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CEMENT ANALYSIS requires
ACCURATE ALKALI DETERMINATIONS

For vital analytical accuracy many cement chemists
prefer the J. Lawrence Smith method for detecting
minute quantities of alkali. This procedure requires
a calcium carbonate reagent with particularly low
alkali content, such as—

CALCIUM CARBONATE A.R. LOW ALKALI
(Mallinckrodt)
Refined to predetermined standards, this reagent has
been especially developed for use in the J. Lawrence
~ Smith method of alkali determinations. It is always
uniform in composition and reaction.

Other Reagents for the Cement Chemist
AMMONIUM OXALATE SODIUM AMMONIUM PHOSPHATE

POTASSIUM CARBONATE SODIUM ACID PHOSPHATE
POTASSIUM HYDROXIDE SODIUM CARBONATE
POTASSIUM PERMANGANATE SODIUM HYDROXIDE

Send for the new catalog of Mallinckrodt Analytical
Reagents and Laboratory Chemicals showing
maximum limits of impurities of nearly 500

chemicals for research and control labo-

ratories.

CHEMICAL WORKS

2nd & Mallinckrodt Sts. CHICAGO MONTREAL 70-74 Gold St.
ST. LOUIS, MO. PHILADELPHIA  TORONTO NEW YORK, N. Y.
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and pH

are the keys to accurate e § Ncdallo

control of complex liquids in chemistry!

All liquids are colored! The Coleman Model 10 Regional Spectro- 0 | [
photometer allows a continuous selection of monochromatic light values, i | 24
through and far beyond both ends of the visible spectrum. Curves %
can thus be established for even so-called colorless liquids; curves geo
which show color absorption characteristics and the relative concen- Z
tration of colored ingredients in these solutions. These curves are of 0
inestimable commercial value because they permit accurate duplication z

Sohee : - o O
of colored liquids and readily disclose the presence of foreign color 5‘42(:\
lingredients, often invisible to the human eye. The Coleman Model 3 pH el
Electrometer, undisputed leader in the field of pH measurements, is s
used on the output of the Model 10 R-S-Photometer to indicate the 3507400 fz‘:\ve L:r?:(z;m::zulwg&ws FO0 221000
ratio of light intensity through a test solution to that through a standard
solution directly as percent transmittance without computations. Submit Curves for Linseed Ol

el A |. Special refined linseed oil.

two one-ounce samples of any liquids from your regular production for O3 T ik

free color analysis and pH determination. Instructions for handling
must accompany toxic, volatile, explosive, or bacteria laden solutions.

Model 3 ;
pH Electrom-
eter

o
o

PER CENT TRANSMITTANCE
o
o

N
e
8/

0
350 400 500 600 700 800 900 1000
WAVE LENGTH—MILLIMICRONS

N3
o

*Curves for Cobalt Sulfate Solution

I. | gram Cobalt Sulfate per liter. *

2. 10 grams Cobalt Sulfate per liter.

3. 0.0l gram Cobalt Sulfate per liter.
*Using nitroso-R-salt for detection.

Send for free technical bulletins on
these two essential instruments.

Coleman Electric Co., Inc.
310 Madison St. Maywood, lI.
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NITROG

DETERMINATIONS

A few of the B & A Reagents most often used for Nitrogen
determinations are:

Are you concerned

with ammonium

CODE NO.
compounds, nitrates 1050  Acid Boric, Powder, Reagent, A.C.S.
A 1180  Acid Sulfurie, C.P., Spec. Gr. 1.84, A.C.S., Low in N
OQEnlLIrogenous 1217  Aluminum M,eml, Z;ran. 20 Mesh, ’Rcagem
organic compounds? 1651 Cupric Sulfate, Fine Cryst., Reagent, A.C.S.
Do you wish to know total Nitrogen content? 1681 Devarda’s Alloy, 20 Mesh, Powder, Reagent
1964 Mercuric Chloride, Cryst., Reagent, A.C.S.
Whichever you are determining, you will want 1969 Mercuric Oxide, Red Powder, Reagent
to use Reagents whose uniformity assists in as- 2118 Potassium Hydroxide, Pellets, Reagent, A.C.S.

3 : : 2120 Potassium lodide, Cryst., Reagent, A.C.S.
suring consistent results . . . and, in the case of 2129 Potassium Persulfate, Reagent
Kjeldahl determinations, whose low Nitrogen con- 2138 Potassium Sulfate, Powder, Reagent, A.C.S.
2255 Sodium Hydroxide, Pellets, Reagent, A.C.S.

: ; 1
tent enables you to obtain the uniformly sma 2256 Sodium Hydroxide, Flake, 76%, for Nitrogen

blanks which lead to higher accuracy. Determination
: 2296 Sodium Sulfate, Anhydrous, Powder, Reagent
- . [ ] 2 2
To fill this need, standardize on B& A Reagents! 2422 Zinc Metal, Gran., 30 Mesh, Reagent, A.C.S.,

Low As, Pb and Fe

SETTING THE PACE IN CHEMICAL PURITY SINCE 1882 P M{j—
.

BAKER & ADAMSON Gt

FINE CHEMICALS A CPA:
AND Division of GENERAL CHEMICAL COMPANY, 40 Rector St., New York &./7 S
LABO%ATORY Atlanta * Baltimore * Boston * Buffalo * Charlotte (N.C.) * Chicago * Cleveland * Denver * Houston * Kansas City * Los Angeles
REAGENTS Milwaukee * Minneapolis « Montezuma (Ga.) * Philadelphia * Pittsburgh * Providence [R.|.) * San Francisco * St. Louis « Utica (N.Y.)
+ Wenafchee (Wash.] + Yakima (Wash.) - In Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver

b P el
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THE STANDARD

IN MOST LABORATORIES

MULTIPLE UNIT
ELECTRIC FURNACES

ORGANIC COMBUSTION FURNACE :
3 STANDARD SIZES

ABOVE—

CRUCIBLE FURNACE
5 STANDARD SIZES

MUFFLE FURNACE
4 STANDARD TYPES

AT LEFT—

SOLID COMBUSTION TUBE
FURNACE
10 STANDARD SIZES

HINGED COMBUSTION TUBE
FURNACE
10 STANDARD SIZES

HOT PLATE—6 STANDARD SIZES

WRITE FOR DESCRIPTIVE BULLETINS

HEVI DUTY ELECTRIC COMPANY

LABORATORY FURNACES MUL‘"PLE UN“’ ELECTRIC EXCLUSIVELY
REG. U,

S. PAT, OFF.

MILWAUKEE, WISCONSIN
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CENCO PRESSOVAC 4 PUMP

Large free air displacement . .. 34 liters per minute ® Tested to attain a
vacuum of 0.1 mm or less. . . test data show all pumps produced so far attain
much lower pressures ® When compressed air is required . . . this pump will
satisfy the need . . . 10 lbs per square inch. May be used to circulate or col-
lect gases ... fumes from distillations may be conducted to vents @ These
features are of value to the chemist . . . and at a price lower than ever before ®
Specify No. 90510A for 115 volts 60 cycle current.

SCIENTIFIC EEN@ LABORATORY
INSTRUMENTS APPARATUS
REG.us.PAT.DFE
New York « Boston « CHICAGO -+ Toronto ¢ Los Angeles
1700 IRVING PARK BOULEVARD, CHICAGO, ILL.
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Because that head-line says what you know to be true,
we suggest that you investigate the lead wire you are
using with your Chromel-Alumel couples. If the leads
are Chromel-Alumel, too, then you’re all right. . . .But
if you are using so-called ‘‘compensating’ leads, you
ought to know that they compensate only at pretty low
temperatures. But often their junction with the couple
gets very hot, and sometimes one side is hotter than the
other. Under these circumstances you get an error
that’s significant. So, send for Folder-GY, and learn
why you should use Chromel-Alumiel leads with
Chromel-Alumel couples. ... Hoskins Manufacturing
Company, Detroit, Michigan.

CHROMEL-ALUMEL

LEADS AND COUPLES
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WEBER ELECTRIC VACUUM OVENS

OF STAINLESS STEEL, WITH VACUUM CHAMBER OF PRESSED STEEL

7890. Large Model, Double Depth 7886. Small Model

Showing door closed and clamp in position Showing door and clamp removed

WEBER ELECTRIC VACUUM OVENS. With automatic control and pointer scale for approximate
setting directly at any desired temperature up to 150°C, and with a cylindrical vacuum chamber with

three removable shelves as shown above.  The exterior is made of Stainless steel throughout; the
vacuum chamber is of pressed steel, both copper and nickel plated. This construction reduces the

possibility of leakage sometimes encountered with cast chambers.

A new type door clamp, suggested by Dr. Samuel E. Pond, of the Marine Biological Laboratory, Woods Hole, Mass., makes
it possible to use the Vacuum Oven as a low pressure oven, i.e., for internal pressures not exceeding 5 lbs. per square inch,
which facilitates rapid and complete interchange of gases. The door clamp, with hand screw for tightening, bears centrally
on the door and at four points on its frame.

The unique feature of the vacuum chamber is the tight fit secured by means of a lead gasket on the door. Seating is
simply and quickly accomplished by slight rotation of the door into position, and final adjustment by tightening the screw
clamp. Since the seal is not dependent upon machined surfaces, there is no possibility of nicks with the consequent delay
and inconvenience involved in their repair. After continued use, the gasket can be quickly replaced from the spare set
furnished with the oven. The lead gasket forms such an excellent seal that a vacuum can be held almost indefinitely. For ez-
amplg, on an Oven evacuated to 29'/4 inches of mercury, there was no change in the gauge reading four months after evacuation
ceased.

A snap switch on the front of the temperature regulator compartment provides for convenient turning on and off of the
current. A combined vacuum and pressure gauge, with red sector above safe working pressure, is mounted on the top of the
Oven, together with two hand valves. The upper valve admits air or any desired gas to the vacuum chamber through a tube
“A” which runs down the back and to the bottom of the vacuum chamber, where it terminates near the front; the lower valve
connects to a larger concentric tube “B”’ with opening in the back of the vacuum chamber below the bottom shelf. This
valve is connected to the vacuum line through its intake coupling. i

7886. Weber Electric Vacuum Oven, Small Model, as above described, outside dimensions 13!/, X 12!/, X 101/, Code
inches, with vacuum chamber 8 inches deep X 73/, inches diameter, with three shelves. Maximum cur- Word
rent consumption 500 watts. With thermometer. For 110 voltsa.c............coovveun... 200.00 Lydha

7888. Ditto, Large Model, outside dimensions 16!/, X 153/5 X 121/, inches, with vacuum chamber 91/, inches deep X
91/, inches diameter. "Maximum current consumption 800 watts. For 110 voltsa.c........... 275.00 Lyean

7890. Ditto, Large Model, Double Depth, identical with 7888 but with vacuum chamber 19 inches deep X 9/,
inches diameter. Maximum current consumption 1800 watts. For 110 voltsa.c............ 350.00 Lyep:

Copy of pamphlet EE-106 giving detailed description of above Vacuum Ovens, together with
Weber Drying Ovens of various sizes, sent upon request.

ARTHUR H. THOMAS COMPANY

RETAIL—WHOLESALE—EXPORT

LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE
PHILADELPHIA, U. S. A.

Cable Address, ‘‘Balance,” Philadelphia
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Determination of High Viscosities
By Means of the Gardner Mobilometer

E. L. BALDESCHWIELER AND L. Z. WILCOX, Standard Oil Development Co., Linden, N. J.

A setup for Gardner mobilometers is de-
scribed, whereby accurate temperature con-
trol and easy operation are obtained. The
conclusions of Cornthwaite and Scofield that
the correlation between absolute viscosity
and mobility is a straight line have been
checked by the authors for much higher vis-

HE mobilometer, originally described by Gardner and

Parks (3), was designed to be used as a production con-
trol instrument to secure uniformity in consistency between
different batches of a given product. The instrument was
first recommended for control in paint and lacquer manu-
facturing. Later, Gardner and Van Hueckeroth (4) extended
its use to the testing of food products, mineral oils, vaseline,
and coal tar. The instrument has also been described at
length by Sward and Stewart (6). While no claim for high
accuracy of results obtained with the instrument was made by
Gardner and Parks (3), Cornthwaite and Scofield (2) showed
that under rigid control of temperature and time the apparatus
gave a remarkably close correlation with the absolute vis-
cosity of a number of samples possessing true fluid flow. This
correlation resulted in a straight line passing through the
origin whzn plotted on rectangular coordinates.

The work of Cornthwaite and Scofield (2) was, however,
limited to oils of relatively low viscosities (about 8 poises).
It was necessary for this laboratory to determine a number of
mobilities and viscosities of much higher values with a fair
degree of accuracy. For this purpose the relationship be-
tween viscosity and mobility for true fluids was obtained at
various temperatures, using oils of much higher viscosities.
The apparatus is described below.

Apparatus

In order to obtain flexibility and, at the same time, accurate
temperature control, the barrel of the mobilometer was provided
with a brazed outer brass jacket about 0.5 inch wide fitted with
outlets at the top and bottom. These outlets are connected by
means of rubber tubing to the circulation outlets of a Hoeppler
(6) thermostat which is capable of controlling the temperature
to within =0.02° F. This apparatus provides a very flexible
control of the temperature and, by using the proper circulation
fluid and regulator in the Hoeppler thermostat, it is also suitable
for low-temperature work, as shown by the authors in a previous
article (7). The necessity of immersing the whole mobilometer in
a bath is thereby avoided, which is an important advantage when
working at extreme temperatures.

cosities, at various temperatures, and for
different disks. Provided rigid control of
time and temperature is obtained and im-
provements in mechanical construction are
made, the mobilometer can be used as a
precision instrument for the determination
of absolute viscosity.

Timing in this laboratory is obtained by Veeder-Root magnetic
counters, reading directly in tenth seconds. These are run by a
contactor connected to an American Time Products constant-
frequency generator. This generator, which is run by the plant
power, allows a fluctuation of =10 volts and a frequency varia-
tion of =2 cycles in the current. Under these conditions the
frequency does not vary by more than =0.001 cycle. This ar-
rangement has given complete satisfaction, the frequency fluctua-
tions having seldom exceeded the above limits. A more com-
plete description of this equipment will be published in the near
future. Viscosities were carried out by means of Ubbelohde (7)
suspended level viscometers. A No. 4 capillary (constant C =
10.04) was generally used, except for the lower viscosities which
were obtained with a No. 3 capillary (constant C' = 1.015). The
results thus obtained were in kinematic units. The absolute
viscosities were calculated by multiplying the kinematic results
by the density (obtained by pycnometer) of the individual
samples at the various temperatures. The above procedure will
give kinematic viscosities within =0.2 per cent while the densi-
ties were accurate to about 0.001. The constant-temperature
bath used for the determination of kinematic viscosities can be
controlled to within =0.02° F.

Results

The choice of materials available for the determination of
viscosities by means of viscometers of the glass capillary type

. is limited by the following considerations:

1. The material must have true viscous flow—i. e., the rate
of shear should be proportional to the shearing stress.

2. It must be a true solution, absolutely free of suspended
particles.

3. It must be transparent, so that a sharp meniscus can be
seen when determining the viscosity.

The heaviest Pennsylvania bright stock available had a

“viscosity of about 163 poises at 77° F. In order to obtain

525

high viscosities, especially at the higher temperatures, it was
necessary to prepare blends of the above mineral oil with
various amounts of an isobutylene polymer of very high
molecular weight. Thus viscosities as high as 800 poises at
77° F. and 300 poises at 150° F. were obtained. Determina-
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tions of both viscosities and mobilities were carried out at
77°, 100°, 130°, 150°, and 210° F. Mobilities were also
carried out with both a 51-hole and a 4-holedisk. Theresults
are shown in Figure 1, which is self-explanatory. (Con-
centric rings indicate determinations made on different
materials having the same viscosities.)

Conclusions

From an examination of the curves shown in Figure 1,
the following conclusions can be drawn:

The correlation between Gardner mobilometer time (in
seconds) and absolute viscosity (in poises) is a straight line
passing through the origin.

The above statement holds true for determinations made at
various temperatures, and for different disks, although, as
should be expected, changing the disk changes the slope of the
curves. In other words, each disk has its own curve passing
through the origin.

The results check the work and conclusions of Cornthwaite
and Scofield (2) in every respect. However, the slope of the
curve obtained by these authors for their 51-hole disk is not
quite the same as that presented in this paper. This is due
to the fact that it is mechanically impossible to manufacture
disks identical in all respects; small variations in the shape
of the disk as well as in the sizes and spacing of the holes will

cause changes in mobilities and thus alter the slope of the
curve.

While admittedly the mobilometer is primarily a control
instrument, it is susceptible of mechanical improvement. It
is based on sound principles and the data presented show that
it can be used for the determination of viscosity, being par-
ticularly useful for opaque materials of very high viscosities.
It is only necessary to calibrate each disk against a material
of known viscosity at any given temperature, plot this point,
and draw a straight line through the origin. The sizes and
number of holes in a given disk can be varied at will to suit any
particular case.
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Phenols in LOW-Temperature Tar

THOMAS B. SMITH AND LEO KASEHAGEN
Coal Research Laboratory, Carnegie Institute of Technology, Pittsburgh, Penna.

VARIOUS workers have identified individual dihydric
phenols in the products of the low-temperature carboni-
zation of bituminous coals, including resorcinol (13, 14),
hydroquinone (13, 14), catechol (1,2, 3,6, 9, 11-17), and some
of the homologs of catechol (4, 13, 14), but ratios of the
dihydric to the monohydric phenols produced during car-
bonization have not been reported. This paper describes a
method by which this ratio, or, more specifically, the average
number of hydroxyl groups per molecule of the phenols of
a tar, may be determined, and gives the results obtained by
applying it to the tars produced by carbonizing several
bituminous coals at temperatures from 400° to 600° C.

The usual method of analysis, which involves the double
distillation of the tar and alkali extraction of the distillate
in the presence of air, is not satisfactory for the determination
of the quantity of dihydric phenols present in a tar, because
of the instability of these phenols toward heat and oxidation,
particularly in the presence of alkali. The double distilla-
tion causes sufficient decomposition of these phenols to pre-
clude the possibility of an accurate quantitative determina-
tion of their presence in the tar as originally produced. The
alkali extraction of the tar distillate in the presence of air
continues the decomposition to such an extent that by the
time the phenols have been separated from the other con-
stituents of the tar, only a small portion of the dihydric
phenols may be left. In the present method, the tar is not
distilled. The quantity and type of the phenols as they exist
in the whole tar, rather than in the tar distillate, are deter-
mined.

Briefly, the method consists of extracting a tar with alkali
in an inert atmosphere to prevent oxidation, methylating
the alkali phenolates to stabilize the hydroxyl groups, and
recovering the methylated phenols. From the methoxyl
percentage and average molecular weight of these latter, their
average number of methoxyl groups per molecule is calcu-
lated. This value also represents the average number of
hydroxyl groups per molecule of the phenols originally in the
tar. From it the ratio of dihydric to monohydric phenols
may be calculated, provided it be assumed that dihydric
phenols are the only polyhydric ones present.

Carrying out the alkali extraction of the tar, and the subse-
quent methylation, in an atmosphere of nitrogen was effective
in preventing oxidation of the tar. When a 500° tar from
a Pittsburgh Seam coal was extracted with alkali in the pres-
ence of air, an appreciable quantity of a solid decomposition
product was precipitated out on the sides of the separatory
funnel. When a similar extraction was carried out in an
atmosphere of nitrogen, this evidence of decomposition was
absent. The alkali extraction offers another difficulty, how-
ever, in that the alkaline solution dissolves not only phenols
but neutral material as well, because of the solubility of
hydrocarbons in the solution of alkali phenolates. This
difficulty was overcome by extracting the alkali phenolate
solution with benzene, again carrying out the extraction in
an atmosphere of nitrogen.- The benzene, however, removed
not only the hydrocarbons, but also a small quantity of the
phenols. These phenols were recovered by extracting the
benzene solution with fresh alkali. There was slight tend-
ency for the hydrocarbons to redissolve in the alkali, as their
solubility in the alkaline solution depends upon the presence
of appreciable quantities of:alkali phenolates.

The methylation was effected by means of dimethyl sul-
fate, which apparently gave a complete reaction when used in

_ potassium hydroxide.
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excess. The excess was destroyed with alkali, which also
hydrolyzed any esters that may have been formed from the
carboxylic acids in the alkali phenolate solution. The
methylated tar phenols are much more stable than the cor-
responding phenols. They are not so unstable toward heat
as the phenols, and show little tendency toward oxidation
when standing in air. This last property made it possible
to discontinue the use of an inert atmosphere as soon as the
methylation was completed, and permitted the methoxyl
percentage and the average molecular weight of the methyl-
ated phenols to be determined with little danger of decom-
position during the necessary handling.
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F1cure 1. TEMPERATURE PROGRAMS FOR CARBONIZATIONS IN
THE FISCHER ALUMINUM RETORT

The entire method was applied to a mixture made up of
2,6-xylenol, tetralin, p-cymene, n-heptane, cyclohexanol,
biphenyl, o-toluidine, and acetic acid. The methylated
xylenol was obtained in a pure form with a yield of better
than 93 per cent of theory. The methylation step alone
was checked by methylating catechol. The veratrole result-
ing amounted to 97 per cent of theory.

Experimental

The tars analyzed in this study were produced in a Fischer
aluminum retort (70). Each charge consisted of 100 grams of
the coal, ground to 20- to 60-mesh size. The retort was subjected
to the temperature programs shown by the curves of Figure 1.
For each carbonization the sample was heated rapidly to the
desired temperature and maintained at this temperature until
there was no visible evidence of distillation of tar from the exit
tube of the retort. Throughout the heating, nitrogen was passed
into the retort at a rate of 20 cc. per minute. The tar and liquor
were collected in a small side-arm separatory funnel immersed in
crushed ice. As soon as a carbonization was completed, the
receiver was stoppered and weighed to determine the amount of
tar plus liquor formed. A source of nitrogen was then con-
nected to the side arm of the receiver, and the tar and liquor were
extracted successively with 15-, 10-, and 10-cc. portions of 5.5 N'
The solution of phenolates was ex-
tracted with three 20-cc. portions of benzene, which was then
extracted with two 10-cc. portions of 5.5 N potassium hydroxide.
All the extractions were carried out in an atmosphere of nitrogen.
The alkaline solutions were combined, and enough 15 N potas-
sium hydroxide was added to make the solution 6 N, allowing
for the diluting effect of the liquor that was formed with the
tar.
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TaBLE I. Anavyses or Coars Usep

T ~——Proximate Analysisd—— Moisture
: Bituminous Volatile ixe in Sample Ultimate Analysis®
Seam Mine Rank matter carbon Ash Carbonized (0} H N 8 (0]
5 %o % % %o %. % % % %
Pittsburgh Edenborn High-volatile A 33.6 57.0 7.5 1.4 85.0 5.7 157 0.7¢ 6.9
Illinois No. 6 Orient No. 1 High-volatile B 33.9 50.3 9.1 8.2 80.6 6.1 231 0.7¢ 10.5
-High Splint Clo-Splint High-volatile A 36.4 57.3 3.4 3.9 83.8 5.7 1.8 0.6d 8.1
@ Analyses of mine and tipple samples, courtesy of U. S. Bureau of Mines, Pittsburgh Experiment Station.
4 Dry, mineral-matter-free basis (mineral matter = 1.1 times ash).
¢ Organic sulfur only.
d Total sulfur. 1y
‘Tasre II. ANaLYSES OF TARS PRODUCED IN FISCHER RETORT
Ao . ——High Splint Coal—— Edenborn Coal Illinois No. 6 Coal
Carbonizing temperature, ° C. 400 ———500 4 ———500 600 400 500 600
Tar yield, grams® 8.3 16.5 16.2 5.0 14.2 13.8 14.5 6.2 6.4 13.4 13.5 12.9
Liquor yield, grams® g g 5.6 6.2 6.1 2.3 3.9 3.8 3.7 11.0 11.4 11.2 11.2 13.2
Methylated phenols, yield, grams® 2.0 i 0.6 3.7 3.4 .6 2.6 2.9 5.0 5.1 5.4
Methylated phenols, % Me! 17.50 17.86 17.96 18.53 16.89 16.86 16.72 22.23 21.84 19.10 18.98 20.76
Methylated phenols, moleoular weight 192 81 1 207 206 207 73 174 165 168 154
Average hydroxyls per phenol molecule 1.084 1.043 1.049 1.237-°1.:123 1,127  1.091 1.241 1.227 1.017 1.029 1.031
Dihydroxy compounds in phenols, % 8.4 4.3 4.9 23.7 12.3 1287 9.1 24.1 22.7 1% 2.9 3.1
Phenols, yield, grams® 1.8 4.3 4.3 0.55 3.4 5 | 3.3 2.3 2.6 4.6 4.7 4.9
Phenols, yield, % of tar 2157 26.0 26.5 11.0 24.0 22.4 22.8 37.1 40.6 34.3 34.8 38.0
Phenolic oxygen, grams® 0.182 0.433 0.435 0.057 0.322 0.296 0.311 0.298 0.326 0.494 0.500 0.579
Organic oxygen in 100 grams of coal, grams 7.50 6.3 8.68
Phenolic oxygen, % of organic oxygen 2.4 5.8 5.8 0.9 5.1 4.7 4.9 3.4 3.8 5.7 5.8 6.7
¢ From 100 grams of coal.
The benzene extraction of the phenolate solution was neces- phenols, shown just above in' Table II. The percentages of

sary because of the high solubility of hydrocarbons in the phenol- : s . 3
ate solution. In one case the weight of neutral material dis- the phenols which are dihydric, assuming that there are no

solved by the alkali was 40 per cent of the weight of the phenols trihydric: or .hjgher phenols present, follow directly: : This
dissolved. The quantity of phenols redissolved by the benzene assumption is based on the facts that the probability of
was small, but these phenols were lower in molecular weight than forming trihydric phenols is much lower than that of forming

those remaining in the alkaline solution, so that it was necessary ; : . .
to recover them in order to get a true picture of the average dihydric phenols, and that the presence of trihydric phenols

composition of all the phenols. in tar has never been reported. The yields of phenols, as
ethylation was carried out by adding the alkali phenolate calculated from the experimentally determined yields of
solution slowly to a stirred mixture of dimethyl sulfate and methylated phenols, and the phenolic oxygen, as per cent

benzene held at about 70° C. The quantity of dimethyl sulfate > 5 m i
used was about 50 per cent in excess of that required to convert ofithe organic oxygen in the coal, are also'shown inTable T,

all the alkali to potassium methyl sulfate. Initial heating only
was necessary, as the reaction was exothermic. Once the reaction
was started, the temperature could be regulated by means of the

rate of addition of alkali phenolate solution. After this solution o s : . * :
had been completely added, twice the amount of 15 N potassium The high ratios of dihydric to monohydric phenols in the

hydroxide eq}llxivalent to the remaining dimethyl sulfate was  tars made from Edenborn coal are the most striking feature
added to the hot methylating mixture. After the destruction of of the results. The ratio decreased as the temperature of
the excess dimethyl sulfate, two layers remained. The aqueous carbonization was raised (see Figure 2). This change may

layer contained the salts of the carboxylic acids originally in the : 5 G :
tar, and the benzene layer the methylated phenols. Thislayer was be accounted for if the known instability toward heat of the

washed several times with alkali and water, and dried, and the  dibydric phenols is considered. The tendency to produce
benzene was removed by distillation followed by evacuation. oxygenated compounds high in polyhydric phenols appears
Themethoxyl percentage of the methylated phenols was de- to be characteristic of this Pittsburgh Seam coal. This

termined by a modified Viebock micromethod. Analyses for . : g
sulfur were made to ascertain whether the dimethyl sulfate, tendency, however, cannot be linked to the classification of

which would raise the methoxyl percentage, had been com-  the coal, on the basis of the present data. The High Splint
pletely removed from the methylated phenols. Their average coal, which differs from Edenborn coal mainly in that it is a
molecular weight was determined cryoscopically using biphenyl  dull instead of a bright coal, gave less than half the yield

as a solvent. Apparent molecular weights were determined for : . g
several different concentrations, and the value obtained by of dihydric phenols that was obtained from Edenborn coal.

extrapolating to zero: concentration taken as the true average The Illinois No. 6 coal, because it has a higher oxygen con-
molecular weight. The molecular weights of several pure aro- tent, might be expected to produce phenols having a larger
matic ethers were determined by this method with errors of less average number of hydroxyl groups per molecule than those
than 2 per cent, and checks within 4 per cent were obtained on from Edenborn coal. The increased oxygen content might
shehety el phenolS fiom o= increase the probability of two oxygen atoms being attached

Analyses of the coals used are shown in Table I. The to the same nuclear grouping. However, when the size of
Pittsburgh Seam coal is a high-volatile A coking coal, the these nuclear groupings as possibly indicated by the molecular
Illinois No. 6 coal is high-volatile B and has a high oxygen weights of the phenols produced from the two coals is con-
content, which barely falls within the limits for coking coals. sidered, these probabilities for the two coals are not so very
The High Splint coal is likewise high-volatile, but in contrast different. The nuclear groupings in Edenborn coal must
to the other two is dull and contains a high percentage of  definitely be larger than those in the Illinois coal because the

Discussion of Results

attritus. molecular weights of the phenols from Edenborn coal, as

Table II gives the results of the analyses of the tars pro- calculated from the experimentally determined molecular
duced under the indicated conditions from the various coals. weights of the methylated phenols, are close to 190, while
Yields of tar and liquor were determined in separate car- those from the Illinois coal are only 150. This difference in
bonizations, as no separation of tar from liquor was made dur- nuclear size almost compensates for the effect of the difference

ing the analyses. The average numbers of hydroxyl groups  in oxygen contents when considering the probability of having
per phenol molecule were calculated from the methoxyl two oxygen atoms linked to the same nucleus. The higher
percentages and average molecular weights of the methylated oxygen content of the Illinois coal is, however, reflected by
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the increased productions of phenols, and by the fact that
the phenolic oxygen from the Illinois coal represents a larger
percentage of the organic oxygen of the coal than is the case
with the phenols from Edenborn coal.

The very sharp drop from 23.4 to 2.3 in the percentage of
dibydric phenols in the total phenols, as the temperature of
carbonization was raised from 400° to 500° C., for the Illinois
coal may perhaps be explained on the basis of the instability
toward heat of the dihydric phenols. However, this drop
in the same temperature interval for the dihydric phenols
from Edenborn coal was only from 23.7 to 12.5 per cent.
Thus it may be assumed that the dihydric phenols produced
from the two coals are different. These phenols are not uni-
form in their stability toward heat. For example, of the
three dihydroxybenzenes, the meta compound is decomposed
more rapidly than either of the other isomers, when pyrolyzed
at 350° C. (18). If the oxygen distribution in Illinois coal
is such that only very thermally unstable dihydric phenols
can be produced, then only a very low temperature of car-
bonization will permit this production to take place.

In Table IIT is given a comparison between the yields of
phenols obtained by the Bureau of Mines (7, 8) using a
standard method of analysis (6), and the yields obtained by
the method described in this paper. The latter are uni-
formly higher than the ones given by the standard method,
and indicate that appreciable amounts of the phenols origi-
nally present in the tar are either destroyed during the stand-
ard analysis, or else remain in the pitch, since in the standard
method only the phenols in the tar distillate are determined.
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This conclusion is open to the objection that the tars made
by the Bureau of Mjnes, and those studied in this investiga-
tion, were produced in different types of retorts and therefore
are not necessarily similar. For this reason, the phenols in a
500° tar from Edenborn coal were determined by the three
methods indicated in Table IV with the results there given.
It is clearly shown that the method described in this paper
(method 1) does give higher yields of phenols than the stand-
ard method (method 3). The results given by method 2
show that most of the decomposition of phenols in the stand-
ard method of analysis occurred during the double distillation.
Not only was the quantity of phenols in the distillate smaller
than that in the crude tar, but the nature of the phenols
was also quite different. For example, in the crude tar the
phenols had an average molecular weight of 213 and an av-
erage of 1.04 hydroxyls per molecule, while in the distillate
obtained by the double distillation of the crude tar, they had
an average molecular weight of only 149 and an average of
1.02 hydroxyls per molecule.

ANALYTICAL EDITION 529
TasLe III. CoMPARISON WITH RESULTS OF STANDARD METHOD
OF ANALYSIS
Pittsburgh Illinois No. 6
Coal oal
Temperature of carbonization, ° C. 500 600 500 600
Tar acids by standard method, % of
dry tar 17.4 15.8 29.8 30.0
Phenols by method described in this
paper, % of dry tar 23.2 22.8 34.5 38.0

TaBLE IV. PHENOLS IN A 500° TAr FrRoM EDENBORN COAL

Yield of Phenols, Average Number

Average
Molecular Weight

Per Cent of of Hydroxyls
Dry Tar of Phenols per Molecule
Method 1@ 20.7 213 1.04
Method 2& 15.1 149 1.02
Method 3¢ 14.2 i SIals

@ Alkali extraction of crude tar in absence of air, followed by methylation
of g;henolate solution.
Double distillation of crude tar, with distillate treated as in method 1.
¢ Double distillation of crude tar, with tar acids in distillate determined
by contraction on shaking with alkali.

Summary

A method for determining the quantity and average num-
ber of hydroxyl groups per molecule of the phenols of a low-
temperature tar has been developed and applied to tars made
from several bituminous coals at temperatures from 400° to
600° C. The results on a tar from a Pittsburgh Seam coal
show that this coal yields tar containing large amounts of
dihydric phenols. Results on tars from Illinois No. 6 coal
show that this coal can also yield tars containing large quan-
tities of dihydric phenols if the carbonization temperature is
kept sufficiently low, but that as the temperature is increased
these dihydric phenols are not found in the tar, probably
because of their instability toward heat.

Yields of phenols obtained by this method are higher than
those obtained by the standard method of analysis, because
of decomposition during the double distillation, and probably
also because of failure of the phenols in the crude tar to dis-
till at the temperatures reached in the distillation.
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Barometric Correction Nomograph for

Hydrogen Electrode

G. F. KINNEY, Pratt Institute, Brooklyn, N. Y.

EASUREMENT of pH with certain types of hydrogen
electrodes must include a correction for pressure of
the hydrogen when it differs from standard one atmosphere
of 760 mm. of mercury. The hydrogen pressure may not be
standard because of barometer fluctuation, the vapor pres-
sure of solution, hydrostatic head, or other reasons. The
correction for these, which Clark (Z) calls “Euarometer’,
may easily be evaluated, and tables for selected pressures and
temperatures are included by Clark (7), Kolthoff (2), and
others.

A nomograph, once constructed, offers a convenient method
of evaluating this barometric correction for any pressure
and temperature within its range; it avoids interpolation in
the tables and gives a precision satisfactory for most purposes.
Such a nomograph is given here, and as a further convenience,
has been made to include the correction for thermal expansion
of the mercury in the barometer.

This chart is limited to use when the barometer has a
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brass scale and is at approximately the temperature of the
solution. When the two temperatures are not identical, a
small error may be introduced, but the difference must be
nearly 5° C. before an error of 0.01 millivolt results. Hydro-
static head and vapor pressure lowering by the solute, neg-
lected here, are usually more important than this.
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Determination of Bismuth by the Quinaldine

Salt of lodobismuthous Acid

J. R. HAYES AND G. C. CHANDLEE
School of Chemistry and Physics, The Pennsylvania State College, State College, Penna.

T HAS long been known that many organic bases, such as
quinoline (4), quinine (3) and the like, form, in the pres-
ence of iodides and certain metals, compounds which because
of their characteristic colors are suitable for the detection of
these metals. However, very few of these organic bases
have been investigated from a quantitative standpoint.
Berg and Wurm (2) were able to determine cadmium and
bismuth, as well as separate these metals from others, by the
use of naphthoquinoline and o-hydroxyquinoline. The latter
reagent was also studied by Kolthoff and Griffith (6). In
view of the many compounds available, some of which are
more basic than e-hydroxyquinoline, it seemed advisable to
investigate this field further.

Quinaldine was found to give good results in the determina-
tion of bismuth. In the presence of dilute sulfuric acid and
excess of potassium iodide, the bismuth is completely precipi-
tated by this reagent, and may then be readily determined
volumetrically, through the relationship of four iodides to one
bismuth. Many other ions, both metallic and nonmetallic,
either do not affect the determination at all or may be readily
prevented from interfering.

Determination of Bismuth

MateriaLs UseEp. The quinaldine used was obtained from
the Eastman Kodak Company and used without further purifica-
tion. Pure solutions of bismuth nitrate were prepared and
standardized both as the phosphate and the oxide. }E‘he potas-
sium iodate solutions were prepared from the pure salt by direct
weighing. Solutions of potassium iodate are very stable, accord-
ing to Jamieson (), but as a further check were occasionally
standardized against pure, dry potassium iodide. No significant
change was found in any case. All other reagents used were of
c. p. grade.

ProceEpURE. The sample (containing about 0.03 gram of bis-
muth) is dissolved in sulfuric acid and diluted to about 200 cc.,
and the acidity is adjusted to about 1 N. After the addition of
15 cc. of a 10 per cent sodium sulfite solution, bismuth is precipi-
tated by the dropwise addition, with stirring, of 20 cc. of a solu-
tion containing 150 cc. of quinaldine, 50 cc. of concentrated
sulfuric acid, and 75 grams of potassium iodide per liter. After
being allowed to settle, which requires 15 to 20 minutes if well
stirred, the red precipitate is filtered with suction on a Gooch
filter or a fritted-glass filter cell. The precipitate may stand
several hours before filtering without apparent decomposition,
but preferably not overnight. It is first washed with 40 to 50 cc.
of a solution of 35 cc. of quinaldine, 15 cc. of concentrated sulfuric
acid, and about 0.8 gram of potassium iodide per liter. As
washing with water must be avoided to prevent decomposition of
the precipitate, the small amount of excess iodide left by the first
wash solution is removed by washing with 30 cc. of a solution of
10 per cent acetone in N dibutyl ether.

The crucible containing the well-washed precipitate is then
transferred to a beaker and about 100 cc. of a 5 per cent sodium
hydroxide solution are added. To ensure complete decomposi-
tion of the precipitate the solution is heated almost to boiling for
about 20 minutes, after which it is cooled and neutralized with
concentrated hydrochloric acid, and an excess of 10 cc. is added.
After adding 8 cc. of a 0.5 M potassium cyanide solution, the
iodide is titrated to iodine cyanide according to Lang’s method
(7). Each milliliter of the 0.1 N (0.025 M) potassium iodate
solution is equivalent to 0.002612 gram of bismuth.

An average error of about 0.30 per cent was found in analyz-
ing pure bismuth samples by this method.

Separation of Bismuth from Mixtures

With slight modifications the procedure described above
may be used for the determination of bismuth in the presence
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of a considerable number of other metallic ions and many of
the common anions.

AnxtmMoNy. In the case of antimony a synthetic sample was
prepared containing 0.044 gram of antimony sulfate and 0.0303
gram of bismuth. Before precipitating the bismuth about 4
grams of ammonium tartrate were added and the bismuth was
determined as described above. The average value for six such
determinations was 0.0304 gram of bismuth, with an average
error of 0.29 per cent.

Leap. To the standard bismuth solution, containing 0.0303
gram of bismuth, was added 0.08 gram of lead nitrate. The
bismuth may be precipitated directly, after the usual dilution and
acidification with sulfuric acid, but it was found to be slightly
more accurate to remove the lead first. This was done by adding
excess sodium sulfate and filtering off the precipitated lead sul-
fate. The average of six such determinations was 0.0303 gram of
bismuth, with an average error of 0.27 per cent.

Capmium. A composite sample, containing 0.0303 gram of
bismuth and 0.08 gram of cadmium chloride, was analyzed for
bismuth after the addition of 5 cc. of pyridine. The average of
six analyses was 0.0303 gram of bismuth, with an average error of
0.29 per cent.

CorpEr. In this case a sample was prepared to consist of
0.0303 gram of bismuth and 0.075 gram of cupric sulfate. Before
precipitating the bismuth, 15 ce. of a 10 per cent sodium sulfite
solution were added. The average of eleven such determinations
was 0.0303 gram of bismuth, with an average error of 0.14 per
cent.

IroN. The separation of 0.0303 gram of bismuth from 0.22
gram of ferric nitrate offered no difficulty. The bismuth was
;S)recipitated in the presence of about 3 grams of sodium sulfite.

even such determinations gave an average value of 0.0303 gram
of bismuth, with an average error of 0.18 per cent.

Tin. The determination of bismuth in the presence of stan-
nous tin gave no trouble. In this case the average of eight deter-
minations of 0.0303 gram of bismuth in the presence of 0.80 gram
of stannous chloride was 0.0303 gram of bismuth. If the tin was
present in the stannic form, it was found best to add about 15 cc.
of 10 per cent sodium sulfite solution prior to precipitation of the
bismuth. The average of six determinations of 0.0303 gram of
bismuth in the presence of 0.90 gram of stannic chloride was
0.0305 gram of bismuth, with an average error of 0.43 per cent.

ARseENITE. In this case 0.0303 gram of bismuth was deter-
mined in the presence of 0.04 gram of arsenic trioxide, proceeding
exactly as for a pure bismuth sample. The average o? six deter-
minations was 0.0304 gram of bismuth, with an average error of
0.30 per cent.

ARSENATE. The determination of 0.0303 gram of bismuth in
the presence of 0.036 gram of arsenic acid presented no difficulty.
Proceeding as for a pure bismuth sample, the average of six
analyses was 0.0303 gram of bismuth, with an average error of
0.05 per cent.

ProspaATE. The procedure in the presence of phosphate was
the same as for a pure bismuth sample, with one exception.
Here the acidity was adjusted to about 4 &, in order to prevent
the precipitation of any bismuth as the phosphate. Under these
conditions the average of six determinations of 0.0303 gram of
bismuth in the presence of 0.20 gram of sodium orthophosphate
was 0.0303 gram of bismuth, with an average error of 0.10 per
cent.

NickerL, CaromiuM, CoBavr, MANGANESE, CALciUM, BERYL-
L1oM, UraNyL, AvroMiNUM, TITANIUM, AND BArRiomM. A syn-
thetic sample was prepared containing 0.0303 gram of bismuth
and 0.10 gram of chromium nitrate, 0.06 gram of manganese
sulfate, 0.05 gram of cobalt sulfate, 0.08 gram of calcium nitrate,
0.16 gram of beryllium carbonate, 0.03 gram of uranyl acetate,
0.05 gram of nickel sulfate, 0.125 gram of aluminum sulfate, 0.08
gram of titanium sulfate, and 0.04 gram of barium nitrate. The
bismuth was then precipitated and determined exactly as in a
pure sample. The average of seven such determinations was
0.0303 gram of bismuth, with an average error of 0.05 per cent.

ANTIMONY, ZINC, ALUMINUM, NICKEL, SopIUM, AND POTAS-
SIUM. A composite sample was prepared to contain 0.0303 gram
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of bismuth and 0.02 gram each of antimony, zinc, aluminum,
nickel, sodium, and potassium, each present as the sulfate. Be-
fore precipitation of the bismuth, 4 grams of ammonium tartrate
were added and the determination was completed as usual. The
average of five such analyses was 0.0306 gram of bismuth, with an
average error of 0.60 per cent.

Leap, ANTIMONY, TIN, AND CoPPER. A synthetic lead-base
bearing metal was prepared by adding 0.0303 gram of bismuth to
0.8 gram of lead, 0.1 gram of tin, 0.1 gram of antimony, and 0.02

ram of copper. The sample was dissolved in sulfuric acid, the
ead sulfate was filtered off, 4 grams of ammonium tartrate and 10
cc. of 10 per cent sodium sulfite solution were added, and the
bismuth was precipitated and determined as usual. The average
of three such determinations was 0.0302 gram of bismuth, and the
average error was 0.22 per cent.

Determination of Very Small Amounts of
Bismuth

For the determination of very small amounts of bismuth the
procedure previously outlined is slightly modified.

The precipitation of the bismuth is done in the same manner,
except that smaller amounts of quinaldine and potassium iodide
are used. The precipitate is filtered, washed, and dissolved as
usual, but the titration in this case is done with 0.01 N (0.0025 M)
potassium iodate solution (1 cc. = 0.0002612 gram of bismuth).
The iodide is titrated to iodine chloride according to Andrews’
method (1), which, in accordance with the findings of Kolthoff
and Griffith (6) gives better results. A microburet was used in
these titrations. The average of twelve samples, each contain-
ing 0.00032 gram of bismuth, was 0.00033 gram, with an average
error of 2.3 per cent. S

Interfering Ions

In the presence of any appreciable amount of chloride the
results were generally low, in all probability because of a par-
tial replacement of the iodide in the precipitate by chloride.
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The largest amount of chloride present in any of the deter-
minations reported was represented by 0.90 gram of stannic
chloride.

Bismuth could not be determined in the presence of silver
and mercury by this method.

Summary

A new method for the determination of bismuth, which in-
volves the precipitation of bismuth as the quinaldine salt of
iodobismuthous acid, is described. This method is applicable
to amounts of bismuth as low as 0.3 mg.

By this method bismuth may be separated and determined
in the presence of lead, antimony, tin, cadmium, copper, iron,
chromium, manganese, cobalt, calcium, barium, uranyl,
nickel, beryllium, aluminum, titanium, zine, sodium, potas-
sium, arsenite, arsenate, and phosphate.

The determination may be successfully carried out in
acidities ranging from 2.5 to 10 per cent of sulfuric acid by
volume.

The determination of bismuth in the presence of mercury
and silver is not feasible. High concentrations of chlorides
lead to low results.
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Direct Determination of Alumina in
Certain Silicates

E. W. KOENIG, Consolidated Feldspar Corporation, Erwin, Tenn.

HE direct determination of alumina in silicates, without

regard to the other constituents, is often of considerable
interest to the analytical chemist. Under ordinary con-
ditions the determination follows a preliminary separation of
silica by the conventional alkali carbonate—mineral acid
solution—double debydration procedure. If silica is not
desired and volumetric means of evaluating the alumina con-
tent are to be used, single dehydrations suffice, provided that
the acid-insoluble oxychlorides of the R,0; group are added
to the main silica filtrate. This procedure is extremely

lengthy.

Knowles and Redmond (10) used a Berzelius decomposition
for the removal of silica in feldspar, ultimately determining
aluminum volumetrically as quinolate. Certain precautions are
necessary to ensure complete removal of hydrofluoric acid, for
the presence of this acid, even in minor quantities, prevents the
complete precipitation of the aluminum complex. Excellent
results are to be obtained by the use of this procedure.

Stuchert and Meier (18), who claim that the Berzelius decom-
%osition leads to low results, modified the method to some extent.

he sample is evaporated with hydrofluoric acid alone, and the
residue is heated gently to remove the free acid and finally taken
into solution by fusion with potassium pyrosulfate. The fused
mass is dissolved in 1 to 10 sulfuric acid and the aluminum is de-
termined as quinolate. Experience with the method in the au-
thor’s laboratory indicated a partial loss of aluminum, and

there was some evidence of incomplete decomposition of the more
refractory materials.

Procedures dependent upon removal of silica as silicon
tetrafluoride find application only when the material under
analysis is completely soluble in hydrofluoric acid or hydro-
fluoric-sulfuric acid. Ideal conditions for the determination
of aluminum in silicates would be based upon (1) complete
and rapid decomposition of the sample, (2) a volumetric de-
termination, and (3) the presence of silica.

Inasmuch as silica does not form a complex with 8-hydroxy-
quinoline in the absence of a molybdic acid salt, it was thought
that the aluminum could be precipitated directly from the
acid solution of the alkali carbonate melt, as was first sug-
gested by Krinke (72) for the determination of aluminum in
glasses. Unfortunately, upon adjustment of the pH to the
point of precipitation of aluminum as quinolate, the separa-
tion of silica presented a particularly difficult filtration prob-
lem and this mode of attack was abandoned. This separa-
tion of silica appears to be a function of the amount of alu-
minum present in the sample under analysis.

The rapid reaction with molten alkali and the amphoteric
nature of aluminum oxide suggested an initial decomposition
based upon fusion with potassium or sodium hydroxide, fol-
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lowed by acidification to redissolve the aluminum hydroxide
and precipitation of aluminum as the quinolate. Most sili-
cates proved amenable to this fusion treatment, but sepa-
ration of the silica, upon acidification of the water solution
of the alkali melt, again caused difficulty.

Taking advantage of the property that 8-hydroxyquinoline
removes the complex-forming metals from their insoluble salts
(9), a method based upon the alkali fusion discussed above
was devised. This involved fusion of the sample with an
alkali flux in a nickel beaker, solution of the fused mass in
water, and subsequent boiling to precipitate nickelic and ferric
hydroxides. These were removed by filtration, and the clear
solution was treated with an excess of an acetic acid solution
of the reagent, the aluminum complex being soluble in the
highly alkaline original solution. Hydrochloric acid was
added, through the stage of complete precipitation, continuing
until practically all of the precipitate was dissolved. The pH
was finally adjusted with ammonium acetate. TFor some
reason the presence of the organic reagent allows a greater
acidity, before precipitation of silica, than does the modifica-
tion previously outlined. This procedure was productive of
excellent results when working with materials having a rela-
tively low iron content—0.1 per cent or less.

Application of the method to the analyses of materials of
relatively high iron content soon made it apparent that a
portion of both the nickel and iron had escaped precipitation
as hydrous oxide and was to be found in the filtrate. Quan-
titative determinations of the iron indicated that the amount
escaping separation, probably as an alkali ferrate, was by no
means constant. Previous work in the author’s laboratory
did not substantiate the broad statement of Stuchert and
Meier (18) that iron to the extent of 3 per cent of the alumi-
num content is without effect upon the final results for alumi-
num. (Unpublished results of H. R. Shell show that ferric
iron, introduced as ferric chloride into feldspar samples, pre-
cipitated quantitatively as the quinolate with the exception of
a constant amount of 0.09 mg. which escaped as colloid.
This value proved to be true for ferric oxide additions of 0.1
to 5.0 mg.)

The problem of iron interference presents itself most for-
cibly in the analysis of clays, unprocessed nepheline syenites,
certain lepidolites, and other silicates most often bearing high-
iron accessory minerals. Corrections based upon the ferric
iron content of the alkali filtrate are not permissible, for the
analyst has no assurance that the iron is to be found com-
pletely in the ferric condition at the time of precipitation of
aluminum with 8-hydroxyquinoline. The analyst has two
alternatives for the elimination of this difficulty: complete
removal of iron before attempting precipitation of aluminum
or the formation of a soluble iron complex which will inhibit
the iron-quinolate reaction.

Both Haslam (6) and Skinner (17) remove iron as the sul-
fide from alkali tartrate solutions and Skinner has used this
method as a basis for the determination of iron in glass sands.
Fainberg and Tel (4) reduce the iron with sodium thiosulfate
and form the stable alkali ferrocyanide by the addition of
potassium cyanide. Heczko (7) uses a similar method, sub-
stituting hydrogen sulfide as the reductant. By either of the
latter two methods aluminum can be determined in the pres-
ence of both silica and iron. Each, however, has the dis-
advantage inherent in the use of potassium cyanide in slightly
acid solution.

Separations based upon controlled acidity (15, 20) or upon
the formation of aluminum complexes with salicylic (7), ma-
lonic (2), or oxalic acid (21) all depend upon precipitation of
iron as quinolate in acid solution and in some of the latter
cases the carboxylic acid must be completely removed before
the aluminum quinolate can be precipitated. These methods
find their greatest usefulness in the separation of iron when
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in relatively greater proportion than the aluminum. None
would find application in the present instance because of the
possibility of separation of silica at the optimum pH for
the iron separation.

Churchill and Bridges (3) state that iron must be in the fer-
ric condition before precipitation as quinolate can be accom-
plished and they resort to an oxidation before precipitation of
iron and aluminum preliminary to the determination of beryl-
lium in aluminum-beryllium alloys. It appeared that on re-
ducing the iron to the ferrous state, precipitation of iron as
quinolate would be prevented and reliable values for alumina
would result. The ferrous salts proved unstable, however, as
was shown by Willard and Tang (19), and precipitation of
ferric quinolate invariably took place upon exposure of the
previously reduced solutions to the atmosphere.

Ferrari (5) has recently shown that the ferrous complex of
a,c’-bipyridine, Fe(CioHsN,);Xs, where X is a monovalent
acid radical, is so stable that the iron cannot be removed from
this complex as the hydroxide, ferricyanide, or sulfide. Hill
(8) has shown that, though the complex is easily dissociated
in mineral acid solutions of high concentration, it is stable in
the pH range of 3.5 to 8.5. Saywell and Cunningham (16)
used the analogous complex-forming properties of o-phenan-
throline for the same purpose, while Mayr and Gebauer (13)
proposed the use of thioglycollic acid in ammoniacal solution
to prevent the precipitation of iron as hydroxide. In all
these the iron is previously reduced with sulfurous acid or an
organic reductant such as hydroxylamine hydrochloride.
These data indicated that an inhibition of the ferric quino-
late precipitation might be possible if the iron were held as
the ferrous complex. Early experimental trials proved this
premise to be true with either o-phenanthroline or a,a’-bi-
pyridine. The use of thioglycollic acid was not studied in this
investigation. o-Phenanthroline may have some advantage,
in the direction of greater stability (14), over the «,a’-bi-
pyridine reagent.

Reagents and Equipment

c. ». pellets of sodium hydroxide are satisfactory.

Dissolve 100 grams of 8-hydroxyquinoline (Eastman Kodak
Co.) in 200 ml. of glacial acetic acid and add to 3 liters of water
previously heated to 80° C. Filter if necessary, and dilute to
4 liters.

Ammonium Acetate Buffer.
10 ml. of solution.

One gram of o-fphenanthroline or a,a’-bipyridine hydro-
chloride in 100 ml. of 6 N hydrochloric acid.

A saturated solution of hydroxylamine hydrochloride in water.

Potassium Bromate-Bromide, 0.25 N. Dissolve 6.97 grams
of potassium bromate and 25 grams of potassium bromide in
1000 ml. of water. Standardize against sodium thiosulfate or
by the method described by the author (11).

Sodium Thiosulfate, 0.10 N. Dissolve 25 grams of sodium
thiosulfate pentahydrate and 1 gram of boric acid in 1000 ml. of
sterile water. Storein a dark bottle. Standardize against iodine
or by the method previously described (11).

Potassium JIodide, 60 per cent. Dissolve 60 grams of U. S. P.
potassium iodide in 100 ml. of water.

Add 5 grams of a cold suspension of soluble starch to 500 ml. of
boiling water. When cool add 15 grams of potassium iodide and
5 grams of sodium hydroxide in 25 ml. of water. Store in a dark
bottle.

A 250-ml. nickel beaker of the same shape as the Griffin low-
form glass beaker is suitable.

Three grams of the salt per

Procedure

A quantity of the dried (105° C.) and finely ground (200-mesh)
sample sufficient to produce between 10 and 30 mg. of alumina
is transferred to a nickel beaker containing at least ten times the
sample weight of previously fused sodium hydroxide. The
beaker is heated, gently at first, to complete solution of the
sample in the flux and finally at 400° to 500° C. for a few mo-
ments; the beaker should show a dull red through the melt.
The beaker is covered, and cooled, and 100 ml. of water are
added. Heating to solution of the fused mass is followed by
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TaBLE I. DETERMINATION OF ALUMINA
Al O3 Al,Os Differ-
Sample Material Present Found ence Remarks

Mg.@ Mg. Mg.

1 Feldspar No. 70 18.035 18.03 =0.00

2 Feldspar No. 99 19.06% -19.06 =0.00

3 Feldspar 15.60 © 15.60 ==0.00

4 Feldspar 18.20 18.20 =0.00

5 Cornwall stone¢ 15.15 15.17 +40.02 1.2% F present

6 Lepidolite 13.40 13.40 =0.00 3.49% F present

7 Lepidolite¢ 13.64 13.64 =0.00 2.29% F present

0.4% MnO: present
8 China clay® 17.50 17.48 —0.02 0.29% TiO: present
9 China clay®¢ 18.10 18.10 =0.00 0.19% TiO2 present
10 Beryl 11.40 11.36 —0.04

11 Nepheline syenite¢ 13.00 13.00 ==0.00
12 Nepheline syenite¢ 11.10 11.10 =0.00

14 Kyanite¢ 30.03 29.97 -—0.06
15 Glass sand 10.71 10.71 =0.00
16 Potter’s flint¢ 10.22  10.22° =*=0.00
17 Aplite© 23.14 23.14 =0.00
18 Spodumene 14.84 14.84 =0.

00
19 Amblygonite 11.03 11.06 +40.03 3.5% F Bresent.
20 Burned refractory¢ 37.67b 37.69 +0.02 2.2%0 TiO2 present

a Values obtained in ordinary manner after removal of silica and recovery
of nonvolatile matter.

b National Bureau of Standards recommended value.

¢ Correction for iron applied after precipitation of iron and alumina on

basis of: Total ferric iron—0.1 mg. X 0.6 (10).

boiling for a few moments to coagulate the precipitated nickelic
and ferric hydroxides. The solution is filtered through a What-
man No. 41H paper into a 250-ml. beaker. The nickel beaker is
policed and the paper washed well with hot water. The paper is
discarded.

The filtrate is treated with 15 ml. of 8-hydroxyquinoline solu-
tion and the precipitate first formed is dissolved by stirring.
Hydrochloric acid is now added, drop by drop, while stirring,
through the stage of apparent complete precipitation, continuing
until the precipitate is completely dissolved and the solution is
distinctly acid. During this preliminary precipitation, observa-
tion of the color of the precipitate—ferric quinolate is distinctly
green—will indicate whether the iron is present in sufficient
quantity to necessitate preventing its precipitation. If this is
required, sufficient hydroxylamine hydrochloride solution is
added to effect reduction of ferric iron and the solution is heated
to 80° to 90° C. An excess of a;a’-bipyridine hydrochloride or
o-phenanthroline hydrochloride solution is added and the alumi-
num is precipitated by the addition of ammonium acetate buffer
solution, 10 ml. in excess of that required for complete precipi-
tation. The precipitation reaction is as follows:

3CH/NO + AICL; = Al(CoHeNO); + 3HCI

The suspension is coagulated by stirring if the iron quinolate
reaction has been inhibited (the ferrous o-phenanthroline or
ferrous bipyridine complex is dissociated by boiling) or by boiling
if no effort was made to prevent the iron precipitation, and filtered
through a Whatman No. 41H paper. The beaker is rinsed and
the residue washed with cold water, the filtrate being discarded.
The residue is dissolved directly from the paper with boiling 1 to
1 hydrochloric acid, catching the filtrate in the beaker in which
the original precipitation was made. The paper is washed sev-
eral times with boiling 5 per cent hydrochloric acid and dis-
carded. The solution of the residue in hydrochloric acid again
produces 8-hydroxyquinoline according to the reaction

Al(CeHNO)s + 3HCI = 3CH;NO + AlCls

The filtrate containing the 8-hydroxyquinoline is made to 125
ml. with water and a measured excess of potassium bromate-
bromide solution is added while stirring. The following reaction
takes place:

3CH;NO + 2KBrO; 4+ 10KBr 4 12HCI =
3CoH;Br.NO + 6HBr + 12KCI + 6H,0O

The excess bromate-bromide reacts:
KBrO; + 5KBr + 6HCl = 6KCl + 3Br, 4+ 3H,0O

The addition of an excess (1 ml. is sufficient) of potassium
iodide solution converts the free bromine to free iodine and
this excess is measured by titration with sodium thiosulfate solu-
tion to a starch end point

3Br; + 6KI = 6KBr + 31,
312 + 6N&zSzO; = 6Nal + 3NagS405

This is calculated to percentage of alumina.

YOL. 11, NO. 10

The results obtained by the procedure described are
shown in Table I.

Discussion of Results

This procedure proved satisfactory for all the materials
covered in Table I, though certain modifications were at
times necessary.

The analyst can easily recognize the «,c’-bipyridine or o-
phenanthroline requirements of the iron present as quinolate
during the initial precipitation. Very little excess over the
reagent required to satisfy the formula Fe(CjHsN);Cl, was
necessary. In no case was any iron found in the aluminum
quinolate residue.

Among the other metals which form quinolates and might
interfere with the determination of aluminum as quinolate
are titanium, zirconium, manganese, uranium, vanadium,
and magnesium. Titanium and zirconium in the presence
of iron will separate quantitatively as the hydroxide and will
be found in the initial residue. Manganese separates as
manganese dioxide in alkaline solution. Uranium and vana-
dium will probably be found with the aluminum, unless a
second precipitation of the aluminum quinolate is made in a
solution containing hydrogen peroxide. Magnesium forms
the quinolate only in ammoniacal solution and no interference
of this metal need be anticipated if the aluminum is precipi-
tated under the conditions described.

Although the same basic procedure was used on all the
samples covered in the study, certain changes in sample—flux
ratio and the temperature cycle—were sometimes necessary.

Frrpspar. The feldspars studied were all relatively free of
iron. The sample (100 mg.) can be brought into solution with
1 gram of sodium hydroxide but hydrolysis of the aluminum hy-
droxide sometimes takes place unless more than 1.5 grams of tge
flux is used.

CorNwALL SToNE. The Cornwall stone fused readily with
1.5 grams of sodium hydroxide when 100-mg. samples were used
and the iron quinolate reaction was inhibited.

LepripoLiTe. At least 2 grams of the flux are required for
each 50 mg. of sample. Sample 7 proved high in iron and the
reaction was inhibited.

CuivA Cray. Because of its light, fluffy nature, the use of
alcoholic sodium hydroxide was required. The sample and
flux were moistened with alcohol and thoroughly dried before
fusion. The flux-sample ratio was 40 to 1.

BErRYL reacted in the same manner as the feldspar sample.

NEePHELINE SyenITE. Samples 11 and 12 represent un-
processed materials originally containing 4.72 and 3.70 per cent
of ferric oxide, respectively. The ferric oxide contents of the
alkali filtrates were 0.97 and 0.84 per cent, respectively, and
necessitated the o-phenanthroline or bipyridine treatment.
Because of the high alumina content at least 2 grams of flux are
required for each 100 mg. of sample. Samples of this material
which had been previously processed reacted like feldspar sam-
ples, though a greater amount of flux would prove advantageous
in preventing hydrolysis.

YANITE. A flux-sample ratio of 40 to 1 was required and
it was found necessary to heat at a higher temperature and for a
longer period to ensure complete decomposition.

Grass SAND AND Porrer’s FrLiNT are similar in chemical
composition. One gram of the sample and.5 grams of flux were
used in either case.

ApLiTE was easily. fused with 2 grams of flux per 100 mg. of
sample.

SpopuMmeNE. A flux-sample ratio of 20 to 1 proved suitable.

AMBLYGONITE can be effectively brought into solution with a
flux-sample ratio of 20 to 1.

BurnNeED REFRACTORY. A flux-sample ratio of 100 to 1 was
required and it was found necessary to heat at a higher tempera-
ture for a longer period of time to ensure complete decomposition.

Conclusions

The determination of alumina as the quinolate in the pres-
ence of silica and iron is feasible and the method outlined
offers definite advantages over those ordinarily employed for
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this purpose. The method is economical because no plati-
num or extremely high temperatures are required and the
reagent cost is low.
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Determining Riboflavin in Dried Milk Products

ROYAL A. SULLIVAN! AND L. C. NORRIS, Cornell University, Ithaca, N. Y.

EVERAL physico-chemical methods have been proposed
for the determination of riboflavin, all of which may be
grouped under one of three headings:

1. Preparation of a derivative whose solubility properties
differ markedly from those of riboflavin, and determination of the
color of the resulting solution (6).

( )2 Direct measurement of the color of riboflavin solutions
3).
3. Measurement of the fluorescence of riboflavin solutions (1).

By preparing a derivative, it is possible to separate the
pigment from other colored substances which may accom-
pany riboflavin in extracts of natural products. Thus, ribo-
flavin is a water-soluble pigment, whereas lumiflavin is soluble
in chloroform. However, the preparation of lumiflavin is
accompanied by large losses (4, 6).

The direct measurement of the color of extracts of biological
materials is subject to error due to the presence of other
colored substances. This method may be somewhat refined
(4) by controlled oxidation of these impurities. However,
with more vigorous treatment, riboflavin is also destroyed, so
that at times it is impossible to purify the extracts completely.

The determination of fluorescence is complicated by a
number of factors, two of which are most obvious: The in-
tensity of fluorescence is not a linear function of the concen-
tration of riboflavin but passes through a maximum with
increasing concentration (2). Extracts of biological ma-
terials contain blue (4) and white (?) fluorescing substances
which interfere with the accurate determination of the green
fluorescence due to riboflavin.

Since this vitamin has received increased attention during
the past few years, it is apparent that a rapid, quantitative
method of estimating riboflavin is still needed. Such a
method was developed by the authors two years ago and has
been in constant use since that time.

. Principle of the Method

An extract of dried milk products is prepared and freed from
unstable colored impurities by controlled oxidation. Light
of the frequencies which are absorbed by riboflavin is passed

! Present address, Kraft-Phenix Cheese Corporation, Chicago, Ill.

through the extract and the amount of absorption is deter-
mined with a photoelectric photometer. The riboflavin is
then reduced to the leuco form and the measurement re-
peated to determine the amount of light absorbed by impuri-
ties. The concentration of riboflavin is caleulated from the
difference between these two readings.

Fi1gure 1. EXTERIOR AND INTERIOR VIEWS OF PHOTOMETER
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Apparatus

The photoelectric photometer, constructed for this work, em-
ploys a single photocell of the blocking-layer type. The zero-
potential circuit, proposed by Wood (9) for use with these cells,
has made it possible to obtain a current that is in exact proportion
to the light intensity.

Views of the photometer are presented in Figure 1. The rear
wall of the Bakelite box is placed on hinges, so that all parts are
readily accessible.

A schematic wiring diagram is given in Figure 2. M is a micro-
ammeter with internal resistance of 150 ohms and critical damp-
ing resistance of 1000 ohms. B is a flashlight dry cell. K; and
K, are contact keys, the former for controlling the dry cell and
the latter for short-circuiting the photocell. R;, R,, and R; are
potentiometer rheostats of 10,000, 1000, and 5 ohms’ resistance,
respectively. P is a blocking-layer photocell. Dj, Ds, D;, and
D, are constant-aperture diaphragms which also serve to hold fil-
ters F'; and Fyin place. The light source, L, is a 9.6-volt flashlight
bulb. Two 6-volt storage batteries, S, furnish the current for
the light. A convenient type of absorption cell, 4, is of 20-ml.
capacity with a path length of 1 cm. :
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The intense beam of light obtained from the flashlight bulb is
rendered parallel by means of a reflector. Since the efficiency of
the reflector has been found to decrease gradually over a period
of months, 6, 8, 10, or 12 volts may be tapped off from the storage
batteries to obtain the proper light intensity. The final adjust-
ment is made by means of the 5-ohm rheostat.

Circular holes, 2.5 cm. (1 inch) in diameter, are cut in the par-
titions which support the filters, so that the beam striking the
photocell is essentially parallel light perpendicular to its sur-
face. In order to limit the illumination to light of the desired
frequencies a set of H. R. lantern blue filters (Corning Glass
Works, Corning, N. Y.) was selected. The transmission curve
of these filters is given in Figure 3. One filter is placed between
the light and the absorption cell, so that only light of the desired
wave lengths is transmitted to the solution. This procedure re-
duces unnecessary heating of the solution. An identical filter is
placed between the absorption cell and the photocell to filter out
fluorescence caused by illumination of the sample. Even with
low light intensities, certain materials, such as riboflavin, pro-
duce sufficient light to influence the reading. This precaution is
particularly important when working with blue light, since the
photocell is more sensitive to the longer wave lengths produced by
fluorescing materials than to the original light.

Operation of the Photometer

An absorption cell filled with water, or other solvent to be
used for the unknown, is placed in the path of the light.
With switches K; and K closed, the current from the dry cell
is adjusted to give a full-scale deflection. This procedure
enables one to predetermine the voltage required to balance
the fall of potential across the ammeter when the photocell is
producing a full-scale deflection. Switch K, is then opened
and the light intensity is adjusted by means of the resistance
in series with the lamp until a full-scale deflection is again
obtained. If this has been properly done there will be no
change in deflection upon opening and closing K.

Another advantage in the present circuit is that with the
photocell short-circuited, an unknown solution may be sub-
stituted for the solvent without causing the usual violent
fluctuation of the ammeter. The current from the dry cell is
reduced to approximately the reading expected and K, is
opened. The direction in which the needle is deflected will
indicate whether the applied voltage is too large or too small.
K, is then closed and the current from the dry cell is modified
accordingly. In this way the applied voltage is again ad-
justed to equal exactly the fall of potential across the am-
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meter, so that no change in deflection is obtained upon open-
ing or closing K.

To demonstrate that this instrument would give a linear
response to varying light intensities, observa-
tions were made as a light bulb was moved
along an optical bench. The current obtained
should be inversely proportional to the square
of the distance separating the photocell from
the light. These results are presented in Fig-
ure 4 and demonstrate that, with the zero-
potential circuit, the current obtained from the
photocell is a linear function of the light in-
tensity.

The difference between these results and the
readings which are obtained by connecting the
photocell directly to the meter is demon-
strated in Figure 5. Readings were made first
in the usual manner and then with the zero-
potential circuit and the difference between the 1
two readings was calculated in per cent of the
correct reading. The dependence of this cor-
rection upon the internal resistance of the
meter is also shown in Figure 5, in which data
are presented from two meters whose internal
resistances were 150 and 450 ohms, respec-
tively. Thus, the magnitude of the percent-
age correction varies both with the current
produced and with the external resistance in
the circuit.
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EXTINCTION COEFFICIENT K

Calibration of Photometer

A sample of pure synthetic riboflavin was
obtained for calibrating the photometer. The
absorption curve of this material is given in
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TaBLe I. DENSITY OF SOLUTIONS OF SYNTHETIC RIBOFLAVIN

: Log Io/I Log Io/I Per Cent
Concentration Found Caleculated Deviation
Micrograms/ml.
21312 0.569 0.682 —16.6
16.90 0.460 0.543 —15.3'
16.51 0.448 0.531 —15.6+
13.52 0.373 0.437 —-14.7
12.38 0.340 0.399 —14.8:
10.82 0.298 0.351 —-15.1
8.25 0.225 0.267 —15.7,
6.49 0.178 0.209 —14.8
4.13 0.111 0.132 —15.9
3.89 0.106 0.126 —15.9
Av. —15.4

agreement with that obtained by Kuhn (§). Since the re-
sponse of the photometer depends not only upon the trans-
mission of the filters but also upon the sensitivity of the
photocell to different wave lengths and the energy distribu-
tion from the tungsten filament of the light bulb, the com-
bined effect of these three factors has also been plotted in
Figure 6. It is apparent that the final sensitivity of the in-
strument from 4000 to 5000 &. is very nearly identical with
the absorption curve of riboflavin.

In order to determine to what extent these filters would ap-
proximate the results obtained with monochromatic light, a
sample of synthetic riboflavin was weighed on a microbalance
and dissolved in distilled water. A series of dilutions was
made up from this stock solution and the absorption of each
solution was determined in the photometer. These results
are given in Table I and demonstrate that the density (log
Io/I), as determined with the photometer, is 15 per cent less
than the theoretical value obtained with monochromatic
light. The fact that solutions of riboflavin follow Beer’s
law is illustrated in Figure 7, in which these density values
have been plotted against concentration.
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Figure 6. Its molecular extinction coefficient, 4000
2.78 X 10*at 4450 ‘&., was found to be in essential

F1GURE 6. CoMPARISON OF ABSORPTION CURVE WITH PHOTOMETER SENSITIVITY
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For the purpose of reducing riboflavin to the leuco form,
a solution is prepared by adding 5 per cent of sodium hyposul-
fite to a 2 per cent solution of sodium bicarbonate. This solu-
tion should be made up fresh each day and held in an ice bath
while in use. One or two drops of this solution will reduce
20 ml. of a moderately concentrated solution of riboflavin.
Riboflavin solutions of varying concentrations were reduced
by this method, with the results shown in Table II.
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The residual light absorption indicates that at equilibrium
only 90 per cent of the riboflavin is reduced. Consequently,
the final values for the various concentrations of riboflavin, as
determined by the photometer, must be multiplied by a fac-
tor 1.307. The deviation of the light absorption from that
obtained with monochromatic light and the equilibrium con-
centration of reduced riboflavin have been included in this
correction factor.

To illustrate the method of calculating the concentration from
the readings of the photometer, it is necessary to start with the
equation for the molecular extinction coefficient

2.3
Ke= m" log Iu/l

in which C' = concentration in moles per liter and D = thickness
of absorbing layer in centimeters.

It has been found more convenient to express the concentration
in micrograms per milliliter, c. Since a thickness of 1 em. is al-
ways used and K equals 2.78 X 104, the above expression may be
written

2.3 X 376 X 10

¢ =578 % 108 x 1 08 1/1

or :
¢ = 31.1log In/I
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Two values of ¢ are obtained for each solution and the difference
between these two multiplied by the factor 1.307 gives the con-
centration of riboflavin in micrograms per milliliter, M.

M = 1.307 (¢; — c2)

If I, is maintained constant, a table may be prepared re-
lating I to ¢, so that for each reading of the microammeter the
corresponding concentration in micrograms per milliliter will
be given.

Preparation of Extracts

Several solvents may be used for preparing extracts from
dried milk products, but a 75 per cent solution of acetone in
water has proved most satisfactory from the point of view of
rapidity of extraction and purity of the extract. Varying
amounts of sulfuric acid were added to the acetone-water
mixture to determine the effect of acidity upon completeness
of extraction. Table III shows the average of two determina-
tions for each concentration of acid used.

It appeared that some acid was necessary for complete
extraction, even though the amount of impurities was also
increased.

The above solutions were neutralized before reading in the
photometer. It had previously been found that pH had
little, if any, effect upon the completeness of reduction, but a
slight variation in the light absorption had been observed.
Aqueous solutions of synthetic riboflavin were prepared and
adjusted to various pH values by the addition of buffer solu-
tions. All these solutions contained exactly the same amount
of riboflavin and the pH was checked with a glass electrode.
Several observations were made of the light absorption at
each pH value. It was found that the maximum absorption
occurred at pH 7.0. Each observation was calculated in per
cent of this maximum reading and recorded in Table IV.

TaBLE II. * REDUCTION OF SOLUTIONS OF SYNTHETIC RIBOFLAVIN
wITH SoproM HYPOSULFITE

(Concentrations calculated in micrograms per ml.)

Original After Per Cent
Reading Reduction Unreduced
13.92 1.32 9.5
10.59 1.03 9.7
10.59 1.08 10.2
7.05 0.69 9.8
6.98 0.74 10.8
3.53 0.32 9.1
3.53 0.36 10.2
3.53 0.36 10.2

Av. 9.8
Tasre III. Errect oF AcipITY UPON COMPLETENESS OF

ExTrACTION FROM DRIED MILK POWDERS

(Concentrations in micrograms per ml.)

Impurities
Normality Calculated as

of Acid Riboflavin Riboflavin
0.00 2.09 0.63
0.05 2311 0.50
0.10 2.27 0.69
0.15 2.22 0.82
0.20 2.49 0.78
0.25 2.28 0.83

TaBLE IV. Errect oF PH oN LiGHT ABSORPTION OF SOLUTIONS
OF SYNTHETIC RIBOFLAVIN

Per Cent of
pH Maximum Absorption
1.0 96.0
2.0 98.7
3.0 96.4
4.0 96.8
5.0 96.5
6.0 98.4
7.0 100.0
8.0 97.5
9.0 95.3

10.0 94.5
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TABLE V. ACCURACY OF MEASURING SYNTHETIC RIBOFLAVIN

(Concentrations in micrograms per ml.)

Actual Calculated
Concentration Concentration
of Riboflavin . of Riboflavin Deviation
16.52 16.47 —0.04
12.39 12.49 40.10
12.39 12.43 +0.04
8.26 8.31 +0.05
8.26 8.16 —-0.10
4.13 4.20 +0.07
4.13 4.14 +0.01
4.13 4.14 +0.01
Av. =0.05

TaBLE VI. REPRODUCIBILITY OF MEASUREMENT OF RIBOFLAVIN
1N Driep MiLk Propucrts

(Concentrations in micrograms per gram)
Number of Probable Error of

Sample Observations Mean Single Observation
1 12 29.8 =0,87
2 10 21.4 =0, 62

After neutralizing the extracts, it is necessary to filter off
the residual milk powder. Considerable difficulty was ex-
perienced in washing these precipitates free from riboflavin.
With a known volume of solvent, it should be possible to use
the filtrate without washing the precipitate or making the
filtrate up to volume, provided that riboflavin is not prefer-
entially adsorbed by the precipitate. In order to test this
hypothesis, two 10-gram samples of dried whey were taken,
a known amount of pure riboflavin was added to one sample,
and both samples were then extracted, neutralized, and fil-
tered. The light absorption of the filtrates was determined
without washing the precipitates or making the filtrates up
to volume.

Riboflavin Riboflavin
Added Found
Micrograms Micrograms

0 300
160 460

Based upon these experiments, the following method of ex-
tracting riboflavin from dried milk products was devised.

An acid-acetone solution is prepared by making 750 ml. of
acetone up to 1 liter with N sulfuric acid. A 15-gram sample
of milk powder is weighed into a 250-ml. Erlenmeyer flask and
100 ml. of the acid-acetone solution are added. It has been found
that certain impurities are readily destroyed by the addition of
hydrogen peroxide. Therefore,” depending upon the degree of
caramelization exhibited by the sample, from 1 to 3 ml. of 30 per
cent hydrogen peroxide are added to the sample. The flask is
connected to a reflux condenser, and the solution is boiled for
20 minutes, although complete extraction is generally obtained
by 15 minutes of refluxing. The flask is allowed to cool while
still connected to the condenser to prevent loss of solvent. It
is then tightly stoppered with a paraffined cork and placed in the
refrigerator for 30 minutes.

The flask is then removed and the solution neutralized by the
addition of 25 ml. of N sodium hydroxide. Depending upon the
amount of hydrogen peroxide used, from 22 to 24 ml. of a buffer
solution are added, which makes a total of 150 ml. of solvent for a
15-gram sample. For dried whey, a buffer solution of pH 6.8 is
used. For dried skim milk and dried buttermilk a buffer solu-
tion of pH 4.6 is used. The flask is returned to the refrigerator
for 30 minutes, after which the solution may be filtered. The fil-
trate represents a 10 per cent solution of the sample and may
now be read in the photometer. The amount of sodium hypo-
sulfite required to reduce this solution will vary with the com-

leteness with which the hydrogen peroxide has been decomposed.

sually from 15 to 30 drops will be required, and a correction may
bedmade for the increase in volume of extract caused by this
addition.

In order to demonstrate the accuracy with which pure ribo-
flavin may be measured in the photometer, reference will be
made to the data presented in Table II regarding solutions of
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synthetic riboflavin of known concentration. Table V pre-
sents the actual concentrations, as well as the concentrations
calculated from the photometric reading by means of the
correction factor.

The reproducibility with which riboflavin may be extracted
from dried milk products and measured in the photometer is
illustrated in Table VI, based upon observations of two dried
milk products. The probable error of a single observation is
less than 1 microgram per gram.

Discussion

The manufacturers of blocking-layer photocells frequently
state that no external potential should be applied to these
instruments. However, this invariably results when a photo-
cell is connected directly to a meter. The use of the zero-
potential circuit enables one to use the cell at all times in the
manner in which it was intended to be used. It might have
appeared possible to dispense with any correction had the
magnitude of the correction been a constant percentage of the
correct reading, since in absorption spectrophotometry only
the ratios of two readings are used. However, the correc-
tion is not a constant factor and other considerations influence
the choice of circuit.

The use of the zero-potential circuit greatly reduces the
variability which is ordinarily found between photocells of the
same manufacturer. This is true because the greatest source
of variation between cells lies in the internal leakage resist-
ance, which no longer influences the readings when the elec-
trodes are maintained at zero potential. Also, changes in the
internal leakage resistance due to differences in atmospherie
conditions will no longer influence the readings. Conse-
quently, identical readings are obtained by operators in widely
separated laboratories.

By the proper selection of filters, the photometer may be
used for many types of colorimetric measurements. One of
the limitations in the use of filters instead of a monochromator
is that strict proportionality between concentration and den-
sity (log Io/I) is obtained only over a limited range of concen-
trations, if the transmission curve of the filter does not
exactly coincide with the absorption band of the pigment (8).
Consequently, if the photometer itself does not give a linear
response to varying light intensities, a calibration curve must
be plotted for each pigment. The curvature of this line will
be made up of two components: (1) inherent in the pho-
tometer itself, and (2) due to a failure of the filters.

With the present instrument it is only necessary to deter-
mine over what range the filters fit the absorption curve of the
unknown in order to make direct calculation of the concentra-
tion from the readings of the photometer. This becomes
important when it is necessary to determine one component
of a mixture of pigments by the difference between two read-
ings. This may be done when it is possible to destroy or
decolorize the pigment being measured. It is obvious that-an
error will be involved if such a pair of readings is applied to a
curved calibration curve, since the error due to the filters
depends only upon the concentration of the pigment being
measured. However, if the photometer is constructed to
give a linear response to varying light intensities and the
concentration of the unknown pigment is within the limits set
by the filters, the change in light absorption upon removing
the pigment will be a linear function of the concentration of
the pigment.

The method of determining riboflavin which has been pre-
sented in this paper will give accurate and reproducible re-
sults when applied to well prepared samples of dried milk
products, but when the milk powders have been caramelized,
or when other feedstuffs are present in the sample, it is neces-
sary to subject the extracts to further purification.
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In several cases the method has.been applied to milk prod-
uots -which were also assayed for riboflavin by means of
chicks. The chick assays upon six samples gave an average
value of 21.2 micrograms per gram. An average value
of 21.5 micrograms per gram was obtained by the photometric
test. The method presented in this paper is preferred be-
cause of its rapidity, and because biological assays may be
complicated at times by the presence or absence of nutri-
tional factors which are not as yet clearly defined.

The absolute accuracy of this method depends upon the
purity of the sample of synthetic riboflavin used as a stand-
ard. Several samples of crystalline riboflavin were obtained
from different sources at the time of standardizing the method
and none of these appeared to be quite so pure as the sample
used. © This conclusion was based both upon the light absorp-
tion and the completeness of reduction. Since that time an
occasional sample has been encountered which appeared to be
reduced ‘to a.greater extent than the standard. When a
satisfactory standard of reference has been obtained it may
be necessary to alter slightly the above correction factor for
calculating the concentration of riboflavin.

‘When other instruments are set up according to the above
directions the same correction factor may be used for cal-
culating riboflavin concentration. ‘Some care must be taken
to assure that exactly 90 per cent reduction of the riboflavin is
obtained. Variation in the completeness of reduction may
oceur through incomplete removal of the peroxide or decom-
position of the hyposulfite solution. :-

Conclusions

A photometer has been described which utilizes a zero-
potential circuit in connection with a blocking-layer photo-
cell. Such an instrument gives a linear response to varying
light intensities, and offers advantages in regard to proper use
of the photocell, reproducibility of results, and application to
certain spectrophotometric measurements.

Riboflavin may be extracted from dried milk products by
refluxing with a dilute solution of acid in 75 per cent acetone.
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Certain unstable colored impurities may be destroyed by in-
cluding from 1 to 3 per cent of hydrogen peroxide in the solv-
ent. The resulting solution, after neutralizing and filtering,
may be used for quantitative measurements since riboflavin
is not preferentially adsorbed by the precipitated milk solids.
By reduction with sodium hyposulfite, 90 per cent of the
color of riboflavin is removed. Observation of the light ab-
sorption before and after reduction enables one to calculate
the concentration of the solution to ==0.05 microgram per ml.
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Boron Determination in Soils and Plants

Using the Quinalizarin Reaction

K. C. BERGER AND E. TRUOG, University of Wisconsin, Madison, Wis.

N HUMID regions, boron often exists in soils largely as
tourmaline, a boroaluminum silicate which is not readily
available. Theavailable boron, probably existing often largely
as the calcium salt, is usually present in humid regions in
amounts of less than one part per million. In plant tissue,

boron is often present to the extent of 25 parts per million,.

and since it is now recognized as an essential plant nutrient,
its determination in both soils and plants assumes consider-
able importance. Methods used in the past for making these
determinations have not been very satisfactory in some re-
spects, and the present paper reports the results of an attempt
at improvement.

In the past, the turmeric paper test described by Bertrand
and Agulhon (Z) has often been used in the determination of
small amounts of boron. As the turmeric paper is not very
sensitive to small differences in amounts of boron, and difficul-
ties are encountered in making accurate comparisons with
the standard, the method leaves much to be desired. The
spectroscopic method has recently been used by a number of

investigators (3, 6) to determine the boron content of plant
materials. It seems to give fairly good results, but requires
rather elaborate equipment and is time-consuming. The ti-
trimetric procedure, involving the use of polyhydroxy alcohols
and discussed in detail by several workers (8, 11), is not well
adapted for the rapid determination of the small amounts
sometimes encountered in soil and plant analysis, because
the method involves distillation which is time-consuming,
and because traces of buffering substances which are difficult
to remove may seriously interfere with the results.

Quinalizarin Reaction

It has been known for a considerable number of years
that the addition of boric acid to many of the hydroxyanthra-
quinones in concentrated sulfuric acid will cause a marked
color change which may be used for the identification of these
quinones. Recently this color change was applied to the de-
termination of boron. For this purpose, Feigl and Krumholz
(6) tried purpurin, alizarin S, and quinalizarin. Quinaliz-
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arin (1,2,5,8-tetrahydroxyanthroquinone) was found to be the
most sensitive, changing from a pink color to a bluish hue with
increasing concentrations of boron. Scharrer and Gottschall
(8) found quinalizarin to be better than purpurin. These in-
vestigators found that fluorides, nitrates, dichromates, and
other oxidizing compounds interfere in the test by turning the
solution colorless.

The authors found that if there are over 500 parts per
million of water-soluble fluorides in soils, or 5000 parts per
million of total fluorides in soils or plant tissue, the color on
which the procedures to be described depend will be partially
destroyed. Because of the insolubility of calcium fluoride,
the presence of appreciable amounts of water-soluble fluorides
in soils is rare. The small amounts ordinarily present in soils
and plants do not interfere. Larger amounts will destroy it
entirely. When necessary, fluorides are removed easily by
precipitation with thorium chloride and subsequent filtration.

The only oxidizing substance found in soils and plants that
interferes in the quinalizarin reaction is nitrate. In the pro-
cedures to be described, this is removed by ignition.

The only known substance (7, 10) that is similar to boron
in causing a color change with quinalizarin is germanic acid.
Poluektov (?) found that this also forms complex acids with
polyhydroxy aleohols and thus enters into an alkalimetric ti-
tration like boric acid. In tests made by the authors, it was
found that it takes over 200 times as much germanium as
boron to produce a certain color change in the quinalizarin
reaction. This means that in the procedures deseribed below
there would have to be over 20 parts per million of water-
soluble germanium in soils, and over 200 parts per million
of total germanium in soils or plant tissue, to produce a visible
color change. Since the occurrence of germanium in soils and

plants is rare, and since it takes considerable amounts of.

germanium to produce a visible color change, interference
by germanium in the quinalizarin test for boron in soils and
plants appears to be remote.

An all-important factor in the determination of boron by
means of the quinalizarin reaction is the concentration of
sulfuric acid in which the color is developed. Smith (9) found
that at least 44 per cent by weight of sulfuric acid must be
present in the solution in order to produce a visible color
change due to boron. He found that the sensitivity or color
change increases as the concentration of sulfuric acid in-
creases until about 93 per cent of acid by weight is present;
beyond this the sensitivity decreases. Smith indicates that
the method is sensitive to 0.001 mg. of boric acid. He applied
the method to the determination of boron in alloys.

The interaction of boric acid with quinalizarin is undoubt-
edly very similar to its reaction with dihydroxyanthraqui-
nones, which form chelated compounds with boric acid as
shown by Feigl and Krumholz (5§). In accordance with this,
the quinalizarin reaction with borie acid takes place:
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Four molecules of water are split off and a chelated ring
forms as indicated. A similar reaction takes place between
boric acid and open-chain polyhydroxy alcohols (4). The
reaction given reflects the necessity of the presence of con-
centrated sulfuric acid to aid in splitting off the water and
prevent the reaction from reversing.

For the determination of easily soluble boron in soils, the
writers first tried the turmeric paper test but the results ob-
tained were not entirely satisfactory. The quinalizarin color
reaction was then applied to both soil and plant analysis, and
a satisfactory procedure was developed, the details of which
follow.

Application of Quinalizarin Reaction

In the application of the quinalizarin reaction, it was found
that a concentration of about 93 per cent by weight of sulfuric
acid in the final test solution, obtained by adding 98.5 per
cent acid by weight, gives the most satisfactory results for
small amounts. With this concentration and method of
comparison used, it was possible to distinguish 0.0001 mg. of
boron from a blank test.

Nitrates in amounts usually found in soil solutions may be
reduced and removed by adding potassium carbonate and
powdered aluminum to the soil extract and evaporating.
Later it was found that evaporation and gentle ignition in
the presence of potassium carbonate or calcium hydroxide
were more convenient and fully effective in removing the
nitrates ordinarily found in soil extracts. This also destroys
organic matter which otherwise produces a brown color and
interferes with the test color.

Organic matter and many other substances may also be
separated by distilling the boron as the methyl ester of borie:
acid. To do this, the soil extract is evaporated to dryness
and then taken up in 85 per cent phosphoric acid and some
absolute methyl alcohol. The solution is placed in a distilling
flask (boron-free glass) and the methyl borate distilled into an
aqueous solution of potassium carbonate. The presence of a
small amount of free water prevents the complete distillation
of the boron.. This may be guarded against by the addition
of a small amount of phosphoric anhydride.

The distillation and subsequent evaporation necessary to
obtain the desired concentration were time-consuming and
laborious; hence, the simple ignition procedure was adopted
to destroy both nitrates and organic matter, which appear
to be the only interfering substances ordinarily present in soil
extracts. When 0.1 gram of potassium carbonate was added
to the soil extract, and the extract was then evaporated to
dryness and gently ignited, there was no loss of boron, while
nitrates and organic matter were destroyed. Platinum con-
tainers must be used when the ignition is made with potassium
carbonate, since this reagent attacks both quartz and por-
celain ware. Calcium hydroxide may be used in place of
potassium carbonate, making possible evaporation and ig-
nition in porcelain or quartz dishes. The ignition and distil-
lation procedures gave identical results when applied to syn-
thetic solutions and soil extracts.

Standard color solutions for the colorimetric comparisons
may be prepared by adding the appropriate amounts of the
reagents to varying amounts of boron as in testing unknown
solutions. These standards are permanent if kept in stop-
pered comparison tubes, so as to prevent absorption of water.
Since it is necessary to remove the stoppers to make compari-
sons most advantageously, absorption of water cannot be
entirely prevented; hence, these standards usually deterio-
rate in the course of a week or so, depending upon amount of
exposure. The color comparisons can, of course, also be made
by means of a photoelectric colorimeter.



542 INDUSTRIAL AND ENGINEERING CHEMISTRY

TABLE I. PREPARATION OF COLOR STANDARDS

Amounts Required to Produce
Corresponding Standards

Boron
Boron Present in Distilled  stock solutions
No. Color Standards water B and C
Mg. Ce. Ce.
1 0.0000 1.00 0.00
2 0.0002 0.80 0.20 (C)
3 0.0004 0.60 0.40 (C)
4 0.0006 0.40 0.60 SC)
5 0.0008 0.20 0.80 (C)
6 0.0010 0.00 1.00 (C)
7 0.0015 0.85 0.15 (B)
8 0.0020 0.80 0.20 (B)
9 0.0025 0.75 0.25 (B)
10 0.0030 0.70 0.30 gB)
11 0.0035 0.65 0.35 (B)
12 0.0040 0.60 0.40 (B)

Preparation of Reagents

SurLruric Acip, 98.5 PEr Cent BY WEIGHT. Although the
strength of sulfuric acid may vary from 98 to 99 per cent by
weight, for small amounts of boron it is very important to keep
it within these limits, and this requires accurate work in its
preparation and great care in its use and stora%e. The acid is
prepared by mixing ordinary concentrated sulfuric acid with
fuming sulfuric acid. To facilitate the calculations involved in
determining the proportion of each to be mixed, strengths are
best expressed in terms of sulfur trioxide rather than sulfuric
acid. chordingly, the desired 98.5 per cent sulfuric acid be-
comes 80.4 per cent sulfur trioxide. The proportion of each to
be mixed varies, of course, with the strengths of the acids. The
concentrated acid usually contains about 95 per cent of sulfuric
acid by weight, and the fuming 20 to 30 per cent of free sulfur
trioxide. The exact strength in each case is determined by
weighing out 2 grams or more of the acid in a 25-cc. weighing bot-
tle, and after diluting, titrating with 1.0 N sodium hydroxide. In
the case of the concentrated sulfuric acid, the weighing bottle
with contents is placed in a beaker of water, and, after mixing,
the acid is titrated. In the case of the fuming acid, the weigh-
ing bottle containing the acid is dropped into a second 100-cc.
weighing bottle containing about 30 cc. of water. As the
bottle is dropped, the cover of the 25-cc. bottle is removed, and
then the cover of the larger bottle is-quickly replaced. After
standing overnight or until fuming has entirely ceased, the two
weighing bottles with covers removed are placed in a liter beaker
. containing 300 to 400 cc. of water. It is advisable to place the

cover of tﬁe larger bottle in the beaker also, to prevent any loss of
acid which might be on the cover. After mixing, the acid is
titrated. The strengths in terms of sulfur trioxide are then
calculated by means of the following formula:

ce. NaOH titration X normality X 0.04003
weight of concentrated or fuming H,SO,

X 100 = percenta%e
by weight of SO,
in each case

After the strengths of the acids have been determined in terms
of sulfur trioxide, the proportion of each to be mixed to make 100
grams of 98.5 per cent sulfuric acid, which contains 80.40 per
cent of sulfur trioxide, is calculated as follows:

Let z = grams of concentrated sulfurio acid needed

100 — z = grams of fuming sulfuric acid needed

Let a = strength of concentrated sulfuric acid in terms of sulfur trioxide
expressed decimally

b = strength of fuming sulfuric acid in terms of sulfur trioxide expressed
decimally

Then, az 4 5(100 —z) = 80.40, and z is solved for

ExampLe. Strength of concentrated sulfuric acid found by titration was
77.78 per cent sulfur trioxide. Strength of fuming sulfuric acid found by
titration was 87.41 per cent sulfur trioxide. Substituting these values in the
formula above and solving for z, there is obtained:

0.7778 z + 0.8741 (100 — z) = 80.40

0.0963 z = 7.01
z = 72,79 grams, amount of concentrated
acid needed
100 — 72.79 = 27.21 grams of fuming acid needed in

making 100 grams of desired
mixture containing 98.5 per cent
H:804
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QUINALIZARIN SoLuTION. Dissolve 0.01 gram of quinalizarin
in 100 cc. of strong sulfuric acid made by diluting 9 volumes of
98.5 per cent by weight sulfuric acid with one volume of water.
Store in a glass-stoppered bottle.

Surruric Acip, APPROXIMATELY 0.36 N. Dilute 5 ce. of 95 to
96 per cent by weight sulfuric acid to 500 cc. with distilled water.

SuLruric Acip, ApPROXIMATELY 4 N. Dilute 50 cc. of 95 to 96
per cent by weight sulfuric acid to 450 cc. with distilled water.

CarciuMm HYDROXIDE, SATURATED SoLuTioN. Add 5 to
10 grams of calcium hydroxide to 500 cc. of distilled water.
Shake well and allow to settle.

Porasstum CARBONATE SorLuTION. Dissolve 40 grams of
anhydrous potassium carbonate in 100 cc. of distilled water.
give drops of this contain about 0.1 gram of potassium car-

onate.

Preparation of Color Standards

Dissolve 2.8578 grams of boric acid in 1000 ce. of distilled
water. This solution contains 0.5 mg. of boron per cc. and
serves as the primary (4) base stock solution. Prepare a second
(B) stock solution containing 0.01 mg. of boron per cc. by dilutin
20 ce. of the primary base stock solution to 1000 cc. with distille
water, and a third (C) stock solution containing 0.001 mg. of
?g(r)(())n per cc. by diluting 100 cc. of the second stock solution to

cc.

Transfer varying amounts of the second stock solution for
amounts above 0.001 mg. of boron, and of the third stock solution
for the others, to boron-free test tubes or glass vials. Glass vials
aﬁ»proximutely 20 X 100 mm. are convenient and satisfactory for
this purpose, and the amounts of boron given in Table I pro-
duce a satisfactory range of colors. In order to have the correct
concentration of acid when the color is developed, it is necessary
to have exactly 1 cc. of boric acid solutioninea hvial. Thisiscon-
veniently done by dispensing the boron stock solutions from burets,
and then adding water from another buret to bring the volume to
1 cc. in each case. Now, add 9 cc. of the 98.5 per cent sulfuric
acid, or other acid, to be used with the unknown test solutions.
Stopper the vials, cool, and add 0.5 cc. of the quinalizarin solu-
tion. After 15 minutes or more the color becomes fully developed
and the standards are ready for use. These colors are permanent
if the vials are kept stoppered to prevent absorption of water.

Determination of Available Boron in Soils

Most of the available boron in soils is undoubtedly water-
soluble. It was found that when a known amount of soluble
boron in the form of boric acid was added to several soils
free of water-soluble boron, and the soils were then dried, the
added boron could be completely recovered by adding water,
boiling for 5 minutes, and then filtering. The addition of
hot water, followed by shaking for 30 minutes and then
filtering, did not result in complete recovery. Complete
recovery may be effected by extraction with dilute acid.
This procedure, however, raises complications when calcare-
ous soils are encountered, because of the difficulty of regu-
lating the acidity. Furthermore, tests made with acid ex-
tractions of calcareous soils indicated that the results thus
obtained often do not correlate well with crop indications of
the boron status. After numerous tests, refluxing of the soil-
water suspension for 5 minutes appeared to be the best pro-
cedure. More boron was extracted by refluxing from 5 to
10 minutes than either for shorter or longer periods. Boiling
with a reflux condenser, the volume remains constant, and
thus an aliquot is later more easily taken. The details of the
analytical procedure finally adopted follow.

ANALYTICAL PROCEDURE. Place a 20-gram sample of the soil
(air-dried and 20-meshed) in a 125-cc. Florence flask (boron-
free glass), add 40 cc. of distilled water, and then attach a reflux
condenser. Boil for 5 minutes, disconnect the condenser, stopper
the flask, cool contents, and filter with suction on a Biichner fun-
nel or centrifuge until the supernatant liquid is clear. Clarifi-
cation may be facilitated by working with a warm solution or
adding not more than 0.05 gram calcium chloride dihydrate. Place
a 20-cc. aliquot of the clear extract in a platinum dish and add 5
drops of the potassium carbonate solution, or in a porcelain
crucible and add 2 cc. of a saturated solution of calcium hy-
droxide. Evaporate to dryness and ignite gently to destroy ni-
trates and all or%vanic matter. After cooling, add 5 cec. of ap-
proximately 0.36 IV sulfuric acid, and triturate thoroughly with a
policeman.
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TABLE II. AVAILABLE OR WATER-SOLUBLE BorRON FOUND IN
FieLp Test PLATS FERTILIZED WITH BORAX
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ANALYTICAL PROCEDURE. Fuse 0.5 gram of soil with 3 grams
of anhydrous sodium carbonate in a platinum crucible. Cool and
place the crucible in a 250-cc. beaker containing about 50 ce. of
distilled water. Place a cover glass on the beaker and add ap-

Sourse Ari,mfi’:d b e proximately 4 N sulfuric acid from time to time until the melt has
Sample Type of Soil pH as Borax B Av. disintegrated and the solution has a reaction in the range of pH 5.5
P.p.m to 6.0. Transfer the resulting solution to a 500-ce. volumetric
Plat 10 Clydeisiltilonm: 8.0 0.00 0.50 0.50 0.50 flask. - Wash the beaker and crucible several times with distilled
1;{:;: % 5 E{yge s@{t {onm ; g (l).{,g %'88 i ?g i.gg w:i,ter andhad?dthe washings to (;;he flask. g‘t};g tota.}l1 \lrolumehog
8 yde siit loam . . : solution should now not exceed 150 cec. methyl or ethy
acels Gidesildoam Tagu s S0t il 0] 3001530 alcohol to the flask until a volume of 500 cc. is reached and mix
g}n: §go g}yge silt‘}onlm g.g g.gg (2) 28 (2) io (2) ﬁg t}l:e contents thoiouglclily. 1Filt,er the solution or centrifuge until
a vde sandy loam . : : 5 the supernatant liquid is clear.
it %},’;{;3“;}23 Lo o L 1080 D0 0095 0103 Place a 400-cc. aliquot of the clear solution in a 500-cc. beaker
Plat 24 Poygaen clay loam 6.4  1.10 1.50 1.40 1.45 (boron-free glass) and add 100 to 150 cec. of distilled water to
prevent subsequent precipitation. Add potassium carbonate
until the solution is alkaline, evaporate to a small volume, and
TasLE III. Boron Founp v SoiLs To Warer KNown AMounts  transfer to a platinum dish. Evaporate to dryness and ignite
oF BORON As Boric Acip HAap BEEN ADDED to destroy organic matter. After cooling, add 4 cc. of approxi-
e Total Boron Found mately 0.36 A sulfuric acid, and triturate thoroughly with a
Type of Soil Added A B C e policeman. Place a 1-cc. aliquot of this solution in a comparison
Plpim < vial, add 9 cc. of the 98.5 per cent sulfuric acid, stopper the vial,
Plainfield sand 0 50 2.0 2.0 2.0 and cool. After cooling, add 0.5 cc. of the quinalizarin reagent
10 120 12,0 120 12.0 to the test solution and mix thoroughly by gently whirling the
20 22505 12270,55122.0 12270 vial. Allow to stand at least 15 minutes before comparing with
Poygan clay loam 0 20.0 20.0 20.0 20.0 standards.
10 28.0 30.0 30.0 29.3
20 40.0 40.0 38.0 39.3 ; 4 : ;
Miami silt loam 0 28.0 28.0 29.0 28.3 Resurrs. Table III gives results obtained in the analysis
e SHo i R DY of several soils with this procedure. To some samples of these

Place a 1-ce. aliquot of this solution in a comparison vial (20 X
100 mm.), add 9 ce. of the 98.5 per cent sulfuric acid, stopper the
vial, and cool. After cooling, add 0.5 cc. of the quinalizarin re-
agent to the test solution and mix thoroughly by gently whirling
the vial. Allow to stand for at least 15 minutes, and then deter-
mine the boron content by comparing with a set of standards.
The final comparison is best made by removing the stopper from
the standard and making a vertical observation against a white
background, as is usually done in colorimetric comparisons.

TyricaL Resurrs. Table IT gives the amounts of avail-
able boron found in a number of field plats variously fer-
tilized with borax. The borax was applied several months

in advance of the soil sampling, and hence, some losses :

due to leaching undoubtedly occurred, which probably ex-
plains in part the incomplete recovery of the added boron.
Some of the boron may also have become fixed in unavailable
form. With these limitations in mind, the correlation be-
tween amounts of boron added and found appears satisfac-
tory. Additional results, recently obtained and to be pub-
lished elsewhere, correlate well with the crop in-

soils known amounts of boron had been added; recovery of
the added boron was satisfactory. A Bureau of Standards
sample of glass containing 0.22 per cent of boron was analyzed
with the procedure just described, and six determinations
gave 0.21, 0.23, 0.225, 0.22, 0.20, and 0.225 per cent of boron.
The quinalizarin colorimetric procedure, because of its ex-
treme sensitivity, is thus well adapted for the determination
of the small amounts of boron usually found in soils, plants,
and many other substances. When materials containing sev-
eral per cent of boron are analyzed, the sample involved in the
final comparison is so small that any slight error at this stage
becomes multiplied many times in the calculations that follow.
The titrimetric procedure may thus be better adapted to
analyses involving high contents of boron. It is possible
that a better adaptation of the colorimetric procedure for high
contents might be attained by lowering the acidity of the test
solution so as to require a larger amount of boron to effect a
certain change in color intensity. The color standards
whether for direct comparison or photoelectric calibration
would, of course, need to be developed with the lower acidity
also.

dications.

TasLE IV. BoroN FounD IN PLANT TISSUE ASHED WITH AND

Determination of Total Boron in Soils

In determining the total boron content of soils

WITHOUT PoTASSIUM CARBONATE

(Oven-dry basis)
Amounts of Boron

by means of the fusion method, it is necessary to Nature of Nature Ashed without K2COs Ashed with K:COs
use a high proportion of sodium carbonate to Plant Tissue of Culture A B A"-P A B Av.
- . . - « P. M, ~
soil. Treatment of the melt obtained with water 2
i 1 i i Alfalfa, leaves Quartz pot
alone will bring all the boron into solution, but and stems culture 36.0 86.0 36.0  35.0 34.0 34.5
is inconvenient, being slow and requiring much Lettuce, leaves  Quarts pot 14.0 140  14.0 13.0 13.5 = 13.25
e . . cultu
water. Addition of sulfuric acid to the water, so Beet, red, leaves
thatithe;final reactionof thejsolutionifallsiwithin it € atd petioles S Field oulture (.80 038L80.0 =850, 0328 0,611 80010 2,290
the pH range of 5.5 to 6, hastens the disintegra- and petioles Field culture 26.0  24.0  25.0 25.0 24.0  24.5
: : e Beet, red, roots  Field culture 9.0 9.0 9.0 8.0 8.0 8.0
tion of the melt and leaves most of the sesquioxides R e d  eabbage, s o
15 in i 143 leaves ield culture 11.5 123 11.75 12.0 12.0 12.0
and silica 1n7151501uble iogm- lAddxtlcznt(;f.alcol_xo(I; Qra, leaves Field culture - 26.0  26.0  26.0 26.0 24.0 25.0
1 1 omato, leaves
L to 60 to o N ] 3200 and petioles Field culture 40.0 38.0 39.0 40.0 40.0 40.0
serves to throw down most of the large amount Shurtﬂﬁgf pine TR s g w5 e U i
3 1 * 1 seedlings 1eld culture s \ £ - 3 . 3
;)f sodxuxﬁl ?]ulfgte whlc}(; haT be:n folximed. 'I;}n? Horsetail, leaves  Kield culture 1.0 1100 110 .0 110 110
attail, leaves ield culture 3 3 £ 2 : .5
ea.ve§ all t .e AO LN OOV am'oun. O Lemon, fruit pulp Field culture 11.5 11.5 11.5 11.5 11.5 1175
saltsin solution. After the final evaporation, it is mon, fruit
juice® Field culture 0.3 0.3 0.3 0.3 0.3 0.3

necessary to ignite because of the small amount
of nonvolatile organic matter usually introduced
with the alcohol.

@ Results calculated on basis of juice, not oven-dried residue.
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TaBLE V. BoroN CONTENT OF-VARIOUS PLANTS GROWN ON
Same SoiL : :

(Oven-dry basis)
Amounts of Boron Found
A B Av.

* Species of Plant Portion of Plant

P, p. m.
Sweet corn Leaves 4 4 4.0
+ Kale : Leaves and gctioles 12 13 12.5
Leek 52 Leaves and bulb 12 13 12.5
Red cabbage Leaves 12 12 12.0
Green beans Leaves and stems 15 15 15.0
Carrot Roots > 15 14 14.5
Carrot : Leaves and petioles 16 18 17.0
White cabbage Leaves 16 18 17.0
Okra Leaves 18 18 18.0
Tomato Leaves 40 39 - 39.5

Determination of Total Boron in Plants

AwnavyricaL Procepure. Place a 0.25- to 0.50-gram sample
of plant tissue (oven-dried and ground) in a platinum crucible or
porcelain evaporating dish and ignite gently to a white or gray ash.
After cooling add 5 ce. of approximately 0.36 N sulfuric acid and
triturate with a policeman. After settling, place a 1-cc. aliquot of
the clear supernatant liquid in a comparison vial, add 9 cc. of the
98.5 per cent sulfuric acid, stopper the vial, and cool. Then add

. 0.5 cc. of quinalizarin solution, stopper, and mix well by whirling
gently. Allow to stand at least 15 minutes and then determine
the boron content by comparing with a set of standards.

Resvrrs. The results of analyses with and without the
‘addition of potassium carbonate prior to ashing, given in
Table IV, show that it is not necessary to add a base to the
. plant tissue to prevent loss of boron on ashing. Several
plants—namely, shortleaf pine, horsetail, and cattail—which
have a preponderance of acidic constituents in their ash,
were ignited with and without the addition of a base; no sig-
nificant differences in boron content were noted. A sample
.of lemon juice was neutralized, and this juice, together with a
sample to which no base had been added, was evaporated to
dryness and ignited. The results show that even with this
_very acid juice the boron suffers no loss on ignition. Other
workers (2, 6) have obtained similar results. Apparently

_ practically all plant tissue and juices release sufficient bases
from organic combination when ignition takes place to hold
the boron as a nonvolatile borate.

Table V gives the boron content of a number of species of
plants grown on the same soil. The amounts found corre-
spond well with the amounts found by other investigators (2).

~ The boron content of corn leaves is much lower than that of
many vegetables. Vegetables, fruits, truck crops, and leg-
umes seem to siiffer sooner from a lack of boron than the
grasses, and this seems to be correlated with the boron con-
tent of these plants. 3

Table VI gives the boron content of a number of species of
plants and the available boron in the culture mediums in
which the plants were grown. These data show that there is
some correlation between the amount of available boron in
the culture medium and that found in plant tissue grown
thereon. This is especially true in the case of quartz cul-
tures in which the amount of available boron can be closely
controlled. :

Precautions

_Since many c. p. chemicals contain appreciable amounts of
boron, it is essential that all chemicals used in the determina-
tion of boron be tested for freedom from this element. Pyrex
glass contains about 11 per cent of boric oxide and may cause
serious confamination if used in this determination. Kavalier
or other boron-free glassware should be used. All reagents

- should -be -stored in . containers made of boron-free glass.
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Common soft-glass bottles are usually satisfactory. Great
care must be exercised in measuring the 1-cc. aliquot of the
unknown to which are added the reagents for color develop-
ment, because an error of 1 drop in this measurement may
cause an error of from 5 to 10 per cent in the final result,
through its influence on the final acid concentration in the
mixture. The 98.5 per cent sulfuric acid reagent and the
quinalizarin solution should be stored in bottles equipped
with tightly fitting glass stoppers to prevent absorption of
water, and these bottles should not be left unstoppered. The
98.5 per cent sulfuric acid solution should be tested from
time to time, so as to be certain of its strength. Pipets,
burets, and all other measuring instruments should be cali-
brated.

TaBLe VI. BoroN Founp IN PLANT TisSUE PRODUCED UNDER
Varrous CONDITIONS

(Oven-dry basis)
Amounts of Boror
vail-
able in Totalin

Species : culture plant

of Plant Portion of Plant Nature of Culture medium tissue
—P. p. mi——

Beets, red Leaves and petioles Field culture . 0.43 14.5

oots ‘Field culture 0.43 6.0

Leaves and petioles Field culture 0.93 24.0

Roots Field culture 0.93 9.0

Lettuce Leaves Quartz pot culture 0.00 3.8

0.25 7.0

0.50 10.3

1.00 13.5

A 2.00 10.5

Alfalfa Leaves and stems Quartz pot culture 0.00 8.0

0.50 33.5

1.00 41.5

2.00 51.0

Summary

By means of the quinalizarin color reaction it is possible
with proper control of the acidity to detect 0.0001 mg. of
boron. This reaction was found to be well adapted for the
detection and colorimetric determination of the small amounts
of boron found in soils,,plants, and many other materials.
Interfering substances ordinarily present in soil extracts and
plant tissues are easily removed by a simple ignition pro-
cedure.

The available boron of soils is extracted by refluxing with
water for 5 minutes. An aliquot of the filtered extract is
then made alkaline and evaporated to dryness. The residue
is ignited to destroy organic matter and nitrates, and then
taken up with dilute acid, after which the quinalizarin colori-
metric test for boron is applied.

In the determination of total boron in soils and silicates, a
sodium carbonate fusion is made and the resulting melt is
dissolved at pH 5.5 to 6.0 so as to leave insoluble most of the
silica and sesquioxides. The bulk of the sulfate is thrown
out of solution by the additon of alcohol. The filtered solu-
tion is made alkaline, evaporated to dryness, and the residue
ignited. After dissolving in dilute acid, the quinalizarin test
is applied.

In the determination of the total boron of plants, the plant
tissue is ignited to a gray ash which is taken up with dilute
acid. The quinalizarin test is then applied to some of the
clarified extract.

A considerable number of soils, some of which had been
fertilized with borax, and plants variously fertilized with
boron were analyzed. The results obtained were fairly con-
sistent with the treatments given. The test for available
boron of soils appears to be well adapted for determining the
boron status of a soil.
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Volume-Shape Factor

of Particulate Matter

Probable Errors in the Computation

J. M. DALLA VALLE AND F. H. GOLDMAN, U. S. Public Health Service, Washington, D. C.

HE volume of an aggregate of irregularly shaped particles
can be determined from their average diameter by the
simple relation

V = 6ND? (1)
where 6 is the volume-shape factor (for spheres = 7/6), N
the number of particles, and D the average diameter. The

value of 0 is always less than /6 = 0.5236, and depends upon
characteristics of the material, its mode of cleavage during
crushing, and perhaps to some extent the particle size. The
shape factor of small particles should approximate that for a
sphere as their particle size decreases, particularly since the
methods used for the measurement of their diameters fre-
quently does not distinguish any dominant irregularities.
However this may be, there are data to warrant the assump-
tion that a representative sample of an aggregate has a fairly
constant shape factor (Z, 8). This paper furnishes experi-
mental evidence of the variation in shape factor for crushed
quartz particles between the range of 10- and 40-mesh Bureau
of Standards calibrated screens.

Two sieve sizes were used in the experiments described—
namely, those particles passing a 10-mesh sieve and retained
on a 20-mesh, and those passing this and retained on a 40-

mesh. The sizes of sieve openings were: 10-mesh, 0.2 cm.;
20-mesh, 0.084 cm.; and 40-mesh, 0.042. The sample was
taken from the sieve and stored in a glass container. ‘When
aliquots were to be counted and weighed in accordance with
the procedure discussed below, the total sample was placed
upon a sheet of glazed paper and quartered.

The particles were carefully sieved and average diameters
of upwards to 1000 particles in each sample determined by
the technique developed by Hatch and Choate (3). The di-
ameters of particles having an average volume were 0.214
and 0.089 cm., indicating rather significant differences from
the sieve sizes given above. (Logarithmic mean sizes of the
corresponding samples are 0.19 = 0.05 and 0.089 == 0.05 cm.)
These differences have been discussed at length by Hatch in a
paper on the determination of average size from sieve analy-
sis (2). No significant variations were found in the particle
sizes for each of the two samples for aliquots less than 1000
but more than 100 particles.  Thus, the average diameters
may be assumed as representative of the aggregates in ques-
tion.

To determine the variation in shape factor, portions of

“each sample were weighed and counted and the average

weight of each particle was calculated. This procedure

TaBLE I. AvVERAGE WEIGHT OF QUARTZ PARTICLES PASSING
10-MEsE AND RETAINED oN 20-MESH

Average
Weight
Weight of Number of per
Particles Particles Particle Deviation  Deviation?
Grams 1075 gram 1075 10-10
0.5572 128 435 -2 4
0.9811 187 525 +88 7744
2.0674 443 467 +30 900
2.0979 495 424 —13 169
2.4995 472 530 +93 8649
4.0260 947 425 —12 144
4.1882 930 450 +13 169
4.2124 1028 409 —28 784
4.2855 1090 393 —44 1936
4.8081 1284 374 —63 3969
5.5026 1111 495 +58 3364
6.0034 1521 395 —42 1764
9.1695 2084 440 + 3 9
17.6686 4170 424 —13 169
17.6951 4139 428 -9 81
17.8439 4455 401 —36 1296
17.8482 4396 406 —31 961
7421

Average weight per particle = —— X 1075 = 437 X 1075 gram.

17
Standard deviation = = ‘}311';12 X 1075 = %428 X 1076 gram.

Probable error of any determination = 428 X 10-% X 0.6745 = 301 X
107% = 6.9%.

TaBLE II. AvERAGE WEIGHT OF QUARTZ PARTICLES PAssiNG

20-MESH AND RETAINED ON 40-MESH

Average
Weight
Weight of Number of per

Sample Particles Particle Deviation Deviation?
Grams 1078 gram 10~ * 10712
0.8805 3500 252 —18 324
0.8844 3500 253 —17 289
0.9366 3600 260 —10 100
0.9889 3700 267 -3 9
0.9962 3600 276 + 6 36
1.0014 4150 241 —29 841
1.0037 3700 271 + 1 1
1.0069 3800 265 -5 25
1.0310 3600 287 +17 . 289
1.0324 4230 245 —25 625
1.0413 3800 274 + 4 16
1.0504 3679 285 +15 225
1.0920 4228 258 —12 144
1.1125 3529 300 +30 900
1.1171 3800 294 +24 576
2.0010 6817 203 +23 529
2.1484 8030 268 -2 4
3.0039 11328 265 =5 25
4.0189 14779 272 + 2 4
5.0043 18129 276 + 6 36

Average weight per particle = % X 107¢ = 270 X 10-¢ gram.

P
Standard deviation = = ‘[4::—35-; X 1078 = %50 X 107,

Probable error = 50 X 107 X 0.6745 = 33.7 X 107 = 12.5%,.
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is in itself a measure of the shape factor, since the weight of
the particles is obtained from Equation 1 by multiplying by
the density

W = 8 ND? ©
Since D and p are known and may be considered constant,

Hz'

s=Ky @)

Hence, the shape factor is as accurate as the average
weight of the particles constituting the sample. Average
particle weights were obtained by counting all particles
from several portions of each sample, and reweighing. The
results of this procedure are given in Tables I and IT.

The tables show that the average particle weights as de-
termined above are not constant. Nor does there appear to
be any trend toward constancy, even when large numbers of
particles are counted. The probable errors of individual
samples are 6.9 and 12.5 per cent, which may be considered
as being rather large.

The shape factors calculated from Equation 1 for the
samples in question are 0.17 and 0.15, respectively (taking
p = 2.65). These values correspond with the shape factors
determined by Hatch and Choate for very small particles (3).
These investigators obtained volume-shape factors as low as
0.14 for particles of the order of 10 microns (0.001 cm.).
Actual particle counts, however, were not made, but obtained
by an indirect procedure.
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Without question, the size distribution of the aggregate is
most important. A small number of large particles can
alter the ratio of W/N although no significant change in the
size distribution, and hence the average diameter, is apparent.
The volume of a particle is as the cube of the diameter.
Hence, a single particle of an aggregate with a diameter 10
times that of the smallest has a volume (and mass) equivalent
to 1000 particles of the latter. This fact undoubtedly ac-
counts for the differences in average particle weights. (As
a matter of experiment, the extremes of size-frequency plots
vary from sample to sample without materially affecting
the average or the median sizes.) It is questionable whether
a size-weight distribution for calculating average diameters
would yield better results since, as Hatch has pointed out,
summation curves by weight and count will plot as parallel
lines on logarithmic probability paper (2). It may be con-
cluded, therefore, that the best value of the volume-shape
factor is that determined from the average particle weights of
several aliquots of the aggregate, each including a large
number of particles.
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Judging Adhesiveness of Bitumen to Silica Sand
A Comparison of Mixing Method and Wash Test

HANS F. WINTERKORN AND GEO. W. ECKERT
Missouri State Highway Department and University of Missouri, Columbia, Mo.

HE fact that a certain parallelism exists between wetting

and adhesiveness phenomena has tempted a number of
investigators to apply the principles and methods of flotation
to the problem of testing and improving the adhesiveness of
bitumen to mineral aggregate. The inherent theoretical and
practical limitations of such an undertaking have been out-
lined previously (4). Here it need only be mentioned that
while wetting phenomena are usually instantaneous, the de-
velopment of maximum adhesion between a mineral surface
and bituminous material is a function of time. A recent
contribution applying flotation principles to the problem of
bitumen adhesion is the work of McLeod (2), who while using
activators and wetting agents assumes that the ease of cover-
ing wet Ottawa sand with asphaltic bitumen is a measure of
adhesiveness. Since the ease and speed with which the
mixing test by McLeod can be performed would represent
an advantage over the more lengthy procedure of the com-
monly used wash test (, 3, 6), it appeared desirable to com-
pare results of these two tests on the same set of samples.

Experimental Procedure

The testing procedures used were the mixing method as re-
ported by McLeod and the wash test with a machine previously
described by the authors (§). For the experiments on mixing,
Ottawa sand was thoroughly washed with distilled water and
dried, and the fraction passing No. 8 and retained on a No. 40
sieve was employed. Two asphaltic materials having the prop-
erties given in Table I, and 0.05 N solutions of sodium oleate
and activator salts, respectively, were used for the tests. A

Ereliminary experiment showed that various MC and SC oils
ad different mixing efficiencies with the sand in the presence of
water. However, the addition of from 0.2 to 0.5 cc. of 0.05 N
sodium oleate solution to any of the asphalt-sand-water mixtures
resulted in a complete stripping of the coated sand and the balling
up of the asphalt into numerous particles. The addition, there-
after, of the activator solutions had different effects, varying
with the concentration and type of compound. The mixtures
for testing adhesion were made in the following manner:

Thirty grams of sand and 1 gram of asphaltic material were
thoroughly mixed in the presence of water, enough water being
added to cover the sand and the excess drained off.

TABLE 1. PROPERTIES OF ASPHALTS
Slow-Curing Road
Oil
No. 1 No. 2
Saybolt-Furol viscosity at 122° F., sec. 171

327
Specific gravity, 60° ¥./60° F. 1.0402 0.9766
Flash point, ° F. 240 260
Oliensis Positive  Negative
Residue, % 71.8 73.2
Penetration of residue at 77° F., 100 grams, 5 sec. 86 85
Duectility of residue at 77° F., cm. 101 150+
Loss on heating 50 grams 5 hours at 325° F., % 9.92 8.36

Varying degrees of coverage were obtained.

One-half cubic centimeter of 0.05 N sodium oleate was added
and the mixture stirred ; complete stripping occurred.

The activator solution was added in 0.1-cc. increments with
thorough mixing after each addition until the sand was uniformly
coated or until it was seen that no coating would be accomplished.
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The adhesion data and mixing observations are given in
Table II. The adhesiveness tests were made after the
samples had cured in air 3 days and then stood in water one
day.

{

Results

Asphalt 1, when mixed with the sand in the absence of
water, wetting, and activating agents gave a very good coat-
ing, and after the same curing period as described above gave
the best possible adhesion. Mixed in the presence of water,
the mixing was still very good, whereas after the same curing
period as above the asphalt stripped at 60° C., being not af-
fected at 30° and 45° C., which can be called fair adhesion.

Asphalt 2, when mixed with the sand in the absence of
water, wetting, and activating agents, gave a poor mix and
poor adhesion. Mixing and adhesion were also very poor
when this asphalt and sand were mixed in the presence of
water.

These two asphalts provide the two extremes for observa-
tion—e. g., very good and very poor adhesion. The data in
Table IT indicate a similarity in the results of mixing observa-
tions and adhesion tests if both activator and wetting agent
are used. There is, however, no exact correlation, because
several mixes which were very good on the basis of efficient
mixing gave poor adhesion. These cases are magnesium
chloride and silver nitrate with asphalt 2. These two salts
also lowered the adhesion of asphalt 1.

Since the wetting agent (sodium oleate) in the absence of
an activator caused the complete stripping of the asphalts
from the sand, the effect of omitting the wetting agent and
adding only the so-called activator solution was investigated.
Results of these experiments are given in Table III. In this
case, the amount of water present is more important than
where the activator and wetting agent are used.

These tests indicate that the salt solutions which are bad
with soap are also bad when soap is not used. However,
some of the salt solutions which have a good effect in con-
nection with soap do not give good results when soap is not
used. Lead nitrate appeared to be the best reagent in re-
gard to both mixing and adhesion results, although potassium
aluminum sulfate was almost as good. Calcium chloride,
magnesium chloride, and silver nitrate were generally not
good with regard to adhesion, although magnesium chloride
and silver nitrate tended in proper amounts to give good
mixing (with soap). Ferric chloride used without soap gave

TaBLE II. MIXING AND ADHESION DATA
(0.5 ce. of sodium oleate used)

Salt
Solu-
tion, Adhesion Value®
Soap Salt Ce. Mix 30° 45° 60° 70°
Asphalt 1
1 Co(NOs): 0.2 Uniform 1 1 1 1
2 KAI(S8O4: 0.1 Uniform 1 1 1 1
3 FeCl 0.1 Uniform 1 1 1 1
4 Pb(NOs): 0.1 Uniform 1 1 1 1
5 ZnSOq« 0.2 Uniform 1 1 1 1
6 AgNOs: 0.9 Uniform 1 1 1 3
7 CaCls 0.5 Uniform 1 1 3 3
8 BaCl: 0.2 Uniform 1 1 1 1
9 MgCl 0.5 Uniform 1 1 1 3
10 CuSO« 0.2 Uniform 1 1 1 1
Asphalt 2
Coating
1 Co(NOs): 0.2 Uniform 1 1 1 1
2 XKAI(SOq: 0.1 Uniform 1 1 1 1
3 FeCls 0.3 Uniform 1 1 1 1
4 Pb(NOs): 0.1 Uniform 1 1 1 1
5 . ZnSO« 0.2 Uniform 1 1 1 1
6 AgNOs 1.2 Poor until 1.2 cc. were added 3 20 i
7 CaCl: 251 Very poor 3 e e T
8 BaCls 0.1 ood 1 1 1 1
9 MgCl: 0.5 Poor until 5 ce. were added 2 3 i e
10 CuSO4 0. Uniform 1 1 1 1

@ 1 = nostripping, 2 = 25% or less stripped, 3 = more than 25% stripped.
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TasrLE III. ReEsurrs UsING ACTIVATOR AND OMITTING WETTING

AGENT
—Reagent——
0.05 N H:0 Mix 30° 45° 60° 70°
Ce. Ce.
Asphalt 1
Co(NOs3): 1 7 Medium 1 1 1 1
5 3 Medium 1 1 1 1
MgCl: 1 7 Poor 1 1 1 1
5 3 Poor 1 1 1 1
CaCls 1 7 Poor 1 1 1 1
5 3 Poor 1 1 1 3
BaCl: 1 7 Medium 1 1 1 3
5 3 Medium 1 1 1 1
Pb(NO3): 1 7 Very good 1 1 1 1
5 3 Very good 1 1 1 1
KAI(SOq)2 1 7 Very good 1 1 1 1
5 3 Very good 1 1 1 1
CuS04 1 7 Very good 1 1 1 1
5 3 Very good 1 1 1 3
FeCls 1 7 Good 1 1 1 1
5 3 Poor 1 1 1 1
AgNO; 1 7 Good 1 1 2 3
5 3 Good 1 1 1 1
ZnS0y 1 7 Very good 1 1 3 A
5 3 Very good 1 1 3 %
None o None Very good 1 1 1 1
8 Very good 1 1 3 e
Asphalt 2
CaCl: 1 7 Poor 3 i o5
5 3 Poor 3 53 oS
KAI(SO4):2 1 7 Poor 1 3 o
5 3 Poor 1 1 1 1
Pb(NO3): 1 7 Poor 1 1 1 3
5 3 Poor 1 1 1 1
BaCl: 1 7 Poor 1 1 1 1
5 3 Poor 1 1 1 1
AgNO; 1 7 Poor 3 fi 135 2
5 3 Poor 1 3 o
FeCls 1 7 Poor 1 1 1 1
5 3 Poor 1 1 1
CuSO0q 1 7. Poor 3 53 il
5 3 Good 1 3
MgCle 1 7 Poor 3 S5t
5 3 Poor 3
Co(NOs):2 1 7 Poor 3
5 3 Poor 3
None S 8 Poor 3
None Poor 3

good mixing when added in very small quantities, but as the
quantity was increased the mixing efficiency decreased.
However, any particles which were coated in the presence of
ferric chloride gave very good adhesion.

Conclusions

The ease of covering a sand with a bituminous material by
means of simple mixing may be a general indication, but is
not a dependable measure of the adhesion relationship be-
tween the bitumen and the sand.

The best agreement of the mixing test data with those
from the wash test occurs where wetting agents are used in
conjunction with aluminum, iron, and lead ions—i. e., with
those ions which are generally recognized as favorably af-
fecting adhesion of bitumen to aggregate. For such cases
and where the aggregate has to be coated in the wet condition
with the help of soap-type activators the McLeod test ap-
pears to have some merit. :

The mixing test cannot be substituted for the wash test if
definite information on the adhesion relationship between
bitumen and aggregate is desired.
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A Table for Ebulliometers

For Use with Alcoholic Liquids Containing Solid Matter

R. F. LOVE, Alcohol Tax Unit Laboratory, Bureau of Internal Revenue, San Francisco, Calif.

HE ebulliometer is used in many industrial plants such

as wineries, breweries, and distilleries for rapid determi-
nation of the alcohol content of wine, beer, mash, and distilled
liquors. The tables or scales which accompany the ebulli-
ometers are constructed for liquids containing either no solid
matter or one rather definite quantity of solids such as would
be found in beer or light wine.

Since the variety of alecoholic liquids which the ebulliometer
may be called upon to analyze is rather large and may cover
solid contents of considerable range, a table which takes into
account such solid matter may be of value.

To obtain data with which to construct such a table, mixtures
of 192-proof alcohol, sucrose, and distilled water were prepared
containing approximately 1, 3, 5, 7, 9, and 11 per cent of alcohol
by volume accurately determined by a pycnometer, and 0, 2, 4,
6, 8, and 10 grams of sucrose per 100 ml.—a total of 36 solutions.
Dilutions were made with a
were checked against each other, and the liquids were measured
at 20° C.

Each solution was tested, simultaneously, in a Juerst and a
Salleron ebulliometer. The thermometer used with the Juerst
was manufactured by the Taylor Instrument Company, was
graduated the same as the Juerst thermometers, and was certified
by the National Bureau of Standards. The thermometer used
with the Salleron was the one furnished with the ebulliometer,

uret and a volumetric flask which.

and although it had not been certified by the National Bureau
of Standards, it agreed very closely with the Taylor instru-
ment. In a third ebulliometer, water was kept boiling con-
tinuously to detect any change in boiling point during the
periods of testing.

Before each series of tests, the ebulliometers were cleaned by
boiling with a strong solution of alkali to remove the film of solid
matter which collects inside the boiler after only a few tests are
made and which causes bumping. Solutions containing more than
10 grams per 100 ml. of sucrose were not used because of the
tendency of liquids of high-solid content to bump. Such liquids
are best analyzed by diluting the samples. Even after thorough
washing of the boiler, the first boiling point of water was usually
different from the succeeding ones; therefore the boiling point of
water was obtained by boiling successive portions of water until
several duplicate results were obtained.

The boiler was then thoroughly rinsed with the alcoholic liquid
to be tested, but in spite of that fact, the boiling point of the solu-
tion was affected by the previous presence of water and the first
reading had to be discarded, as it was usually high, corresponding
to a percentage of alcohol which was too low.

The boiling point of each solution was determined at least
six times with each ebulliometer. The readings were made
by observing the thermometers every 15 seconds from the
time boiling started until the mercury remained constant dur-
ing several observations. The point at which the mercury was

Tasre I. Boruing PoiNt DIFFERENCES, JUERST EBULLIOMETER
Gran;‘a of Sucr%se per IOOGMI. of Solution

Aleohol
%

0.9585 0.95 0.92 0.89 0.86 0.83 0.82
2.8755 2.68 2.68 2.69 2.72 2.67 2.70
4.7925 4.20 4.23 4.22 4.25 4.27 4.30
6.7095 5.60 5.65 5.66 5.71 5.73 5.76
8.6265 6.83 6.91 6.92 7.02 7.07 7.12
10.5435 7.96 8.02 8.12 8.19 8.17 8.27
TaBLE II. ApjusteEp REsurrs Usep 1N CONSTRUCTING A

TABLE, JUERST EBULLIOMETER
~———Grams of Sucrose per 100 MI. of Solution—

Alcohol 0 4 6 8

%

0.9585 0.95 0.92 0.89 0.86 0.83 0.80
2.8755 2.68 2.68 2.68 2.68 2.68 2.68
4.7925 4.20 4.22 4,24 4.26 4.28 4.30
6.7095 5.60 5.63 5.66 5.69 5.72 5.75
8.6265 6.82 6.88 6.94 7.00 7.06 7:12
10.5435 7.96 8.02 8.08 8.14 ¥ 8.26

TaBrLE ITI. BorLiNg PoINT DIFFERENCES, SALLERON
EBULLIOMETER §

Grams of Sucrose per 100 MI. of Solution————
2 4 6 10

Alcohol 0
%
0.9585 0.94 0.92 0.89 0.88 0.85 0.84
2.8755 2.68 2.68 2.69 2.70 2.70 2.70
4.7925 4.20 4.23 4.26 4.29 4.31 4.35
6.7095 5.60 5.65 5.66 5.71 5.77 5.81
8.6255 6.84 6.90 6.92 6.96 7.06 7.10
10.5435 7.96 8.02 8.09 8.16 8.17 8.26
Tasre IV. ApiustEp RESULTS, SALLERON EBULLIOMETER
~———Grams of Sucrose per 100 M1. of Solution
Alcohol 0 2 4 6 8
%
0.9585 0.94 .92 0.90 0.88 0.86 0.84
2.8755 2.69 2.69 2.69 2.69 2.69 2.69
4.7925 4.20 4.23 4.26 4,29 4.32 4.35
6.7095 5.60 5.64 5.68 5.72 5.76 5.80
8.6255 6.84 6.89 6.94 6.99 7.04 7.09
10.5435 7.95 8.01 8.07 8.13 8.19 8.25

TABLE V. READINGS WITH JUERST EBULLIOMETER

Boiling Point
Difference

Sucrose Alcohol Found High Low  Variation
Grams/100 ml. % by volume
0 0.9585 0.95 0.95 0.94 0.01
0 2.8755 2.68 2.69  2.67 0.02
0 4.7925 4.20 4.22 4.19 0.03
0 6.7095 5.61 5.63 5.59 0.04
0 8.6265 6.83 6.85 6.82 0.03
0 10.5435 7.98 7.99 7.97 0.02
2 0.9585 0.92 0.93 0.92 0.01
2 2.8755 2.68 2.69 2.67 0.02
2 4.7925 4.23 4.24 4.22 0.02
2 6.7095 5.65 5.68 5.62 0.06
2 8.6265 6.91 6.93 6.87 0.06
2 10,5435 8.04 8.05 8.03 0.02
4 0.9585 0.89 0.89 0.90 0.01
4 2.8755 2.69 2.70 2.67 0.03
4 4.7925 4.22 4.25 4.20 0.05
4 6.7095 5.66 5.70 5.63 0.07
4 8.6265 6.92 6.93 6.90 0.05
4 10.5435 8.12 8.14 8.10 0.04
6 0.9585 0.86 0.87 0.85 0.02
6 2.8755 2.72 2.73  2.70 0.03
6 4.7925 4.25 4,27 4.22 0.05
6 6.7095 5.71 5.74 5.68 0.06
6 8.6265 7.02 7.04 7.00 0.04
6 10.5435 8.19 8.21 8.18 0.03
8 0.9585 0.83 0.84 0.82 0.02
8 2.8755 2.67 2.70  2.63 0.07
8 4.7925 4.27 4.30 4.23 0.07
8 6.7095 5.73 5.76  5.71 0.05
8 8.6265 7.07 Toll 7.03 0.08
8 10.5435 8.17 8.18 8.13 0.05
10 0.9585 0.82 0.84 0.81 0.03
10 2.8755 2.70 2371 2.68 0.03
10 4.7925 4.30 4.32 4.26 0.06
10 6.7095 5.76 5.78 5.73 0.05
10 8.6265 7212 Tl 57510, 0.05
10 10.5435 8.27 8.290 8.24 0.05

TABLE VI. FormULAS FOR CALCULATING EBULLIOMETER TABLE

(Figures in first column represent grams of sucrose per 100 ml. of solution)

0 y = 0.98469z + 0.03004z2 + 0.00158z3
2 y = 1.00618z + 0.0208822 + 0.00219z3
4 ¥ = 1,03436z + 0.00997z2 - 0.0029123
6 y = 1.05861z + 0.00072z2 4+ 0.00348z3
8 ¥ = 1.08209z — 0.00817z2 + 0.00402z3
10 y = 1.11577z — 0.02054z* + 0.004842z3
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8 10

6

4
Per cent by volume

Table V shows the highest and lowest
2

Grams of Sucrose per 100 M. of Solution

0

Point,
Difference

tions. The variations in individual readings on the Salleron
Boiling

the Juerst ebulliometer. The adjusted results for the Salleron,
shown in Table IV, were so nearly like the corresponding ones
for the Juerst that one table was considered satisfactory for
thermometer were larger than those on the Juerst because the

both ebulliometers.
results can be obtained by using care in all of the manipula-

readings obtained for each solution and proves that consistent

10
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Since these

Results ob-
figures were slightly irregular, they were adjusted so that

tained, in boiling point differences, are shown in Table I for
8

6

Per cent by volume

TasLe VII. TABLE TO ACCOMPANY EBULLIOMETER
(Per cent of alcohol by volume corresponding to differences in boiling points for quantities of sucrose between 0 and 10 grams per 100 ml.)

Boiling

Readings were estimated to

4

Grnm; of Sucrose per 100 M. of Solution

0

Point
Difference

stationary for the longest period was recorded and the total
when plotted, smooth curves would be obtained. Table II

hundredths of a degree on each thermometer.
the Juerst and in Table III for the Salleron.
shows the adjusted results used for constructing the table for

of such readings averaged.
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3 DIFFERENCE

NO SUGAR T
1076 SUGAR o o
LEFCO & JUERST ----
JUERST

T T the Juerst table at
boiling point difference
/' 5.00 and from 6.20 to
W 7.75.

7 A correction table (1)
7 : to be used for beer and
beverages having a real
extract (solids) of from
3 to 12 per cent gives a
factor to be added to
the alcohol found, ac-
cording to the amount
of solids present. It
agrees exactly with
Table VII at 5.66 per
cent alcohol, for the
various percentages of
sucrose, but it cannot
be used for liquids con-
taining other percent-

ages of alcohol.
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Figure 1

scale divisions of the Salleron are smaller and consequently
more difficult to read.

A formula was obtained for each series of solutions con-
taining the same quantity of sucrose, by use of the equation
y = ar + bx?+ cz3, in which y is the difference between boil-
ing points, z is the per cent of alcohol by volume, and a, b, and
¢ are constants whose values were calculated from the experi-
mental data, by the method of least squares. These formulas
are shown in Table VI. By their use Table VII was con-
structed, showing per cent of alcohol by volume, for each 0.05
degree difference between boiling points, from 0 to 8, for solu-
tions containing 0, 2, 4, 6, 8, and 10 grams of sucrose per 100 ml.
This table may be used with any ebulliometer whose ther-
mometer is based on the Centigrade scale. Usingboiling point
differences as ordinates and percentage of alcohol as abscissas,
the author plotted a curve for each quantity of sucrose used.
These curves are shown in Figure 1.

The column of Table VII for solutions containing no sucrose
agrees very well with the table which accompanies the Lefco
ebulliometer (3) except at one point.” When the boiling point
differences in the Lefco table are plotted against percentages
of alcohol, they form a smooth curve, except for the boiling
point differences 4.00 to 6.00, where they form a straight line.
Evidently the interpolations at that part of the table were
made by proportion rather than by use of a formula. Almost
exactly the same discrepancy is noticed at the corresponding
part of the Juerst table (2).

At boiling point difference 6.20, Table VII and the Juerst
table again begin to separate and at 7.75, the highest point
on the Juerst scale, the discrepancy is 0.07 per cent alcohol.
Repeated attempts to check the Juerst table at its upper limit
were unsuccessful. Table VII agrees very well with the Lefco
table at its upper limit. It is concluded that there is a small
error in the Lefco table at boiling point difference 5.00 and in
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A Modified Jones Reductor

W.A. TAEBEL, University of Illinois, Urbana, Ill.

HE Jones reductor is a convenient apparatus for effect-

ing the reduction of certain compounds. Its efficiency
in certain cases, however, is governed by the rate at which
the solution containing the substance to be reduced flows
through the reductor. A definite rate of flow through a
Jones reductor equipped with an ordinary stopcock can be
obtained only by trial and error; furthermore, duplicate rates
are practically impossible.

The modified Jones reductor herein described enables one
to obtain a definite and constant rate of flow. This may be
accomplished by fitting the delivery tube of the reductor
with replaceable ground-glass capillary tubes of various-
sized orifices.

The tip of the delivery tube is first expanded to form the fe-
male joint. A 15-cm. (6-inch) length of capillary tubing, pos-
sessing an inside diameter of 1.5 mm. and an outside diameter
approximately equal to that of the delivery tube of the reductor,
is heated at one end until the orifice is barely closed. The cap-
illary tube is then heated at a point 5 cm. (2 inches) from the
closed end and drawn out until it possesses a taper simulating
that of the female cone. The male cone is obtained by cuttin
the tubing at the constriction. Three or four male cones shouls
be made and ground into the delivery tube of the reductor, care
being taken not to grind too long on any one cone before grinding
in the next. In this way all the cones are gradually ground to
the same size and may be used interchangeably in the reductor.
The closed tips of the cones are then ground down on a piece of
plate glass until each cone possesses the desired orifice size. In
this way cones delivering approximately 20, 50, 100, or any de-
sired number of milliliters per minute may be obtained. The
volume delivered must be determined by trial. If too large a
volume is delivered, the orifice may be closed slightly by reheat-
ing the tip.



Device for Subliming Iodine

JACOB CORNOG AND LEONARD OLSON
University of Iowa, Iowa City, lowa

ANY books on analytical chemistry give directions for
subliming iodine in quantities of a few grams, but the
authors have not found in the literature a description of a
device that may be assembled from materials found in most
laboratories and used for subliming iodine in lots ranging up
to 500 grams (1 pound) in weight. Such a device is described
in this article.

As indicated in the figure, the device consists of a desiccator
of Pyrex glass, having a diameter of approximately 250 mm., and
bearing a 40- to 60-watt light bulb in the lid. Lead wires from an
ordinary municipal lighting circuit are soldered to the metallic
base, E, of the bulb, which is sealed in the hole in the desiccator
lid with plaster of Paris, D, in such a way that no metallic surface
is exposed to the interior of the desiccator and also so that the
plaster does not touch the wire soldered to the central terminal
of the bulb, which is covered with de Khotinsky or a similar
cement. The tile, C, supports the beaker or evaporating dish, 4,
containing the iodine to be sublimed and the beaker, B, contain-
ing a drving agent such as phosphorus pentoxide. If a resistance
is placed in series in the external circuit, closer regulation of
heating temperatures is assured.

When a current is passed through the bulb, the top of the
desiccator becomes warmer than the bottom and iodine vapor-
izes and condenses on the lower sides and the bottom. The
rate of sublimation may be increased by using devices which
increase the difference in temperature existing between the
upper and lower parts of the desiccator, such as insulating
the top or cooling the bottom of the desiccator.

This apparatus has found a variety of uses in this labora-
tory, such as drying and subliming iodine recovered from ac-
cumulated iodine “residues’” by wet methods, recovering
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iodine mixed with broken glass and dirt resulting from the
breaking of bottles in transit or by dropping them on the
floor, and in the drying and purification of substances, such
as iodine monochloride, that are volatile, corrosive, and easily
decomposed at relatively low temperatures.

Rapid Operating Device for Orsat Apparatus

FRED COOK, Bituminous Casualty Corporation, Rock Island, Ill.
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HE opera-

tion of ordi-
nary gas analy-
sis equipment is
somewhat tedi-
ous and requires
the constant at-
tention of the
analyst. Auto-
matic absorption
pipets (1, 2, 3)
and a hydrauli-
cally operated
device for trans-
porting the mer-
cury bulb (4)
have been sug-
gested to de-
crease the time
consumed and to
relieve the oper-
ator during a
portion of the an-
alysis. Each has
advantageous
application.
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A study of the operation of a standard analysis procedure
will indicate that a large portion of the total time is used in
returning pipet solutions to their original marks, balancing
the pressure, and reading the buret. These operations are
complicated by the fact that the confining liquid in the buret
is not perfectly controlled, but is free to surge between the
buret and the leveling bulb, and cannot be brought to rest
quickly.

The device described below permits a positive control on
the confining liquid (mercury must be used) by the presence

“of an incompressible fluid (water) over the mercury in the
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leveling bulb. This means of control so facilitates the opera-
tion of any type of gas analysis equipment that considerable
saving of time should result. In the analysis of coal-mine
air (carbon dioxide, oxygen, carbon monoxide, methane) with
a standard laboratory-type apparatus, using contact and slow-
combustion pipets, the total time of analysis may be cut in
half with this device.

Description

The essential difference between this device and the conven-
tional Orsat apparatus is that the motivating force here is water
pressure which is applied over the mercury in the leveling bulb.
This change necessitates the use of a leveling tube (a tube parallel
to the buret, open at the top and connected at the bottom to the
buret and to the leveling bulb) so that an estimate of the pressure
in the buret may be obtained if desired. The usual long rubber
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tube connecting the leveling bulb to the buret is replaced by
short lengths of glass tubing connecting the leveling bulb to the
buret and to the leveling tube. A stopcock is inserted between
the leveling bulb and the leveling tube.

Water at a pressure slightly in excess of that required to raise
the mercury to the top of the buret may be conveniently supplied
through a reducing valve from the laboratory tap. Higher
pressures than needed might prove dangerous and would make
manipulation difficult. The water is led into the top of the
leveling bulb through a three-way plug valve, the third side
of which is connected to the drain. By rotating this valve
through a 90-degree arc the direction of flow of mercury in
the buret is reversed. At the center of the arc the mercury is
held stationary.

The ease and speed of manipulation depend to a large extent
on the functioning of this valve. As a suitable valve was not
available at any of the equipment houses in the neighborhood of
the author’s laboratory, a standard three-way 0.25-inch brass
plug valve was remodeled. The plug was filled with solder and
drilled to form an L-shaped port only 0.09 inch in diameter. A
slight groove in the surface was tapered into each end of the drill
hole, as is sometimes done with glass stopcocks, to provide for a
more readily adjustable flow. Grooves were then machined
about the circumference of the top and bottom of the plug to
provide for lubrication. As a lubricant, automobile water-pump
grease was found superior to any of the common laboratory
greases. All water connections were made with copper tubing
0.25 inch in outside diameter.

Because of the more accurate control that may be maintained
on the mercury level in the buret, it is possible to replace the
conventional mercury manometer with one of water. This
makes leveling off somewhat easier and increases the accuracy
of the apparatus. The flow of water over the mercury in the
leveling bulb serves to keep the mercury clean, and it has not
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been necessary throughout the analysis of over a thousand
samples of mine air to provide any additional cleaning.

Operation

Operation is similar to the conventional procedure except
that the mercury is raised in the buret by passing water into
the top of the leveling bulb instead of raising the leveling
bulb. In leveling off, the mercury level in the leveling tube
is adjusted to approximately that in the buret. Then the
stopeock is closed to the leveling tube, the stopcock to the
water manometer opened, and the pressure balanced with
that in a conventional compensating tube.

After the operator is familiar with the apparatus, an esti-
mate of pressure may be obtained from returning the solu-
tions in the absorption pipets to their original marks and the
use of the leveling tube may be largely eliminated, affording
an additional saving of time.

This equipment, in addition to saving time, takes much of
the drudgery out of routine analysis by eliminating the con-
tinual raising and lowering of the mercury-filled leveling bulb.
It is particularly well suited to procedures that require a slow
or even flow of gas, such as slow combustion.

Literature Cited
(1) Blair and Purse, Inp. Exc. CHEM., Anal. Ed., 11, 666 (1939).
(2) Bonney and Huff, Ibid., 9, 157 (1937). :
(3) Egerton, A. C., and Pidgeon, L. M., J. Sci. Insiruments, 8, 234
(1931).
(4) Tauch, E. J., Inp. Exc. CeEM., 19, 1349 (1927).

A Laboratory Lifting Device

GEORGE CALINGAERT
Ethyl Gasoline Corporation, Detroit, Mich.

ANY opera-
tionsin the
laboratory call for
the lowering and

bath, such as an oil
bath under a reac-
tion flask or a
still. This opera-
tion is normally
accompanied by a
decided hazard on
account of the
difficulty of han-
dlinga container of
hot oil, especially
when it must be
done quickly to prevent a reaction from getting out of control.
A very simple device for doing this, which has been used in this
laboratory for several years, is illustrated in Figure 1.

Ficure 1

It consists of an automobile jack mounted on a plate equipped
with leveling screws which are long enough to enable the plate to
clear the base of a ring stand. The jack is equipped on top with
a plate approximately 20 X 20 cm. which is made to support the
oil bath, with or without a hot plate, or any other piece of equip-
ment. Several makes and designs of automobile jacks have been
tried out. The hydraulic type is unsatisfactory because it will
not come down readily except with a large load, and also because
raising and lowering require two different kinds of lever operation.
The ratchet type is also unsatisfactory because an up-and-down
lever operation might result in either raising or lowering, depend-
ing on the setting of the trip control lever.

The preferred type is that calling for a rotary motion clockwise
for raising and counterclockwise for lowering. The dreadnaught
jack No. 26, 1-ton capacity, made by the Auto Specialties Manu-

raising of a heating -

v/

N

FIGURE 2

facturing Company, St. Joseph, Mich., is suitable from the stand-
point of size, stability, and design and gives a total lift of 15 cm.
(6 inches). It is illustrated in Figure 1. Another jack of the
scissor type, illustrated in Figure 2, has a lift of 23 ecm. (9 inches)
but is unnecessarily bulky for general operations where the smaller
jack has sufficient lift.

This type of lifting device has been found very satisfactory,
not only for the repeated raising and lowering of heating baths,
but also for the accurate control of heat that is required in
fractional distillation.
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Determination of Water in Paper-Insulated

Cables and Insulating Oil

R. N. EYANS, J. E. DAVENPORT, AND A. J. REVUKAS
Research Bureau, Consolidated Edison Company of New York, Inc., Brooklyn, N. Y.

HE determination of water in insulating oil, and more

especially oil-impregnated paper of high-voltage cable,
has received considerable attention by analysts because of
its deleterious effect when present in insulating material.
. The procedures which have been used in the past may be
divided into two main classes: gas evolution and water
evolution. The former group comprises reagents such as
sodium, yielding hydrogen (7); calcium carbide, yielding
acetylene (I); sodamide, giving ammonia; and Grignard
reagents—for example, methyl magnesium halide—producing
methane (8).

In the second group the water is removed in such a manner
that it is possible to ascertain its weight or volume. This is
done by evacuating at room temperature and retaining the
water in a low-temperature trap (solid carbon dioxide or
liquid air); heating the sample to 110° to 150° C. in a cur-
rent of nitrogen, absorbing the evolved material in phos-
phorus pentoxide, Dehydrite, or calcium chloride (2, 13, 14);
refluxing with high-boiling hydrocarbon (3, 16), and centrifug-
ing (156). The use of the quartz fiber balance for unimpreg-

nated paper has been employed successfully by some investi-
Critical solution in aniline (19) and heat of

gators (11, 17).

hydration (10) have been used, together with many modifica-
tions of the above procedures (6). Electrical methods are
inherently unsatisfactory for the determination of water.

The general criticism which may be directed at the first
group of procedures is that the reagent combines with other
constituents in the sample. The Grignard reagent, for ex-
ample, may evolve methane by reaction with alcohols, acids,
peroxides, and some hydrocarbons and, until a correction be
applied to the result, the percentage of water so obtained is
in error. A correction is obtained with some uncertainty
for acids (4) but the other interfering substances are ex-
tremely difficult to determine in small amounts. Removal of
the water by heat or evacuation, as called for in the second
procedure, is almost impossible to accomplish without at
the same time carrying along an impurity which would cause
one to doubt the actual weight of water obtained by absorp-
tion. When the sample contains cellulose, the problem of
total elimination of water presents itself, making it necessary
to decide between water of absorption (free, 18), and water
of composition (bound). The manner in which some of the
difficulties of the second procedure are treated experimentally
is described in the present paper. The apparatus is 'pri-

D ALTERNATE FOR OIL

FIGure 1.

553

A- BUBBLE COUNTERS
B_GOPPER OXIDE 450°C
REDUCED COPPER OXIDE 450° C
C- ASCARITE AND DEHYDRITE
D- SAMPLE WITH AIR BATH 105° C
E~DEHYDRITE AND ASCARITE WEIGHING TUBES
F -DRY ICE TRAP IN DEWAR FLASK
G - MARIOTTE BOTTLE

N H-QUARTZ TUBE 850°

DIAGRAM OF APPARATUS FOR THE DETERMINATION OF WATER
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marily applicable to impregnated paper tape, but where a
somewhat larger oil sample is available a slight modification
makes it suitable for analysis of water in oil.

In Figure 1, the apparatus for the determination of water is
diagrammatically shown. The bubble counters, 4, enable one
to observe a constant gas velocity in the separate gas streams.
The actual volume of gas is measured at the exit end of the train
by the Mariotte bottle, G. This value determines the time of
the experiment. The purification of the nitrogen is accomplished
by passing the gas over reduced copper oxide at 450° C., B, and
thence over Ascarite and Dehydrite, C. The same furnace
serves to remove the combustibles from the oxygen in its passage
over copper oxide. Cell D is designed for the determination of
water in impregnated paper tape.

The perforated cylinder sealed to the ground-glass stopper
serves as a receptacle for the sample. A minimum of handling
of the sample is accomplished by merely poking the paper tape
into the cylinder, cutting the ends which were handled, weighing,
and immersing in the heated oil as the stopper is put in place.
The oil in which the sample is immersed is the type that is used
in d.ffusion pumps such as n-butyl phthalate or Apiezon oil.
The latter is practically nonvolatile and is maintained at a tem-
perature of 105°to 110° C. The quartz tube at H is filled with
quartz fragments and held at a temperature of 800° to 850° C.
The microchemical absorption tubes at £ were prepared, weighed,
and handled as discussed by Pregl (12) and Niederl (2). The
cold trap, F, retains the expelled water and other condensable
constituents but allows the passage of any hydrogen, methane,
carbon monoxide, and other carbonaceous substances which if
present would render the carbon dioxide correction extremely
uncertain.

The general scheme of analysis is apparent from the de-
seription of the apparatus. The novel points are the immer-
sion of the sample in hot oil, thus ensuring good thermal con-
tact with rapid evolution of water, and the application of a
correction for the volatile hydrocarbon constituents obtained
by burning them and calculating the water correction from
the carbon dioxide weight (4). The general formula CnHsa
is arbitrarily chosen as representing the evolved carbonaceous
material and thus for every milligram of carbon dioxide found,
0.4 mg. is subtracted from the weight of the evolved water.
This correction was generally not large—0.5 mg. of water or
less—and should represent not more than the equivalent of
5 to 10 per cent of the total water evolved. When com-
paratively large amounts of carbon dioxide are encountered,
the method suffers in accuracy, but it is evident that the re-
sult would be more uncertain when the possibility of the
absorption of hydrocarbon by the Dehydrite is considered if
the expedient were not taken. In Table I, the experimental
results are given in which the percentage of water for a 3-
liter gas flow is listed as calculated from a ratio of 0.4 and 0.6.
No great difference in the numerical result is observed, while
at the same time one is assured that increase in weight of the
Dehydrite tube is due solely to water. In these experiments,

TABLE I. PERCENTAGE OF WATER IN CABLE PAPER

: H:0
H.0 CO2 H.0/C0O: H:0/COs
Minus Minus ratio, ratio,
Sample Blanka Blankb 0.4 0.6
Myg. Mg. % %

H:0, 9.8 mg. 9.95 0.00
Unimpregnated cable paper

(30 days’ exposure to 50%

humidity) 30.40 0.05 6.46 6.46
Impregnated paper (5 min- :

utes exposure to 50%

humidity)¢ 0.75 0.40 0.09 0.08
Impregnated paper (24 hours

exposure to 50% humidity)e 11.00 0.30 1.57 1.55

1936—solid, COs-purged, 27-
kv. cable 1.50 0.50 0.17 0.15
1923—solid, 27-kv. cable 2.70 0.90 0.36 0.33

a Av. 0.03 mg. per liter of Na.

b Av. 0.05 mg. per liter of Nj.

¢ Cable paper and oil were dried separately under a vacuum at 100° C. and
the paper was impregnated before breaking vacuum.
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FI1GUurRe 2. RATE oF REMOVAL OF WATER

A. 9.8 mg. of water
B. 470 mg. of uvnimpregnated cable paper previously exposed to air of
50 per cent relative humidity for 1 month

it was previously established that no difference in the ex-
perimental results was obtained whether or not the cold trap
was used.

One of the chief drawbacks with all methods for the de-
termination of water in cellulose products is the difficulty of
removal of the last trace of water from the sample. If one
wishes to avoid an arbitrary time limit to distinguish be-
tween free and bound water, it is possible to follow the time—
water evolved curve and stop the experiment when it is in-

TABLE II. DETERMINATION OF WATER IN PYRANOL

Nitrogen H:0 CO: Ratio
Laiters Mg Mg.
Blank 1 0.06 0.02
Trap in place 3
Trap removed 2 11.19 7.74 1.45
1 additional 0.47 3.52 0.116a
1 additional 0.52 3.30 0.130
Gross 12.18 14.56
Less blank 11.94 14.48
CO: correction 1.48 G
Net water 10.46
Water, %b 0.0035 s
Trap in place 15
Trap removed 2 5.86 38.04¢ 0.154
1 additional 2.53 18.18 0.140

a 0.05 mg. less water would have produced the theoretical ratio.

b 0.0008‘% should be added to this percentage of water as calculated from
the 15-hour heating period. However, in no case was the original blank
(0.06 mg.) during the heating period subtracted. If this represents free
water which would be trapped in the cold trap the 0.0008% would be con-
siderably reduced. 3 o

« This value is approximately 5 times the value obtained in the first 2
liters of nitrogen after the initial 3-hour heating period.

dicated that the rate of evolution of water is comparatively
low. In the present apparatus, 2-hour immersion was usu-
ally adequate and weighings (two pairs of absorption tubes)
were taken at the end of 1, 1.5, and 2 hours. In Figure 2,
the evolution of water from a sample of cable paper is illus-
trated. The return of 9.8 mg. of water weighed in a small
capillary is also included. The weighings were carried out
on the highest precision macro- and microbalances manu-
factured by Wm. Ainsworth & Sons, Inc., Denver, Colo.
The weights of the absorption tubes could be duplicated to
within 0.05 mg. on the macrobalance and considerably below
this figure on the microbalance.

Where large samples (300 grams) of insulating oil are available,
the alternate cell (D, Figure 1) may be used. Several samples of
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Pyranol—a noninflammable transformer oil—were analyzed for
water content, the results ranging from 0.002 to 0.004 per cent
of water by weight. In these experiments the cold trap, solid
carbon dioxide and methanol, was employed. The Pyranol,
maintained at a temperature of 105° C. for 3 hours, was freed of
water by passage of the purified nitrogen. The water and Py-
ranol vapors were retained by the cold trap. The trap was now
removed, the Pyranol cell was isolated by means of the by-pass,
and the water and Pyranol vapors were carried into the combus-
tion furnace where combustion took place. The halogen was re-
tained in the furnace by means of silver wool and from the ratio
of water to carbon dioxide established on dry Pyranol, the net
water may be readily computed.

The ratio Co.HaCls (aromatic) is desired by the manu-
facturer in order that the hydrogen and chlorine may be
present in equivalent amounts. The ratio Hn/Cs: in terms
of water and carbon dioxide equals 0.102. This value was
never reached in actual experiment, as is shown in Table II.

Advantages of Method

The procedure enables one to determine water per se with-
out the possibility of contamination of the absorbent.

The net water may be calculated by means of a correction
based on the ratio of water to carbon dioxide.

The extent of the removal of water from the sample may
be judged by periodic weighings.

The determination of water is as rapid as is commensurable
with accuracy.
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MicroscoPic Identification of Sugars

JOHN A. QUENSE AND WILLIAM M. DEHN
University of Washington, Seattle, Wash.

HIS study was undertaken because there is no exclu-
sively characteristic test for glucose and some other sugars
(7). Refractive indices and certain other optical properties
have been used to identify sugars (22, 42, 43), but the deter-
mination of these constants is time-consuming. The crystal
habit of a few sugars has also been used for purposes of identi-
fication (8, 24, 26, 32) and it is desirable to extend this use of
the crystal habit to the whole group. Microscopic fields
containing sugar crystals can easily be compared for identity
with the photomicrographs presented here (X 80).
Since the habit of a crystal is affected by the conditions of
its formation (9, 12, 17, 18, 20, 21, 33, 39), a prescribed
method of crystallization is necessary for useful comparisons.

Wernicke (41) and Hudson and Yanovsky (19) have success-
fully crystallized sugars from water solutions by addition of
acetic acid or aleohol. This paper recites the use of alcohol,
acetone, acetonitrile, and 1,4-dioxane in obtaining photo-
micrographs showing a distinctive crystal habit for each of
eighteen sugars in one or more of these solvents.

Method

A few drops of a saturated aqueous solution of the unknown
sugar in a small vial are treated with sufficient acetone, al-
cohol, acetonitrile, or 1,4-dioxane to cause crystallization.
If the precipitating liquids are not added too rapidly, the
sugar solutions usually become opalescent before crystalliza-

TaBLE I. OpTICAL PROPERTIES OF SUGARS

Sugar Crystal System Elongation
l-Arabinose Orthorhombic bisphenoidal (5, 14, 30, 42) — (22)
d-Arabinose Orthorhombic (37) -
Cellobiose Monoclinic sphenoidal (16) -
Fructose Orthorhombic bisphenoidal (16, 34) — (22)
Fucose Orthorhombic (6) -
Galactose Orthorhombic (6, 23) -
a-d-Glucose Orthorhombic bisphenoidal (2, 4, 18, 35) —
B-Glu<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>