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The

BECKMAN pH METER

has attained Leadership in

the Glass Electrode Field

unbalance

entific research.

BECAUSE:

1. It has many important features not available on
other pH meters, such as:

(a) Sturdy electrodes

(b) Sensitivity of 0.01 pH

(c) Accurate temperature compensation

(d) Complete electrostatic shielding

(e) Continuous indication of potentiometer

(f) Wide selection of electrodes, developed for
unusual applications

2. It was developed by a well rounded technical
organization with exceptional facilities for sci-

3. Itis made according to the best known methods
of precision manufacturing.

4. It is sold by the leading laboratory apparatus
dealers, who maintain technical staffs for con-
sultation and servicing.

It is our intention to maintain the position of
leadership through a comprehensive program of
research and development. As a product of this
year’s program, we shall soon make available an
INDUSTRIAL MODEL of the BECKMAN pH
METER which has been developed for convenient

use in the factory and control laboratory. The
present standard BECKMAN pH METER will
henceforth be called the LABORATORY MODEL
and through continual improvement will be
maintained as the outstanding pH meter for re-
search and general laboratory work.

See the BECKMAN pH METERS and accessories in Booth 515 at the
Chemical Exposition, December 6th to 11th, New York City. Bring
samples for testing if you wish without any obligation implied.

NATIONAL TECHNICAL LABORATORIES

3325 E. COLORADO STREET

PASADENA, CALIFORNIA
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The record of American health and longevity is an enviable
one—and the power behind this physical welfare of the nation
is the modern American hospital and 165,000 practicing physi-

cians. Over 7,000 hospitals in the United States, with a massed &E S?,
purchasing power of $864,000,000 a year—with buildings, Ly K A\
equipment and investments rated at over $3,000,000,000'— o g
annually treat more than 7,000,000 patients and deliver BLUE
over 770,000 babies ! LINE
Into this vast system of clinical research, scientific develop- mascuame s U3 ravarnce

ment, unerring diagnoses and treatment, Kimble Laboratory
Glassware has made for itself a permanent niche. Whether in
the medical world or in the laboratories of industry, BLUE
LINE EXAX Glassware brings indisputable accuracy that means
assurance— brilliant BLUE LINE calibrations that mean speed ‘,z
of determinations—and strain-free, annealed strength that
means safety through critical, 24-hour-a-day service.

Equip your laboratory and research department with Kimble
BLUE LINE EXAX ware . . . for ASSURANCE!

Stocked by leading LaboratorySupply Houses throughout United States and Canada
VISIT THE KIMBLE BOOTHS
#342-343 AT THE CHEMICAL
K INDUSTRIES EXPOSITION

Grand Central Palace, New York
City, December 6to 11, 1937
e o o Che Visible Guarantee of Invisible Quality o+ o o

KIMBLE GLASS COMPANY .... VINELAND, N. J.

NEW YORK *+- CHICAGO =+ PHILADELPHIA ++ DETROIT ++BOSTON
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““Cenco Hyvac’’ is a name familiar to
scientists of many languages in every
corner of the globe. It is the univer-
sal laboratory vacuum pump by rea-
son of an unchanging and thoroughly

acceptable performance.

THE CENCO HYVAC PUMP

ROTARY OIL-SEALED HIGH-VACUUM PUMP

Laboratory men prefer the Hyvac for its small size
and ready portability, its complete freedom from
adjustments or repairs, its fast action and its cer-
tain ability to produce pressures of three tenths of a
micron or less. In production duty for the indus-

tries the Hyvac has proved its ability to deliver

continuous service along with other production ma- V acuinm
chinery with no interruption of schedule. This to 0.3

the laboratory worker is the assurance of investing 1micron
in a pump that will yield the same faithful per- or
formance for many years to come. better

91105A For 110 volts A.C. $75.00

L, ScIENTIEIC; CoMPANY?

N el

TRADE MARK
SICIENIEEELC G) LABORATORY
INSTRUMENTS Lo APPARATUS

New York « Boston « CHICAGO - Toronto « Los Angeles
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IMPROVED DESIGN
GREATER EFFICIENCY

LOWER PRICES

The high cooling efficiency of West type condensers is generally
recognized by chemists.

We now offer a complete line of new and improved “Pyrex” Brand
West type condensers which embody these distinctive features:

1. Enlargements in outer jacket at points of tubulation—for
strength.

2. Heavy outer jacket and light walled, properly centered inner
tube—for durabilily and efficiency.

3. Minimum amount of space between outer jacket and inner tube
—for compactness and speedy performance.

4. Tubulatures on same side of jacket—for convenience.

Fabricated in our Apparatus Department, these new condensers
carry the “Pyrex” trade-mark — your guarantee of expert work-
manship and correct annealing.

“Pyrex’’ brand improved West type condensers (Catalog No. 1290)
are available through your regular laboratory supply dealer, at new
low prices, indicated below. Please note that these condensers in
original package quantities may be combined with selections from
our regular laboratory glassware catalog in making up quantity
orders of 25, 50 or 100 original packages.

Approx. length  Quantity  Net Price NET PRICE PER PACKAGE

of jacket, mm.  Per Pkg. Each 1 Pkg. 25 Pkgs. 50 Pkgs. 100 Pkgs.
200 12 $1.60 $17.28 $16.42 $15.55 $14.69
250 12 1.65 17.82 16.93 16.04 15.15
300 12 1.70 18.36 17.44 16.52 15.61
400 12 1.85 19.98 18.98 17.98 16.98 *
500 9 2.00 16.20 15.39 14.58 13.77
600 9 2.20 17.82 16.93 16.04 15.15
750 9 2.55 20.66 19.62 18.59 17.56

“PYREX is a registered trade-mark and indicates manufacture by
CORNING GLASS WORKS ¢ CORNING, N. Y.

“Corning Means Research in Glass”

v

2222222

N

Always look for the
circular trade-mark
“PYREX?” when
buying laboratory
glassware.

See our Exhibit—
16th Exposition of
Chemical Indus-
tries, Grand Cen-
tral Palace, New
York City— Dec.
6th to 11th.
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LUSPTE%
NAMELS

LABORATORY SMELTING DIVISION
Chicago Vitreous Enamel Product Co.

Lusterlite Porcelain En-
amels are the result of
scientific research of ce-
ramic materials, methods
and products. In their
new, modern equipped,
analytical laboratories a
Hevi Duty Combustion
Furnace is used to assure :
accuracy and depend- 2 2

ability in carbon deter- A Type 77 Hevi Duty “"Multiple Unit” Combustion Tube
o i Furnace in the Laboratory of the Chicago Vitreous
minations. Enamel Product Co.

See Your Laboratory Supply Dealer or Write for Bulletin No. HD 1236.

HEVI DUTY ELECTRIC COMPANY

TRADE MARK

LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY

REG. U. S. PAT. OFF,

MILWAUKEE, WISCONSIN
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BURRELL

Gas Analysis Apparatus

“Build=-Up' De Luxe Model ‘‘H”’

“Build-Up’’ Master Model ‘‘RC”’

CATALOG 79—See what it means to

have a ““Build-Up’’ gas analysis apparatus

. adaptable to both present and future

requirements.

BURRELL MANUAL-_Obtain this

new hand-book just published to review,
10400 in concise form, the modern analytical
“Build-Up’’ Flue Gas Model procedure.

e B R R e R S S P R R S R e e PR R e R
BURRELL TECHNICAL SUPPLY Co., PITTSBURGH, PA.
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KUHLMANN SEMI-MICRO BALANCE

The balance used exclusively by F. Pregl for many years and now preferred by many
workers for semi-micro analysis because of its simple and dependable construction

% 1887-0. o

BALANCE, SEMI-MICRO, Kuhlmann No. 4-a. A quick-weighing, short-beam, precision macro
balance of essentially the same construction as the Kuhlmann Micro-Chemical Balance but with sensitivity
ten times less and capacity ten times greater. This is the balance used exclusively by F. Pregl for
many years and is referred to by him in, “Quantitative Organic Microanalysis,” 2nd English ed. (Phila-
delphia, 1930), pp. 6 and 10. It is now preferred by many workers for semi-micro analysis because of its

simple and dependable construction. See G. Gorbach, “Die Mikrowaage,” Mikrochemie, Band XX,
2. und 3. Heft (1936), s. 299.

Sensitivity—0.01 mg, constant over entire range. A change in noteh to 1 milligram. The pointer scale has 12 division marks
weight of 1 mg (equal to shifting the rider one division) changes the on each side of the central division and 1/1oth mg and portions thereof
swing of the({gun_n.ter 10 divisions, which is equivalent to shifting the are read by a magnifying mirror. A very short time is required to
zero point 5 divisions. obtain equilibrium, i.e. 6 seconds \(\ixth Blll unloaded blaln(rilce, 9 seconds

3 i 2 vith 2 T. oad,

Capacity—200 grams, with 100 gram load, and 12 seconds with 200 gram

c OF niat it lishod blask slacs b 30 d Knife Edges and Planes—Of agate throughout.
ase—Of mahogany, with polished black glass base, without drawer. iy i : resh .
Front and back are counterpoised and side doors are hinged for easy ~ Release and Arrest—The beam arresting mechanism moves in a ver

. £ .l : . tical plane, arresting the beam at two points, and the stirrups at four
acoess to. pans. Outalde dimensions; 141/s inches wide X 1141/s ointg—all of which are of agate—simultaneously separating the
inches high X 101/4 inches deep. With spirit level and leveling Eesring St acestoritbeiplones fromithe Kaifeledpes
SCrews. :

Pans—70 mm diameter.
Beam and Hangers—Heavily gold plated. Beam is 135 mm long : 0 > : o . i
and is graduated from left to right in 100 notched divisions. The Arches—210 mm high, 100 mm width between bows. Each stirrup is

zero point is at the left and moving of the 50 mg rider for the com- provided with a hook for carrying suspended vessels.
Ylete length of the beam is equal to adding a weight of 1 decigram. Rider Carrier—Of the counterbalanced type furnished with Micro-
For 10 notches, it amounts therefore to 1 centigram, and for one Chemical Balance.

1887-M. Balance, Semi-Micro, Kuhlmann No. 4-a, as above described, complete with No. 1887-P set of Code
heavily platinized weights 200 grams, with fractionals of rock crystal and two 50 mg riders. Word
Withedetailed directionsfor weighing: s dn i G el il e e 225.00 Aolif

1887-0:%: Dittoj:butiwithout:NoL1887-Piset of oweights i 1 sl o s e e 175.00 Aolik

1887-P. Set of Weights, only, 10 mg to 200 grams, for use with above Balance. With gram pieces
heavily platinized and with fractionals of rock erystal. With two 50 mg riders and ivory i
tipped forceps, in velvet lined box with lid: Perset.......ccoiivinns et ennns 50.00 Aolin

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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Electrometric Titration of Acids in Oxidized
Petroleum Oils

A. R. RESCORLA, F. L. CARNAHAN, AND M. R. FENSKE
Petroleum Refining Laboratory, The Pennsylvania State College, State College, Pa.

T IS LIKELY that not all the
acids of oxidized petroleum
oils are dissolved in the alcohol-
water mixture used in the pro-
cedure (2) in A.S.T. M. Desig-
nation D188-27T, but that in-
stead they are distributed be-
tween the solvent and the oil (3).
This circumstance makes titra-
tion difficult. Furthermore, the
deep shade of the mixture be-
ing titrated masks the delicate
color change of the indicator. Committee D-2 of the Ameri-
can Society for Testing Materials has been active in develop-
ing a potentiometric method (1) for the determination of oil
acidity under such circumstances that ordinary procedures are
not feasible. A thermionic titrimeter or a potentiometer is
used to indicate the e.m.f. of an electrode system composed of
a calomel half-cell and a platinum indicator electrode; the oil
is dissolved in butyl or amyl alcohol or in certain solvent mix-
tures such as equal parts of butyl alcohol and benzene, lithium

able accuracy.
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ASSEMBLY FOR LELECTROMETRIC
TITRATION

Milliammeter

Battery switch

Adjustable rheostat

Buret, 10 cc.

Stirrer, motor not shown

Platinum electrode

Tungsten electrode

Electrode switch

Aluminum box containing tubes 57, 2A2, ete.
Asbestos box containing transformers, etc.

FiGure 1.

SNRAEELAK-

The very weak acids present in oxidized
petroleum oils are titrated only with diffi-
culty by most methods.
dissimilar electrodes and a direct-reading
amplifier with the oil dissolved in a non-
aqueous liquid with suitable solvent power
and conductivity allow the estimation of
acids in sludged petroleum oils with reason-

chloride being present to give
solution conductance; sodium
butylate is used as the base.
Other investigators (3, 6,7, 8, 9)
have studied the possibility of
electrometric titration of oxi-
dized oils in nonaqueous
mediums, usually isoamyl or n-
butyl alcohol saturated with
lithium chloride. Various types
of electrodes have been pro-
posed; Ralston, Fellows, and
Wyatt (5) as a result of Kahlenberg’s work (4) used the carbon-
platinum pair. Shenk and Fenwick (6) designed a direct-read-
ing amplifier which can be substituted for the potentiometer
frequently used in connection with bimetallic electrode sys-
tems; this instrument is satisfactory for aqueous or nonaque-
ous solutions.

In the present investigation, attention has been given to the
selection of a suitable electrode pair, an indicating device and
a base, but it was especially necessary to develop a nonaque-
ous mixture of proper solvent and conducting power for use
with oxidized oils.

A simple pair of

Apparatus

The apparatus used in determining acid contents of oxidized
oils is shown in Figure 1. It consists essentially of a pair of
electrodes together with a device for amplifying and indicating
the very small current furnished by the electrodes to a high-
resistance circuit, a buret (graduated in units of 0.05 cc.), and
a suitable reaction vessel with provision for stirring. The
presence of air did not cause any difficulty. The oil under
examination was dissolved in a mixture consisting of equal
parts by volume of isoamyl alcohol, benzene, and carbon tetra-
chloride and saturated with lithium chloride; the base was
prepared by dissolving sodium in isoamyl aleohol.

EvLecrropes. Since the hydrogen electrode and other
standard electrodes are easily poisoned and rather difficult to
use in routine work, the tungsten-platinum pair was selected
for this investigation. Of several electrode combinations
tested (see Figure 3) the tungsten-platinum gave the largest
change in potential at the gquivalence point and appeared to
be sufficiently rugged. Holt and Kahlenberg (4) previously
found this combination suitable for water solutions.

The data in Table I present a comparison of titration results
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circuit of the 57 tube affects the plate current of
this tube. The plate current variation in the 57
tubein turn effects a change in the bias of the grid
circuit of the 2A3 tube through a 250,000-ohm re-

3

(9,

N

as

s

o m

)

D-E

n

[(250000n
(N
@

sistor. The bias on the 2A3 tube is the algebraic
sum of the voltage drop of the plate resistor and
the drop across the section of the voltage dividing
resistor marked BIAS. When the current de-
creases in the plate of tube 57, the negative bias
8 on tube 2A3 becomes less with a concomitant in-
crease in current. Since this current is indicated
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directly on the milliammeter, B, changes in the
potential between the electrodes may be readily
followed as the titration proceeds. At the outset

L L| |M|N
l

25 25| |60oleoo

YOLTS) VLTS [VOUTS{YOUTH 3
. e
f— 110 voLTs—~ }—/10 VOLTS~

AC. A.C.
P P

FIGure 2. WIRING DIAGRAM OF INDICATOR FOR ELECTROMETRIC TITRATION
R. C. A. radiotron tube 2A3

Voltage dividing resistance, 250,000 2 J. :
Direct current milliammeter (0 to 50 ma,) K. 3000 @ resistance
Redio *'C" battery (UH 15 B) and resistance L.

R. C. A, radiotron tube 57
250,000 @ plate resistance

NZQEELaR
O

C. A, rectifier tube 81 3.

obtained with the tungsten-platinum pair to those resulting
from the use of platinum-calomel and platinum-silver—silver
chloride electrodes; theneutralization number for a particular
oil sample is 0.71, 0.73, and 0.77, respectively, for the three
electrode combinations.

TrrriMETER. The titrimeter consists of a rectifier and an
amplifier with electrical circuits as shown in Figure 2.

The No. 81 tubes are full wave rectifiers, each with a 4-micro-
farad filter to supply voltages for the grid and plate circuits of
tubes 57 and 2A3. The voltage imposed on the screen of tube
57 is controlled by a gas-filled voltage-regulator tube designated
as 874. It will be noted that the system is arranged to nullify
the effect of variations in the source of supply.

The potential over the grid circuit of tube 57 is the algebraic
sum of the bias voltage and the voltage across the electrodes.
It may be seen from Figure 2 that a voltage change in the grid

TasLE I. COMPARISON AMONG PrLATINUM-TUNGSTEN, PrLATI-
NUM-CALOMEL, AND PLATINUM-SILVER-SILVER CHLORIDE ELEC-
TRODES IN TITRATING A SAMPLE OF Usgp O1n

Base Pt-W Pt-Calomel Pt-Ag-AgCl
Ce. Ma. AMa./cc. Ma.  AMa./cc. Ma, AMa./cc.
0 8.0 e 10 53 5.0 o
0.1 8.8 8 10.8 8 6.0 10
0.2 9.2 4 11.0 2 6.5 5
0.3 9.8 6 11.5 5 6.8 3
0.4 10.2 4 11.5 0 7.0 2
0.5 10.5 3 11.8 3 L2 2
0.6 11.0 5 12.8 10 7.5 3
0.7 11.5 5 13.0 2 8.0 5
0.8 13.0 15 13.2 2 8.8 3
0.9 14.2 12 13.8 6 9.8 10
1.0 15.8 16 15.0 12 1152 14
1.1 17.0 12 16.5 15 13.8 26
152 19.5 25 18.0 15 15.2 16
1.3 21.2 17 19.8 18 16.5 13
1.4 24.0 28 21.8 20 18.5 20
1.5 27.0 30 24.3 25 21.0 25
1.6 29.2 22 26.8 25 23.5 25
157 30.2 10 28.5 17 27.0 35
1.8 31.2 10 29.5 10 28.5 15
1.9 32.0 8 30.5. 10 30.5 20
2.0 32.2 2 31.0 5 32.5 20
2.1 S 3¢ 33.2 7
Neutraliza-

tion number 0.71 0.73 0.77

2.5-volt tap-off transformer

3-megohm resistance M, N. 600-volt tap-off transformers
. 7.5-volt tap-off transformer

. Power supply to transformer

R. C. A. radiotron tube 874 Pt. Platinum electrode

4-microfarad Sprague oil condenser, 1000 volts W, Tungsten electrode

R Shorting switch for electrodes

of a titration, the plate current of the 2A3 tube is
regulated to about 10 milliamperes by adjusting the
variable resistance, C; with this initial current, the
radio tubes function in the most sensitive part of
their operating curve during the addition of base.

Experimental

SoLvenT. Electrometric titration methods
were first used for acids in turbine oils. Such
oils are usually of low viscosity and contain no
appreciable amount of sludge or naphtha-in-
soluble material; it was found that isoamy]l al-
cohol saturated with lithium chloride is a satis-
factory solvent medium. However, thissolvent
is not suitable for more viscous oils or for
sludged products. Considerable difficulty was
experienced in finding a solvent mixture which
would dissolve sludged oils completely and
readily and at the same time possess sufficient
electrical conductivity. Such good oil solvents
as benzene, chloroform, or carbon tetrachloride
are poor conductors and apparently not sus-
ceptible to improvement. When a saturated solution of
lithium chloridein ethyl alcohol wasmixed with various noncon-
ducting oil solvents, the mixture had good conductance but low
solvent power. The presence of a conducting salt in many

100

90}

=

B C=P¢ W-Pt °oWw-C C-Ni

x W-Ni

AMA. PER CC.
s & 3

:

10}

o
X
°o\ o

0 1 1 2 1 ' 1 \ 1 i L
00 10 20 30 0 10 20 30 0 [0 2030 0 /0 20 30
CC. OF BASE ADDED

FiGure 3. INFLECTIONS OBTAINED WITH VARIOUS ELEcC-
TRODE PAIRS IN THE TITRATION OF Acmns IN A Usep O1L
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cases appears to decrease oil solubility. Table I gives infor-
mation on some of the solvents tried. At length it was dis-
covered that a mixture composed of equal parts by volume of
isoamyl alcohol, benzene, and carbon tetrachloride and satu-
rated with lithium chloride evidences the necessary qualifica-
tions. It wasfound possible to dissolve completely an oil con-
taining 0.4 per cent of sludge in two volumes of this solvent; in
titrations six or more volumes of solvent to one of oil were used.

The solvent may be conveniently prepared as follows: The
middle 80 per cent of commercial isoamyl alecohol as obtained
by simple distillation was refluxed half an hour with an excess
of lithium chloride. Volumes of benzene and carbon tetra-
chloride equal to that of the isoamyl alcohol were then added;
the mixture was refluxed for an additional half hour, still in the
presence of undissolved lithium chloride. The solvent was
filtered from any excess salt and stored in dark glass bottles.

Base. A base prepared by dissolving sodium in freshly dis-
tilled isoamyl alcohol was found to be more satisfactory than
one prepared from potassium hydroxide and isoamyl alcohol.
The solution was made up every week and kept in dark glass
bottles with stoppers; no special arrangements were made to
exclude air. Standardization was effected by the use of c. ».
benzoic acid, using the electrometric titration procedure de-
scribed later. Except for oils containing more than about
0.2 per cent of sludge (naphtha-insoluble material), the base
used was approximately 0.05N; for such oils 0.2 N base gave
a sharper inflection in the titration. Some of the results may
be explained on the basis that 1 cc. of reagent added contains
four times as much base, but in other cases the end point with
the weaker base can hardly be detected. The situation is
shown graphically in Figure 4.

Procepure. The amplifier is set in operation by imPosing
110 volts upon the transformers and switching on the “C” bat-

TasBLE II. SorLveEnTs ExaMmwep ror Conpucriviry axp Oin
SoLuBILITY
Conducting Oil 13

Salt Solubility Conductivity
LiCl Fair Good

Solvents

Isoamyl alcohol
n-Butyl alcohol (10 parts by
volume), carbon tetrachlo- .
ride (1 part) LiCl Poor Good
Ethyl acetate (6 parts), ben-
zene (3 parts), carbon tetra-
chloride (1 part) LiCl Poor Good
Isoamyl alcohol, benzene, car-
bon tetrachloride (equal

parts) LiCl Good Good
sec-Butyl alcohol LiCl or HgCl: Poor Poor
Dioxan LiCl or HgCl: Poor Poor
Tetralin LiCl or HgCl: Poor Poor
Terpineol LiCl or HgCl: Poor Poor
Pentacetate LiCl or HgCla Poor Poor
Chlorobenzene LiCl or HgCl2 Poor Poor
Tetrachloroethane LiCl or HgCl: Poor Poor
Hexalin LiCl or HgCl: Poor Poor
Butyl propionate LiCl or HgCls Poor Poor
Butyl acetate LiCl or HgCl: Poor Poor
a-Picoline LiCl or HgCl:  Poor Poor
o-Dichlorobenzene LiCl or HgCl: Poor Fair
tert-Amyl alcohol LiCl or HgCl2 Poor Fair
n-Amyl butyrate LiCl or HgCla Poor Fair
Ethylene dichloride LiCl or HgCl: Poor Fair
Benzyl chloride LiCl or HgCl: Poor Fair
Methylethyl ketone LiCl or HgCla Poor Good
Methylhexyl ketone LiCl or HgCls Poor Poor
Acetonylacetone LiCl or HgCl; Poor Good
n-Butyl alcohol, benzene, car-

bon tetrachloride (equal ¢

parts) LiCl Fair Good

TasBLE III. TiTRATION OF PURE AcCIDS IN SOLVENT

Benzoic acid, gram 0.0225 0.0212
Stearic acid, gram 0.0386 0.0353
Normality of base 0.106 0.106
Base required, caled. for:
Benzoic acid 1.75 1.65
Stearic acid 1.30 1.20
Blank 0.50 0.50
Total 3.55 3.35
Base used in titration 3.60 3.30
Difference, per cent 0.14 0.15
Maximum value of Ama. per cc. of base 110 100
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tery (C, Figure 2). Ten minutes are allowed for the tubes to
reach equilibrium. In the meantime, the platinum-tungsten
electrodes are removed from the 5 N hydrochloric acid solution
in which they are immersed when not in use, heated red-hot, and
allowed to cool before being placed in operating position as shown
in Figure 1. An oil sample of ag)lproxima.tely 4 grams (weighed
to 0.01 gram) is put in a cylindrical glass container about 12.5 em.
(5inches) tall and 8.75 em. (1.5 inches) in diameter. To the oil are
added 30 ce. of a liquid mixture containing equal volumes of iso-
am¥;l alcohol, benzene, and carbon tetrachloride and saturated
with lithium chloride.

With the test jar in position as shown in Figure 1, its contents
are whirled rapidly by an electric stirrer. The shorting switch
(S, Figure 2) is opened and the resistance, C, is adjusted to allow
a current of’ 10 milliamperes through the system; since the elec-
trodes do not reach equilibrium at once, variation of the resistance
is continued until a steady state is attained.

Addition of base to the oil solution is made in 0.1-cc. portions
with stirring for 1 minute after each increment before the reading
of the milliammeter is taken. The titration is conducted in this
manner until a sharp increase in current is noted on adding one of
the 0.1-cc. portions of base; further additions produce little
change in current. From the data so obtained the increase in
milliamperes per cubic centimeter of base added (Ama. per cc.)
is calculated; the end point of the operation is indicated by a
comparatively large value for this term. Correction for any
solvent acidity is made on the basis of blank runs. End points
may be shown very clearly by plotting Ama. per cc. against the
amount of base added as has been done in Figure 3; ﬁuﬂ proce-
dure, however, is not usually necessary, as inspection of the calcu-
lated values is sufficient. The time required for each titration
is agproximat,ely half an hour. The data have been expressed as
A.S. T. M. neutralization numbers, milligrams of potassium
hydroxide per gram of oil.

Experimental Results

Pure Acms. Weighed amounts of benzoic and stearic
acids were dissolved in the solvent mixture; electrometric ti-
tration was conducted in the usual way. The detailed data are
given in Table III; the course of the titration may be followed
in Figure 5. The indication of the end point is very clear; the
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observed results differ only about 0.15 per cent from the cal-
culated values.

Oms ConraiNiNg PUure Acips. Oils containing definite
amounts of stearic, oleic, and picric acids, singly or in combina-
tion, were titrated using the electrometric method and also the
A.S.T.M.procedure. Theresultsagreed reasonably well with
each other and with the calculated values; these data are
shown in Table IV. The average difference of the electro-
metric indication from the calculated value was about 7 per
cent; that for the A. S. T. M. reading about 11 per cent. Neu-
tralization numbers on duplicate samples may be checked
within 0.2 per cent by the electrometric method.

Most electrometrie titrations of polybasic acids or mixtures
of acid furnish more than one end point, but the present
method gives only one; this may be regarded 'as a desirable
characteristic in the titration of oxidized oils having present
a variety of acidic constituents.

TirrrATION OF OILS CONTAINING DEFINITE AMOUNTS
orF OrGANIC AcIDS

TasLe IV.

Equiva- KOH Found Deviation
Acid lent Total Electro- Electro-

Present KOH KOH A 8. T. M. metric A.S8.T.M. metric

My./g. My./9g. Mg./9. My./g. % %
Stearic  0.317 0.317 0.382 0.274 20 14
Stearic 0.818 0.818 0.885 0.724 8 11
Stearic  1.55 1.55 1.62 1.45 5 6
Stearic  0.400 iz o
Oleic 0.434 0.834 0.909 0.846 9 1
Stearic  0.804 A 2,
Oleic 0.832 1.64 1.39 1.51 15 8
Blank 180 0.106 0.060
Picric 0.65 35
Oleic 1.91 e i
Stearic 6.24 8.80 9.54 9.19 8 4

Oxmpizep Oins. Duplicate determinations were run on
over a hundred oil samples obtained from engines operated by
the Department of Mechanical Engineering. The results were
reproducible within 10 per cent; this variation may be attrib-
uted to the difficulties of sampling sludged oils, to the less
marked end points, and probably to other factors. Figure 5
demonstrates the relative values of Ama. per cc. of base added
for some oxidized oils and for oils to which benzoic and stearic
acid had been added. The smaller rate of change of current
at the equivalence point is probably due to the low ionization
constants of petroleum acids as compared even to the rela-
tively weak pure acids mentioned.

120
o,x BENZOIC AND STEARIC
1001~ " ACIDS IN SOLVENT,
TWO SAMPLES
{ 2,0 TWO SAMPLES OF
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[ ©,® TWO SAMPLES OF
W A DIFFERENT
QU 4o USED 0/L.

P 5

0 /
CC. OF BASE ADDED
Ficure 5. CoMpARISON OF INFLECTIONS OB-

TAINED WITH PETROLEUM AcIDS TO THOSE SHOWN
BY MIXTURES OF BENZOIC AND STEARIC ACIDS
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The neutralization numbers of many of the oxidized oils
were found also by the A.S. T. M. method (2) ; these are gener-
ally lower than those determined electrometrically for the
same oils, especially when deterioration was extensive. Illus-
trative data are found in Figure 6. It is considered that the
electrometric procedure for used oils is the more reliable, inas-
much as the acids in the sludge are taken into account.
Sludge is soluble in the liquid mixture used for electrometric
titration but not in the mixture of alcohol and water employed
in the A.S.T. M. procedure. '
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F1GURE 6. CoOMPARATIVE NEUTRALIZATION NUMBERS OF USED
O1Ls

The acid content of a lubricating oil under service condi-
tions frequently becomes larger along with increases in Con-
radson carbon residue value, viscosity, and sludge formation,
regular curves being obtained when the quantities mentioned
are plotted against acidity. In such cases it may be conven-
ient to follow the deterioration of the oil by determining its
neutralization number from time to time during the progress
of an engine test.

Summary

An electrometric method using tungsten-platinum electrodes
has been developed for the estimation of acids in oxidized
petroleum oils. The used oil is dissolved in a mixture com-
posed of equal parts by volume of isoamyl alcohol, benzene,
and carbon tetrachloride and saturated with lithium chloride.
The base is prepared by dissolving sodium in isoamyl aleohol.

Results for pure organic acids dissolved in solvent are re-
producible within 0.2 per cent; the average difference of the
observed from the calculated values is 7 per cent. Check de-
terminations on used oils have a maximum deviation of 10 per
cent.

Acknowledgment

The technical assistance of E. M. Fry, R. H. McCormick,
and G. E. Woods in constructing the apparatus and obtaining
datais appreciated. This work was a part of the research pro-
gram of the Pennsylvania Grade Crude Oil Association and is
published with its permission and that of the Sehool of Chem-
istry and Physics of The Pennsylvania State College.

Literature Cited

(1) Am. Soc. Testing Materials, Rept. Comm. D-2, “Standards on
Petroleum Products and Lubricants,” p. 25, Sept., 1936.

(2) Ibid., p.224.

(3) Evans, R. N., and Davenport, J. E., Inp. ExG. CHEM., Anal. Ed.,
8, 287 (1936).

(4) Holt, M. L., and Kahlenberg, L., Trans. Am. Electrochem. Soc.,
57, 361 (1930).

(5) Ralston, R. R., Fellows, C. H., and Wyatt, K. S., Inp. ENa.
CHEM., Anal. Ed., 4, 109 (1932).

(6) Shenk, W. E., and Fenwick, F., Ibid., 7, 195 (1935).

(7) Seltz, H., and McKinney, D. S., IND. ExG. CHEM., 20, 542 (1928).

(8) Seltz, H., and Silverman, L., Ibid., Anal. Ed., 2, 1 (1930).

(9) Wooten, L. A., and Ruehle, A. E., Ibid., 6, 449 (1934).

ReceivED August 12, 1937,



Qualitative Determination of Glycerol and

Ethylene Glycol in Dilute Aqueous Solution

A. G. HOVEY AND T. S. HODGINS, Beck, Koller & Company, Inc., Detroit, Mich.

ECAUSE alkyd resins contain polyhydric alcohols, de-
tecting the nature of the polyhydric alcohol is essential.
The customary procedure in analyzing alkyd resins is to deter-
mine the weight of phthalic anhydride or other polybasic
acids and the weight of fatty acids or other modifiers leaving
the glycerol to be determined by difference (5, 6). As long
as glycerol was the only polyhydric alcohol used, this deter-
mination by difference was allowable though not satisfactory.
Today, however, ethylene glycol is available and relatively
cheap and therefore we must expect its presence in many
alkyd resins. There seem to be no references in the literature
to an easy and sensitive qualitative determination of ethylene
glycolin dilute aqueous solution. Qualitative tests for glycerol
in dilute solutions have been described by Mulliken (8),
Gardner (3), and others, but in these tests there is still much
to be desired, particularly when it is necessary to distinguish
glycerol from ethylene glycol.

Heretofore in attempting to determine whether glycerol or
ethylene glycol is present, many tedious procedures have had
to be overcome. The main detectable differences between
glycerol and ethylene glycol have been in their physical
properties. Differences between these two polyhydric alcohols
in aqueous solutions have been determined by comparison
of such physical properties as specific gravity (1), refractive
index (4), boiling point (2), freezing point, etc. In actual
practice, however, there is usually so much water present
that concentrating the solution of a polyhydric alcohol in-
volves as much difficulty and tediousness as the regular manu-
facturing process for concentrating glycerol (9). This ex-
cess of water in the analytical sample is due to the fact that
the resin sample has first to be acidified after the saponifica-
tion so as to precipitate out fatty acids, phthalic acid, or other
polybasic acids. After this separation a steam distillation
(7) is necessary to separate the polyhydric alcohol from the
salts, which are formed by acidification of the saponified
sample.

The literature has been searched for a qualitative colori-
metric method for determining glycerol and ethylene glycol
in dilute solution; such a method would save the trouble of
concentrating the distillate. A test has been described by
Mulliken (8) which is essentially as follows: One drop of
glycerol is dissolved in 2 ce. of cold water, and 5 drops of 1
per cent aqueous solution of pyrogallol and 2 ce. of concen-
trated sulfuric acid are added. Upon shaking and heating
quickly to boiling, the boiling being held 20 to 25 seconds be-
fore cooling, a coloration appears in a 15-cm. (6-inch) test
tube upon dilution to 20 ce. with strong aleohol. The color-
ation is a purplish red, which fades in a very few minutes on
standing. The authors have found that this purple coloration
is also observed when using ethylene glycol in place of
glycerol. In both tests, the purple coloration turns to a light
brown upon standing. In the case of ethylene glycol the color
seems to fade somewhat faster than that of glycerol, but un-
fortunately this is not a distinguishing test.

Experimental

Using Mulliken’s work as a starting point, the authors have
carried the work further, using homologs of phenol under both
acid and alkaline conditions. A summary of the results is
shown by Table I.

CorLor REAcriONs OoF PurnNonic BopiEs wITH
GLYCEROL AND ETHYLENE GLYCOL

TaBLe 1.

Reaction Glycerol Ethylene Glycol

Phenol Wwe Wwe
Phenol 4+ NaOH (25% aqueous

solution, 4 WwWWwW WWwW
Phenol + NH.OH (sp. gr. 0.90) WWwW WWwW
Phenol -+ H:SOq (coned.) WW wWw
Cresol wWw WwW
Cresol 4+ NaOH WW WWwW
Cresol + NH.OH ww ww
Cresol + HaS04 WWwW WW
Catechol Ww WwWwW
Catechol + NaOH Green Light brown
Catechol + NH/.OH Pale green Pale green
Catechol 4+ H2S0, Blood orange WWwW
Resorcin WWwW wwW
Resorcin -+ NaOH Purple Light green

Purple

Purple
Light yellow-green
Ww

Resorein 4+ NH.OH
i Dark green
wWWwW

Resorcin + HaSOq¢
Hydroquinone

Hydroquinone + NaOH Pale yellow Brown

Hydroquinone + NHiOH Brown-yellow Brown-yellow

Hydroquinone -+ HaSOq WW WW

Pyrogallol ww WWwW

Pyrogallol + NaOH Red Orange

Pyrogallol +~ NHiOH Pale yellow Pale yellow

Pyrogallol + HaS04 Purple to brown Pugple to  light
rown

¢ Water-white.

Table I, while it shows the possibilities of color differences
between glycerol and ethylene glycol, is subject to variations
if certain specific proportions and conditions are not observed.
Catechol appears to give the most reliable and satisfactory
color differences, especially when in an acid medium.

Chemicals

The catechol (Eastman Kodak Company No. 604) had a
melting point of 103° to 104° C. The other phenols were also
from the Eastman Kodak Company.

The glycols were from the Carbide and Carbon Chemicals
Company and possessed the following properties:

Refractive Index

1.4311 @ 20° C.
1.4475 @ 20° C.

Specific Gravity
1.1176 @ 15/15° C.
1.1185 @ 20/20° C.
1.122-1.127 @ 20/20° C.
1.0381 @ 20/20° C.

Ethylene glycol
Diethylene glycol
Triethylene glyeol
Propylene glycol

The trimethylene glycol was obtained from the Procter &
Gamble Company and had the following properties:

Specific gravity 1.0603

Ash;, % 0.002

Titer 2.0

Moisture, % 1.6

Purity, % 96.0

Color 14 Yellow
2 Red

The glycerol c. p. had a specific gravity of 1.265 at 15° C.

The sulfuric acid c. p., specific gravity 1.84 (A. C. S.
specifications), was from Baker & Adamson. Ammonium
hydroxide was Baker’s c. p. grade (sp. gr. 0.90). Sodium
hydroxide was Merck’s c. p. (A. C. S. specifications).

Procedure

The best conditions for the color determination of glycerol
appear to be as follows:

Place the following ingredients in a 15-cm. (6-inch) test tube
in the order given: (1) 3 ml. of the solution to be tested, (2)
3 ml. of 10 per cent aqueous solution of catechol (freshly prepared,
since such solutions color with age even if kept in a darﬁ bottle),
and (3) 6 ml. of concentrated sulfuric acid.

Heat the tube (gently) for about 30 seconds.
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If glycerol is present, a blood-orange coloration will quickly
appear at about 140° to 145° C. The color so produced is
stable over a period of many days, unlike Mulliken’s test which
changes color after a few minutes.

With ethylene glycol, diethylene glycol, and ethyl alcohol,
no color is formed. With other polyhydric aleohols, distine-
tive colors (see Table IV) are produced, which may serve as
a means of identification.

It is important not only that the order of mixing be fol-
lowed as above, but also that the tube containing the solution
to be tested and the catechol solution be well shaken before the
addition of the concentrated sulfuric acid. Merely mixing
the three materials and then shaking and warming produces
unreliable results—i. e., in the case of ethylene glycol, a very
faint pink color may be observed instead of the water-white
condition which is obtained when the correct order of pro-
cedure is followed. In the case of glycerol, however, merely
mixing and warming the three materials do not interfere
with the characteristic blood-orange coloration.

Since the test for ethylene glycol is negative (water-white
color), a confirmatory test is desirable. This may be accom-
plished by color differences obtained through the use of
polyhydroxy phenols in the presence of sodium hydroxide
(see Table I).

Interfering Substances

Since a concentration approaching 50 per cent of sulfuric
acid is employed in the color test for glycerol, it seemed pos-
sible that the glycerol might be dehydrated to form acrolein:

HOCH..CHOH-CH,0H + H,SO, —> CHO:CH-CH. + 2H.0O

However, substituting acrolein for glycerol in the test, a
purple floceulent precipitate is formed which is readily dis-
tinguished from the blood-orange color of glycerol.

Aldehydes, in general, give color reactions with catechol
and sulfuric acid (see Table II).

The presence of any of these aldehydes would tend to inter-
fere with the test for glycerol, but with the exception of acro-
lein the chances of their being present are fairly remote. This
test with catechol and sulfuric acid, since it produces a floc-
culent purple precipitate with acrolein and obscures the
blood-orange glycerol color, serves as the basis for a good color
test for determining acrolein in the presence of glycerol.

TABLE II. CoLOR REACTIONS OF ALDEHYDES BY THE CATECHOL—
Svrruric Acip METHOD

No. Aldehyde Color

A-1 Acrolein Purple flocculent precipitate
A-2 Formaldehyde Purple turning to brown
A-3 Acetaldehyde Purplish red

A-4 Benzaldehyde Red-orange

Concentration Range

The test, as outlined above, was tried out at various con-
centrations in an attempt to establish the lower limit of sensi-
tivity for the concentration of the polyhydric alcohol. It was
found to be extremely sensitive, as is shown by Table III.

Since it works so well on glycerol in the presence of ethylene
glycol, the test was studied to see what other color differences
might be observed if the constitution of the alcohol was varied
from monohydric to hexahydric. These color differences are
shown in Table IV.

A number of other compounds which were not phenolic
were also tried for color differences. The most interesting
color differences which were observed are shown in Table V.

Discussion

It seems possible by means of a series of dilutions of the
unknown and by comparison with a color standard to obtain
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Tasre III. Errecr oF MorLAr CONCENTRATION oN COLORI-
METRIC DETERMINATION OF GLYCEROL IN AQU’EOUS SysTEMS
Molar Parts per
Concentration 1000 Percentage Color
Glycerol
1 92 9.2 Blood-orange
0.5 46 4.6 Blood-orange
0.25 23.0 2.30 Blood-orange
0.125 11.5 1.15 Blood-orange
0.0625 5.75 0.575 Blood-orange
0.03125 2.875 0.2875 Blood-orange
0.015625 1.4375 . 0.14375 Light pinke
Ethylene Glycol

1 62 6.2 Water-white
0.5 31 3.1 Water-white
0.25 15.5° 1.55 Water-white
0.125 7.77 0.777 Water-white
0.0625 3.88 0.388 Water-white
0.03125 1.94 0.194 Water-white
0.015625 0.97 0.097 Water-white

@ 0.0156 M would indicate the limit of this colorimetric test. The last
full deep red coloration is at double this molar concentration—i. e., 0.03125 M,

TasLe IV. Coror DIFFERENCES FOR ALCOHOLS VARYING IN
THE NUMBER OF Hyproxyr GroUPS

—OH
0. Groups Color
Water-white
Water-white

Alcohol

Ethyl alcohol
Ethylene glycol
Diethylene glycol Water-white
Propilene glycol Faint pink
Triethylene glycol Faint pink
Trimethylene glycol Dark brown

RS- moREHgQwEs
OO ke W GO LD RO B RO D

Glycerol Blood-orange
Pentaerythritol Dark purple-red
Erythritol Faint pin
Mannitol Red-orange
Sorbitol (neutral) Blue

Sorbitol (H:SO4) Faint pink

TABLE V. CoLorR DETERMINATION OF GLYCEROL AND ETHYLENE
GLYcoL WITH SUBSTANCES OTHER THAN STRAIGHT PHENOLS

Ethylene Glycol

Light brown to
orange
Water-white

Glycerol

R-3  p-Aminobenzoic acid + H2SO4 Dark brown

R-9  n-Dichlorosuccinic acid + EtOH  Straw yellow

R-10 n-Dichlorosuccinic acid + EtOH

H:S04 Dark brown Pale straw
R-21 National Secarlet R salt + NaOH Orange Yellow
R-22 National Scarlet R salt 4+ Ha804 Yellow Pink
R-24 National Red G salt + NaOH Yellow-orange  Yellow

R-25 National Red G salt + H:SOq Yellow-pink Pink
R-31 National Blue BN salt + H:SO( Green-yellow Pink-yellow
R-32 National Orange GC salt ellow Yellow-orange

‘semiquantitative results for the glycerol content. The

authors are working on this possibility and hope to make the
facts available soon.

Summary

A color test using catechol and sulfuric acid for the qualita-
tive determination of glycerol in the presence of ethylene
glycol is described which is sensitive to concentrations ap-
proaching 0.0156 M (or 1 part in 700).

The test may also be applied in the detection of other poly-
hydric alcohols which give specific color reactions with the
reagents.

The compounds which produce the most color differences
between glycerol and ethylene glycol are the polyhydroxy
phenols.

Aldehydes, if present, interfere with the catechol-sulfuric
acid test for glycerol.

The test may also be applied in the detection of acrolein in
the presence of glycerol.
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Determination of Butenes in Refinery Gases

WALLACE A. MCMILLAN, The Texas Co., Beacon Luborhtory, Beacon, N. Y.

UBLISHED methods for the analysis of hydrocarbon

gases are notably inadequate in the case of the group
containing four carbon atoms. This is to be expected when
it is realized that no fewer than seven compounds occur in this
group (Table I) six of which are usually found in gases from
cracking operations; yet the total boiling range of the group
is only some 15° C. (27° F.).

In general, there are only three methods available in the
literature for the analysis of the C-4 hydrocarbons: bromina-
tion, reactions with sulfuric acid, and direct low-temperature
fractionation. These are further subdivided into specific
methods varying concentrations or reagents, methods of frac-
tionation, and times of contact. The only thing all three pos-
sess in common is definite unreliability. Most of them have
been based on relatively few experiments, using particular
types of gases for which they may or may not be satisfactory.
Even in the few cases where relatively pure gases were used,
the mixtures were made with air or other inert gas, and in
most cases the authors admit that inclusion of butanes, diole-
fins, or other olefins will spoil the results.

Perhaps the most used, but certainly not the best of the
methods, depends on the selective absorption of isobutene in
62 to 64 per cent sulfuric acid followed by absorption of the
normal butenes in 87 per cent acid. For low concentrations
of isobutene such as are usually found, the method has been
more or less discredited even by those responsible forits devel-
opment (10), but is still used because no better one is avail-
able and at least an approximate measure is obtained in most
cases.

Work done in this (9) and other laboratories over the past
several years has indicated the unreliability of selective acid
absorption. As a final test before this work was started, a
“butene concentrate’” was submitted to four laboratories to
see if their variations of the sulfuric acid method would give
reproducible results. The results obtained by six methods
gave a spread on the “standard’” sample greater than the
amount of isobutene present and even the individual methods
varied as much as 7.0 per cent on the basis of total gas on
check samples.

Methods depending on the production of dibromides, sepa-
ration by fractional distillation, and determination of the indi-
vidual olefins by prolonged low-temperature fractional distil-

TasLE I. Four-CArRBON HYDROCARBONS
B. p.
o C:
Isobutane =12.2
Isobutene — 7.8
1-Butene — 6.8
1,3-Butadiene — 4.7
n-Butane + 0.4
trans-2-Butene + 0.5
cis-2-Butene + 3.2

lation, after regeneration by zinc (3, §), are also of doubtful
value as far as results are concerned, not to mention the size
of samples and excessive times required. It has been the
author’s experience that it is almost impossible to distill the
dibromides without some decomposition even at low pressures.
The regeneration of butenes by zinc has been shown to result
in mixtures in all cases (13) and the low-temperature frac-
tional distillation of iso- and 1-butene, boiling less than 1° C.
apart, even at extremely slow rates, would require an effi-
ciency far greater than that exhibited by ordinary laboratory
columns (7).

The best of all the bromide methods (2) is that based on
measurement of the reaction rates of the pure dibromides with
potassium iodide in methyl alcohol. Even this is only accu-
rate to 2.0 per cent, according to the authors, and fails when
isobutene is present.

The proposed method calls for the separation of two cuts
by exact low-temperature fractional distillation (8). The
first, containing isobutane, isobutene, and 1-butene, is subse-
quently hydrogenated (9) over a nickel catalyst to obtain the
total unsaturation of the cut and the isobutene is then deter-.
mined separately by reaction with anhydrous hydrogen chlo-
ride gas. The second, containing all the n-butane and 2-bu-
tenes, is also hydrogenated for total unsaturation and the re-
sidual gas is condensed into a bulb and treated with bromine at
low temperatures. The dibromides are subsequently left as a
residue on warming the mixture and are determined by meas-
urement of the refractive indices. All the steps except the
last are accurate to =0.15 per cent at least. Thus far no
reason has been found for determining the individual 2-bu-
tenes with an accuracy greater than 3.0 per cent, of which the
method is capable. If more accurate determination is de-
sired the method of Dillon, Young, and Lucas (2) can be used,
but in that case a much larger sample is needed. 1,3-Buta-
diene, if present, will be found with the iso- and 1-butenes and
should be determined separately (4, 11) and the calculations
corrected accordingly.

Apparatus

The low-temperature fractional distillation apparatus (7, 8)
and the hydrogenation unit (9) have been described in previ-
ous papers.

The apparatus for the addition of hydrogen chloride is shown in
Figure 1. It consists of two 50-ml. rebuilt distillation flasks, A and
A’, with individual check valve manometers, B and B/, joined
through a gold-plated stopcock, C. Two other gold-plated stop-
cocks, D and E, connect the apparatus to the distillation or intro-
ductory unit, ¥, and to the hydrogen chloride generator, G, re-
spectively. The entire apparatus is of Pyrex glass except as
shown in the sketch.

Gold-plated stopcocks are essential for the apparatus; no
other cocks will hold the vacuum and the hydrogen chloride
vapors under the condition of the analysis. They require only a
thin film of vaseline or Burrell stopcock grease. Other lubricants,
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such as Airco HyVac and Cellogrease or compounds containing
rubber, cannot be used, since they also react with the hydrogen
chloride, causing leaks and giving poor results. Care should be
exercised not to scratch the gold-plating, which is very soft, and
any tendency on the part of the stopcock to “‘drag” should be
corrected immediately by relubrication.

The bulbs are carefully calibrated to the nearest 0.1 ml. by
displacing air from a calibrated buret. Manometers are read to
the nearest 0.5 mm. The apparatusshould be held at as constant
a temperature as possible and protected from drafts.

The hydrogen chloride generator is a 45-cm. (18-inch) drying
tower filled with caleium chloride in the drying section, except
for a 2.5-cm. (1-inch) layer of barium chloride crystals on the top.
Glass-wool plugs are placed at both ends of the drying section.

Fifty grams of c. . ammonium chloride crystals are added dry
to the bottom section and the dropping funnel is inserted with a
rubber stopper as shown. Both the top and bottom stoppers clos-
ing the openings of the drying tower are sealed in place with seal-
ing wax, after which the whole assembly is tested to make sure
that it is vacuum-tight. When ready for use, approximately
25 ml. of concentrated c. p. hydrochloric acid are adged through
the funnel to the evacuated scrubber and then c. p. concentrated
sulfuric acid is added slowly, drop by drop, allowing time for
reaction, until the pressure is brought to atmospheric as shown
by the manometer, B’. The generator is then ready for use.

The generator described above is completely safe if the in-
structions are followed. After once the pressure has been built
to atmospheric, it is usually sufficient to add 2 to 3 drops of acid
each time hydrogen chloride is removed for an analysis. At the
end of the day’s runs any excess pressure is vented carefully
through the acid-inlet stopcock and the generator is ordinarily
connected to the bulb, A, with C closed, so that the manometer
can act as a safety valve if necessary. The general reaction is so
fast and complete that pressure is developed only immediately
after addition of the acié).

With the generator filled with dry hydrogen chloride and cock
E closed, the remainder of the apparatus is evacuated as com-
pletely as possible. Stopcock C is then closed and a pressure of
about 450 or 500 mm. (maximum) of hydrogen chloride is built up
in A’ by cracking cock E slightly. E is then closed and the pres-
sure read on the balanced manometer, B’, using a constant refer-
ence point (900 mm.) for the leg connected to bulb A’.

Gas is admitted to bulb A from the distillation or scrubbing

unit, F, until the pressure reaches a maximum of 400 mm. (abso-
lute), at which point D is closed and the pressure is read on B.
. Both mercury bulbs are then lowered so that the open leg
stands at about 100 mm. on the manometer and C is opened, con-
necting 4 and 4/, Bulb A is then immersed in liquid air or car-
bon dioxide-gasoline until the contents of both bulbs are con-
densed in 4.

If complete condensation occurs (in the presence of no non-
condensables) the gas is allowed to revaporize immediately, but
if only partial condensation occurs, pressure is again allowed to
build up by warming the bulb with the hands. Then the gases
are again recondensed. This is necessary to sweep unreacted gas
into the bulb where it can be condensed. In the special case where
isobutene is determined on the original sample, if too small a
pressure reduction is obtained on immersion in liquid nitrogen,
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owing to extra large amounts of hydrogen or air in the sample, it
will be necessary to eliminate the noncondensables by distillation.
After the gases are condensed, the liquid nitrogen is removed
and the solid hydrogen chloride allowed to melt. The bulb is
then immersed in water at approximately 37.78° C. (100° F.),
and the contents are completefy vaporized. After the bulb again
comes to room temperature both manometers are set back to the
reference points and the new readings are taken. The contraction
in volume is a direct measure of the amount of isobutene present.
A typical calculation is shown:

Barometer : = 755.5 mm.
Reference point on manometers = 900.0 mm. (zero 144.5)
Original reading, HCI = 627.5 mm.
Original reading, sample = 572.5 mm.
Final reading, both manometers = 524.5 mm.
Absolute pressures:
4 572.5 524.5
144.5 144.5 144 .5
HCl = 483.0 Sample = 428.0 Final = 380.0
HCI — 483.0 X 80.?5(;(;1ume of bulb) _ 51.5ml.
Sample. 428.0 X 82.';5(5voslume of bulb) 468 .
Final 380.0 X 163.2 ’;;;r;lbmed volumes) = 82.0 ml.
51.5 + 46.8 — 82.0 = 16.3 ml. contraction
}g'—g X 100 = 34.8 per cent isobutene

The product of the reaction between isobutene and hydro-
gen chloride boils well above room temperature and under or-
dinary conditions would condense out in the apparatus. For
this reason maximum pressures have been established and are
given above. Even with pure isobutene and the given
pressures no condensation will occur, but by going above
these pressures high results may be obtained.

Experimental

For the purpose of this work an accuracy of =0.1 per cent
of the individual components was desired, with the exception
of the isomeric 2-butenes. It was realized that in order to at-
tain such accuracy it would be necessary to separate the four-
carbon group from the remainder of the gas by accurate low-
temperature fractional distillation. This step had previously
been worked out to the desired accuracy (7). However, the
succeeding step of separating the four-carbon group into two
groups had not been worked out completely for gases contain-
ing olefins.

By synthesizing known mixtures of pure hydrocarbons, as
in previous work (7, 9), it was found that making the distilla-
tion cuts at the mid-temperature point between
iso- and n-butanes, as is usually done in such
analyses, did not give good results. Cutting at.
the mid-temperature point between 1-butene and
n-butane also gave poor results. However, if the
distillation was cut at a point midway between
these two cut points much better results were
obtained in every case.

SEPARATION BY DISTILLATION. Preparation
of the gasesisobutane, butane, and 1-butene has
been described in previous papers (7, 9).

Isobutene was prepared by dehydration of re-
distilled tertiary butyl alcohol over oxalic acid
and then fractionated and treated the same as
1-butene.

v g - - 4 STOPPER
\ > 0
70 CAUSTIC X ﬁ}/ Sk o= cope
SCRUBBER N S R & Ao,
AND PUNP RN N 5‘) cocl 3
29 3 PN :
g X %
A :"3 A Ny CL-
G STOPFER
V')
8 W 8"
S
§ APPARATUS FOR [508UTYLENE
3
3
3

Ficure 1

1,3-Butadiene was prepared by the method of
Kistiakowsky (6), then scrubbed, dried, and
refractionated to constant boiling point and
vapor pressure. The boiling point was the same
(—4.5° to —4.6° C.) as that obtained by Kis-
tiakowsky for his best sample. There is some
evidence to indicate that this is not pure 1,3-
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butadiene but a constant-boiling mixture. However, this has
not been definitely proved as yet, mainly because of the gen-
eral unreliability of methods for the determination of 1,3-
butadiene.

Mixed 2-butenes were prepared by dehydrating a mixture

of primary and secondary alcohols with 60 per cent sulfuric .

acid according to the method of Young and Lucas (12). The
resulting butenes were fractionated as well as possible into two
cuts corresponding to the cis and frans isomers, which were
then brominated at about 0° C. (32°F.). After washing with
caustic and drying, the dibromides were twice fractionated at
low pressures and the butenes regenerated by zinc in ethyl al-
cohol. Subsequent refractionation at low temperatures indi-
cated that pure cis and {rans isomers could not be produced by
this method, but the resulting mixes were satisfactory for test-
ing the reproducibility of the refractive indices using the
method indicated.

As in previous work, all synthetic mixtures were made to
accurately known composition by blending by condensation in
a calibrated and carefully evacuated all-glass system (9).

For the majority of the work on the separation of the groups
by low-temperature fractional distillation, four-component
mixtures were used consisting of isobutane, isobutene, 1-bu-
tene, and n-butane. Typical results on mixtures of this type
are shown in Table II, using the average cut point of —4.5° C.
(4+23.9° F.) described above. The first three components of
the mixtures correspond to the first cut and the n-butane cor-
responds to the second cut.

TasLE II. SEPARATION BY DISTILLATION
Butane
Run No. Synthesized * Found Deviation
% % %
1 24.9 24.6 —-0.3
2 31.1 30.8 —=0.3
3 26.6 26.7 +0.1
4 38.1 38.0 -0.1
5 29.0 29.1 +0.1

DETERMINATION OF IsoBUuTENE. When it had been defi-
nitely determined that the isobutane, isobutene, and 1-butene
could be separated from the n-butane and 2-butenes, it was
still necessary to develop a method for separating the iso- and
1-butenes. This was simplified by the hydrogenation method
previously worked out, which allows the determination of the
combined butenes within an accuracy of 0.1 per cent (9). It
was then necessary only to determine either 1-butene or iso-
butene accurately in order to make possible the calculation of
the individual components in this group of three hydrocarbons.
The only method found which would give the required separa-
tion depends on the use of dry hydrogen chloride gas. It is
based on an observation by Coffin, Sutherland, and Maass (1)
that isobutene reacts instantaneously when hydrogen chloride
is passed through a liquefied butene mixture, while the other
butenes are unaffected. So far as can be determined, these
authors never worked out an analytical method based on the
observation.

The method developed in this work is essentially simple. It
requires only that a measured volume of dry hydrogen chlo-
ride be mixed with a measured volume of hydrocarbon gas
containing isobutene and the resulting mixture be condensed
and then revaporized. The contraction in volume is a direct
measure of the isobutene present according to the reaction:

iSOC4Hg + HCl = C‘H’Cl
(1 volume) + (1 volume) = (1 volume)

The reaction is specific, so far as the author has been able to
determine, for isobutene. Tests made with pure ethylene,
propylene, 1-butene, mixed 2-butenes, 1,3-butadiene, butanes,
and acetylene have not shown any reaction with hydrogen
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chloride when alone or mixed. In the presence of isobutene,
no reaction other than that due to isobutene has taken place.
Some typical results are shown in Table ITI.

TasLe III. DETERMINATION OF [SOBUTENE
Isobutene
Components Present « Actual Found
o Yo
Isobutene 100.0 100.0
1-Butene None None
Isobutene, 1-butene 34.8 34.8
Isobutene, 1-butene 42.3 42.0
Isobutene, 1-butene 42.3 42.4
Isobutene, 1-butene 66.3 66.3
1,3-Butadiene None None
Isobutene; 1,3-butadiene® 28.7 28.2
Isobutene; 1,3-butadiene 45.6 45.5
Acetylene 3 None None
Mixed 2-butenes None None
(Iso- and 1-butenes)
(Iso- and n-butanes)
1 19.7 19.6
2 32.7 32.8

3Extremely small sample. Possible error in synthesis.

The total time per analysis averages less than 15 minutes.
The reaction is instantaneous and the time required is taken
up mostly by allowing the bulbs to come back to tempera-
ture before the final readings are made.

In those analyses where only the isobutene is required, it
can be determined directly on the original gas with the same
degree of accuracy, providing no pentenes or higher homologs
are present having tertiary carbon linkages. However, in
that case, the gas should be freed from hydrogen sulfide by
soda lime and dried by calcium chloride.

DEeTERMINATION OF 2-BUTENES. The combined 2-butenes
are easily determinable in the presence of n-butane to 0.1 per
cent, by hydrogenation of the cut as outlined above. The
actual determination of the individual cis and trans isomers,
however, is not as easy and, as far as can be determined at the
present time, is not necessary for most petroleum gases. For
purposes of estimation, the following method has been worked
out. It allows an accuracy of 3.0 per cent in only a few min-
utes’ time, which is good compared to the estimated accuracy
of other more exact methods (2) which take much longer and
require much larger quantities of gas.

Total unsaturation of the butane cut is determined as usual and
the residual gas in the distillation receiver is then recondensed into
a bulb using liquid nitrogen. This is best accomplished by having
a stopcock sealed to one of the receivers with a male interchange-
able ground-glass joint sealed to it, forming an L-joint pointing
downwards. The female joint is then sealed off at the lower end,
making a closed-off bulb which can be detached from the ap-
paratus. At the beginning of the analysis this bulb is com-
pletely evacuated and closed off, or the bulb is calibrated into
the apparatus and the cock is normally left open.

Once the butane-butenes are condensed, the stopcock is closed
and the joint disconnected, while the tube is kept cold. About
5 drops of pure liquid bromine are then added slowly from a 1-ml.
pipet and the reaction is allowed to take place at as low a tem-
perature as possible. No evidence of hydrobromic acid has been
detected when the brominations were carried out at low tem-
peratures. No attempt is made to brominate completely all the
butenes present.

As soon as all the bromine has reacted, the tube is set aside and
allowed to come to room temperature. It is then put in a boiling
water bath and the last trace of butane is completely eliminated.
After cooling, the tube is held in a 25° C. water bath for a few
minutes and the refractive index is determined as accurately as
possible at that temperature by an Abbé refractometer. Only
2 drops of liquid are required and a reproducibility of one in the
fOuI‘tlEl) decimal place can readily be attained. This corresponds
to an accuracy of 3.0 per cent using the constants (2) for the
dibromides of

Refractive Index
at 25° C,
Meso-2,3-dibromobutane (from trans) 1.5092
Racemic-2,3-dibromobutane (from cis) 1.5125

and assuming that the laws of mixtures hold.
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As a check on the validity of this last assumption, mixtures
were made of the impure 2-butenes prepared above. Di-
bromides prepared from the two materials designated as cis
and {rans and their known percentage mixtures as gases, both
alone and in the presence of normal butane, gave results typi-
cal of thoseshown in Table IV. For most of the cases the re-
sults were within the limit of one in the fourth place on the re-
fractive indices; however, in about 10 per cent of the runs the
error was two in the fourth place. In a few cases, where the
original mixture was in doubt, the results were much worse
than these.

TasLe IV. Caeck Resuvrs

Refrnctiveéndcx cig-2-butene

at 25° C. Synthesized Found
% o
Original C2 1.5120 S5 85.0
Original Tb 1.5098 e 19.0
52% C + 48% T 1.5110 53.3 54.5
31% C 4+ 69% T 1.5104 39.5 36.5
76% C + 249, T 1.5115 69.1 69.5
a (s,
b Trans,
Summary

A new method is presented for the determination of indi-
vidual components normally occurring in refinery and cracked
petroleum gases. By its use, the individual four-carbon hy-
drocarbons, with the exception of the individual isomeric 2-
butenes, can be determined within an accuracy of better than
=().15 per cent. No larger gas samples are required than are
now used for low-temperature fractional distillation, and the
time required is but very little more than for this step alone.
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A new gas-reaction analytical method for the determination
of isobutene with anhydrous hydrogen chloride has also been
developed as a part of the general scheme of analysis, which
allows the determination of isobutene in the presence of any
other normally gaseous olefin with an accuracy of 0.1 per cent.
Twenty to thirty milliliters of gas are normally used and the
total time per determination is 15 minutes or less.
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Electrometric Titration of Dichromate

Glycerol Samples

Chemical Division, The Procter & Gamble Company, Ivorydale, Ohio

OR control purposes in soap and glycerol manufacture

glycerol is usually determined through the oxidation of a
prepared sample by an excess of potassium dichromate in the
presence of an excess of sulfuric acid. The most common
procedure is to titrate the excess of the dichromate solution,
after oxidation is completed, with ferrous sulfate solution using
potassium ferricyanide as an external indicator on a spot
plate. Randa (§) has recently described a method in which
the dichromate solution after oxidation is made to volume
and used to titrate standard ferrous sulfate solution, using
diphenylamine as internal indicator.

For a number of years in the Procter & Gamble laboratories,
the excess dichromate after oxidation has been titrated in the
the oxidation flask without any transfer or further treatment
other than cooling. Ferrous sulfate is used for the titration
with an electrometric setup as internal indicator. As far as
the authors have been able to learn, the electrometric method
has not been used in other laboratories for the titration of the
excess dichromate in glycerol determinations, although such
a setup has been in use for dichromate—ferrous sulfate titra-
tions in other laboratories, such as some of those of the steel
industry (2).

In 1922 electrometric titration of practically all routine
glycerol samples replaced the use of the spot plate in one of the
company laboratories. In the first setup a platinum electrode

and calomel half-cell were used with N potassium chloride.
The ferricyanide spot plate was used only for checkup. In
1935 a bimetallic electrode setup was placed in use in one of
the laboratories and the calomel cell was eliminated. Plati-
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num and nickel electrodes (1) were used.
Thenickel electrode was changed monthly,
and a few months later was replaced by
a tungsten electrode (6, 7).

The platinum-tungsten setup is now in
use in practically all of the company labo-
ratories and an electrometric apparatus in
all. Figures 1 and 2 show the photograph
and the wiring diagram of the preferred
bimetallic electrode apparatus.

The cabinet is of oak with a black Formica
base, and is closed at the back with double
wooden doors. The lines for ferrous sulfate
solution, distilled water, and motor are car-
ried through the back of the cabinet. All
exposed metal clips and parts are chromium
plated. The motor and the ring supporting
the flask are carried on a rod in the interior
of the cabinet. At the upper left (Figure 2) is
the Weston galvanometer, model 699, sensi-
tivity 2 microamperes perscale division. Be-
low the galvanometer is the adjusting knob
of the potentiometer, Yaxley Manufacturing
Company, 1000 ohms. The knob below
the potentiometer controls a three-armed
distilled water spray for washing the elec-
trodes and stirrer. The support for the flask
is movable, so that the flask may be raised
or lowered from position. In some installa-
tions the support is attached to the water
valves, so that the spray operates when the
ring is pushed to the left. The toggle
switches are shown at the lower left: a single-
pole single-throw at the left for the motor,
and a double-pole single-throw for the gal-
vanometer circuit. The funnel, stainless
steel or Monel, is connected to the drain.
The electrodes are 20-gage platinum or
tungsten wire sealed into glass tubing. The
exposed electrode wires are approximately
5mm. The tubing of the electrode is mercury-filled. The stirrer
is made of a glass rod and fastened in a chuck on the motor
shaft. The motor is model 3 (Eastern Engineering Corporation)
with rheostat for regulating the speed.

Ficure 2.

Procedure

While the general procedure of the dichromate oxidation of
glycerol is well known, an outline of the preparation of the
solutions and details of oxidation and titration may be de-
sirable.

StaNDARD DicHROMATE SoLuTiON. The dichromate solution
is pipetted into the oxidation flasks with a 25-ml. Lowy auto-
matic pipet (or for special samples a 10-ml. Lowy automatic

ipet holding exactly two-fifths as much as the 25-ml. pipet).

he strength of the dichromate solution is made so that the 25-ml.
pipet will deliver 1.864 (4) grams of X,Cr,Oy, which is equivalent
to 0.25 gram of glycerol. The weight of potassium dichromate
in grams required for 1 liter at 25° C, is determined by multiply-
ing 74.56 by the ratio of 25 to the volume delivered by the pipet
at 25° C. %‘he dichromate is dissolved in distilled water, 150 ml.
of concentrated sulfuric acid are added, and the solution is made
to 1 liter at 25° C. The strength of the solution is checked against
standard dry powdered dichromate by weighing 1.864 grams of the
latter, and dissolving in 75 ml. of distilled water and 15 ml. of
concentrated sulfuric acid. The ferrous sulfate titrations of a
pipetful of the dichromate solution and of the standard dichro-
mate must check within 0.05 ml. of ferrous sulfate solution or the
dichromate solution must be adjusted.

FerroUS SULFATE SoLuTioN. Five kilograms ot reagent grade
ferrous ammonium sulfate are dissolved in about 10 liters of
distilled water, 1800 ml. of concentrated suliuric acid are added,
and the volume when cooled to room temperature is made up to
16 to 17 liters.

Details of Analysis of a Sample

The details described in the following paragraphs apply
to a sample of c. . glycerol requiring no preliminary purifica-
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tion. The procedures of oxidation and
titration are identical for other samples.

Make a 2 == 0.001-gram sample to volume
in 8 500-ml. flask. Pipeta 50-ml. aliquot into
a 250-ml. wide-mouthed Erlenmeyer flask
containing a 25-ml. pipetful (at 25° =
0.5° C.) of the standard dichromate solution.
Add 15 = 1 ml. of concentrated sulfuric
acid. Cover the flask at once with a watch
glass,

The samples are usually handled in
batches. With each batch prepare at least
two blanks by using the same amounts of
dichromate solution, sulfuric acid, and water
as for the samples. Titrate one blank be-
fore and the second after the samples. Use
the average of the blank titrations in cal-
culating the glycerol content. Immerse the
flasks containing the samples and blanks in
a steam bath and hold them at a tempera-
ture of 90° to 100° C. for 2 hours. At the end
of 2 hours cool the flasks and contents by
immersion in cold water until a temperature
of 25° to 40° C. is reached.

Remove the watch glass from a flask and
place the flask in position on the apparatus
with both electrodes and stirrer in the solu-
tion and the tip of the buret extending well
into the neck of the flask. Close the circuits
and bring the galvanometer reading to zero
by adjustment of the rheostat. Begin titra-
tion slowly with ferrous sulfate solution and
observe the galvanometer needle closely.
When within 1 to 2 ml. of the end point
the needle is deflected sharply to one side,
but immediately returns to the zero position.
Add the ferrous solution more slowly.
When almost at the end point, a short time
should be allowed after each addition to
allow the needle to move back. At the end
point the needle swings over to the side of
the scale and remains there. Open the
circuits, read the buret, and remove the flask for the next titra-
tion. Press the button and flush the electrodes and stirrer as the
flask is being removed. After the final titration wash off the
electrodes and stirrer and allow the electrodes to stand in distilled
water. The glycerol content of the sample is calculated from the
difference between blank and sample titrations.

The tungsten electrode should be cleaned about every 6
weeks by dipping for a few seconds into fused sodium nitrite
held just slightly above its fusion temperature.

Care must be taken to use sufficient sulfuric acid to give an
equivalent of, at least, 1.230 specific gravity (3). The excess
of dichromate after heating must be such that a back-titra-
tion of at least 9 ml. of ferrous sulfate solution is obtained.
For some samples of low glycerol content of 100-ml. aliquot,
30 ml. of sulfuric acid and 10 ml. of dichromate are used.

Summary

The method is very rapid and accurate with a sharp,
positive end point, and can readily be operated under varying
conditions of lighting by any analyst who can read a buret—
even by one who is color-blind.
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Extraction of Gossypol with Different Ethers

Causes of Varying Results

J. 0. HALVERSON AnD F. H. SMITH, Agricultural Experiment Station, Raleigh, N. C.

ARIOUS lots of ethyl ether (U.S.P. grade, not for an-

esthesia) differ in their ability to extract gossypol from
cottonseed meal (2). The influence of factors affecting results
in the method of estimation has been studied (2), but the
cause of the varying results obtained with the extraction with
different lots of ether has heretofore remained obscure. It
was essential that consistent results be obtained in the study
of the nature of the bond between gossypol and the processed
meal in “bound’’ gossypol which is not readily extracted (un-
published work) but is slowly broken down in the presence
of water (3).

Ethers from two sources were used, designated as B and
(7. The results reported are in most instances the average
of triplicate or quadruplicate determinations obtained by a
modified method (in press). Various lots of ether were used
at different times; some of these contained peroxide which
oxidizes gossypol solutions, especially if alkaline ().

Table I presents the results of the extraction of gossypol
from three samples of cottonseed meal with U. S. P. ethers
from two sources, both with and without peroxides. The
ether containing peroxides extracted appreciably less gossy-
pol, in one instance as low as 0.006 per cent, while the same
ether with the peroxides removed extracted 0.102 per cent,
almost equal to the 0.112 per cent extracted by the G ether
which did not contain peroxides.

TasLe I. Gossypon ExtrAacTED WiTH U. S. P. ETHERS
Cottonseed Gossypol,

Meal Date Source of Ether® %

2117 12/17 B 1 year old 0.081

1/2 B (with peroxides) 0.063

2118 12/17 B 1 year ol 0.051

B 2 years old 0.056

1/2 B 2 years old 0.052

B é\\‘ith peroxides) 0.037

1578 5/16 B (with peroxides) 0.006

B (peroxides removed) 0.102

G (no peroxides) 0.112

2 B, from J. T. Baker Chemical Co., ordered in 50-pound steel drums;
G, from General Chemical Company, ordered in 30-pound steel drums.

Tasrte II. Recovery or GossypoL (50 MG.) REFLUXED WITH
ETHER WITH OR WITHOUT PEROXIDES
Gossypol, Recovered,
Date Treatment of Ether Mg. %
3/28 Reagent ether 48.0 96.0
B, purified 46.7 93.6
G (drum), no peroxides 46.6 93.3
B, with marked peroxides 34.8 69.6
Control (not refluxed) 46.9 93.8
4/8 B, purified 46.0 92.0
B, with peroxides 39.7 79.4
Control (not refluxed) 48.2 96.4
B, purified plus acetaldehyde 45.7 91.4

Since the presence of peroxides in the ether appeared to
give low results, 50 mg. of purified gossypol were refluxed with
a highly purified ether (reagent), a purified B ether, a per-
oxide-free G ether, and two B ethers containing peroxides
(Table II). In every instance where peroxides were ab-
sent 91.4 per cent or more of gossypol was recovered; where
they were present, materially less gossypol (69.3 and 79.4
per cent) was obtained. It is evident that the presence of
peroxides and not aldehyde in the ether caused the destruc-
tion of gossypol.

Table III indicates that a purified ether free from peroxides
extracted less gossypol (0.085 per cent) from meal 1578, than
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Tasre III. Resvrrs witH PURIFIED OR PEROXIDE-FREE
ETHERS
Cottonseed Gossypol,

Meal Date Ether - %

1578 6/20 G (drum), peroxide-free 0.108

B, purifie .085

B, purified plus 10 ml. of alcohol 0.106

7/1 B, purified .103

@ (drum), peroxide-iree 0.123

2216 2/4 Purified ether plus 10 ml. of alcohol  0.092

2/10 Purified ether plus 10 ml. of alcohol 0.096

2217 2/7 Purified ether plus 10 ml. of alecohol 0.101

2/10 Purified ether plus 10 ml. of alcohol 0.098

the G ether (0.108 per cent) from the drum which was per-
oxide-free. When 10 ml. of alcohol per determination were
added to the purified B ether (Table III), almost the same
amount of gossypol, 0.106 per cent, was extracted as with the G
ether. A similar differenceis shown with meal 1578 (Table I).
Likewise, a purified ether with 10 ml. of alcohol added ex-
tracted more gossypol from meal 2217 (Table III) than the
B ether with 1 per cent of alcohol added (Table IV). The
addition of 10 ml. of alcohol to the purified ether extracted
0.092 and 0.101 per cent of gossypol from meals 2216 and
2217, respectively. This was later confirmed by repeating the
extractions, giving 0.096 and 0.098 per cent.

The peroxide-free G ether from the drum extracted more
gossypol than the purified ether. The addition to the puri-
fied ether of 10 ml. of alcohol per determination increased
the yield. The high results from the extractions on meal
1578 made on July 1 with B purified ether and with peroxide-
free G ether are exceptional. This set of extractions was made
during an extremely hot spell; the unusually high room
temperature probably facilitated the rate of extraction so
that it proceeded more rapidly than usual. Therefore, all
extractions thereafter were made at 45° C., the receiving
flasks being kept in a thermoregulated water bath, with the
Soxhlet extractors containing the charge surrounded on all
sides and top with a detachable box of pressboard fitted
closely on the top of the water bath. This expedited the rate
of extraction, making it more uniform for all determinations,
and also yielded more uniform results.

Since purified ether extracted more gossypol when alcohol
was added (Table IIT) and since ethyl ether (U. S. P. grade,
not for anesthesia) may contain as much as 4 per cent of al-
cohol and water, sufficient alcohol was added to the peroxide-
free B ether from the drum to modify the B ethers to con-
tain, respectively, 1, 2, 2.5, 3, and 3.5 per cent of alcohol,
including that already present (Table IV). The B ether
without the addition of alcohol had previously extracted less
gossypol. The results show that 1 per cent of alcohol was
not effective but that 2 to 3.5 per cent aided the extraction of
gossypol in yielding higher results.

The peroxide-free ethers from the drums (Table V) vary in
their ability to extract gossypol, the G ether being superior.
The G and B ethers differ in their density, being 0.724 and
0.722, respectively. An analysis of these ethers showed the
water and alcohol content to be appreciably higher in the G
ether which extracted the greater percentage of gossypol.
The percentage of alcohol, ether, and water was readily de-
termined by means of a buret, thermometer, and pycnome-
ter, using the method of Marqueyrol and Goutal (4) as modi-
fied by Smisniewicz and Zielinski (5).
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GossypoL ExTRACTED WITH ETHER CONTAINING
VARIOUS AMOUNTS OF ALCOHOL
(Cottonseed meal, 2217; B ether, drum, peroxide-free, composition modified)

Alcohol, % 1
Gossypol. o% 0.085

TasLe IV.

&

2 2.5 3 .5
0.094 0.098 0.101 0.092 0.096 0.100

TaBLe V. EFrrecT oF CoMPOSITION OF ETHER ON AMOUNTS OF
GossyPoL EXTRACTED
(Cottonseed meal 2217)
Composition Gossypol
Alco- Ex-
Date Source of Ether Density hol Water Ether tracted
% % % %
2/17 B (drum), peroxide-free 0.722 0.3 0.70 99.0 0.089
@ (drum), peroxide-free 0.724 2.4 1.02 96.55 0.108
3/3 B (drum) 0.077
B, modified to G 0.726 2.3 1.2 96.5 0.099
@ (drum) 0.090
3/7 B (drum) 0 094
B modified to G 0.726°:..2.3 1.2 96.5 0.107
G (drum) 0.107
3/18 B 0.083
B modified to G 0.726 2.5 1.05 96.45 0.096
G 0.096

The extraction of gossypol from meal 2217 was made with
the G and B etHers and later with this B ether modified to
the same composition as that of the G ether with a density of
0.724, by the addition of the proper amount of alcohol (95
per cent alcohol by volume, the composition of*which was
carefully determined) and by water. The modified B ether
extracted somewhat more gossypol (0.099 per cent) than
the G ether (0.090 per cent) but not quite as much as the
0.108 per cent which the G ether extracted on February 17.
The B ether was again modified on March 7 and March 18
to the same composition as the G ether. In both instances
the modified ether extracted as much gossypol as the G
ether, all having the same composition. The modified per-
oxide-free ether which extracted the optimum amount of
gossypol at a constant temperature of 45° C. contained 2.3
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to 2.5 per cent alcohol (by weight) and 1 to 1.2 per cent of
water, having a density of 0.724 to 0.726 at 15.6° C.

Summary

In the estimation of gossypol from cottonseed meal it is

-necessary to use ethyl ether free from peroxides, the presence

of which causes low results.

Ether which was purified to remove peroxides did not ex-
tract as much gossypol as the peroxide-free G' ether taken
from the drum. This was due to the presence of the rela-
tively larger quantities of alcohol and water in the ether from
the drum, since the greater part of these constituents were
removed during purification. When the composition of the
purified ether was modified to that of the G ether, both ex-
tracted the same quantity of gossypol from cottonseed meal.

Conclusion

It is concluded that a peroxide-free ether containing 2.3 to
2.5 per cent of alcohol (by weight) and 1 to 1.2 per cent of
water, having a density of 0.724 to 0.726 at 15.6° C., is nec-
essary for the optimum extraction at 45° C. of gossypol from
cottonseed meal containing approximately 22 per cent of
moisture and with 5 ml. of water added to the ether in the
receiving flask.
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Revised Method for the Estimation of Gossypol in
Cottonseed Meal

F. H. SMITH, Agricultural Experiment Station, Raleigh, N. C.

HE published method (2) for the estimation of ether-

soluble gossypol has been considerably modified. Because
of the difficulties encountered in working with gossypol, the
revised method is described here in detail.

Moisten a charge (120 grams) of cottonseed meal ground to pass
through a 40-mesh sieve with 27.5 ml. of water in a large mortar.
Remove the pasty meal which adheres to the mortar and pestle and
incorporate it with that part which is not sufficiently wet to form
a paste. Pass the moist meal through a 20-mesh sieve and return
the wet lumps to the mortar for further grinding. Mix a portion
of the meal which most readily passed through the sieve with the
wet meal resulting from the crushed lumps and sieve as before.
Repeat this process until the whole charge has passed through the
sieve, then return it to the mortar and mix thoroughly.

Take a 2-gram charge of the mixed moistened sample for the
determination of moisture, which should be about 22 per cent.
Divide the remaining portion into equal parts by weight by coun-
terbalancing and immediately transfer to the thimbles (43 by
123 mm.) of two Soxhlet extractors. Extract 72 hours with per-
oxide-free ether containing 2.3 to 2.5 per cent of alcoholand 1 to 1.2
per cent of water by weight (vielding an ether of 0.724 to 0.726
density at 15.6° C., 3, 4), also adding 5 ml. of distilled water to
the ether in each receiving flask.

Note. To prepare peroxide-free ether shake 3.5 liters of ether
and 0.25 liter of distilled water with portions of a saturated solu-

tion of sodium bisulfite until Jorissen’s vanadic acid color test (1)
shows that all peroxides are reduced. Then wash the ether
three times with 0.35 liter of distilled water, draining off each
time. Finally wash with 0.35 liter of a solution of 5 per cent
sodium hydroxide to neutralize any residual bisulfite and free
sulfur dioxide. Drain off the alkali solution, dehydrate with cal-
cium chloride, and distill the ether in the presence of a stick of
sodium hydroxide. Determine the composition (8, 4) and modify
by adding the proper amounts of alcohol and water. Ether of
this composition may also be prepared by adding alcohol and
water, by weight, directly to peroxide-free reagent ether.

The joints of the Soxhlet extractor should be tight to pre-
vent loss of ether. The depth of ether in the receiving flask
during the process of extraction should not decrease to less
than 3.5 em. (1.5 inches). The extraction is conducted at a
constant temperature of about 45° C. in a water bath regu-
lated by a thermostat. The extractors are enclosed on the
top and sides above the water bath with pressboard, holes
being cut in the top for passing the condensers through to the
extractors.

When the process of extraction is completed, remove the thim-

bles, and collect the ether in the extractors until 25 to 30 ml. of
the extract remain in each receiving flask. Remove the receiv-
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ing flasks and filter the extracts through crucibles in which a layer
of Hy-Flo-Supercel (from the Johns-Manville Co.) is placed over
a layer of ignited asbestos. The filtrates are received in 200-ml.
Erlenmeyer flasks placed under bell jars; in a hole in the top of
each jar a cork stopper is inserted for the stem of the Gooch
holder and a glass tube to which suction is applied. Wash the
flasks and Gooch crucibles with ether, combining the washings
with the filtrates.

Remove the ether in each Erlenmeyer flask rather completely
under reduced pressure by inserting in the flask a one-hole rubber
stopper and applying suction. Hasten the removal of the ether by
rotating the flask in a pan of hot water not exceeding 50° C.
Discontinue when the ‘“rapid boiling” stops. Add 75 ml. of petro-
leum ether (Skelly solve %) and: 5 ml. of ethylene glycol to each
flask. Mix by rotating the flask and let stand overnight. Filter
through a Gooch crucible (prepared as above) in order to remove
the material precipitated by the petroleum ether. Wash the
precipitate with a small amount of petroleum ether, receiving
the washingsin the filtrate. In order to prevent further precipita-
tion of the insoluble material by the decrease in temperature and
the addition of the washings during the process of filtration,
place the flasks containing the filtrates in a pan of water at
about 35° C.

In order to precipitate the gossypol as a dianiline compound,
add 2 ml. of aniline and shake thoroughly. Digest 1 to 1.25
hours by placing the flasks in pans of hot water (50° to 55° C.)
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not over 2 em. (0.75 inch) deep, exercising care not to exceed 60° C.
When the digestion is completed, add sufficient petroleum ether,
if necessary, to make a total volume of 50 to 60 ml. If the volume
should fall to approximately 25 ml. before the digestion is com-
pleted, add an equal volume of petroleum ether (Skelly solve B
or F). Lightly stopper the flask and let stand overnight. When
the precipitate is small (10 to 15 mg.), let stand 36 hours or longer.

Filter through a tared Gooch crucible and wash the precipitate
of dianiline gossypol with petroleum ether (Skelly solve B or
F). Follow with four washings of water, then with 5 ml. of 95 per
cent alcohol, and finally with a few milliliters of petroleum ether.
Dry the precipitate to constant weight at 100° Multiply the
weight of dianiline gossypol by 0.775 to obtain the equivalent
weight of gossypol.

Literature Cited

(1) Baskerville and Hamor, J. INp. ExGc. CaEM., 3, 387 (1911).

(2) Halverson, J. O., and Smith, F. H., Ibid., Anal. Ed., 5, 29 (1933).

(3) Marqueyrol, M., and Goutal, E., Mém. poudres salpetres, 19,
368-80 (1917).

(4) Smisniewicz, T., and Zielinski, R., Przemysl Chem., 16, 35
(1932).

RecEIVED September 14, 1937. Published with the approval of the Direc-
tor of the North Carolina Agricultural Experiment Station as Paper 100 of
the Journal Series.

Determination of Chromium in Chromite

A New Procedure Employing a Mixture of Phosphoric, Sulfuric,
and Perchloric Acids :

G. FREDERICK SMITH AND C. A. GETZ, University of Illinois, Urbana, IlI.

HE determination of chromium in chromite has until

now been made following solution of the sample after a
sodium peroxide fusion (7). The highly refractory nature
of chromite ores eliminates the possibility of solution follow-
ing acid treatment with 72 per cent perchloric acid, 95 per
cent sulfuric acid, or mixtures of both. The nearest ap-
proach to a suitable single acid is concentrated perchloric
acid, but it would be desirable to be able to increase the
temperature at which it could be used and simultaneously
to increase the solubility of chromic acid, which forms an
insoluble protective coating on the surface of the undis-
solved ore. Using a mixture of phosphoric and sulfuric
acids, solution of all available types of chromite ores is rapid.
The conditions for the subsequent oxidation of chromium in
this mixed acid solution of the sample are described here.
The resulting complete method is very rapid, accurate, and
economical. ;

The complete analysis of chrome ores has been deseribed
by Cunningham and McNeill (7). The determination of
chromium follows solution after fusion with sodium peroxide.
The determination of iron and aluminum can be made after
solution in a mixture of sulfuric and perchloric acids, or for
samples not soluble by such treatment, after fusion in a mix-
ture of sodium carbonate and borax. Willard and Thompson
(6) recommend sirupy phosphoric acid as a solvent for re-
fractory materials such as iron ore and bauxite, but this pro-
cedure was found to be unsuited to the solution of chromite.
Smith and Getz (2) have used phosphoric acid as a solvent
for ferrochrome, followed by the addition of perchloric and
sulfuric acid for the oxidation of chromium. A somewhat
similar process has been described by Smith and Smith (4)
for the determination of chromium in stainless steel after
solution in a mixture of sulfuric and perchloric acids.

TaBLe I. ANALYSIS OF BUREAU OF STANDARDS CHROME
REFRACTORY 103

0.05019 N
FeSO« Cri0s Error
Sample Required Found Cr:04
Gram Ml % %
0.1132 32.99 37.07 +0.10
0.1526 44 .30 36.91 —0.06
0.1843 53.47 36.88 —0.09
0.1285 37.36 36.96 —0.01
0.1568 45.60 36.97 0.0
0.1576 45.70 6.88 —0.09
0.1936 55.94 36.73¢ —0.24¢
0.1441 41.95 37.02 +0.05
Av, 36.96 0.05
¢ Excluded from the averages.
Materials Used

The chromite solvent consists of a mixture of 8 parts of 95 per
cent sulfuric acid and three parts of 85 per cent phosphoric acid.
The oxidizing solution is made up with 2 parts of 72 per cent
perchloric acid and one part of distilled water. A standard
0.05 N solution of ferrous sulfate and a standard 0.05 N solution
of ceric sulfate are prepared and standardized by procedures
often previously described. Ferroin (o-phenanthroline ferrous
ion), & 0.025 M solution, is used as the indicator. Finely ground
crystals of potassium permanganate, dilute (1 to 3) hydrochloric
acid, and dilute (1 to 1) sulfuric acid are also required.

Special Laboratory Apparatus

The technic employed in the solution of samples, oxidation
of chromium, and subsequent preparation for titration is
greatly simplified by use of a few special items of laboratory
equipment which have been described in a previous paper
(2). While the determinations can be carried out successfully
without the modified Rodgers ring burner and digestion flask
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still head therein described, the work is much simplified by
their use.

Analyzed Samples for Evaluation of Procedure

The Bureau of Standards chrome refractory No. 103 was
the most valuable analyzed sample available. A sample
of chromite ore having a complete, accurate analysis was
supplied through the courtesy of H. H. Willard. A series of
chromite ores was furnished by E. J. Lavino and Co., Norris-
town, Pa., with the works analysis for Cr,0; given through the
kindness of G. BE. Seil. = Other samples were supplied by the
Chromium Mining and Smelting Corporation, Sault Ste.
Marie, Ontario. The samples were from such varied sources
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art of the hexavalent chromium is reduced. Add 3 drops of
Ferroin indicator and titrate to complete reduction of chromium,
as indicated by the appearance of a definite pink coloration.
About 0.05 ml. of the ferrous sulfate is required after the first
appearance of an orange color in the blue-green reduced solution.
Fgom the measured volume of standard ferrous sulfate required,
the per cent of chromic oxide present may be calculated. The
potassium permanganate is used in this procedure to eliminate
the effect of hydrogen peroxide, known to result (3) during oxida-
tions using perchloric acid at or near 200° C.

Analyses

For the following analyses the ceric sulfate was found as the
mean of 9 consecutive comparisons with Bureau of Standards
Na.C:0; to be 0.03541(1) N with an average deviation from

_the mean of one part in a thousand.

TasLg II. DETERMINATION OF Cr;0; IN COMMERCIAL SAMPLES OF CHROMITE

No. of Average
Duplicate Deviation

Sample Analyses Cr:0; from

Source No. Averaged Found Average

%

E. J. Lavino 1 3 32.56 0.01
2 4 31.86 0.06
3 4 33.35 0.02
4 4 30.96 0.04
5 4 30.90 £.0.02
6 3 31.79 0.02
7 2 31.44 0.02
8 3 31.64 0.03
9 3 31.92 0.05
University of Michigan 10 3 26.63 0.06
Canadian 11 3 27.12 0.04
Canadian (beneficiated) 12 5 25.72 0.10

The ratio of ceric sulfate to ferrous sul-

fate was 50/35.28, giving a ferrous sul-

fate normality of 0.05018(6) N.
BUREAU OF STANDARDS CHROME RE-

ponOue Eiforense FRACTORY 103. Eight consecutive
% % analyses of chrome refractory 103 (cor-
= rected for its content of 0.08 per cent of
33°30 —0 04 vanadium) were carried out and the
S =00 results are given in Table I. The cer-
i 7 tificate value for this sample is 36.97 per
S A cent Cr:0;. Theaverage of the absolute
S +0.05 errors shows that the determinations

agreed with the certificate value to
within less than 2 parts per thousand.

that the new procedure is probably applicable to any chromite
ore that may be encountered. The samples had a range of 26
to 37 per cent of chromic oxide, 8 to 22 per cent of silica, and
16 to 22 per cent of magnesium oxide. The beneficiated
sample supplied by the Canadian firm was low in Cr,O; and
high in calcium oxide.

Detailed Procedure

Grind samples to pass a 100-mesh sieve and dry 2 hours at
105° to 110° C.  Transfer weighed 100-to 150-mg. samples from
a weighing bottle to a clean, dry 500-ml. Erlenmeyer flask.
Add 10-ml. of chromite solvent and swirl flask vigorously at

- once to get the sample in suspension and prevent a strong tendency

to form a cake and stick to the bottom of the flask. Adjust
the refluxing still head in the neck of the flask and heat to gentle
boiling temperature, continuing the swirling motion for 5 to 15
minutes or until the sample is seen to be entirely dissolved.
Allow to remain on the burner without swirling 5 minutes longer.
Samples which are not all dissolved in the time given should be
ground finer. The solution at this point is grayish green in
color and only a very small amount of insoluble silica is found
suspended in the solution. In swirling the hot flask, a laboratory
metal clamp is conveniently employed.

Allow the contents of the flask to cool for a minute and add
through the still head 12 ml. of the oxidizing solution. Place a
small Anschiitz thermometer, suspended from a small platinum
wire, within the solution in the flask, retaining the refluxing still
head in position. Heat to 215° C. during a 5-minute interval.
The droplets of condensed acid on the flask walls should all be
undergoing rapid reflux down the flask walls at the end of this
period. Remove the flask and contents from the source of heat
and add 60 to 70 mg. of powdered potassium permanganate,
after partially removing the still head and allowing the flask
contents to cool to 210° C. Readjust the still head and swirl
the flask contents to disperse the permanganate. With con-
tinued swirling of the flask contents, dip the flask into cold
water. After 8 to 10 seconds add 125 ml., cautiously at first, of
distilled water, pouring it through the refluxing still head. Re-
move and rinse the still head and thermometer. Rinse the flask
walls and add 25 ml. of dilute (1 to 3) hydrochloric acid and a
Filter-Cel boiling chip.

Heat to a gentle boil and continue to boil 5 minutes after dis-
appearance of potassium permanganate and manganese dioxide
to remove the chlorine. Cool to ordinary temperature, and add
40 ml. of dilute (1 to 1) sulfuric acid. Titrate, using a standard
solution of approximately 0.05 N ferrous sulfate, until the greater

To check the extent to which the finely
ground samples of chromite ore adsorb
moisture upon standing, three analyses of undried sample 103
were made and 36.75, 36.78, and 36.79 per cent of chromic
oxide were found. This indicates the importance of drying
before sampling.

CHROMITE FROM COMMERCIAL SOURCES. To test further
the general applicability of the new process to samples of
chromite from a wide variety of sources, 12 additional samples
were analyzed and the results are given in Table IT. The
values shown are the average of 3 to 4 individual determina-
tions of each ore.

The complete analysis of sample 10 was: Cr,0; 26.58;
Si0,, 22.04; FeO, 14.93; AlO; 9.01; MgO, 21.38; SO;,
0.38; P, 0.39; loss onignition, 4.77 per cent. The beneficiated
sample, No. 12, was found to be the most resistant of all to
the solvent action of mixed phosphoric and sulfuric acids.

Summary

A new and rapid method for the solution of all types of
chromite ore, using a mixture of phosphoric and sulfuric acids,
is described. The chromium, after solution in mixed phos-
phoric and sulfuric acids, is oxidized, using concentrated per-
chloric acid at 215° C., followed by treatment, for a brief time
with potassium permanganate.

In the determination of hexavalent chromium, standard
ferrous sulfate is used with ferroin as indicator.

The new process was used for the analysis of 13 samples of
chromite and chrome refractories from a wide variety of
sources and no exceptions to its applicability were found.
The method is rapid, accurate to within less than 2 parts per
thousand, and not costly.
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Modified Distillation Method for Moisture

H. N. CALDERWOOD! AND R. J. PIECHOW SKI

University of Wisconsin, Madison, Wis.

SERIOUS defect of the distillation method for the

determination of moisture is the difficulty in removing
all the condensed water adhering to the inner wall of the
condenser tube (3, 4). This- defect may be corrected by
introducing into the condenser a very small amount of some
volatile substance which will dissolve both the water and the
immiscible liquid adhering to the inner wall of the condenser
tube, but will allow them to separate again in the receiver
tube.

TasLe I. Use or ETHANOL IN THE DISTILLATION METHOD FOR
THE DETERMINATION OF MOISTURE
Amount of Drops of
Sample Water Collected Alcohol
Sample Trial 1 Trial 2 Trial 1 Trial 2 Trial1 Trial 2
M, Ml. Ml M,
Water 1 1 1.0 1.0 2 2
2 2 2.0— 2.0 2 2
4 4 4.0— 4.0 5 2
6 6 6.0 6.0 2 2
8 8 8.0 8.0 2 5
10 10 10.0 9.97 2 5
Grams  Grams
Soap powder
(official method)  20.0  20.0 e LDIGN] 2 2
Soap powder
(modified method) 20.0  20.0 2,20 2.20 2 2
Experimental

The volatile substance used was 95 per cent ethanol and
the immiscible liquid, xylene. Since the solubility data
in the literature (2, 6) on the system ethanol-xylene-water
are not accurate enough for the very small concentrations
of ethanol used in this work, determinations were made to
test the accuracy of the modified method.

The Dean-Stark distilling tube receiver (4) was calibrated
against the pipet used for measuring the water into the boiling
flask. A known volume of water was added to a definite quan-
tity of xylene in a 500-ml. boiling flask. The flask was attached
to the distilling tube receiver and heated for 1 hour at a rate
giving approximately 5 ml. of reflux per minute and then for
3 hours at double that rate. Two drops of ethanol were then
added through the top of the condenser, causing violent ebulli-
tion and refluxing. When these had ceased, boiling was con-
tinued for 5 minutes. If drops of water still remained in the
condenser tube the ethanol treatment was repeated, using 3
drops. The source of heat was then removed, the apparatus
allowed to cool, and the volume of the aqueous distillate read.

The use of 5 drops of ethanol produced no readable in-
crease even when the water volume was only 1 ml. Deter-
minations made with the addition of larger quantities of
ethanol, never exceeding more than 3 drops at a time, showed
that a total of 30 drops caused no readable increase in the
volume for 10 ml. of aqueous distillate, but did cause an
increase for volumes of 4 ml. or less. :

Both 100- and 50-ml. quantities of commercial xylene were
used, but since there was no difference in the results obtained,
only the values for the 50-ml. quantities are reported in
Table I. The table also reports results obtained in the
analysis of a sample of soap powder by both the official
method (7) and the modified method described below.

Discussion

The slow rate of boiling for the first hour prevents the
aqueous condensate from being carried back to the boiling

! Present address, 3105 Cross St., Madison, Wis.

(41}

flask through mechanical action of the returning xylene.
For samples yielding less than 4 ml. of water, the total boiling
time is usually about 2.5 hours, but for those yielding 6 to
10 ml. of water, about 3.5 hours is the shortest possible time
for complete dehydration. Under ordinary laboratory
conditions distillations performed without interruption at
the boiling rates and for the periods specified in the modified
method will give complete dehydration in 4 hours, even when
the aqueous condensate amounts to 10 ml. A longer time
is required if the distillation is interrupted before com-
pletion.

The use of ethanol as an indicator to show when dehydra-
tion of the sample is complete should not be attempted, on
account of the danger of using too much and causing a serious.
error in the reading as a result of the solvent action of ethanol
on xylene and water. The ethanol should not be added until
dehydration of the sample is complete.

The xylene after serving for two determinations should
be freed from ethanol by washing three times with one-tenth
its volume of water, and dried before further use.

When the condenser has been cooled properly during the
distillation, one addition of ethanol, 2 drops, is sufficient.
If on account of insufficient cooling a large section of the
condenser tube shows drops of water, the second portion, 3
drops, must be used also. The ethanol must not be added
in a single 5-drop portion, since the violent boiling that
results is likely to eject condensate from the top of the con-
denser.

If after the first portion of ethanol is introduced additional
water is deposited on the condenser tube, the dehydration
of the sample has not been complete. Careful observance of
the rates and periods of boiling specified will give complete
dehydration.

Modified Method

Prepare and weigh the sample for distillation in the usual
manner. Boil continuously for 1 hour at a rate of approximately
5 ml. of reflux per minute and for 3 hours at double that rate.
Without interrupting the boiling, now add through the top of
the condenser 2 drops of 95 per cent ethanol. After the violent
ebullition and refluxing have ceased, continue boiling for 5.
minutes. Should drops of water still remain on the inner wall
of the condenser tube, prolong the boiling and give a second
treatment with ethanol, using 3 drops. After the violent action
has stopped, maintain the boiling for 5 minutes, then remove
the source of heat, allow the apparatus to cool, and read the
volume of aqueous distillate.

Summary

In the distillation method for determining moisture, the
introduction of a very small quantity of ethanol removes
water adhering to the inner wall of the condenser tube, thus
increasing the accuracy of the method.

The ethanol should be added only after dehydration of the
sample is complete.

Ethanol should not be used as an indicator to show when
dehydration of the sample is complete.

Rates and periods of boiling are specified which will give
complete dehydration of the sample.

Boiling must be uninterrupted throughout the analysis.

The experimental work in this paper is restricted to the
Dean-Stark method, with xylene as the immisecible liquid.
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Rapid Saponification of Esters by Potassium
Hydroxide in Diethylene Glycol

An Aid in Identification and Analysis

C. ERNST REDEMANN AND HOWARD J. LUCAS
Gates and Crellin Laboratories of Chemistry, California Institute of Technology, Pasadena, Calif.

HE saponification of an ester is usually the first step in its

identification or analysis. For the purpose of identifica-
tion, as in quantitative analysis, the reaction preferably is
carried out in an aqueous solution of sodium or potassium
hydroxide (5); the resulting alcohol and organic acid are
then identified through a suitable derivative. For the pur-
pose of obtaining quantitative data—i. e., determining the
saponification equivalent—a standard alcoholic solution of
sodium or potassium hydroxide (or ethoxide) is used. The
reaction proceeds much more rapidly in alcohol than in water,
partly because both reactants are soluble, and partly because
the unknown ester may be transposed to the ethyl ester, as
in an alcoholic solution of sodium ethoxide (Z, 6). In the
case of fats, the solvent sometimes employed is glycerol.

Tasue I. SapoNirFicaTioN TiME AT REFLUXING TEMPERATURE
Ester Time
Benzyl acetate Very shorta
Butyl acetate 30 sec.
Butyl oleate 2 min,
Butyl phthalate 2 min,

1 min.
Very shorta
Very shorta

Butyl propionate
Ethyl acetate
Ethyl acetoacetate

Ethyl benzoate 1 min.
Ethyl malonate Very shorta
Ethyl m-nitrobenzoate 1 min,
Ethyl salicylate Very shorta
Olive oil 1.5 min.

< Completely reacted when refluxing temperature was reached.

There are some undesirable features in the usual procedures
which it is desirable to eliminate. In the qualitative ex-
amination of esters, these are: extreme slowness of the re-
action in water solution, especially if the esteris quite insoluble,
difficulty in obtaining a derivative of the resulting alcohol,
because of contamination with water; and difficulty in ob-
taining a pure derivative of the resulting alcohol when,
because of the insolubility of the ester, the saponification
has been done in alcoholic solution. In the quantitative
examination of esters, the undesirable features are: slowness
of the reaction, necessitating long refluxing with possibility
of loss through volatilization; poor keeping quality of the
standard solution, necessitating elaborate precautions against
decomposition, or else frequent preparation; and possible
transposition of the unknown ester to the corresponding ethyl
ester, with a possible resultant loss because of increased
volatility.

The use of diethylene glycol (8,8’-dihydroxyethyl ether) as
the solvent, replacing water, alcohol, and glycerol, is ad-
vantageous for several reasons: Diethylene glycol readily
dissolves potassium hydroxide; the solution is stable, and

darkens very slowly; diethylene glycol is a better solvent
for fats and for many esters than glycerol; it is an industrial
chemical and therefore readily obtainable; its boiling point
is so high, 244.5° C. (4), that a rapid reaction is possible at an
elevated temperature; all but high-boiling alcohols can be
distilled from the reaction mixture in a fairly pure state;
and any intermediate esters formed by transposition (1, 6)
are so nonvolatile that loss is unlikely.

Procedure for Qualitative Identification of
Esters

In a 10- or 25-ml. distilling flask (preferably the former) are
placed 3 ml. of diethylene glycol and 0.5 gram of potassium
hydroxide pellets. Following the addition of 10 drops of water,
the mixture is heated over a small flame until the potassium
hydroxide has dissolved. The mixture is cooled if the ester to be
tested is volatile. The ester is added, 1 ml. if a liquid, 1 gram
if a solid, or double these amounts if the substance is known to be
of high molecular weight. The neck of the flask is now closed with
a cork stopper carrying a thermometer of suitable temperature
range. The side arm is fitted with a cork stopper of suitable size
to connect the flask to a small water-cooled condenser. The
flask is heated over a small flame, during which time the contents
of the flask are mixed by shaking. When only one liquid phase,
or one liquid and one solid phase, remains in the ﬂasﬁ, the
f}as,kug«'d connected to the condenser and the alcohol is carefuliy
distilled.

When done carefully, this procedure generally yields
sufficient alcohol to prepare at least two solid derivatives
such as the 3,5-dinitrobenzoate (3), the nitrophenyl urethane
(8), or others.

The residue left in the distilling flask is either a solution or a
suspension of the potassium salt of the acid portion of the
ester in diethylene glycol. Derivatives of this salt may be
prepared as follows:

About 10 ml. of water and 10 ml. of ethyl alcohol are added
to the diethylene glycol solution; then a drop of phenolphthalein
solution and 6 N sulfuric acid, drop by drop, are added until just
acid. The resulting solution is set aside for a few minutes to
allow as complete precipitation of the potassium sulfate as pos-
sible. This precipitate is separated by filtration and the clear
filtrate is divided into two equal parts. One portion may be
treated with p-nitrobenzyl bromide (7), and the other with p-
phenylphenacyl bromide (2) or other suitable reagent. This pro-
cedure will generally yield two solid derivatives with melting
points of use in identifying the acid constituent of the ester.

Discussion of the Qualitative Procedure

The method has been found to be very rapid and entirely
satisfactory for a large number of esters. A good separation
of the aleohol part of the ester from ethylene glycol is possible,
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even when the boiling point of the alcohol is as high as
200° C.—for example, benzyl alcohol. If the ester yields a
glycol or a polyhydric alcohol on saponification, the identifica-
tion of the alcohol part of the ester is not possible, although
identification of the acid can still be made. The rapidity
with which the saponification takes place is shown in Table I.
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addition of about 30 ml. of distilled water ghenol hthalein is
added, and titration is made with 0.5 N ydrochloric acid.
A blank is run by pipetting an equal volume of the reagent into a
second 125-ml. flask, adding about the same amount of water,
and titrating with the standard acid, using phenolphthalein.
The saponification equivalent is calculated in the usual way.

Discussion

TaBLE II. SaroNIFICATION DATA OF ESTERS
Saponification Equivalent Found Average Theo-
Mean of Nos. Deviation  retical
Name of Ester No. 1 No.2 1 and 2 from Mean Value
%
Isoamyl acetate 135.2 135.9 135.5 0.26 130
Isobutyl acetate 116.1 115.7 115.9 0.17 116.1
n-Butyl acetate 116.8 116.4 116.6 0.17 116.1
Ethyl acetate 88.39 88.63 88.51 0.14 88.
Ethyl benzoate 149.2 148.9 149.1 0.10 150.08
Ethyl malonate 79.89 80.21 80.05 0.20 80.0
Ethyl p-nitrobenzo-
ate 192.1 192.5 192.3 0.10 195.08
Ethyl phthalate 111.9 111.8 111.85 0.045 111,06
Ethyl salicylate 165.6 166.4 166.0 0.24 166.08
Ethyl succinate 86.88 86.48 86.68 0.23 87.05
Methyl cinnamate 162.1 161.4 161.8 0.22 162.08
Methyl oxalate 59.56 59.23 59.38 0.27 59.02

8 Ester probably contained some isoamyl alcohol,
b Ester was shown to contain some free acid.

The principal sources of error are loss by vola-
tility and incompleteness of reaction. Fortu-
nately, most volatile esters are easily saponified.
If the flask is kept firmly stoppered, the saponi-
% fication of volatile esters usually is quantitative

LA by the time the stopper is first removed. Even
+0.43 at room temperature the reaction may proceed
0oL fairly rapidly—for example, when two samples of
20012 ethyl acetate were weighed out and titrated,
—1.3b within the 8 to 10 minutes elapsed time the ex-
v tent of saponification was 56 and 57 per cent, re-
=i spectively. Less volatile esters—for example,
+0.61 ethyl benzoate—although oftentimes less reactive,

give quantitative results, because saponification
proceeds rapidly at 120° to 130° C. without

Saponification Equivalent of Esters

The pieces of equipment necessary are 125-ml. glass-
stoppered Pyrex conical flasks, an ordinary 20- or 25-ml.
pipet, and a buret. Because diethylene glycol is very viscous,
it is desirable to open the tip of the pipet to an inside diameter
of 2 to 3 mm., in order to facilitate drainage. The pipet
need not be calibrated, since a blank is run on the reagent.
It is important that the conditions under which the solution
is delivered, especially the temperature and the time of drain-
age, should be the same for both the analysis and the blank.

The reagents are aqueous 0.5 N hydrochloric acid and 1 N
potassium hydroxide in diethylene glycol. The acid is standard-
ized against aqueous sodium hydroxide, which in turn is stand-
ardized against recrystallized potassium acid phthalate using
phenolphthalein. The reagent is made by weighing about 60
grams of c. p. potassium hydroxide ‘pellets into a 500-ml. flask
adding 250 ml. of ordinary technical diethylene glycol, an
heating to effect solution. A thermometer should be used for
stirring and the temperature should be kept below 130° C.;
otherwise a dark yellow color, which is troublesome during the
titration, develops. As soon as the solid has dissolved, the hot
solution is poured into 750 ml. of diethylene glycol in a glass-
stoppered reagent bottle. The liquid is thoroughly mixed and
allowed to cool. This solution keeps well, but the color deepens
slowly. After 5 months the yellow color is sufficient to make the
end point difficult to distinguish, but the titer has changed less
than 0.1 per cent.

The procedure used in the determination of the saponifi-
cation equivalent is as follows:

The desired volume (20 to 25 ml.) of the ethylene glycol solu-
tion of potassium hydroxide is delivered into a dry 125-ml. glass-
stoppered conical flask. The flask is weighed, a suitable quantity
(1 to 3 grams) of the ester is added, the stopper is replaced, and
the flask is reweighed. The ester is mixeg with the solvent
by a rotary motion of the flask and contents. While the stopper
is firmly held in place, heat is applied slowly and gently by means
of a small flame, so that a temperature of 70° to 80° C. is reached
within 2 to 3 minutes. The liquid is agitated by a whirling mo-
tion during the heating. At this point, the flask is shaken
vigorously, the liquid is allowed to drain, and the stopper is
carefully loosened to allow air to escape. The stopper is replaced
and the temperature is raised to 120° to 130° C. In the case of
very high-boiling esters, the stopper is removed and a thermome-
ter inserted.

After 3 minutes at this temperature, such refractory esters as
dibutyl phthalate are completely saponified. Lower boiling esters
(see below for exception) are entirely reacted at 100° C. The
flask and contents are cooled to 80° to 90° C. and the stopper
is removed and washed with distilled water. The rinsings are
allowed to drain into the flask. The liquid is diluted by the

material loss of ester, but tertiary butyl acetate
saponifies slowly and is rather volatile. By the
standard procedure, this ester is only about 50 per cent hy-
drolyzed, and even when held at 90° to 95° C. for 15
minutes the results are about 8 per cent low.

Table II gives the values obtained for twelve common
esters, which had been highly purified. The average per cent
deviation of duplicate determinations from the mean shows
the good degree of reproducibility offered by this method.
The general good agreement of the measured and theo-
retical values for these esters demonstrates the satisfactoriness
of the method.

A few determinations of saponification numbers were made
on ordinary oils to indicate the applicability of this general
method to the determination of saponification numbers of
fats and oils. Although this phase of the work was not
extensively investigated, sufficient work was done to show that
saponification numbers within the accepted range were
readily obtained. These results are shown in Table III.

TaBre III. SapontricaTioN DATA oF O1Ls

Saponification Number Accepted
Found Range
Olive oil 197.5 199.3 185-196
Castor oil 180.0 180.4 175-183
Summary

Esters and fats may be saponified rapidly and quantitatively
by potassium hydroxide in diethylene glycol. The procedure
does not give quantitative results with a volatile inert ester
such as tertiary butyl acetate. The reaction is of value in
qualitative analysis, because in general the alcohol (unless
a di- or polyhydric alecohol) can be isolated easily and in a
reasonably pure state and also because the derivative of
the acid can be prepared in the reaction mixture.
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Estimation of Riboflavin
A Simple Fluorescent Method

S. M. WEISBERG AND I. LEVIN, Research Laboratories, Sealtest, Inc., Baltimore, Md.

T IS WELL established that riboflavin (also known as vita~
min B, lactoflavin) emits a yellowish green fluorescence
under ultraviolet light. Cohen (3, 4) and Supplee (10) have
described methods for utilizing this property to assay for the
content of riboflavin. The present method differs from that
of the other workers in its greater simplicity from the opera-
tor’s standpoint, requiring only inexpensive fluorescent stand-
ards.
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Figure 1

In order toprepare a sample for the fluorescence analysis a
clear solution must be obtained and extraneous coloring ma-
terials as well as fluorescing substances other than riboflavin
must be removed. A procedure that has given good results
with dairy products is as follows:

Reflux a weighed sample of the solid product three times with
methanol acidulated with acetic acid, in the presence of carbon
dioxide and in the absence of light, washing the residue with
fresh methanol between extractions. Add a volume of acetone
equal to the combined methanol extracts and refrigerate overnight
at —17.78° C. (0° F.) to precipitate flocculent impurities.
Filter and condeunse filtrate in vacuo, adding enough water to
ensure removal of the organic solvents and to leave the ribo-
flavin in aqueous solution. Make this final solution up to a
definite volume and assay. If any turbidity is present, it must
be removed by filtration, or if of fatty origin it may be removed
by ether extraction.

This method is also applicable to liquid samples, but no
refluxing is required. The methanol carries the riboflavin

into solution and the acetone precipitates out extraneous
matter from the methanol.

Another procedure for extracting the riboflavin content for
analysis is as follows:

Reflux a weighed sample three times with methanol in the pres-
ence of carbon dioxide and in the absence of light. Adsorb the
riboflavin from the methanol on British fuller’s earth, using ap-
proximately 10 grams of earth for each 453.6 grams (1 pound) of
original sample, assuming the potency in riboflavin to be of the
order of whey powder or dried yeast. Centrifuge and wash the
earth, then elute with a mixture consisting of pyridene 1, methanol
1, water 4. Thirty-six cubic centimeters of mixture are required
per gram of adsorbate. A second elution should also be made on
the earth. Filter the combined eluates, condense in vacuo, and
remove the colloidal fuller’'s earth by adding methanol and
filtering. Add water and condense the filtrate further to remove
organic solvents. Then make the liquid up to volume and assay.
A control should also be made by eluting the British fuller’s earth
and following through as above, deducting any fluorescence value
deriving from the earth itself and reagents.

Other procedures which might be used wholly or in part for
purifying riboflavin-containing samples for the fluorescence
assay are those of Booher (2), Seidell (?), Itter, Orent, and
McCollum (), Supplee, Ansbacher, and Bender (8), Bisbey
and Sherman (Z), and Supplee, Ansbacher, and Flanigan (9).

In the authors’ method sodium fluorescein (Eastman Kodak
Company) in an aqueous solution of 0.001 per cent is used for
making up the fluorescent standards, and the fluorescence of
the unknown aqueous solution, purified so as to contain only
riboflavin as the fluorescing agent, is compared with the so-
dium fluorescein standards under ultraviolet light. The fluo-
rescein standards are calibrated by means of a solution of
synthetic riboflavin (Winthrop Chemical Company).

By reference to Table I and Figure 1 the correlation between
the fluorescence intensity of sodium fluorescein and riboflavin
in water may be seen. This curve was obtained from the
observations of three independent observers.

The fluorescein standards are made up in terms of 0.1 to
1.0 gamma of riboflavin per cc. Higher concentrations are
difficult to match, owing to the high intensity of the fluores-
cence and the green component of the sodium fluorescein.
The purified unknown solution is diluted so that it falls into
the range of 0.1 to 1.0 gamma per cc. and the various dilu-
tions are multiplied by the dilution factor to obtain the flavin
concentration.

In making the assay, various dilutions of the unknown
sample are made up to 50 cc., placed in French square bottles
of 60-cc. (2-ounce) capacity, and compared under ultraviolet
light with the fluorescein standards contained in similar

. Tasre I. CORRELATION BETWEEN RIBOFLAVIN AND SoDIUM
FLUORESCEIN CONCENTRATIONS
Sodium Fluo- 0.001% Sodium Fluo-

Riboflavin rescein rescein Made to 50 Ce.
Gamma/cc. Gamma/cc. Ce.

0.1 0.17 0.85

0.2 0.34 1.70

0.3 0.51 2.55

0.4 0.68 3.40

0.5 0.86 4.30

0.6 1.03 5.15

0.7 1.20 6.00

0.8 1.37 6.85

0.9 1.54 7.70

1.0 1.72 8.60




524 INDUSTRIAL AND ENGINEERING CHEMISTRY .

To A-C. oR
D.C. Line

Figure 2. ULTRAVIOLET SOURCE FOR RiIBO-
FLAVIN DETERMINATION. Top VIiEwW

bottles. Glass or cork stoppers may be used, but
rubber stoppers must not be used, as enough solu-
tion of rubber takes place to impart a blue fluores-
cence to the solutions.

The ultraviolet light is obtained from nine Blue
Glow (argon mixed gas) lamps-(General Electric
Vapor Lamp Company, Hoboken, N. J.) mounted in a box
similar to that described by Rorimer (6), either of wood or
metal, and wired as shown in Figure 2. The filter used is the
16.25-cm. (6.5-inch) square Corning glass, Violet Ultra, No.

VOL. 9, NO. 11

586 (Corning Glass Works, Corning, N. Y.) which transmits
a rather monochromatic beam at 3650 A.; it was chosen be-
cause very little blue and other visible light can pass through.
The filter constitutes the lid of the box and a determination
is made by placing the sodium fluorescein standard, together
with the riboflavin unknown, on the glass filter with lamps
underneath, as shown in Figure 3.
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Analysis of Crude Phosphorus and Sludges
Containing Phosphorus

EARL H. BROWN,! HENRY H. MORGAN, AND EUGENE R. RUSHTON
Tennessee Yalley Authority, Wilson Dam, Ala.

HE analysis of phosphorus produced from rock phos-

phate by the electric furnace method has presented a
number of problems. The crude phosphorus, condensed
from the furnace gas by a water spray, contains water, oxides
of phosphorus, rock dust, silica, and other impurities. For
control purposes and for the study of furnace operation it
was necessary to determine the phosphorus content of samples
ranging from nearly pure phosphorus to aqueous sludges
containing very little phosphorus.

It was necessary to develop methods for the handling and
weighing of samples, separation of the phosphorus from water
and insoluble residues, and determination of the phosphorus
extracted. A search of the available literature failed to re-
veal a method meeting the requirements. Most of the pub-
lished work was based on solution of the phosphorus in a suit-
able organic solvent, followed by oxidation to the orthophos-
phate and determination of the latter by conventional
methods.

Buehrer and Schupp (1) described phosphorus determina-
tions employing the reaction between phosphorus and
hydriodic acid with subsequent titration of the iodine liberated.
The oxidation alone required 4 hours, and the time required

for the total analysis was probably 7 or 8 hours. The appa-

1 Present address, General Chemical Company, 40 Rector St., New
York, N. Y.

ratus was too complicated for routine analyses involving four
or more simultaneous determinations.

Christomanos (2) treated phosphorus in solution in benzene
or ether with a solution of copper nitrate, which resulted in
the precipitation of copper phosphide. The organic solvent
was removed by evaporation and the phosphorus was con-
verted to orthophosphoric acid by oxidation with bromine
and nitric acid, from which point the analysis proceeded by
the standard gravimetric method. It was this method of
freatment that was thoroughly checked and incorporated in
the complete analysis described below.

Preparation of the Samples
In the case of aqueous phosphorus sludges, the sample is

* shaken thoroughly and transferred to four 40-ml. heavy-duty

centrifuge tubes which are then centrifuged for 10 minutes at
2500 r.p.m. The volumes of supernatant liquid and solids
are determined, the liquid is discarded if not wanted for fur-
ther analysis, and the solids are rinsed with water out of the
tubes into a small beaker. Four tubes are taken in order to
obtain sufficient solid matter for the phosphorus extraction.

In the case of crude solid phosphorus, the sample is granu-
lated by melting it under water in a large beaker or stoppered
flask, followed by cooling in running water while vigorously
stirring the melt.
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SAMPLING PuURE
ProspaorUs. In the

course of the develop-

ment of a method for
the analysis, it was
necessary to handle and
weigh many samples
of pure phosphorus.
. The apparatus shown
in Figure 1 was devised
for this phase of the
work.

The glass tube, C, is provided with a solid
rubberstopper at the bottom. Through the two-
hole rubber stopper at the top pass delivery and C
exit tubes for an inert gas. The side tube sup-

ports by means of a one-hole rubber stopper, a
sample tube, A
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benzene, c. p.; nitric acid, 15 N saturated with
bromine.

Merrop. Three layers of filter paper are

fitted into the bottom of a Gooch crucible. A
perforated porcelain plate fitting inside the crucible
is also provided an(r all are weighed in a closed
_weighing bottle. The sample is washed into
the crucible and the excess water is removed by
gentle suction, leaving the material moist enough to
prevent itsigniting. The sampleis covered with the
perforated plate, the crucible returned to the weigh-
ing bottle and reweighed.
This weight less the tare
represents the weight of
the wet sample. A cover-
ing of benzene is poured
on the sample and the
crucible is set in the neck
of an extraction flask con-
taining about 150 ml. of

The manipulation of the device is as follows: 5 benzene. Assembly of the
The Y-tube with sample tube and lower stopper 3 i apparatus is completed as
in place is supported by a ring stand, and a flow | I shown in Figures 2 and 3
of inert gas is started through the tube. The | \ and the sample is extracted
phosphorus to be weighed is cut or otherwise // \\\ for about 2 hours, the
subdivided under water and the pieces are trans- / b \ time depending on the
ferred to acetone. The sample tube is then re- 7t \\ nature and amount of
moved from the side tube and charged with 4 \ sample. At the end of the
pieces of phosphorus from the acetone bath. The 1 ) extraction  period  the
sample tube is then reinserted, the gas flow } | flask and contents are
stopped at D, and the acetone remaining on the \ / cooled to room tempera-
surface of the phosphorus pumped off through E. X 8 / ture, the crucible is re-

The acetone having been removed, the inert gas N / moved, dried at 105° C.,
is again passed through the system under pres- N R i and weighed in the original
sure of approximately 1 em. of mercury. The weighing bottle. The
sample tube is then removed, stoppered, and Ficure 1. PHOSPHORUS weight, after subtracting 1
weighed. After weighing, it is unstoppered and DRryING AND WEIGHING the tare, is the amount of
replaced in the side arm. The lower stopper, APPARATUS benzene-insoluble  matter.

B, isremoved, the regular gas exit, , is closed, and

the vessel to which the phosphorus is to be trans-

ferred is placed in such a position that it can easily be flooded with
the inert gas during the transfer of phosphorus. The transfer
is accomplished by rotating the sample tube about its long axis,
thus rséising the bulb and allowing the pieces of phosphorus to
run out.

Sufficient material having been removed, the sample tube is
again removed, stoppered, and weighed, the amount of phos-
phorus removed being determined by difference.

The number of samples that can be handled with one filling
of the bulb will, of course, depend on the amount of material
required per sample and size of bulb.

The successful use of this apparatus demands that there be
a slight flow or pressure of the inert gas at all times, except
during the drying operation. Thisis easily accomplished by
connecting a gas safety tube or bubbler
in the gas line.

Determination of Water and
Benzene-Insoluble Residue

APPARATUS AND REAGENTS. The
extraction apparatus is shown in Fig-
ures 2 and 3 and is a modification of
the apparatus described by Dean and
Stark (3) for the analysis of soap and
vegetable products. The flask, water
trap, and condenser are connected by
standard taper ground joints. The
flask is heated in a water bath consist-
ing of a cylindrical can of 16-gage
sheet copper 22.5 em. (9 inches) high
and 15 em. (6 inches) in diameter,
provided with a 600-watt immersion
heater fixed parallel to and 2.5 cm.
(1 inch) above the bottom.

The reagents employed are: copper
nitrate solution, 25 per cent by weight;

The water introduced with
the sample is collected and
measured in the graduated trap below the
condenser. From this volume the dry
weight of the sample is found and this
gives the basis for percentage calculations.

Figure 2. Ex-
TRACTION APPA-
RATUS

Oxidation and Determination of Phosphorus

The benzene is transferred from the extraction apparatus to a
250-ml. volumetric flask, the apparatus is washed with benzene,
and the washings are added to the flask. Benzene is added to
make 250 ml., the contents of the flask are thoroughly mixed, and
two aliquots of 10 ml. each are transferred to 20-ml. portions of
25 per cent copper nitrate solution in 100-ml. Erlenmeyer flasks.
The flasks are stoppered and shaken vigorously at 2-minute inter-
vals for 10 minutes, the stoppers and sides of the flasks are washed
down with water, 50 ml. of hot water are added, and the mixture

FiGure 3. PHOSPHORUS EXTRACTION APPARATUS
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is heated at about 100° C. until all benzene is expelled. A few
glass beads are added to the flask to prevent bumping. Heating
is then stopped, 5 ml. of 15 N nitric acid saturated with bromine
are added cautiously, and the mixture is allowed to stand until
action ceases; then about 7 ml. more of this reagent are added
and the mixture is boiled until all fumes of nitric acid and bro-
mine are expelled. The solution is then filtered through a quick
filter into 250-ml. beakers, with thorough washing with hot
water. The volume at this stage should be about 100 ml.

COMPARISON OF ANALYSES BY VOLUMETRIC AND
GRAVIMETRIC METHODS

(Solutions from treatment of phosphorus by copper nitrate)

TasLe I.

Devia- Devia-

Phosphorus tion Phosphorus tion

Phosphorus Recovered from Recovered from
Taken Volumetrically Mean Gravimetrically Mean
Gram Gram % % Gram % %
0.09320 0.09315 99.9 1.3 0.09312 99.9 0.9
0.09524 0.098510 99.8 1.2 0.09513 99.9 0.9
0.07424 0.07370 99.3 0.7 0.07342 98.9 0.1
0.09308 0.08991 96.6 2.0 0.09154 98.3 0.7
0.07356 0.07110 96.7 1.9 0.07217 98.1 0.9
0.08324 0.08321 99.9 1.3 0.08323 100.0 1.0
0.06236 0.06116 98.1 0.5 0.06122 08.2 0.8
0.08260 0.08213 99.4 0.8 0.08164 98.8 0.2
0.07080 0.07003 98.9 0.3 0.06966 98.4 0.6
0.06832 0.06657 97.4 1.2 0.06813 99.7 0.7

Mean P; recovery 98.6 99.0

Average deviation from mean 1.1 0.6

Average deviation from mean About 11 parts About 6 parts
Arithmetical mean in 100 in 1000

The solutions prepared as described above, containing the
phosphorus as orthophosphate, are analyzed for phosphorus
either gravimetrically or volumetrically according to standard
methods.

Autoignition of Solutions

Careful observations were made of the solutions of phos-
phorus in benzene regarding their tendency toward autoigni-
tion. It was found that while nearly saturated solutions
smoked increasingly with increase in temperature, there was
no autoignition. Where a solution was allowed to evaporate
spontaneously, the phosphorus did not burn until the benzene
had evaporated. When pieces of elemental phosphorus were
taken from immersion in benzene and in acetone, complete
evaporation of the solvent seemed necessary before ignition
took place. A film of benzene or acetone definitely inhibits
autoignition.

Comparison of Gravimetric and Volumetric
Methods

The saving of time being important in the control labora-
tory, gravimetric and volumetric methods were run on ten
samples of pure phosphorus dissolved in benzene and treated
with copper nitrate, bromine, and nitric acid as described
above. The results are given in Table I.

Accuracy of the Method

Samples of phosphorus; phosphorus, sand, and water; and
phosphorus, precipitated silica, and water were analyzed
according to the above procedure, the analyses being com-
pleted by the gravimetric method. The data are given in
Tables II, III, and IV.

The results indicate that a solution of phosphorus in ben-
zene can be digested under a reflux condenser for a period of
at least 90 minutes without loss of phosphorus and that the
procedure is suitable for the extraction of phosphorus from
sludges and crude material. Samples containing as much as
2.6 grams of phosphorus were analyzed with fair accuracy and
precision.

In practice, six determinations are run at one time, requiring
about 6 hours for a complete analysis.

VOL. 9, NO. 11

Tasre II. ExrtractioN oF KNowN WEIGHTS OF PHOSPHORUS
IN GoocH CRUCIBLES >
Benzene Phosphorus Deviation
Used Taken Phosphorus Recovered from Mean
M, Gram Gram % %
170 1.699 1.698 99.8 1.3
1.663 97.8 0.7
170 2.062 2.050 09 .4 0.9
2.050 09.4 0.9
170 1.311 1.283 97.8 0.7
1.273 97.0 1.5
170 3.403 3.350 98.5 0.0
3.330 97.9 0.6
Mean Py recovery 98.5
Average deviation from mean 0.8

Average deviation from mean
Arithmetical mean

About 8 parts in 1000

Constant error, assuming 100

per cent pure Py 1.5 parts in 100

Tasre III. KxowN WgeIGHTS oF PHOSPHORUS MIXED WITH
SAND AND WATER AND EXTRACTED IN CRUCIBLES

Benzene Sand Phosphorus Phosphorus Deviation
Used 80-Mesh Water Taken Recovered from Mean
Mi. Gram  Ml. Gram Gram % %

r 150 0.15 1 1.963 1.963 100.0 0.5
150 0.15 1 2.628 2.632 100.1 0.4
150 0.15 1 2.259 2.271 100.5 0.0
150 0.15 1 2.407 2.399 99.7 0.8
150 0.50 2 1.932 1.956 101.2 0.7
150 0.50 2 2.318 2.346 101.2 0.7
150 0.20 2 1.739 1.779 102.3 1.8
150 0.20 2 2.189 2.204 100.7 0.2
150 0.20 2 2.307 2.306 99.9 0.6
150 0.20 2 2.568 2.566 99.9 0.6

Mean Py recovery 100.5
Average deviation from mean 0.63

Average deviation from mean
Arithmetical mean

About 6 parts in 1000

Constant error 5 parts in 1000

Tasre IV. KNowN WEIGHTS OF PHOSPHORUS, PRECIPITATED
SinicA, AND WATER ExTRACTED 1IN CRUCIBLES

Pre-

Benzene cipitated Phosphorus Phosphorus Deviation
Use Silica Water Taken Recovered from Mean
Ml. Gram Ml Gram Gram % %

150 0.20 Nil 2.381 2.395 100.6 0.7
150 0.20 2 2.330 2.323 9917 0.2
150 0.20 2 1.856 1.881 101.3 1.4
150 0.20 2 2.327 2.324 99.9 0.0
150 0.20 2 1.839 1.837 99.9 0.0
150 0.20 2 2,081 2.070 99.5 0.4
150 0.20 2 1.559 1.576 101.1 1.2
150 0.20 25 2.065 2.022 97.9 2.0
150 0.20 3 1.770 1.767 99.8 0.1
150 0.20 3 1.708 1.699 99.5 0.4

Mean Py recovery 99.9

Average deviation from mean 0.64

Average deviation from mean
Arithmetical mean

About 6 parts in 1000

Constant error 1 part in 1000

For the work for which the above procedure was developed,
the final determination of phosphorus by the volumetric
method was satisfactory, resulting in a great saving of time.

Summary

An apparatus is described for the separation of crude
phosphorus and phosphorus-bearing sludges into phosphorus,
water, and benzene-insoluble residue.

A method is given for determining phosphorus in crude
phosphorus and phosphorus-bearing sludges, as well as a
technic for handling and weighing small samples of pure phos-
phorus.
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Photometric Determination of Added
Phosphorus in Oils

PAUL GOODLOE

Research and Development Division, General Laboratories, Socony-Yacuum Oil Co., Inc., Paulsboro, N. J.

PHOTOELECTRIC method for the determination of

phosphorus in amounts as small as 0.001 mg. was
recently published by Eddy and DeEds (). A similar
method has been employed in this laboratory for about a
year for the control of the addi-
tion of phosphorus compounds to
mineral oils, and its reliability
and ease of application warrant
its being reported.

The organic phosphorus in oil
solution is changed to inorganic
phosphate in aqueous solution
by the simple and rapid proce-
dure of igniting the sample in a
crucible with zinc oxide, fol-
lowed by solution in dilute sulfuric acid. The colorimetric
method chosen after a number of trials is based on the work
of Zinzadze (6) and Farber and Youngburg (2), and the
electric colorimeter developed by Story and Kalichevsky (5)
has been employed throughout with consistent success.

Standard Solutions

10 N Surruric Acip. Add 450 cc. of c. ». phosphorus- and
arsenic-free concentrated sulfuric acid (sp. gr. 1.84) to 1150 cc.
of distilled water, mix, and cool. Titrate the solution and dilute
with Jt\}ze caleulated amount of water (5 to 10 cc.) to exactly
10.0 N.

MovryspaTE REAGENT. Place 64 grams of ammonium hepta-
molybdate in a 1-liter volumetric flask, add 300 to 400 cc. of
distilled water and 500 cc. of 10 NV sulfuric acid, dissolve, and make
to 1 liter. This solution keeps for at least 3 months.

Stannous CrLorDE SonuTioN. Make a stock solution by
placing 5 grams stannous chloride dihydrate (A. C. S. Standard)
in a small glass-stoppered brown bottle, adding 25 cc. of con-
centrated c. p. hydrochloric acid, and shaking until dissolved.
This stock solution should be renewed each 2 weeks. Each day

ipet out 1 cc. of the stock solution and make to 100 ce. for use.
%Ee diluted solution deteriorates in 12 to 15 hours.

STANDARD PHOSPHATE SoLuTiON. Dissolve 4.3917 grams of
¢. p. monobasic potassium phosphate in 50 cc. of 10 N sulfurie
acid and 500 cc. of distilled water. Add a few crystals (not over
0.1 gram) of potassium permanganate as preservative, and make
to 1 liter. Pipet out 100 cc. of this solution and make to 1 liter;
the resulting solution contains 0.1 mg. of phosphorus per cc.
By again diluting 100 cc. to 1 liter, make a solution containing
0.01 mg. of phosphorus per cc.

Procedure

Weigh the sample (1 gram) into a small Coors crucible with an
accuracy of 0.1 mg. and cover the oil with an approximately equal
weight of zinc oxide.

Place the crucible and contents in a tilted position on a clay
triangle, heat with a large luminous flame until the oil has been
burned up slowly, then ignite until the crucible is entirely free
from carbon. Allow the crucible to cool a little and place in a
250-cc. beaker, dumping out the contents by tapping the cruci-
ble against the side of the beaker. Cover with distilled water and
add approximately 10 cc. of 10 &N sulfuric acid.

Heat on a hot plate with occasional stirring until solution is
complete and then remove the crucible with washing. Transfer
the solution to a volumetric flask and make up to 250 cc. Of
this solution pipet 25 ce. (0.1 of original sample) into a 100-cc.
volumetric flask and make to about 50 cc. with distilled water.
Make alkaline by adding 20 per cent sodium carbonate solution
drop by drop until the solution is turbid, owing to the appearance
of zine hydroxide. Add 10 N sulfuric acid drop by drop until the
solution clears on the addition of the last drop, swirling after the

A reliable photometric method for the
determination of phosphorus, particularly
adapted for the control of small amounts of
added phosphorus in oils, is described. An
accuracy of 0.001 per cent has been demon-
strated. Less than 1 hour is required for a
single complete analysis.
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addition of each drop (2,4-dinitrophenol, 6, may be used as a
gell_ov»(vi ;o colorless indicator here if a more apparent end point is
esired). .

To the faintly acid sample in a little less than 60-cc. volume, add
10 cc. of 10 N sulfuric acid followed by 10 ce. of the molybdate
reagent. Wash down the sides of
the flask until the contents are
about 90 ce. and mix by swirling.
While swirling, add 5 ce. of the
diluted stannous chloride solution
(1 ce. of stock solution diluted to
100 cc.), noting the time at which
it is added, make to100 cc., close
with a glass stopper, and mix.

Fill a 2.5-cm. (1-inch) cell used
in the electric colorimeter with
a part of the blue solution and
read the intensity of the trans-
mitted light in the colorimeter ex-
actly 10 minutes after the addition of the stannous chloride.
From the scale reading so obtained and the weight of the sample,
the percentage of phosphorus can be calculated by means of an
equation determined by prior calibration of the colorimeter with
standard phosphate solution.

Ashing

Other substances may be used in place of zinc oxide, but
none seems to equal it in all respects. Howk and DeTurk
(3) have used calcium carbonate in the ashing of plant ma-
terial, but calcium compounds cannot be used here because
the subsequent colorimetric method is carried out in sulfurie
acid solution. The alkali carbonates can be used, but they
require longer ignition and are more difficult to remove from
the crucible than zinc oxide. Magnesium nitrate has been
used as an ashing material for biological serums by Roepke
(4), but the presence of magnesium ion has a decided influence
on the color to be produced later and the amount of mag-
nesium nitrate used must be exactly the same each time.
Nitrates interfere with the formation of the color unless they
are completely eliminated by decomposition during the igni-
tion.

Zinc ion, in the small amounts used, has only a negligible
effect on color development, and pure grades of zine oxide
are available. The formation of yellow zinc peroxide when
the oxide is heated makes this material an active agent in the
oxidation process and the voluminous nature of the oxide
lends itself particularly well for ashing purposes.

Operation of Colorimeter

The colorimeter has been described elsewhere (5) and only
brief directions for its use need be given here. The constant
ammeter reading is obtained with the scale at zero and from
this figure the blank is subtracted to obtain a corrected am-
meter reading. The cell containing the blue solution is
introduced and the scale is moved until the ammeter records
the corrected reading. The scale reading at this point is then
related to the amount of phosphorus in the solution.

The blank is determined by taking a sample of phosphorus-
free oil through exactly the same procedure as is applied to
an unknown. The resulting 100 cc. of solution should be
practically water-white if the reagents are free from phos-
phorus. On introducing a cell containing this solution into
the colorimeter, with the scale remaining at zero, a deflec-
tion of the ammeter pointer will be noted. This difference in
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TasLe [. EXPERIMENTAL DATA
Phosphorus
Calculated
Scale by Absolute
Phosphorus Reading Equation 1 Error
Mg. My. Myg.
0.001 2.5 A R
0.002 2.4 S 505
0.003 3.1 0.0001 0.0029
0.004 5.9 0.0035 0.0005
0.005 6.7 0.0045 0.0005
0.006 7.4 0.0054 0.0006
0.007 8.4 0.0065 0.0005
0.008 9.2 0.0076 0.0004
0.009 10.1 0.0086 0.0004
0.010 10.9 0.0096 0.0004
0.011 12.0 0.0109 0.0001
0.012 12.8 0.0119 0.0001
0.013 13.8 0.0131 0.0001
0.014 14.5 0.0140 0.0000
0.015 15.3 0.0150 0.0000
0.016 15.9 0.0157 0.0003
0.017 16.9 0.0169 0.0001
0.018 18.1 0.0184 0.0004
0.019 18.2 0.0185 0.0005
0.020 19.9 0.0206 0.0006
0.021 20.7 0.0215 0.0005
0.022 21.1 0.0220 0.0000
0.023 21.8 0.0229 0.0001
0.024 22.6 0.0239 0.0001
0.025 23.9 0.0254 0.0004
0.026 25.2 0.0270 0.0010
0.027 24.7 0.0264 0.0006
0.028 26.0 0.0280 0.0000
0.029 26.9 0.0290 0.0000
0.030 27.0 0.0292 0.0008
0.031 28.4 0.0309 0.0001
0.032 29.6 0.0324 0.0004
- 0.033 30.1 0.0330 0.0000
0.034 31.7 0.0350 0.0010
0.035 31.7 0.0350 0.0000
0.036 32.4 0.0358 0.0002
0.037 33.4 0.0370 0.0000
0.038 34.6 0.0385 0.0005
0.039 34.7 0.0386 0.0004
0.040 36.2 0.0404 0.0004
0.041 36.7 0.0411 0.0001
0.042 37.0 0.0414 0.0006
0.043 37.8 0.0425 0.0005
0.044 38.0 0.0426 0.0014
0.045 38.6 0.0434 0.0016
0.046 37.7 0.0423 0.0037
0.047 39.3 0.0442 0.0028
0.048 39.3 0.0442 0.0038

the ammeter readings when the colorimeter is empty and when
it contains a cell filled with the blank solution is the blank.
When the blank is applied, the corrected ammeter reading so
obtained is actually the reading the ammeter would have if
the colorimeter contained the blank solution in the cell.

The blank should detect and make correction for minor
changes in the reagents or the colorimeter and give warning of
error when major changes occur. It is wise to determine the
blank at the beginning of each work day, although experience
has shown that it changes only when fresh reagents are
made up or those in use deteriorate.

The colorimeter must be turned on about 15 minutes be-
fore use, as it requires about this time to warm up to equilib-
rium. Readings of the milliammeter should be made to one-
fourth division and of the colorimeter scale to one-tenth divi-
sion.

Calibration

Using standard phosphate solution, known amounts of
phosphorus (0.01, 0.02, and 0.03 mg. are suggested) can be
placed in 100-cc. volumetric flasks, and diluted with water,
reagents added and color developed, and the scale reading
corresponding to these amounts of phosphorus determined.
Essentially a straight line can then be drawn through these
points and the equation of this line can be used to calculate
the amount of phosphorus from the scale reading.

For these known samples of standard phosphate the color
is developed as follows: The samples are diluted with dis-
tilled water to about 50-cc. volume and then 10 cec. of 10 N
sulfuric acid, 10 cc. of molybdate reagent, and 5 ce. of stan-
nous chloride solution are added in the order given. The
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intensity of the light transmitted is read 10 minutes after the
addition of the stannous chloride. The color begins to de-
velop within 3 minutes and in about 6 minutes has reached a
maximum intensity which is maintained for about 30 minutes.

A blank must also be used in connection with the standard
phosphate samples for calibration and in general it will dif-
fer from the blank obtained on a sample of phosphorus-free
oil which is ignited and then carried through the procedure.
The calibration blank is run using a 50-cc. sample of distilled
water to which are added the sulfuric acid, molybdate reagent,
and stannous chloride solution. Again the scale is left at
zero and the deflection of the ammeter pointer caused by the
introduction of the cell containing the blank solution into the
colorimeter is called the blank. It is used in the same way as
pointed out above.

With the two colorimeters now in use, the following equa-
tions were determined empirically, constants being rounded
off:

scale reading — 3

Mg. of phosphorus = 320 (1)
Mg. of phosphorus = g%.&r;g—l (2)

To give the per cent of phosphorus in the oil these equations
become:

scale reading — 3
8.2 X mg. of sample taken

Per cent of phosphorus =

(3)

scale reading — 1
10 X mg. of sample taken

Per cent of phosphorus = “)

In Equations 3 and 4 the milligrams of sample taken do
not refer to the weight of the oil ignited, but to an aliquot
of this weight. This aliquot is determined by the amount
of the standard volume of solution taken after ignition. This
permits taking several different aliquots of the solution until
one falling in the correct range is obtained.

Table I gives the experimental data obtained in the cali-
bration of the first colorimeter and the calculation of Equation
1. It includes the values calculated from the scale readings
by means of Equation 1 to indicate the degree of applicability
of this equation.

Discussion

As can be seen from Table I, the straight-line function
holds only when the phosphorus in the sample lies between
0.005 and 0.04 mg., but if the sample is chosen so that the
amount of phosphorus taken lies between these limits, the
method is applicable and accurate to 0.001 per cent. Thus,
the directions given apply to oils containing 0.005 to 0.04
per cent of phosphorus. If the oil (or other organic substance)
contains only 0.001 per cent of phosphorus, this can be
detected accurately by taking a 1-gram sample which would
contain 0.01 mg. of phosphorus. Furthermore, by careful
dilutions, substances containing much larger quantities of
phosphorus may be analyzed by this method. Preliminary
results indicate that pure organic compounds containing up
to 10 per cent of phosphorus are susceptible to analysis by
this method with an accuracy approaching 0.1 per cent.

An outstanding advantage possessed by this method is
that the time required for a complete analysis as outlined is
less than 1 hour. If several samples are carried through
together, which is easily effected in practice, the time required
is reduced to 0.5 hour per sample.

The final acidity of the colored solutions as prepared in this
method is 1.5 N. The necessity for this high concentration
of acid is obvious from experimental results given in Table
II. Farber and Youngburg (2), employing an almost identi-
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cal procedure, have the final acidity of their colored solutions
adjusted to be only 1 N, and in a similar colorimetric method
Zinzadze (6) uses a final acidity of 0.35 N. The Zinzadze
method employs molybdenum trioxide in place of the am-
monium heptamolybdate used here.

TaABLE II. EXPERIMENTAL DATA
Sample Scale Reading Acid Normality
Blank 76.5 0.5
Blank 25.0 0.75
Blank 9.3 1.0
Blank 1.2 1.25
Rlank 0.2 1.5

Interfering Substances

The interference of other substances in the development of
the color in the methods based on the reduction of phospho-
molybdate have been discussed by Zinzadze (6). The
means employed here for overcoming the influence of small
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amounts of ferric iron in the sample, taken from Zinzadze’s
work, 1s as follows: Immediately following the addition of the
10 N sulfuric acid to the sample and before the addition of the
molybdate reagent, 5 cc. of 16 per cent sodium metabisulfite
solution are added and the flask is heated at about 100° C.
for 1 hour. This procedure will take care of at least 0.2 mg.
of iron.
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Determination of Chlorides and Bromides

L. A. REBER AND WALLACE M. McNABB
Department of Chemistry and Chemical Engineering, University of Pennsylvania, Philadelphia, Pa.

T HAS been shown (2) that silver nitrate may be titrated
with potassium iodide, using ceric ammonium sulfate and
starch as indicators. As this method has never been applied
to the determination of chlorides and bromides, it was con-
sidered desirable to learn its degree of accuracy as compared
with the thiocyanate and the gravimetric methods. Pure
potassium chloride and bromide were used for the analyses.
The procedures employed were essentially those given by

Kolthoff and Sandell (7) as the Volhard method for chlorides.’

The directions were made more specific wherever it was con-
sidered advisable.

Analytical Procedure

ProcEpURE 1. Add 5 ml. of 6 N nitric acid to 25 ml. of
0.03658 N potassium chloride solution, and then 25 ml. of 0.1 N
silver nitrate. Stir to coagulate the precipitate, filter, and wash
the precipitate of silver chloride with 60 ml. of 1 N nitric acid.
To the combined filtrate and washings add 3 ml. of 0.5 per cent
starch solution and 0.1 ml. of 0.1 %7 ceric ammonium sulfate
solution. Titrate the silver with 0.1 N potassium iodide solu-
tion to the appearance of a permanent blue-green color. Sub-
tract 0.1 ml. ?rom the buret reading as an indicator blank.

TasLE I. EXPERIMENTAL RESULTS
Cl in KCI, Br in KBr,
Method % %

Procedure 1 47.67 67.46
47.57 67.43

47.67 67.43

Av. 47.64 Av. 67.44

Procedure 2 47.40 67.61
47.51 67.47

47.40 67.54

Av., 47.44 Av, 67.54

Volhard 1 47.68 67.48
47.68 67.48

47.68 67.48

Av. 47.68 Av. 67.48

Volhard 2 47.62 67.40
47.52 67.46

47.42 67.46

Av. 47.52 Av. 67.44

Gravimetric 47.56 67.42
47.50 67.46

47.52 67.44

Av. 47.53 Av, 67.44

The same procedure was followed in analyzing a 0.08 N
potassium bromide solution.

ProOCEDURE 2. Add 15 ml. of 6 N nitric acid to 25 ml. of
0.03658 N potassium chloride solution, and then 25 ml. of 0.1 N'
silver nitrate. Dilute to the mark in a 100-ml. volumetric
flask, mix thoroughly, filter through a dry filter, and reject the
first portion of filtrate. Titrate 50 ml. of the subsequent filtrate
with 0.1 N potassium iodide solution as previously described.

The same procedure was followed in analyzing a 0.08 N
potassium bromide solution.

Volhard methods 1 and 2 are similar to procedures 1 and 2,
respectively, except that the silver is titrated with a standard
solution of potassium thiocyanate in the presence of ferric
alum as indicator. A 0.03658 N potassium chloride solution
and a 0.08 N potassium bromide solution were analyzed by
these methods.

Finally, the solutions of potassium chloride and of potas-
sium bromide were analyzed by a gravimetric method, pre-
cipitating and weighing silver chloride and silver bromide,
respectively.

Summary

A method for determining chlorides and bromides is de-
scribed, which compares favorably with the standard Volhard
method and the gravimetric method. Iodides may be de-
termined similarly, it being unnecessary to remove the pre-
cipitated silver iodide prior to titration. 1In the reverse titra-
tion, running silver nitrate into the iodide solution, the end
point appeared too soon, introducing an error of about 1 per
cent. This has been ascribed to adsorption of iodide ions-by
the silver iodide. The advantages of the new method lie in
the ease of preparation of standard solutions and in their sta-
bility.
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Determination of Gold and Silver

By Recovery of Minute Amounts from Solution

WILLIAM E. CALDWELL AND KENNETH N. MCLEOD
Oregon State College, Corvallis, Ore.

HE marked increase in activity in the recovery of gold
from its ores and from various other sources accentuates
want of improved methods of determination and recovery.
This paper presents a study of the formation and effectiveness
of semicolloidal mercurial residues in the recovery and deter-
mination of minute amounts of gold and silver from solution.
Elaboration and modification of experimental procedure as
reported by Yasuda (4)' and earlier by Scheibler (3) have
been developed.
A new collector of gold and silver from solution has been
produced by adding to a gold- and silver-bearing solution
ammonium hydroxide followed by mercurous salt solution.

TasrLe I. Recovery oF GoLp AND SILVER FROM DILUTE SoLU-
711088 0F GoLp CHLORIDE AND SILVER NITRATE

Volume of Gold Silver Gold Silver

Solution Added Added Recovered Recovered
L, My. Mg. My. My.
2 0.62 6.306 0.618 6.082
40 0.62 3.29 0.60 3.06
40 0.015 0.014
40 0.015 = 0.015 e
10 0.079 5 0.075 A
10 1.80 1.74
10 0.0795 24.09 0.072 23.50
10 0.0159 24.85 0.012 24.80
10 1.54 1.49
10 0.385 16.22 0.375 15.75
40 0.08 % 0.08 o
40 0.015 0.014
40 0.26 10.46 0.22 8.65%
10 2.18 62.80 2.03 56.029
40 0.19 10.47 0.18 8.05%
40 11.17 116.70 9.60 105.90%
10 0.86 22.66 0.83 18,099

@ The last five runs using H2SO4 show a somewhat lowered silver recovery.

The black, somewhat gelatinous, mercury—mercuric amino
salt residue thus formed replaces from solution and occludes
noble metals as it settles through the solution.

Suggested Procedure

The following procedure has proved applicable to the deter-
mination and recovery of gold and silver in minute amounts
from solution:

Two-, 10-, or 40-liter bottles (the 40-liter bottles being acid
carboys) are nearly filled with water containing known or un-
known amounts of gold and silver in solution. About 10 grams
of clean powdered magnesium are added when taking 10-liter
samples of solution. One hundred milliliters of 0.1 M mercuric
chloride are introduced per 10 liters of water, and 100 ml. of
concentrated hydrochloric acid are added per 10 grams of magne-
sium. The bottles are shaken, but the chemical action produces
good agitation.

A fine gray precipitate of mercury-mercurous chloride settles
to the bottom of the container in a few hours and includes in it-
self gold and silver from solution. Most of the clear solution
may be siphoned off, allowing some water to remain with the
residue in the bottom of the bottles. A little swirling motion and
the residue is readily suspended in this water and may be easily
obtained in a small filter paper. The residue is not voluminous,
as but 2.7 grams of mercuric chloride are used per 10 liters of
solution. :

When making runs on 2 liters of solution, about one-half the
quantity of chemicals suggested above is used. In using 40-
liter carboy samples, two to three times the quantity of chemicals
for 10-liter runs are used.

After partially drying the residue in the filter paper, about 10
grams OP granular lead are scattered over the residue; the filter
paper is folded up with the residue and lead therein, and placed on
a large assay cupel. Ten grams more of granular lead are placed

over and with the residue on the cupel. After cupellation in a
small electric muffle furnace, a silver-gold bead is obtained and
is weighed on a balance sensitive to 0.002 mg. Parting silver
from gold with nitric acid, annealing the gold, and weighing the
gold bead follow.

To determine the accuracy of the method, runs were made on
several gold and silver solutions of known strength. Solutions
were made by dissolving weighed amounts of pure gold in aqua
regia and of silver in nitric acid and diluting with a large volume of
water in bottles of 2, 10, and 40 liters’ capacity. Reagents as
detailed above were added, causing the fall of mercury-mer-
curous chloride through the solutions; residues were assayed as
described. Results are shown in Table I.

The main source of error in carrying out this experimental
procedure is in the cupellation process which follows the filter-
ing of the mercurial residue. Normal cupellation losses are
somewhat enhanced as the mercury vapors leave the residue-
lead mixture. Good results have been obtained by allowing
the residue to dry in the filter paper, removing it, and inti-
mately mixing it with cupellation lead. A layer of the granu-
lar lead is spread on the cupel and the residue with lead mix-
ture placed upon it. A covering of granular lead is also used.
The wadded-up filter paper, if much residue remains upon it,
may also be included in the cupellation mixture.

If the residue is large, or if greater accuracy is desired, the
mercurial residue with its gold and silver content may be
given a fusion or scorification to obtain a lead button for cupel-
lation. The runs of Table I are those without use of scorifi-
cation or fusion for added accuracy.

Gold solutions containing as little as 0.015 mg. of gold in
*40 liters of solution were assayed. Obtaining 0.01 mg. of
gold from 40 liters of solution is recovery and determination of
one part of gold in four billion parts of water. Blank runs on
reagents showed an almost indiscernible trace of gold.

Reducing agents for the production of a mercury-mercurous
chloride cloud differ greatly in effectiveness. Stannous chlo-
ride, in proper concentration, added to mercuric chloride
solution gives a good gray precipitate which collects most of
the noble metals as it settles, but settling is very slow. Pow-
dered zine, iron, or lead does not react rapidly enough with
dilute acid to produce a good mercuric chloride reduction
with concomitant agitation of the solution. The use of
magnesium powder plus hydrochloric acid as the reductant is
decidedly preferable. Sulfuric acid may be substituted for
hydrochloric acid.

Recovery of Colloidal Gold

To verify recovery of colloidal as well as ionic gold from
solution by the mercury-mercurous chloride collector, nu-

TasrLe II. RecoveERrY oF GoLp FrROM COLLOIDAL STATE
Reaéent to Produce Volume of Gold Gold
old Colloid Solution Added Recovered
L. Mg. My.
Tannic acid 10 0.550 0.525
10 0.630 0.600
10 0.945 0.915
2 0.62 0.62
10 0.62 0.618
Stannous chloride 2 1.19 0.95
2 0.60 0.53
10 0.16 0.15
10 0.16 0.147
Ferrous sulfate 10 0.25 0.23
10 0.22 0.20
10 3.86 3.67
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merous runs were made on gold colloids of known gold content.
Both organic and inorganic reducing agents were used to pro-
duce the gold colloids. When the colored gold colloid was
diluted with much water to test recovery from very dilute
solution, the colloidal color disappeared. The method is ap-
plicable to gold recovery from colloidal solution even though
solutions may be much too dilute to give colloidal color
(Table II).

Semicolloidal Mercury—Mercuric Amino Salt
Collector

Good recovery of gold and of silver from dilute ionic or
colloidal solution may be obtained by addition of ammo-
nium hydroxide followed by some mercurous nitrate solution.

Tasre III. RecoveEry oF GOLD AND SILVER FROM SOLUTION
(Using HgNO; with NH,OH to form collector)

Volume of Gold Silver Gold Silver
Solution Added Added Recovered Recovered
L, M. My. My. M.

10 1.40 32.37 1.30 25.4
40 0.40 20.90 0.38 16.25
10 12.95 12.80
10 1.025 0.98
10 0.31 0.285
10 2.00 25.1 1.90 24.7
10 0.45 18.9 0.43 16.7
10 1.15 32.9 1.07 32.3
10 0.57 8.9 0.51 7.8
10 1.63 21.8 1.4 19.8
40 33.45 133.0 30.93 115.5%
40 38.36 32.9

% The total quantity of gold and silver in these runs was added in three
separate additions, the residue being repeptized between additions to test
ability of a mercurial residue containing 5 grams of mercury to become pro-
gressively enriched.

Mercury-mercuric amino nitrate precipitate forms as a black
cloud, settles through the solution, replaces gold and silver
from solution, and occludes in itself these noble metals. The
residue may be obtained after decanting or siphoning most of
the supernatant liquid, followed by filtration. This residue,
after partial drying and with test lead added to it, may be
_assayed for noble metal content, by the cupellation process
described for the mercury—-mercurous chloride residue.

The mercury—mercuric amino salt collector recovers the
noble metals from basic solution. Use of mercurous salt and
ammonium hydroxide is cheaper and more convenient than
the use of mercuric chloride, magnesium, and hydrochloric
acid for formation of a given amount of collector. The pre-
cipitate formed is more gelatinous and can be readily sus-
pended again after settling. This latter point is important,
since recovery of gold and silver from several solutions may
be additively occluded by use of one mercurial residue.

Proof of noble metal recovery from solution by use of this
mercurial collector is evidenced by results recorded in Table
III. In preparing the collector for recovery of the auric ion
from 10 liters of water, 15 to 20 ml. of concentrated am-
monium hydroxide and 30 ml. of a 10 per cent mercurous
nitrate solution were used. This gave a convenient amount
of residue which gave good gold recovery. The assay pro-
cedure used is accurate to about 0.01 mg. of gold and 1.0 mg.
of silver.

Control Test for Silver-Ion Concentration
in Water Sterilization

The use of silver in water sterilization is gaining in consid-
eration and importance. Brandes (7) and Kirkpatrick (2)
give the concentrations of silver ion used as between 0.05 and
0.6 mg. per liter or 50 and 600 mg. per 1000 liters_ or metric
ton of sterilized water.

The experimental procedures developed have been proved
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to be accurate to about 1.0 mg. in recovering silver from 40
liters of dilute silver salt or colloidal silver solution, which is
equivalent to 25 mg. per metric ton, the lower limit in the
amount of silver ion suggested in the water sterilization.
The method should be applicable, then, in control testing for
silver-ion content in sterilized water. To verify this, vary-
ing amounts of silver ion, in the same concentration range
used in water purification, were added to 40 liters of water in
acid carboys. A semicolloidal mercurial collector fall was
produced, as previously described, the residue from which was
subjected to cupellation (Table IV). A high percentage of
the silver added to the 40-liter carboys was recovered. The
average silver loss in the listed runs was 0.64 mg., a goodly
portion of which was due to absorption of silver by the cupels
and volatilization during cupellation. This average loss is
equivalent to but 0.016 mg. per liter, which is well under the
lower limit of silver-ion concentration per liter used in water
sterilization.

The last four runs recorded in Table IV are typical check
runs for silver content on 40-liter samples from a pool of a
million liters’ capacity in which tests were made on bactericidal
action of dilute solution of silver salts. Use was made of
ammonium hydroxide and mercurous nitrate to form the
collector. The applicability of the procedure to evaluate
silver-ion concentration of solutions in the silver-ion concen-
tration range used in water sterilization is proved.

Further Applications

These methods of determining gold and silver by recovery
from solution may be applied in geochemical analysis of mine
waters, in control assay of certain ore leach solutions, in es-
timating the gold content of sea water, and in a wet assay
procedure for siliceous gold ore. The presence of cyanide in
a solution containing gold and silver somewhat inhibits the

TasLe IV. DETERMINATION OF SILVER CONCENTRATION OF
SoruTioNs 1N CoNCENTRATION RANGE Usgp IN WATER STERILI-
ZATION
Silver Ion Equivalence of

Added Silver Recovered Original Solution
My. Mg. % My./1.
4.70 3.95 84.0 0.1175
10.13 9.62 94.9 0.25325
13.28 12.83 96.6 0.3320
21.12 20.76 98.3 0.5280
26.43 25.95 98.18 0.6608
6.045 5.29 87.6 0.1511
12.83 11.91 92.8 0.3208
17.10 16.67 97.4 0.4276
28.82 27.82 96.9 0.7205

30.72 29.85 97.1 0.7680

38.59 37.66 96.0 0.9548

29 3.08 93.3 0.0823
Av. Agloss per 40 liters  0.64 0.0160

recovery of these noble metals by the methods under consid-
eration.

The economic aspect of recovery of gold from dilute solu-
tion by a settling of a semicolloidal mercurial precipitate pre-
sents the problem of recovery of the mercurial reagents.
When the residue is large, as from treatments of much gold-
bearing solution, a retort with condenser can be used to re-
cover mercury and its salts as well as the gold and silver.
The use of a soluble mercurous salt plus ammonium hydrox-
ide in producing the mercurial collector seems to have the
best commercial possibilities. A few trial runs verify the
ability to build up gold content in a mercury-mercurous
amino salt residue of 2-gram mercury content by repeptizing
the collector residue through several 40-liter samples of gold-
bearing water.
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Summary

Improved methods of determining and recovering gold and
silver from dilute solutions are presented. As little as 0.01
mg. of gold or 1.0 mg. of silver is recoverable from solution in
40 liters of water, which is recovery of one part of gold in four
billion and one part of silver in forty million parts of water.

Gold and silver are quantitatively recoverable from colloi-
dal solution by the procedure outlined.

A procedure is applied to making control determinations of
silver-ion concentrations as used in water sterilization. Gold
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content of sea water, mine water, and certain ore leach solu-
tions may be estimated by methods described.
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A Noncorrodible Circulating Device

KENNETH A. FREEMAN AND P. J. THOMPSON
Naval Stores Research Laboratory, University of Florida, Gainesville, Fla.

URING the progress of work in this laboratory a non-
corrodible device that would circulate a liquid was
needed.
The apparatus shown in Figure 1 meets the requirements.
It is made of glass and operates as described here:
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FIGURE 1. DIAGRAM OF APPARATUS

The lower end of tube A is placed in the liquid to be circulated
and the suction from an ordinary laboratory water aspirator is
applied at B. The outlet tubes, H and J, are closed readily by
placing the fingers over the ends or by stopcocks. Thus the appa-
ratus is partially evacuated and the liquid rises in tube 4 until
it reaches the air inlet, C, where the solid column of liquid is
broken. The alternate bubbles of air and liquid empty into reser-
voir D. The liquid then passes down through stopcock E and
tube F into well G. When the level rises above the lower end of
F, H and J are opened. The liquid continues to rise in G and
then flows out at H.

When reservoir D becomes full, the excess liquid flows out the
top into the large tube, 7, which in turn empties into G. This
prevents the liquid from rising high enough to be drawn out of
suction tube B. However, the suction must remain moderate,
so that the rate of inflow will not exceed the combined rates of
outflow. The rate of flow from H may be regulated either by the
amount of suction applied or by stopcock E. When the suction
is regulated so that the flow becomes steady, the lift requires no
further adjustment.

A stopcock or piece of rubber tubing with a screw clamp,
?laced on delivery tube H, may be used to regulate the outflow.

n this case it is necessary to provide overflow J in such a position
that the liquid will return to the original container.

The air inlet C may be readily adjusted if the tubes at this
point make a ground joint. It is entirely satisfactory to insert
a T-tube at this point and regulate the air flow by means of an
attached piece of rubber tubing and screw clamp.

The dimensions of the apparatus may be varied to meet
any particular need.

The following limits of operation can be obtained with the
apparatus of the dimensions in Figure 1:

The pressure difference at B may vary between 7 and 31 mm.
The rate of delivery at H may be as high as 215 ml. of water
per minute when the air inlet, C, is 1.5 mm. above the level of
the liquid being raised. Water can be raised from a level 30 cm.
below C. For raising li%l'lids a greater distance, it is necessary
to lower the position of C. Best results are obtained when C is
close to the liquid surface.

The use of this apparatus with some modification of the
well. G, as a sampling device for solutions or suspensions is
suggested. By altering the shape and dimensions of D as
indicated by the dotted lines, a filter medium can be inserted.
This would make it possible to remove suspended material
from the liquor.

The device has been used in this laboratory to circulate the
electrolyte through an electrolytic cell. The height of the
main reservoir gave sufficient head to keep a steady flow of
liquid at all times, and the safety outlet permitted the setup
to be left for hours at a time without attention.

RECEIVED August 9, 1937.



A Piezometer Ring

CHESTER P. BAKER AND ALBERT J. KOMICH

Chemical Engineering Laboratory, Northeastern University, Boston, Mass.

HE static pressure of a

moving liquid in & pipeline
may be measured by amanome-
ter attached to a small open-
ing in the pipe wall, the plane
of the opening being parallel to
the direction of flow. Such a
connection, however, may give
faulty readings owing to the
disturbance of the flow by un-
removed burrs at the base of
the drilled hole or by the pro-
trusion of the tap beyond the
inner wall surface. The read-
ings may not be simply a
measure of the static head, but
may include a fraction of the
velocity head should the
stream be diverted up the tap
by a sharp downstream edge of
the drilled hole.

To avoid these possible
errors and to ensure greater
precision where small static
pressure differences are concerned, the form of piezometer ring—
shown in Figure 1 was constructed in the authors’ laboratory
and found to be very satisfactory.

The improvised piezometer consists of two reducing couplings,
one ni?ple, and a short piece of pipe threaded on one end for a
tap. It is constructed as-.follows:

%‘he upstream section of pipe is threaded to receive one of the
reducing couplings, into which is screwed a tapped nipple as
shown in Figure 1. The downstream pipe is threaded and the
gecond coupling is put on. Now the two sections of pipe are
joined by screwing the second coupling onto the remaining end
of the nipple. Tgﬁe threaded lengths are gaged so that the
opening between the upstream and downstream lengths of pipe
is not more than 0.0625 inch. The split between the two sections
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is the most important part of the ring, as it is the point at which
the Eressure is measured. To avoid the effect of velocity head
on the manometer, the tap in the nipple must be upstream from
the static split. The inner edges of the split must be rounded
to reduce the friction loss, to encourage flow through the pipe,
and to prevent divergence of the flow into the manifold.

The improvised piezometer ring described is constructed
from fittings which may be purchased from any dealer in pipe
fitting supplies and can be put together with the minimum of
shop equipment. It has been used successfully for the de-
termination of the friction loss of pipes and pipe fit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>