table 1.

It was found that when the proportion of alcohol was in-
creased to 10 cc. per gram of solvate the conversion to pure
rotenone was complete in 4 hours, and the values obtained,
although a trifle lower than those given by the original Cahn
and Boam test, in general more nearly approached the correct
values for the known solvates. The modified test has been
adopted, largely because it is easier to handle. It will be
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TaBLe I. CompARISON OF PuriTy TESTS ON SAMPLES OF
RoTrENONE-CARBON TETRACHLORIDE SOLVATE OF KNOWN
Puriry

(Expressed as percentage of pure rotenone-carbon tetrachloride solvate)
Purity by Cahn and Boam Test and
; Todifications
With 5 ce. of alcohol With 10 ce. of alecohol

Known Over- Over-
Extract Purity night 4 hours night 4 hours
Derris A 81 81.5 81 9 80.5
81 81 81.5 80 80
90.5 90 91.5 89.5 89
Cube 80.5 82 o 79.5 80
90.5 92.5 56 90 91
Derris B 80.5 82 &0 5 80
85.5 87 5 Tl 85
90.5 91 o S 89

TaBLE II. Purity oF ROTENONE-CARBON TETRACHLORIDE
SoLVATE :

(Crystallized from different proportions of rotenone to nonrotenone resin in
25 cc., of carbon tetrachloride)

Nonrotenone Purity of
Extract Resin Rotenone Solvate
Grams Grams %
Cube 2.93 2 96.5
1 92.5
0. 91.5
0.4 91
0. 90
Derris 2.26 2 94
1 90.5
0.5 84
0.4 84,
52053 84

noted from Table I that the test may be allowed to stand over-
night, if more convenient, with practically the same results.

The data in Table II show that the purity of the solvate in-
creases with the proportion of rotenone to nonrotenone resin.

Likewise, with a given amount of rotenone and nonrotenone
resin—that is, with a given total extract—the purity is de-
pendent on the amount of solvent. Thus, a derris extract
containing about 1 part of rotenone to about 1.7 parts of non-
rotenone resin when crystallized from a solution having a
proportion of 1 gram of total extract to 6.5 cc. of carbon tetra-
chloride gave a solvate of 93 per cent purity, while the same
extract crystallized from a solution having a proportion of 1
gram of total extract to 2 cc. of solvent gave a solvate of 86
per cent purity. In each case crystallizations of the solvate
were made at both room temperature and 0° C., with no dif-
ference in the purity obtained.

The purity of the solvates obtained has ranged from about
70 to 95 per cent. This test is merely a recrystallization
dependent on the difference in solubility between rotenone and
the solvate, and therefore does not give absolutely pure ro-
tenone. Melting points of the “‘pure” rotenone obtained have
ranged from 155° to 162° C., and it was readily shown that
its purity, as judged by the melting point, depended on the
purity of the solvate from which it was obtained. Thus the
error involved becomes larger with increasingly impure sol-
vate. For this reason it is desirable to use a method in which
the solvate is obtained in as pure a form as possible in the
original crystallization.

Precision of the Method

The precision of the method adopted was tested with nine
aliquots of an extract of derris root (No. 2). From prelimi-
nary tests it was known that the rotenone content would be
somewhat above 4 per cent, and hence within the range of
complete crystallization. To one of the aliquots 0.5 gram of
rotenone was added, but on crystallization no excess rote-
none was obtained. The “pure” rotenone ranged from 1.114
to 1.148 grams; with a mean of 1.129 grams: equivalent to 4.5
per cent of the root. The
standard deviation was

preferably low, to which various amounts of rotenone might
be added. There were on hand several samples of derris
root that had yielded no rotenone by the old method of
crystallization but were found to contain small percentages on
examination by more recent and careful means. The exact
amount could not be determined, however, until the accuracy
of the method had been ascertained. Several attempts were
made to eliminate rotenone from these and other root samples
by crystallization at 0° C., or slightly below from extracts dis-
solved in mixtures of carbon tetrachloride and petroleum
ether. These methods failed to give resins free of rotenone,
but they were used in some preliminary tests.

All the work up to this point had indicated that the resins
had no effect on the solubility of the solvate in carbon tetra-
chloride, and with this assumption as a basis the following
procedure was used to obtain extracts of an approximately
known rotenone content:

A carbon tetrachloride extract of a root sample with a large
proportion of rotenone was freed of solvent and then dissolved
in carbon tetrachloride at the rate of 1 ce. of solvent for each gram
of original root sample. This extract was allowed to crystallize
in a c%osed vessel for at least 48 hours at a constant temperature
at which the solubility of rotenone in carbon tetrachloride was
known. Approximately room temperature was used for the
crystallization and filtration, because of the greater ease of
keeping a large volume of extract at such a temperature during
filtration. It is believed that the large proportion of rotenone

resent and the long crystallization period assured equilibrium.
f the resins have no solvent effect, the amount of rotenone re-
_glaining in solution is calculable from the known solubility

gure.

The extract was filtered by suction at the same temperature,
and the crystalline material was pressed out to remove all pos-
sible mother liquor. Here slight errors enter which are due to
solvent remaining in the mother liquor held in the separated
residue and to solvent of crystallization. Approximate correc-
tions were made on the basis of the purity of the unwashed
separated solvate. The filtrate was then made to a definite
volume with carbon tetracbloride, and aliquots were taken of
such size as to be equivalent to a 25-gram root sample. To the
dried aliquots were added various amounts of pure rotenone
ranging from 0.2 to 2.0 grams, each was treated with 25 cc. of
carbon tetrachloride, and crystallization was carried out at

=0.013 gram, or a standard oy ® SUERTRACTIA
deviation of about =0.05 per a \ P
cent in the final result. 3 B A o
= ]
g A\ < \
Accuracy of the 0 2]
Method 3 RN
—ou ] ~ =
PREPARATION OF EX- 007 e A
TRACTS OF KNOWN ROTENONE e 830 |
CON'I‘EN'I" To determine 02 04 Q6 o8 1.0 1.2 1.4 1.6 1.8 20 22
the accuracy of the crys- ROTENONE PRESENT (crAmS)
tallization method it was FIGURE 1. RELATION BETWEEN WEIGHT OF ROTENONE KNOWN T0 BE PRESENT IN EXTRACTS

necessary to have extracts
of known rotenone content,

oF DERRIS AND CuBE AND WEIGHT LOST ON CRYSTALLIZATION FROM CARBON TETRACHLORIDE

Normal Extracts
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0° C. exactly according to the procedure
outlined in the first part of this paper,
except that no correction was made for
the solubility of rotenone in the 25 cc. of

EXTRACTS WITH ABNORMAL
NON-ROTENONE RESIN
CONTENTS
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EXTRACTS CRYSTALLIZED
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solvent used for crystallization.

LOSS (GRAMS)

From the known solubility of rote-
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none in carbon tetrachloride at 0° C.
we might expect a loss of about 0.07
gram. Some of the results have been
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plotted, and are shown in Figures 1, 2, 02

and 3.

Resurrs witH NORMAL EXTRACTS.
Figure 1 shows the results obtained with
extracts of normal root samples. The
original roots had contained from about
4 to,6 per cent of rotenone. After preliminary crystallization
the nonrotenone portions were as follows:

Weight per
Aliquot, Per Cent of
Sample Extract Grams Root
Derris No. 1 A 2.07 8.3
Derris No. 2 B 2.21 8.8
Cube C 2.56 10.2
Timbo D 3.04 12.2

These are in the range of values normally obtained for the
nonrotenone portion of such roots. As seen from the graph,
the loss of rotenone in crystallization from these extracts was
great when only small amounts were present, but decreased
with increasing amounts of rotenone until at 0.8 to 1.0 gram
it became practically constant. This constant loss approxi-
mated the loss expected from the solvent effect of the 25 cc.
of carbon tetrachloride.

Errect oF ABNORMAL RESIN ContEnT. To determine
what effect a widely different proportion of nonrotenone resin
would have on these losses, either because of changing the
rate of crystallization or because of possible solvent effect,
portions of an extract of derris No. 1 that had been subjected
to exactly the same procedure for preliminary crystallization
as was given extract A were adjusted to larger and smaller
volumes before taking aliquots, thus giving extracts with
lower and higher resin content than in A. Similarly, an ex-
tract of derris No. 2 was prepared to give a higher resin con-
tent than B. The nonrotenone content of these extracts was
as follows:

Weight per
Derris Aliquot, Per Cent
Sample Extract Grams of Root
No. 1 E 3.25 13.0
No. 1 F 1.14 4.6
No. 2 G 4.91 19.6

The losses obtained on crystallization of aliquots of these
extracts are shown in Figure 2. The losses fall in the same

L6 18 20

0.6 0.8 1.0 1.2 14
ROTENONE PRESENT (GrAMS)

F1GURE 2. RELATION BETWEEN WEIGHT OF ROTENONE KNOWN TO BE PRESENT IN
ExTrAcTS OF DERRIS AND CUBE AND WEIGHT L0ST ON CRYSTALLIZATION FROM CARBON

TETRACHLORIDE

Extracts of abnormal rotenone content, and extracts crystallized for longer periods

region as those obtained on extracts with normal resin con-
tents, and they reach about the same constant value, the loss
then approximating that due to solubility. This indicates
that, within the limits of resin content tested, which repre-
sents the range normally encountered in commercial samples
of derris and cube, the retarding effect on the rate of crystal-
lization for a given rotenone content is about the same for
high, low, and normal resin contents. The results also
strengthen the belief that the resin has no appreciable solvent
effect on rotenone, since if such an effect were present the
constant loss obtained with extracts of higher resin content
would be definitely higher than that obtained with extracts
of normal or lower resin content.

Resurrs witH A LONGER CRYSTALLIZATION PERIOD. There
remains the question as to whether these results are a
consequence  of retarded ecrystallization—in other words,
whether an extract would crystallize quantitatively to the
solubility point at a lower rotenone content if given more time.
To demonstrate this, aliquots of extracts A and C were allowed
to crystallize at 0° C. for 48 hours, instead of for the usual
overnight period. As seen in Figure 2, complete crystal-
lization to a value approximately equal to the solubility was
obtained here with smaller amounts of rotenone.

Resvnrs wiTE SUMATRA-TYPE REsINs. Cahn and Boam
(2) have stated that certain derris extracts in which no rote-
none is obtained by ordinary crystallization are found to con-
tain some rotenone when rotenone is added prior to crystal-
lization. They have called these “Sumatra-type’’ resins or
extracts and have designated the rotenone so obtained as
“hidden” rotenone. Two samples of derris root giving no
rotenone by the old method of crystallization (using no added
rotenone), one known to be of Sumatra origin, were selected
and extracts were prepared. Aliquots were taken and rote-
none was added as in the foregoing tests, although no pre-
liminary crystallization had been given the extracts. Here
the amount of rotenone lost decreased with increasing

amounts of rotenone added until
a constant loss was attained.
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Since the rotenone content of
these extracts was unknown, the
constant, loss was assumed to be
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equal to the solubility loss. On
this basis both extracts ap-
parently contained small pro-
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extracts tested, as shown in Fig-
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ure 3, where extract H is that of
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the root of Sumatra origin and
extract I is that of the other low-
rotenone root.

The possibility still remained,
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however, that these Sumatra-type resins might be exerting a
solvent effect—in other words, that at high rotenone content
the constant loss might be greater than the solubility loss
instead of equal to it as was assumed. Hence an extract of
the root of Sumatra origin was subjected to the preliminary
crystallization, as were extracts 4, B, C, etc. Here it was
necessary to add pure rotenone to be certain of quantitative
crystallization. The amounts added were in excess of that
judged necessary both by the Cahn and Boam ‘“hidden”
rotenone test and the writer’s findings. An extract was thus
obtained of known rotenone content (extract J) to which
various quantities of rotenone were added, and the losses
were determined as before. At about 1 gram of rotenone and
over the loss was constant and approximately equal to the
solubility loss, showing these resins to be similar to ordinary
derris resins in their effect on rotenone crystallization. It is
believed, therefore, that the ‘‘hidden” rotenone described by
Cahn and Boam is only a result of the retarded crystalliza-
tion obtained with any extract of very low rotenone content
and that the addition of rotenone merely hastens the crystal-
lization as has already been pointed out.

Accuracy oF CaaN AND Boam MEeTHOD. Although no
attempt was made to make a careful study of the accuracy of
the Cahn and Boam method of crystallization, a few aliquots
of extracts A, B, C, and D with added rotenone were crystal-
lized by this procedure. In this method the dry extract was
dissolved in carbon tetrachloride at the rate of 1 gram in 2 cc.
of solvent (5 to 10 grams of resin being used) and set aside
for crystallization at room temperature overnight. Here the
loss was approximately equal to the solubility in the amount
of solvent used when 0.8 to 1.0 gram or more of rotenone was
present, and increased with smaller amounts of added rote-
none. The greater proportion of resin to solvent used in this
method results in a definitely less pure solvate, and conse-
quently a slightly less pure product, than is obtained when a
larger proportion of solvent is used. The consequent low
fluidity of the crystalline mixture renders filtration and wash-
ing difficult. For these reasons the present method is pre-
ferred, even though the Cahn and Boam procedure may be as
accurate.

GENERAL DiscussioN oF Accuracy. Of the possible
means of overcoming or accounting for the loss in crystalliza-
tion of low-rotenone extracts, the addition of sufficient rote-
none to bring the total amount present into the region of
quantitative crystallization has been chosen as the least
time-consuming and most accurate. After a little experience
the analyst can readily judge at the time crystallization first
occurs whether sufficient rotenone will separate to bring the
final result above the desired value. Where the proportion
of nonrotenone resins is not too great, it is frequently possible
to increase the size of the sample to give the proper amount
of rotenone in the extract.

In the case of normal samples of derris and cube (about 4
per cent rotenone) treatment of the whole extract, before
crystallization, with aqueous alkali and removal of the alkali-
soluble material did not increase the yield or purity of the
solvate. Martin and Tattersfield (5) have recently found
that separation of the alkali-soluble material from extracts of
Sumatra-type derris roots does materially hasten crystal-
lization. They believe, however, as does the writer, that a
similar result is obtained when pure rotenone is added. The
latter procedure seems to be the simpler method of assuring
complete crystallization.

From the results shown in Figures 1, 2, and 3 it is possible
to estimate the accuracy of the crystallization method
adopted through a range of about 5 to 20 per cent of non-
rotenone resins. For the eight extracts of known rotenone
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content that were crystallized overnight, when at least'1 gram
of rotenone was present the loss ranged from 0.01 to 0.08
gram. After the correction had been made for solubility as
specified, the results ranged from 0.06 gram too high to 0.01
gram too low. With one exception the range was from -+0.03
to —0.01 gram. In view of the precision found for replicate
results on a sample of derris root (standard deviation =
#+(0.013 gram), these differences cannot be considered signifi-
cant. Hence on these extracts the method was accurate to
within the limits of the precision.

The unusually small loss (high final result) on extract G,
in which there was a large proportion of nonrotenone extrac-
tives, may be significant. Where the proportion of other
extractives is high, sufficient impurity may be carried through
to the final stage of “pure’” rotenone to give slightly high
results. -

Because of the widely varying composition of different
samples of derris and cube root, no general estimate can be
made of the accuracy of the method. It is still far from the
accuracy desired in most analytical procedures, but there
seems no possibility of greatly improving a method that de-
pends entirely on crystallization.

Summary and Conclusions

A modified procedure for the crystallization of rotenone—
carbon tetrachloride solvate from extracts of derris and cube
roots is proposed in which the author’s original method has
been improved from the standpoints of accuracy and speed.

Crystallization was found to be retarded by the nonrotenone
portion of the extract. A test for the purity of the solvate
is given. The purity has been found to depend principally
upon the proportion of rotenone present and upon the propor-
tion of solvent used in crystallization.

Accurate results by this crystallization method were ob-
tained only when the rotenone present was equivalent to: at
least 4 per cent of the root or, in lieu of this, when sufficient
rotenone was added, or a sufficiently large sample taken, to
bring the amount present during crystallization above this
value. A determination of the precision of replicate results
on one sample of derris with about this rotenone content
showed a standard deviation of =0.05 per cent. In a study
of the accuracy eight extracts, containing known amounts of
rotenone in the range of most accurate results, gave average
values which in view of the precision were not significantly
different from the actual rotenone content. In other words,
results for rotenone in the region of 4 per cent should only be
quoted to about 0.1 per cent.

It is probable that the nonrotenone portion of the extract
only exerts a retarding action on the crystallization and has
little or no actual solvent effect on the rotenone. The so-
called Sumatra-type derris extracts show no unusual retard-
ing action and no apparent solvent effect, indicating the “hid-

"den” rotenone of Cahn and Boam to be a result of retarded

crystallization similar to that found in other extracts of low
rotenone content.
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Measurement of Particle-Size Distribution

by Optical Methods

Effect of Light of Different Wave Lengths

H. E. SCHWEYER, The Barber Company, Inc., Maurer, N. J.

A brief study was made of the effect of
light of different wave lengths upon the
turbidity-concentration relation of aque-
ous suspensions of white and colored
mineral powders using the Wagner turbi-
dimeter. It was found that yellow and red
light gave about the same slope as white
light for a plot of concentration against
turbidity, but that green light yielded a
curve that diverged from white light in the
region of low concentration. This indi-
cates that the suspensions tend to absorb
the shorter wave lengths, thereby affecting
the output of the photoelectric cell with an
attendant influence on the particle-size
distribution as measured by this method.

PTICAL methods for the determination of particle-size

distribution offer advantages over other methods in that
they are rapid and require a comparatively simple technic, but
they have certain limitations which must be considered in
any accurate evaluation. A convenient optical method has
been developed by Wagner (4) for use in the cement industry.
This instrument has been critically studied and the technic
modified by Traxler and Baum (3), who found discrepancies
between the size distribution in fine mineral powders as
measured by an air elutriator (2) and by the turbidimeter
method. In an effort to explain the differences obtained by
the two methods, the present investigation was carried out to
determine what effect using light of different wave lengths
would have on the turbidity-concentration relation of aqueous
suspensions.

TABLE I. CHARACTERISTICS OF FILTERS
: Principal
Wratten Total Wave-Length Range
Filter Color Transmission of Gelatin®
: %o Millimicrons
No. 58 Green 23 490-580
No. 22 Yellow 47 560-700
No. 25 Red 22 590-700

@ Range gives wave lengths for which the filter shows greater than 10 per
cent transmission.

For this purpose a number of Wratten colored gelatin
filters were made up by placing the gelatin between two plates
of glass. The principal characteristics of these filters are
given in Table I. While these filters do not transmit true
monochromatic light, they do transmit light of varying wave
lengths which are somewhat different from white light and
each other.

Procedure

In any method for particle-size measurement it is very im-
portant that the finely divided solid be completely dispersed
in the suspending medium. Traxler and Baum (3) made an
exhaustive study of this phase of the technic used with the
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Wagner turbidimeter. They found, with water as the sus-
pending medium, that a 0.0125 per cent solution of saponin
or a 0.05 per cent solution of ““S” brand sodium silicate gave
the most satisfactory results. The rotating brush supplied
with the turbidimeter has the undesirable feature of pro-
ducing a vortex which entrains air in the suspension. To
overcome this difficulty Traxler and Baum (3) designed a
small high-speed mixer, consisting of a rotor and stator with
baffle plates, which is placed below the surface of the dispers-
ing solution.

TasLe II. TursBIDITY-CONCENTRATION DATA FOR VARIOUS
MingraLs Using DirFeRENT COLORED LiGHT
Concen-  ———yrhidity, 2 — 108 1d
tration 2 X
Powder w White Yellow Red Green
aG./L.
White silica 3.0 0.58 0.56 0.56 0,59
1.8 0.80 0.83 0.81 0.83
152 0.94 0.97 0.94 1.03
0.90 1.05 1.05 1.06 1.10
White limestone 2.5 0.72 0.70 0.70 0.72
1.5 0.93 0.93 0.94 0.99
1.0 1.09 1.08 1.07 1.18
0.75 1.17 1.16 1.16 1.27
Gray trap rock 2.5 1.16 1.18 1.18 0.97
1.5 1.07 1,03 1.08 1.10
1.0 1.13 1.16 1.14 1122
0.756 1.12 1.11 1,13 1.26
Green slate 2.0 1.00 1.456 1.45 1.25
1.0 1.52 1.52 1.55 1.62
0.80 1.70 1.65 1.68 1.86
0.60 1.79 1.80 1.80 1.96
Red slate 0.60 2.32 2.24 2.22 2.66
0.30 2.58 2.59 2.58 3.02
0.20 2.73 2.71 2.71 3.20
0.18 2.78 2.72 2.81 3.36
0.15 o X0 2.92 i
0.10 ki s 3.30 Yz
Black slate 0.87 1.62 1.67 1.67 1.77
0.756 1.62 1.69 1.71 1.84
0.30 1.68 1.72 1.74 2.21
0.26 1.74 1.87 1.92 213

In the present study powdered minerals of different colors
were analyzed by the Wagner turbidimeter, using white and
colored light. Aqueous saponin was used as the dispersing
solution. The minerals were dispersed with the improved
stirrer for 5 minutes, after which the dispersions were agitated
by hand for 1 minute, and the cell was immediately placed on
the shelf of the turbidimeter. Successive readings were ob-
tained by adding a known quantity of water to the original
concentration, thereby making successively more dilute sus-
pensions. For colored light the technic was varied by plac-
ing the filter in the light beam behind the screen and in front
of the guard, so that only colored light affected the photo-
electric cell. The I, reading was readjusted for each filter,
so that the varying sensitivity of the photoelectric cell to
light of different wave lengths would not affect the readings.
The data obtained are given in Table II.

Discussion

The results indicate that the turbidity-concentration rela-
tion is unaffected by the longer wave lengths, since the red
and yellow filters gave practically the same results as white
light except for one concentration of the green slate and one
concentration of the red slate. However, when green light is
used the results are definitely different from white light, and
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this difference is more pronounced with the colored powders.
The data for the white limestone are plotted in Figure 1 to
illustrate the differences. The figure indicates that in the
region of low concentration the suspension shows a higher
turbidity with green light than with the light of other wave
lengths.
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FiGure 1. TursBipiry CONCENTRATION CURVES FOR WHITE
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The difference in the slope of the turbidity-concentration
curves appears to be caused by selective absorption of the
shorter wave lengths of light by the suspended powders, as
was suggested by Traxler and Baum (8). The green light
was the shortest wave length used and it showed this effect to
a significant degree. Furthermore, this selective absorption
is most pronounced with the red slate, which might be ex-
pected since this mineral would tend to absorb the shorter
wave lengths. If a blue filter had been used, still greater
differences probably would have been obtained. An attempt
was made to use a blue Wratten filter (No. 49), but the total
transmission (0.5 per cent) was too low for use with the light
source in the turbidimeter.

Richardson (1) in his work found that color is important in
studies of suspensions. He used a photoelectric cell in his
apparatus for determining the size distribution of clays, and
stated that the absorption of light is independent of color
for particles larger than one micron, but that for smaller par-
ticles the absorption is strongly dependent upon color. The
photoelectric cell varies in sensitivity to different colored
light and any selective absorption that occurs will affect the
output of the cell, whether that absorption is caused by very
fine or by colored particles. It may be possible, however, by
using monochromatic light of the proper wave length, to
eliminate this selective absorption and thereby obtain ac-
curate results for very fine mineral powders with a turbi-
dimeter type of instrument.

Richardson (7) also makes the rather general statement that
particles smaller than one micron would tend to be held in
permanent suspension by Brownian movement. This would
affect the results obtained by any method utilizing rate of
settling for determining particle-size distribution, especially
where the distribution is calculated from the surface area as
in the Wagner method. Since the major part of the surface
area of a pulverized powder is dependent on the number of
very small particles, Brownian movement would probably
seriously affect the results on fine clays. Although pulverized
powders would be less seriously affected, Brownian move-
ment should always be considered when using the Wagner
turbidimeter.

Conclusiocn

A number of variables affect the turbidity of a suspension
as measured by optical methods.. The selective absorption
of light is perhaps one of the most important, and a complete
understanding of this variable will do much toward simplify-
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ing the use and technic of optical methods in measuring par-
ticle-size distribution.
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A Simplified Sealed Stirrer

LIONEL JOSEPH
Washington University, St. Louis, Mo.

MODIFICATION of the sealed stirrer described by

Powell (1) has been used in this laboratory for some time

and has been found exceedingly useful, particularly in stirring

sludges. Some difficulty was experienced in assembling the

type of stirrer described, so that modifications were introduced

to make the assembly of the stirrer simpler without cutting
down its efficiency.

The glass bearing consists of a piece of 7-mm. tubing, 25 mm.
long, spread at one end to an outside diameter of 15 mm., and
inserted in the top of the cork. A hole 15 mm. in diameter is
bored halfway through from the bottom of the cork. The seal
: is made by a short piece
of rubber tubing which
fits over the glass rod and
makes a tight joint with
the larger-bore rubber tub-
ing attached to the glass
bearing. With this ar-
rangement it has been
found unnecessary to
clamp the stopper as de-
scribed by Powell.

In place of the No. 12
rubber stopper the author
has used a cork about 7
cm. in diameter and 2
cm. thick, through which
is drilled a hole large
enough to give plenty of
play to rod R. Smoother
operation may be ob-
tained by drilling the hole
on a slant and inserting
a glass sleeve. The dis-
tance of the hole from
the center of the cork
may vary from 15 to 25
mm., depending upon the
size of the flask used and
the amount of sweep de-
sired.
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Determination of Tar Acids and Bases by
Extraction Methods

C. H. FISHER AND ABNER EISNER, Pittsburgh Experiment Station, U. S. Bureau of Mines, Pittsburgh, Pa.

A critical survey is presented of extraction
methods for tar-acid and -base determina-
tion. The various procedures are discussed
in connection with studies (presented in an
earlier paper) of the important variables
involved. Certain modifications which in-
crease the accuracy of the Bureau of Mines
method are recommended.

ANY methods of analyzing tar oils for their tar-acid
and -base content have been employed in connection
with both academic and industrial investigations. Most
of these analytical procedures are based on the diminution
in volume caused by extraction with alkali and mineral acids
(contraction method), although other methods have been
employed (14, 19, 20,29,30). Inmany instances the adoption
of an analytical method was not preceded by an adequate
study, and as a consequence the literature on this subject
is conspicuous for its contradictory claims and recommenda-
tions. It has been shown in the case of certain synthetic
solutions (6, 17) that large errors may result if the analysis
is carried out by simple extraction with alkali and mineral
acids.

It was the purpose of the present work to study and com-
pare several modifications of the contraction method and to
show under what general conditions tar acids and bases can
be extracted accurately. Synthetic solutions, coal-tar oils,
and hydrogenated coal distillates were used in this connection,
and methods of determining tar acids as phenols and car-
boxylic acids were investigated. Methods that include
washing the alkaline and acid extracts with organic solvents
were not studied, since such methods are wasteful of time
and subject to errors of prolonged manipulation. Further-
more, washing the aqueous extracts with organic solvents
fails to accomplish the desired end, since, for example, an
organic solvent removes phenols as well as nonacidic ma-
terials from alkaline solutions.

Materials and Procedure

The synthetic solutions studied were prepared from good
grade chemicals. Pure toluene was used as the hydrocarbon
solvent, and the cresol (‘“‘tricresol’”) was a mixture of isomers.

The extractions were carried out in funnels (10, 31) gradu-
ated to 100 cc. in 0.2-cc. subdivisions. About 1 hour
was allowed to elapse between agitation of the oil (100-cc.
samples) with aqueous solutions and observation of volume
changes.

Alkali Concentration

There is considerable disagreement concerning the con-
centration of alkali best suited for the accurate extraction
of tar acids, and a number of alkaline reagents have been
recommended. It appears certain that “maximum ex-
tractions” are obtained with rather concentrated alkali
(2, 23, 25). However, it is generally recognized that the
alkaline extracts thus obtained contain considerable quan-
tities of nonacidic material, owing to the solvent power
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(6, 26) of alkali-phenol solutions. In many instances non-
acidic material has been removed from the alkaline layer by
washing with organic solvents. Probably 10 per cent sodium
hydroxide (6, 7, 9, 15, 28) is most frequently employed as the
alkaline reagent, although 5 (18, 21), 15 (11, 12), 20 (1, 3,
25), and 30 per cent (24) have beenused. It has been claimed
(21) that the addition of sodium chloride to 10 per cent
sodium hydroxide tends to prevent the dissolution of non-
phenolic or nonacidic substances.

In the present work the effect of alkali concentration was
studied in one series of experiments by extracting a standard
amine-toluene solution (100-cc. portions) with 50-cc. por-
tions of sodium hydroxide solution. All the sodium hy-
droxide solutions examined (5, 10, 20, and 30 per cent) failed
to dissolve appreciable quantities of the amine-toluene
solution, although all the amines present are fairly soluble
in water. The potent influence of sodium hydroxide in
decreasing the solubility of amines in water is shown well
by the data in Table I. Although even 5 per cent alkali
dissolved only negligible quantities of the amine-toluene
solution, washing with three 50-cc. portions of distilled
water caused a total diminution in volume of 2.5 to 3.0 cc.

Ce. %
Pyridine 12 1.85
Isoquinoline 32 4.9
Aniline 56 8.6
Toluene 550 84.65

The results in Table I indicate that, excluding factors
other than the solubility of amines in aqueous alkali, almost
any concentration of sodium hydroxide would be suitable
for the analytical extraction of tar acids.

TasLe I. ExrTracTION OF AMINE-TOLUENE SOLUTION WITH
ALKALI
Volume Changes of Toluene Layer
Extracted with 50-Cec. 1st 2nd 3rd 4th 1st
Portions of 50ce. B50ce. B50ce. 50ce. 150 ce.
Ce, Ce. Ce. Ce. Ce.
5% NaOH D0 =01 =02 =03
0.0 —0.3 —0.1 —-0.4
10% NaOH 0.0 0.0 —0.2 —0:2 —0.2
-0.1 -0.1 —-0.3 =02 —-0.5
20% NaOH +0.2 +0.1 —0.1 —-0.1 +0.2
+0.1 +0.1 0.0 —0.1 +0.2
30% NaOH 0.0 0.0 +0.1 —0.1 +0.1
+0.1 0.0 -0.1 0.0 0.0
209% NaOH saturated with  +0.1 0.0 —0.1 —0.1 0.0
aCl +0.1 0.0 0.0 —0.1 +0.1
Water saturated with NaCl +0.1 -0.1 -0.5 —-0.3 —-0.5
+0.2 —0.1 -0.1 -0.3 0.0
Water 0.8 —1.2 —1.1 —0.8 -3.1
—0.8 —0.9 —-0.9 —0.8 —2.6

In studying the solubility of amines in alkaline solutions
of sodium phenolates, the same amine-toluene solution used
previously was washed several times in succession with 50-cc.
portions of aqueous solutions containing various amounts
of sodium hydroxide and cresol. The alkali-cresol solu-
tions were prepared by adding certain quantities of cresol
(7.5, 15, 22.5, 30, 37.5, and 45 cc. to each 100 cc. of sodium
hydroxide) to several different concentrations (5, 10, 15,
20, and 30 per cent) of alkali. The results (Table II and
Figure 1) indicate that the solubility of amines in alkali-
cresol solutions is directly proportional to the concentration
of alkali, and that large amounts of amines are extracted
where the concentrations of alkali and cresol are high.
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The effect of varying the cresol concentration is also shown
by the data in Table IT and Figure 1. It is readily apparent
that the volume losses of the toluene solution were directly
proportional to the concentration of cresol where sufficient
alkali was present to neutralize the cresol. Where the
alkali present was not sufficient to react with the cresol
the volume of the amine-toluene layer increased, because
of the absorption of excess or ‘“free’” cresol. Because of
the solvent power of concentrated alkali-phenol solutions
for amines, concentrated alkali should not be used to ex-
tract tar acids where, as in analytical procedures, the simul-
taneous removal of amines is not desired.

Acid Reagent

The determination of tar bases is omitted in some tar-oil
analyses, and consequently less is known about the efficacy
of different acid reagents in the extraction of tar bases.
Skirrow and Binmore (27) have observed that 2 N sulfuric
acid extracted pyridine from pyridine-benzene solutions
more efficiently than 9.63 N sulfuric acid. Dilute sulfuric
acid appears to be the reagent (16) generally used to ex-
tract tar bases.

A number of experiments were carried out to see if phenol,
as a representative of the tar acids, could be extracted in
appreciable quantities by dilute mineral acids. Approxi-
mately 100 cc. of a phenol-toluene solution (80 grams of phe-
nol in 500 cc. of toluene) were washed in succession with
four 50-cc. portions of various aqueous solutions, and the
acid solutions causing little change in volume of the phenol-
toluene layer were considered as possible acid reagents.
The presence of inorganic salts, especially sodium chloride,
was found, as anticipated, to retard the removal of phenol
from the toluene layer. From the data in Table III and
the fact that sodium chloride would not be expected to de-
press the solubility of amine sulfates as much as inorganic
sulfates, it appears that the most suitable reagent is 20 per
cent sulfuric acid containing sodium chloride.

The following experiment, which affords a more direct
comparison of hydrochloric acid and the sulfuric acid-sodium
chloride solution, has shown that the latter reagent is prefer-
able: Washing 100 cc. of a 15 per cent by volume cresol-
toluene solution with three 50-cc. portions of a pyridine-hy-
drochloric acid solution (10 cec. of pyridine added to 100 ce.
of 20 per cent acid) caused the toluene layer to suffer a total
volume loss of 2.6 cc. Under the same conditions the toluene
layer gained 0.4 cc. in volume when a pyridine—sulfuric
acid solution (10 ce. of amine added to 100 cc. of 20 per cent
sulfuric acid saturated with sodium chloride) was used.

A few experiments, which were carried out to ascertain
the importance of acid concentration and the presence of
amine salts on the distribution of phenols between the hy-
drocarbon and aqueous layers, have already been described
(8). It was shown that, although the presence of aniline
increased the solubility of cresol in the aqueous layer, the
concentration of acid had little effect. The presence of
amine salts in the aqueous layer probably has little influence
on the accuracy of analytical procedures, because tar bases
usually are present in relatively small amounts.

To examine the possibility that the sulfuric acid reagent
would cause olefins to polymerize or to react with phenols,
several reactive olefins (d-limonene, styrene, and pinene)
were treated with 20 per cent sulfuric acid saturated with
sodium chloride. There was no loss in volume of the olefins
or any indication of reaction, and on distillation the hydro-
carbons came over at their respective boiling points.

A comparison of the first two columns of Table II with
those of Table III shows that phenol-toluene solutions ab-
sorb considerably more water than the amine-toluene solu-
tions under the conditions employed.
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TaBLE II. EXTRACTION OF AMINE-TOLUENE SOLUTION WITH
AvLkALI-CRESOL SOLUTIONS OF VARIOUS CONCENTRATIONS

Concen-
trahon Volume Changes of Toluene Layer

Cresol 1st 2nd 3rd 4th 1st

NBOH Added 50 ce. 50 ce. 50 ce. 50 ce. 150 ce.
%  Ce./100 cc.  Ce. Ce. Ce. Ce. Ce.

5 7.5  +0.1 —0.4 —0.3 —0.2 —0.6

0.0 —0.4 —0.4 —-0.3 —0.8

10 7.5  +0.1 —0.3 —-0.3 —0.4 —0.5

+0.1 —-0.2 —0.3 —0.4 —0.4

15 7.5  +0.1 —0.3 —0.2 —0.4

+0.1 —0.4 —0.2 —0.5

20 7.5 —0.4 —0.7 —0.9 —-1.0 —2.0

—0.5 —0.5 —0.9 —-0.7 —1.9

30 7.5 —3.0 —3.3 —2.8 -9.1

—2.8 —3.2 —2.9 —8.9

5 15 +0.9  4+0.2 0.0 —0.1 +1.1

+0.9  +0.1 0.0 —0.1 +1.0

10 15 —0.3 —0.7 —0.7 —0.6 -1.7

—0.3 —0.6 —0.7 —0.6 —1.6

15 15 —0.8 —0.9 —1.0 —2.7

—0.8 —1.0 —1.1 —2.9

20 15 —2.0 —2.0 —1.6 —1.5 —5.6

—-1.9 —1.4 —1.7 -1.3 —5.0

30 15 —5.1 —5.2 —3.7 —2.7 —14.0

—5.2 —4.9 —3.4 -3.3 —13.5

5 22.5  +3.1  +2.6 424 +8.1

10 22.5 —0.4 —1.0 —1.2 —1.0 —2.6

—0.3 —1.0 —0.9 —1.1 —2.2

15 22.5 —1.8 —2.1 —1.7 —5.6

—2.0 -1.9 -1.7 —5.6

20 22.5 —2.6 —2.3 —2.1 —1.8 -7.0

—2.8 —2.6 —2.3 —2.0 —7.7

30 22.5 —6.3 —5.1 -4.3 —2.8 —15.7

—6.4 —5.3 —4.1 —3.0 —15.8

5 30 +5.5  +7.0 +4.3 +16.8

10 30 —0.8 —1.4 -1.6 —1.3 —3.8

—0.8 =144 S —1.3 —3.8

15 30 —2.1 -2.3 —1.9 —6.3

20 30 —3.7 —3.4 —2.5 —2.1 —9.6

—3.8 =371 —2.7 —2.3 —9.8

5 37.5  +8.1 +47.4  +7.5 +23.0

10 37.5  +1.9  +1.7 +1.6 i +5.2

+2.0 414 41.6 %% +5.0

15 37.5 —2:8 —2.7 —2.2 —7.7

20 37.5 —4.7 —3.9 —2.8 —2.4 —11.4

—4.8 —3.9 —3.0 —2.3 —11.7

10 45 +4.2 443  42.7 +11.2

+4.4  44.1 +3.0 ; +11.5

15 45 —2:8 —3.0 —2.5 —8.3

20 45 —5.9 —4.5 —3.3 —2.7 —1317

—6.4 —4.6 —3.4 —2.3 —14.4

TaBLE III. EXTRACTION OF PHENOL-TOLUENE SOLUTION WITH

VARIOUS AQUEOUS SOLUTIONS
Volume Changes of Toluene Layer

Extracted with 50-Ce. 1st 2nd 3rd 4th 1st
Portions of 50 ce. 50ce. 50ce. 50 ce. 150 ce.
Ce. Ce. Ce. Ce. Ce.
20% HiS0« +0.2 -—-0.8 ~0.8 -0.7 -—1.4
40.2 -0.8 -0.8 -0.8 -—1.4
20% H:SOa saturated with 40.3 -0.5 -0.7 -0.4 -0.9
cryst. +0.5 -0.5 -—-0.4 -0.2 —0.4
20% HgSO4 saturnted with +40.6 —=0.2 -0.3 -0.1 +40.1
anhf'd +0.8 -0.2 '-0.1 -0.3 +40.5
% 12804 saturated with  +40.3 —0.1 -0.3 0.0 —0.1
Cl +0.5 -0.3 -0.3 -0.5 -0.1
20% H:804 aaturated with  +40.7 —-0.1 —-0.2 -0.3 40.4
aCl and +0.4 —-0.2 -0.3 -0.1 +40.1
20% H -0.3 . —0.9 -0.9 -0.7 -=2.1
—0.6 —=0.9 -0.8 -=1.0 —2.3
20% HCl saturated with —=0.2 —0.8 —-0.4 —0.6 —1.4
aCl 0.0 —-0.9 =017 =1.0 —-1.6
‘Water —0.4 =157 o
—0.6 -—1.4 ot “
Water saturated with K:SO4 —=0.1 —1.3 —-1.2 —1.3 —2.6
—-0.2 —1.3 —-1.1 -1.0 —2.6
Water saturated with NaCl  +40.4 -0.4 —0.3 —0.4 —0.3
+0.6 -0.2  -=0.2 - +0.1

Bureau of Mines Method

After analyzing several synthetic mixtures under different
conditions with various acid and alkaline reagents, Kester
and Rockenbach (17) adopted the following method (5) for
determining tar acids and bases: The tar oil (100 cc.) is ex-
tracted with acid and alkali in the following order: (1) three
50-cc. portions of 20 per cent sulfuric acid saturated with
potassium sulfate, (2) three 50-cc. portions of 10 per cent
sodium hydroxide, and (3) three 50-cc. portions of 20 per
cent sulfuric acid saturated with potassium sulfate. This
method, which employs reagents conforming to the require-
ments defined above (Tables IT and III), has been used
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repeatedly with good results, and is interesting in that
the unusual procedure of extracting tar bases first is em-
ployed. :

Numerous analyses of coal-tar distillates by the Bureau of
Mines method have confirmed (communication from J. D.
Dayvis and L. P. Rockenbach) the claim of Hatcher and Skirrow
(18), which is in agreement with the experience of coal-tar
workers, that tar bases cannot be extracted conveniently in
the presence of tar acids. Since mineral acids bring about
only a partial extraction of tar bases in the presence of tar
acids, it seemed likely that washing with acid, then alkali,
and finally with acid (as in the Bureau of Mines method)
would separate the tar bases roughly into two types: (1)
amines having distribution ratios favorable to the acid layer
and (2) amines with a distribution ratio more favorable to
the hydrocarbon-phenol layer. The ratio between quantities
extracted in the presence and absence of tar acids should de-
pend on the composition of the tar oil and thus be a charac-
teristic property. These ratios have been calculated for
several tar oils; the oils from low-temperature tars yielded ra-
tios ranging between zero and 0.1, while the high-tempera-
ture tar oil (see Table V) gave a higher ratio (0.54). As
might be expected from their composition, the synthetic
solutions described in Table V gave still higher ratios (1.2 to
1.4). Since high-temperature tar oils contain larger pro-
portions of low-molecular-weight amines than oils from low-
temperature tars it follows that, considering the amine ratios
given above, more of the low-molecular-weight amines are
removed in the first acid washings—i. e., before the tar acids
are removed. Experimental evidence that supports this
view has been given elsewhere (6). Cheng and Morgan (2)
have shown that chiefly low-molecular-weight phenols are
removed where tar acids are incompletely extracted from
tar oils.

In view of the results obtained by extracting amine-toluene
solutions with sodium hydroxide containing cresol (see Table
IT), it might be expected that oils containing high concen-
trations of tar acids and bases could not be analyzed accu-
rately by extraction methods. To find the maximum concen-
tration amenable to accurate analysis by contraction methods,
several synthetic mixtures were extracted by a modification
of the Bureau of Mines method. Uneven portions (100,
35, and 15 ce.) of the reagents were employed, and sodium
chloride was used instead of potassium sulfate to saturate
the 20 per cent sulfuric acid. The synthetic solutions were
prepared by mixing known volumes of an amine mixture
(equal parts by volume of pyridine, quinoline, isoquinoline,
and aniline), cresol, and toluene. The results of these analy-
ses, given in Table IV, show that the solutions containing
large amounts of phenols and amines gave high results for
phenols and low results for amines. However, fairly accurate
data were obtained with the synthetic mixtures having the
concentration of amines and phenols usually found in coal
tars. In view of the fact that the solutions of low amine
and phenol content gave satisfactory analyses, it might be
expected that dilution of coal oils before extraction would be
beneficial. (Dilution of oils of high tar-acid and -base con-
tent to obtain improved analyses has been suggested by Hill
16, and by Fridli and Raffay, 8.)

It appears that the ratio of amines to phenols, as well as
total content, is important. As an example, where the ratio
(amines to phenols) was 1 to 1 good results were obtained
with a total amine-phenol content of 40 per cent, but with a
ratio of 1 to 5 errors appeared with a total amine-phenol
content as low as 25 per cent.

It will be noted (Table IV) that in most cases low results
were obtained for the neutral oil. This probably indicates
that usually small, and in some cases considerable, amounts
of the neutral oil also were extracted.
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Comparison of Extraction Methods

Using both synthetic solutions and coal-tar distillates, a
comparison was made of the Bureau of Mines method and
several other typical extraction procedures. In view of the
generally satisfactory results obtained previously with the
Bureau of Mines method (Table IV), the data obtained with
coal oils by this procedure (Table V) were considered fairly
accurate, and hence of some value as a standard for evaluating
the other methods. The “liberation method” of Morgan
and Meighan (22) gave more accurate results for two syn-
thetic solutions (Table V) and was therefore employed to
obtain the true tar-acid content of the coal oils.

The several oils and synthetic mixtures described in Table
V were analyzed as follows:

1. Bureau of Mines method, considered above in some detail.

2. Modified Bureau of Mines method (sodium chloride in-
stead of potassium sulfate in 20 per cent sulfuric acid, and un-
even portions of reagents), used previously to obtain the data in
Table IV.

3. Essentially the Bureau of Mines method backward. The
oil (100 ce.) was extracted with three 50-cc. portions of 10 per
cent alkali, and then with three 50-cc. portions of 20 per cent
sulfuric acid (saturated with sodium chloride). These alternate
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extractions were repeated until all tar acids and bases were re-
moved.

4. A special method based on the use of 5 per cent sodium
hydroxide, which, in the presence of sodium phenolates, dissolves
smaller quantities of amines and forms worse emulsions than 10
per cent alkali. The following extraction procedure was designed
to benefit from the advantages of both concentrations of alkali;
the bulk of the phenols was removed with 5 per cent alkali and
the last traces of phenols were removed with 10 per cent alkali,
which generally causes a good separation of layers. This method

ave troublesome emulsions with some tar oils, and hence is of
ittle value.

a, b. 100 cc. of 5 per cent sodium hydroxide

C. 50 cc. of 10 per cent sodium hydroxide

d. 50 ce. of 20 per cent sulfuric acid (sodium chloride)
e, f. 25 ce. of 20 per cent sulfuric acid (sodium chloride)
f' 25 ce. of 10 ‘imr cent sodium hydroxide

h% 25 co. of acid reagent

5. Liberation method. The oil was extracted with 20 per
cent alkali, the’alkaline extract was acidified, the acidic solution
was extracted with benzene, and the benzene washings were di-
luted to 100 cc. and extracted with 10 per cent sodium hydroxide;
getvolmne loss of the benzene layer indicated the tar-acid con-

nt.

6. The volume loss of 100 cc. of tar oil to 20 per cent sodium
hydroxide, as carried out in method 5. It was observed in several
cases that 20 per cent alkali removed all the tar acids—that is,
no further quantities of tar acids could be obtained by removing
the tar bases and extracting again with alkali.

In general, the results obtained with the various tar oils
(Table V) are consistent with those obtained with synthetic

TaBLE IV. ANALYSIS OF SYNTHETIC SOLUTIONS

Neutral Oils Ratio of

Amines Phenols Found Amines to
Caled. Found Caled. Found  Caled. (Difference) Phenols

%o %o %o % %o %

1 1.4 1 1.6 98 97 1:1
5 4.9 5 4.5 90 90.6 131
10 10.4 10 9.4 80 80.2 151
15 15.3 15 14.8 70 69.9 1:1
20 20.1 20 20.3 60 59.6 1:1
1 1.6 3 3.1 96 95.3 1:3
b5 5.4 15 14.9 80 79.7 1:3
7 6.7 21 20.9 72 72.4 1:3
8 7.9 24 23.8 68 68.3 1:3
9 8.0 27 28.5 64 63.5 1:3
10 8.7 30 31.7 60 59.6 1:3
15 11.7 45 46.32 40 42.0 1:3
1 0.8 5 5.3 94 93.9 1:5
3 2.8 15 15.5 82 81.7 1:5
4 3.7 20 20 76 76.3 1:5
5 4.0 25 26.1 70 69.9 1:5
1 1.1 7 7.4 92 91.5 1:7
3 3.1 21 20.9 76 76.0 127
4 3.7 28 28.4 68 67.9 120
5 4.3 35 36.3 60 59.4 137
3 3.0 27 27.3 70 69.7 1:9
4 2.8 36 37.8 60 59.4 1:9
3 2.5 33 34.4 64 63.1 1:11
4 2.5 44 47.5 52 50 1:11
2 1.8 26 26.8 72 71.4 1:13
3 1.9 39 40.3 58 57.8 1:13
1 0.7 30 30.1 69 69.2 1:30
15 13.5 5 4.3 80 82.2 3:1

@ The alkali used 3150 ce. of 10 per cent sodium hydroxide) was not suf-
ficient to remove all the cresol.
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mixtures. As might be expected, the greatest volume losses
were caused by washing with 20 per cent sodium hydroxide
(method 6), which undoubtedly removed considerable
quantities of amines, and probably some of the neutral oil,
along with the phenols. The values afforded by the libera-
tion method were lower than those obtained by simple ex-
traction with 10 or 20 per cent alkali; this result was to be
anticipated and is in agreement with a generalization made
previously by Weiss (31).

Methods 1 and 2, differing from each other only in minor
details, gave almost identical results in all cases. In view
of the good agreement with the values of the liberation method
and the results obtained with synthetic solutions, it appears
that methods 1 and 2 generally give satisfactory results.
It seems likely that in most cases the true value of the tar-
acid content lies between the results afforded by methods 1
(or 2) and 5. Methods 1 and 2 generally are preferable to
5 (liberation method) because of their simplicity and the
fact that values are obtained for both the tar-acid and -base
content. Method 4 was superior to the other procedures
with synthetic mixtures, but could not be used conveniently
with the tar oils.

In a few cases (data not shown) 5 and 10 per cent sodium
hydroxide solutions saturated with sodium chloride were
employed in extractions, but appeared to have no advantage
over alkali alone.

A number of facts have been established which present a
rather clear picture of the Bureau of Mines method and ex-
plain the beneficial effect of extracting first with acid. The
following interpretation of the Bureau of Mines type of tar-
acid and -base analysis is consistent with the data thus far
presented in this paper and in an earlier paper (6):

Extraction first with acid removes principally the amines of
lower molecular weight, and saturates the tar-oil layer with water.
(This is partly responsible for the low amine and high phenol
values usually obtained.) As indicated above, the amines of
higher molecular weight have distribution ratios more favorable
to the hydrocarbon-phenol layer, and hence are not removed by
acid (6). Only negligible quantities of phenols are removed in
the acid wash because (1) a suitable acid reagent (20 per cent
sulfuric acid saturated with an inorganic salt) is used, (2) rela-
tively small quantities of amines are present, (3) only a portion
of the amines present (certain amines of low molecular weight) as
salts in acid solution is capable of extracting phenols in appreci-
able quantities from hydrocarbon solutions, and (4) only the phe-
nols of low molecular weight are easily extracted by acid-amine
solutions.

Extraction with alkali in the second stage of the analysis re-
moves the phenols, and probably most of the water absorbed in
the first washing. Possibly traces of certain highly alkylated
phenols (4) (such as thymol and phenols difficultly soluble in
alkali) are not extracted. Only small quantities of amines are
removed along with the sodium phenolates because (1) moderately
dilute alkali is used, (2) only high-molecular-weight amines
sparingly soluble in sodium phenolate solutions, are present, an
(3) the amine content, relatively low at the beginning, is lower
than its original value. In the third stage of the analysis the re-
maining amines of high molecu-
lar weight are removed easily

TaBLe V. CoMPARISON OF ExXTrRAcTION METHODS

Modified Bureau of
Bureau of Bureau of Mines 5% NaOH
Mines Mines Backward l\fe

% % % % o % %

SM 1b 4.3 25.9 4.1 25.8 4.5 26.0 4.7
SM 2¢ 8.4 31.7 8.5 31.7 7.4 32.7 8.4
LT 14 2.7 22.1 2.7 22.1 2.9 22.5 .
LT 2a 5 20.4 5 20.4 o 21.1
LT 34 2.1 22.2 2.4 21.9 2.9 22.7
LT 44 2.9 19.3 3.0 19.2 3.6 19.4
HTile 3.7 16.1 3.7 16.3 3.6 16.8
HC 1/ 1.8 13.6 1.6 13.8 5 13.6

¢ Ratio of amines obtained before and after removal of tar acids by Bureau of Mines method.

b Synthetic solution, 5 per cent amines, 25 per cent phenols.
¢ Synthetic solution, 10 per cent amines, 30 per cent phenols.
d Low-temperature tar distillates. ¢ High-temperature tar distillate.

; : : : thod
Oil Examined Amines Phenols Amines Phenols Amines Phenols Amines Phenols Phenols Phenols Ratio®

by mineral acid extraction since
phenols are not present. In

Libera- 209 several cases of the present work
tion NaOH a second extraction with alkali,
Method Method Amines

as a fourth stage of the analy-
sis, caused slight diminution in

% % volume, indicating that such a

SR aE L HEL o procedure might be necessary in

: 212 242 0.0 some cases to remove all traces
20.6 19.2 224 o of tar acids.

Ao g‘l*g o7 Where tar oils are extracted

o 0 054 first with alkali, practically all

121051551 - 0229 the tar acids are removed, since

tar bases have little retarding
effect. The highly alkylated,
weakly acidic phenols are less

/ Hydrogenated coal distillate. easily extracted, especially in

the presence of tar bases. Con-
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siderable amounts of tar bases are removed along with the
henols, and usually the amount of water going into the oil
ayer is small. The amount of tar bases removed in the alkali
wash is directly proportional to the concentration of tar acids,
alkali, and tar bases and inversely proportional to the molecu-
lar weight of the tar bases. The structure of the tar bases
and acids also is a factor. After the tar acids have been re-
moved, the tar bases, as is well known, are easily removed with
mineral acid.

Analysis of Oils Containing Carboxylic Acids

To determine the amount, generally small, of carboxylic
acids and other acids of similar strength in tar oils, the ex-
tract obtained by washing with alkali usually is saturated
with carbon dioxide and then acidified with hydrochloric
or sulfuric acid (21). The weakly acidic phenols are liber-
ated by carbon dioxide and the stronger acids by mineral
acid. Methods of this kind are time-consuming and ne-
cessitate the acidification of considerable amounts of carbon-
ate solutions. A study of synthetic solutions and tar oils
containing various amounts of benzoic and acetic acids has
shown that the strong tar acids may be determined directly
by extraction with sodium or potassium carbonate solutions.
The synthetic solutions were prepared by mixing the desired
amounts of cresol, a carboxylic acid, toluene, and an amine
mixture (equal parts by volume of pyridine, quinoline, iso-
quinoline, and aniline). The amount of carboxylic acid
added was judged by the increase in volume of the solution.
The solution and tar oils were analyzed by the following
reagents and order of extraction:

100 ce. of 20 per cent sulfuric acid Esodium chloride;
50 ce. of 20 per cent sulfuric acid (sodium chloride
50 cc. of 10 per cent sodium carbonate

100 ce. of 10 per cent sodium hydroxide
35 ce. of 10 per cent sodium hydroxide
15 cc. of 10 per cent sodium hydroxide
50 cc. of 20 per cent sulfuric acid (sodium chloride)
25 ce. of 20 per cent sulfuric acid (sodium chloride)

15 ce. of 20 per cent sulfuric acid (sodium chloride)
10 per cent sodium hydroxide

© 8000 SOOI EL

—

The volume of oil was recorded at extractions 2, 3, 6, 9,
and 10. The last extraction was made to remove any trace
of phenols not accounted for previously. In the case of
the synthetic solutions, the volume loss at this point was
only 0.2 to 0.3 cc., and was disregarded. In the case of the
tar oils, appreciable volume losses were often observed in the
last extraction with alkali.

The results obtained (Table VI) indicate that carboxylic
acids may be determined satisfactorily, the values found
agreeing very well with the amounts present. Nothing new
was revealed concerning the determination of amines and
phenols. As observed in previous analyses, the amine values
are low and the phenol values high.

Correction for Water Absorption

The suggestion has been made previously (6) that absorp-
tion of water by the tar oil is partly responsible for the fact
that the values obtained for amines and phenols are usually
low and high, respectively. It has been observed in many
cases that washing 100 ce. of tar oil with 50 cc. of 20 per
cent sulfuric acid (saturated with inorganic salt) causes the
oil layer to undergo a volume increase of about 1 ce. During
this operation some quantity of tar bases must have passed
into the aqueous layer unobserved, causing the amines value
to be erroneously low. It is likely that most of the water
dissolved in the oil layer is removed in the alkaline extraction
along with the phenols, resulting in a high value for the tar-
acid content.

It has been found that errors arising from water absorp-
tion may be obviated somewhat by adding 2 to 3 cc. of
aqueous sodium chloride solution to the oil as the first stage
of the analysis. The increase in volume caused by this
washing was noted, and later subtracted from the volume
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TaBrLe VI. SyntaETIC SoLUTIONS CONTAINING BENZOIC AcID

Amines

Found
First Second

Present wash wash

Carboxylic
Phenols ci
Total Present Found Present Found

Volume—-Per Cent
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TasrLe VII. ANALYsIS FOR Acipic AND Basic CONSTITUENTS

WITH PRELIMINARY ADDITION OF SALT-WATER SOLUTION

Modified Bureau of Salt-Water Solution Added Liberation
Mines Metho arboxylic Method
No. Amines Phenols = Amines Phenols acids Phenols

% % % % %
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28.9
19.7
26.1
151

B

VRO, O &
WSROI N W
BWRRONNS
DO = 00 0O 1D bt GO
WO 00t W N
OB RO
HOOHOOMO
voocooocoo

[~

-3

00 =TS T LIRS
RO, e,

Pt
)
(==

Synthetic solution: 4% amines, 36% cresol, and 60% toluene;
of water absorbed.

Hydrogenated coal distillate; 0.2 cc. of water absorbed.

Coal tar (500° C. carbonizing temp.) distillate; 0.8 cc. of water absorbed.

Coal tar (600° C. carbonizing temp.) distillate; 0.4 cc. of water absorbed.

Coal tar (700° C, carbonizing temp.) distillate; 0.6 ce. of water absorbed;
1.2% of benzoic acid added. i

Coal tar (800° C. carbonizing temp.) distillate; 0.2 cc. of water absorbed.

Coal tar (800° C. carbonizing temp.) distillate; 0.3 cc. of water absorbed.

Coal tar (900° C. carbonizing temp.) distillate; 0.4 cc. of water absorbed;

O.S’FZ, of benzoic acid added.

to 4. en per cent sodium carbonate used to remove carboxylic acids.

to 8. Almost saturated potassium carbonate solution used to remove

carboxylic acid.

On el 00°F IR OUi O O 2

contraction to alkali. The tar-base value was indicated
directly by the contraction in volume caused by washing
the water-containing oil (oil washed with sodium chloride
solution) with the sulfuric acid reagent.

To ascertain the effect of adding water before extracting
with sulfuric acid and sodium hydroxide solutions, one
synthetic solution (prepared as previously from cresol,
toluene, pyridine, quinoline, isoquinoline, and aniline) and
several tar-oil distillates were analyzed by a procedure
identical with that used to obtain the data in Table VI, with
the exception that a preliminary wash with 2 to 3 ce. of
sodium chloride solution was employed. It was found
necessary to allow considerable time for the layers to separate
where the oil was washed with carbonate solutions. In
some instances a nearly saturated solution of potassium
carbonate was less troublesome than 10 per cent sodium
carbonate, and with either reagent a good separation of the
layers must be effected to determine traces of carboxylic
acids. For the purpose of comparison the same synthetic
solution and tar oils (see Table VII) were analyzed by the
modified Bureau of Mines method and the liberation pro-
cedure of Morgan and Meighan (methods 2 and 5, Table V).
Small amounts of benzoic acid were added to tar oils 5 and
8, but in all cases the liberation method was carried out on
the original, untreated distillates.

As may be seen from Table VII, washing the oil with salt
solution before extracting the tar acids and bases caused
higher and lower values, respectively, to be obtained for the
amines and phenols. Such values are more accurate than
the ones obtained by simple extraction methods; hence the
preliminary wash with salt water is a worthy addition to
the contraction method.

The data in Table VIII show that oils containing ap-
preciable amounts of water-soluble amines and carhoxylic
acids give erroneous results when analyzed by the procedure
described previously and used to obtain the data in Table
VII. This is due to the fact that the water-soluble car-
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boxylic acid (acetic acid) is extracted along with the amines
in the sulfuric acid wash. More accurate results (see solu-
tions 3 and 4, Table VIII) were obtained by extracting the
acetic acid just after the sodium chloride-water treatment
and before removal of the amines.

TaBLE VIII. ANALYSES OF SYNTHETIC SOLUTIONS® CONTAINING
AceTic Acip
Syn- 7
thetic Carboxylic
Solu- Water Amines Phenols cids

in i
tion No. Absorbed Present Found Present Found Present Found

Ce, Volume—Per cent:
1% 0.4 5.2 6.3 20.4 20.6 1.6 0.5
268 0.5 5.3 7.5 20.4 20.5 2.8 0.7
34 0.5 5.2 5.2 20.1 19.9 2.0 2.6
4 0. 5.5 5.0 20.0 20.2 1.6 2.1

4 Synthetic solutions pregared from toluene, cresol, acetic acid, and an
amine mixture (equal parts by volume of pyridine, quinoline, isoquinoline,
and aniline). :

b Carboxylic acid extracted with saturated potassium carbonate after
sulfuric acid extraction, g

¢ Carboxylic acid extracted with 10 per cent sodium carbonate after sul-
furic acid extraction. G %

d Carboxylic acid extracted with saturated potassium carbonate after
sodium chloride-water treatment.

¢ Carboxylic acid extracted with 10 per cent sodium carbonate after
sodium chloride-water treatment.

Conclusions

Dilute alkali (about 10 per cent) is a suitable reagent for
determining tar acids by contraction methods. In the
presence of tar acids, more concentrated alkali dissolves
considerable quantities of nonacidic material, chiefly tar
bases, and gives erroneous results; more dilute alkali (about
5 per cent) is not satisfactory because of its tendency to form
emulsions with tar distillates.

Reagents such as 20 per cent sulfuric acid saturated with
certain inorganic salts (sodium chloride, potassium sulfate,
etc.) are suitable for extracting tar bases in contraction
methods. The other acid reagents examined were found to
dissolve considerable quantities of the lower boiling tar acids.

The common procedure of extracting with alkali and then
with mineral acid gives high and low results, respectively,
for tar acids and bases. More accurate results are obtained
by extracting first with mineral acid, and then alternately
with alkali and mineral acid until all tar acids and bases
are removed.

The high and low values obtained for tar acids and bases,
respectively, are due to (1) the solvent power of alkaline
phenolate solutions for amines and (2) absorption of water
by the oil layer. Errors from these two causes may be partly
eliminated by extracting with dilute alkali and by making
a correction for the water absorbed.

In agreement with the conclusions of Weiss (31) but con-
trary to those of Hill (15), it was found that contraction
methods give higher tar-acid values than liberation methods.

The more efficient and convenient method of extracting
first with alkali is almost as accurate as extracting first with
mineral acid, if dilute alkali (about 10 per cent) is employed.

Tar acids may be determined as strong (polyhydric phenols
and carboxylic acids) and weak (monohydric phenols) acids
by extraction with both sodium (or potassium) carbonate
and alkali.

The procedure described below is recommended for de-
termining tar bases, carboxylic acids, and phenols in tar
oils (using about 100 cc. of oil in a graduated separatory
funnel, 10, 31).
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The oil is shaken with 2 to 3 cc. of an approximately saturated
sodium chloride solution; the increased volume of the oil layer
is_ noted and used subsequently in calculating volume contrac-

ions.

Extracted with 5 to 10 ce. of approximately saturated potas-
sium carbonate solution; diminution in value of oil layer is
indication of carboxylic acid content.

Extracted in succession with 100- and 50-cc. portions of the
sulfuric acid reagent (20 per cent sulfuric acid, approximately
saturated with sodium chloride).

Extracted in succession with 100-, 35-, and 15-cc. portions of
10 per cent sodium hydroxide.

Extracted in succession with 50-, 25-, and 15-cc. portions of
the sulfuric acid rcagent.

Extracted with 15 to 20 ce. of 10 per cent sodium hydroxide.

The amounts of tar bases and phenols present are indicated
by the total volume contractions to sulfuric acid and sodium
hydroxide, respectively. The tar acid value is corrected by
subtracting from it the water-absorption value (ohtained in the
first step).
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Determination of the Moisture Content of
Tobacco

RICHARD M. CONE! AND LOYAL H. DAVIS, Philip Morris & Co. Ltd., Inc., Richmond, Va.

T HAS been pointed out by Cone (4) that the control of
the moisture content of tobacco is one of the most impor-
tant phases of manufacture. While some hygroscopicity data
are available (9, 15), they are insufficient for the types chiefly
used in this country, and the writers had planned additional
work to measure the equilibrium vapor pressure of various
types, over a wide range of temperatures and moisture values.
It was realized, however, that there is no such thing as an
“absolute’” moisture content for any sample of tobacco;
the value obtained depends on the method used, and few
laboratories agree on the same method. Methods include
drying the samples in ovens, for varying times, at different
temperatures, with or without forced air circulation; drying
at room temperature over various desiccants, under atmos-
pheric pressure or vacuum; various distillation procedures
with solvents immiscible with water; and indirect procedures
involving conductivity or dielectric constant. In this work
an attempt has been made to compare six methods in common
use.

No experiments on the various “indirect” methods were
made. The Tag-Heppenstall moisture meter, methods based
on a change in dielectric constant (7), and others depending on
the evolution and measurement of acetylene when the tobacco
is mixed with calcium carbide (Z0) must all be calibrated
against some such method as those discussed here. Attempts
to deduce the moisture content from the humidity of the air
in the tobacco were ruled out by the writers’ experience, by
that of other observers (12), and by the slowness with which
equilibrium is reached (15). Other methods which have been
suggested (Z, 11) do not lend themselves to use on a large
number of samples with a minimum of effort.

Selections of Samples for Drying

It is generally agreed that the greatest source of error in
moisture determinations on tobacco is the heterogeneity of the
material. Any manufactured sample is a blend of several
grades, if not of several widely different types, and the pro-
portions are not the same in every part of a large lot. The
types vary in hygroscopicity, and as the more hygroscopie
shreds rob the others of their moisture, variations of the water
content are produced. Most tobacco ready for smoking also
contains added substances (sugars, glycerol, diethylene gly-
col) which increase its natural hygroscopicity (4); any minor
maldistribution of such material can cause a disproportion-
ately large local concentration of water. If one attempts to
pulverize and mix a sample of tobacco, moisture is usually lost
in handling, and the sample must be very dry before it can
be powdered. Moreover, a loose, fluffy mass of cigaret filler
may be dried more rapidly and uniformly by most methods
than an equal weight of fine powder. It is desirable to dry
as much as possible at each determination; the writers have
found 20 grams about the maximum for convenient use and
the minimum for sufficient accuracy. Any method, therefore,
which is restricted to a much smaller sample has been ruled
out.

It was accordingly decided to compare single grades, repre-
sentative of the most important types. Flue-cured, ‘bright,”
or “Virginia” tobacco amounts to half the domestic produc-
tion, and Burley is next in importance. Since by the criteria

1 Present address, Solvay Process Company, Syracuse, N. Y.

of Dixon and his associates (6) tobacco 30 months old may be
considered fully aged, a sample of 1933 tobacco from Wilson,
N. C., U. 8. Grade C4F, was selected to represent flue-cured,
and a sample of 1933 tobacco from Lexington, Ky.,same grade,
was chosen as typical Burley. These samples will be desig-
nated as “flue-cured” and ‘“‘Burley,” respectively. Flue-
cured tobacco is generally more hygroscopic than air-cured
Burley or Maryland, and contains up to 25 per cent of sugars,
whereas the latter two contain almost none (4, 8).

Two samples of cut cigaret tobacco (blends A and B) were
also used. These were blends of various types and grades,
and their hygroscopicity had been increased by the addition
of diethylene glycol. The cut tobacco was usually taken from
the middle of a large, fairly tight container, and was mixed as
well as possible in an atmosphere close to the equilibrium
humidity. In general physical and hygroscopic properties
it was felt that these blends were fairly representative of the
popular American brands.

Experimental

All samples were cut by machine into shreds the usual width of
cigaret filler (0.75 mm.), thorougbly mixed, and packed into plug-
top tins (1600 cc., 16-ounce size). All seams were sealed with
paraffin. Samples from the same tin taken at intervals of several
weeks showed no measurable change in moisture content. Foreach
determination except by distillation, about 20 grams of tobacco
were weighed quickly into a covered aluminum dish 63 mm. in
diameter and 45 mm. deep. The electric oven used was a
Freas No. 601, the temperature of which can be kept at 100°
= (.5° C. allover the oven. A strong current of air was drawn by
a fan horizontally through the drying chamber at such a velocity
that it did not quite blow tobacco out of the dishes. For the
British tests, on the basis of which duty is levied, small steam-
jacketed ovens were kept very close to 100°, but the only circula-
tion obtained was by convection.

After the oven-drying, the samples were cooled in desiccators
over porous barium oxide for at least an hour.

For the samples dried over sulfuric acid, enough acid was used
to maintain the acid concentration above 90 per cent after it had
absorbed all the moisture it would. Three days after introducing
the samples, the acid was stirred to prevent stratification of the
layers o? different concentrations.

The vacuum desiccators were exhausted by a water aspirator to
26 mm., and it was found that this pressure was maintained with-
out leakage.

The toluene distillation agparatus was essentially that of
Bidwell and Sterling (2). The cylindrical measuring tube was
0.782 em. in diameter; the menisci were read from a reference
point by a vernier caliper and the volumes were computed. Use
of a smaller tube was att,em[)ted, but complete separation of lay-
ers was impossible. Distillation was continued until no more
water could be driven over, although it was difficult to decide just
when this desideratum occurred. Every sample, however, was
distilled at least 2 hours.

In the 3-hour oven test the size of the sample influences the
results obtained. With a given container, the larger the sam-
ple, the lower the result; but the results are not much lower
until it is necessary to pack the tobacco to get the whole sam-
ple in. When tobacco is dried in vacuum, however, the size
of the sample is of little effect. By any method, the time of
drying is a factor which must be decided empirically, for it is
practically impossible to dry to constant weight (74).

In vacuum desiccators the loss in weight after the first few
days is very slow; the authors opened their desiccators at
5, 9, and 15 days with one sample of tobacco, weighing the
dishes and reévacuating each time (Table I). The period of
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TasLE I. MoISTURE DETERMINATIONS

(Sample of cigaret blend No. 1, from cut-filler storage)
Oven Drying, 3 Hours at 100° C.

Weight of sample, grams 13.5 21.0 29.3

Per cent of water 11.59 11.50 11,04
Vacuum Drying over P:0s
Weight of sample, grams 10.0 20.0 30.0
Per cent of water, 5 days 9.67 9.84 9.66
9 days 9.84 9.91 9.74
15 days 10.03 10.10 9.93

7 days was chosen simply because it is about as long as most
workers are willing to wait (Table II).

Discussion of Results

Table II shows that for a given sample of tobacco moisture
values may vary as much as 50 per cent, depending on the
method used, and that the differences between the methods
are by no means constant with all types of tobacco or for all
moisture values. The choice of methods, therefore, depends
simply on how much water the experimenter wishes to re-
move. The sulfuric acid apparently takes out only that held
mechanically by capillarity; when something as hygroscopic
as diethylene glycol has been added to the tobacco, perhaps
even this water is not completely removed, for diethylene
glycol itself is a fairly good desiccant. Vacuum drying at
room temperature seems to remove all the water held by ab-
sorption and adsorption, which apparently is all that con-
tributes to the mechanical pliability of the leaf.

Barium oxide was substituted for phosphorus pentoxide as
the desiccant in these experiments; it seems to be as good a
drying agent (3) and there is less chance of its taking up the
volatile bases of tobacco. The writers found a reduction in
the nicotine content of tobacco dried over phosphorus pent-
oxide and measurable amounts of nicotine (about 5 per cent
of that in the tobacco dried) in phosphorus pentoxide over
which tobacco has been dried, and got slightly higher results

TaBLE II. MOoISTURE DETERMINATIONS
7 Days® 7 Days® 3 Hours in
7 Days® over over Electric
over P05 BaO Oven at
Type H,S04 (Vacuum) (Vacuum) 100° C.
%o % % V3 o
Flue-cured 9.92 12.66 12,32 13.84 13.88
10.13 12.61 12.50 13.88 13.80
10.07 1272 12.18 13.72 14.00
13.63 13.88
Av. 10.04 12.66 12.33 13.83
Same kept 18 hours at  8.90 e 10.56 11.59
2 CH(72%°F.); - + 8.70 10.38 11.55
Z relative hu- 8.75 10.43 11.73
idity
Av. 8.78 10.46 11.62
Burley 9.00 13.03 13.09
9.07 12,92 12.96
9.03 12.84 13.03
Av. 9.03 12.93 13.03
Same kept 18 hours at. 7.76 10.04 10.23
22,2220 CH (729 F)) 587,54 10.11 10.32
80% relative hu- 7.56 10.29 10.17
midity
Av. 7.62 10.15 10.24
Cigaret blend A 6.46 9.33 10.92
6.35 8.91 10.70
6.62 8.85 10.66
Av. 6.48 9.03 10.76
Same ke?t. 18 hours at 8.62 9.97 11
(72° F.), 8.76 10.38 11.74
62 o relstxve hu- 9.00 10.03 11.78
midity
Av. 8.79 10.13 11.78
Cigaret blend B, wet 13.45 16.30 18.02
from cutters 13.29 16.79 18.20
13.41 16.70 17.72
Av. 13.38 16.60 17.98
Ciga.ret blend A, too 4.42 5.77 7.08
ry for use 4.30 5.88 7.08
4.41 5.88 7.08
Av. 4.38 5.84 7.08

8 At 22° to 30° C.
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for the moisture when phosphorus pentoxide was used as the
desiccant, (Table II).

At 100° C. in a good draft salt hydrates and hydrates of
the sugars present begin to decompose. Flue-cured tobacco
which contains up to 25 per cent of sugars (§) gives values 1.16
to 1.5 per cent higher on drying 3 hours at 100° C. than with
vacuum drying over barium oxide; the 16-hour British test
gives a value 2.85 per cent higher. With air-cured Burley
which contains practically no sugar, the 3-hour oven test
gives a value only 0.1 per cent higher than vacuum drying,
and the British test gives 0.26 per cent higher. Since the
chief chemical difference between flue-cured and Burley is the
sugar content, this factor is probably responsible for the dif-
ferent values obtained.

It is also likely that at 100° C. other substances than these
hydrates are decomposed. In a sample of cigaret blend A
containing 11.52 per cent of moisture (oven), the writers
found that in 3 hours at 100° C. the percentage of nicotine
on the basis of the original moisture content was reduced
from 2.45 to 2.16 per cent—a known error of around 0.3 per
cent. The writers believe that the humidity of the room air
also influences the results. At the conclusion of the 16-hour
British test the tobacco had been considerably darkened and
had lost most of its original hygroscopic power.

The toluene distillation simply dries at the boiling point of
toluene (111° C.). The appearance of the tobacco indicates
that even greater decomposition has taken place and while
the authors agree with other observers (2, 13) that this
method obviates the possibility of oxidation, it also probably
decomposes some of the carbohydrate present. Bidwell and
Sterling (2) claim that water of crystallization is separated from
some substances, and the authors’ results show that this may
be the case with some compounds present in tobacco. Since
water was still being slowly liberated after 2 hours’ distillation,
the decision to stop at any particular time makes this method
as purely empirical as any of the others. In addition, there
was very poor separation of water and toluene in the tube the
authors finally used, and all the
water does not descend from the
condenser into the graduated sec-

16 Hours in .
Toluene tion.

Steam-Heated

T o Gl Since any method is more or
% % % less empirical and since all except
14,92 15.17 distillation give consistent results
ig e with little trouble, the selection
S of a procedure becqmes largely a
: matter of convenience. The
e authors feel, therefore, that the
speed of the 3-hour oven test and
3t s the fact that a single worker with
THE B L a fast balance can handle nearly
14,22 100 samples a day makes this
13.19 14.11 the most useful for general con-
trol work. For calibration and
comparison, vacuum drying for a
week over a good neutral or alka-
12.37 12.62 11.74 line desiccaq(; (magnesium per-
S 11.78 chlorate, calcium sulfate, or porous
12.43 11.82 barium oxide) is to be recom-
SEEes i mended.
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Separation of Beryllium in the Presence
of Complex Tartrates

HOKE S. MILLER, Department of Chemistry, Columbia University, New York, N. Y.

WING to statements in the literature (Z, 4) that solu-
tions of beryllium salts in the presence of tartrate are
stable to strong alkali, the idea has arisen that beryllium
cannot be precipitated as the hydroxide in the presence
of tartrate. The author has found, however, that beryllium
may be precipitated from its complex tartrate solution by
means of an optimum hydroxyl-ion concentration provided
by the addition of ammonium hydroxide. In this way it
is possible to separate beryllium, to a fairly quantitative
extent, from such elements as aluminum, iron, copper, and
chromium, which form complex tartrates from which the
hydroxides of the metals are not precipitable upon addition
of an optimum quantity of ammonium hydroxide.
Recently Jilek and Kota (2) demonstrated that beryllium
could be separated quantitatively from aluminum by adding
a known quantity of ammonium tartate solution to the

TaBLe I. PREcIPITATION OF BERYLLIUM FrROM I1S COMPLEX
TARTRATE
0.5 M

BeO Potassium 16 M BeO

Theoretical Tartrate NH.OH Found
Mg. Ce. Ce. Mg.
146.3¢ 20 8 113.8
146.34 20 10 126.0
146.3¢ 20 14 144.4
148,39 20 16 146.4
146.32 25 15 146.2
146,30 25 16 145.1
146.32 25 16 145.1
146.32 25 16 144.1
146.39 25 16 143.7
146.39 25 16 144.2
140.0¢ 25 15 140.0
14.0% 3 5 14.2
14.0b 3 5 14.0
14.0b 3 5 14.0
14.0b 3 5 14.0

4 50.00 cc. of Be(NOs): solution = 146.3 mg. of BeO, etec.
b 5.00 cc. of Be(NOs)2 solution -+ 20 ce. H:0 = 14.0 mg. of BeO. In each
case the precipitate was dissolved in dilute nitric acid and reprecipitated.

TasLe II. ~ PRECIPITATION OF BERYLLIUM FROM ITs COMPLEX

TARTRATE®
(In the presence of aluminum = 33.5 mg.)

0.5 M Potassium 16 M BeO
Tartrate NH.OH Found
Ce. Ce. My.

2| 8 75.0

28 10 117.8

20 15 151.0

20 15 146.3

25 14 146.2

30 14 146.2

25 16 145.0

@ For each determination 50.00 cc. of solution containing Be(NOa): =~
146.3 mg. of BeO and AlICl; =~ 33.5 mg. of Al. Each precipitate was dis-
solved in nitric acid and reprecipitated.

salts of aluminum and beryllium; subsequent addition of
an excess guanidine carbonate precipitates beryllium as
the basic carbonate while the aluminum remains in solution.

The method herein proposed eliminates the use of guani-
dine carbonate by employing ammonium hydroxide.

A solution of beryllium nitrate, containing a known quantity
of beryllium, was accurately pipetted into a 250-cc. beaker, to
which was added a measured portion of 0.5 M potassium tartrate
solution. The contents of the beaker were well mixed, after
which a specified amount of 16 M ammonium hydroxi(fe was
added dropwise. After standing at room temperature (25° C.)
for 10 hours, the precipitate was filtered on No. 44 Whatman
paper, washed with water containing a trace of ammonium
nitrate (3), dissolved with dilute nitric acid, reprecipitated as
many times as indicated in the Tables I and II, washed as de-
seribed above, ignited, and weighed as beryllium oxide.

Tables I and II are illustrative of typical results. It is
significant that the amount of beryllium recovered depends,
to within certain limits, on the quantity of ammonium
hydroxide added to a given quantity of the salt solution.
If the final solution is too feebly alkaline with ammonium
hydroxide, all the beryllium may not be precipitated, thus
leading to low results.

Precipitation of Beryllium

Eight determinations of beryllium were made by precipi-
tating beryllium as beryllium hydroxide in the presence of
the complex tartrates of aluminum, iron, copper, and chro-
mium.

To 50 ce. of solution containing Be(NO;); =~ 140.0 mg. BeO,
AlICl; ~ 11.2 mg. Al, FeCl; =~ 20.7 mg. Fe, CuCl; = 47.3 mg.
Cu, and CrCl; »~ 19.5 mg. Cr, were added 30 cc. of 0.5 M potas-
sium tartrate, followed by the dropwise addition of 16 cc. of 16
M ammonium hydroxide. From this point on the procedure
described above was followed. The precipitates were redis-
solved three times and reFrecipitated. An average of 143.6
= 1.3 mg. BeO (theoretical, 140.0 mg. BeO) was obtained.

The principal disadvantage of this method of analysis is
the tendency of gelatinous precipitates to co-precipitate
crystalloidal matter. For this reason it is not recommended
for very precise and accurate separations and determinations.
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Interference of Phosphorus in the Determination
of Fluorine

H. V. CHURCHILL, R. W. BRIDGES, AND R. J. ROWLEY, Aluminum Research Laboratories, New Kensington, Pa.

INCE the discovery that fluorine is a causal factor of the
dental defect known as mottled enamel on teeth, the
literature of analytical chemistry has abounded with papers
describing methods for its determination in small amounts—
that is, up to a few parts per million. More recently the
increased use of fluorides as insecticides has stimulated in-
terest in such methods and, since the U. S. Food and Drug
Administration placed the maximum allowable limit for
fluorine content of food at 0.01 grain per pound (1.4 p. p. m.),
the need for an accurate method to determine it in the range
of 1 to 2 parts per million is paramount.

Workers in this field have used various procedures for the deter-
mination of fluorine. Churchill (2), when investigating the oc-
currence of fluorine in some waters of the United States, deter-
mined fluorine by a modified Fairchild method and verified the
results by means of the spectrograph. Willard and Winter (?)
developed a method for the determination of fluorine by distilling
it with perchloric or sulfuric acid and titrating it with thorium
nitrate, using the zirconium sodium alizarin sulfonate lake as an
indicator.

Armstrong (1) improved this method by using alizarin sulfonate
only as the indicator. Thompson and Taylor (5) developed a
colorimetric method using the zirconium alizarin lake for the de-
termination of fluorine in sea water. Sanchis (4) modified the

rocedure for the determination of fluorine in natural waters.
{)Vintcr (8) used it for the determination of fluorine in alfalfa and
grass, and Wichmann and Dahle () developed an improved ti-
tanium bleach method (Steiger Merwin reaction) and determined
the most suitable pH for color development and the effect of
many interfering ions and various solution concentrations. Hos-
kins and Ferris (3) made a study of the thorium nitrate titration
determining the most suitable pH at which it should be made and
the minimum concentration at which the ions of halogens. NO;,
ClOy, SO;, AsO;, SOy, AsOy, and PO, interfere.

It is well known that phosphates interfere with the de-
termination of fluorine by the above colorimetric and thorium
nitrate titration methods, but it generally has been con-
sidered that the Willard-Winter distillation made a com-
plete separation of fluorine from phosphate. However, in
determining fluorine in some foods having a high phosphorus
content, by the thorium nitrate titration of a distillate made
from the ash of the food, results for fluorine were obtained
which varied from “not detected’” to 11 parts per million.
Investigation showed that such varying results obtained
on navy beans were caused by titration of phosphate carried
over into the distillate. When the first distillate was made
alkaline with sodium hydroxide to phenolphthalein, evapo-
rated to small volume, and redistilled, satisfactory results for
fluorine were obtained which indicate the fluorine content
to be less than 1 part per million.

It was evident that some variable factor caused the phos-
phate contamination. It seemed plausible that the contami-
nation was caused by the presence of unburned carbonaceous
matter or that possibly during ashing phosphate was re-
duced to a form which is readily carried over in the distillate.
This is indicated by the following experimental analysis of
navy beans:

Thorium nitrate titration of a distillate using sulfuric acid on
the ashed sample indicated 7.2 p. p. m. of fluorine. In this distil-
late phosphate was present in appreciable amount, sulfate a trace.

Wien the distillate from sulfuric acid was concentrated and re-
distilled, using perchloric acid, less than 1 p. p. m. of fluorine was
}ndicated. Phosphate and sulfate were not detected in this distil-

ate.

To another distillate from sulfuric acid, which indicated 7.2
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p. p. m. of fluorine, phosphate was added as phosphoric acid in
amount equal to that present in the original ash. Concentration
of the distillate followed by distillation, using perchloric acid,
gave a titration indicating less than 1 p. p. m. of fluorine. In this
distillate phosphate and sulfate ions could not be detected.

Satisfactory recovery of added fluorine was made by the
double distillation. 1It, therefore, seems necessary to make
a double Willard-Winter distillation of the fluorine from
the ash of foods, for satisfactory determination of fluorine.
The first is made with sulfuric acid rather than perchloric
acid to eliminate hazard, as some carbonaceous matter is
usually present. The second should be made with per-
chloric acid at 135° C., which gives a distillate free from phos-
phate and sulfate.

Fluorine in a number of food products, mostly purchased
in retail stores, was determined by the above double-dis-
tillation procedure and titration with thorium nitrate, with
the following results: Less than 0.2 p. p. m. of fluorine was
indicated in dried beans, wheat bran, crushed oats, peanuts,
mackerel (boned), carrots, turnips, sweet potato, Irish po-
tato, canned corn, beef, mutton, and pork. Less than 1.0
p. p. m. of fluorine was indicated in baking powder C, pure
wheat germ, alfalfa, wheat, wheat straw, yellow corn, and
whole rice.

More than 1.0 p. p. m. of fluorine was found as follows:

Mackerel (with bones) 3.9 Corn germ 15.0
Salt pork 1.1 English Breakfast tea 66.0
Baking powder A 220.0 Gun Powder tea 67.0
Baking powder B 19.0 Qolong tea 41.0
Commercial wheat germ A 137, Canned salmon 4.5
Commercial wheat germ B 4.0 Canned sardines 7.3
Cottonseed meal 12.0
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Correction

In the article entitled “Physical and Chemical Properties of
Petroleum Fractions. I. Behavior in Dilute Benzene Solutions”
[Inp. Exg. Cuenm., Anal. Ed., 8, 324 (1936)] by Harry T. Rall
and Harold M. Smith, C in the equations in Table I should be
multiplied by 100. Thus, the equation for A-1, Wet, should be

K = 64.98 — 0.16 C X 100

In the second article of the series, “II. Relations between
Molecular Weight and Concentration in Dilute Solution” [Ibid.,
8, 436 (1936)], S for oil O-1 in C,HBr, should be 11,600.0 in-
stead of 1160.0.

Harry T. RALL



Direct Determination of Oxygen in Organic

Compounds by Hydrogenation

PAUL GOODLOE! AND J. C. W. FRAZER, Department of Chemistry, The Johns Hopkins University, Baltimore, Md.

USSELL and Fulton (8) and Russell and Marks (9)
reported an improved method for the direct determina-
tion of oxygen in organic compounds containing only carbon,
hydrogen, and oxygen and in compounds also containing
nitrogen. Later Marks (4) applied the method to the deter-
mination of total oxygen in oxidized oils in the presence of
small amounts of sulfur contained in the oils. The method
is the hydrogenation method of ter Meulen (7); it has enjoyed
the best success of all the direct methods for oxygen, although
some workers have reported difficulties with it, one of the
latest being Gauthier (2). It seemed desirable to render the
method more dependable and capable of wider application.
With the present procedure and apparatus it has been suc-
cessfully applied, without any modifications, to a similar
variety of compounds containing carbon, hydrogen, oxygen,
nitrogen, and sulfur. Moreover, the reproducibility was
found to be generally as good as the accuracy—that is, about
0.1 per cent for the oxygen.

Apparatus

The apparatus of Russell and Fulton (8) was modified only
slightly (Figure 1).

To

Hydrogen

Cylinder

Figure 1.

The cracking, 6, and catalyst chambers, 7, and preheater, 2,
were electrically heated by specially prepared furnaces each 20
em.long. A 2.5 X 5 X 10 em. (1 X 2 X 4 inch) cast-aluminum
block, 5, with a groove along the center of a large face and a
longitudinal hole for a thermometer, was used in vaporizing the
sample. A glass mortar, 8, 8 cm. long in which toluene was re-
fluxed to maintain a temperature of 111° C. was used to heat a
2-cm. plug of silver sulfate in the case of halogen-containing com-~
pounds. This silver sulfate was omitted in all runs where halo-
gen was not involved.

A capillary stopcock, 1, was used to adjust the flow of hydrogen;
the hydrogen was dried by sodium hydroxide pellets, 3, and an-
hydrous calcium sulfate, 4, and was delivered to the apparatus
under a pressure of about 2 meters (6 feet) of water siphoned from
one 19-liter (5-gallon) carboy to another. The water formed

—————

! Present address, The Socony-Vacuum Oil Company, Paulsboro, N. J.
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during the analysis was absorbed by anhydrous calcium sulfate
contained in a 150-mm. Schwartz U-tube, 9, attached to the
quartz tube by a rubber connection. The exit hydrogen was
passed through a flowmeter, 10, open to the atmosphere. The
clear quartz tube had a total length of 70 cm. and an internal
diameter of 7 mm.

The means employed for the introduction of the regular plati-
num microboat, during an exit flow of hydrogen of more than
200 cc. per minute, is illustrated in Figure 2. A one-hole rubber
stopper contained a solid glass rod which extended into the quartz
tube about 10 em. Sealed into the end of this rod was a double
length of Nichrome wire having a loop on the end the right size
and shape for the microboat to fit snugly. The rod and wire
remained in the tube during the analysis and attendant vaporiza-
tion of the sample. The boat was removed by pulling it to the
end of the quartz tube with the rod and wire and then picking
it up with genn forceps. The boat containing the next sample
was in;)mediately placed in the wire loop and pushed into place in
the tube.

Catalyst and Cracking Surface

The nickel chromite catalyst is quickly prepared from
readily available materials and is easily handled even after
reduction. The freshly prepared catalyst, after reduction at
400° C. for 10 or 12 hours (overnight) and then at operating
temperatures for 1 hour, gave a constant blank of about

——=——<F=3

= p—

Fi1Gure 2.

INTRODUCTION OF MICROBOAT

0.2 mg. per liter of hydro-
gen. Russell and Fulton (8)
reported that it took 2 or 3
days to reduce their thoria-
promoted nickel catalyst to a
point where it gave a similar
constant blank.

Of especial significance is
the fact that the activity of
the nickel chromite catalyst
is unaffected by sulfur (3) up
to relatively large amounts,
and as sulfur is completely
retained by this substance (3) the method is applicable to
sulfur-containing compounds. Marks (4) has shown that
the thoria-promoted nickel catalyst is also resistant to poi-
soning by sulfur.

Nickel chromite was also found to make the best cracking
surface when heated to red heat. Some carbon dioxide
escaped when platinized quartz beads were tried as cracking
surface with nickel chromite as catalyst, whereas when nickel
chromite was used as cracking surface (at 750° C.) and as
catalyst (at 400°) the carbon dioxide was completely hydro-
genated. Under these conditions the nitrogen in nitrogen-
containing compounds is cracked directly to free nitrogen and
practically no ammonia is formed (Table I).

The catalyst was prepared by weighing 31 grams of am-

10
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monium chromate [(NH;),CrO4] into one beaker and 29
grams of nickel nitrate [Ni(NO;),:6H.0] into another; the
nickel nitrate was dissolved in 50 cc. of distilled water and the
solution poured over the dry ammonium chromate with
stirring. This produces the double salt, NiCrO;: (NH;),CrOs--
6H,0 (7). After about 10 minutes of stirring, the precipitate
was filtered off with suction, dried over a low flame, and de-
composed in small portions in a porcelain casserole over a
Bunsen burner at 200° C. with stirring.

NiCTOQ‘(NH‘)gCI‘O"GHzO = Nl(cl‘o;)z + Nz + IOHZO

The catalyst so obtained was in fluffy particles which were
put directly into the quartz tube for a distance of 40 em. and
into the preheater tube and packed slightly with light
tapping. Approximately 10 grams of the catalyst were used
in the combustion tube and 5 grams in the preheater.

TaBLe I. DETERMINATION OF OXYGEN
——Oxygen——
al-
Substance Sample Water Ammonia Found culated
My. My. Mg. % %
Benzoic acid 81.2 23.9 2 26,14 26.22
99.2 29.3 26.23 26.22
Succinic acid 110.8 67.5 54.11 54.21
112.6 68.6 54.11 54,21
Tartaric acid 110.6 37.6 e 30.19 63.96
117.9 47.0 35.41 63.96
Picric acid 46.7 25.7 S 48,88 48.89
60.2 33.0 48.69 48.89
3,5-Dinitrobenzoic acid 102.1 52.0 0.5 45.23 45.27
101.6 51.8 0.6 45.28 45.27
Urea 89.5 26.8 0.2 26.60 26.64
88.1 26.5 0.0 26.71 26.64
Acetamide 83.2 25.4 0.0 27.12 27.09
82.2 25.0 —0.5 27.01 27.09
88.5 27.0 0.7 27.09 27.09
. 77:9 23.7 0.0 27.02 27.09
Trinitrobenzene 62.434 31.748 e 45.17 45.06
65.278 33.032 44,94 45.06
51.551 26.144 45.05 45.08
Pyrrol derivative (Cio- 45.202 12.160 G 23.89 24.60
Hi:NOs) 63.962 17.683 i 24.55 24.60
62.062 17.116 24.50 24.60
Diphenyl sulfone 70.1 11.5 14 .57 14.67
76.5 12.6 14.63 14.67
68.2 11.2 14.58 14.67
71.2 11.8 14.72 14.67
Chloroacetic acid 135.6 55.7 36.48 33.87
127.6 54.7 38.08 33.87
Procedure

In general, the procedure of Russell and Fulton was fol-
lowed. Fifty minutes were allowed for a run: 20 minutes
for the vaporization of the sample, and 30 minutes for sweep-
ing out the tube. The rate of flow of hydrogen was 60 cc. per
minute.

The most important and by far the most difficult part of the
analysis is the vaporization of the sample, which should be
done slowly and evenly by heating the aluminum block under
the sample with a microburner. A thermometer in the
block registers the approximate temperature of the sample
and a practice run is often advisable to learn the peculiarities
of the individual substance when volatilized; the vaporiza-
tion of the sample should be conducted about 20° above its
melting point the first time it is run.

Substances will distill from the hot to the cold portion of
the tube and in many cases distillation countercurrent to the
flow of hydrogen was observed. This is effectively prevented
by keeping the tube hotter (with an oxygen blowtorch) 6 or
8 cm. preceding the sample than in the region surrounding the
boat. When all the substance has been volatilized from the
boat, the aluminum block should be lowered and the boat
heated with the free flame from the microburner before the
oxygen blowtorch is applied.

VOL. 9, NO. 5

With picric acid (Table I), when easily decomposable or
explosive substances are used, it was found necessary to keep
the temperature of the sample as low as possible during the
vaporization and to spend a longer time than usual on this
process. It is advisable to increase the rate of flow of the
hydrogen to at least 90 cc. per minute.

With diphenyl sulfone (Table I), when difficultly decom-
posable substances are analyzed it is necessary to slow the
rate of flow down to about 30 cc. per minute, so that the
vapors may remain in contact with the cracking surface for a
longer period of time.

Discussion of Results

In the case of compounds containing only carbon, hydrogen,
and oxygen the results were satisfactory with one exception:
with tartaric acid the percentage of oxygen found was very
much too low. This was true for another hydroxy com-
pound, sucrose, the results for which were thrown out be-
cause of an inactive catalyst:

It seems impossible to vaporize either tartaric acid or su-
crose without carbonization of most of the sample. Other
substances will carbonize, but when they are heated in the
full blast of the oxygen blowtorch all the oxygen is given up
and the results are satisfactory. In the case of sucrose, test
runs with benzoic acid proved that the catalyst was inactive
at the time of the sucrose runs. This may also be true for
tartaric acid, though it is believed that all the oxygen wasnot
volatilized from the residue in the boat. However, Gauthier
(2) reported a successful analysis of this substance.

In a private communication, W. R. Kirner stated his
inability to get satisfactory results with sucrose by a micro-
hydrogenation method using a thoria-promoted nickel cata-
lyst, and preliminarily attributed his consistently low results
to difficulty in volatilizing all the oxygen from the sample.
Russell and Fulton (8) reported the successful analysis of
sucrose by hydrogenation.

Since nickel chromite catalyst will withstand fairly large
quantities of sulfur, analyzing tartaric acid and sucrose mixed
with a little free sulfur in the boat is planned in an effort to
displace all the oxygen.

No difficulties were encountered with the compounds con-
taining nitrogen; however, the polynitro derivatives are so
explosive that they are difficult to handle.

Table I also shows the outcome of an attempt to determine
the amount of ammonia formed in the case of 3,5-dinitro-
benzoic acid, urea, and acetamide. An absorption tube con-
taining glass wool moistened with concentrated sulfuric acid
was attached following the tube containing calcium sulfate.
No appreciable amount of ammonia was formed in any case.
This is in agreement with the findings of ter Meulen (5),
although Russell and Marks (9) reported considerable, though
not theoretical, amounts of ammonia.

Although diphenyl sulfone was the only sulfur-containing
compound tried, it is believed to be a sufficient test of the
method. With this substance it was demonstrated that sul-
fur in reasonable amounts does not poison the catalyst com-
pletely.

Halogen compounds (chloroacetic acid) cannot be success-
fully analyzed with nickel chromite catalyst prepared as
directed. This is in agreement with ter Meulen’s findings
(6) that a thoria-promoted catalyst is attacked by halogen
acid, liberating water from the thorium oxide present. The
chromite catalyst prepared according to the method outlined
contains a small amount of free oxide, which presumably is
never completely reduced.

The introduction of a slight modification should make the
method applicable to halogen-containing compounds when
nickel chromite is used. When this catalyst is pure it is in-
soluble in boiling concentrated hydrochloric acid (8), so that
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if the catalyst, as prepared with a small excess of chromic
oxide, were boiled or leached with several portions of boiling
hydrochloric acid, it should no longer react to produce water
under operating conditions in the quartz tube. Preliminary
results from work now in progress indicate this to be true.

It has been shown definitely (Table I) that ammonia is not
formed in the presence of this catalyst, even from a substance
like urea; it is therefore planned to use phosphorus pentoxide
as the absorbent for water, with no silver sulfate in the tube
when analyzing halogen compounds. It is then possible that
halogen may be determined simultaneously.

With these two modifications, the leaching of the catalyst
with hydrochloric acid and the substitution of phosphorus
pentoxide for calcium sulfate as the absorbing agent for
water, it is believed the method will be readily applicable to
halogen-containing compounds and therefore general with one
simple setup.

The pyrrol derivative

C.H;-0-0C-C———C-CH;
CHj- —N—J‘IJ-CHO
H

and the trinitrobenzene, furnished by A. H. Corwin, were run
as unknowns for Frazer; a Kuhlmann microbalance was used
for these runs with no modification of apparatus or procedure
except the use of micro absorption tubes weighing about 15
grams when filled.

Summary

The method of hydrogenation has been successfully em-
ployed for determining the percentage of oxygen in organic
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compounds containing carbon, hydrogen, oxygen, nitrogen,
and sulfur, using an active nickel chromite catalyst at 400° C.
The low results obtained in the analysis of tartaric acid and
sucrose indicated extreme difficulty in driving all the oxygen
from the residue in the boat. ’

The accuracy and reproducibility are each about 0.1 per
cent for the oxygen, or about that with which carbon is deter-
mined in ordinary combustions, and the apparatus and pro-
cedure are almost as simple as for combustions. The time
allotted to a single run was 50 minutes.

A modification has been suggested which will probably
make the method applicable to halogen-containing com-
pounds.
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An Inexpensive Metal

Chimney for Fusions

LOUIS J. CURTMAN AND LEO LEHRMAN, College of the City of New York, New York, N. Y.

HE device described
in this paper was con-
structed to expedite the |

have shown that it is as
effective as the asbestos
cylinder.

The chimney is con-

carrying out of fusions
using a Meker or Tirrill

structed of ordinary tin-

burner as a source of
heat. It is particularly
serviceable where a high
temperature must be main-
tained, asin the decomposi-

. I
—
)

plated sheet steel, such as
is used for tin cans.
Three slots are cut equi-
distant from each other to
hold conveniently a Vitreo-

tion of a silicate with sodium
carbonate.

For a long time the blast
lamp was employed for
most fusions, but it was -
noisy and troublesome.
Later it was found that if
an asbestos cylinder was

K]
-
-

O |
b

sil or clay triangle upon
which the crucible can be
supported. At the bottom
of the device and spaced
between the slots are three
projections, by means of
which the apparatus can be
set on a ring or tripod.

i

placed over the crucible, a ‘

It The drawing clearly shows

sufficiently high tempera- q
ture could be obtained with \

a Tirrill or Meker burner;
however, after a few heat-

the construction of the
chimney.
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ings the asbestos crumbles :
and must be discarded.
The authors’ device, being
made of metal, can be used
for a long time, is inexpen-
sive, and can be employed
with any type of burner.
Numerous experiments
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Determining the Gelatinization Temperature
of Starches
A Photoelectric Method

D. H. COOK AND JOSEPH H. AXTMAYER, School of Tropical Medicine, San Juan, Puerto Rico

A simple photoelectric method for the de-
termination of the gelatinization tempera-
tures of starches has been developed. The
results can be plotted against temperatures
to form smooth curves. Three types of
characteristic curves have been found.
One, typical of starches of tropical origin,
has a very steep slope; the second, typical
of northern grain starches, has a more
gradual slope and irregular rate of gelatini-
zation; the third is intermediate and is
produced by a few northern and tropical
starches. The slope of the curves seems to
be determined by the fragility of the starch
granule. The significance of these curves
in determining the dietetic value of
starches when fed to patients suffering from
the tropical disease, sprue, is pointed out.
The method may be used as an aid in iden-
tifying starches or following changes pro-
duced by swelling and hydrolyzing agents
and may even find practical application in
industrial starch plants.

HILE the authors were studying the physical and chemi-

cal properties of starches of tropical origin, they thought
it desirable to determine their temperatures of gelatinization.
A search of the literature revealed conflicting data; different
investigators failing to secure concordant results, even with
the same method. Reichert (4), in his monumental work
on starches, gives several references to workers who, between
1861 and 1909, tried to determine the gelatinization tempera-
ture of starches. Their methods vary from the microscopic
examination of samples of a starch suspension at intervals
when subjected to slowly increasing temperatures, to the
visual estimation of swelling and gelatinization of starch
suspensions in test tubes which were removed from a water
bath at 5° C. intervals.

It appeared that none of the methods used was free from
errors of manipulation, or from the personal equation. Since
starch suspensions are opaque before heating and become
translucent or clear when gelatinized, using a photoelectric
method for the measurement of these physical phenomena
appeared feasible.

Apparatus

After some trials, the final setup represented diagrammati-
cally in Figure 1 was devised. Itissimplein the extreme and
can be assembled from equipment found in most laboratories.

It consists of a 60-watt tungsten lamp, fed from a Delta trans-
former to smooth out line voltage fluctuations, and a condensin
lens to bring the beam of light to a focus in the reaction vessel,
which is a wide-mouthed flask of 150-cc. capacity, containing a
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thermometer and small motor-driven stirrer. The reaction
vessel is suspended in a 1-liter Pyrex beaker that serves as a water
bath. The photoelectric cell is of the copper oxide or photronic
type, and is directly connected with a 0-50 microammeter. A
three-heat hot plate comﬁletes the assembly. The beaker water
bath is covered with black paper in which two holes 3.75 to 5 cm.
(1.5 to 2.0 inches) in diameter are cut to allow the beam of
light to pass through the water bath and reaction vessel and into
the photocell, and at the same time to cut out interfering light
from the laboratory.

Operation

The reaction vessel is almost filled with distilled water and the
heater is adjusted so that the temperature rise is around 0.5° C.
per minute. When the temperature in the reaction vessel has
reached about 40° C., the light is turned on, focused, and ad-
justed to give at least a full-scale reading on the microammeter.
Sufficient dry starch—1 or 2 grams—is suspended in 25 cc. of
water and slowly poured into the reaction vessel till the microam-
meter reading drops to 3 to 5 microamperes. As the temperature
increases there will be a slow drift of the microammeter needle
of two or three divisions. Most starches show a slight decrease
in light transmission at this point, which generally is several
degrees below the temperature of gelatinization, but this change
is so gradual that it may be disregarded.

With a little experience one can tell when the starch has
almost reached the temperature of gelatinization, as the
suspension, which up to this time is of a dull flat white color,
begins to take on an opalescent appearance, with a faint
bluish tinge. When this stage is reached, the microammeter
should be watched closely and the instant the needle begins
to show an increased reading the temperature should be
recorded. The microammeter readings are then taken for
each 0.5° or 1.0° C. interval, till readings become constant
or the boiling point is reached.

—
—

——=FCRRY-
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PHOTOELECTRIC SETUP

Ficure 1.

Since the current produced by the photronic cell is a lineal
function of light intensity (3), the readings of the microam-
meter are directly proportional to the changes in light trans-
mission of the starch suspension. The readings, therefore,
can be plotted against temperatures to form smooth curves.
The temperature at which the suspension shows its first
increase in light transmission, or the beginning of swelling
and gelatinization, is called the temperature of transition.
This point and the rate of gelatinization as shown by the slope
of the plotted curves are characteristic of the sample of starch
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under investigation. Results are duplicable if the conditions
of the experiment are kept constant. In fact, the tempera-~
ture of transition and the slope of the curve can be used as a
means of identification of many starches, if the starch samples
have all been obtained by the same process of manufacture.
The method is a delicate means of testing the treatment to
which a starch has been subjected previous to gelatinization,
as treatment with acids, or alkalies, desiccation over dehydrat-
ing agents, or drying at temperatures of 50° to 60° C. may
modify both the temperature of transition and the slope of
the curve.

35
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Fraure 2. TypricAL STArRcH GELATINIZATION CURVES

3. White potato starch
4, Taro starch

1. Arracacha starch
2. Wheat starch

Results are duplicable if the conditions of the experiment
are kept constant. The principal condition to watch is the
rate of heating the water bath. The rate of heating affects
the temperature of transition, but does not change the slope
of the curve. By experiment the temperature of transition
of a cassava starch was shifted 3° C. higher by changing the
rate of heating from 6.3 to 0.8 minutes per degree C. It is
therefore advisable in any series of experiments to maintain
a fairly constant rate of heating. The authors found 1.5 to
2.0 minutes per degree Centigrade to be satisfactory.

Results

Taylor (6) suggested that different sizes of granules in the
same starch might have different temperatures of transition,
or varying rates of gelatinization. To test this, a sample
of yautfa starch [Xanthosoma sagittifolium (L.) Schott]
was separated by flotation into two batches averaging 4 and
12 microns, respectively.
species used in this paper is Barrett’s (). These two samples
showed no difference in their curves. It is possible that
with wheat starch, which shows such wide variation in granule
size, there might be some difference between the large and
small granules, but experience leads the authors to believe
that it would be slight.

The fact that taro, with a granule of only about 21 average
diameter, gives exactly the same type of curve as the edible
canna with an average size of 60 would indicate that granule
size is not important in determining the rate of gelatinization.
Within a given sample the largest and smallest granules
might have slightly different transition temperatures, but
apparently they rupture and gelatinize at the same rate.

One of the most interesting points brought out by this
investigation is the wide difference exhibited by the curves
of starches obtained from temperate and tropical zone plants.

The classification of all plant
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The temperature of transition of the temperate zone °
starches tested lies between 55° and 65° C. and they give
curves of long duration with, first, a moderate increase of
transmission, then a latent period or slowing up of the rate
between 65° and 85° C., and then an increasing rate of trans-
mission up to 90° to '95° C. The temperature of tran-
sition of the tropical starches generally lies between 60° and
78° C., with curves of short duration or very steep slope till
transmission becomes constant, which generally occurs below
a temperature of 85° C. Figure 2 illustrates this with
characteristic curves for the starches of arracacha (Arracacia
zanthorrhiza Baner), taro [Caladium colocasia (L.) W. F.
Wight], white potato, and wheat obtained from the north.
This peculiarity of starches from plants grown in different
climates appears to be associated with the fragility of the
granule envelope.

Taylor (7) mentions the difficulty of rupturing potato and
wheat granules even by continued boiling, and Caesar (2),
in his ingenious method of measuring the viscosity of 20 per
cent starch pastes, mentions the same phenomenon. It is
to be regretted that the only tropical starches included in his
investigations were tapioca and sago. The former is one
whose curves, in the authors’ work, lie midway between those
of truly tropical nature and northern, and which more nearly
approaches potato in its type. This is confirmed by the vis-
cosity curves which Caesar gave for these two starches.
The authors have not investigated sago starch. It would be
interesting to see if the tropical root starches with which the
authors worked would give earlier and lower viscosity changes
than the northern starches.

GELATINIZATION DATA

Transi- Tem-

tion pera-
Size Tempera- ture  Differ-
Min. Max. ture Finish ence

TasLe 1.

Starch Source

o Microns e, AL Cifer
Name hicamo 8

(Dioscorea polygonoides H, & B.) 5 32 48 78 30
Apio

(:frracacia zanthorrhiza, Baner) 4 22 56 66 10
Name mapuey

(Dioscorea trifida L. {.) 19 58 61 72 11
Cassava

[ Manihot manihot (I,) Cockerell] 4 20 62.5 82.5 20
Edible canna

(Canna eduliz Ker.) 32 108 63 89 6
Yellow sweet potato

[Ipomoea batatas (L.) Lam,] 4 25 66 72 6
Yellow yautia

[Xanthosoma sagittifolium (L.)

Schott] 4 19 69 79 .10
White yautia
(Xanthosoma caracu C, Koch &

Bouché) 4 12 73 79 6
White sweet potato e
[Ipomoea batatas (L.) Lam.] 8 35 73 79.5 8.5
White yam
(Dioscorea alata L..) 14 50 73 81 8
[Catadium colocasia (L) W. F

m colocasia (L, . K,
[ Wigil':.] 1 5 73 77 4
Sweet potato
{Ipomor;a batatas (L.) Lam.] 4 29 72,5 80 7.5
Arrowroot
(Maranta arundinacea L.) 7 49 74 26 22
Green plantain
(Mumx;)aradisiaca L.) 13 39 75 96 21
Wheat &
(Triticum astivum L.) 2 35 55 94 39
Barle
(Ilordyeum wulgare L.) 3 37 56 94 38
Oats
(Avena sativa L.) 2 18 57 93 36
Rice
(Oryza sativa L.) 4 12 59 92 33
White potato % 3
(Salamfm tuberosum L.) 7 80 62 97 35
?Zoer:nwys L.) 4 22 65 96 31
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Microscopic examination at 5° C. intervals indicate that
with tropical starches the granules are ruptured completely
in almost all cases below a temperature of 85° C., while white
potato, cassava, wheat, corn, rice, and barley, on the contrary,
show many swollen but unruptured granules even at 90° to
95° C. The interesting photomicrographs of Sjostrom (5)
bear out this observation, showing the swelling and disinte-
gration of sweet potato and canna, at temperatures lower than
that of corn and wheat.

The importance of the distinction between the starches of
northern and tropical origin has apparently a correlation in
the ability of patients suffering from the tropical disease,
sprue, to digest and assimilate starches from various sources.
This phase of the problem will be discussed in a paper soon
to be published.

Certain starches, such as cassava, white potato, and the
starch of the green plantain (Musa paradisiaca L.), give
curves which are intermediate in character between those of
the northern and main tropical starches investigated (Figure
2). This brought out a curious observation which will
require further investigation to verify completely. Starch
from white potatoes grown in Puerto Rico seems to give a
curve more like the other tropical starches than starch from
the same variety of potato grown in the north. It is possible
that acclimatization of the plant may bring about changes
in the physical and chemical properties of such a complex
material as starch.

Some 30 varieties of starch have been run by the photo-
electric method; the transition points vary from 48° to 78° C.,
but all produce curves of the three types illustrated in Figure
2. Most fall in the true tropical or northern group curves,
with 3 or 4 in the intermediate cassava or white potato
group.

Table I gives the granule size, temperature of the transition
point, and the temperature at which no further increase of
transparency occurs with rising temperature. The difference
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column is simply a measure of the slope of the gelatinization
curve and indicates that the starches can be grouped in three
classes: those with a temperature difference up to 10° C.;
those of the intermediate class in the 20° to 22° C. range;
and the third, mostly composed of northern starches, with
differences of 30° to 40° C. for completion of gelatinization.

The effects of gelatinizing agents such as acids, alkalies,
sodium thiocyanate, and calcium chloride have been tested
by the photoelectric method, and in general, their effect is to
increase the temperature of the transition point, and in the
case of the intermediate and northern group starches, greatly
increase the rate of gelatinization. By means of this method
the effects of hydrolytic and gelatinizing agents can be
followed, since it continuously measures changes which may be
invisible to the eye and which can be measured qualitatively
by that organ only after greater time and temperature
intervals. It also offers a ready means of determining the
lowest temperatures at which the starch granule begins to
swell and become more transparent, under the action of either
heat and water or solutions of various gelatinizing agents.

This method may have some industrial application, since
it gives reproducible results with any given starch and is
sensitive to various pretreatments that the sample may
undergo during the manufacturing process.
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Determination of Sugars in Plants

By Oxidation with Ferricyanide and Ceric Sulfate Titration

W. Z. HASSID, Division of Plant Nutrition, University of California, Berkeley, Calif.

N A PREVIOUS paper the writer (1) published a method
for the determination of sugars in plants by oxidation with
potassium ferricyanide and titration with ceric sulfate, using
o-phenanthroline ferrous sulfate as an indicator. Further
observation showed that in some cases certain plant extracts
presented difficulty in obtaining a distinct end point with this
indicator, especially when the amount of reducing sugar
in the sample was small and a large excess of the ferricyanide
was left in solution after oxidation of the sugar.

The difficulty was remedied by using Setopaline C instead
of o-phenanthroline ferrous sulfate and by modifying the
concentration of the alkaline ferricyanide solution. In
order to avoid a large excess of ferricyanide when the quantity
of reducing sugars in the sample was small, the amount of
the alkaline ferricyanide used for the oxidation was reduced.
This modified method is applicable to quantities between
0.3 and 3.5 mg. of reducing sugars.

Reagents

INpIcATOR. Setopaline C (0.1 gram) is dissolved in 100 cc.
of water and 7 to 10 drops of the indicator are used for the titra-
tion. The end point is a sharp change from pale green to a golden
brown. The indicator consumes practically no ceric sulfate:

1 drop of 0.01 N ceric sulfate is sufficient to impart a golden
brown color to the blank. (Setopaline C is manufactured in
Switzerland and its formula at present is a trade secret. It may
be obtained through Eimer & Amend, New York, N. Y., at a
very small cost.)

ALKALINE PoraAssiom FERRICYANIDE. A mixture of 8.25
grams of potassium ferricyanide and 10.6 grams of sodium car-
bonate is dissolved in cold water and made up to 1 liter. The
solution is poured into a dark bottle and kept in a cool place,
preferably in a refrigerator above freezing. Quantities of the
solution are taken out as needed.

Ceric SurraTE. A 0.25 N ceric sulfate stock solution is made
as follows: 75.5 grams of ceric sulfate (55 per cent pure) are
placed in about 300 cc. of water to which 30 cc. of concentrated
sulfuric acid have been added. The mixture is heated on a steam
bath until all of the ceric sulfate is dissolved. The solution is
filtered, cooled, and made up to 500 ce.

The ceric sulfate is conveniently standardized against a 0.1 N
solution of ferrous ammonium sulfate (Mohr's salt). This
standard solution is made up by dissolving 39.214 grams of the
salt in about 300 cc. of water, to which 25 cc. of 1 to 1 sulfuric
acid have been added, and diluting to 1 liter. The Mohr’s salt,
Fe(NH,):(SO;).6H.0, must be of high purity suitable for use
as an analytical standard.

Fifteen cubic centimeters of the approximately 0.25 N ceric
sulfate solution are diluted with 50 cc. of water and 3 cec. of 1to 1
sulfuric acid and titrated with the 0.1 N standard Moht’s solu-
tion until the color of the ceric sulfate is almost bleached out.
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Eight drops of Setopaline C indicator solution are then added
and the titration is continued to a sharp change from golden
brown to a light yellow color. .

A 0.01 N solution of ceric sulfate is made up for the use of
sugar analysis by diluting 20 cc. of the 0.25 N stock solution and
50 ce. of 1 to 1 sulfuric acid to 500 cc. The 0.01 N ceric sulfate
solution may also be standardized against Mohr’s salt. A 0.01 N
standard solution of the ferrous ammonium sulfate should be
used for this purpose. The stock solution is kept in a cool place
and the dilute 0.01 & ceric sulfate is made up as needed.

Procedure

The plant extract is clarified as previously described (7). Five
cubic centimeters of the clarified solution containing not more
than 3.5 mg. of reducing sugar are mixed with 5 cc. of the alkaline
ferricyanide in a 145 X 28 mm. Pyrex glass test tube. The tube
is heated in a boiling water bath or immersed in a steam bath
and heated for exactly 15 minutes. The tube with the contents
is then cooled to room temperature by immersing in running water
for about 3 minutes. Five cubic centimeters o? 5 N sulfuric acid
are added and the coutents are mixed by shaking the tube.
Seven to 10 drops of the Setopaline C indicator are introduced and
titrated with the 0.01 N ceric sulfate from a 10-cc. buret until a
golden brown color appears. Estimations are conveniently
carried out in batches oF eight.
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The ceric sulfate used is standardized against a pure grade
of glucose by the same procedure, using 5-ce. aliquots of
solution containing known amounts of the sugar. From the
titration of pure glucose the number of cubic centimeters of
ceric sulfate equivalent to 1 mg. of glucose is calculated. It
was found that 3.00 cc. of 0.01 N ceric sulfate solution are
equivalent to 1 mg. of glucose. It is convenient to have on
hand a solution of pure 1 per cent glucose made up in 0.25
per cent benzoic acid. When prepared in this way the glu-
cose will keep for several months. Whenever needed, a
few cubic centimeters of this standard solution are diluted
to the proper strength and used for standardization of the
dilute ceric sulfate solution. Standardization of the ceric
sulfate solution against glucose is necessary whenever it is
made from the 0.25 N stock solution.
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Turbidity in Sugar Products

V. Color and Turbidity of Hard Refined Sugars

F. W. ZERBAN AND LOUIS SATTLER, New York Sugar Trade Laboratory, New York, N. Y.

HE previous two articles of this series (3, §) dealt with

the determination of coloring matter and turbidity in raw
cane sugars, This investigation has now been extended to
hard refined sugars. Of the twenty-nine samples examined,
twenty-six were granulated cane sugars, two were powdered
cane sugars, and one was a beet sugar. Three analytical
procedures were used in this work: (1) Balch; (2) Zerban,
Sattler and Lorge; (3) Landt and Witte.

Balch Method

In the method of Balch (1) a 60-Brix solution of the sugar
is prepared, and a portion of it is filtered. The unfiltered
solution is read in the spectrophotometer against the filtered
solution at one or more wave lengths, and the result is ex-
pressed in terms of the specific absorptive index, —log¢. The
concentration of the coloring matter is found by reading the
filtered solution against water, and converting the result
also into —log .

In applying this method to white sugars, the writers used
the same filtering materials as before: Celite analytical
filter aid, specially prepared asbestos, and purified silica gel.

Since hard refined sugars contain very little coloring
matter and turbidity, long absorption cells must be employed.
The cells used by the writers were 100 mm. in length, the
maximum available for the Keuffel and Esser spectropho-
tometer. Still longer cells would be preferable. Thereadings
were taken at wave length 529 my, in order to permit direct
comparison with the measurements made according to the
other two procedures.

Zerban, Sattler, and Lorge Method

In the method of Zerban, Sattler, and Lorge (4) the trans-
mittancy, T, and the Tyndall beam intensity, R, of the unfil-
tered 60-Brix solution are measured with the Pulfrich pho-
tometer in a 2.5-mm. cell. R is expressed in per cent of the
Tyndall beam intensity of the standard turbid glass block

of the instrument. Color filters are used for measurements
at various wave lengths.

The concentration of turbidity, IV, and of coloring matter
C, are then found by means of Equations 1 and 2.

R = aNk=¢ (1)
—logT =N+ C 2)

The numerical values of the constants a and k are given in
the paper referred to (4). In practice it is easier to find N
and C from a graph based on the two equations rather than by
calculation. N and C are thus expressed in terms of —log 7’
for a 60-Brix solution and a cell thickness of 2.5 mm. In
refined white sugars the color is generally so close to zero
that the expression £=¢ in Equation 1 is almost equal
to unity, and N becomes directly proportional to R, or
nearly so.

An attempt was made to measure the Tyndall beam inten-
sity of the refined sugar solutions in the cells of 2.45- and
2.46-mm. thickness, previously used in raw sugar work, but
the turbidity was so small and the correction for the turbidity
of the water used for dissolving the sugar was relatively so
large that reliable results could not be obtained. The
measurements were therefore repeated in a 26-mm. Zech-
meister beaker, the effective depth of which is 16.3 mm. The
transmittancy of the unfiltered solutions was measured in a
100-mm. tube with the spectrophotometer, the same figure
being used as in the method of Balch. The results for
—log Thoo and for Rye.; are shown in Table I, columns 2 and 3,
respectively, for wave length 529 mpu.

In order to calculate N and C from —log 7' and R by means
of Equations 1 and 2, it was necessary first to reduce
—log T and Rys3 to a depth of 2.455 mm. It was found that
over such a wide range of thickness the optical density,
D (= —log T)), is not directly proportional to the depth, b, but
a power function of it, according to the equation

Di:D; = (b] H bx)n (3)
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The exponent 7 was found to equal 0.955. Consequently,
—log Ty had to be multiplied by 0.02901 to reduce it to
—log To.4s5. Similarly, Rie3 had to be multiplied by 0.16401.

The —log T values for the total absorption and for that due
to turbidity alone, obtained by Balch’s method with 60-
Brix solutions and a 100-mm. tube, were reduced to 1-cm.

thickness by multiplying by 0.11092
(0.1°-%%) and to a concentration of

TasLE 1. EXPER%&;EN:;II; H;T;ALﬁI; S?Miﬂ:rxfﬁg rvsgfwl\gmxons OF ZERBAN, 100 grams in 100 ml. by multiplying
R 4 : by 1.296. Beer’s law was assumed
: L & i > 8 ¢ g Absotate to hold within the limits of error,
Turbidity ; : :
e T Re A SleT e F N, c, n Taadtiand for the increase in concentration was
No. 100 mm. 163 mm." 2455 mm. 2.455mm, 2.455 mm. 2455 mm. 16.3 mm.  Witte only about 30 per cent. The con-
L dgE AR BOE BOR O GO G O05 fauiRan i G e e
2 0.274 ; : : ; : ; ; ; =
3 0.1634 85.85 0.0047 1.0334 0.0018 0.0029 1.098 0.0020 then found by deducting the tur
5 00001 2345 0003  0.3850 00006  0i00%  1.03  0.0007 bidiby,iexpreseed asglogityromiche
.0 3 ¢ ? § 3 v :
0 ol Gnen oiuD pm . MO ot i ook B eiie s el
8 0.0992 40.03 0.0020  0.8173 0.0012 0.0017 1.059 0.0012 tion. The turbidity and coloring
0odhm nEn H Ohd W Wl e e e e e
0% 0 ;i : 7 : 3 ; :
11 0.0832 35.286  0.0024 0.7621 0.0010 0.0014 1.049 0.0010 are shown in T:able IT, columns 2
Bl i e ok o tedl i o o o Colioe
I O R S T R O e el e
16 0.1331 96.28  0.0039 1.1084 0.0028 0:0011 1.080 0.0029 The —log 7' and N values, ob-
W SD E e b R by D B
19 0.1662 101.55 0.0048 1.2215  0.0028  0.0020 1.100  0.0032 ness of 2.455 mm. and 60-Brix con-
20  0.0904 51.41  0.0026  0.9259  0.0014  0.0012  1.0583  0.0015 centration, were similarly converted
21 0.0766 74.00  0.0022  1.0841  0.0020  0.0002  1.044  0.0022 5 S
P R R O R R B B oy Sl i e i
0.044 G : . g : : 0,955
24  0.2877  235.21  0.0069 ~ 1.5863  0.0064  0.0005  1.146  0:0076 (4.0734%-%%%), and the product by
R R e e e e el el @ i e
BoOSHE O gER MR OLER LR S L B e e Tablegl ot
28 0.1952 i 10057 2 : ; : ; il
29 0.1638 115.12 0.0048 1.2760 0.0033 0.0015 1.099 0.0036 ggurssgare given in Table II, columns
an o

The values of —log 7.4 and of Rs.455, calculated in this manner,
are given in columns 4 and 5 of Table 1. The corresponding
values of N and C were next found from a greatly enlarged
graph, similar to that shown in Figure 1 of Part II of this
series (4), and the results are given in columns 6 and 7 of
Table I.

Landt and Witte Method

In the method of Landt and Witte (2) the turbidity alone
is determined with the Pulfrich photometer, in the same
manner as in the procedure of Zerban, Sattler, and Lorge.
The Tyndall beam intensity is expressed as A, which is equal
to 0.01 R. The so-called ‘“‘absolute’” turbidity is then cal-
culated by the formula

Absolute turbidity = 4 X fi X D X t (4)

where f& is a correction factor which is a function of the trans-
mittancy. The values of this factor are shown in Table I,
column 8, for each of the 29 samples. D is a factor varying
with the depth of layer used. For the 26-mm. Zechmeister
beaker D equals 1. ¢1is the absolute turbidity of the standard
glass block—i. e., the Tyndall beam intensity—for a 1-cm.
depth of layer, expressed as a fraction of the incident light
intensity, under the assumption that the primary light is
completely scattered, and that there is no multiple reflection.
The ¢ of the glass block used in this investigation, for wave
length 529 mpy, is 0.00282. The absolute turbidities of the
sugar solutions, calculated by means of Equation 4, are shown
in Table 1, column 9.

Comparative Results

In order to make a direct comparison between the results
obtained by methods 1 and 2, it is necessary to reduce them
all to a common basis, and the specific absorptive index,
—log ¢, was chosen for this purpose. Theresults of the method
of Landt and Witte cannot be converted directly into —log ¢,
but the relationship between the two will be discussed.

The absolute turbidities, found
by the Landt and Witte method, were multiplied by 1.296,
to base them also on a concentration of 100 grams in 100
ml., and the values thus calculated are shown in Table II,
column 10.

A comparison of the results obtained with the three filtering
materials confirms the previous findings with raw sugars.
The color concentration, arrived at by asbestos filtration,
averages higher than that found by Celite filtration, and
silica gel gives the lowest average color figures, but in many
individual cases filtration with asbestos results in lower color
values than filtration with Celite. Silica gel gives lower
color figures than asbestos in all cases but one, and lower ones
than Celite in all but four.

In the preceding paper, dealing with raw sugars, it was
shown that the discrepancies in the results obtained with the
three filtering agents may be explained by their selective
effect. All remoye both turbidity and coloring matter, but
to a varying degree, depending on particle size. The same is
true for white sugars.

Table I1 also shows that the method of Zerban, Sattler,
and Lorge, employing only unfiltered solutions for the
measurements, usually gives lower turbidity values and
correspondingly higher color values than the filtration
methods. In a few individual cases the reverse is true.
Both higher and lower color values may be explained by the
selective effect of the filtering agents. In the former case
the filtering material removes relatively more coloring matter
from the solution; in the latter a relatively large portion of
the turbidity goes into the filtrate, and, causing absorption,
is registered as coloring matter.

It remains to inquire whether the methods utilizing the
transmittancy and Tyndall beam intensity of unfiltered
solutions give a reliable measure of the color and turbidity,
for white sugars at least. Information on this point may be
obtained by a comparison between the results of the method
of Zerban, Sattler, and Lorge and that of Landt and Witte.
The latter method has a sound theoretical foundation when
coloring matter is absent or very small in quantity, as is the
case with white sugars. Under these conditions the turbidity
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concentration is practically proportional to the Tyndall
beam intensity, but a correction must be applied for absorp-
tion.

TasLe II.
1 2 3 4 5 6 7
Celite Asbestos Silica Gel
No. Turbidity Color  Turbidity Color  Turbidity Color
1 0.0183 0.0070 0.0176 0.0077 0.0203 0.0050
2 0.0359 0.0036 0.0361 0.0034 0.0394 0.0001
3 0.0165 0.0070 0.0136 0.0099 0.0192 0.0043
4 0.0041 0.0019 0,0018 0.0042 0.0047 0.0013
5 0.0094 0.0036 0.0098 0.0032 0.0177 0.0013
6 0.0275 0.0071 0.0297 0.0049 0.0307 0.0039
7 0.0179 0.0026 0.0178 0.0027 0.0183 0.0022
8 0.0098 0.0045 0.0101 0.0042 0.0102 0.0041
9 0.0162 0.00268 0.0150 0.0038 0.0163 0.0025
10 0.0336 0.0035 0.0303 0.0068 0.0331 0.0040
11 0.0077 0.0043 0.0089 0.0031 0.0096 0.0024
12 0.0134 0.0015 0.0138 0.0011 0.0134 0.0015
13 0.0115 0.0032 0.0123 0.0024 0.0130 0.0017
14 0.0549 0.0062 0.0517 0.0094 0.0555 0.0056
15 0.0196 0.0030 0.0168 0.0058 0.0210 0.0016
16 0.0153 0.0038 0.0140 0.0051 0.0171 0.0020
17 0.0154 0.0027 0.0185 0.0016 0.0175 0.0006
18 0.0113 0.0026 0.0103 0.0036 0.0117 0.0022
19 0.0197 0.0042 0.0175 0.0064 0.0203 0.0036
20 0.0095 0.0035 0.0070 0.0060 0.0114 0.0016
21 0.0103 0.0007 0.0080 0.0030 0.0107 0.0003
22 0.0127 0.0005 0.0117 0.0015 0.0130 0.0002
23 0.0062 0.0002 0.0035 0.0029 0.0055 0.0009
24 0.0307 0.0034 0.0290 0.0051 0.0312 0.0029
25 0.0219 0.0037 0.0214 0.0042 0.0243 0.0013
26 0.0074 0.0060 0.0086 0.0048 0.0087 0.0047
27 0.0148 0.0045 0.0113 0.0080 0.0155 0.0038
28 0.0220 0.0060 0.0187 0.0093 0.0223 0.0057
29 0.0206 0.0030 0.0173 0.0083 0.0202 0.0034
Av. 0.0177 0.0037 - 0.0166. - 0.0048 0.0188 0.0026

@ Results are expressed as —Jog ¢, except for the Landt and Witte.method, where they are given as absolute

turbidity for a concentration of 100 grams of solids in 100 ml. of solution.

This is done in the method of Landt and Witte by mul-
tiplying by the f, factor, derived from theory, and in that
of Zerban, Sattler, and Lorge by the use of the empirical
formulas 1 and 2, based on experimental evidence. If the
two methods give the same results, when reduced to a common
basis, this constitutes strong presumptive evidence that these
results are correct. An examination of the figures given in
Table II, columns 8 and 10, shows that there is a nearly con-
stant ratio, averaging 3.47, between the N values and the
absolute turbidities. Table III, column 3, shows the values
obtained by multiplying the absolute turbidity by this factor
3.47. The results check closely with those found directly by
the method of Zerban, Sattler, and Lorge (column 2), and the
averages agree within 1.6 per cent.

The largest percentage discrepancies between N found
directly, and N calculated from the absolute turbidity, are
found in samples 14 and 2. Both samples show high total
absorption, as may be seen from Table I, column 2. Under
this condition the f, values of Landt and Witte are evidently
a little too high, and the theoretical assumptions on which
they are based no longer hold strictly. As a matter of fact,
a closer analysis of the figures in columns 8 and 10 of Table IT
shows that the ratio between N found and N calculated de-
creases from 3.70 to 8.22 with an increase in the absolute
turbidity from 0 to 0.01. AN has been calculated from the
absolute turbidity by this varying ratio also, and the results
are shown in column 5 of Table III. The individual values as
well as the average value of N calculated in this manner check
with the found values only slightly better than those obtained
by means of the average ratio 3.47, and nothing is gained in
practice by using the sliding ratio for calculating I from the
absolute turbidity of white sugars.

While the results of the method of Zerban, Sattler, and
Lorge are confirmed by those of the Landt and Witte method,
both give an exact measure of the turbidity concentration
only if the distribution of particles of different size, shape,
etc., is always the same. In the method of Zerban, Sattler,
and Lorge, the distribution must be the same as in the stand-
ard sugar used by the writers to establish their formulas
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1 and 2. It stands to reason that this condition is the excep-
tion rather than the rule, and it follows that the method of
the writers, using unfiltered solutions, does not give absolute
figures for color and turbidity
any more than the filtration

8 9 L0 methods, and that the results
" Witte are in both cases merely com-
N C . Turbidity parative. However, the time
i3 aa D DI 0@ 010030 required for an analysis by the
0.0090 8'8&%? 0.0028 method of Zerban, Sattler, and
0.0030  0.0100  0.0009 Lorge is much shorter because
O 0iDsie e 040052 the tedious filtration process is
0.0059  0.0084  0.0016 avoided, while the number of
0.0074  0.0114  0.0022 il i
0.0134  0.0237  0.0040 optical observationsis the same
0300508 0100708 050014 in both methods. The only
0.0073  0.0073  0.0021 drawback of the method with-
il L out filtration is that the meas-
0.0137  0.0084  0.0038 urements of Tyndall beam
0.0085  0.0054  0.0023 intensity must be made with
D OO 0o S 00021 the greatest care and attention
0.0100  0.0010  0.0028 to details, as has been pointed
O 0coas out by Landt and Witte as well
SO BimG G0 as by tho writem,
0.0094  0.0040  0.0027 Since both turbidity and
g niolo0 00007 coloring matter absorb light
0.0164  0.0072  0.0046 selectively and differ merely
0.0120  0.0094  0.0035 in degree of dispersion, a

lHne of demarcation must
be drawn arbitrarily, and
either any one of the filtra-
tion methods or the method of the writers may be chosen
for this purpose. This applies to raw sugars also, and in
the light of the results recently obtained by the writers
there is no need to use unfiltered solutions for turbidity
determination and filtered solutions for color determination
in raw sugars, as previously proposed, because it is now known
that the color determined after previous filtration is no more
reliable than that derived, by the method of the writers,
from the Tyndall beam intensity and transmittancy of the
unfiltered solution. The method of Landt and Witte cannot
be used for this purpose on raw sugars, because the assump-
tions on which the f; values of these authors are based, while

Tasre III. CompARISON BETWEEN N, As —log ¢, Founp Di1-
RECTLY AND CALCULATED FROM ABSOLUTE TURBIDITY, BY AVER-
AGE AND BY VARIABLE RATIO

N, N, N,
Found by Calced. by Caled. by
Zerban and Average e Variable
No. Sattler Ratio 3.47 Deviation Ratio Deviation
% %
1 0.0104 0.0103 =1.0 0.0105 +1.0
2 0.0242 0.0267 +10.3 0.0254 +5.0
3 0.0090 0.0092 +2.2 0.0094 -+4.4
4 0.0035 0.0033 -5.7 0.0035 0
5 0.0030 0.0032 +6.7 0.0033 +10.0
6 0.0190 0.0202 +6.3 0.0198 —+4.2
7 0.0190 0.0187 —1.6 0.0184 —-3.2
8 0.0059 0.0054 —8.5 0.0056 —~5.1
9 0.0074 0.0076 +2.7 0.0078 +5.4
10 0.0134 0.0136 +1.5 0.0140 +4.5
11 0.0050 0.0047 —6.0 0.0049 —-2.0
12 0.0084 0.0081 —3.6 0.0084 0.0
13 0.0073 0.0073 0.0 0.0075 2.7
14 0.0094 0.0106 +12.8 0.0108 +14.9
15 0.0216 0.0225 +4.2 0.0218 ~+0.9
16 0.0137 0.0132 —-3.6 0.0133 -2.9
17 0.0142 0.0140 -~1.4 0.0140 —1.4
18 0.0085 0.0079 —=7.1 0.0081 —4.7
19 0.0137 0.0141 +2.9 0.0142 +3.6
20 0.0070 0.0069 —-1.4 0.0071 +1.4
21 0.0100 0.0098 -2.0 0.0100 0.0
22 0.0093 0.0096 +43.2 0.0098 +5.4
23 0.0064 0.0061 —4.7 0.0063 —1.6
24 0.0318 0.0341 +7.9 0.0318 +0.6
25 0.0123 0.0124 +0.8 0.0126 +2.4
26 0.0094 0.0092 —2.1 (1} 4 0.0
27 0.0133 0.0129 —3.0 0.0130 -2.3
28 0.0158 0.0159 +0.6 0.0159 +0.6
29 0.0164 0.0161 —1.8 0.0160 —2.4
Av. 0.01200 0.01219 =4.0 0.012186 =3.2
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holding for sugars with little or no coloring matter, do not
apply when large quantities of coloring matter are present.
The experiments of the writers have shown that even with
white sugars fx is slightly too high when absorption is high,
and that with dark raw sugars it becomes so much too high
that absolute turbidities greatly in excess of 1 are found,
which is an impossibility, since the intensity of the scattered
or reflected light cannot be greater than that of the incident
light. But the objections to the method of Landt and Witte
in the case of raw sugars do not apply to that of Zerban,
Sattler, and Lorge, which is based on experiments with high
concentrations of both turbidity and coloring matter, and is
therefore applicable to raw as well as to white sugars.

In this simplified method, without any filtration whatever,
the “quality index” (5) loses its meaning, being equal to 1 in
all cases. The nature of the turbidity may be characterized
by making measurements at different wave lengths and
calculating the dispersion quotients; that of the coloring
matter may be similarly defined by the Q- or R-ratios of Peters.
Further refinements may be introduced by independent
measurement of the various particle properties, but for routine
purposes this would hardly be necessary.

The suggestion is again advanced that the International
Commission for Uniform Methods of Sugar Analysis under-
take a comparative study of the various methods proposed
and recommend one for general adoption.

Summary and Conclusions

The previous investigation on raw cane sugars has been
extended to hard refined sugars. A comparison has been
made between the method of Balch, in which the turbidity and
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coloring matter are found from the transmittancy of the
solution before and after filtration, and the method of the
writers, in which both are calculated from the transmittancy
and Tyndall beam intensity of the unfiltered solution. The
method of Landt and Witte for determining turbidity has
also been included in this study.

The previous finding, that filtering agents act selectively,
has been confirmed. Generally, Celite gives lower color
values than asbestos, and silica gel still lower ones; the oppo-
site is true for the turbidity figures. But there are exceptions
to this rule, depending on the nature of the turbidity and of
the coloring matter. The method of the writers usually
gives higher color values than any of the filtration methods.
While this also indicates that the filtering agents remove
coloring matter, it must be considered that both turbidity
and coloring matter absorb light selectively and that any line
of demarcation between the two must necessarily be arbitrary.
The choice between the two types of methods thus becomes a
matter of agreement. The method without filtration has the
advantage of greater speed, but requires greater care in
manipulation. It is suggested that the decision be left to the
International Commission for Uniform Methods of Sugar
Analysis.
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Estimation of Potassium in Silicates and Soils
A Low-Melting Alkali Carbonate Flux

J. E. GIESEKING AND H. J. SNIDER, University of Illinois, Urbana, Ill.

IFFICULTIES in completely decomposing highly

aluminous minerals by the J. Lawrence Smith fusion
(2) have been pointed out by Lamar, Hazel, and O'Leary
(1), and have been experienced by the present authors in
working with soils, clays, and similar materials. This led
to the search for a more desirable flux, which, to be suitable
for potassium determinations in silicates, (1) should have a
low melting point, (2) should be reactive with silicates at the
melting point, and (3) must not leave a residue of salts difficult
to separate from potassium. A mixture of two parts of sodium
carbonate and one part of lithium carbonate was found to
have these characteristics, if potassium is determined by the
cobaltinitrite method. This flux appears to be very similar
to the composition of a eutectic compound of sodium and
lithium carbonates. It melts between 470° and 480° C. and
is very effective in decomposing soil silicates at temperatures
between 500° and 600° C. Sodium and lithium salts do not
interfere with the determination of potassium by the cobaltini-
trite method. '

The following experimental procedure was applied to a
number of soils in connection with the potassium determina-
tion;

A 1-gram sample of 100-mesh soil is weighed into a 40-ml.
platinum crucible. In order to destroy the organic matter in the

sample, 0.5 to 1 ml. (depending on organic matter content) of
concentrated perchloric acid is added. The crucible is placed
on a hot plate and heated until the last trace of perchloric acid
is removed. To the sample, free of organic matter, are added 8
grams of a mixture of 2 parts sodium carbonate and 1 part
lithium carbonate. The sample and carbonates are mixed
thoroughly by means of a glass rod and then covered with an
additional gram of the carbonate mixture. The crucible is
covered anf the sample is fused in a muffle furnace at a tem-
perature betweeen 500° and 600° C., this temperature being
maintained until all bubbling has ceased.

The crucible is removed from the furnace and given a rotar
motion to distribute the fused mass on the sides of the crucible
during solidification, thus facilitating the removal of the cake
which, after cooling, is placed in a 250-ml. beaker. The cake and
residue left in the crucible are dissolved together (in a covered
beaker) by adding 25 ml. of water and 50 ml. of 6 N hydrochloric
acid. A sfxell of sﬁica will form on the cake, which must be broken
off from time to time to hasten solution of the inner portion. If
% d}issolves too slowly the beaker may he placed on a steam

ath.

After the carbonates have completely dissolved from the cake
the crucible and lid are washed and removed from the beaker an
the contents are taken to dryness on the steam bath. The residue
is treated with 10 ml. of concentrated perchloric acid and taken
to dryness on the hot plate. The perchloric acid treatment is
repeated with the addition of 1.0 ml. of concentrated hydrochloric
acid and 0.5 ml. of concentrated nitric acid to ensure complete
dehydration of the silica and decomposition of a trace of am-
monium salts which might he present. The residue is treated
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TaBLE I. RECOVERY OF POTASSIUM AFTER FUSION WITH SODITM
AND LirriuM CARBONATE

Potassium Added Potassium Recovered

Gram Gram
0.00143 0.00141
0.00143 0.00146
0.00143 0.00143
0.00143 0.00141
0.00143 0.00145

TaBLE II. PorAsstum REMAINING IN SILICA RESIDUE FROM
SopruM-Litaiom CARBONATE FUSION

——————Potassium Found?®

Filtrate from Total

Source of Sample Silica residue silica residue potassiumb

%o %0 %

Purdue University, Soils 0.33 1.24 1.57
Department 0.31 1.27 1.58
0.34 1.24 1.58
0.32 1.27 1.59
Bureau of Chemistry and 0.32 1.04 1.36
oils 0.32 1.04 1,36
0.30 1.04 1.34
0.31 1.01 1.32
0.32 1.04 1.36
Illinois Experiment Station, 0.37 1.53 1.90
sample 57 : 0.37 1.53 1.90
0.32 1.53 1.85
Illinois Experiment Station, 0.33 1.56 1.89
sample 5788 0.32 1.56 1.88
0.32 1.56 1.88
0.33 1.56 1.89
0.39 1.56 1.95
U. S. Bureau of Standards, 0.03 0.42 0.45
sample 97 0.03 0.49 0.52
0.03 0.46 0.49
0.03 0.46 0.49
0.03 0.46 0.49
U. 8. Bureau of Standards, 0.07 2.67 2,74
sample 98 0.08 2.64 2.72
0.10 2.67 2.77
0.10 2.64 2.74
0.09 2.70 2.79

8 Per cent of dry sample.
b Blank, 0.003 per cent,

TasLe III. CompariISON oF Soprum-LitHroM CARBONATE
witH J. LAWRENCE SmiTH FUsioN oN SoiLs
Per Cent
Potassium Found Average Dif-
Source of Sample J. L. Smith Na;COs~LisCO; Difference ference
% %
Purdue University,® 1.47 1.57
Soils Department 1.49 %gg 0.10 6.8
1.59
Av. 1.48 1.58
Bureau of Chemistry 1.27 1.36
and Soils 1.39 1.36 0.08 4.7
1.30 1.34
1.27 1.32
1.21 1.38
1.30
Av. 1.29 1.35
Illinois Experiment 1.91 2.16
Station, sample 1.87 2.09 0.25 13.2
5760 2.12
2.18
Av. 1.89 2.14
Illinois Experiment 1.36 1.90
Station, sample 1.32 1.90 0.54 40.3
767 1.85
1.86
Av., 1.34 1.88
Illinois Experiment 1.65 1.89
Station, sample 1.61 1.88 0.27 16.6
5788 1.88
1.89
1.95
Av. 1.63 1.90
U. 8. Bureau of 0.45 0.45
Standards, sample 0.46 0.52 0.04 8.9
97 0.46 0.49
0.42 0.49
0.47 0.49
Av. 0.45 0.49
U. S. Bureau of 2.64 = 2.74
Standards, sample 2.57 3 2:72 0.12 4.8
98 2.70 2217
2.62 2.74
2.60 2.79
2.67
Av. 2.63 2.75

@ Sample furnished by G. H. Enfield.
b Sample furnished by W. O. Robinson.

with 25 to 50 ml. of 5 per cent hydrochloric acid and heated on
the steam bath for a few minutes.

After the crust of iron salts has dissolved, the solution is
filtered, and the residue of silica is washed twice with 2 N hydro-
chloric acid, and with hot water until free of chlorides. The
filter paper, after removing the dried silica, is ignited in a platinum
crucible. The silica is added to the residue in the crucible
moistened with 2 ml. of water and 3 drops of perchloric acid, and
5 ml. of hydrofluoric acid are added. The contents of the crucible
are taken to dryness in a well-ventilated hood. This acid treat~
ment is repeated without the addition of water. The residue
left in the crucible is dissolved in 2 ml. of hot 5 per centv hydro-
chloric acid and the resulting solution is added to the filtrate
from the silica. The filtrate is evaporated until salts begin to
crystallize, and is then transferred to a 100-ml. volumetric flask
and made up to volume. From this volume 10-ml. aliquots are
taken, the excess acid is neutralized with 10 per cent sodium
hydroxide, using phenolphthalein as an indicator, and after the
addition of 10 ml. of 0.15 N acetic acid, potassium is determined
by the cobaltinitrite method of Volk and Truog (3). The re-
mainder of the solution may be used for the determinations for
which the sodium carbonate fusion is applicable.

Experimental Results

To determine the effect of the salts left by the carbonate
fusion mixture on the potassium determination, a known
amount of potassium sulfate was added to 9 grams of the
sodium-lithium carbonate flux. Potassium was determined
after fusing by the proposed procedure. Potassium was
satisfactorily recovered, as shown by Table I.

In order to check on the effectiveness of this method of

decomposing silicates, the filtrate from the silica and the resi-
due from the silica after the hydrofluoric acid treatment were
analyzed separately. These results are presented in Table II.
In the case of the soil samples three-fourths or more of the
potassium was made acid-soluble by the fusion, while in the
case of the clays, supplied by the U. S. Bureau of Standards,
the potassium was made very nearly completely soluble.

Table III gives the results of comparisons of the proposed
method with the J. Lawrence Smith method. The data by
the J. Lawrence Smith method have all been obtained by other
analysts working at the various stations indicated. Each
value reported on the samples from the U. S. Bureau of Chem-
istry and Soils and the U. S. Bureau of Standards was ob-
tained by a different analyst. In every case the average value
obtained by the low-melting flux method is higher than the
corresponding average obtained by the J. Lawrence Smith
method. The samples from the bureaus show that this dif-
ference between the two methods is of the same order of
magnitude as the differences within the J. Lawrence Smith
values.
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Pretreatment of Wood with Hot Dilute Acid

Effect on Lignin Values

WILBY E. COHEN AnDpD ELWIN E. HARRIS, U. S. Forest Products Laboratory, Madison, Wis.

The influence of pretreatments of wood
to remove, by means of hydrolysis, carbo-
hydrate substance which allegedly causes
errors in the lignin determination, has been
studied to determine whether or not lignin
is dissolved during such treatments. Hot
water, to some extent, and boiling 3 per
cent sulfuric acid, to a much greater ex-
Lent, dissolved lignin from maple wood. An
examination of methoxyl contents demon-
strated that the substance removed was
lignin and not some carbohydrate material
which might polymerize to an insoluble resi-

OR the purpose of removing carbohydrate substances

which-allegedly polymerize when subjected to the con-
ditions employed in the estimation of lignin, various forms
of pretreatments, using hot dilute acid, have been suggested.
Norman and Jenkins (4), for example, recommended that
the wood be boiled with dilute sulfuric acid for a definite
period, making this recommendation with the reservation
that nothing was known of the effect of such treatment on
lignin as it occurs in the wood. Campbell and Bamford ()
stated that such treatment resulted in the polymerization
of some carbohydrate substances with a consequent small
but definite increase in the lignin yield. Therefore they
recommended that dissolved carbohydrate substances be
removed immediately from the sphere of action by the ap-
plication of several acid treatments, each of only a few
minutes’ duration. In neither of the above instances was
the possibility of an accompanying lignin extraction con-
sidered. An investigation of this was therefore initiated
and the results are presented in this paper.

Experimental Procedure

Maple wood, ground to 40 mesh in a Wiley mill, was extracted
in succession with cold alcohol-benzene (1 to 2), cold aleohol, cold
water, and water at 98° C. The alcohol-benzene and alcohol ex-
tractions were made in a continuous, percolating extractor (each
for 24 hours’ duration), and the water treatments were applied in
a glass-lined mayonnaise mixer, the former for 24 hours and the
latter in two periods of 3 hours each. The wood was finally
washed on a suction filter until the hot wash water remained
colorless. Corresponding quantitative treatments, using glass
apparatus, indicated that the total loss by extraction amounted
to 4.3 per cent. The wood was then extracted continuously
for 50 hours with water at 98° C. in an apparatus which emptied
through a siphon tube once everi hour. A similar quantitative
treatment in glass showed a further loss of 6.3 per cent, making
a total loss by extraction and, possibly, by mild hydrolysis of
10.6 per cent.

Preparatory to subsequent treatments the wood was dried at
room temperature (20° to 25° C.), and then ground in an attrition
mill until all of it passed through a No. 80 sieve.

Separate portions of the prepared wood were then boiled under
reflux with a 3 per cent solution of sulfuric acid (50 ml. per gram
of wood) for periods of 2, 4, 8, 16, and 30 hours. Another por-
tion was mixed in a filter crucible with a boiling 5 per cent solu-
tion of sulfuric acid (10 ml. per gram of wood) for 4 minutes and
the acid solution was then withdrawn by suction and renewed.
This procedure was continued until the wood had received ten
such treatments.
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due. All the filtrates gave significant color
reactions for lignin with chlorine and so-
dium sulfite. In addition, the acid filtrates
deposited a brown flocculent substance
which contained 20.3 per cent of methoxyl
and which behaved like lignin when chlorin-
ated and subsequently dissolved in sodium
sulfite. Spruce wood is reported to be
affected in a similar manner. It is recom-
mended that all forms of mild hydrolysis,
including treatments with hot water, be
avoided when preparing woods for either the
determination or isolation of lignin.

Following each of the foregoing treatments, the acid was re-
moved by suction and the wood washed free of acid by means of
hot water. - All samples were subsequently dried at room tem-
perature.

Corresponding treatments, using weighed samples and under
identical conditions, furnished data relative to the losses caused
by acid hydrolysis.

Determinations of lignin, using the U. S. Forest Products
Laboratory’s modified procedure, and of furfural yield, using the
Tollens method with phloroglucinol as precipitant, were made on
all samples. Additional samples of lignin were prepared and
dried at room temperature preparatory to the determination of
methoxyl content.

The data, corrected to the basis of unextracted, moisture-
free wood, are presented in Table I.

Discussion

While the furfural yield was only slightly decreased by
water treatments, acid hydrolysis caused a rapid decrease
which continued steadily with time of hydrolysis until
finally, after 30 hours’ treatment, only about 1 per cent of
furfural was obtained. Lignin values showed significant
decreases when the wood was heated with hot water, but
the losses were not of the same order as that caused subse-
quently by boiling 3 per cent sulfuric acid. The latter, in
2 hours, decreased the lignin value to 17.7 per cent which
seemed to be the limit, because longer periods of boiling,
up to 30 hours, caused no sigpificant losses of lignin. The
results (Table I, D to H) suggested a solubility relationship,
the acid solution (a) having become saturated with the
slightly soluble lignin in the first 2 hours, (b) having reached
a condition of equilibrium between dissolution of lignin and
its deposition as a less soluble polymerized material, or
(c) having dissolved all the soluble lignin during that period.

The methoxyl content of the isolated lignin remained
uniform throughout and, therefore, demonstrated that
lignin, rather than carbohydrate substances which might
polymerize to an insoluble residue, was being removed.
This was verified when the lignin methoxyl contents were
calculated as percentages of wood.

It was evident that lignin is soluble in hot dilute acid and
an examination of the various filtrates supported this con-
tention. These filtrates were chlorinated and, on the addi-
tion of sodium sulfite in excess of that required to react with
the acid present, a wine-red color, characteristic of chlorin-
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TasLe I.
Ii)o‘ss
Y
Sol-
vent,
Refer- Extrac-
ence Pretreatment tign
%o

A Extraction with alcohol-benzene, alcohol,
and cold water 3.2

B Extraction with alcohol-benzene, alcohol,
cold water, and hot water 4.3

C Same as B, plus 50 hours’ treatment with
hot water as described 4.3
D Same as C, plus hydrolyms for 2 hours with ;
boiling 3% H:80i aq. 4.3

E Same as C, plus hydrolysxs for 4 hours with
boiling 3% H>S0 4.3

F Same as lus hydrolysxs for 8 hours with
boiling 3‘; H.S0q a 4.3

G Same as C, plus hydrolysns for 16 hours with
boiling 357’ 4.3

H Same as C, lus hydrolysts for 30 hours with
boiling 3;’ 04 aq. 4.3

I Same as C, pl us 10 treatments with boiling

5% H.SO: aq. (10 ml. per gram) each for
4 minutes 4.3

@ Expressed as percentages of unextracted, moisture-free wood.
b Expressed as percentage of lignin.

Errecr oF Boimwing DiLute Sunruric Acip oN THE LiGNIN VALUE oF Marre Woob

Loss
by Loss

Hot- by

Water Acid Fur- Lignin

Treat- Hydroly- fural Con- Methoxyl in

ment, sis Yield tent Lignin
a a a a a
% %o % % %0 %o

12.8 23.2 20.2 4.69

56 12.5 21.5 20.5 4.40
6.3 A 121 20.2 20.6 4.16
6.3 24.8 3.6 17.7 20.4 3.61
6.3 29.0 2.3 17.3 20.7 3.58
6.3 31.3 1.6 17.6 20.3 3.58
6.3 32.2 1.3 17.5 20.5 3.59
6.3 35.4 0.9 17.3 20.6 3.56
6.3 13.7 10.8 19.7 20.7 4.08

atedlignin dissolved in sodium sulfite, developed. Further-
more, after standing at room temperature for a few days, a
brown flocculent substance resembling lignin separated out
from the filtrates. Some of this was collected and chlorin-
ated. It brightened in color to orange yellow and dissolved
in sodium sulfite to a wine-red solution which changed to a
brown color on heating. The methoxyl content of this
substance was found to be 20.3 per cent.

Apparently the dissolved lignin polymerized to a less
soluble form when left in contact with the dilute sulfuric
acid for several days. Campbell and Bamford (1) postulated
such a reaction involving carbohydrate substances when they
recommended the short successive treatments to which ref-
erence has already been made (Table I, I). It is conceivable
that the phenomena are identical and that the substance
which Campbell and Bamford found to be redeposited was
really lignin. Although their method, when used in this
study, did not decrease the lignin yield as much as did the
other acid treatments, the filtrate gave a definite color reac-
tion for lignin. Probably continued treatment by their
method would eventually have decreased the lignin yield to
about 17.7 per cent.

The results obtained with dilute acid naturally directed
attention to the possibility of similar effects resulting from
milder forms of hydrolysis, such as extractions with hot
water which had been used in preparing the wood. The
lignin content had been appreciably decreased by the pro-
longed extraction (Table I, C) and the effluent from the
extractor gave a slight color reaction for lignin with chlorine
and sodium sulfite. This reaction, although slight as com-
pared with that obtained with the acid filtrates, was very
significant because about 40 liters were used in the course of
the extraction and, as the effluent was run to waste rather
than concentrated, the lignin concentration was consequently
small. Digestion with water at 98° C. for shorter periods
such as 3 hours also resulted in some dissolution of lignin
(Table I, B) because the filtrate from this treatment gave a
very definite color reaction for lignin.

The action of boiling dilute sulfuric acid on wood is com-
parable with that of methanol-hydrochloric acid when it is
used in the extraction of soluble lignin. In both instances,
there is an acidic condition which enhances hydrolysis of
some carbohydrate substances. These are apparently as-
sociated chemically with the soluble lignin and their removal
sets it free to dissolve in water on one hand, or in methanol

on the other. In fact, the difference between the lignin
yields (1) from wood which has been subjected only to
alcohol-benzene, alcohol, and cold water (Table I, A), and
(2) from wood which, in addition, has been treated with hot
water and dilute sulfuric acid (Table I, D), is approximately
6 per cent—that is, of the same order as the yield of soluble
lignin by the methanol-hydrochloric acid process (3).

The influence of mild hydrolysis in releasing soluble lignin
to a solvent was demonstrated by one of the authors (2)
when describing the effects of alkaline extraction on the
lignin yield. Sodium hydroxide (0.5 per cent) was found to
have a much greater solvent action on lignin if the wood was
first subjected to an extended extraction, amounting to mild
hydrolysis, with hot water.

The polymerization of the dissolved lignin to a less soluble
aggregate under the influence of cold dilute sulfuric acid may
be regarded as a milder form of the action of the 72 per cent
sulfuric acid employed in the lignin determination. It is sig-
nificant that the filtrate from a lignin determination does not
give any form of color reaction with chlorine and sodium
sulfite.

Although this investigation was limited to maple wood,
similar results, indicating that in addition to maple some
spruce lignin was dissolved by dilute sulfuric acid, have
been recorded in an unpublished report of the U. 8. Forest
Products Laboratory by R. L. Mitchell.

It is concluded that any form of pretreatment involving
hydrolysis will cause significant errors in lignin determina-
tions and may even result in the complete loss of that portion
of lignin which is known as soluble lignin. It is believed
that all forms of pretreatment using hot dilute acids are not
only unnecessary for the purpose of removing carbohydrate
material, but that they should be avoided, and that, if water
must be used to remove interfering extraneous matter, cold
extraction should preferably be employed.
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Determination of the Common and Rare

Alkalies

Note on Wells and Stevens’ Method

. JOHN C. HILLYER, Carleton College, Northfield, Minn.

ECENTLY Wells and Stevens (1) published a detailed
modification of the analytical procedure for the alkali
group to include accurate determination of lithium, cesium,
and rubidium. In analyses on samples of pollucite contain-
ing over 30 per cent of cesium oxide it became obvious that
the method of Wells and Stevens was not directly applicable
in such a case. The purpose of this note is to draw attention
to certain facts which they did not sufficiently emphasize,
and to suggest a modification of their procedure for cases in
which a large percentage of cesium or rubidium is present.
The basis of their separation of these elements from potas-
sium is the extraction of the alkali chlorides with a mixture of
alcohol and hydrogen chloride in which the solubility of po-
tassium chloride is reduced as far as possible. Their Table
1 is here reproduced with the addition of values for the ratio of
solubility of cesium chloride to potassium chloride.

TasLe I. SovLusiLiTY OF ALKALI CHLORIDES AT 25° C.
Ratio of
Solubility CsCl to
Solvent KCl1 RbClL CsCl KCl
Grams Grams Grams
1. 10 ml of water 3.08 7.28 12.7 4.1
2. 10 ml, of concentrated HCL
(1 part) and alcohol (2
parts) 0.0031 0.021 0.31 100.0
3. 0.4 ml. of water and 10 ml.
of alcohol, both satu-
rated with HCl 0.0006 0.0027 0.024 40.0

It is obvious that solvent 2 is the most efficient for separat-
ing the two chlorides. However, since it would not be conven-
ient to reduce the volume much below 10 ml., the fact that
solvent 3 dissolves the smallest mass of potassium chloride
per 10-ml. portion is adequate reason for its adoption in their
method. Its solvent action for cesium chloride is adequate
for any sample ordinarily encountered.

In the case encountered by the author, however, a 1-gram
sample yielded over 300 mg. of chlorides of the alkali group,
substantially all cesium chloride. Using an aliquot containing
100 mg. of alkali chlorides, at least four and probably six ex-
tractions would be necessary with solvent 3. These would
remove more potassium chloride than the one extraction re-
quired with 2, and for the total amount of chlorides the
amount extracted by 3 would far exceed that by 2, and the
volume of solvent would become inconveniently great. In
general, any sample containing enough cesium or rubidium to
require four or more extractions with solvent 3 is better ex-
tracted by solvent 2. :

In case a sample has a high percentage of cesium orrubid-
ium, two courses are open. One is to take a small aliquot
and proceed according to the method of Wells and Stevens;
when a fair percentage of potassium is also present this is the
best and simplest procedure. However, when the percentage
of potassium is known to be low, the use of an aliquot satis-
factory for cesium chloride reduces the mass of potassium
chloride present in the aliquot to such a small value that no
degree of accuracy could be claimed for the determination.
In such cases, the other course is to use solvent 2, followed by
the same procedure.

Where the potassium content is previously known to be
very low, a third and simpler procedure is suggested by the
work of Wells and Stevens: The extraction of cesium chloride

from the mixed chlorides may be omitted and these potas-
sium group chlorides treated as “cesium chloride,” contain-
ing a trace of potassium extracted with it. The ammonium
sulfate separation may then be carried out as directed by.
them. Experiments with synthetic mixtures of cesium and
potassium chlorides containing up to 5 per cent of potassium
chloride gave satisfactory results with this separation. The
chloroplatinate separation given by these authors should also
be applicable at this point, if the amount of potassium chlo-
ride can be assumed to be less than 2 mg.

Bearing these facts in mind, a judicious choice of reagents
and the use of aliquots should make Wells and Stevens’ ex-
cellent method applicable to any combination of alkalies en-
countered in practice, with good precision for each.
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The Analysis of Pollucite

ROGER C. WELLS Anp ROLLIN E. STEVENS
U. S. Geological Survey, Washington, D. C.

ILLYER (1) has discussed the method of determining

rare alkalies devised by the present writers (2), showing

that it must be revised when analyzing materials of high rare-

alkali content. His notes are an interesting and needed addi-

tion to the method, which was devised for the majority of

samples encountered in mineral analyses, in which rare alka-

lies are absent or present only up to moderate quantities.

Obviously the procedure should be different for large percent-
ages of the rare alkalies.

In the analysis of pollucite from Tin Mountain, S. Dak., the
method was also changed by the authors because of the high
content of cesium. The results for the complete analysis are
given in Table I.

TaBrLE I. AnaLysis oF Porrucite FROM TiN MOUNTAIN,

DAK.
Si0: 45.66 X:0 0.13
Al:Os 16.64 Rb:O None
Fe:0s 0.22 Cs:0 31.80
FeO 0.10 H:0+ 2:17
MgO 0.29 H,0 — 0.42
?}8 8 ; :232 TiO2 None
) .
Na:0 2.12 100428

The separated chloroplatinates of potassium, rubidium, and
cesium obtained from 0.5000 gram of the mineral were subjected
to several fractional crystallizations. The chloroplatinates of
potassium and rubidium were thus obtained in solution because
of their greater solubility and scarcity, while the bulk of the ce-
sium remained as undissolved chloroplatinate. From the ex-
tracted chloroplatinates platinum was removed with formic acid
and the resulting chlorides were treated with the alcoholic am-
monium sulfate reagent to se’garate potassium and rubidium
from the remaining cesium. The precipitated sulfate was ig-
nited and its weight found to be 0.0011 gram. Careful spectro-
scopic examination showed the absence of rubidium both in the
potassium fraction precipitated by alcoholic ammonium sulfate
and in the soluble cesium fraction. From the weight of potas-
sium sulfate obtained, K,;O was calculated to be 0.12 per cent.
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The percentage of Cs,O was found from the weight of mixed
chloroplatinates, after correcting for K,PtCls, to be 31.80.

An alternate method based only on fractionation of the chloro-

platinates gave a result in close agreement. The chloroplatinates
were fractionally precipitated in water, and the soluble part was
evaporated and extracted with 15 per cent alcohol to separate the
K,PtCls. This method gave 0.14 per cent K,0 and the average
of the two results is 0.13 per cent K,0.

Pollucite is unusual, as it is the only mineral compound of
cesium found in nature. Cesium may replace potassium in
minerals, but its content seldom exceeds a few per cent and
usually it is absent. No mineral has been found in which ru-
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bidium is an essential constituent. Rubidium may proxy
potassium in some minerals and in these it seldom exceeds 2
per cent. Few minerals contain rare alkalies, and their ab-
gence is quickly and definitely shown by the method as origi-
nally described.
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Borax as an Acidimetric Standard. II

FRANK H. HURLEY, JR., The Rice Institute, Houston, Texas

RAPID method for purifying and drying borax by means

of alcohol and ether for use as a standard substance has

been described (2), and preliminary experiments bearing on

its stability have been reported. The present paper describes

further experiments on the stability and also some tests of the

accuracy, precision, speed, and convenience of borax in com-

parison with sodium carbonate as an acidimetric standard
for routine technical and student use.

Stability of Borax

The principal problem which arises in the use of borax,
Na,B40;-10H,0, as a standard relates to the fact that it is
hydrated, and thus is susceptible to changes in composition
due to variation in its water content. It has long been
known that borax loses some of its water of hydration on
standing in air at ordinary temperatures. This loss proceeds
very slowly at first and increases gradually, requiring about
30 days to amount to a total loss of 0.1 per cent (2).

In order to prevent this slow decomposition, Menzel (3)
proposed that borax be kept in a desiccator over a solution
saturated with respect to sucrose and sodium chloride. The
vapor pressure of this solution is such that borax will remain
in the decahydrated state over a wide range of temperature.
Menzel found that a sample of borax kept over this solution
lost only 0.02 per cent in weight in 12 months. An experi-
ment in verification of Menzel’s findings was performed by
placing a 3.5-gram sample of borax, dried with alcohol and
ether, in a desiccator over the sugar-salt solution and weighing
it from time to time over a long period. After 55 days in the
desiccator the sample showed a loss of 0.026 per cent in weight,
but no further change occurred during a subsequent period of
15 months. It thus appears that borax may be kept indefi-
nitely over saturated sugar-salt solution without undergoing
decomposition.

Because borax decomposes so very slowly in air, it seemed
likely that it could be stored simply in tightly stoppered
bottles for a very long time before sufficient decomposition
occurred to have an appreciable effect in ordinary acid stand-
ardizations, where an accuracy beyond 0.1 per cent is seldom
sought. To test this possibility about 13 grams of recrystal-
lized borax, dried by the alcohol-ether method, were placed in
two weighing bottles having tight-fitting ground-glass stop-
pers. Samples of this material weighing about 0.5 gram were
titrated with 0.1 N hydrochloric acid at intervals during a
12-month period. All but one of these titrations were run
in duplicate, and in all, 23 titrations representing 12 intervals
of time were made. The mean value for the ratio of the
weight of borax to the volume of acid for all 23 runs was
1.928 X 10~2 gram per milliliter, and the average deviation of
a single run was ==0.0010 X 102 (0.05 per cent). The largest

deviation was 0.2 per cent, obtained only once, the remainder
being 0.1 per cent or less. The measurements were made
with weights and volumetric instruments calibrated to give
an accuracy of 0.1 per cent.

If the borax sample had lost some of its water, the calcu-
lated ratio would, of course, decrease with time. No trend
of this sort could be discovered, nor could any relating to the
temperature, which varied from 25° to 33° C.

From these results it appears that borax crystallized and
dried in the manner referred to is extraordinarily stable, and
that for ordinary analytical purposes where an accuracy
greater then 0.1 per cent is not required, it is sufficient to
keep the material in a tightly stoppered container.

An experiment testing the stability of 0.1 N borax solutions
was also performed. Such a solution was prepared from
pure borax and stored in a soft glass bottle. Portions were ti-
trated with 0.1 N hydrochloric acid every 2 weeks for 4 months
and once 2 month for 3 months longer. During the first 4
months the apparent concentration of borax increased very
slowly to a value 0.1 per cent greater than its original value,
and in the last 3 months increased more rapidly to a value 0.7
per cent greater. A number of other observations on the
stability of 0.1 N borax solutions which were not so systemati-
cally analyzed are in general agreement with this experiment.

Comparison of Borax and Sodium Carbonate

A number of criteria for the selection of analytical stand-
ards for routine technical use are given by Dodge (7). Al-
though no substance appears to fulfill all these requirements,
it is somewhat surprising that of all the acidimetric standards
proposed, anhydrous sodium carbonate, which fails to meet
several, should be the most popular, while borax, which seems
to fulfill all but one, is little used. The principal objection
to sodium carbonate is that it is very difficult to weigh accu-
rately because it is hygroscopic. In addition, it has a rather
low equivalent weight (53.00), and the end point of the ti-
tration with acid is somewhat indistinet when methyl orange,
the usual indicator, is employed.

Borax, on the other band, has a number of advantages
which make its use desirable: It has a high equivalent weight,
190.72; it is inexpensive and easily available; it is easily and
economically purified by recrystallization; heating to con-
stant weight is not required; no loss or gain of water occurs
during weighing; the end point of the titration with acid is
sharp and easily detected with methyl red; the titration
error may be eliminated by the use of a simple color standard.

As Dodge has pointed out, the only objection to borax is
that it is hydrated, but in view of the ease of the recrystalli-
zation and drying with alcohol and ether, and also the unusual
stability of the purified material, this objection is largely
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overcome, and borax would seem to be superior to sodium
carbonate in almost every way.

A direct test of the merits of these two standards was
carried out by a class of students in quantitative analysis who
were to perform as their first analytical experiment the prepa-
ration and standardization of 0.1 N hydrochloric acid,
followed by analyses of carbonate solutions as unknowns.

The students prepared pure sodium carbonate by the method
of Reinitzer (4), and pure borax as previously described (2).
The carbonate was dried in the usual way by heating to constant
weight at 270° to 300° C. The borax was dried in two ways, one
group of students using alcohol and ether and another the satu-
rated sugar-salt solution of Menzel. While this latter method of
drying is hardly to be recommended for ordinary use because of
the time factor, it was introduced into the experiment to provide
an independent check on the borax.

The standardization of the acid against borax was performed
by the titration of 0.5-gram samples. Methyl red indicator was
used, and the end point was matched with a boric acid—sodium
chloride color standard (2). To standardize the acid against
the sodium carbonate, a standard 0.1 N solution was prepared
and samples were titrated with the acid, using methylporange.
The weights and volumetric instruments used in preparing the
solutions and in the titrations were calibrated by the students to
give an accuracy of 0.1 per cent.

Since each student had prepared his own hydrochloric acid by
dilution of reagent acid, no direct comparison of the two stand-
ardizations was possibie. Such a comparison was, however,
obtainable by means of a carbonate solution which was analyzed
by the students with their acid. This analysis was performed
exactly like the carbonate standardization. Kach student had
two values for the normality of his acid, one from borax and one
from sodium carbonate; hence two values for the unknown could
be calculated. A comparison of the two values thus obtained
affords a means of comparing the merits of the two standards.

Valves based on Na-COs
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Figure 1.

The results obtained are shown graphically in Figures 1
and 2. One carbonate value (0.0997 N) does not appear.
A summary of the results is given in Table I. 2

TasLE I. NorMALITY OF CARBONATE SOLUTION
No. of Mean Average
Analyses Normality Deviation
Boraxa,b 35 0.1023 0.00022
Na:COs 32 0.1022 0.00045
Borax* 16 0.1024 0.00024
Boraxb 19 0.1023

0.00021

@ Dried with aleohol and ether.
5 Dried over sugar-salt solution.
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The good concordance of the mean values for the normality
of the carbonate shows again the suitability of borax as an
acidimetric standard and gives added confirmation to the
validity of the alcohol-ether method of drying. The average
deviation gives a measure of the variability in the preparation
and use of the two standards. Since the average deviation
for the sodium carbonate values is twice that for borax,
even with the most aberrant result excluded, it may be con-
cluded that borax, when properly purified and dried, gives
more reproducible results than sodium carbonate in the hands
of students. Such a conclusion is also supported by other
student results not reported.

i

Borax dr/cé’ over sugar-saltsoln.
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Borax dried with alcohol andether

Number of /lna/z/scs

i nal Bl e AR el Ere i o o e il ] kol W

0./0/10 0.1020 0./030
Normality

F1Gure 2. NoRMALITY OF CARBONATE SOLUTION
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With regard to the speed of the two methods of standardi-
zation, it would seem at first thought that borax, because it
requires recrystallization, is less rapid than sodium carbonate.
Actually this is not the case. In the experiment described,
the recrystallization and treatment with alcohol and ether
required at most 1.5 hours’ work, while the heating of the
carbonate to constant weight, the most time-consuming
operation in the entire experiment, required at least twice
this length of time.
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Summary

In accordance with the findings of Menzel, borax may be
kept indefinitely over a saturated sugar-salt solution without
any change in composition.

Dry, recrystallized borax may be stored in tightly stoppered
bottles for as long as a year without undergoing any change in
composition greater than 0.1 per cent.

Borax is superior to sodium carbonate as an acidimetric
standard for general use, since it is equally accurate, more
precise, faster, and more convenient.
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The Calibration of Weights

FRANK H. HURLEY, Jr.

The Rice Institute, Houston, Texas

HE calibration of a set of weights is usually performed

by the well-known method of Richards (3). The es-
sential feature of this method is the device used for obtain-
ing the corrections for the individual weights without the
use of simultaneous equations such as are required in older
calibration methods (5). In his original description of the
procedure Richards stated that this method of obtaining
the corrections was based on an approximation regarding the
properties of small numbers in the presence of large ones,
and in many of the subsequent expositions of the method
which appear in textbooks and in the literature the pro-
cedure is explained on this basis (4). However, in recent
years Eaton (7) has shown that in reality no approximation
is involved, and therefore the weight corrections obtained
by Richards’ method are identical with those calculated
by substitution in systems of algebraic equations relating
the various weights.

In the present paper, a complete and rigorous analysis of
Richards’ method is made in a way which serves to clarify
a number of points regarding the theory of the process,
especially the approximation on which the method was for
so long a time thought to rest. In addition, a careful
study of the observational errors in weight calibration is
presented, and the way in which they affect the weight cor-
rections is analyzed. ;

The Sensitivity

In building up the “preliminary values’ of the weights by
progressive intercomparison, the small differences in mass
between the various weights and combinations are usually
measured by the rest-point displacement and translated
into terms of the rider by means of the sensitivity. For this
reason a determination of the sensitivity of the balance at
various loads must precede the calibration or be made while
the calibration is in progress.

We may define the sensitivity, s, as the displacement
in rest-point caused by the effective mass of the rider at
its 1.0-mg. position on the beam. The exact value of this
mass in grams is not known (though it is in the neighborhood
of 1.0 mg.), and to avoid making any assumption regarding
its value, we may call it B. If we assume that for small
deflections the rest-point displacement is proportional to
the added load, we may calculate the masses corresponding

to small displacements by means of the sensitivity, Thus
the mass z, corresponding to a rest-point displacement d, is

p
s

x

The extent to which this assumption is valid depends on the
construction of the balance.

Observed Masses of the Weights

The calibration proper consists in the experimental de-
termination of the masses of the various weights in terms of
the mass of the smallest weight and the effective mass of the
rider at the 1.0-mg. position, B. In Richards’ terminology
these masses were called “preliminary values,” but this
term is here discarded in favor of “observed masses.”

Let us assume that the smallest weight in a set being calibrated
is 0.01 gram, the rider also being 0.01 gram. Choosing the first
0.01-gram weight as the standard of comparison, let its mass be
A. On comparison of the rider at its 10-mg. position, R, with
the standard, let the observed weight difference correspond to
a rest-point displacement. of dg. Then the observed mass of the

rider at its 10-mg. position is A + d—:B. Similarly, the observed

mass of the 0.01” when compared with the standard is 4 + dl:‘—’B :

The mass of the 0.02-gram weight, compared with the standard
and the 0.017,is 2 4 + g%— + T’“ B. The observed masses of
the other weights are similarly obtained.

In Table I the calibration data for a set of weights are
tabulated. These data are taken from Eaton’s paper, the
only change being that the weight designated as 0.01” by
him is here called the rider at its 10-mg. position, K.

It is clear from Table I that the observed masses of the
weights are given in terms of two standard masses, A and
B, between which no relationship has been determined ex-
perimentally. Inorder to evaluate the masses of the weights
in grams, the values of both A and B in grams must
be found. It is obvious that these can be calculated only
if the masses of two of the weights in the set are known in
grams. 'This is also true of any other system of mass units.
This calculation could be made by setting the expressions
for the observed masses of the two known weights equal to
their values in grams. This would give two equations

TasLe I.
Weights Weight
Used for Difference
Weight Comparison ' d/s B Observed Mass
(R0 B2 8 ntrs oty ppan e A
0.01” 0.01 -0.06 B A - 0.06B
R 0.01 —0.09 B A — 0.09B
0.02 0.01 4 0.01" —0.04 B 2A — 0.10B
0.05 Z (0.05)2 —0.13 B 54 — 0.38B
0.1 z (0.1) —0.13 B 104 — 0.76 B
0.1’ 0.1 +0.06 B 10A — 0.70B
0.2 0.1+ 0.1/ +0.02 B 20A — 1.44 B
0.5 Z (0.5) +0.05 B 50 A — 3.48B
1.0 z (1.0) —0.08 B 100A — 7.09B
1.0" 1.0 +0.13 B 100 A — 6.96 B
1.0” 1.0 +0.03 B 100A — 7.06B
2.0 1,0 4+- 1.0’ +0.02 B 200 A — 14.03 B
5.0 Z (5.0) +0.04 B 500 A — 35.10 B
10 z (10 —0.14 B 1,000 A — 70.38 B
10’ 10 +0.30 B 1,000 A — 70.08 B
20 10 + 107 -+0.43 B 2,000 A — 140.03 B
50 = (60) +0.24 B 5,000 A — 350.49 B
100 = (100) —0.67 B 10,000 A — 701.89 B

@ The meaning of this notation is Z (0.05) = 0.01 + 0.01’ + R + 0.02.

CALIBRATION DATA

Face Value Weight Correction

A— 007B +0.07 B

A - 0.07B +0.01 B

A —- 0.07B —0.02 B

2A~ 0.14B +0.04 B

54— 0.35B —0.03 B

10A — 0.70B —0.06 B

104 - 0.70B 0.00 B

20A — 1.40B —0.04 B
504 — 3.51 B — 0.00001 g. +0.03 B + 0,00001 g,
100 A — 7.02B — 0.00002 g. —0.07 B + 0.00002 g.
100 A — 7.02B — 0.00002 g. +0.06 B + 0.00002 g.
100 A — 7.02B — 0.00002 g. —0.04 B 4 0.00002 g.
200 A — 14.04 B — 0,00003 g. +0.01 B 4+ 0.00003 g
500 A — 35.09 B — 0.00008 g. —0.01 B + 0.00008 g
1,000 A — 70.19 B — 0.00016 g. —0.19 B + 0.00016 g.
1,000 A 70.19 B — 0.00016 g. +0.11 B 4 0.00016 g
2,000 A — 140.38 B — 0.00032 g. +0.35 B 4+ 0.00032 g
5,000 A — 350.95 B — 0.00079 g. -+0.46 B + 0.00079 g
10,000 A — 701.89 B — 0.00158 g. -+ 0.00158 g
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TasLe 1L
Weights Weight
Used for Difference,

Weight Comparison d/s B Observed Mass
17 0 e s BT 1004 —7.09B = C
1.0’ 1.0 +0.13 B C + 0.13 B
1.0” 1.0 +0.03 B C + 0.03 B
2.0 1.0 + 1.0’ +0.02 B 2C+0.15B
5.0 2 (5.0) +0.04 B 5C + 0.35 B

10 =2 (10) —0.14 B 10C + 0.52 B

10 s 10C + 0.52 B = D
10’ 10 +0.30 B D 4 0.30 B

= (10) 10 +0.14 B D+ 0.14 B

20 10 + 10’ +0.43 B 2D + 0.73 B

50 Z (50) +0.24 B 5D + 1.41 B
100 = (100) —0.67 B 10D 4 1.91 B

CarniBrATION Data, 1 10 100 GRAMS

Face Value Weight Correction

C':t0.0?B — 0.00002 g —0.07 B + 0.00002 g.

C 0.07 B — 0.00002 g +0.086 B - 0.00002 g.

C 4 0.07 B — 0.00002 g —0.04 B 4 0.00002 g
2C -+ 0.14 B — 0.00003 g +0.01 B 4 0.00003 g
5C + 0.36 B — 0.00008 g —0.01 B 4 0.00008 g
10C + 0.71 B — 0.00016 g. —0.19 B 4 0.00016 g
D 4+ 0.19 B — 0.00016 g. —0.19 B 4 0.00016 g.

D -+ 0.19 B — 0.00016 g. +0.11 B 4 0.00018 g.
2D 4+ 0.38 B — 0.00032 g. +0.35 B 4 0.00032 g.
5D 4 0.96 B — 0.00079 g. +0.45 B + 0.00079 g.
10D 4 1.91 B — 0.00158 g. -+ 0.00158 g.

which could be solved simultaneously for A and B. Sub-
stitution of these values for A and B in the expressions for
the observed masses would give the values in grams for all
the weights in the set. The calculation of A and B in this
way is, however, so inaccurate that this method of obtaining
gram values for the weights is rendered useless. A further ob-
jection will appear in the consideration of observational
ITOIS.

Richards’ method of calculation differs considerably from
that described above in that the weight corrections, rather
than the observed masses, are evaluated in grams. In order
to begin this calculation we must know the mass of one of
the weights in grams. For the sake of accuracy the known
weight should be the largest in the set. In the example
chosen, the mass of the 100-gram weight is known to be
100.00158 gram. Therefore, from the observed mass of this
weight we may write

10,000 A — 701.89 B = 100.00158 grams

from which we have
10,000 A — 701.89 B — 0.00158 gram = 100.00000 grams

Since 100.00000 grams is the nominal or face value of this
weight, the left-hand member of this equation gives an ex-
pression in A and B which is equal to this nominal or face
value. Dividing this equation by 2, by 5, etc.—i. e., taking
the proper aliquot parts of the expression—will then give
expressions in A and B which are equal to the face values of
the other weights in the set (column 5 of Table I). In
Richards’ terminology they are called the “ideal values.”

Now the correction for any weight is equal to the amount
that must be added to its face value to give its actual or ob-
served mass; in other words, its correction equals its ob-
served mass minus its face value. Therefore the corrections
for the weights are given by subtracting the quantities in
column 5 from those in column 4. The resulting corrections
are given in column 6.

In the expressions for the corrections, the terms in 4 have
vanished, leaving only terms in B and in grams, the latter
becoming too small to be added in the small weights. If
relative rather than absolute weight corrections are used,
the terms in grams do not appear at all. The A terms may,
of course, be completely omitted from the table in the inter-
ests of brevity, once a thorough understanding of the process
has been gained.

In order to evaluate the corrections in grams it is necessary
to know the value of B in grams, but an inspection of the
multipliers of B in the corrections reveals that it need be
known only to three significant figures. The evaluation
of B requires either that the mass of one of the weights other
than the 100-gram be known in grams, or that it be assumed
that the beam is marked correctly to within about 1 per
cent. (If the rider is actually used on the beam to determine
the weight differences, it is necessary to make this assump-
tion at the outset in order to calculate the observed masses
" of the weights.)

If the first condition is fulfilled, it is easy to see how B may
be calculated from the expression for the correction. In the
interest of accuracy, the known weight should be the one
whose weight correction has the largest term in B. If, on
the other hand, the second condition is assumed to hold,
the value of B is calculated from the weight of the rider at
its end position on the beam. This may be obtained from
the correction for R given in the last column of Table I.
From this correction

R = 0.010000000 gram — 0.02 B
We assume 10 B = R, and substitute in the above expression
10 B = 0.010000000 gram — 0.02 B
from which

10.02 B = 0.010000000 gram

B = 0.000998 gram
Or, rounding off to three significant figures,
B = 0.00100 gram

Substitution of this value for B in the corrections gives
the values of the corrections in grams. While the value
obtained for B in the example was 1.00 mg., this depends
directly on the correction for R. Thus a correction of
+0.10 B (about 0.1 mg.) for the rider would increase the
value of B by 1 per cent. :

If the weight corrections are desired only to the nearest
0.1 mg., the evaluation of B need hardly be carried out, since
a rider with a correction large enough to affect the calcula-
tions (0.5 mg. or more) is unlikely to be used at all.

The assumption made regarding the beam divisions really
amounts to assuming a value in grams for one of the weights
other than the 100-gram—namely, the weight B, its value
being assumed as 0.100 R gram. This is the second approxi-
mation which has been made in the calibration, the first
being that the deflections of the pointer are proportional
to the added load. It is apparent, however, that the second
approximation need not be made at all if the masses of two
of the weights in the set are known in grams. (The assump-
tions of proportionality of deflections to added load and R =
10 B can be checked directly, after the calibration has given
a set of values for the weights.)

A device for keeping small the numerical coefficients of
B in the observed masses, and thus making the calculations
less subject to errors in arithmetic, is to divide the table into
three parts: (1) the fractional weights, including the first
1.0-gram weight, (2) the weights from 1 to 10 grams, (3) the
weights from 10 to 100 grams. The first division is identical
with the first part of Table I, and the way in which the other
two divisions are made is illustrated in Table II. This ar-
rangement of the computations is highly recommended as
a timesaver.

I

1l

and

Assignment of Values to 4 and B

In the preceding analysis, no preliminary scale of mass
units was used, and no numerical values were assigned to
the two standard masses, 4 and B, at the outset. In this
way a clear picture of the process was obtained.
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In Eaton’s treatment of the calibration procedure, he
assigned to 4, the mass of the smallest weight, the value

zero, and, by implication, gave B the value 0.00100000 gram.’

In this way he obtained ‘“preliminary values” (observed
masses) which involved only the observed weight differences.
While the assignment of the value zero to A in no way affects
the weight corrections obtained, it must be objected to on
the grounds of logic, since the mass of any weight can hardly
be called zero in any system of units. That it is possible to
give A the value zero (or any other value) without affecting
the weight corrections is only due to the fact that A disap-
pears by subtraction in the calculation of the corrections,
a point not clearly shown by Eaton. The assignment of
the value 0.00100000 gram to B, which is implied when
Eaton writes the preliminary value of the 100-gram weight
as 0.70189 gram, must also be objected to because it is un-
true. However, in spite of the manifest error made in
assigning B this value, the weight corrections calculated from
these preliminary values would not be significantly in error
unless the true mass of B differed by about 1 per cent from
that assigned. An inspection of the coefficients of B in the
correction terms of Table I reveals why this is so.

In the ordinary Richards procedure, A is assigned a value
of exactly 0.01 unit of mass, and B, by implication, is assigned
the value of exactly 0.001 ‘“unit.” Thus the prehmmary
value of the 100-gram weight would be written

100.00000 — 0.70189 = 99.29811

The units of this preliminary value are supposed to be
100 X the mass of the 0.01-gram weight. This, however,
is an erroneous idea, for the figure 99.29811 is not a homo-
geneous number, being actually composed of two parts—
namely, 10,000 A and —701.89 B—which cannot be added
unless the relationship between 4 and B is known. To add
them in the way indicated is to imply that B = 0.100000 A
unit, an assumption not justified by the facts. Again,
however, the assignment of these values to A and B has
little effect on the weight corrections which are calculated
from the nonhomogeneous preliminary values. A, of course,
is completely without effect, since it subtracts out, and the
assignment of the value 0.00100000 ‘“unit” to B has no signifi-
cant effect in the example chosen unless the real value of
B lies outside the region 0.00100 = 0.00001 gram.

The real objection to the assignment of values to A and B
in the calculation of the observed masses is that it may lead
to incorrect ideas regarding the theory of the calibration
process. This is especially true of the ordinary procedure,
which, because its preliminary values appear to be homogene-
ous when they are not, has led to the mistaken idea that
an approximation is involved in the calculation of the cor-
rections. The source of this
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factor, it appears that its value is converted into grams,
This is, to be sure, an entirely factitious conversion because
of the nonhomogeneity of the factor. It was pointed out
by Richards that the conversion of each preliminary value
from units to grams by the use of this conversion factor
would involve a large amount of calculation and necessitate
the use of seven-place logarithms. To avoid this he sug-
gested an “approximation’” which may be illustrated with
the 50-gram weight, the preliminary value of which is
49.64951 units. Although Richards did not clearly state
his method of reasoning, it must have been along these
lines:

100.00158

T grams

Mg, = 49.64951 X 99.29811

Mass of 50 in grams =

Dividing the numerator and denominator of the “factor” by 2,

50.00079
49.64906

This calculation is performed by the use of an approximation
theorem which is that, when a and b are small relative to &,

N’(N'*a)szNh+a =i

My = 49.64951 X

N +b
In the numerical expression
N = 49.64951, the “preliminary value’
a = 50.00079 — N
b = 49.64906 — N

If instead of the mass of the 50-gram weight we calculate its
correction, we obtain

N + a — b — 50.00000

COI‘I‘.W

= N + (50.00079 — N) —

(49.64906 — N) — 50.00000
— (49.64906 — 0.00079)

which may be rewritten as

Corrne = N —% (99.29811 — 0.00158)

or, in words,

Correction = “preliminary value” — “ideal value”

The argument is identical for all other weights in the set.

Observational Errors

The full beauty of Richards’ calibration method is not
apparent until we examine the way in which observational
errors are handled. Richards himself made no comment
on this point in his original paper, but subsequent writers
(2) have described the method of calculating the corrections
as one for “redistributing’’ the accumulated error in the
“preliminary value” of the heaviest weight “according to

mistake may be seen if the ob-
served masses of Table I are

translated into “preliminary Tt
values” in the supposed “units” Weight
by the ordinary Richards pro- Weight e
cedure. Having obtained pre- 0.01, . -
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units are next translated into e 4 o5
grams by means of a known g-i, : 2:
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the relative values of the
weights.” It is not always clear TaBLE IV. OBSERVATIONAL ERRORS
what is meant by this. A Error :
< . o in Maximum
rigorous examination of the ob- Weight I‘E‘l;rgrkiu
o s Differ- eight
gervntlona! err9rs :‘Vhwh oceur Weight ence Error in Weight Correction Correction
in the calibration is extremely S HOIE G Sheet
interesting and fruitful, espe- i 100~ ™ 10000 2 :
cially if the errors are considered 0.01’ a Top (602 — 20b — 20c — 10d —8e —4f — 2 —h — 1) — jomen ¥ 1.2706
individually. : R b 1‘36 (—40a + 80b — 20c — 10d — 8¢ —4f — 29 — h — i) — »———10[1)00 Y 1.6706
Observational errors in i : 200! ;
weight calibration occur from 0:02 e 50 (10 — 205 + 30c — 108 —8e —4f —  —h — i) — 7 ¥ 1.7412
two sources, the determination 0.05 d .210 (10— 868 A lop v f%on 1.353
of the rest-point differences and o 3 155 L SN s Y‘ ot
the sensitivity. Since the one y 10 = 1000 :
is divided by the other in ob- 0.1 o 26 B EE g Sk )T 1.306
taining the weight differences, 5 é Briariaia, (ot S ol %T) e fers
we may consider the net effect 1 ; e o
of the errors on these differ- 0.5 h g (h —1) — 5552 1.53
ences. Thus for the 0.01’, the 1.0 5 -f(l)—o (407 + 20k + 200 + 10m + 8n + 40 +2p + g +1) = — 1_(1)6 Y 1.06
weight difference on comparison : 1 .
. : 1.0 —— (60j — 20k — 20l — 10m —8n — 40 —2p —q —r 1.26
with the 0.01 may be written s 1(1)0( J I S S0 el ID il e T)
doior’ 5 1.0” k 1o (405 + 80k — 20 — 10m —8n — 40 —2p —q — 1) 1.66
—_ where a is a
( el B, whe 2.0 ! 55 (10 — 20k + 301 — 10m — 8n — 40 —2p —q — 1) 1.72
term of unknown value correct- 5.0 e % (10m —Sni iy oy ey 1.3
i observational error in .
£g ghetobeeiva. 2 10 n 110-(27:—40—21)-q—r) 1
.01 . .
T The other weight differ- 107 ; 110_(2" Eigo iop = gy 1.0
LS 1
ences contain similar correc- 20 P H @2n+0+3p —q —71) 1.6
tion terms. These terms are 50 . 10 ;
listed in column 2 of Table 100 3 2

111, the factor B being omitted.

The way in which these errors
accumulate in the course
of calculating the observed masses is shown in column 3.
The expressions here are the terms which, when multiplied
by B, must be added to the observed masses to correct for
their observational errors and thus obtain the true masses
of the weights. The true mass of the 100-gram weight is
thus: 10,0004 — 701.89B + (100X + 407 + 20k + 201 +
10m + 8n + 40 + 2p + g + r)B.

In calculating the face values, the term —0.00158 gram is
added to the above expression and aliquot parts of the whole
are taken. The next step is the subtraction of the face
values from the observed masses (or true masses, if the error
correction terms are added) to obtain the weight corrections.
The result of this subtraction on the observational errors
is shown in column 3 of Table IV. (The aliquot parts of the
error term are not shown.) These are the net observational
error corrections for each weight, and when multiplied by
B are to be added to the weight corrections of Table I.

An inspection of the error expressions of Table IV reveals
several interesting facts. In the first place, the most im-
portant individual errors affecting any weight correction
are seen to be those made in the comparison of weights near
the one being considered. For example, the correction term
for the 0.1-gram weight involves all the observational er-
rors from 0.1 to 100 grams, but only those of the 0.1, 0.1/,
0.2, 0.5, and 1.0 (e, f, g, k, and z) are of much importance, the
others being corrections of the second or third order. If the
observational error made in the comparison of the 100-gram
weight, r, were as large as 5 mg. (assuming rB = 5 mg.) this
would affect the 0.1-gram correction only by 0.005 mg.

Another interesting fact is that if we assume the observa-
tional errors to be of the same absolute magnitude in every
comparison, the maximum error in the correction of any
weight (assuming the most unfavorable distribution of

signs) is between one and two times a single error. This is -

shown in column 4 of Table IV, where the maximum errors

for each of the weight corrections have been tabulated.
These were calculated by assuming that each of the obser-
vational errors amounts to €, and the most unfavorable dis-
tribution of signs was taken for every weight.

A consideration of the errors to which the observed masses
are subject is also instructive. These are tabulated in col-
umn 4 of Table III. Here it is assumed that each error
amounts to +.e. These errors accumulate extremely rapidly
in the calculation of the observed masses, as can be seen from
the table, and by the time the 100-gram weight is reached,
the error in the observed mass amounts to 10,706 e. This,
of course, explains how it happens that two persons cali-
brating the same set of weights may obtain sets of preliminary
values which differ widely and yet come out: with weight
corrections which are sensibly the same. It also shows
how inaccurate the calculation of A and B from the observed
masses of two known weights may be. Thus the calculation
and substitution of values of A and B in the expressions for
the observed masses to obtain gram values for the weights
might give values which would be grossly in error. In
Richards’ method for obtaining the gram values, however,
the observational errors disappear to a large extent by sub-
traction. It is this feature which gives the method its real
importance.

Summary

1. A complete and rigorous explanation of Richards’
method for the calibration of weights has been presented, and
the approximations involved have been pointed out.

2. The calculation of “preliminary values” in the usual
manner has been shown to be an illogical procedure which
has led to confusion regarding the theory of the method,
though it is ordinarily without serious effect on the results
obtained.

3. An analysis of the observational errors in the calibra-
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tion process has been made and the effect of the individual

errors on the separate weight corrections has been deter-

mined.
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An Apparatus for Determining Odor in Water
A Practical System of Dilutions for Establishing Threshold Zone

W. B. HART
The Atlantic Refining Company, Philadelphia, Pa.

HE odor of water is a highly revealing, though broad,
criterion of its quality. The presence of substances
having intense and characteristic odor is often detectable
through the sense of smell. The odor test is frequently ap-
plied as a part of the examination of raw water for domestic
supply or to determine the effectiveness of purification proc-
esses and is also extensively used in the examination of in-
dustrial wastes. Under these circumstances, the odor of an
individual substance is involved only in unusual instances.
Instead, the odors encountered are those caused by minute
organisms, vegetable decay, earthy suspended matter, domes-
tic sewage, industrial wastes of various kinds, or combinations
of these.
Various procedures for determining the odor of a sample of
water have been proposed from time to time, most of them
developments of water-purification plant laboratories. The

original method (1) is familiar to all. Later, Gullans (4),
in using Spaulding’s threshold system for odor testing, de-
veloped the “snozzle’” tube which he held down in the neck
of the flask. The top of the tube was flared and formed a
more or less close fit for the operator’s nose. This was a note-
worthy improvement. Recently, Fair developed the osmome-
ter, followed by the types A and B osmoscopes.

The Atlantic Refining Company, at its Philadelphia Re-
finery, has established a laboratory for control of processes
used to condition waste water for proper disposal and for
general research in pollution prevention by petroleum re-
fining processes. These studies must of necessity take into
consideration prevention of pollution not only by petroleum
and its products but also by various chemical compounds.
Types of odors in waste water and persistence after further
dilution in a stream have received particular attention.

During the past several years, all the methods
so far developed for taking the odor of water
have been tried or given serious consideration.

Some were particularly applicable to control of

Q

water purification processes and unsuitable for
Q liquid wastes. Each method had some feature
which did not seem to meet the requirements.
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A constant search has been carried on to find a
method that is practical, general in application,
easy and rapid in manipulation, and as free as
possible from error. It is well known that indi-
viduals vary in their sensitivity to odors. This
variation cannot be entirely overcome by any

apparatus or procedure. A satisfactory appa-
ratus and method should meet certain conditions:
It should make possible taking the odor of the
sample with the minimum danger of contamina-
tion by odors in the atmosphere where the test
is being conducted. Taking the odor should not
involve any violence in inhalation but, instead,
the same quiet intake of breath that is normal to

breathing. There should be no tubes extending

[frontl flevation

into the nose, nor close-fitting nosepiece, for any
discomfort or unnatural feeling seriously inter-

Jection ﬂ—ﬁ
_OpeJide

OporR DETERMINATION APPARATUS

Ficure 1.
All stoppers rubber, except as shown

LowerShelver not Show'n

feres with the sense of smell. The equipment
should be simple in design, inexpensive, and if
possible it should be portable. It cannot be em-
phasized too strongly that the apparatus must
be so designed that each part subject to contact
with the sample odor must be readily removable
so that it may be washed thoroughly, easily, and
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F1cure 2. StAND FOR OpOR DETERMINATION EQUIPMENT

quickly. The importance of each of these features was well
demonstrated while developing the equipment described
below.

Apparatus

The apparatus consists essentially of a purification train; a
means of supporting two flasks, one for the sample and one
for a blank of odor-free water; a support for the odor-free
air inlet and smelling tube for each flask; a combined mercury
seal and pressure-relief valve to maintain the required pressure
in the system and allow the escape of air when not being passed
into the flasks; and a manometer to show the pressure in the
system. The source of the air used is a compressor system
or, in one portable design, a truck-tire inner tube and an auto
pump. The apparatus is briefly described, since details are
better shown by Figures 1 to 6.

PuriricatioN TraiN. For deodorizing the incoming air,
which should not exceed 70.3 grams per sq. cm. (one pound
per square inch) in pres-
sure, a train of three

'2_0':51"7. =3 {1

Note A

O Do) support. Rubber pads on

T e the swinging shelves take up
: any irregularity in the height

Note A of the flasks which are of 250-
ml. capacity and the wide-
5 mouth type.

PRrRESSURE-RELIEF VALVE
AND MANOMETER. The pres-
sure relief valve is simply an
open-end tube extending into
some mercury in a container,
far enough to keep about 100 mm. (4 inches) of water pres-
sure in the system when the stopcocks to the flasks are closed.

The manometer is of the simple U-tube type.

SMELLING TUBE AND AIr INLET. The smelling tubes for the
sample flask and for the blank flask are identical. There are
two parts. An adapter tube is used for the lower section and
extends to just above the level of the sample in the flask. A cork
carrf'ing a nosepiece fits into the flared top of the adapter.

The nosepiece is individual for each observer, and being sepa-
rate, one equipment can be used by several individuals. It is
made to an approximate fit, so that only a slight space is left
between the flare and the nose when being used. It is not a
tight fit, but is close enough so that the stream of air coming up
the smelling tube passes into and around the nose, driving away
any atmospheric odors that might give misleading results.

A convenient way of making the nosepiece is to make a wax
mold of the observer’s nose and then a plaster of Paris cast. The
nosepiece is then blown on the cast.

The odorless air inlet is simply a glass tube carrying a stopcock.
The tube extends through the cork and about 2.5 cm. (1 inch)
into the flask, so that the incoming air, moving downward, dis-
places the layer of air next to the samg)le, driving it upward
through the smelling tube to the observer’s nose.

All parts of the apparatus are standard chemical items.
The glass tubing is made
up end tight against

| Zoomm.

flasks and an activated Lelsiloffelhnii T e cor/ionEct ;p' end. The frame or
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FI1GURE 3. DETAIL OF ADAPTER help.
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F1GURES 4 AND 5. PHOTOGRAPHIC VIEWS OF APPARATUS
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Material List

Purirricarion TrAaN. Glass tubing: laboratory bending
tubing of soda-lime glass, 7-mm. outside diameter, 1-mm. wall;
approximately 4.5 meters required. Rubber tubing: trans-
parent rubber tubing, thin wall, 6-mm. bore, 1.75-mm. wall;
approximately 45 em. required. Corks: 1 No. 12 and 1 No. 16,
selected dense stock; bored centrally one hole for 7-mm. outside
diameter tubing; 1 each required. Flasks: 250-ml. conical
flasks, narrow-mouth type; 5 required. Cannister: standard
gas-mask carbon cannister; 1 required; replaced as needed.

SampLE  Equipment. Flasks: 250-ml. capacity, conical
flasks, extra wide mouth; 12 or more required. Corks: 75-mm.
diameter, 16 mm. high, of selected dense stock; drilled two holes
(Figure 3); 2 required. No. 12, selected dense stock, drilled
centrally for 16-mm. outside diameter tube; 2 required. Adapt-
ers: 190 mm. long from top of flare to end of tube, 16-mm.
outside diameter tube, 25-mm. inside diameter flare; 2 required.
Nosepiece: made special for operators of 16-mm. outside diame-
ter lime-soda glass tube; 2 or more required. Stopeocks:
glass; plugbore 5 mm., bent to fit; 2 required. Glass tees:

ore, 5 mm.; 3 required.

Test Procedure

All those engaged in the examination of water are familiar
with the determination of “threshold point.”’ In reality this
is not a point to more than one observer but rather a “zone”
and is so designated here. To even one observer, the exact
point would be determined only rarely and there is but one
absolute point that can be checked by several: the condi-
tion of no odor present. In samples of very low odor con-
centration the zone becomes more and more constricted as
zero odor is approached and may seem to be a point. Group
opinion is valuable under all conditions and particularly

when numbers of individuals are concerned with the purity of
the water.

The ability to detect faint odors varies not only with differ-
ent individuals but at times with the same individual, de-
pending upon physical condition. Also, when odor is present
to a certain slight extent, one observer may detect it and not
another. Between the low intensity detectable to the first
and the higher intensity detectable to the other, there is a
“threshold zone” which is the indication that the water
“smells.” This “zone” has practical value to many; the
“point’’ has value to only the one who finds it. The average
sensitivity will be well within the zone, but it is probable that
in a group of observers the individual threshold finding of
any one will range from 5 to 10 per cent on either side of the
group average.

In carrying out the threshold zone determination using
the equipment described, dilutions are made of the sample
with odor-free water and a tentative threshold is found by
simply smelling at the mouth of the flask. This tentative
zone is established at a point of no odor, well beyond the
real zone. Dilutions for this purpose are made in multiples
of ten. Then, after a rest period, intermediate dilutions are
made up and tested in the equipment, always approaching the
threshold zone from the no-odor side to assure a clear nose.

The manipulation is simple. An odor-free blank of 100 ml.
is set up on one side of the apparatus and the unknown dilutions
are tried on the other. The flask is held up under the cork, mak-
ing sure that the flanges rest evenly, and the bottom shelf is
brought up and hooked in place. With the air turned on through
the apparatus the stopcock is opened for a few seconds to sweep
out any room atmosphere. Then the stopcock is closed, the
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flask is removed and shaken
gently to contact the air
and water and replaced.
This agitation is important.
Then the nose is placed just
comfortably in the nosepiece
and, opening the stopcock
just before a normal inhala-
tion, the odor is taken.
There should be air escaping
from the relief valve when the
stopcock is closed and also,
to some extent, when it is

open.

Where an absolutely
odor-free atmosphere exists,
no protection against out-
side odors is necessary.
This is not often the case,
particularly where waste
waters are being tested in
industrial laboratories.
Very satisfactory results
have been obtained with the
procedure described under
conditions purposely made
difficult.

Evaluation of Odors

The original method of
evaluating odors as devised
by the late Professor
Whipple is described in
Standard Methods (1).
Spaulding’s threshold-point
method (6, 6) was a greatim-
provement. More recently
the exponential method of
Fair (2, 3) was developed. These methods, or variations
of them, are all in use today. But in making threshold deter-
minations, and in studying the results of others, a uniform
procedure that will eliminate as many variables as possible
is badly needed, particularly when the final result depends
upon the differing sensitivity of various individuals. Also,
as the intensity or persistency of the odor increases, the dilu-
tions constituting the boundaries of the threshold zone may
fiiverge to a greater extent without great importance attach-
ing.

FIGURE 6. PHOTOGRAPHIC VIEW OF APPARATUS
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Dilutions for Deter-
mination of Thresh-
old Zone

The dilutions are made
up as shown in Table I, ex-
tending the series until it
is found that the threshold
zone has been passed.
This establishes the tenta-
tive threshold.

Having found two dilu-
tions, the lower having odor
and the higher no odor, it is
obvious that the real thresh-
old zone lies between.
The limits are then reduced
as shown in Table IT.

Certain precautions
should be observed in mak-
ing dilutions. Since waste
waters may carry sus-
pended matter or oily sus-
pensions that cannot readily
be washed from a pipet,
clean measuring equipment
should be used wherever
conditions indicate.

All dilutions are made to
as nearly 100 ml. as is pos-
sible for accurate ratios, so
that the air-water volume
ratio remains practically
constant.

The threshold zone re-
ported is the dilution in
which odor is first detected

TasLe II. DiLuTIONS
Dilution Odor-Free Lley
Identification Sample Water Dilution

M. M.
1A 12:{0:D8 96 1in 90? of H. D.b
2A 12 L. D. 84 1in 80% of H. D,
3A 15 L. D. 90 1in 709 of H. D.
4A 16 of L. D. 80 1in 60% of H. D.
5A 20 of L. D. 80 1in 509% of H. D.
B8A 25 of L. D. 75 1in 409 of H. D.
TA 33 of L. D. 66 1in 30% of H. D.
8A 50 of L. D. 50 1in 209% of H. D.

@ Lower dilution, L. D. b Higher dilution, H. D,

Tasre I. Dirurions

Dilution Odor-Free
Identification Sample Water Dilution
Ml, M.

1 10 90 1lin 10
2 10 (Dilution 1) 90 1in 100
3 10 (Dilution 2) 90 1in 1,000
4 10 (Dilution 3) 90 1 in 10,000
5 10 (Dilution 4) 90 1 in 100,000

Since such zones actually exist, it is important that they be
limited. Such limitation makes for uniformity that will add
value to the reports of various observers. It will in reality
make possible check determinations at the expense of very
little accuracy, for there will be a definiteness about the
observation that is not present when a “point” is looked for.
The point found by one observer will be questionable to an-
other. A systematic series of dilutions, that will step by
step establish zones such as described and is particularly
adaptable to waste waters, follows.

This information then will indicate water quality: need or no
need for further treatment or any other purpose required.
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Twenty-Plate Laboratory Bubble-Cap Still

For Low-Boiling Materials

JOHANNES H. BRUUN AND SCOTT D. WEST, Sun Oil Company Research Laboratory, Norwood, Pa.

HE object of the present investigation was to develop a
A laboratory still suitable for the preparation of low-boiling
(below room temperature) compounds of extremely high
purity. The main requirements for such a still are:

1. The efficiency of the fractionating column, expressed in
the number of theoretical plates, should be such that even small
amounts of a volatile impurity can be removed. A study of the
vapor-liquid equilibrium diagrams of binary mixtures will re-
veal that it is normally much more difficult to effect an enrich-
ment in concentration from 95 to 100 mole per cent than from
50 to 95 mole per cent.

2. The capacity of the still should be large enough so that
comparatively large amounts (500 to 1000 ml.) of material can
be distilled in a single distillation.

The low-temperature columns
of Podbielniak (6), Davis (4), and
Bosschart (1) have been used
successfully for establishing ap-
proximate compositions of low-
boiling mixtures. For the purpose
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CetLuLoio
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Ficure 1. STILL ASSEMBLY

of preparing pure low-boiling compounds, however, it was felt
that an improved still could be designed which would meet the
above mentioned requirements better than the older columns.

Description of Still

Figure 1 shows the assembly of the still. The still pot
has a capacity of 1000 ml. and is provided with a thermometer
well into which is suspended a toluene thermometer. It. is
surrounded by a Pyrex beaker, the outside of which is heavily
insulated with felt pad. In the bottom of the beaker is
placed an electric heater similar to that described in an
earlier publication (3). 5

The fractionating column, which is 80 c¢m. long, consists
of twenty bubble-cap plates of glass of the type §ho§vn in
Figure 2 and described in a recent paper (2). As indicated
in Figure 1, a vacuum glass jacket (72 mm. o.d.) was sealgd
to the column in order to minimize radiation. Durm‘g dis-
tillations of low-boiling compounds, such as propane, it was

247

found that better results could be obtained if the glass vacuum
jacket was surrounded by a C-shaped brass cooling jacket
provided with a vertical celluloid window along its entire
height. The bottom, the outside, and the top of the cooling
jacket were insulated with heavy felt pad. The column
was supported by an angle iron frame by means of a Transite
support. ;

The reflux head consisted of a half-inch copper tube sur-
rounded by a short 2-inch brass cooling jacket. All of the
exposed parts of the reflux head were insulated by felt.

The receiver consisted of small pressure cylinders im-
mersed into a Dewar flask.

The flowmeter shown between the reflux head and the
receiver was used to indicate the rate of distillation for
fractions such as propane and may be omitted if desired.

Operation

The brass cooling jacket around the column was filled
about three-fourths full with a cooling mixture such as ecarbon
tetrachloride and chloroform, and solid carbon dioxide was
introduced through the spout near the top until the tem-
perature in the brass jacket was low enough to cool the
vacuum jacket and the column and to minimize radiation
through the glass vacuum jacket. In order to ensure com-
plete visibility of the column and of the thermometer between
the column and the inside celluloid window, it is important
to prevent water vapor from freezing on the vacuum jacket
and on the windows. For this reason Dehydrite tubes were
connected to the top and bottom of the air space between the
brass jacket and the vacuum jacket, as well as to the space
between the two celluloid windows.
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Ficure 2. REepEsIGNED BUBBLE-CAr CoLumy, 4-
Cu. SECTIONS

Slots infbubble cap, as shown, about 0.5 to 1 mm. wide and

5 mm. deep, at an angle of 30° with radius, fire-polished.

Material, Pyrex laboratory glass. All dimensions are in
millimeters. Exact dimensions are circled.
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For charging purposes the still pot was cooled by surround-
ing it with a large Dewar flask containing cooling liquid.
The material to be distilled was then introduced into the
still pot as a liquid. As soon as the reflux head had been
cooled sufficiently to ensure complete condensation, the
Dewar flask under the still pot was replaced by the heating
unit shown in Figure 1. During distillation of very low-
boiling fractions such as propane, the operation of the bubble-
cap column will not commence until a sufficient quantity of
liquid has condensed on the plates. If flooding should occur
during this initial starting period, some pressure should be
applied on the top of the column by blowing through a drying
tube located at the end of the distillation train. This pro-
cedure will force the condensed liquid down to the empty plates
and will enable the operator to start a distillation in about
10 or 15 minutes.

A thermometer suspended from the reflux head at the top
of the column was used to read the temperature of the dis-
tillation. Other thermometers were placed in the still pot,
in the air space between the vacuum jacket and the brass
jacket, and in the cooling mixtures surrounding the column
and the reflux head. .

The distillate fractions may be taken either by temperature
or by volume. When the latter method was used, the volume
of distillate in the receiving cylinder was measured by means
of a small glass tube (about 2 mm. 0. d.) which was inserted
into the liquid distillates for 1 or 2 seconds. A calibrated

VOL. 9, NO. 5

glass receiver could obviously be used for most hydrocarbons,
but for low-boiling liquids, such as propane, steel cylinders
were preferred since they were used also as pressure storage
containers for the distilled fractions.

Efficiency

Carefully conducted tests with different liquid mixtures
and under different rates of distillation showed that the
height of the equivalent theoretical plate for the bubble-cap
column shown in Figure 2 is slightly above 4 ecm. (2). Con-
sequently, the separation obtained by means of the new
column is equivalent to an efficiency of nearly twenty theoreti-
cal plates.

The column shown in Figure 1 was used for the purification
of m-propane. The time-temperature cooling curve of the
distilled middle fraction of this propane indicated an un-
usually high degree of purity (5).
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A Variable-Voltage Autotransformer

D. H. COOK, Dcpartmcnt of Chemistry, School of Tropical Medicine, San Juan, Puerto Rico

SOURCE of variable alternating current voltages would
often be convenient in laboratory work. Low voltages
of 2 to 24 volts can, of course, be supplied by toy or bell-
ringing transformers, but their current-carrying capacity is
small. Greenleaf (3) described the construction of a simple
autotransformer to be used with photoflood lamps in photog-
raphy, and there are commercial instruments, generally
rheostats, on the market for the same purpose, but they lack
flexibility for general purposes.

A means of varying voltages from 35 to 180 in small steps
and with an output up to 10 amperes was required for experi-
mental work, and the following instrument was designed and
made up. The total cost was about $25 and it has already
paid for itself in its convenience, adaptability, and general
usefulness.

The main part of the transformer was made up on conventional
lines, the core being formed of L-laminations obtained from the
local power company. They were 1.5 inches wide and were
trimmed to give, when piled in a rectangle, a 1 X 6 inch window.
Sufficient of them were assembled to give a stack 3.5 inches high
when compressed, thus furnishing a core cross section of at least
4 square inches, which is necessary for an output of 1 kilowatt.
No. 14, enameled, cotton-covered, magnet wire was used and
the winding was calculated on the basis of 2 turns per volt. Taps
can be supplied for any desired number of voltages. In this
instrument taps were taken off every 10 turns starting at the
70th turn, thus giving 5-volt steps for regulation. A layer of
emlpire tape was used to insulate each layer of the winding. De-
tails of winding technic, core size, wire size, carrying capacity,
etc., can be found in standard publications (1, 2, 4) and many
other texts of experimental radio and physics.

The power line connection which normally would, in this case, :

be connected to the 220th turn (transformer calculated for 2
turns per volt) was made variable by the addition of a 7-point
rotary switch, allowing connection to be made to every 20 turns
of the transformer winding, from the 180th to 300th turn, in-
clusive. This increased the range and usefulness of the appara-

tus. The main regulator was a 20-point rotary switch giving a
variation of 3 to 5 volts per contact, depending on the position
of the 7-point switch.

Since switch points could not be purchased here, they were
easily made by cutting 0.25-inch disks from a 0.375-inch brass rod,
drilling a 0.1875-inch hole partway through, and sweat-soldering
to the heads of 0.1875-inch brass bolts 1.25 inches long. The tips
of these bolts had a 0.0625-inch hole drilled into them for 0.25
inch, and the transformer taps of No. 14 wire were sweat-soldered
to them after assembling. This is not a rheostat, and the switch
points must be spaced wide enough to prevent the contact shoes
of the switch arms from engaging two switch points at the same
time, which would cause a short circuit, and very large currents
would flow through a limited portion of the transformer wind-
ings.

A 10-ampere Weston alternating current ammeter and 150-
volt alternating current voltmeter were placed in the output
circuit, together with a 10-ampere fuse plug and two porcelain
plug outlets. A Cutler Hammer single-pole single-throw heavy-
duty toggle switch was placed in the output side ahead of the
ammeter. The voltmeter was so wired that when this switch
was in the off position, the meter still registered the voltage that
can be thrown into the output circuit. These wiring details are
clearly seen in Figure 1. The instruments and switches were
mounted on a 12 X 14 inch Bakelite panel and the whole was
screwed to a 2-inch mahogany base 12 X 15 inches. The outfit
weighed about 50 pounds and was capable of delivering 8 amperes
at any voltage from 35 to 190 continuously and 10 amperes for
an hour without heating up above 45° C. Figure 2 shows panel
mounting.

It is ideal for closely regulating the output of heating devices,
such as small furnaces, hot plates, and immersion heaters. The
speed of any Universal laboratory motor used for stirrers, centri-
fuges, or grinders, can be controlled. Ordinary light bulbs
flashed at 180 or 190 volts can be used in place of photoflood
lamps for photography. Projection machines and arc lamp
microprojectors can be maintained at efficient voltages on power
lines that are delivering only 90 to 100 volts. A 17-volt ta
could be added, if desired, to use the General Electric S; and
lamps for ultraviolet work. In fact, the device is useful for
any purpose where close regulation of voltage to an apparatus is
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Ficure 1.

Ficure 2. PaxeL MounTING, FRONT VIEW

desirable. It does not regulate in the sense of keeping down
voltage fluctuations in the main line supply. Unlike a rheostat,
there is no power lost in heat; all the current is used in producing
the effect cf:;ired and regulation is closer than with the average
rheostat. On this instrument, 4 binding posts are mounted
on the panel to furnish current for a hot wire loop for glass cut-
ting. They are connected to any successive 10-turn taps of the
transformer, thus giving voltages from 3 to 20, depending on the
position of the 7-point rotary switch.

This device has been in constant service in the laboratory
for two years and has given entire satisfaction.

Literature Cited

(1) American Radio Relay League, Hartford, Conn., ‘‘Radio Ama-
teurs’ Handbook,"” 2nd ed., pp. 130-6, 1927.

(2) Chemical Rubber Publishing Co., Cleveland, Ohio, ‘‘Handbook
of Chemistry and Physics,”’ 21st ed., 1936.

(3) Greenleaf, A. R., Camera, Vol. L. No. 3, 155 (1935).

(4) Technical Service Bureau, Inc., Chicago, Ill., Tech. Bull. D-111.
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Siphon-Starting Device

T. W. CHANDLER, Rayon Department, E. I. du Pont
de Nemours & Co., Inc., Buffalo, N. Y.

HE starting of a siphon, particularly with corrosive
liquids in an open container, often cannot be achieved
conveniently and safely by expedients commonly used.
Siphoning from a wide-mouthed bottle, pail, or drum may
present such difficulty, and to meet this condition in handling
a corrosive solution the device shown in Figure 1 was made.
Essentially, the apparatus consists of a siphon centered
in a reservoir tube, of sufficient capacity to fill and start the
siphon by pressure on the liquid in the reservoir. A rubber
stopper around the bottom of the larger tube acts to seal the
reservoir until the siphon has been started; then tilting the
assembly allows the siphon to drain the container. A flat
disk of gasket rubber placed on the bottom of the containing
vessel may help to form a better seal while the siphon is being
started.

The drawing is self-explanatory, except that it does not
indicate the relation between the tube sizes. The length of
the siphon and height of the reservoir are determined by the
container with which they are to be used. If it is assumed
that the length of the siphon is three times the height of the
reservoir, and if the reservoir is to provide four times the
volume of the siphon tube, the relationship of the inside tube
diameters is: D = /1242, where D is the diameter of the re-
servoir and d is the diameter of the siphon. These relation-
ships provide for sufficient reservoir capacity to ensure an ex-
cess of liquid over that just sufficient to start the siphon.

Pressure bulb

Original level of liquid

Reservoir tube

Tube centering rubber stopper

Rubber stopper as gasket

Bottom of container

Tube centering rubber stopper,
cut out to permit flow into
siphon

A
TSRS

DxevIcE FOR STARTING SIPHON IN OPEN
VEsseLs

Figoure 1.

If the liquid level is too low to provide a volume great
enough to fill the siphon tube, suction may be applied to fill
the reservoir tube before the pressure is applied to start the
siphon. A tee with vacuum connection and pressure bulb
attached could well be provided if the need is anticipated.

Recervep February 20, 1937,
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Apparatus for the Extraction
of Liquids with Immiscible
Solvents of Greater
Density

LINDSAY H. BRIGGS
Auckland University College, Auckland, New Zealand

N ORDINARY “siphon” apparatus similar to the
Soxhlet extractor may be used for extraction of liquids
with immiscible solvents of greater density, provided the
return tube is sufficiently wide to prevent siphoning, the
solvent flowing over continuously as fast as it condenses.
The main disadvantage of such apparatus is in arranging
the height of the siphon tube, which must vary from experi-
ment to experiment according to the density of the solvent
and the amount of liquid to be extracted.

The following apparatus has been found useful in extract-
ing comparatively large amounts of aqueous solutions con-
taining plant material with heavy solvents such as chloroform
or trichloroethylene.

The apparatus consists of a boiling
flask, A, connected to a reflux condenser,
B, which fits into the main vessel, C, con-
taining the liquid to be extracted. The
condensed vapor from the boiling solvent
flows down through the liquid in C, forms
a separate layer at the bottom, and
passes over through the siphon tube, D,
into A as fast as condensation occurs.
In practice the solvent drops from the
condenser onto the surface of the liquid
in C, breaking up into smaller drops which
do not fall straight through but fan out through the liquid.
The essential feature is that the siphon tube can swing about
the axis E-F, enabling the height of liquid in the tube to be ad-
justed according to the amount of aqueous extract in C and the
density of the solvent. Major adjustments may be made by
sliding the inverted U-tube up or down and minor adjustments
by tilting thel U-tube, which is then elamped to hold it steady.

There are two essentials in the construction. Firstly, the
siphon tube must be of sufficient width to allow the condensate
. to run over freely. Blocking with solvent owing to the use
of smaller bored tubing will immediately cause complete

VOL. 9, NO. 5

siphoning. Secondly, the solvent must not be boiled so
vigorously as to cause a turbulence in the condenser, thus
setting up pressure, a sudden release of which may also
cause siphoning. With these precautions the above apparatus
has been run continuously for several days without atten-
tion. The apparatus is made from ordinary laboratory ma-
terial and there is no reasonable limit to its size.

REcEIVED January 5, 1937

CORRESPONDENCE

Calcium Chlorite as a |
Volumetric Oxidizing Agent

Sm: In a recent work by Donald T. Jackson and John L.
Parsons [Inp. Exa. CEEM., Anal. Ed., 15, 14 (1937)] they pro-
pose the use of sodium chlorite as a reagent for volumetric
analysis and particularly for the determination of sulfur dioxide,
sulfites, and bisulfites. The method is excellent. The authors
quote some of my researches on chlorites, adding that the Mathie-
son Alkali Works, Inc., now manufactures a product containing
97 to 98 per cent of sodium chlorite which may be used for this
purpose.

I would like to make two observations: (1) Jackson and Par-
sons do not mention my article on ‘“Reactions of Oxidation and
Reduction with Chlorites” [Gazz. chim. ital., 52, 58 (1922)] which
gives precisely the reaction, 2H.S0; + NaClO, = 2H.SO; +
NaCl, that the authors assume as the basis of the titration.
(2) The ability to obtain 100 per cent calcium chlorite because of
the solubility of calcium chlorate and chloride in alecohol, permits,
from my point of view, its more convenient use as the direct
standard. The calcium chlorite solution must be made with
freshly boiled water free of carbon dioxide.

Giorgio RENATO LEVI

INsTITUTO DI CHIMICA GENERALE
R. UNIVERSITA
Pavia, ITany

March 16, 1937

Sir: The pioneering work in the preparation, properties, and
uses of the chlorites by G. R. Levi and his associates is fully appre-
ciated by Dr. Jackson and myself with reference to our article on
sodium chlorite as a volumetric oxidizing agent in the ANALYTICAL
Eprriox for January 15. Unfortunately the Italian journals are
not readily accessible to us. For many of Mr. Levi’s references,
therefore, we have had to depend on the abstract journals and the
equation to which he refers in his comments was not covered by
the abstract.

It has been our experience, however, that the reaction 2H,SO; -+
NaClO, = 2H,80; + NaCl is rather slow and not particularly
suited to volumetric analysis. By the addition of a small amount
of potassium iodide the reaction is markedly accelerated and is
very satisfactory for the purpose we had in mind. In the pres-
ence of the iodide ion the reactions appear to be:

ClO:=~ + 41~ + 4HY* —> CI— + 2I. 4+ 2H:0
2H.0 + 2I. + 280;7~ —> 280,~~ + 41— + 4H*T

Joun L. PArsoNs

HaymuerymitL Parer Co.
Erie, Pa.

April 3, 1937
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Quick Convenient Consultation

P) for Specifications and

A Applications of the largest
' line of chemical laboratory

equipment ever published
in one volume

()
24@ CA@WLLét has at his finger tips, in two volumes compris-

ing over 1500 pages, information of the most complete and

varied lines of both apparatus and chemicals available, and

a great quantity of new equipment applicable to practically
all fields.

Recommended applications and extensive cur-
rent literature references included in the descrip-
tions will be invaluable aids in the correct selection
of apparatus.

Rapid identification of apparatus without exces-
sive reading is afforded by fully identitying bold
face titles and accurate descriptive illustrations of
each item.

The chemical catalog offers in a single volume
reagent chemicals of C.P., U.S.P., N.F., and Tech-
nical grades, organic chemicals, culture media,
biological stains, standard solutions, minerals,
ores, micro chemicals, etc.

P T
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Important Utensils
for Mlcro Chemical Analyses....

The techmque 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 qualitstive and quantitative chemical analy-
ses. The value of all analytical work rests fundamentally on the accuracy of
the apparatus used.

A.P. W. PLATINUM WARES have always qualified as the

most reliable means for obtaining sbsolute accurate results. We
have published a special leaflet called

PLATINUM MICRO-APPARATUS

Showing all the latest 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.

Iridium, Palladium, Rhodium, Ruthenium, Osmium

Our catalog F-16 describing regular A P.W. Plahnum Laboratory
Wares will be sent upon request. We will gladly give you esti-
mates for exchanging your old worn out wares.

The AMERICAN PLATINUM WORKS

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

Refiners and Manufacturers of Platlnum, Gold and Silver

NEW GAS ANALYSIS APPARATUS

Standard-Burrell
“Build=-Up”>° Models

Choose the apparatus exactly suited to your current

needs—alter it later if you desire.

The new Burrell “Build-Up” models may be had. in

portab|e and Iaboratory styles in almost endless

combinations.

WRITE NOW FOR NEW CATALOG

BURRELL TECHNICAL SUPPLY CoO. PITTSBURGH, PA.
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Determination of Ferrie Iron

REAGENT—7-Iodo-8-hydroxyquinoline-5-sulfonic Acid
METHOD—Colorimetric, by comparison with standards
ADVANTAGES —Nonfading color. .. high sensitivity. ..

unaffected by ferrous ions

REFERENCE—Yoe and Hall, J.A.C.S., May (1937)

7-Todo-8-hydroxyquinoline-5-sulfonic Acid (No. 4449-—10 g.,
$1.50) is one of the new chemicals recently added to Eastman
Organic Chemicals, List No. 28. A complete report of the value
of the reagent appears in J.A.C.S., May, 1937; an abstract will be
forwarded upon request. Eastman Kodak Company, Chemical
Sales Division, Rochester, N. Y.

EASTMAN ORGANIC CHEMICALS

WE HAVE SHARPENED THE

N-POINT OFTHO*

FOR DIRECT TITRATION OF SULFATES

Further research with the manufacture of THQ  new THQ Indicator (with the sharp endpoint)
has resulted in an entirely new indicator, with  for ONE DOLLAR ($1.00)—Postpaid—
which the endpoint obtained is extremely sharp ~ (Cash With Order). W.H. & L. D. BETZ,
and represents a distinct advancement in this  Chemical Engineers, 235 W. Wyoming Avenue,

TecHniQue of sulfate determinations. Phila., Penna.
SULFATE IN WATER—SULPHUR IN Have you requested your FREE copy of the 32-
RUBBER—SULPHUR IN OIL page booklet on WATER ANALYSIS, Methods,
SULPHUR IN COAL—AND OTHER Chemicals and Apparatus? If not, write for it today.
APPLICATIONS

Standard Prices—(F.0.B. Philadelphia) W. H. & L. DIl BETZ

gm 50gm 100 gm 500 gm

THQ (Code 215) $300 $500 $740 3200 CHEMICAL ENGINEERS AND

CONSULTANTS

Special Introductory Offer: On initial orders O N AL WATERPROBLEMS

only, we will send you ten (10) gms. of the
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£ PROBLEMS
DB =

NG the use of
JENA Fritted GIass Filters

Jena Filter Cylinder Units have
permanently fused-in fritted glass
filter disc in the center of a glass
cylinder. May be fused into special
apparatus without intermediary
seals. Available in all porosities.

FILTRATION
solved by

Number CU 20
Diam. of disc, mm. 20
Total length, mm, 200
Price $2.75
®
JENA GROTE
APPARATUS

For the determination of
Sulphur and Halogens in
combustible substances.
Replaces the Carius and
other combustible
methods.

Rapid Accurate
Reproducible
Further information
on request

Available at all leading laboratory supply dealers.

FISH-SCHURMAN CORP., 250 E, 43rd St., New York City
U.S. Agents—Jena Glass Works, Schott & Gen,

BRING YOUR LAB. UP-TO-DATE

Why have your Re-agents scattered
on open shelves, covered with dust
when it is possible,
at a small outlay,
to file them in a
neat, orderly way,
instantly at the
finger tips when
required, and —
away from dust
and detrimental
effects of light.

Install the
SCHWARTZ SECTIONAL SYSTEM
wh1ch so many have to their complete
satisfaction.
Send for illustraled calalog with net
price list.

SCHWARTZ SECTIONAL SYSTEM
INDIANAPOLIS, IND.

VOL. 9, NO. 5

MICROMETER SLIDE
COMPARATOR

This simple Microm-
eter Slide Comparator
is capable of handling
» a large percentage of
laboratory and indus-
trial measurements
economically.

The available ranges
of slides are 25, 50 and
100mm., or 1,2 and 4
inches. The accuracy
of the micrometer
screw 1s 0.0025 mm. or
0.0001 inch. All deli-
cate parts are fully en-
closed.
It may be used in the vertical or inclined position
and a number of attachments are available.
Complete details on requesr.

THE GAERTNER SCIENTIFIC CORP.

CHICAGO
U. S. A.

1216 Wrightwood /
Avenue

Porcelain Crucibles
Ras used for parting assay
i buttons are subjected
to the action of boiling
Nitric Acid . ..

Coors. Glaze 9s Most
Resistant JoJhis dction.

COORS PORCELAIN CoO.
GOLDEN - COLORADO
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... And a definite aid to better work

Here's the new, handy, 500 page Milvay Chem-
istry Catalog. Its completeness, convenience
and vitalizing character will reflect themselves
in your work and save money for your school
or company. If you have a copy, test its con-
venience and economy on your very next
order. If not, write! It deserves a position within
your easy reach.

3
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. MILVAY

; Science Laboratory Equipment

o

CHICAGO APPARATUS COMPANY

1735 North Ashland Avenue, Chicago

Equipment for

FLUORESCENCE
MICROSCOPY

A NEW, high-intensity illuminating apparatus, ap-
plicable to any standard microscope, for examina-
tion of opaque or transparent specimens under fluores-
cent light. No perceptible loss of brilliancy with high
magnifications.

Particularly recommended for paper, oils, rubber, pig-
ments, textile fibers, cellulose, etc. Biological speci-
mens may be examined without staining, or after
brief treatment with fluorochrome. Animal and plant
tissues exhibit characteristic colorations which make
possible hitherto difficult differentiations.

Same equipment may be used for photomicrography,
as it gives an intense, steady light, covering the entire
spectral range. Clearly defined lines from 3650 to
5460 A, thus permitting full advantage to be taken of
the increased resolution and differentiation obtainable
with the ultraviolet method.

Particulars on request

Pfa1t5 & Bauer, Inc.

EMPIRE STATE BUILDING, NEW YORK

explains why

STOKES
WATER
STILLS

produce

an exceptionally pure
DISTILLATE

ASK YOUR DEALER OR WRITE DIRECT
FOR YOUR COPY OF

NEW FOLDER

FISTokes MACHINE co.

5922 Tabor Road, Olney P. O., Philadelphia, Pa.

Reduce Your Filtering Costs 30%
With Duriecux Filter Paper

Tests have proved

that better filter

papers are not
available.

FOR USE
For General Filtering.—Durieux No. 120.
For Oils, Syrups, etc. —Durieux No. 127.
For Barium Sulphate.—Durieux No. 111 Blue.
For Gen. Quant. Work.—Durieux No. 111 White.
For Vacuum Filtrations.—Durieux No. 122.
For Meta Stannic Acid.—Durieux No. 111 Blue.

Write for samples and price list.

PAIC-MYERS INc.

Apparatus for Industrial and Laboratory Use.
81 Reade Street New York, N. Y.
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THE

PARR

ILLIUM
COMBUSTION
BOMB

Parr Combustion Bombs have been in regular service since 1899.
The one illustrated conforms to A.S.T.M. Designations D-129 and
D-271, for the determination of thermal values and sulfur in coal,
coke and oil.

PARR INSTRUMENT CO.
MOLINE, ILLINOIS

SULFURIC ACID MANUFACTURE

by Andrew M. Fairlie

FOR 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 ﬁ)rocesses 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 proc-
esses, 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. Emphasis is also laid on the value of the tables included in the
Appendixes.

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: Historical; Chemistry and theory relating to sulfuric acid manufacture; Construction materials;
Production materials; Burners; Roasters and furnaces; Burner- or furnace-gas; Nitration processes—Methods
of nitration; Glover tower; Lead chambers and chamber substitutes; Recovery of nitrogen oxides; Auxiliary
equipment of a nitration-process plant; Complete plant design—Operation of a nitration-process plant; Purifica-
tion and concentration of sulfuric acid; Contact or catalytic processes; General discussion; The composition of
burner- or furnace-gas. Cleansing, cooling and drying the gas; Blowers; Preheaters; Heat-exchangers; Convert-
ers; Catalysts; Comparison of platinum and vanadium catalyst; SO; gas coolers; SO; absorbers; Oleum
manufacture;  Miscellaneous contact-process equipment; Complete contact plant; Operation. Methods of
control of process; Special types of contact plant; Individual installations; Mixing and shipping sulfuric acid;
Hazards and safety measures; Costs and cost-accounting; To buy or to build? Choice of process; Trends in the
industry. Appendices.

A. S. C. Monograph No. 69 672 Pages Ilustrated $9.75

REINHOLD PUBLISHING CORPORATION

330 West 42nd Street New York, N.Y.
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Temperature Controlled Centrifugalization

Complete with its own refrigerating
unit, as illustrated, the refrigerated centri-
fuge has shown definite, practical and
time saving advantages in every field of
usefulness in the Industrial and Research
Laboratories. With it solid and liquid
phases can be separated at rigidly con-
trolled temperatures from 32°-80° F.
Tropical climate or seasonal changes have
no effect on its operation.

The Refrigerated Centrifuge replaces
to advantage filtration processes in any
case in which these are slow. It avoids
the possibility of contamination by pro-
longed exposure during filtering and pre-
vents the development of fermentation
or other changes. It obviates the need
of using rapid high power filtration.

THE REFRIGERATED CENTRIFUGE Alcohol, ether or other volatile substances
can be used with safety in this centrifuge.

Illustrated Descriptive Bulletin upon Request

INTERNATIONAL EQUIPMENT COMPANY

352 WESTERN AVENUE Makers of Fine Cenlrifuges BOSTON, MASS

(14 5 29 o,
Better Laboratory Equipment e
Twelve years of specializing in complete units S
Elioci ientee hesatof.
Kjeldahl Nitrogen Apparatus
and

Associated Equipment

Has developed our superior equipment and a de-
mand for its installation in the better laboratories

18 Flask Capacity Combination 6 Cap Goldfisch 6 Cap Crude Fiber Titration Acid Dispensing
Digestion and Distillation Unit Extraction Apparatus ndenser Table Stand with Sink

Your enquiry is invited. No trouble to submit proposals on
your requirements and, of course, without obligation to you

3 Catalog and List of Users on Request }

MANUFACTURED AND SOLD DIRECT TO THE USER BY

LABORATORY CONSTRUCTION COMPANY

1113-1115 Holmes Street . . . . . Kansas City, Missouri, U. S. A.
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A STURDY CALOMEL
ELEECTRODE

IS USED WITH THE

BECKMAN
pH METER

ACTUAL SIZE [—>

=

The complete electrode is illustrated. No
accessories needed. No external KCI re-

servoir. No rubber tubing. No capillary

tip to clog. The ground glass sleeve pre-
vents the contamination characteristic of
exposed capillary junctions. The mercury
and calomel are placed in the tip of the
electrode so that temperature equilibrium
with the test sample is quickly attained.
insulated.

Easily cleaned. Adequately

Potentials accurately reproducible.

ACCURATE!

SIMPLE!
SMALL!

This unique calomel electrode is merely one of
the many exclusive features of the Beckman Glass
Electrode pH Meter.

For complete description write to

National Technical Laboratories

3330 E. Colorado Street Pasadena, California

T

i

INDIVIDUAL UNITCONTROL

with the Braun Model PC
ELECTROLYTIC APPARATUS

OW you can make simultaneous electrolytic
determinations of different metals on a single
electrolytic outfit. BRAUN Model PC Electrolytic
Apparatus provides the flexibility which adapts it
to the needs of research, custom and industrial
control laboratories. Here’s what it offers you:

1. Each unit operates independently of the others.

2. Any unit or group of units can be disconnected
from the circuit without iul(‘rf(-ring with
those remaining.

3. It is unnecessary to throw switch l)cfore remov-
ing beakers.

4. Individual ammeters,
fuses for each unit.

Units may be reversed without affecting others.
Controlled, positive, variable speed stirring.
Made in 2, 4 and 6 unit assemblies.

BRAUN Model CB Electrolytic outfit for heavy
routine determinations has already achieved a
world wide reputation. The new Model PC is a
worthy companion where determinations are not
limited to a single metal.

switches, rheostats and

S

Get complete information. Write Department I-5
for Bulletin C-112 today.

BRAUN

CORPORATION
2260 E. 15th Street, Los Angeles, Calif., U. S. A.

San Francisco Seattle, Washington
Braun-Knecht-Heimann-Co. Scientific Supplies Co.
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WHATMAN Extraction

Thimbles for Extractions

and Dust Determinations

WHATMAN Extraction Thimbles
are absolutely seamless, of uniform size
and wall thickness and thoroughly ex- IT Is A GIFT
tracted with ether. They are available .
in fifteen regular sizes in both single and OR Is IT?
double thickness. Extra large thimbles,
also asbestos fibre thimbles for the

determination of dust in hot gases are
available to special order.

Calibrating and etching
pipettes, thermometers and
the hundred and one different
types of precision glassware so
important to you, calls for a
WHATMAN Extraction Thimbles delicate skill. Workmanship
are packed in boxes of 25 thimbles must be utterly precise and
each and are available from all dealers yet so rapid that prices to you
in Laboratory Supplies. Specify may be reasonable. Here spe-
WHATMA_N when ordering thimbles cialized training is of utmost
—you will like them. importance—accurate, me-
chanical aids are essential. The
' reputation for quality that Will

Y-S-SI;IEE‘(IJEE:Z ggGIE\:ILEV? fgﬁﬁ,Nﬁ'Y, Corpgration h.as earned in this
~ exacting field is your guarantee

of satisfaction.

5 ILATMAN. wILLCORPORATION
gfﬁfiFILTElkPAPERS ROCHESTER, N. Y.

. ) : LAEBEORIEACT OR Y. A P P A R AT US

: i . A ND CHUE M JEGiA LSS :
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Aminco...<gQp> | | LABORATORY FURNITURE

SUPERPRESSURE
EQUIPMENT

Ax\l INCO technicians and designers are well versed
in the technique of superpressure equipment,
and their services are available for the development
of apparatus for the utilization of high pressure
and temperature for the investigation of catalytic
chemical reactions,
on a laboratory or
semi-works scale, to
meet specific needs.

Illustrating
the Aminco
Bomb-
Shaker
with 3000
. ml. elec-

trically
heated bomb—de-~

For"Symthetic. hy: STANDARD DESIGNS or SPECIAL EQUIPMENT
gE‘,’fi““}‘:'_ﬁi;‘s&‘n‘c’Z; in METAL and WOOD
under high res- 7
AHES and gemgem- Would you care to visit a recent Sheldon Installation in your
P vicinity? — Over 200 in 1936.

Write for Catalog 406-P A letter or wire will bring, without obligation, the planning

facilities that have served the Nation’s Laboratories for more
than a Third of a Century.

AMERICAN INSTRUMENT CO., Inc.
8010-8020 Georgia Ave. Silver Spvins,l::d. E. H ¥ S H ELD O N an d C O "
MUSKEGON DEPT. IC MICHIGAN

the latest Book on Corrosion

. . . the Book everybody is talking about
» MOLYBDENUM ALLOYS IRON AND STEEL STAINLESS STEEL
T
w
® 1 3 CORROSION RESISTANCE OF METALS AND ALLOYS g2 | ©
| = et
S By R. J. McKay and Robert Worthington ol
(8] [+ -
=) A. CS. Monograph No. 71 = s
N O 7£ o—
= ~ =
= 5 Practical information on the lasting powers of the common "o"
2 §‘_ Metals and Alloys, for the Engineer—Chemical, Metal- % =
2 8 lurgical, Mechanical, Civil, Electrical, Hydraulic, etc. E 2
| o
w =
Cdl > 490 pages—64 diagrams—364 tables—12 photographs—$7.00 z | a
o |3 . 3
(§) >3 z (=
_; g REINHOLD PUBLISHING CORPORATION > | @
o 8 330 West 42nd St., New York City 6 2
— 5 Details mailed upon request :/<) ©n
oo
CADMIUM LEAD ALUMINUM AND MAGNESIUM TIN ZINC
This work will be of service to all who have to do with Metals—




