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GEORGIA INSTITUTE OF TECHNOLOGY
ENGINEERING EXPERIMENT STATION

ATLANTA. GEORGIA

May 31, 19 59

U. S. Atomic Energy Commission
1717 H. Street, N. W.
Washington 25, D. C.
Attention: Dr. Paul C. Aebersold, Director.
Office of Isotopes Development
Subject:

Monthly Progress Letter No. 1, Project No. A-446,3
"An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. IA ,-59-3l
Covering the Period from April 1 to May 31, 19 59

Gentlemen:
The objective of this research is the investigation of the use of
radioactive tracer atoms in fatty acids or stearates in liquid solution as
a means of accurate surface area measurements of low-surface materials.
The personnel involved in this research are Mrs. Margaret C. .Kordecki,
project director, and Miss Miriam Barnes, research assistant, who joined
the project on April 22nd, after receiving her B. S. degree in chemistry.
During the months of April and May, work on this project has consisted
of obtaining and purifying chemicals, obtaining new equipment and supplies
necessary for the experimental work, and. readying the equipment and supplies
already available. One millicurie of stearic acid tagged with carbon-14 has
been received. Appropriate end-window and. gas-flow counters have been
located for use in the new Radioisotopes and Bioengineering Building. Reagent grade benzene has been fractionally distilled and stored over sodium.
Several powders of known surface areas are available and will be used
in this project. Utilizing these surface area values and the specific
activity of the radioactive stearic acid, calculations have been made to
determine the appropriate dilution of the carbon-14-tagged stearic acid
with stearic acid that is not radioactive, in order to obtain sample counts
within a desirable range.
Next month the experimental work will be initiated. The specific
activity of solutions of stearic acid•l-C-14 in benzene will be determined
by counting small aliquots from which the solvent has been evaporated.
Several samples of one powder will then be stirred in stearic acid solutions
of different concentrations and centrifuged to settle the powder. Small
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aliquots of the supernatant liquor will be counted after evaporation of
the solvent. From these counts, the specific activity and concentration
of the st.earic acid, and the size of the acid molecule, the surface area
of the powder will be calculated.
Respectfully submitted,

Margaret C. Kordecki
Project Director
Approved:

Aalt C. Whitley, Chief
Clie-thical Sciences Division
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GEORGIA INSTITUTE OF TECHNOLOGY
ENGINEERING EXPERIMENT STATION

ATLANTA. GEORGIA

June 30, 19 59

U. S. Atomic Energy Commission
1717 H. Street, N. W.
Washington 25, D. C.
Attention:

Dr- Paul C,. Aebersold, Director
Office of Isotopes Development

Subject:

Monthly Progress Letter No. 2, Project No. A-446-3
"An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. IA-59-34
Covering the Period from June 1 to June 30, 1959

Gentlemen:
During the month of June several experiments have been conducted to determine the best procedures for surface-area determinations by the use of stearic
acid tagged with carbon-14. A sample of clay with a surface area of approximately 8 m2/gm (determined previously by gas-adsorption methods) was used.
Weighed samples of the oven-dried clay were placed in a gloved dry box, which
is being used not only to keep moisture from the samples and reagents, but also
to contain the radioactive material and avoid contamination of the laboratory.
Inside the dry box the samples were stirred in benzene solutions of stearic
acid, about 0.4 percent of which was stearic acid-Co-14. They were then centrifuged in stoppered tubes, and samples of the supernatant liquor were transferred
to small glass plates and allowed to dry. The plated samples were placed in
aluminum planchets and counted with an end-window Geiger tube. Aliquots of the
original stearic acid solution were also plated and counted, the difference between these and the sample counts being a measure of the stearic acid adsorbed.
Several different weights of clay which gave values from 2.7 to 7.3
m2/gm were used. The handling techniques must be improved so that duplication
of results can be routinely obtained. The main source of error appears to be
the method of plating samples for counting. Pipettes and hypodermic needles
have been used, but handling these with rubber gloves is difficult. It is
expected that the plating technique will be greatly improved by the use of
automatic micropipettes which have been ordered. Other sources of error are
related to the geometry of the counter. For example, each sample must cover
exactly the same area on the glass plates with a uniform deposit. The tendency
to form droplets which leave non-uniform deposits on the plates will probably
be eliminated by determining the best reagents for cleaning the glass plates
before placing the solution on them. Also, each sample must be placed in the
same position with respect to the counter window. The present method of placing samples in the counter will be improved by making a holder to position the
samples under the tube.
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Work in the immediate future will consist of incorporating into the experimental procedure the improved methods of plating and counting described
above. Only clay samples will be used until the technique for determining
their surface areas has been perfected, Other powders will be used at a later
date.
Respectfully submitted,

MargaYet C. Kordecki
Project Director
Approved:

Earl W. McDaniel
Co-Technical Director

Richard C. Palmei
Co-Technical Director

Wygg C, Whitley
Co-'-clinical Director and
Chief, Chemical Sciences Divi n

GEORGIA INSTITUTE OF TECHNOLOGY
ENGINEERING EXPERIMENT STATION

ATLANTA. GEORGIA

August 31, 1959

U. S. Atomic Energy Commission
1717 H. Street, N. W.
Washington 25, D. C.
Attention:

Dr. Paul C. Aebersold, Director
Office of Isotopes Development

Subject:

Monthly Progress Letter No. 3, Project No. A-446-3
An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from August 1 to August 31, 1959

Gentlemen:
During the month of August numerous aliquots of a benzene solution of
carbon-14-tagged stearic acid have been plated and counted. Different methods
of transferring measured aliquots and different types of plates have been tested
to develop the best possible technique for plating samples. "Micropettes" -automatic micropipettes calibrated to deliver exactly 0.1 ml -- were received
and have been used to transfer aliquots to plates for counting. Results with
these have been disappointing, however, as the delivered volume sometimes varies
by as much as 5 per cent. A hypodermic syringe still seems to be the best instrument for measuring small volumes inside the gloved dry box.
Several 0.1-ml aliquots of the radioactive material were transferred to
glass cells (3 mm high and 15 mm in diameter) mounted on microscope slides and
dried at room temperature. When these were counted, wide deviations (as much
as 50 per cent) were found. These deviations apparently were caused by some
dissolving action of benzene on the cement used to attach the cells to the
slides. Samples were also plated on rubber discs, which proved unsatisfactory
because the amount of the solution absorbed by the rubber varied. Teflon discs
with diameters of 20 mm (used earlier for 0.05-ml aliquots) were too small to
accommodate 0.1 ml of the solution. Attempts to contain this volume of solution
by spreading layers of Duco cement, Teflon paint, or other materials around the
edge of the Teflon discs were unsuccessful because of the solubility of these
materials in benzene. Larger discs of Teflon, 32 mm in diameter, were used
successfully for plating 0.1-ml aliquots. Deposits on these plates were uniform
in appearance, duplicate samples gave counts with 1.3 per cent average deviation, and the plates were reusable because of the ease of washing the radioactive material off Teflon.
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Approximately 15 per cent of the total work has been accomplished. In
the immediate future surface areas of several duplicate clay samples will be
determined. Hypodermic syringes will be used to transfer 0.1-ml aliquots of
the solutions to Teflon plates 32 mm in diameter.
Respectfully submitted,

V
Margaret C. Kordecki
Project Director
Approved:

Earl W. McDaniel(
Co-Technical Director

Richard C. Palmer
Co-Technical Director

t C. Whitley
Co-Technical Director and hief,
Chemical Sciences Division
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U. S. Atomic Energy Commission
1717 H. Street, N. W.
Washington 25, D. C.
Attention: Dr. Paul C. Aebersold, Director
Office of Isotopes Development
Subject:

Monthly Progress Letter No. 4, Project A-446-3
"An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from September 1 to September 30, 1959

Gentlemen:
As a result of experimental work and literature research during the month
of September, it has been ascertained that the stearic acid solutions previously
used in the surface area determinations were too dilute to give the true equilibrium value for adsorption of stearic acid by clay. A powder will reach its
maximum adsorption of a fatty acid only after a certain value of C/C o, where C
is the concentration of the acid solution at equilibrium with a powder sample
and C o is the saturation concentration of the acid, has been attained. For
ease of handling, plating, and counting samples, it is desirable to use as low
concentrations of the fatty acid as possible without shifting the adsorption
equilibrium below its maximum value. Therefore, for each different combination
of powder, fatty acid and solvent used in these fatty-acid sorption determinations, an adsorption isotherm must be determined experimentally or obtained
from the literature. For kaolin in benzene solutions of stearic acid, the
value of C/Co should be at least 0.3.
Use of the higher concentration of stearic acid brings new problems, since
it requires incorporation of larger quantities of carbon-14-tagged acid in the
test solutions. The result is that counts for 0.1-ml aliquots of both the original solution and the solution after exposure to a powder sample are very high,
though the difference between the two is relatively small, especially in the
case of powders with very low surface areas, e.g., 2m, 2/gm or smaller.
Some of the discrepancy occasionally as high as 10 percent, in counts from
duplicate plates has been traced to irregularities on the b.:Atom of the Teflon
plates. These irregularities prevented the plates from lying perfectly flat in
the counter. Also, the opening in the plate holder used in the counter was
found to be slightly off center in relation to the Geiger tube.
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During October, surface area determinations will be made on several different types of powdered materials at the stearic acid concentrations indicated
by their respective adsorption isotherms (plots of surface area versus C/C o ).
Respectfully submitted,

V

Margaret C. Kordecki
Project Director
Approved:

Earl W. McDaniel
Co-Technical Director

Richard C. Palmer
Co-Technical Director

t C. Whitley
Technical Director a Chief,
Chemical Sciences Division

GEORGIA INSTITUTE OF TECHNOLOGY
ENGINEERING EXPERIMENT STATION

ATLANTA, GEORGIA

November 30, 1959

U. S. Atomic Energy Commission
1717 H. Street, N. W.
,Washington 25, D. C.
Attention:

Dr. Paul C. Ae:ersold, Director
Office of Isotopes Development

Suject:

Mbrthly Progress Letter No. 5, Project No. A-446-3
"An Investigation of the Use of Radioactive Isotopes
for DetermAring 'te Surface Area of Powdered Materials
ey Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from November 1 to November 30, 1959

Gentlemen:
During the month of November a very satisfactory method of plating
benzene solutions of stearic acid for radioactive assay was found and adopted
for routine procedure. In t7- is plating technique either small watch glasses
or Teflon discs are chilled thoroughly in a refrigerator. Upon removal from
the refrigerator they are placed on a bed of cracked ice to keep them cold
while the solution is pipetted onto them. They are then returned to the
refrigerator, where t -e.e lowered solubility of the solute and the slower
evaporation of the solvent combine to produce stearic acid deposits of very
uniform appearance. Average deviations of less tai 2 per cent have usually
been ob'etined by use of this plating technique.
Also during this period the magnetic stirrer was found unsatisfacory
for stirring powder samples in stearic acid solution, since the considerable
heat generated by this stirrer reduces adsorption of the fatty acid. It was
replaced with a mechanical stirrer, with a rubber sleeve, inserted through
glass -tef ing fitted into the stopper of the sample flask.
The adsorption of carbon-14-tagged stearic acid as described in previous
reports, modified ey the described changes in stirring and plating techniques,
was used to de';ermne the surface area of samples of powdered nickel and silica.
Their surfa-e areas had previously been determined, by gas adsorption, to be
2
24 and 98 m igm, respectively. A silica sample which had been heated at 110 ° C
for 72 hours before it was weigh=d for the surface area deterLnation gave no
evithr-eof .",av!na adsor'ed any stearic acid. It evidently readsorbed moisture
so fast on contact with air that little surface was left exposed to the stearic
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acid solution. Samples of the same silica and of powdered nickel were heated
4 hours in a vacuum oven at 115 0 C and a vacuum of 26 inches of mercury. The
sample bottles were capped upon removal from the oven, cooled in a desiccator
containing phosphorus pentoxide, and weighed. Each sample was poured into
10 ml of the tagged stearic acid solution contained in a flask which had been
preconditioned in the dry box. The sample weight was obained by difference.
The surface area value obtained for the silica was 6.3 m /gm. It appears
that, in order for its surface to be properly exposed to the solution, silica
must be not only dried but also degassed, and transferred to the stearic acid
solution without making any contact with the air.
The surface area obtaied for the nickel sample was also lower than the
gas adsorption value, 8.8 m /gm as opposed to 24 m 2/gm. Factors which could
be responsible for this discrepancy and partly responsible for the much
greater discrepancy in the silica are (1) impurities in the benzene used to
prepare the stearic acid solution, (2) residual moisture in the powder, and
(3) loss of benzene by evaporation during the hour-long period of stirring
the powder and adsorbate solution. Judging from the adsorption isotherms of
these two powders, the stearic acid solution used for these determinations
was strong enough to avoid error from concentration effects.
In the immediate future, the nickel powder used in the described
experiments will be studied exhaustively. Its surface area will be determined by both gas adsorption and stearic acid adsorption, with increased
emphasis on solvent purity and moisture exclusion, to determine the cause
of the low values obtained thus far in surface area determinations utilizing
radioactive stearic acid.
It is estimated that approximately 50 per cent of the work required
for completion of this project has been accomplished.
Respectfully submitted,

Margaret C. Kordecki
Project Director
Approved:
./7

Earl W. McDaniel
Co-TechnjAa1 Director

RAhard C. Palmer
Co-Technical Director
W at C. Whitley
C
chnical Director and
Chemical Sciences Division
-
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Attention: Dr. Paul C. Aebersold, Director
Office of Isotopes Development
Subject:

Monthly Progress Letter No. 6, Project No. A-446-3
"An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from December 1 to December 31, 1959

Gentlemen:
During the month of December the surface areas of several different
powders--zinc, zinc oxide, nickel, and cupric oxide--were determined by the
sorption of stearic acid-l-carbon-14 and also by the conventional BET
(nitrogen adsorption) method. The stearic acid value was lower than the
BF value in every case except the zinc oxide, for which a value of 4.7
m /gm was obtained by both methods. The BET values for zinc, nickel, and
cupric oxide were 2.3, 16.8, and 4.2, respectively, as compared with values
of 0.7, 6.1, and 2.2 obtained by stearic acid sorption.
Some samples were plated with collodion for counting with the gas flow
counter. However, since the average deyiation of these plates was greater
when counted on the gas flow counter than when counted with a thin endwindow geiger tube, collodion plates and the use of the gas flow counter
were discontinued.
During January, as many different types of powders as possible will be
checked by stearic acid sorption and the BET method. The temperature for
stearic acid sorption will be reduced to 60-62 F because the lower tempera-

I
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ture considerably reduces the solubility of stearic acid in benzene, thus
reducing the concentration of acid used to maintain the desired C/Go .
Respectfully submitted,

Margaret C. Kordecki
Project Director
Approved:

Earl W. McDaniel
Co-Technical Director

Richard C. Palmer
Co-Technical Director

W t G. Whitley
Co .echnical Director and Ch
Chemical Sciences Division
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U. S. Atomic Energy Commission
1717 H. Street, N. W.
Washington 25, D. C.
Attention: Dr. Paul C. Aebersold, Director
Office of Isotopes Development
Subject:

Monthly Progress Letter No. 7, Project No. A-446-3
"An Investigation of the Use of Radioactive Isotopes for
Determining the Surface Area of Powdered Materials by
Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from February 1 to February 29, 1960

Gentlemen:
During the month of February the surface areas of several powders--zinc
oxide, zinc carbonate, nickel, Linde 5A molecular sieve, silica, Bentonite
clay, and ferric oxide--were determined by radioassay of sorbed stearic acid.
The technique was the same as that described in Quarterly Report No. 3, but a
stearic acid of high purity (Eastman White Trebel)-was substituted for that
used previously as the carrier. The stearic acid solutions were made up
separately for each sample so that there would be. no accumulation of radiationinduced decomposition products such as might possibly occur in stock solutions
used over a long period of time.
All of the samples except Bentonite clay were dried in a vacuum oven at
1100 C. The clay was dried in a special sample flask, with a stopcock above
a ground-glass joint in the neck, that allowed the sample to be simultaneously
heated in a Glas-Col heating mantle and degassed with a vacuum pump. The
stearic acid solution was then added to the sample, by means of the stopcock,
before any air could enter the system.
The surface areas by stearic acid sorption were low for nickel, ferric
oxide, and molecular sieve, with values of 6.3, 3,8, and 106 m2 /gm, respectivel
as opposed to their BET values of 16.8, 10.1, and 688 m2 /gm. The low results
for molecular sieve were to be expected becausR of its high porosity. Although
its pores, with an average diameter of 5 x 10 - ° cm, are large enough to admit
stearic acid molecules, with a diameter of 20.5 x 10 -18 cm, the long acid chain
can fill the pores and block entrances to them before all the sites on the
inner surfaces are filled. Stearic acid sorption values agreed with the BET
values for zinc oxide, zinc carbonate, and Bentonite clay, while the stearic
acid value for silica, 129 m 2 /gm, was higher than its BET value of 91 m2/gm.
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Since surface areas for all previous clay samples were decidedly lower than
the BET values, it appears that it is necessary to exclude air until after
the stearic acid solution has been added to the clay.
Plans for the month of March include varying the conditions in surface
area determinations of nickel and ferric oxide to_ order to ascertain the
reasons for the consistently low surface area values that have been obtained
for these two powders. Also, the annual report will be prepared.
Respectfully submitted,

V

Margaret. Co Kordecki
Project Director
Approved:

Earl W. McDaniel
Co-Technical Director

Richard C. Palmer
Co-Technical Director

itley
W at C.
chnical Director and Chief,
Co
Chemical Sciences Division
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U. S. Atomic Energy Commission
1717 H. Street, N. W.
Washington 25, D. C.
Attention Dr. Paul C. Aebersold, Director
Office of Isotopes Development
Subject:

Monthly Progress :Letter No. 8, Project No. A-446-3
"An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from April 1 to April 30, 1960

Gentlemen
Daring this period, experiments have been designed to determine the
cause of discrepancies between surface area determinations by the radiostearic acid technique and by the BET nitrogen adsorption method.
Radiostearic acid sorption, as described in Annual Report No. 1, was
used to determine the surface area of identical alumina samples having a
BET-determined specific surface area of 3.36 square meters per gram. Values
for sample I, heated for 3 hours at 110 ° C, sample II, heated 3 hours in a
vacuum oven at 120 ° C and 25 inches of mercury vacuum, and sample III, which
had been heated 3 hours in the BET apparatus at 120° C and a pressure of
only 0.1 micron, were 0.95, 1.91, and 1.79 square meters per gram, respectively.
These data indicate that heating alumina 3 hours at 110° C and atmospheric
pressure does not dry it sufficiently for surface area determinations. The
drying methods used for samples II and III seem equally efficient. The discrepancy between samples II and III and the BET value is probably due to the
low C/Co (equilibrium concentration/saturation concentration) value, 0.12,
in these radiostearic acid determinations. The low C/C o occurred when the
refrigerated water bath became inoperable and the samples intended for 14 ° C
were run at room temperature (23° C). In earlier alumina determinations with
C/Co values of 1.0 and 0.7, radiostearic acid values were as high as the BEI
values. A C/C0 of 0.12 is evidently too low on the sorption isotherm of
alumina to give a true surface area.
Three samples of identical zinc sulfide were subjected to different pretreatments before their surface areas were
u determined by radiostearic acid.
Samples were heated (a) overnight at 110 C and atmospheric pressure, (b) one
hour in a vacuum oven at 120 ° C and 29 inches of mercury vacuum, and (c)
5-1/2 hours at 100 ° C and approximately one millimeter pressure in the sample
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flask with stopcock used for exclusion of air during admission of sorbate
solution to the sample. They had specific surface areas of 3.96, 4.0, and
3.5 square meters per gram, respectively. All of these compared favorably
with the BET value of 3.7, but the samples were left in contact with the
stearic acid solution overnight.
In the immediate future more experiments with zinc sulfide will be conducted with shorter drying times and shorter times of contact between
powder and solution to determine the minimum time required for surface area
determination.
Respectfully submitted,

Margaret C. Kordecki
Project Director
Approved2,

Earl W. McDaniel
Co-Technical Director
/Th

Richard C. Palmer
Co-Technical Director
/Th

A

WS/ C. Whitley
Co- echnical Director and ief,
Chemical Sciences Division
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U. S. Atomic Energy Commission
1717 H. Street, N. W.
Washington 25, D. C.
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Attention: Dr. Paul C. Aebersold, Director
Office of Isotopes Development
Subject:

Monthly Progress Letter No. 9, Project No. A-446-3
"An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from May 1 to May 31, 1960

Gentlemen:
During the past month the effects of certain variables on radiostearic
acid surface area determinations have been studied. Several determinations
utilizing different drying times, drying methods, and powder-solution
contact times have been conducted with zinc sulfide, titanium dioxide, and
abrasive aluminum oxide powders. Results indicate that zinc sulfide surface
areas can be determined simply and quickly with only one hour for equilibration in the stearic acid solution and 2 hours' drying time in an oven at
110 ° C. Abrasive alumina determinations gave values lower than the BET
surface area except when the alumina was vacuum-dried in a sample flask
with a stopcock that allows addition of the stearic acid solution without
exposure of the dry sample to the atmosphere. In five different experiments
with titanium dioxide, including one in which the sample flask mentioned
above was used, values of 0.94, 0.87, 0.75, 0.95, and 0.78 square meters per
gram were obtained, while the BET value was 2.1. The reason for this
discrepancy has yet to be determined.
During this report period, a condensed statement of the work accomplished
on the project through April 30, 1960, was prepared for presentation at the
Copenhagen Conference by Mr. Hugh Miller.
Additional materials--inert caproic and lauric acids and carbon-14labelled caproic and lauric acids--have been obtained for future work. They
will be used to study the feasibility of porosity determinations utilizing
fatty acids of different chain lengths in techniques comparable to surface
area determinations by radiostearic acid sorption. If the number of molecules
of a short-chain fatty acid sorbed by a powder is significantly greater than
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the number of long-chain fatty acid molecules it sorbs, the difference
should be due to the presence of pores in the powder.
Respectfully submitted,

V

Margaret C. Kordecki
Project Director
Approved:

Earl W. McDaniel
Co-Technical Director

Richard C. Palmer
Co-Technical Director

nil

IA

C. Whitley
Co-Technical Director and Chik,,J
Chemical Sciences Division

GEORGIA INSTITUTE CF liErFirliC-C)CW
ENGINEERING EXPERIMENT STATION

ATLANTA 13, GEORGIA

July 31, 1960

RECEIVED
JUN2 J 1962
U. S. Atomic Energy Commission.
1717 H. Street, N. W.
Washington. 25, Do C.
Attention Dr. Paul C. Aebersold, Director
Office of Isotopes Development
Subject

Monthly Progress Letter No. 10, Project No. A-446-3
An investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT 38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from July 1 to July 31, 1960

Gentlemen
During the month of July efforts were directed toward perfecting techniques
for surface area determinations that utilize the 12-carbon and 6-carbon saturate
acids--lauric and hexanoic acids--so that the usefulness of different length
fatty acids in pore size determinations can be ascertained. However, several
difficulties were encountered in these experiments.
Because of the high solubility of lauric acid in benzene and other organic
.solvents (93.6 grams per 100 grams benzene at 20 0 C), it is necessary to use
more concentrated solutions for lauric acid surface area determinations than
have been used in stearic acid surface area determinations. A series of tests
were made to determine the maximum concentrations that could be plated successfully and the best method of plating them. Solutions as concentrated as 125
grams per liter were plated successfully on chilled Teflon discs. However,
because of the hygroscopicity of lauric acid, it was found that they most be
stored with a desiccant during transportation to the Radioisotopes Laboratory
for counting. -Duplicate samples that were allowed to absorb moisture from the
atmosphere varied by as much as 20 per cent in counts per minute.
Since hexanoic acid is a liquid at room temperature, from the standpoint
of health physics it seems advisable to use its sodium or potassium salt in
surface area determinations if a suitable organic solvent can be found. The
approximate solubility of sodium and potassium hexanate in several dry organic
solvents has been determined. (me general use of aqueous solutions in surface
area determinations is not advisable because of the very limited number of
powders that do not either sorb water or react with it.) In most cases the
solubility is very low. The sodium salt is fairly soluble in methanol, but
great care must be taken to dry the solvent, since traces of moisture greatly
increase the solubility. The sodium salt of hexanoic acid has more utility
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than its potassium salt because the latter is hygroscopic, while plates of the
sodium compound do not appear to change upon exposure to the atmosphere.
Surface area determinations on a high-surface silica (200 square meters
per gram by BET) with stearic acid and .- Laurie acid gave values of 55.8 and 161
square meters per gram, respectively. As soon as the technique using hexanoic
acid has been. perfected, it will be used with the same silica. It appears
that the pores of this sample will admit more of the 12-carbon acid than of the
18-carbon acid, and that the surface area value obtained with the 6-carbon
acid, hexanoic, should give further indication of the pore size.
Surface area determinations on charcoal (400 square meters per gram by
BET) gave very low values by radiostearic acid and radiolauric acid sorption.
A different solvent, probably methanol, will be used for future experiments
with charcoal; according to the literature, charcoal holds benzene molecules
much more strongly than it holds polar molecules such as fatty acids. The
similarity' of the carbon bonds in charcoal and benzene accounts for the greater
attraction between them.
In the immediate future, surface area determinations of powders with
methanol solutions of sodium hexanate will be attempted.
Respectfully submitted,

Margaret C. Kordecki
Project Director
Approved
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1717 H. Street, N. W.
Washington 25, D. C.
Attentiong

Dr. Paul C. Aebersold, Director
Office of Isotopes Development

Subject

Monthly Progress Letter No. 11, Project No. A-446-3
An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods'
Contract No. AT 38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from August 1 to August 31, 1960

Gentlemen
During the month of August work has been continued on several phases of
the project. Because most of 'the silica samples used in surface area determinations by stearic acid sorption had given values considerably lower than the
BET surface area values, more studies of silica were made. Specific surface
area determinations by radiostearic acid were made on three different silicas,
having BET values of 87.7, 44.4, and 26.6 square meters per gram. Except for
sample weights, which were varied in inverse proportion to their BET surface
areas, identidaI conditions were used. The resulting values for specific
surface area were 24.4, 13.4, and 7.0 square meters per gram, respectively.
Some significance may be attached to the fact that the ratios of BET to
stearic acid results for these three samples were fairly close--306, 303, and
3.8. These figures may indicate that the samples were all porous or that the
fatty acid is aligned more parallel to the solid surface than perpendicular
to it, thereby occupying a larger area per sorbed molecule. These same
silicas were used in determinations utilizing lauric acid as sorbate instead
of stearic acid. The specific surface areas thus obtained were 370, 50, and
211 square meters per gram, respectively. It has not yet been determined why
these results were so high, unless error was introduced in 'the dilution factor.
The undiluted solution was too concentrated to plate directly.)
Also a sorption isotherm for the sorption of stearic acid from benzene
solution by silica was determined. Samples of a silica with a BET specific
surface area of 26.6 square meters per gram were used 'with radiostearic acid
of several different concentrations. A plot of surface area versus c/qo
equilibrium concentration/saturation concentration) was made and indicated
that only over a short range of 0/00 does stearic.acid sorption give a good
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value for the surface area of siliea. As in other experiments with silica and
stearic acid, the surface area values . were .eewer than the BET values, even
when the C/C 0 was as high as 7,3
In preparation for surface area determinations with sodium hexanate with
the possibility of estimating pore sizes by comparing the sorption of fatty
their salts) of different chain lengths, the exact solubility of
acids
sodium nexanase in dry methanol at 14° and 15 8 C was determined. This salt
was then used, at a concentration of 3 grams per 50 ml of methanol solution
tagged with 70 microcuries of the carbon-14-labelled hexanate, to determine
the surface areas of two high surface powders for which stearic acid had
previously given. low surface area values. The conditions of handling, drying,
temperature, etc., were the same as those used in experiments utilizing stearic
and lauric acids. As a result of preliminary tests, however, the plating
technique was changed to the use of aluminum pianehets at room temperature°
Refinement of the plating technique is still needed, as the precision was
very poor in these determinations.) A carbon black sample with a BET value
of 400 square meters per gram had a specific surface area by hexanate sorption
of 14 square meters per gram, and for a silica sample the values by the BET
method and by hexanate sorption were 200 and 39 square meters per gram,
respectively.
Further study of literature pertaining to pore size determinations and
to the theoretical aspects of liquid-phase sorption has revealed interesting
work pertinent to this investigation. For example, the polar end of the
fatty acid chain is usually considered attached to the substrate in monolayer
formation, with the other end extending out almost perpendicular to the
substrate. However, according to Gasser and Kipling (J. Phys. Chem. 64, 71015, 1960) straight chain fatty acids in monolayers on a nonpolar material
such as charcoal are not attached with their chains perpendicular to the
powder surface but, rather, lie parallel to the surface.
In the immediate future, the plating technique for sodium hexanate must
be improved. Further surface area determinations with this material and with
lauric acid will then be made. In addition, a compound of the same family
but even shorter in length—sodium ev7etate--will be used in these series of
determinations aimed at estimation of pore size of powders.
Respectfully submitted.
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Monthly Progress Letter No. 12, Project No. A-446-3
"An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from October 1 to October 31, 1960

Gentlemen:
During the month of October surface area determinations, by radioassay
of fatty acid sorption, were attempted with carbon-14-labelled stearic, lauric,
and hexanoic acids, sodium hexanate, and sodium acetate. The powders used
were calcium sulfate, zinc oxide, and several different silicas. Both benzene
and methanol were used as solvents.
A silica with a BET value of 208 square meters per gram was run with
methanol solutions of lauric acid and sodium hexanate that gave specific
surface areas of 119 and 29 square meters per gram, respectively. This experiment indicated that the attraction of methanol to silica may be stronger than
the attraction of sodium hexanate to silica. A solution of sodium hexanate in
benzene was also used with a silica sample. The solubility of sodium hexanate
in benzene is so low that any difference in counts from the original and equilibrium solutions was too low to detect with the relatively insensitive counter
available--an end-window Geiger tube. When the solution was poured off and the
silica itself was counted, the high count that was obtained indicated that
sorption of sodium hexanate had occurred, but a count obtained in this way was
not amenable to surface area calculations.
A solution of hexanoic acid in benzene was prepared and used with two
silicas having BET surface areas of 87.7 and 44.4 square meters per gram.
Specific surface areas of 92.4 and 36.1, respectively, were obtained from the
hexanoic acid sorption. Great difficulties were encountered in counting aliquots of this solution, since hexanoic acid is itself a liquid of fairly high
vapor pressure. Also, its reaction with strong bases is not fast enough to
be utilized in plating the acid as a solid salt.
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Zinc oxide and calcium sulfate samples were run with methanol solutions
of sodium acetate. In both instances no sorption of the radioactive material
occurred. While acetic acid would possibly be sorbed by these powders, the
problem of plating and counting a volatile liquid would again be met. The use
of the carbon-14-tagged liquid acids would be feasible if a liquid scintillation counter were used, but there is not one on the campus and funds are not
available for the purchase of one.
During November, methanol solutions of stearic acid will be used with
zinc oxide, calcium sulfate, and silica samples. It is necessary to determine
whether or not methanol is strongly attracted to these solids and competes
with fatty acids for the available surface as it appeared to do in experiments
with sodium salts of hexanoic and acetic acids.
Respectfully submitted,

Margaret C. Kordecki
Project Director
Approved:

Fred Sicilio
Co-Technical
Director
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Co-Technical Director
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Attention: Dr. Paul C. Aebersold, Director
Office of Isotopes Development
Subject:

Monthly Progress Letter No. 13, Project No. A-446-3
"An. Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from November 1 to November 30, 1960

Gentlemen
During the month of November several specific surface area determinations
by radiostearic acid sorption were run with methanol instead of benzene as
solvent. The purpose of these tests was to determine whether very low results
(often as low as zero surface area) obtained with lauric acid and several
shorter acids in methanol solutions might be due to the preferential sorption
of methanol by powder samples. Sorption of stearic acid from methanol gave
good results (that is, comparable to the BET values) with zinc powder and
zinc oxide, but was ineffective in the case of calcium sulfate. Apparently
methanol is not universally appropriate for fatty acid sorption studies.
The use of radioassay for determining the sorption of the shorter, liquid
acids appears to be impractical so long as an end-window Geiger counter is
used for the assay. Because of the great solubility of these acids in many
solvents, they must be used at relatively high concentrations for specific
surface area and/or pore size determinations. The changes in concentration
due to sorption are then often no greater than the large experimental error
incurred when the solutions are plated for radioassay. Consequently, titration
with standard base has been used for several tests comparing the sorption, by
a porous carbon black, of hexanoic, acetic, and formic acids from aqueous and
from methanol solutions. None of these experiments has yet produced a specific
surface area value approaching the sample's BET value of 400 square meters per
gram. The concentration at which maximum sorption of each of these acids is
found must be determined experimentally. At these concentrations, then,
sorption of one or more of these acids may approach the BET value.
During December sorption isotherms will be determined for hexanoic,
acetic, and formic acids sorbed by carbon black from methanolic and aqueous
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solutions (since benzene adheres to carbon) and sorbed by silica from benzene
solutions (since water and methanol adhere to silica). The concentration
changes will be determined by titration with standard base. In addition, the
sorption of lauric acid-l-carbon-14 from methanol by carbon black and by
several different powders will be studied.
Respectfully submitted,

Margaret Co Kordecki
Project Director
Approved

Fred Sicilio
Co-Technical Director

RC4hard C. Palmer
Co-Technical Director
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W&t C. Whitley
Co-Technical Director and Chief,
Chemical Sciences Division
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Attention:

Dr. Paul C. Aebersold, Director
Office of Isotopes Development

Subject:

Monthly Progress Letter No. 14, Project No. A-446-3
"An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from January 1 to January 31, 1961

Gentlemen:
During the month of January, experimental data were obtained for the
sorption isotherm of formic acid sorbed from benzene solutions by a highsurface silica (193 square meters per gram by BET nitrogen adsorption tech,nique). The resulting isotherm shows multilayer sorption of formic acid
by silica (see the drawing below). Additional points were also
lobo

1
Two layers, formic acid -CJI
CU

—Mbnolayer by BET— --Initial Concentration (Moles/Liter

obtained on the isotherm begun previously for acetic acid sorbed from benzene
by the same high-surface silica. The latter isotherm is of a conventional
monolayer type and gives a specific surface area value of 165, which is close
to the BET value for this sample. The sorption of both formic and acetic
acids was determined by titration with standard base.
In addition, the specific surface area of this silica was determined by
the radiostearic acid method described in earlier reports. The value thus
obtained was 41 square meters per gram. A similar determination with radiolauric acid gave a value of 69 square meters per gram for this silica. These
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results, along with the 90 square meters per gram obtained previously from the
hexanoic acid isotherm indicate that the sorption of aliphatic, or fatty,
acids by high-surface silica does vary, decreasing with increasing chain
length of the acid.
In the immediate future, tests will be made to determine whether or not
this silica is as highly porous as seems indicated by its sorption of different
homologous acids. Further isotherms are also to be determined for the porous
carbon black mentioned in the last quarterly report.
Respectfully submitted,
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Approved:

Fred Sicilio
Co-TechnicA Director

Richard C. Palmer
Co-Technical Director
7-\

fi'V at C. Whitley
o-T chnical and Chief,
Ch cal Sciences Division

GEORGIA INSTITUTE OF TECHNOLOGY
ENGINEERING EXPERIMENT STATION

ATLANTA 13, GEORGIA

February 28, 1961

U. S. Atomic 'Energy Commission
1717 H. Street, N. W.
Washington 25, D. C.
Attention: Dr. Paul C. Aebersold, Director
Office of Isotopes Development
Subject:

Monthly Progress Letter No. 15, Project No. A-446-3
An Investigation of the Use of Radioactive Isotopes
for Determining the Surface Area of Powdered Materials
by Sorption Methods"
Contract No. AT (38-1)-202
Task No. III, Contract Authorization No. 1A-59-34
Covering the Period from February 1 to February 28, 1961

Gentlemen
During the past month additional information has been obtained about a silica
sample having a BET surface area of 193 square meters per gram. This particular
silica has been mentioned in earlier reports describing its sorption of formic,
acetic, hexanoic, lauric, and stearic acids. Its true density, determined by
measuring the volume of helium gas contained by a sample flask before and after it
had been partially filled with a weighed, degassed sample of the silica, was found
to be 2.7 grams per cubic centimeter.
Its particle size distribution was determined by means of an optical microscope, and a mean diameter of about 2 microns was found. This value will be checked
by measuring particles shown on electron micrographs now being prepared in the
electron microscopy laboratory. If the value of 2 microns is approximately correct
a high degree of porosity is indicated by the surface area value of 193, since the
specific surface area calculated for nonporous particles of this size with a densit
of 2.7 is only 1.1 square meters per gram. (A mean diameter of 0.0114 micron would
be required to give a surface area of 193.)
In addition, the sorption of carbon-14-labeled lauric acid by this silica was
determined again because of the wide deviations obtained in replicate plate counts
during previous determinations. The specific surface area available to the lauric
acid was found to be 82 square meters per gram, but again the accuracy of the
determination was poor because of the plating difficulties.
An article entitled "Surface Area Measurement by the Sorption of Stearic
Acid-l-Carbon-14" has also been prepared and submitted to the International Journal
of Applied Radiation and Isotopes. Also, a proposal requesting extension of this
project for another 12 months was prepared.
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During March a rough draft of the annual report will be prepared.
Respectfully submitted,

Margaret C. Kordecki
Project Director

Approved:

Fred Sicilio
Co-Technical Director

ichard C. Palmer
Co-Technical Director

WyattC. Whitley
chnical Director and Chief,
Chemical Sciences Division
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ABSTRACT
The use of radioactive stearic acid in benzene solution as a means of
accurate surface area measurements of low-surface materials is being investigated. Stearic acid containing 0.4 per cent radiostearic acid (tagged
with carbon-14) has been used to determine the range of sample weight,
solution concentration and volume, and specific activity that would produce
utilizable data. A clay sample with a known surface area of 8 square meters
per gram was used in all of the tests. Values of 7.3, 4.5„ and 2,7 square
meters per gram, respectively, were obtained from samples of one, two, and
four grams in 10 ml of 0.001 molar stearic acid (specific activity, 0.2
microcurie per milliliter). As the discrepancy in these results seemed
largely due to non-uniform deposits resulting wheri solution aliquots were
transferred to plates and evaporated prior to counting, work has been concentrated on improving the plating technique. Automatic micropipettes were
obtained to insure duplication of volumes, and several materials were tested as plates. Of glass, aluminum, Teflon, and tissue paper plates, Teflon
gave the most promising results,
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I. INTRODUCTION
This report summarizes the work performed from April 1 to July 31 9 1959.
The purpose of the work under this contract is to investigate the use of
radioactive tracer atoms in fatty acids or stearates in liquid solution as a
means of making accurate surface area measurements of law-surface materials.
The determination of surface areas of powdered samples by the sorption of
straight-chain fatty acids from liquid solutions is an established technique.
The method depends upon the fact that fatty acids 9 when the affinity of their
carboxyl group for the solid is greater than that of the solvent for the
solid s, form a unimolecular layer of molecules on the solid surfaces. In

past, concentrations of the fatty acid solutions have been determined by
conductometric titrations, colorimetric methods, use of a surface balance
or surface tension balance, and evaporation of an aliquot to dryness followed
by weighing. None of these methods has been entirely satisfactory for both
speed and accuracy.

Use of a radioactive atom in the fatty acid not only

should permit more rapid determination of concentration by electronic methods,
but could also increase the accuracy of the determinations to such an extent
that much smaller surface areas 9 such as that of a single crystal s, could be
measured.
Margaret C. Kordecki is the pxaject director s, and Miriam L. Barnes
serves . in the capacity of research assistant.

0. Coe. OM 0 0

1

Clyde Orr 9 Jr. and. J. M. Dallavalle s Fine Particle Measureeil.
Macmillan Company New YOrk 9 1959
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II. EXPERIMENTAL

As the powdered samples and the stearic acid solutions used for surfacearea determinations must be moisture-free s a gloved dry box with an air lock
on the side for insertion and removal of materials was obtained. All handling

For

of the materials is done inside this dry box y, except the centrifugation.

this step s stoppered centrifuge tubes are employed to avoid contamination by
the moisture of the air. An Adams .centrifuge is used at speeds greater than

5oo

RPM.
Small aliquots of the radioactive solutions are plated on glass slides s
s and counted by means of a thin end window Geiger tube (200 N B) evaportd

and scaler (Nuclear-Chicago s Model 161 A).
B. Surface Area Determinations
Several experiments have been conducted to determine the optimum
solution concentrations and sample weights for use in determining surface
areas of powders by means of carbon-14-tagged stearic acid. In these
experiments, sample weights of one to four grams in 10 ml. of 0.001 molar .
stearicd(nbze)wrusdcefly.(Smarsplewight
can be used with correspondingly smaller volumes of stearic acid solution.)
The specific activity of this solution of stearic acid was 0.2 microcurie
per milliliter s and the radiostearic acid comprised only 0.4 per sent of
the total stearic acid.
In all of the experiments thus far s a type of clay with a surface
area of approximately 8 m 2 /gm (determined previously by gas-adsorption
methods) was used. Samples of the clay were dried at 1100 C s weigheds and
placed in the dry box. Inside the dry box each sample was stirred in 10

Quarterl y

milliliters of stearic acid solution and allowed to sit 30 minutes or longer
before it was centrifuged. Small aliquots (0.05 ® 0.15 ml) of the supernatant
liquor were transferred to small glass plates and allowed to dry. The plated
samples were placed in aluminum planchets and counted with an end window
Geiger tube. Aliquots of the original stearic acid solution were also plated
and counted. The surface area of the powder was calculated from the equation
shown below.
Specific surface area
6,023 X 10

23

x 20.5 X 10 20 ff 2 X moles of stearic acid adsorbed
weight of pow
sample

Several different values, from 2.7 to 7.3 m2/gm, were obtained for
this clay, Experimental data are presented in Table
TABLE I
SAMPLE COUNTS FOR SURFACE AREA DETERMINATIONS

Weight of
Powder
---Tir

Vol. of
Aliquots
TM

Original
Stearic Acid
Solution
TEEMS7E77

Stearic Acid
Solution after Contact
with Powder
-----(=/E77--

127

Stu. f&se
Area

TiWaT
2,7

4.2183

.06

1542 4- 24

2.0645

.05

968 A- 19

235 4. 10

4.5

1.0251

.05

1662 4. 25

646 -1- 15

7.3

8

Average of two counts

CeS.1s-Flechni.ueP
Since the discrepancy in the surface-area values obtained h exp
ments described above seemed largely due to non-uniform deposits of
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the plated material, a considerable amount of work has been directed toward
perfection of plating techniques. Small aliquots of the 0,001 molar stearic
acid in benzene were transferred by hypodermic needle to several different,
materials, e.g. glass slides, aluminum pans discs of Teflon sheet (1/16 inch
thick), and tissue paper discs. In some instances the aluminum was heated
before the solution was placed on it. In other cases, small aluminum rings
were placed on top of glass slides and heat was applied from above with an
infrared lamp. Also, drops of collodion (in acetone) were placed on some
plates before addition of the sample drops. The counts obtained from some
of these tests are presented in Table II,
TABLE II
COUNTS OF BETA RADIATION FROM PLATED ALIQUOTS OF SIEARIC ACID
CONTAINING 0.4 PER CENT RADIOSTEARIC ACID
Counts Min
Plate Material

Aliquot Volume

Counts Mn

(ml)
Teflon

.2

4951 4-L}2

2)4755

Teflon

.2

5000 4- 42

25000 -0- 210

5702 4. 44

285:1

Teflon

210

cc-

220

Teflon

.2

5029 of- 42

25 145 -4, 210

Teflon

.05

1609

24

32180 4 480

Teflon

.05

1562

2)4

312/10

Teflon

.1

2662 ± 33

26620 4 330

Teflon

.1

2390 ± 31

23900 -o- 3

Tissue Paper

.05

1018

(Continued

20

2n380

/480

?Er)
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TABLE II (Continued)
COUNTS OF BETA RADIATION FROM PLATED ALIQUOTS OF STEARIC ACID
CONTAINING 0,14. PER CENT RADIOSTEARIC ACID

29tanMin
Plate Material
---

Aliquot Volume
(ml)

Counts Min

ml

ComalCsmasammiew—.4ar—,.....w.:5727 ■7

Tissue Paper

.05

1000 + 19

20000 + 380

Tissue Paper

.05

1150 ± 21

23000 + 420

Tissue Paper

.05

1100 ± 20

22000 + 400

Tissue Paper

.05

1108 + 20

22160 ± 400

Tissue Paper

.05

1094 i 20

21880 + 400

Quarterly Technical Status:Re ort No. 1 Pro*ect N

III. DISCUSSICE AND CONCLUSIONS
Preliminary experiments with a clay having a surface area of 8 square
meters per gram (determined by the gas adsorption method) have given results
of the same order of magnitude, 2 0.7 to 7.3 square meters per gram, but much
better agreement between duplicate samples is necessary. There were two
probable sources of error which account for the discrepancy in these values.
One was the variation in aliquot volume due to the difficulty of controlling
pipette delivery while wearing the rubber gloves attached to the dry box.
Automatic micropipettes have been purchased and should solve this difficulty.
The second, and perhaps major, source of error was the non-uniform
deposit formed on the plate as the benzene evaporated. Some areas of the
stearic acid deposit were thick enough to adsorb a significant amount of the
low-energy beta radiation eaitted by carbon-14. In addition, the radii of
these deposits varied so that some portions of them may have been out of range
of the Geiger tube.
Of the various materials which have been used in plating these samples,
Teflon sheet seems to be the most promising. Of four 0.2-m1 samples plated
on Teflon, three were within one per cent of their mean value. amaller
aliquots, precisely measured with automatic micropipettes, will be more
desirable, however, to avoid the possibility of self-adsorption of radiation
by the heavier deposits. If the plating technique can be developed o givo
consistently good duplicate values (within one pex

of

coni_nued use of an end window Geiger tube far counting samples will be
adequate. Otherwise, a gas-flvw counter may be required to obt...
accuracy.
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IV. FUTURE PROGRAM
In the immediate future s, work will be continued to develop a plating
technique that will consistently give uniform deposits with minimum selfadsorption of radiation. When the plating technique has been perfected 9 the
entire procedure will be standardized for several different sample weights.
Also 9 various materials with surface areas from 0.5 to 50 square meters per
gram will be used to determine the limits of the applicability of the fatty
acid sorption method.
Respectfully submitted:
V
Margaret C. Kordecki
Project Director
Approved:

Earl W. McDaniel
Co-Technical Director

Richard C. Palmer
Co-Technical Director
Wt C o Whitley
C6:-fiechnical Director and ie f 9
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ABSTRACT
As a result of several surface area determinations on kaolin and of a
literature survey on liquid-phase adsorption, the concentration of stearic
acid solutions used in these determinations was increased from 2.8 to 17
grams per liter. Adsorption isotherms (plots of surface area versus C/CO,
where C is the equilibrium concentration of the solution used and C o is
the saturation concentration) of kaolin--stearic acid--benzene systems
indicate the higher concentration is required to avoid dependence of adsorption on concentration, such as occurs in more dilute solutions.

As plated aliquots of the more concentrated stearic acid were very
irregular in size, shape, and density, improvement of plating techniques
was required. In a series of tests, aliquots were plated on several
different surfaces, such as emery paper, emery cloth, legal paper, lens
paper, filter paper, glass, Teflon, 20-micron glass beads glued to a glass
surface, aluminum and rubber. Some aliquots were also discharged on watch
glasses containing small volumes of various solvents, either as diluents,
spreading agents, or support for the stearic acid film. Water, acetone,
benzene, nitrobenzene, amyl acetate, and ethylene glycol were used in these
tests, with the most uniform deposit forming on top of nitrobenzene. The
desired precision in making duplicate plates has not been attained. Since
the figure used to calculate surface area, i.e., the difference between
the original and equilibrium counts, is usually less than 15 per cent of
the original count, an average deviation of 2 per cent or higher in these
counts precludes any hie degree of accuracy. It also rules out the usefulness of the radioactive tracer technique for kaolins of very low
surface area (2 square meters per gram, or less). However, the adsorption
isotherms of metallic powders and-some other materials indicate that
greater accuracy can be expected with them, through the use of more dilute
stearic acid solutions.

1•
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I. INTRODUCTION
This report summarizes the work performed from August 1, 1959, to October
31, 1959. During this quarter a literature survey on liquid-phase adsorption
was completed. Also, experimental work was continued with the object of
establishing techniques for the use of radioactive tracer atoms in fatty
acids or stearates dissolved in nonaqueous liquids as a means of accurate
measurement of surface area for materials with relatively small surfaces.
Stearic acid tagged with carbon-14- has been used as the tracer in all experimental work thus far. All powders used in surface area determinations during
this period were samples of kaolin.
II. EXPERIMENTAL WORK
A. Surface Area Determinations
Samples of two kaolins, one with a surface area of 8 square meters per
gram and one with a surface area of 17.3 square meters per gram (determined
by the nitrogen-adsorption method), were dried at 110 ° C and weighed in
small, dry flasks with ground glass stoppers. To each flask were added 10
ml of a benzene solution of stearic acid and a small polyethylene-coated
stirring rod. The flask was stoppered and put in tbe dry box, where it
was stirred one hour by a magnetic stirrer. The mixture was then centrifuged, and 0.1-m1 or 0.05-m1 aliquots were transferred to Teflon plates
(discs of Teflon 1-1/4 inches in diameter and 1/16 inch thick), allowed to
evaporate at room temperature, and counted. Aliquots of the original
solution were also plated and counted. Several experiments were conducted
with a solution containing 0.28 gram of stearic acid and 0.02 millicurie
of stearic acid-l-carbon-11t- per 100 ml. The concentration was then increased
to 1.7 grams and 0.5 millicurie per 100 ml. Data from the experiments are
presented in Table I. It will be noted that only one of these determinations checked with the surface area value determined by nitrogen adsorption.
The discrepancies are discussed in Chapter III of this report.
B. Sample-Plating Techniques
A solution of stearic acid in benzene (17 grams per liter) that contained
no radioactive tracer was used for many tests of plating techniques. The
uniformity of the stearic acid deposits in these tests was estimated visually.

-1-

TABLE I
THE SURFACE AREA OF KAOLIN SAMPTES

Stearic
Acid
Solution

PlatiEg
Tool

Gm
21(077:bi°11)

Original Solution
Avg. Count
Avg.
from 3 or
Deviation
More Plates in Plates
(C/Min)
(%)
2527
6.6

Solution in Equilibrium
with Kaolin
Avg. Count
Sw from
Avg.
from 3 or
Deviation Stea ric Acid
More Plates in Plates
Sorption
T/Min)
(M /Gi)
(%)
706
13.4
4.3

8

A

M

8

A

M

245o

7.1

1583

10.2

4.3

8

A

2823

2.9

2.0

B

3392
17654

5.5

8

H
M

4.5

14832

3.4

11.9

8
17.3
17.3

B
B

H

17656

1.7

13412

3.0

17.9c

10.4

5871

4.8

3.2 e

B

M; P

4.6

27305

2.3

M

614od
29253

c

18.3

a
A = 0.28 gm stearic acid/100 ml of solution and 0.02 millicurie of carbon-14 per 100 ml of solution;
B = 1.7 gm stearic acid/100 ml of solution and 0.5 millicurie of carbon-14 per 100 ml of solution.
b
M = automatic micropipette; H a' 411ylpodermic syringe; P = 0.1-m1 pipette.
c
These results are from only one experiment in which two series of aliquots were plated, one by
automatic micropipette and one by hypodermic needle.
d
Plated on discs of legal paper instead of the Teflon discs used in the other experiments on this
table.
e
Meaningless, as discrepancy in counts from duplicate plates is greater than the difference between
6140 and 5871 counts/min.

'ON q„ o aVoad

Kaolin-Sample
Description
(Sw by
Nitr ogen

oN q.a o dall sr14134s reorml

Surface Area (S r ) Determinations by Adsorption of Carbon-14-Tagged Stearic Acid
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Aliquots of this solution (0.1 and 0.05 ml) were plated on fine emery cloth,
fine emery paper, legal paper, lens paper, filter paper, Teflon, glass,
aluminum, and rubber.

In some cases, cells were made by building up a rim

of Teflon paint or other material around the edge of glass and Teflon discs
or by gluing microscope mounting cells (glass circles 3 mm in height) on
glass plates. Other aliquots were discharged onto watch glasses containing
various reagents either to dilute the solution or to support the deposit
formed as the benzene evaporated. Nitrobenzene, acetone, benzene, water,
ethylene glycol, and amyl acetate were among the reagents tested. In these
tests, deposits formed on top of 0.1 and 0.05 ml of nitrobenzene were the
most uniform in appearance. Other plates were made by smearing epoxy resin
on glass plates or cover glasses and then covering the coated surface with
20-omicron glass beads. After these plates had been oven-dried, any loose
beads were removed, and the plates were ready to receive the sample solution.
The tests judged by visual comparison to give the most reproducible deposits
of stearic acid were repeated with the radioactive solution of the same concentration. Counts from some of these plates are given in Table II. Plating
the solution on a nitrobenzene substrate seems to give good results. Plates
prepared by attaching glass beads to glass slides with epoxy resin were
satisfactory.
III. DISCUSSION AND CONCLUSIONS
As a result of the completed literature survey and of surface area determinations made in this laboratory, the concentration of stearic acid in benzene
solutions used for kaolin surface area determinations was increased by a factor
of five. The large increase was found necessary because the adsorption isotherm
1
for a system of kaolin, stearic acid, and benzene indicates a large dependence
on concentration in the adsorption of stearic acid by kaolin when the concentration of the solution in equilibrium with the powder is less than about 12 grams
per liter. In experiments using the, more dilute stearic acid, surface areas of

1P. T. Bankston, "Surface Area Measurement of Small Particles by Liquid-Phase
Adsorption of Stearic Acid," Ph.D. Thesis, Georgia Institute of Technology
(1953).
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TABLE II

COMPARISON OF PLATING IECHNIQUES

Plate Material

Plating Tool

a

No. of Plates Avg. Count
7C/Min)

Avg. Deviation
(%)

Teflon

M

5

2322

4.0

Teflon

M

4

2178

6.9

Teflon with
plastic rim

M

4

3576

7.0

Filter paper

M

4

15299

5.0

Lens paper

M

7580

4.o

Emery cloth

H

3
4

4682

5.o

Teflon

H

4

26948

4.9

Wet filter paper

M

6

2139

9.2

1:1 benzene and
nitrobenzene in
watch glass

H

4

1653

6.7

Glass beads on
glass plate

P

2

542

3.5

Glass beads on
glass plate

P

3

723

4.8

Glass beads on
glass plate

P

2

437

0.5

Glass beads on
glass plate

P

2

352

13.5

Teflon

P

2126

4.5

Wet filter paper

M

3
4

27349

4.4

Nitrobenzene on
watch glass

M

3

25072

1.1

Nitrobenzene on
watch glass

P

2

29589

2.0

a

M = automatic micropipette; H = hypodermic syringe; P = 0.1-m1 pipette.
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kaolin were consistently lower than the values obtained by nitrogen adsorption.
The usual form of the adsorption isotherm is a plot of either the surface
area of the powder or the acid adsorbed per gram of powder versus C/C o , where
C is the equilibrium concentration and Co is the concentration of a saturated
solution (44.6 grams per liter for stearic acid in benzene at 70 ° C). In the
case discussed here, this curve becomes a straight line parallel to the x-axis
at a value of 0.3 for C/C , and any value as high as or higher than 0.3 may
o
be selected for the stearic acid solutions used to determine the surface area
of kaolin. However, when the stearic acid analysis is accomplished by using
value should not exceed 0.3
o
by any significant amount because the difference in counts for the solution
radioactive stearic acid as a tracer, the C/C

before and after its contact with the adsorbent, which is the measure of
the stearic acid adsorbed, becomes smaller in proportion to the total counts,
thus decreasing the reliability of the analysis.
Difficulties in preparing duplicate plates from benzene solutions of
stearic acid have been magnified by the use of more concentrated solutions.
The wide variations in size, shape, and thickness of deposits have caused
some self-adsorption of the beta radiation and large average deviations in
counts from duplicate plates (from a to 13 per cent). Consequently, during
the latter part of the quarter experimental efforts were again concentrated
on improving plating techniques. Rough surfaces such as emery cloth, emery
paper, and glass beads glued on glass plates were used with the expectation
that the particles would seed the solution as the benzene evaporated, thus
preventing the build-up, which has been evident in some cases, of a thick
rim of stearic acid at the periphery of the deposit. Plates of emery cloth
and emery paper were unsatisfactory because they adsorbed a large portion
of the solution. The glass slides coated with glass beads gave very good
results when the glass bead coatings were identical in size, depth, etc.
The usefulness of the glass bead slide seems to be limited only by the
difficulty of preparing identical deposits of glass beads on glass surfaces.
These slides can be reused after having been washed with benzene (the expoxy
resin used to glue the beads to the glass slide is not soluble in benzene),
so preparation of a relatively few would be required.

r
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In some cases, the use of a liquid substrate in a watch glass on which
the stearic acid was plated improved the uniformity of the film remaining
when the benzene had evaporated. The greatest uniformity was found when the
substrate was nitrobenzene, apparently because its surface tension is significantly higher than that of benzene and at the same time it is miscible with
benzene.
At the present time the accuracy of surface area determinations of kaolin
by adsorption of radioactive stearic - acid is considerably below the desired
level, primarily because small differences between the relatively high
concentrations of the original and equilibrium solutions cannot be measured
with the desired precision (one per cent average deviation). The accuracy
will be better for samples with larger surface areas, e.g.

40 to 50 square

meters per gram, and can be improved by using larger powder samples, up to
the limit (about 4 grams in 10 ml) imposed by the problem of mixing as the
proportion of powder to liquid is increased. Surface areas of some materials,
e.g. metallic powders, should be obtainable with mach better accuracy because
their adsorption isotherms allow the use of more dilute stearic acid solutions.

IV. FUTURE PROGRAM
In the immediate future, surface area determinations by adsorption of
stearic acid will be run on powdered nickel and on silica. As these materials
have straighter adsorption isotherms than does kaolin, a more dilute solution
of stearic acid can be used (with C/C

as low as 0.05), and a resultant
o
increase in accuracy is anticipated. Also, some exploratory work will be

done to determine the practicality of counting the radioactive adsorbate on
the powder itself instead of counting the solution before and after its being
stirred with the powder.
Respectfully submitted:
Approved:
Margaret C. Kordecki
Project Director

Earl W. McDaniel
Co-Technica)., Director
`--Picaard C. Palmer
Co-Technical
Director/Th
A k
Wy t C. .Whitley
Co T chnical Director and Ch
Che cal Sciences Division
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ABSTRACT
The technique developed for surface area determinations by radiostearic
acid sorption has been modified by the use of lower temperatures. Because of
the considerable drop in stearic acid solubility as the temperature is decreased
o
o
from 25 to 15 C, the desired C/C value can be maintained with lower initial
o
concentrations(C.' ) of stearic acid at the lower temperature. Thus the difference in C. and C, which is the measure of sorbed acid, becomes larger in
and the accuracy of the measurement is enhanced.
i
A new method of plating aliquots of stearic acid solutions has been

relation to C

adopted as standard procedure. It consists of pipetting 0.1-m1 aliquots to
chilled 25-mm watch glasses and allowing the solvent to evaporate slowly in

the refrigerator. The average deviation in replicate plates is usually under
2 per cent.
Surface areas of several different samples hali -e been determined by stearic
acid sorption and compared with BET surface area values (nitrogen adsdrption)
obtained for the same powders. Values by the two different methods agreed for
glass beads, titanium dioxide, zinc oxide, cupric oxide, and zinc but did not
check for silica, iron, nickel, and several different clays.

3, Project No A-446-3
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I. INTRODUCTION
This report summarizes the work performed from November 1, 1959, to
January 31, 1960. The purpose of the work under this contract is to investigate the use of radioactive tracer atoms in fatty acids or stearates in liquid
solution as a means of making accurate surface area measurements of lowsurface materials. During this quarter experimental work was continued on
techniques for the use of carbon-14 tracer atoms in stearic acid as a means
of accurate measurement of surface area for powders with small or intermediate
range surface areas. The surface areas of - nickel, silica, cupric oxide, zinc,
zinc oxide, titanium dioxide, glass beads, iron, and several clays were
determined by radioassay of the stearic acid removed from benzene solutions by
the powder samples. The values thus obtained were compared with the specific
surface area values which had previously been determined for these samples by
the conventional BET (nitrogen adsorption) method.
II. EXPERIMENTAL
A. Surface Area Determinations
The procedure developed during the preceding quarter for surface area
determinations by sorption of stearic acid-l-carbon-14 has been somewhat modified. After the original stearic acid solution (its concentration shall be
designated as C1 ) has been added to the flask containing the dry powder sample,
the system is allowed to equilibrate for one hour, with occasional shaking, in
a controlled temperature bath maintained below room temperature, e.g. at 15 ° C.
The solution is then centrifuged briefly, and, to avoid desorption by powder
remaining in the centrifuge tube, the supernatant liquid (concentration = C;
saturation concentration = C ) is poured into another flask which is stoppered
o
and allowed to reach room temperature before four or more aliquots are plated.
(Plating at the lower temperature was not desirable because it gave more
opportunity for contamination of work. bench, refrigerated water bath, etc.,
with the radioactive material -.)
Standard BET determinations of surface area by nitrogen adsorption had
been run previously on all the samples used in the stearic acid sorption
experiments. However, some of the BET determinations were repeated to ascertain whether or not the surface areas of these powders had changed with ageing

Quarterly Technical Status Report No. 3, Project No. A-446-3

on the shelf for long periods of time (as long as 2 or 3 years in some instance:
New BET values for samples of cupric oxide, nickel, zinc-oxide, and zinc were
4.2, 16.8, 4.7, and 2.3, respectively, and were essentially the same as the
original values. Of all the surface area determinations made by radioassay of
stearic acid during this quarter, those for titanium dioxide, glass beads, zinc
oxide, cupric oxide, and zinc samples agreed with the BET values, while those
for silica, iron powder, several types of clays, and nickel did not check the
BET values. The experimental data are presented in Table I.

TABLE I
SPECIFIC SURFACE .AREA (S r )DETERMINATIONS

Sample Powder
Ala. fire clay
Bentonite clay

by BET
W /Gm)
13.4
15

Radiostearic Acid Sorption
clb
Temperature
C/Coa
(o C)
(Gm/Liter.)

Gm

..1v1

15.6

.6

8.15

2.2

15.6

.6

8.15

6.5

16.7-

.8

10.79

3.o

Cupric oxide

4.2

Iron powder

21.3

14

.8

3.o

o.o

Glass beads

004

14

.5

3.43

0.6

Kaolin 788

1805

15.6

.6

8.15

4.8

Nickel powder

1608

22

.2

8.6

8.8

Silica

98

22

02

8.6

14

.5

3.43

5.6

14

.3

3.o

7.8

Titanium dioxide
Vollandero clay

7.7
24

38

Zinc

2.3

22

.3

10.79

1.2

Zinc Oxide

4.7

22

.3

10.79

4.7

a

C = concentration of stearic acid solution in equilibrium with sorbent;.0 =
concentration of saturated solution at the appropriate temperature.

b C. = initial concentration of stearic acid-benzene solution.

Quarterly Technical Status Report No

3, Project No A-446-3

B. Plating Techniques
The plating technique which has now been adopted for standard procedure
consists of pipetting 0.1-ml aliquots to Z5-mm watch glasses which have been
chilled in a refrigerator. The watch glasses are kept cold on a bed of cracked
ice during the plating process and are then returned to the refrigerator for
slow evaporation of the solvent. The average deviation in these plates is
usually under 2 per cent.
In addition, a standard curve has been constructed to correct for the
increase in self-adsorption of radiation which occurs with increasing concentration in plated samples. A standard solution containing 0.815 gram of steark
acid and 0.20 me of carbon-14 per 100 ml of solution was diluted to give five
additional concentrations containing the same ratio of radioactive stearic
acid to carrier stearic acid. Four aliquots of each of these solutions were
plated in the manner described above. The average count per minute for each
concentration was plotted versus concentration. After 0.1-m1 plates of
unknown solutions having the same ratio of tagged stearic acid to carrier
(0.245 me/gm) have been counted, their concentrations , can be read directly _
from the curve. (The effect of tube deadtime is also taken care of by these
plots.) The only additional correction needed is to adjust the count for
tube response as indidated by counting a. carbon-14 standard source whenever
sample plates are counted. Data from this experiment are given in Table. II.
TABLE. II

ElhCTS.OF SELF-ADSORPTION AND TUBE DEADTIME SHOWN
BY COUNTS OF STANDARD SOLUTIONS
Average Deviation

Standard
Deviation

14,642 + 70

in Four
. Platesa
(%)
2.3

6.52

11,742 + 60

0.1

0.2

3

5.21

9,920 + 58

1.3

1.6

4

3.26

6,190 + 46"

0.1b

0.2

5

2.60

5,101 I° 41

6

1.30

2,640 + 30

1.0
2.1

1.4
2.9

??lution No

Concn.
Gm/Liter

Radiation Counts
(Counts/ Min)

1

8.15

2

Continued

-3-

''

C%i
3.2

Quarterly Technical Status Report Bo. 3, Project No. A-446-3

TABLE II (Continued)
E.1114hCT$ OF SELF-ADSORPTION AND TUBE DEADTIME SHOWN
BY COUNTS OF STANDARD SOLUTIONS

aAliquots of 0.1 ml plated on chilled 25-mm watch glasses.
b Only three plates. One was ruined before counting.

III. DISCUSSION' AND CONCLUSIONS
The lower temperature now used in the radiostearic acid determinations
of surface area enhances their accuracy because of the sharp decrease in solubility of stearic acid in benzene as the temperature is lowered (from 12.4
gm/100 gm benzene at 30 ° C to 0.24 gm/100 gm benzene at 10° C). Since at
lower temperatures a lower initial concentration, Ci , is required to give the
value (0.3 or higher in the case of kaolin and titanium dioxide),
o
the difference between. C. and C, which is the measure.of sorbed stearic acid,
desired C/C

becomes greater in proportion to C i and C. Thus one difficulty encountered
earlier in the project appears to be solved, viz., differences between average
counts for C. and C which often were no higher than average deviations in the
counts for replicate plates of Ci .
It is not to be expected that specific surface area values by the BET
method and by the radiostearic acid technique will check exactly. The BET
values may be as much as 15 per cent inaccurate in the lower range of surface
2/
areas
10 m /gm). Thus values of 707 by BET and 5.6 by radiostearic acid,
as in the case of titanium dioxide (see Table I), are considered to agree.
However, wide discrepancies between values obtained by the two types of
determinations have been found in several cases, notably clays, nickel, and
silica. As yet it is not known whether the variance is due to preferential
sorption of impurities which might be present in the original stearic-acid,
to the pore size of the powderedmaterials, or to some facet of the experimental technique such as exposure to moisture in the air as the samples are
removed from the vacuum oven. In addition, there is some possibility of new
impurities being continuously produced in stock solutions of the radiostearic
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acid by decomposition of the acid in the presence of ionizing radiation. It
has been shown that high energy radiations decompose long chain, saturated
1
fatty acids, and a very small amount of decomposition of stearic acid may be
induced by beta radiation from the carbon-14 tracer atoms. Some.stock solutions used in this investigation had been stored for periods of 4 or 5 weeks,
so there might have been an accumulation of relatively small molecules produced by decomposition of the long stearic acid molecules. These smaller
molecules could be preferentially adscirbed by some sorbent powders with a
resulting low radioassay of.sorbed stearic acid-l-carbon-14.

IV. FUTURE PROGRAM
In the immediate future, samples for which results have been poor will be
rerun with a new brand of stearic acid carrier (Eastman White Label) that is
claimed to be purer than the material (from Matheson,Coleman .Bell) used up
to now. Also, a special sample flask with a three-way stopcock above the
stopper will be used. With this flask the sample can be evacuated while it
is being dried at 110 0 C in a Glas-Col heating mantle. The stopcock is then
turned to the other outlet where a'burette of the stearic acid solution is
attached and the solution can be added to the flask without allowing any air
to reach the sample. This innovation is expected to result in higher surface
area values for samples which tend to pick up moisture from the 'air very
quickly.
In addition, stock solutions of the carrier stearic acid and radiostearic
acid will no longer be used. Fresh solutions will be made up for each sample

1

C. W. Sheppard and V. L. Burton, "Effects of Radioactivity on Fatty Acids,"
J. Am. Chem. Soc. 68 1636 (1946).
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to avoid the possible accumulation of decomposition products discussed in
Chapter III.
Respectfully submitted:

Margaret C. Kordecki
Project Director
Approved:

Earl W. McDaniel
Co-Technical Director

Ricaard C. Palmer
Co-1I'echnical Director

C. Whitley
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Co chnical Director and ief,
Chemical Sciences Division
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ABSTRACT
The technique developed in this project for surface area determinations
by radiostearic acid sorption has been examined to determine the simplest
sample-drying technique, the minimum sample-drying time, and the minimum
sorbate-sorbent contact time that would be adequate for most types of powders.
Samples of several powders--zinc sulfide, alumina, titania, sodium
carbonate, and sodium bicarbonate--were dried by one of the following methods
before determination of their surface areas: (1) in an oven at 110 ° C and
atmospheric pressure; (2) in a vacuum oven at 120 ° C and 100 mm of pressure;
and (3) at 100 ° C and 100 mm of pressure in a sample flask with a stopcock
for adding the stearic acid solution without admitting air to the dried
sample. Several different drying times were also compared. It was found
that an inert powder such as zinc sulfide can be sufficiently dried in 2
o
hours at 110 C and atmospheric pressure. Basic powders, such as sodium
bicarbonate, can react with stearic acid if traces of moisture are present
and must be dried at low pressure in the flask designed to exclude air from
the dried sample. Materials with a great affinity for water must likewise
be dried at reduced pressures and protected from contact with the atmosphere.
Experiments designed to compare different times of contact between the dried
sample and the stearic acid solution indicated that one hour is sufficient
to reach sorption equilibrium, within the limits of experimental error.
In an experiment comparing the sorption of stearic acid, C 1e3 60 2 , with
the sorption of lauric acid, C

H240 2 , on porous charcoal powder (with a BET
12
value of 400 m 2/gm), the fatty acid sorption values for surface area were
6l,7 and 63.6 m2/gm, respectively. Apparently the shorter acid molecules
could not penetrate the pores of the powder any more than could the longer
ones.
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I. INTRODUCTION
This report summarizes the work performed from April 1, 1960, to June
30, 1960. The purpose of the work under this contract is to investigate the
use of radioactive tracer atoms in fatty acids or stearates in liquid solution as a means of making accurate surface area measurements of low-surface
materials and T)orosity measurements of porous materials. During this quarter
experimental work, utilizing the techniques described in Annual Report No.
1, was concentrated on determining the drying times and techniques adequate
for powders before their surface area determinations by radiostearic acid
sorption and on determining the time required for powders to reach approximate equilibrium with the sorbate solution.
Also, preparations were made for studying the possibility of porosity
measurements by fatty acid sorption. Stock solutions of lauric acid
(dodecanoic acid, C12H2402) and of caproic acid (hexanoic acid, C611 1202 ),
each tagged with carbon-14, were prepared. These are to be utilized in
surface area determinations along with stearic acid (C i8H3 60 2 ) in the
expectation that for nonporous materials the moles of each of these acids
sorbed will be approximately the same, while for porous materials the moles
of acid sorbed should increase with decreasing length of the acid chain.
One sample has been run with both stearic and lauric acids.
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II. EXPERIMENTAL
A.

Sample-Drying Methods
Several different methods of drying powders before determination of

their surface areas have been compared to determine the minimum drying time
and most convenient method that could be utilized in the radiostearic acid
technique. Samples were dried in an oven at 110 ° C and atmospheric pressure,
o
in a vacuum oven at 120 C and approximately 100 mm of pressure, in the BET
adsorption apparatus at 120 ° C and 0.1 mm of pressure, and at 100 ° C and
approximately 100 mm of pressure in a flask having a stopcock in the neck
for introduction of the sorbate solution to the sample without admission of
air. These different drying techniques and several different drying times
were tested in surface area determinations on zinc sulfide, abrasive alumina,
titania, silica, clay, sodium carbonate, and sodium bicarbonate powders.
The concentration of the stearic acid solutions used was 4.0 grams per liter
and the specific activity was 0.25 millicurie per gram of stearic acid. A
temperature of 14 ° C was used in all but three of the determinations. The
o
latter were run at 21 C because the refrigerated water bath was not operable
at the time. Data from these experiments are given in Table I.
B.

Sorbate-Sorbent Contact Time
Several surface area determinations were designed to determine whether

or not equilibrium between sorbent and sorbate is approximated sufficiently
after one hour to give the same surface area values as are obtained when the
system is allowed to equilibrate for several hours. One of two powder samples
dried under identical conditions was allowed to equilibrate with the stearic
acid solution overnight while the other was in the solution only one hour.
These data are also included in Table I.
C.

Sorption of Shorter Fatty Acid Molecules
The specific surface area of duplicate samples of powdered charcoal was

determined by radiostearic acid (C18) sorption and radiolauric acid (C 12)
sorption. In both cases, acid concentrations of 0.014 mole per liter of
benzene solution and 0.246 millicurie per gram of acid were used. The
results from this experiment are presented in Table II.
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TABTR I
COMPARISON OF DRYING METHODS, DRYING TIMES, AND SORBENT-SORBATE
CONTACT TIMES IN SPECIFIC SURFACE AREA (S w ) DETERMINATIONS BY
RADIOSTEARIC ACID SORPTION

Powder Sample
ZnS
zns

ZnS
ZnS
zns

ZnS
Abrasive
Abrasive
Abrasive
Abrasive
Abrasive
Al203
Al203
Al203

TiO2
TiO2
TiO2
TiO2
TiO2
TiO2
Na2CO3

(Al203)
(Al203)
(Al203)
(Al203)
(Al203)

Sw by
Drying
BET
Methodl Method 2
77dETTR
'3.7
A
B
3.7
D
3.7
A
3.7
A
3.7
A
3.7
2.29
A
2.29
A
2.29
B
2.29
D
2.29
A
3.36
A
3.36
B
3.36

C

2.2
2.2
2.2
2.2
2.2
2.2
CL6

B
A
B
A
A
D
A
A
D
D
A
A
A
D
A

ila2c03

0.6

Na2CO3
NaHCO3
NaHCO3
NaHCO3
Si02

0.6
2.09
2.09
2.09
26.6

si02

26.6

Clay

14.0

1
2

Drying
Time
(Hours)

Sorbent-Sorbate
Contact Time
(Hours)

C/CO 3

Sw by RadioStearic Acid
(M2/Gm)

15

15

0.29

3.96

4

15

0.28
0.33
0.32

4.o
3.5
3.5

0.35

3.36

0.36

3.57

0.51

1.10

5-1/2
2
2
15
1

15
1
15
1
1

80
4
7

1
1
1

0.48
o.48
0.43

1.41

2

15

0.51

1.4

1.39
2.19

3
3
3
5

1.25
1.25
1.25
4

o.64
0.58
0.59
0.49

1.19
1.92
1.72
1.44

1

1

0.51

0.94

4

1

0.52

0.87

84
2

1
15

0.57
0.53

0.76
0.95

4
6

1

0.56

0.78

15

1
1

0.23
0.10

3.74
4.36

4
6
6

4
1
1

0.57
0.56
0.006

0,90
3.25
5.73

15
15
20
15

1
1
1
1

0.007

5.48

0.64

4.37

0.67
0.61

1.48
4.12

Nitrogen Adsorption by the Brunaur-Emmet-Teller Method.
o
A - in oven at 110 C, atmospheric pressure; B - in vacuum oven at 120 o C,
approximately 100 mm of pressure; C - in BET apparatus at 120° C, 0.1 mm of
pressure; D - in flask with stopcock to prevent admission of air, at 100 ° C
and approximately 100 mm pressure.

:3.Equilibrium concentration/saturation concentration at appropriate temperature.
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TABTE II
SPECIFIC SURFACE AREA (S w ) DETERMINATIONS BY SORPTION
OF STEARIC AND LAURIC ACIDS ON CHARCOAL *

Initial Counts
(Counts/Min)

Final Counts
(Counts/Min)

Initial
Concentration
(GmiL)

Number

Acid

1

Stearic

8793

8091

4.03

2

Laurie

5161

4597

2.86

,

ATIT
61.7
63.6

Sw by BET = 400 m 2 /gm. Charcoal samples weighed 0.1 gram.

The lauric acid-l-carbon-14 for this work was purchased, in the acid
form, from the California Corporation for Biochemical Research. The sodium
salt of caproic acid-l-carbon-14 was obtained from the same company. The
inert, or carrier, forms of both acids are Matheson Coleman and Bell's
research grade, approximately 98 per cent pure.
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III. DISCUSSION AND CONCLUSIONS
For many materials, particularly basic compounds such as sodium carbonate
and sodium bicarbonate or highly hygroscopic materials such as silica , the
exclusion of air from the sample before and during the addition of sorbate
solution is mandatory. The basic materials will react quickly with stearic
acid in the presence of very small amounts of water and thus give surface
area values that are too high, while for silica and similar materials the
presence of any sorbed moisture on the surface reduces the amount of fatty
acid that can be sorbed and thus yields deceptively low surface area values.
Consequently, when the properties of a powder are either unknown or else
known to be basic or hygroscopic, the powder should be dried and evacuated
in a sample flask with a stopcock for admitting fatty acid solution in the
absence of air.
Apparently the sorption equilibrium between sorbent powders and stearic
acid solutions is approached sufficiently in one hour to give good surface
area values.
Required drying times vary. For an inert sample such as zinc sulfide,
drying for only 2 hours in an oven at 110 0 C and atmospheric pressure is
sufficient. Moisture-retaining materials such as alumina and silica require

7 or 8 hours of drying at low (100 mm or less) pressure.
From the comparison of stearic acid and lauric acid sorbed by charcoal,
shown in Table II, it appears that the pores in this powder are not large
enough to admit more 12-carbon chains than 18-carbon chains. Therefore no
conclusions can be drawn about the feasibility of average-pore-size measurements utilizing fatty acids of several different chain lengths.
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IV. FUTURE PROGRAM
In the immediate future, several specific surface area determinations
will be run with caproic, lauric, and stearic acids in order to judge the
feasibility of the proposed porosity measurements.
Respectfully submitted:
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Margaret C. Kordecki
Project Director
Approved

Fred Sicilia
Co-Technicgl Director

llichard C. Palmer
Co-Technical Director
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Co-Technical Director and Ch . f
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ABSTRACT
Experimental work has been conducted to determine the'best solvents,
plating techniques, and other details for surface area determinations with
lauric acid-l-C-14 (C 12H260 2 ) and hexanoic acid-l-C-14 (C 61-1140 2 ). The sodium
salt of the latter was used in methanol solution, while both benzene and
methanol solutions of lauric acid were used for determinations with highsurface carbon black and silica. Stearic acid sorption by the same samples
was also determined in order to check the effect of carbon-chain length on
the apparent surface area values obtained by fatty acid sorption.
Also, a statistical treatment of the data obtained in determinations
utilizing acids of different chain lengths has been postulated to estimate
pore size distributions in high-surface powders. Cumulative plots were made
of the number of carbons in the fatty acid chain versus the percentage of
pores under the size required to accommodate chains of the specified length.
The latter figure was calculated by dividing the difference between the BET
value and the fatty acid surface area by the BET value and multiplying by 100
per cent.) A calculation was also made of the approximate size of an idealized pore that would accommodate a perfectly fitted monomolecular layer of a
fatty acid of known length.
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I.

INTRODUCTION

During the past quarter, laboratory work continued on determining appropriate solvents, plating techniques, and other details preparatory to utilizing
several different carbon-14-labelled fatty acids to determine the pore size of
powders. Saturated fatty acids with chains of 6, 12, and 18 carbon atoms have
been used in surface area determinations of high-surface powders. In addition,
study of the literature has yielded data useful for postulating a tentative
treatment of fatty acid sorption data for comparison of pore size distribution
in powders.

II. EXPERIMENTAL
A. Plating and Self-Absorption
As each new acid was added to the experimental determinations, new
problems in precision plating of replicate samples were encountered. Differences in solubility and surface tension are largely responsible for the difficulties. Consequently, considerable time was expended in tests to establish
the best plating proceiures, the best solvent, and the extent of self-absorption
for hexanoic and lauric acids. Since the former is infinitely soluble in
benzene and methanol, its sodium salt was used in methanol solutions. Initial
plating tests utilized only the inert acids, and were judged visually. Teflon
discs, aluminum planchets, watch glasses, and watch glasses prewetted with
dilute insulin were tested. Of these, only the aluminum pans were entirely
unsatisfactory. However, methanol solutions of sodium hexanate have such a
low surface tension that aliquots as large as 0.05 ml "crawl" out of the 25-mm
watch glasses that have been used for 0.1-ml stearic acid aliquots. It was
found that 40-mm watch glasses will accommodate 0.05 ml of the hexanate solu-
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tions, and good uniform deposits are obtained if the glass has been thoroughly
cleaned (e.g., with Alconox detergent). Tests utilizing the radioactive acids,
however, showed that concentrated solutions formed more cohesive deposits
that, due to self-absorption and to their surprisingly smaller deposit diameter,
gave counts considerably smaller than those obtained from dilute solutions.
Results of the plating tests and self-absorption study with sodium hexanate
are given in Table I.
B. Surface Area Determinations
Stearic and lauric acids and sodium hexanate were utilized in surface
area determinations on porous powders--charcoal and several different silica
samples. In some cases both stearic and lauric acid were dissolved in
benzene for determinations of the specific surface area of charcoal, but in
later tests all of the sorbates used with charcoal samples were dissolved in
methanol, which, according to Galbraith, et 1

, 1

competes less for the surface

of carbons than does benzene. Data from all of the surface area determinations
made during this quarter are given in Table II.

1

J. W. Galbraith, C. H. Giles, A. G. Halliday, A. S. A. Hassan, D. C. McAlister,
N. Macaulay, and N. W. MacMillan, "Adsorption at Inorganic Surfaces," J. Appl.
Chem. (London) 8, 416-24 (1958.
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TABLE II
SPECIFIC SURFACE AREAS OF CHARCOAL AND SILICA SAMPLES

Temp. of
Determination
(b C)
14

C/Co

Specific Surface Area
BET
Fatty Acid
(Meter2 /Gmp

0.003

400

64.7

14

0.62

400

63.6

15

O.34

208

4.02

15

0.46

208

37.2

Benzene

4.02

15

0.51

400

15.6

Stearic acid

Benzene

4.02

15

0.46

87.7

24.4

Silica

Stearic acid

Benzene

4.02

15

0,46

44.4

13.5

Silica

Stearic acid

Benzene

4.02

15

0.45

26.6

7.0

Silica

Laurie acid

Benzene

373

15

0.59

87.7

Silica

Laurie acid

Benzene

373

15

0.62

44.4

Silica

Laurie. acid

Benzene

373

15

0.54

26.6

Silica

Stearic acid

Benzene

5.14

15

0.52

26.6

11.6

Silica

Stearic acid

Benzene

6.41

15

0.69

26.6

11.8

Silica

Stearic acid

Benzene

7.22

15

0.75

26.6

16.2

Silica

Sodium hexanate

Methanol

63.5

15

0,53

200

39

Carbon black

Sodium hexanate

Methanol

63.5

15

0.54

400

14

Carbon black

Sodium hexanate

Methanol

37.2

14.5

0.51

400

235

Carbon black

Stearic acid

Methanol

4.57

25

0.65

400

73

Carbon black

Laurie acid

Methanol

65.17

5

0.32

400

117

Sorbate

Solvent

Carbon black

Laurie acid

Benzene

2.93

Carbon black

Stearic acid

Benzene

4.02

Silica

Lauric acid

Benzene

Silica

Stearic acid

Benzene

Silica

Stearic acid

Silica

Powder

200.9

244

373

50.8
211
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III. DISCUSSION AND CONCLUSIONS
A. Discrepancies Between Specific Surface Areas Obtained by Fatty Acid Sorption
and by Nitrogen Adsorption
There are several factors to be considered when a powder's specific surface
area obtained by fatty acid sorption is lower than the value obtained by the
BET nitrogen adsorption method. First, there may be in the particles pores
that are large enough to admit sufficient nitrogen to cover this internal surface but are too small to accommodate the number of larger, fatty acid molecules that would be required to cover the internal surface. Indeed, a large
pore with a small opening to it could screen out all fatty acid molecules.
On the other hand, if fine capillaries exist in the particles, gaseous nitrogen
may actually condense, by the phenomenon known as capillary condensation,
thereby yielding deceptively high surface area values. Second, the solvent
may have a strong affinity for some particular powders and in such a case it
would compete with the fatty acid for available sites on the surface. Third,
in some cases the fatty acid may lie parallel to the surface instead of
exhibiting the perpendicular orientation occasioned by a strong attraction
between the polar end of the acid molecule and surfaces having bonds either
ionic or strongly polar in nature. Such a parallel orientation has been claimed
by Gasser and Kipling 2 for fatty alcohols on charcoal.
The effect of solvent competition for powder surface can be avoided by
careful selection of solvents. The effect of parallel orientation of the
fatty acid at powder surfaces is not a problem with most materials, e.g., metal
powders, metal oxides, salts, and clays. Thus, by eliminating the solvent

2

C. G. Gasser and J. J. Kipling, "Adsorption from Liquid Mixtures at Solid
Surfaces," J. Phys. Chem. 64, 710-15 (1960).
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competition and by using systems in which the orientation of the fatty acid is
definitely known, as well as its correct-sectional area in this particular
orientation, the prime factor in cases of surface areas that are lower by
fatty acid sorption than by nitrogen adsorption becomes porosity (and/or
capillarity. Consequently, with sufficient data and by appropriate mathematical treatment of such data, a reasonable estimation. of the pore size distribution of such a sample should be possible.
B. Tentative Treatment of Fatty Acid Sorption Data for Estimating Pore Size
Distribution
If the pores of a powder are considered to have a random size distribution,
a statistical method similar to that used in studying particle size distribution should be appropriate for the estimation of pore size distribution from
data on the sorption of several different fatty acids by a powder. If one
overlooks the possibility of capillary condensation in nitrogen adsorption and
assumes surface areas obtained by such a method as the well known BET to give
the correct maximum specific surface area, then the difference between the
surface indicated by this method and by sorption of fatty acids can be assumed
to be due to the inaccessibility of some of the pores to the acid.
Lemieux and Morrison 3 have studied the sorption of the shorter fatty
acids--acetic, propionic, butyric, and valeric--by different charcoals, Bruns 4
hastudie orpnactivedhrolfatycidswhfromne

3 R.

U. Lemieux and J. L. Morrison, "The Adsorption of Aliphatic Acids on
Activated Charcoals," Can. J. Research 25B, 440-8 (1947).

4 B.

K. Bruns, "Uber den Einfluss der Zerkleinerung von Kohle auf die Adsorption
von Fettsauren," Kolloid-Z. 54, 33-5 (1931).
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through six carbons in the chain, and Linner and Williams 5 used acetic, propionic
butyric, and valeric acids on charcoal. When data from these studies were used
in cumulative plots of per cent undersize versus either the number of carbons
in the acid chain or the actual length of the acid chain (Some chain lengths
in the literature were measured; others were calculated) on log-probability
paper and on arithmetic probability paper, in many cases a straight line was
obtained. Since a straight line from such plots is a fair indication of a
random distribution in particle size studies, 6 it follows that the pore sizes
of these charcoals probably had a random distribution, at least over the range
studied. Unfortunately, neither data obtained in this laboratory nor from the
literature extends over a large range of acid length.
Figure 1 is a log-probability plot of data (from Lemieux and Morrison7 )
of fatty acid sorption from aqueous solutions by three charcoals and of data
Obtained in this laboratory for fatty acid sorption from methanol by charcoal.
The percentages were obtained by dividing the difference between the fatty
acid surface area and the BET surface area by the BET value. Extensions of
the lines presented in this figure could possibly curve either up or down, as
shown by the dotted lines. However, even if the probability plot is not a
straight line, easily defined by its mean (at the 50-per-cent point) and by its
standard deviation (the point at 84 per cent divided by the 50-per-cent reading,
or the latter divided by the 16-per-cent point), the plots still lend themselves
to interpretation of size distribution data. For example, if curve A of Figure

5 E. R. Linner and A. P. Williams, "The Effect of Previous Heat-Treatment on Some
of the Adsorption Properties of Sugar Carbon," J. Phys. and Colloid Chem. 54,
605-18 (1950).
6

G. Herdan, Small Particle Statistics, Elsevier Publishing Co., Houston (1953).

7/Lemieux and Morrison, Op. cit., p. 443.
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1 actually should curve as indicated by the dotted lines, essentially all of
the pores of this sample must fall between two sizes--the size large enough
for its internal surface to be covered by acids with 20-carbon chains and the
size that will accommodate only a monolayer of 2-carbon acid chains.
The problem then becomes the estimation of the dimensions of pores that
can accommodate a monolayer of acid molecules of a known chain length. In
order to obtain numerical values for pore size, certain assumptions must be
made. By assuming the pores to be spherical, with an opening larger than the
cross sectional area of a fatty acid at its larger end (approximately 25
square angstroms), the geometry of spheres can be utilized in the interpretation. Although unrealistic, this assumption can be used to obtain numbers
useful for comparisons between different samples of the same material.
Consider Figure 2 below, in Which a spherical pore is pictured with the
polar end of the fatty acid molecules in a monolayer attached to its internal

Cross-sectional area l
of acid here is 25 A .
Cross-sectional area l
of acid here is 20 A .A

w•ms
wo■

4**

Void

/1110

l<
Figure 2. An Idealized Pore.

>1
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surface. If the cross-sectional areas of all fatty acid chains are, as stated
p
02
o2
by Markley,`" 25 A at the polar -.COON end of the molecule and 20 A throughout
the rest of the chain of :.:CH 2 groups, the size of a spherical pore that could
accommodate a monolayer of an acid of known length packed perfectly, in perpendicular orientation to the internal surface, can be calculated.
If n is the number of molecules in the monolayer, then the internal surface
o2
area of the pore equals n 25 A 2 , and the internal surface of the monolayer
o2
facing the spherical void is n 20 A 2 . Let the internal surface area of the
pore be St . Then
o2
n 25 A2 ,

Tr. (Di + 2 L) 2

St

and
Si =
where

02
n 20 A 2 ,

(Di) 2

•

total diameter of the pore,

2 L)j,

Di = diameter of the spherical void,
Si = area of the void or 'inner area of the monolayer,
and L = the length of the fatty acid chain in angstroms.
By substitution,
(
Tr (D i

2 L) 2

°2

25 A
02
20 A

Which can be solved for Di.
If the previously-mentioned work indicating that fatty alcohols lie
parallel to charcoal surfaces should hold true for fatty acid monolayers on
charcoal, then the described method of estimating pore dimensions would not

8

K. S. Markley, Fatty Acids, Interscience Publishers, Inc., New York (1947).
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apply to charcoals. Therefore no such calculations have been made for the
charcoal data plotted in Figure 1. Another approach would be necessary for
monolayers of parallel-oriented molecules. Because of the uncertainty in the
case of attachment to charcoal, it seems that experiments to determine pore
size distribution should be confined to other materials, e.g. clays and
silicas, having enough polar character to attract the polar end of the fatty
acids.

IV, SUMMARY
Experimental work has been conducted to determine the best solvents,
plating techniques, and other details for surface area determinations with
lauric (C

12

H 2 60 2 ) and hexanoic (C6H 1 40 2 ) acids, Since the latter is very

soluble in benzene, alcohol, and water, its sodium salt was used in methanol
solution for surface area determinations. Laurie acid was used in both benzene
and methanol solutions. Determinations on high-surface carbon black and
silica were run with stearic acid, lauric acid, and sodium hexanate. More
acids, especially acetic, and perhaps others, are to be added to the list of
those now in use. It appears that, by statistical treatment of data obtained
in surface area determinations with several different fatty acids, estimation
of pore size distribution should be possible. However, not enough experimental
data have been collected yet to give this mathematical treatment a good trial.
Work on charcoal has shown more sorption of short chains than long chains,
but this could be due, in part, to the effect of fatty acid orientation.

V. PUBLICATIONS
During the last quarter a technical note entitled "Precision Plating of
Stearic Acid-l-Carbon-14 from Benzene Solutions" has been accepted for publication in the International Journal of Applied Radiation and Isotopes.
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VI. FUTURE PROGRAM
In the immediate future four different saturated fatty acids--acetic,
hexanoic, lauric, and stearic--labelled with carbon-14 will be used to determine the specific surface area of high-surface silica and clay samples. The
data will be subjected to the statistical treatment described for estimating
the pore size distribution. If the results are promising, other acids,
possibly formic, which has only one carbon, and a long one with 20 or 22 carbons in the chain, may be added to those used for surface area determinations.
Respectfully submitted,

Margaret C. Kordecki
Project Director
Approved

area bicilio
Co-Technical Director

Richard C. Palmer
Co-Technical Director
/

Wyakt C. Whitley
Co-Technical Director and d: e
Chemical Sciences Division
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ABSTRACT
The sorption of straight-chain fatty acids of several different lengths by
a few powders, particularly a high-surface carbon black and a high-surface
silica, has been studied. Difficulties were incurred in efforts to prepare, by
neutralization of the shorter, liquid fatty acids, uniform precipitates for
radioassay by end-window counter, and substitution of sodium salts for liquid
acids in the determinations also led to plating difficulties. Therefore sorption
of the shorter acids was assayed by titration with standard base. Lauric and
stearic acids were measured by radioassay.
Methanolic and aqueous solutions were used in carbon black studies, and
benzene solutions were used with silica samples. Because of their great solubility in the solvents, the liquid acids must be tested at four or more different
concentrations for construction of sorption isotherms.

The point of maximum

sorption is then selected for comparison of the powder's ability to sorb different acids. Isotherms completed for the sorption of acetic acid and hexanoic
acid by high-surface silica show almost twice as much sorption of the shorter
acid. The specific surface area obtained from acetic acid data was 179.5 square
meters per gram, which is close to the nitrogen adsorption (BET) value of 193.
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I. INTRODUCTION
This report summarizes the work performed from October 1, 1960, to December
3l, 1960. The purpose of the work under this contract is to investigate the
use of radioactive tracer atoms in fatty acids as a means of making accurate
surface area measurements on low-surface powders and of determining pore size
distributions in high-surface materials.
During this report period work has been concentrated on comparing the
sorption of several different fatty acids by one powder in order to estimate
its pore size distribution. It has been postulated that the sorption of fatty
acids by a highly porous powder will increase with decreasing length of the fatty
acid chain, and give a surface area value equal to the nitrogen adsorption value
when the acid used is small enough to enter all the pores and form a monomolecular
layer on their inner surfaces. The sorption of several different acids--stearic,
lauric, hexanoic, acetic, and formic--by various powders, particularly a highsurface carbon black and a high-surface silica, was studied. Because of bonding
that occurs between some solvents and powders, comparisons were made between
methanolic, benzene, and, in the case of carbon, aqueous solutions of the acid
sorbates.
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II. EXPERIMENTAL
Because of the attraction of benzene to carbon blacks and graphites,
methanol and water solutions have been utilized with the carbon black (BET
value = 400 square meters per gram) that has been used for studies aimed at
pore size determination during this and the preceding quarter. Fatty acid
sorption data obtained for this carbon sample during the report period are
presented in Table I.
Surface area determinations utilizing methanol solutions of several
different fatty acids and their salts--hexanoic acid, acetic acid, formic
acid, sodium hexanate, and sodium acetate--were made on several different
powders. Results in most cases were so much lower than the BET surface areas,
that adsorption of methanol by the powders was suspected. Consequently,
methanolic solutions of stearic acid were used to check samples on which
benzene solutions of stearic acid had earlier given results that agreed
with the BEI surface areas. Tests indicated that methanol is not a favorable
solvent for sorption studies with some powders, notably calcium sulfate and
silica. Data for several different powders are given in Table II.
A high-surface silica (BET surface area = 193 square meters per gram)

is being used for sorption studies utilizing several different acids in benzene
solutions. Radioassay is being utilized where possible (with stearic and
lauric acids), and titration with standard potassium hydroxide is being used
for the shorter acids (formic through hexanoic).

A sorption isotherm is being

constructed for each acid, in order to determine the concentration required
for maximum sorption. The maximum value for each acid will then be utilized
in plots such as that of cumulative per cent versus carbons in the acid chain
(see Quarterly Technical Status Report No. 5), and perhaps other treatments for
estimating the pore size distribution of this silica. Data obtained to date
are given in Table III.
-2-

TABLE I
SORPTION OF FATTY ACIDS BY CARBON BLACK (BET = 400 M 2/Gm)

Sorbate

Solvent

Method
of Assay

Initial
Concentration (Cil
(Moles/Liter)

Equilibrium
Concentration (Ce)
(Moles/Liter)

Surface Area
(Ma/Gm)

Formic acid

Water

Titration

0.0191

0.0184

51

Formic acid

Water

Titration

0.1493

0.1401

252

Formic acid

Water

Titration

0.2722

0.2674

116

Formic acid

Water

Titration

0.4528

0.4004

175

Sodium acetate

Water

Radioassay

0.0212

0.0191

83

Sodium acetate

Methanol

Radioassay

0.0387

0.0365

113

Acetic acid

Water

Titration

0.0964

0.0925

75

Acetic acid

Water

Titration

0.1465

0.1422

109

Hexanoic acid

Water

Titration

0.0141

0.0101

110

Sodium hexanate Water

Radioassay

0.0201

0.0172

130

Hexanoic acid

Water

Titration

0.0278

0.0215

173

Hexanoic acid

Water

Titration

M478

0.0400

226

Project No A-446-3
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TABLE II
SORPTION OF FATTY ACIDS FROM METHANOL

Powder

Acid or Salt

Initial
Concentration
(Moles/Liter)

BET

Surface Area
Fatty Acid
(m2/Gm)

Silica

Lauric acid

0.163

208

119

Silica

Sodium hexanate

0.239

208,

44

Zinc oxide

Sodium acetate

0.04

4.7

0

Calcium sulfate

Sodium acetate

0.04

17.9

0

Calcium sulfate

Stearic acid

0.0016

17.9

0-

Zinc oxide

Stearic acid

0.0061

4.7

5.3

Zinc

Stearic acid

0.0061

2.3

2.0

Zinc sulfide

Lauric acid

0.15

3.7

0

Cupric oxide

Laurie acid

0.15

185

164

Cupric oxide

Laurie acid

0.075

185

43

Cupric bxide

Stearic acid

0.0061

185

38
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TABLE III
SORPTIONa OF FATTY ACIDS FROM BENZENE BY HIGH-SURFACE SILICA
(BET = 193 M2 /Gm), MEASURED BY ACID-BASE TITRATION

Acid
Hexanoic

Acetic

a

Initial
Concentration (Ci)
(Moles/Liter)

Equilibrium
Concentration (Ce )
(Moles/Liter)

Surface Area
(M2 /Gm)

0.0788

0.0668

54.7

0.1545

0.1232

78.5

0.254

0.1906

92

0.322

0.2584

89.4

0.3693

0.2941

87.6

0.4506

0.3736

93.4

0.0232

0.0078

55-

0.0801

0.0736

92.6

0.1142

0.0488

130.2

0.2215

0.1069

1459

0.3805

0.2338

179.5

0.5382

0.3180

176.8

At room temperature: 75-78 ° F.
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III. DISCUSSION AND CONCLUSIONS
A. Choice of Solvents
Various factors influenced the choice of solvents. Benzene, for example,
has been found to adhere to graphite and carbon blacks

1

and thus would cause

low surface area values for these materials. Aqueous solutions of the lower
aliphatic acids, acetic through hexanoic, have been used in some investigations
comparing the effects of different methods of carbon catalyst activation.

2

How-

ever, if it is desired to study the sorption of acids ranging from formic up
through acid chains of 18 or more carbons, the same solvent should be used for
each acid. Since the higher acids have practically no water solubility, methanol
probably would be the best solvent for pore size distribution studies on carbon
blacks. Methanolic solutions of the solid fatty acids have been found very difficult to plate for radioassay, however. The low surface tension of such solutions
causes them to "creep" in such a way that very irregular, unsatisfactory deposits
of the solid are obtained. Teflon seems to be the best substrate for methanolic
solutions, but even on Teflon the average deviation in replicate plates is often
as high as 15 per cent. If a liquid scintillation counter were available to count
solution aliquots and avoid the plating problem, methanol could be conveniently
used. However, in the absence of such a counter a different solvent is needed
for carbon black studies utilizing radioassay as the analytical tool.
1

2

J W. Galbraith, C. H. Giles, A. G. Halliday, A. S. A. Hasson, D. C. McAlister,
N. Macaulay and N. W. Mac Milian, "Adsorption at Inorganic Surfaces," J. Appl.
Chem. (London) 8, 416-24 (1958).
John L. Morrison and David L. Miller, "The Adsorption of Aliphatic Acids from
Aqueous Solutions by Porous Carbons," Can. J. Chem. 33, 330-43 ;1955).
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Benzene should be appropriate for most other powders. All of the straightchain fatty acids from formic through acetic are benzene-soluble to some degree.
In addition, powders with some polar character have less affinity for benzene
than they do for the more polar solvents.
B.

The Liquid Acids
The liquid acids cannot be safely assayed with an end-window Geiger counter,

since even those of higher molecular weight have enough vapor pressure that aliquot
of the liquid left uncovered for counting could contaminate the counter and possib]
the laboratory. (Thin films of mylar or other materials over the liquid absorb
the weak Beta rays of carbon-14.) Attempts to plate hexanoic acid as its solid
sodium or potassium salt by pipetting aliquots on to concentrated solutions of
the respective hydroxides were unsuccessful because of the slow reaction rate.
Application of heat to such plates increased the vaporization of unreacted acid
more than it increased the reaction rate. Consequently, surface area determination
utilizing sodium salts of hexanoic acid-l-carbon-14 and of acetic acid-l-carbon14 were attempted. These salts are not soluble enough in benzene to permit
radioassay by counting a small volume of the benzene solution, and their methanolic solutions have low surface tensions that result in very poor plates. Here,
again, a liquid scintillation counter would be ideal, since aliquots of the acid
or salt solutions could be added to the liquid scintillator and the tube sealed
to avoid vapor losses.
In the absence of the desired counting system, it was necessary to turn
to acid-base titration for assay of the sorption of liquid fatty acids.
C. Particle Size Distribution of High-Surface Silica
Sorption isotherms for acetic acid and hexanoic acid sorbed from benzene
solutions by high-surface silica show a considerable difference. (See Table III.)

-7-
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The maximum specific surface area (moles sorbed per gram x effective crosssectional area per mole) was 179.5 square meters for the two-carbon acid and
only 93.4 square meters for the six-carbon acid. Apparently, the value is
approaching the nitrogen adsorption value (193 square meters by the BET method)
as the carbon chain becomes shorter. It is expected that the sorption isotherm
for formic acid (one carbon) will show a maximum equal to, if not greater than,
the acetic acid maximum and that much lower maximums will be obtained with lauric
(12-carbon chain) and stearic (18-carbon chain) acids. If the data obtained
during the next month do follow these predictions, they will lend themselves well
to an estimation of the pore size distribution in this silica sample.
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IV, FUTURE PROGRAM
In the immediate future, data for several more sorption isotherms showing
the sorption of fatty acids from benzene by a high-surface silica will be
obtained. Formic acid sorption will be determined by titration with standard
base, and radioassay will be utilized for lauric acid and stearic acid. If
the results are as expected, the sorption of several other acids--probably
propionic, butyric, and valeric--by the same silica will be studied. Particle
size statistics will be utilized in estimating pore size distribution from the
resulting data and previously obtained values.
Respectfully submitted
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ABSTRACT
The determination of powder surface area by sorption of fatty acids
from solutions is an established technique. However, it is not in general
use because methods for quantitative analysis of fatty acids lack the
desired speed, convenience, and accuracy. This investigation was undertaken to develop a technique for accurate surface area determinations,
particularly for relatively low-surface materials, by radioassay of sorbed
fatty acids labelled with carbon-14. Such a technique has been developed
and consists of the following steps

(1) weigh approximately one gram of

oven-dried powder into a round-bottom flask with stopcock above the groundglass joint at the neck; (2) heat 6 hours at 110 ° C with Glas-Col heating
mantle while simultaneously degassing by vacuum pump; (3) close stopcock,
cool sample, and above the stopcock attach a burette filled with radiostearic acid-benzene solution (7 to 8 grams/liter; 0.1 to 0.2 millicurie/
gram of acid); (4) measure 10 ml of solution into the flask, close stopcock, and shake vigorously; (5) let sample equilibrate in water bath one
hour at 15 °C, with occasional shaking; (6) decant the solution into a
centrifuge tube, stopper, and centrifuge briefly; (7) decant to another
tube, stopper, and let solution reach room temperature before plating; (8)
pipette 0.1-m1 aliquots of this solution and of original solution to chilled,
25-mm watch glasses and place in refrigerator for slow solvent evaporation;
and (9) count plates with a thin end-window Geiger counter.
To improve the accuracy of this method, an empirical correction for
self-absorption (and other factors tending to distort the relation of
observed counts to concentration of the plated solutions) is used. It consists of determining the solution concentration from a plot of concentration
versus counts obtained by counting plates of several different known concentrations having the same specific activity as the solution used in the
surface area determination. The surface area is then calculated from the
equation given below.

Sw

(initial-final) moles/ml X 10 ml X 6.023 X 10 23 X 20.5 X 10 -20 m2 /mole
sample weight
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For powders with surface area at the extremes of the range for which
2
this method is applicable (0.1 to approximately 100 m /gm), the conditions
used in these dete/minations must be modified by, for example, larger
sample weights and lower stearic acid concentrations for low surface areas,
and small sample weights with high stearic acid concentrations for the
larger surface areas.
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I. INTRODUCTION
This report summarizes the work performed from April 1, 1959, to March
31, 1960. The purpose of the work under this contract is to investigate
the use of radioactive tracer atoms in fatty acids or stearates in liquid
solution as a means of making accurate surface area measurements of relatively
low-surface materials.
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II. BACKGROUND

A. Fatty Acid Monolayers
It is a well-established fact that certain fatty acid solutions will form
unimolecular layers of these acids on water. When properly compressed, straight
chain, saturated fatty acids will occupy the same area on the water surface in
spite of variations in length of the carbon chains, thereby indicating a vertical
orientation of the molecules. The cross-sectional area of fatty acids in such
-20
1
The tendency of
monolayers has been found to be 20.5 x 10 square meters.
these acids to produce oriented unimolecular layers suggested to Harkins and
2
Gans that such a layer, if formed at the interface of a liquid and a solid,
would serve as a measure of the solid's surface area. Their experiments with
oleic acid and titanium dioxide gave results in fair agreement with microscopic
measurements.
To produce a fatty acid monolayer on a solid, the affinity of the carboxyl
group for the solid must be greater than that of the solvent for the solid.
The type of interaction between the monolayer and the solid it covers varies
with the system. Chemisorption, physical adsorption, absorption, ion exchange,
or a combination of these may occur in monolayer formation. Consequently, the
general term "sorption" is used unless there is experimental evidence of the
specific nature of the interaction. Smith and Fusek 3 studied the sorption of
palmitic acid on nickel and platinum catalysts and found chemisorption indicated by the complete removal of acid from solution when it was present in
concentrations lower than that required for complete saturation of the solid
surface. Physical adsorption is an equilibrium situation and varies with the
concentration unless a significant excess of the acid is present.
Sorption of fatty acids is best illustrated by isotherms in which either
the amount of sorbed acid or the surface area of the sorbent powder is plotted

1

2

N. K. Adam, The Physics and Chemistry of Surfaces, (Oxford: Oxford University
Press, 1941) p. 25,
W. D. Harkins and C. M. Gans, An Adsorption Method for the Determination of
the Area of a Powder," J. Amer. ahem. Soc. 53, 2804-6 (1931).

3 H. A. Smith and J. F. Fusek, "Adsorption of Fatty Acids on Nickel and Platinum
Catalysts," J. Amer. ahem. Soc. 68, 229-31 (1946).
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as ordinate with either initial concentration or the ratio of the final concentration to saturation concentration as abscissa. Sorption isotherms for
chemisorption are horizontal straight lines above the concentration required
to saturate the surface with a monolayer. Those for physical adsorption rise
sharply and become horizontal only after a certain ratio of equilibrium concentration to saturation concentration (C/C ) has been reached. Figures 1
o
and 2 are examples of sorption isotherms.
B. Surface Area Determinations by Fatty Acid Sorption
The primary limitation to more general use of fatty acid sorption for
routine surface area determinations has been the poor degree of accuracy in
quantitative analysis for fatty acids. When a sample is shaken with the fatty
acid solution, both the initial (C i ) and final (C) concentrations of the acid
must be determined accurately. For low surface materials, particularly, the
difference between these two concentrations, which is the measure of the sorbed
acid, is very small and great accuracy is required to determine it. Among the
analytical methods that have been used are conductometric titrations, gravimetric and colorimetric techniques, and film pressure hydrophil balance
N 4
(Tangmuir trough).
Among the powders for which surface areas have been determined by fatty
6
acid sorption are nickel, copper, silver, and iron, 5 carbon, calcium carbo8
nate, 7 clays, titanium dioxide, silica, silicon carbide, copper oxides and

4 Clyde

Orr, Jr. and J. M. DallaValle, Fine Particle Measurement, (New York
The Macmillan Co., 1959) p. 211-12.

5 E. B. Greenhill, "The Adsorption of Long Chain Polar Compounds from Solution
on Metal Surface," Trans. Faraday Soc. 45, 625-31 (1949).
6

H. A. Smith and R. B. Hurley, "The Adsorption of Fatty Acids on Carbon Blacks.
Calculation of Particle Size," J. Phys. and Colloid Chem. 53, 1409-16 (1949).

7 Eiji Suito, Masafumi Arakawa, and Teru Arakawa, "Surface-Area Measurement of
Powders by Adsorption in Liquid Phase. I. Calculation of Specific Surface
Area of Calcium Carbonate Powders from the Adsorption of Stearic Acid," Bull.
Inst. Chem. Research, Kyoto Univ. 33, 1-7 (1955).
8

Clyde Orr, Jr. and P. T. Bankston, "A Rapid Liquid-Phase Adsorption Method
for the Determination of the Surface Area of Clays," J. Amer. Cer. Soc. 35,

58-60 (1952).
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Figure 1. Isotherm for Sorption of Palmitic Acid by Platinum
(Smith and Fusek 3 ).
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Figure 2.

Isotherms for Sorption of Stearic Acid from Benzene Solution
(from data of Greenhill 5,
).
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zinc oxide, 9 aluminum, chromium, cobalt, cadmium oxide, ferric oxide, lead
11
10
oxide, and nickel oxide,
and alumina.
In addition, fatty acid sorption
l2
Different fatty
on flat surfaces of iron, gold, and mica has been studied.
acids have been compared and found to give similar results for the specific
13
14
surface area of Raney nickel
and certain other powders. The effect of
different solvents has also been studied, and benzene has been recommended as
15
the best solvent.
Study of the sorption isotherms available in the literature indicates that in most cases one surface area determination is sufficient
if the relative concentration (C/C ) is at least 0.3, since most of the known
o
sorption isotherms have become horizontal at this point.

9W. Hirst and J. K. Lancaster, "Effect of Water on the Interaction between
Stearic Acid and Fine Powders," Trans. Faraday Soc. 47, 315-322 (1951).
10

11
12

J. K. Lancaster, "Effect of Water on the Interaction between Stearic Acid
and Fine Powders. II. Aluminum, Chromium, Cobalt, and the Oxides of
Cadmium, Iron, Lead, and Nickel," Trans. Faraday Soc. 49, 1090-6 (1953)o
A. S. Russell and C. N. Cochran, "Alumina Surface Area Measurements," Ind.
Eng. Chem. 42, 1332-5 (1950).
Hurley D. Cook and Herman E. Ries, Jr., "Adsorption of Radiostearic Acid
and Radiostearyl Alcohol from Hexadecane onto Solid Surfaces," Jo Phys.
Chem. 63, 226-30 (1959).

13H
14

15

0 A. Smith and J. F. Fusek, loc. cit.

Eiji Suito, Masafumi Arakawa, and Teru Arakawa, "Surface-Area Measurements
of Powders by Adsorption in Liquid Phase. II. Effect of Adsorbates and
Solvents," op. cit., 8-13 (1955).

Ibid.
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III. EXPERIMENTAL WORK
A. Materials and Apparatus
1.

Dry Box
A gloved dry box equipped with an air lock was prepared for the

mixing, handling, and storing of solutions and samples. Molecular sieve,
indicator drierite, and silica gel were used as desiccants. In addition to
preventing the solutions and samples from being contaminated by water vapor,
the dry box protected the lab from carbon-14 contamination.
2.

Counters
End-window Geiger tubes (200NB) and scalers (Nuclear-Chicago, Models

161A and 181A) located in the Radioisotopes building were used.
3.

Stearic Acid Solutions
Stearic acid-l-carbon-14 was obtained in one-millicurie quantities

from Volk Radiochemical Co., Chicago, and from Tracerlab, Inc., Waltham, Mass.
Stock solutions of the radiotracer were prepared by placing one millicurie in
a 100-m1 volumetric flask and diluting with dry benzene. Aliquots of tracer
solution were then used to "tag" solutions of inert stearic acid. The latter
material initially was obtained from Matheson Coleman and Bell, W. Rutherford, N. J. In later experiments, however, Eastman White Label stearic acid,
deemed to be of higher purity, was used.
Initially, reagent grade benzene for these solutions was fractionally
distilled and stored over sodium. In later experiments the benzene was not
fractionated and was stored over molecular sieve. Use of sodium was discontinued because it was found that minute quantities of sodium or sodium hydroxide were being transferred to the stearic acid solutions where they precipitated some of the acid as sodium stearate.
B. Preliminary Experiments
Preliminary tests were necessary to determine appropriate amounts of
radiostearic acid to be added to inert stearic acid. It was desired that
plates of the tagged acid counted with the end-window Geiger tube give counts
high enough that the counting time for a sample would not add considerably
to the total time required for surface area determinations. (Since a total
of 10,000 counts is necessary to reduce the random error in counting to one
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per cent, a sample plate giving only 1000 counts per minute should be counted
10 minutes to attain the desired accuracy.)
Initial experim'pnts were conducted with kaolin having a specific surface
area, determined by the BET nitrogen adsorption method, of 8 square meters per
gram. One-, two-, and four-gram samples of kaolin were added to 10 ml of
tagged stearic acid solution (concentrations of 2.8 and 17 grams per liter;
specific activities of 0.07, 0.03, and 0.2 millicurie per gram) in volumetric
flasks in the dry box. The stearic acid had been delivered from a 10-m1
burette with Teflon stopcock. The samples were stoppered and allowed to
equilibrate one hour, with occasional manual shaking, at room temperature.
(A magnetic stirrer was used to stir some of the samples until it was found
that the temperature of the mixture was raised considerably.) The solution
was then decanted to a centrifuge tube, stoppered, and briefly centrifuged.
Small aliquots (0.15, 0.10 and 0.05 ml) of the supernatant liquid and of the
original solution were transferred, by pipette and by hypodermic syringe, to
one-inch-square glass plates, air dried, and counted. In some experiments
the ratio of stearic acid to sample weight was varied to determine whether
or not lower concentrations of the carbon-14-tagged acid could be used than
16
was indicated by available sorption isotherms
for the inert acid on kaolin.
The specific surface area was calculated from the number of stearic
acid molecules sorbed and their cross-sectional area. An equation for the
calculations is given below.
S
w

/C1

X

X 6.023 X 10

2
23 molecules
m
X 20.5 X 10 -20
mole
molecule

where C. = counts for the initial solution,
C = counts for the final or equilibrium solution,
c i = initial concentration in moles/per milliliter,
v = milliliters of sorbate solution used,
and w = weight of powder, in grams.

16

P. T. Bankston, "Surface Area Measurement of Small Particles by LiquidPhase Adsorption of Stearic Acid," Ph.D. Thesis, Georgia Institute of
Technology (1953).

(1
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Data for the kaolin samples described above, as well as for other clay
samples, are given in Table I.

C. Techniques for Plating Benzene Solutions of Stearic Acid
During the preliminary experiments, great difficulty was experienced in
making reproducible plates of the benzene-stearic acid solutions. When two
or more aliquots of a solution were transferred to a glass plate, evaporated
to dryness, and counted with an end-window Geiger tube, wide deviations were
obtained. The technique for counting mounts of infinite thickness, which has
17
been used for fatty acids,
was not applicable since it measures differences
in specific activity, not different concentrations of the same specific
18
activity. A technique developed by Freedman and Hume
for precision counting
of beta radiation from strontium-90 solutions was inapplicable because the
laquer applied on top of their liquid samples could be penetrated by only a
small percentage of the low-energy beta rays emitted by carbon-14. (Beta
rays from strontium-90 are relatively energetic, with an average energy of
0.61 Mev, while the average value for carbon-14 is 0.145.)
Many methods of plating stearic acid from benzene solution were evaluated.
Moving the plating procedure from inside the dry box to the lab bench for
easier handling of the tools (pipettes, hypodermic syringes, etc.) did not
reduce the average deviation between replicate plates plates to the desired
value (less than 2 per cent). Automatic micropipettes ("Micropette" by
Alfred Bicknell Assn., Cambridge), a 0.25-m1 hypodermic syringe and 0.1-ml
Mohr measuring pipettes graduated in 0.001-m1 divisions were used to transfer
solution aliquots to numerous types of substrates. Discs (usually 1-1/4 inch
in diameter) were cut of several materials--such as Teflon, tissue paper,
emery cloth, filter paper, and emery paper--and used as substrates for plated
samples. Also tried were watch glasses, aluminum pans, and glass slides with
15-mm microscope cells glued on them. Samples were plated on watch glasses

17

18

H. C. Tidwell, C. Dunkelberg, W. A. Wood, and W. W. Burr, Jr., "Measurement
of the Rate of Fat Absorption," J. Biol. Chem. 220, 733-40 (1956).
A. J. Freedman and D. Hume, "A Precision Method of Counting Radioactive
Liquid Samples," Science 112, 461-63 (1950).

TABTF I

3
4
5
6
7
8
9

10
21
22
23
24
25
32
3613
4210
51b

a
b

C/Co

Kaolin
Kaolin
Kaolin
Kaolin
Kaolin
Kaolin
Kaolin
Kaolin
Kaolin
Kaolin
Kaolin 788
Ala. fire clay
Kaolin 788
Bentonite
Bentonite
Vollander
Vollander
Bentonite
Irradiated
kaolin

8
8
8
8
8
8
8
8
17.3
17.3
18.5
13.4
18.5
15
15
24
24
19.8
5.65

1.0251
4.2183
2.0645
2.0412
1.0041
1.0007
1.0027
1.0027
1.0002
2.720
0.9827
1.2228
0.6020
0.7936
1.3033
1.1822
0.8240
0.2622
0.3985

= final concentration/saturation concentration.

The powder was heated and evacuated in special sample flask described in Section III E.

M G:
7.3

2.2
5.4
4.3
4.3
2.0
11.9
17.9
3.2
2.1

4.zo dag p ri;Pqs

1
2

Temp.
777
22
22
22
22
22
22
22
22
22
22
15.6
15.6
20
15.6
20
14
14
14
14

Sw by Radiostearic Acid Sorption
Initial
Sol.
Beta Radiation
Conc.
Initial Final
Vol.
c/co a
(Gm/Liter)
(Counts/Minute)
TFIIT
2.8
1662
10
0.04
646
2.8
968
10
0.02
235
2.8
1542
10
0.01
127
2.8
10
0.03
2527
706
2.8
2450
10
0.06
1583
2.8
o.o8
2823
10
3392
10
17.0
0.48
17654
14832
10
0.43
17656
13412
17.0
17.23
10
0.54
6140
5871
17.23
0.54
29253
10
27305
8.15
0.82
14346
10
16530
10
8.15
0.88
15287
16530
10
8.15
0.34
15828
14711
10
8.15
0.84
1412 2
16579
10
8,15
0.32
15828
13720
3.42
10
0.24
9110
3850
3.45
20
0.54
'4488
15 513
10
0.45
484o
3203
3.927
3.927
0.60
10
5995
5536

4.8

2.2
4.2
6.5
3.6
7.8
2.4
21.1
3.7

; p aVoad

Noe Sample Powder

Sw
Sample
by BET Weight
(Md/Gm)
(Gm)

Tenuuv

SPECIFIC SURFACE AREA (Sw ) DETERMINATIONSz CLAYS
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containing various liquids, e.g. water, nitrobenzene, acetone, amyl acetate,
glycerin, and collodion, and on watch glasses and Teflon discs which had
been chilled in the refrigerator. The latter were kept cold on a bed of
cracked ice during the plating process and were returned to the refrigerator
for slow solvent evaporation. Counting data from these tests are given in
Table II. Several materials were rejected by visual observation of plates
made with inert stearic acid. Of all these plates, the chilled Teflon and
chilled watch glasses gave the most consistent results, and plating by 0.1ml pipettes on chilled, 25-mm watch glasses, followed by evaporation in the
refrigerator, was finally adopted as routine procedure.
D. Corrections Applied to Counting Data
Data from several experiments indicated that, at some concentrations of
stearic acid, the counts from plated aliquots could not be used directly
as a measure of the relative concentrations. Due to the low average energy
of beta radiation from carbon-14, some of the radiation is absorbed by the
deposited stearic acid and cannot reach the counting tube. In addition, if
in an experiment the final and initial concentrations are considerably
different, the diameter of deposits from 0.l-ml aliquots of the two concentrations may vary enough to give misleading counts and inaccurate results
as calculated by equation (1) in Section III B.
An empirical method was devised to correct for these geometrical factors
so that radioassay of the plated solutions would be a more accurate means
of analysis. A stearic acid stock solution of the desired specific activity
was made and diluted with benzene to several different concentrations.
Several 0.1-m1 aliquots of each concentration were plated (on chilled watch
glasses, as described in Section III C) and counted. The data were corrected
19
for tube dead time, by the method described by Tomlinson,
and were plotted
as concentration versus counts/minute. From the resulting curve, which was
very nearly a straight line at concentrations lower than

7 grams per liter,

the concentrations of unknown solutions could be read so long as their

19

John D. Tomlinson, "Some Errors in Radiation Counting," J. Chem. Ed. 31,
203-5 (1954).
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TABLE II
DATA FROM MSTS TO DETERMINE THE BEST PLATING TECHNIQUES a

Ml)

0.05
0.1

0.25-m1 hypodermic syringe
Micropipette

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.05
0.1
0.1
0.1
0.1
0.01
0.01
0.1
0.1
0.1
0.1

Micropipette
Micropipette
Micropipette
Micropipette
Hypodermic
Micropipette
Micropipette
Micropipette
Pipette
Pipette
Micropipette
Micropipette
Micropipette
Hypodermic
Hypodermic
Hypodermic
Hypodermic
Pipette
Lambda pipette
Lambda pipette
Pipette
Pipette
Pipette
Pipette

Number
of
Plates

Average
Sample
Count d
(C/Min)

Average
Deviation
in Plates
(%)

Tissue paper

2.790

0.072

6

1078+19

4.3

15-mm microscope cell
on glass slide
Teflon
Teflon
Teflon
Teflon
Teflon
Teflon
Legal paper
Filter paper
0.1 ml nitrobenzene
Lens paper
0.05 ml nitrobenzene
Teflon
Wet filter paper
Emery cloth discs
Teflon
0.1 ml collodion
Teflon
Tracing paper
Tracing paper
Tracing paper
Chilled watch glass
Chilled Teflon
Chilled watch glass
Chilled Teflon

2.790

0.072

3

1134+2o

7.2

2.790
2.790
2.790
17.002
17.002
17.002
17.002
17.002
17.002
17.002
17.002
17.002
17.002
17.002
8.615
8.615
8.615
8.615
8.615
8.615
8.615
8.615
8.615
8.615

0.072
0.072
0.072
0.029
0.029
0.029

8
4
6
4
4
4
4
4
3
3
3
4
5
4
6
4
4
3
3

2275+28
2527-T29
24501-29
1483211770
13412T67
17654T77
14720T86
15299T88

5.1
6.6
7.1
3.4
3.9
4.5
11.3
5.o

10723T60
7580+87

2.1

Continued

0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.219
0.219
0.219
0.219
0.219
0.219
0.219
0.219
0.219
0.219

4
8
13

25072T91
29253;171
27349T165
4681T31
14128T84
9064-755
14128T-69
13206T81

1338T26
1374+26
12458+79
14238T84
13359+67
15762+73

4.4
1.1
4.6
4.4
5.o
8.1
3.4
1.6

2.0
4.1
3.9
1.5
1.0
2.9
2.5

.ox q oa coad

(

Solution
Concentration
(Gm/Liter)
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Vol.

Plating Technique
Substratec
Instrumentb

Specific
Activity
of Stearic
Acid
Millicurie
Gm

TABTF, II (Continued)
DATA FROM TESTS TO DaLERMINE THE BEST PLATING TECHNIQUES a

0.1
0.1
0.1
0.1
0.1
0.1
0.1

Pipette
Pipette
Pipette
Pipette
Pipette
Pipette
Pipette

Chilled
Chilled
Chilled
Chilled
Chilled
Chilled
Chilled

watch glasses
watch glasses
watch glasses
watch glasses
Teflon
Teflon
watch glasses

Solution
Concentration
(Gm/Liter)
10.79
10.79
0.108
0.108
10.79
10.79
10.0

Number
of
Plates

Average
Sample
Count d
(C/Min)

Average
Deviation
in Plates
(%)

10
12

17225+90

2.4

16490;91
1929;31
2046;32
19984;82
20498;83
14804;86

2.8
0.9
3.0
1.5
1.3
1.0

3
3
3
6

12
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Vol.
(M1)

Plating Technique
Instrumentb
.Substratec

Specific
Activity
of Stearic
Acid
Millicurie
Gm
(
0.278
0.278
0.278
0.278
0.278
0.278
0.278

solutions were (1) empty watch glasses; (2) watch glasses containing water, amyl acetate, ethylene
glycol, or acetone; (3) glass slides with layers of small glass beads glued to them with epoxy resin;
and (4) aluminum pans.

b The micropipette used was an automatic "micropette" (manufactured by Alfred Bicknell Assn.,_CaMbridge,
Mass.) adjusted to deliver 0.1 ml. The pipette used was a 0.1-m1 Mohr measuring pipette graduated in
0.001-m1 divisions; it was filled and emptied by means of a thumbscrew type of pipette filler - (Adams
Suction Apparatus). The hypodermic syringe was of 0.25-ml capacity with 0.01-ml graduations.

c All of the papers listed here were 3.2-cm discs; they rested on Teflon plates until the solution had
dried. Teflon plates were also discs 3.2 cm in diameter.

d

Most of the plates were counted on the top shelf under the end-window Geiger tube. A few were counted
on the second shelf.

E-9 11 1-11 'ON q. D e COacT

aAdditional substrates rejected for plates by visual observation of tests made with inert stearic acid
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specific activity was the same as that used for the standard curve and if their
concentrations did not exceed 8 or 9 grams per liter. (At higher concentrations
the plot curves and rises sharply as the plated aliquots approach "infinite
thickness." Once the point of infinite thickness has been reached, all higher
concentrations give the same count except for differences due to deposit diameter.) Higher concentrations must be diluted before plating.
Such correction curves were made for specific activities of 0.064, 0.127,
and 0.246 millicurie per gram. They are shown in Figure 3, with data in Table
III. Before applying these correction curves, sample counts were corrected for
tube dead time. If found necessary from the count of a standard carbon-l4source that was made at each counting session, they were also corrected for
tube response.
TABTR III
DATA FOR CORRECTION CURVES FOR STEARIC ACID SOLUTIONS

Concentration
(Gm/Liter)
1.094
1.304
1.919
2.608
3.023
3.260
3.941
4.584
4.62
5.216
6.283
6.520
7.392
7.854
8.15
17.60
26.72
32.59
34.43

Counts from 0.1-ml Plates of Known Concentrations
Specific Activity:
Specific Activity:
Specific Activity:
0.064 Millicurie/Gm
0.127 Millicurie/Gm 0.246 Millicurie/Gm
(Counts/Min)
(Counts/Min)
(Counts/Min)
19 05

2670
3210

5190
5000

6310
6320

3293
7520
10300
10030

12200
5309
12 460

153 50
11060
15059
17194
16616

-.13-
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SPECIFIC ACTIVITY = 0.064 MC/GM

o SPECIFIC ACTIVITY = 0.127 MC/GM
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SPECIFIC ACTIVITY = 0.246 MC/GM
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Figure 3.

Correction Curves for Stearic Acid-l-Carbon-14 Plated from Benzene
Solutions. (Counts for 0.1-m1 aliquots plated on chilled, 25-mm
watch glasses.)
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To illustrate the use of the corrections described above, data and corrections for a surface area determination are given in Table IV below, followed
by the actual calculation of the surface area from the corrected data
TABLE IV
DATA AND CORRECTIONS FOR SURFACE AREA
OF FERRIC OXIDEa

Initial Solution

Final Solution

Observed counts/minute

5267

4759

Counts corrected for dead time

5357
6639

4830

4014 gm/liter

3.71 gm/liter

Counts corrected for tube
response (X 3931/3172)
Concentration read from correction curve

a Sample No

5986

46 in Table V; sample weight, 0 1838 gm; S W by BET = 1001 m2 /gm.

Calculations from above data
.00414
\

ml

23
-20
X 2005 X 10
m2 /mole
gm X 10 ml X 60023 X 10
- .00 37 1 -S=
284047 gm/mole X 0.18gm
ml
2
= 10015 m /gm.

E.

General Method for Surface Area Determination by Radiostearic Acid Sorption
Several variations of the technique for surface area determination

described in Section III B were investigated. By the utilization of numerous
powders of known specific surface area (determined by the BET nitrogen adsorption method in the course of this project or during earlier studies), experiments were conducted in which type of sample bottle, temperature, solution
concentration, specific activity of radiostearic acid, and sample weight were
varied. In the technique eventually adopted for general use, powders were
predried by heating at least one hour at 110 ° Co Samples were then weighed,
by difference, into 4-ounce wide-mouthed sample bottles with screw caps and
Teflon cap liners, heated 6 hours in a vacuum oven at 110 ° C and 20 to 25 inches
mercury vacuum, and cooled in a desiccator before addition of the stearic acid
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solution. After the stearic acid, usually 10 ml, had been added, the sample
bottle was closed, shaken vigorously, and allowed to equilibrate one hour
(with occasional shaking) in a constant-temperature water bath. The solution
was then decanted from the sample bottle and centrifuged in a stoppered, 15ml glass tube. (Lusteroid tubes were softened by the benzene and adsorbed
some of the acid from these solutions.) The supernatant liquor was decanted
into another tube and stoppered. Since most of the tests were made at relatively low temperatures, e.g. 14 ° C, the solutions were equilibrated at room
temperature before aliquots were plated. (Plating of the chilled solution
in the water bath was rejected because it increased the possibility of
carbon-14 contamination in the laboratory.) The 0.1-m1 aliquots were plated
on chilled watch glasses and counted in the manner described in previous
sections of this report. Data from these surface area determinations are
presented in Table V except for those for clay samples, which are all compiled in Table I.
Several early experiments had indicated that for some powders, notably
clays and nickel, the adsorption of either mositure or air during the removal of dried samples from vacuum oven to desiccator affected stearic acid
sorption adversely. Therefore, a special round-bottom sample flask was
constructed for use with such samples. With a stopcock above the groundglass joint in its neck, this flask can be attached to a vacuum pump and
evacuated while it is being heated in a Glas-Col heating mantle. After 6
hours of drying and degassing at 120° C, samples in this flask are protected from contact with moisture in the air by closing the stopcock and
attaching to it a burette filled with radiostearic acid solution. The
desired volume of solution can then be added to the sample without admitting air to the system. Determinations in which this flask has been used
are indicated in Table I and V.
To facilitate the choice of sample size and solution volume in surface
area determinations, the quantity of acid which would be sorbed per gram of
powder was listed for several different surface areas and is presented here
in Table VI. The solubility data given below in Table VII were plotted on
log-log paper for determination of the maximum concentrations of stearic
acid in benzene appropriate for use at the desired temperatures.

TABTR V

11
12
13
14
15
16
17
18
19
20
26
27
28
29
30
31
33

34
35
37

38
39

40
41
43
44

Sample Powder

SW
by BET
(M2 /Gm)

Silica
98.9
Silica
98.9
16.8
Nickel
Zinc
2.3
Zinc
2.3
4.7
Zinc oxide
4.7
Zinc oxide
16.8
Nickel
4.2
Cupric oxide
Cupric oxide
4.2
3.36
Alumina
Ferric oxide
2.98
Calcium sulfate
17.9
24
Nickel
Glass beads
0.35
Titanium dioxide
7.7
Iron
21.3
Ferric oxide
4.2
17.9
Calcium sulfate
4.9
Zinc carbonate
Zinc oxide
6.1
Nickel
16.8
Silica
91
688
Molecular
sieve, 5A
Ferric oxide
10.1
44.8
Manganese
dioxide

Sw by Radiostearic Acid Sorption
Sol.
Initial
Beta Radiation
a
Vol.
Conc.
C/C0
Initial
Final
(Gm/Liter)
(Ml)
(Counts/Minute)

Sample
Weight
(Gm)

Temp.

1.8537
1.0385
1.3419
3.4430
4.0696
4.1635
1.8
1.9236
5.2907
2.0514
0.4755
0.9771
0.4641
0.5769
2.2642
0.4642
1.0423
0.6171
0.3464
1.8653
4.2493
0.3871
0.4978
0.4624

22
22
22
22
22
22
22
22
15. 6
15 6
15
15
14
14
14
14
14
14
14
13
14
14
29
29

10
10
10
10
10
15
10
10
lo
10
10
10
10
10
10
10
10
10

0.3418
0.1923

14

10

14

12

(°C)

10
20
20
10
10
70

Continued

8.6
8.6
8.6
10.79
10.79
10.79
10.79
10.79
10.79
10.79
8.15
8.15
7.61
7.61
3.43
3.43
3.42
3.83
3.83
1.67
3.52
3.35
36.5
29.7
3.927
3.927

0.23
0.24
0.20
0.34
0.33
0.26
0.29
0.27
1. lb
1.1b
1.0b
1.0b
0.91b
0.80b
0.51
0.47
0.57
0.55
0.61
0.10
0.08
0.47
0.25
0.33
0.63
0.65

5682
14573
145 73

17225
16217
17850
17850
17321
17185
17185
15444
15444
17350
17350

4590
12122
10237
16490

15042
1 3 770
3290c
13791

14804
12786
14297
12933
15009
15267
14704
14581
12396
10968
5792
5308
9060
14146
15589
4164
1917
11682
2928d
13041

4903
4990

4573
4798

6423
6423
9110
16359
16359
14503

sw
(M2 /Gm)
3.8
6.1
8.8
0.6

1.2
4.7
5.1
6.1
1.1
2.5
3.6
2.0
20.3
21.1
0.6
5.6
0.0
4.01
4.24
5.5
6.3
6.3
126
485
3.8
4.24

q.a o dall sn4sq-S T eoz uuoas Tenuuv

No.

OXIDES, METALS,

E-9-y •om q. pa coad

SPECIFIC SURFACE AREA (Sw ) DETERMINAlaONS:
SALTS, AND GLASS

TABLE V (Continued)

45
46e

47e
48e

49

CO1 O

50
52e

a
b

Manganous
Chloride
Ferric oxide
Manganese
dioxide
Nickel(
Manganous
chloride
Alumina
Nickel

C/C0 =

Temp.
(° C)

0.5907

14

10

3.927

0.61

4990

4460

3.3

0.1838
0.0907

14
14

10
10

3.927
3.927

0.59
0.48

5267
5010

4759

44.8

3676

10.2
50.9

16.8

by BET
(ML/Gm)
5.77

10.1

Sw
(M2 /Gm)

0.1234

14

10

5.(y

0.5142

14

10

3.927
4.70

0.46
0.64

5172
7440

3660
6091

42
7.2

3.36

0.2684

14

10

4°70

0.1562

14

10

4.03

0.71
0.60

7440
6375

6777
5707

6.7
12.5

16.8

final concentration/saturation concentration.

These high C/Co values were possible because the solutions were made up and the powders were added
to them at room temperature. Thus enough sorption occurred before the samples were put in the cold
water bath to prevent precipitation of stearic acid upon cooling.

c
d
e

Sample Powder

Sw by Radiostearic Acid Sorption
Sol.
Initial
Beta Radiation
Vol.
Conc.
Initial
C/Co a
Final
TGrim
EITeTT
(Counts/MilI:HT)
(M1)

Sample
Weight
7Gm)

Before plating, 0.6 ml was diluted to 4.6 ml.
Before plating, 1 ml was diluted to 5 ml.
Sample was heated and evacuated in special sample flask described in Section III E.

( Because of iced-in weather conditions, work was halted for several days, and this powder remained in
the stearic acid solution 7 days. The very high surface area obtained indicates a chemical reaction.

'01\I g o aVoad

No.

OXIDES, METALS,
4.1o daa , srqs4s reoTtal peL -uertuuv

SPECIFIC SURFACE AREA (Sw ) DET RMINATIONSo
SALTS, AND GLASS
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TABTR VI
AID FOR ESTIMATING VOLUME OF FATTY ACID SOLUTIONS
REQUIRED FOR SURFACE AREA DETERMINATIONS
Approximate Surface
Area of Powder
(Md/Gm)

Stearic Acid
Sorbed by Powder
(Gm/Gm)

Fatty Acids
Sorbed by Powder
(Moles x 10 4/Gm)

1

0.081

0.0023

5

0.404

0.0115

10

0.808

0.0230

15

1.212

0.0345

20

1.616

0.0460

25

2.020

0.0575

3o

2.424

0.0690

4o

3.232

0.0920

5o

4.040

0.1150

75

6.060

0.1725

loo

8.080

0.2300

TABLE VII
SOLUBILITY OF STEARIC ACID IN GRAMS
PER 100 GRAMS OF SOLVENTa

10

C

o
20 C

30° C

40° C

5o° C

60 ° C

Benzene

0.24

2.46

12.4

51.0

145

468

Cyclohexane

0.2

2.4

10.5

43.8

133

45o

0.1

1.8

11.7

78

52o

Methanol

a Data

of A. W. Ralston and C. W. Hoerr reported by K. S. Markley in Fatty
Chemistry and Physical Properties, New York, Interscience Acids-Ther
Publishers, Inc., 1947.
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IV. DISCUSSION AND CONCLUSIONS

A. Materials and Apparatus
1. Dry Box
Because the manipulation of pipettes and burettes inside the dry
box was difficult, the precision of measurements made in the box was doubtful. High accuracy is required in the measurement of sorbate solution into
sample bottles and in sample plating, thus these procedures were transferred
from the dry box to a laboratory bench covered with a large, protective
sheet of blotting paper. By localizing to this area all steps in which
stock solutions were measured, sample bottles were opened, solutions were
transferred, etc., laboratory contamination was kept to a minimum.
2.

Counters
The end-window Geiger tubes were found to be adequate for counting

stearic acid-l-carbon-14 at the specific activities used in this project. A
dip type of counter was considered for counting the solutions of stearic acid
and thus avoiding the necessity of precise plating. Use of such a counter
did not seem advisable, however, since the counter itself might sorb as much
20
as 0.3 of a monolayer of stearic acid on its surface.

3. Stearic Acid Solutions
Due to the discrepancy between BET and radiostearic acid surface
area values for some of the powders, some consideration was given to the
possibility of self-decomposition of radiostearic acid. However, according
21
to Tolbert,
the radiation-induced self-decomposition of stearic acid-1carbon-14 would be negligible at the concentrations and specific activities
22
used in this project. In addition, private communications from Tracerlab

20

21

22

H. D. Cook and H. E. Ries, Jr., "Adsorption of Radiostearic Acid and Radiostearyl Alcohol from Hexadecane onto Solid Surfaces," J. Phys. Chem. 63,
226-30 (1959).
B. M. Tolbert, "Radiation Self-Decomposition of Labeled Compounds," Atomlight, issued by New England Nuclear Corp., 1-5 (February, 1960).
M. A. Stolberg, Head, Chemistry Dept., Tracerlab, Inc., Waltham 54, Mass.
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and Volk Radiochemical Co.

23

state that they have had no evidence of self-

decomposition in this compound at specific activities as high as 2 millicuries per millimole and stored at least one year.
B.

Preliminary Experiments
The preliminary experiments indicated several refinements necessary to

make radioassay of sorbed stearic acid a practical and relatively fast method
of determining the specific surface area of powders. For example, at room
temperature a C/C0 value as high as 0.3, which is desired because one surface
area determination at this concentration ratio should be adequate for most
powders and should obviate the determination of isotherms for each powder
tested, requires a high concentration of stearic acid in benzene (greater
than 14 grams per liter at 25 ° C). The result is that the acid sorbed by a
low-surface powder, even at the highest ratio of sample weight to sorbate
solution that can be adequately mixed (usually about

4

grams per 10 ml,

depending on the powder density), is a very small fraction of the total acid
in the solution. In radioassay of the initial and final concentrations, the
sorbed acid is then represented by a small difference between large numbers.
(Insomecases,thedifferencebetweenCand.
Cl was no greater than the probable random error in counting.) Since the solubility of stearic acid in
benzene decreases sharply as the temperature is lowered (see Table VII), the
o
o
sorption temperature for these determinations was reduced to 14 or 15 C.
As can be seen in Table V, high values of C/C 0 are possible in tests run at
these temperatures. Early experiments also indicated that for some powders,
especially clays, either moisture from the air or the air itself adsorbed
by the powder during its transfer from vacuum oven to desiccator interfered
with sorption of stearic acid. Also disclosed by preliminary work were the
importance of precision plating and the need to modify the calculation of
surface area given by equation (1), p. 8, to take into account the effects
of self-absorption on quantitative interpretation of data.
C. Plating Techniques
Because of the short range of "soft" beta radiation such as is emitted
by carbon-14, duplication of size, thickness, and shape in preparing plates

23 M. E. Volk, President, Volk Radiochemical Company, Chicago 40, Illinois.
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for radioassay is of paramount importance. When identical volumes of a
benzene-stearic acid are plated on various surfaces, many variations in
size, shape, deposit uniformity and thickness may result. Due to the volatility of benzene, the ambient temperature and the speed of ejection from
pipette or syringe affect the form taken by the stearic acid deposit. The
cleanliness of a solid substrate and the surface tension of a liquid substrate also influence the shape and the extent to which the solid builds up
a thick ridge at the periphery of the deposit. Nitrobenzene in a watch glass
was found to be a good substrate, evidently because of its particular combination of the following properties: relatively high surface tension, high
density, miscibility with the benzene-stearic acid solutions, and low solvation power for stearic acid. Nitrobenzene was rejected for general use,
however, because its high boiling point results in a liquid layer that remains under the deposited acid for several days and hampers the handling of
plated samples. (The plates cannot be heated to evaporate the solvent
because losses of stearic acid would probably be incurred.) Plating 0.1-ml
aliquots onto chilled 25-mm watch glasses with subsequent transfer to the
refrigerator for slow evaporation was incorporated into the radiostearic
acid determinations of surface area. Results with this plating technique
have been fairly consistent, with average deviations usually under 2 per
cent and often under one per cent.
D. Corrections Applied to Counting Data
Corrections for tube dead time should be made when working with specific
activities as high as those used in this investigation. In addition, tube
response should be checked at each counting session to validate comparisons
of data taken at different times. The empirical corrections described in
Section III D are important, even at concentrations as low as 2 grams per
liter. At this concentration and with a specific activity of 0.246 millicurie per gram, was found a loss of approximately 18 per cent of the count
expected in direct ratio to counts obtained for a concentration of 0.5 gram
per liter with the same specific activity. There are several factors that
may combine to prevent the count from 0.1 ml at a concentration of 2 grams
per liter from being four times as large as the count from 0.1 ml at 0.5gram-per-liter concentration. The largest contributor to this discrepancy
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may be self-absorption, which increases with increasing concentration. The
difference in deposit diameter obtained from 0.1-m1 plates of different concentrations is also a factor, as is back-scatter of the radiations. The
latter effect would tend to make counts larger than expected, especially at
the lower concentrations. The empirical method developed to correct for
these influences seems to be adequate, particularly for concentrations on
the straight segments of the curves shown in Figure 3.
E. General Method for Surface Area Determination by Radiostearic Acid Sorption
The general method for surface area determination described in Section
III E has been found applicable to a number of powders of low and moderate
surface area, including zinc oxide, for which results have been quite consistent, alumina, ferric oxide, nickel, zinc carbonate, manganese dioxide,
manganous chloride, zinc, cupric oxide, titanium dioxide, and clays. Some
values which vary with the BET determinations by as much as 25 per cent, e.g.

7.7 vs 5.6 m2 /gm for titanium dioxide, are considered to be fair checks, since
surface areas obtained by the BET method may be as much as 15 per cent inaccurate at this low range. A judicial combination of sample weight, stearic acid
concentration, solution volume, and temperature is necessary to obtain accurate
results. By using the information in Tables VI and VII, one should be able
to plan successful determinations of most powders, excluding those of high
porosity. Even though a porous sample such as molecular sieve may have pores
large enough to admit stearic acid molecules, the long acid chains may fill
the pores and block entrances to them before all the sites on the inner surfaces are filled. In other cases the pores, or entrances to them, may be too
small to accommodate stearic acid molecules.
When a series of samples to be tested have a rather narrow range of
2
surface area, e.g. 10 to 30 m /gm, the same experimental conditions can be
used for each determination. If, however, the surface areas of the unknowns
may vary from 0.1 to 100, different weights and/or stearic acid concentrations
must be used for the opposite extremes. In general, a determination can be
made on a one-gram sample at 15 ° C with 10 ml of stearic acid having a concentration of 7-8 grams per liter and a specific activity of 0.1-0.2 millicurie
per gram of acid. Vacuum-oven drying of samples in wide-mouthed sample bottles
with Teflon-lined screw tops has been found adequate for some samples, parti-
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cularly for zinc oxide, which seems to be fairly insensitive to moisture.
At high humidities, however, moisture reaching the dried sample when it is
removed from the vacuum oven and capped can lower the surface area value by
occupying the surface and preventing formation of a stearic acid monolayer.
24 25
it can raise the
In other cases, according to Hirst and Lancaster, '
surface area above its true value by promoting chemical reaction of the powder and stearic acid. To prevent the admission of moisture to the dried
sample, the flask with stopcock described in Section III E should be used.
Several of these can be simultaneously evacuated by attaching them to a
multibranched glass tube leading to the vacuum pump.
When a sample run at the conditions suggested above gives a very low
surface area (less than

5 square meters per gram), the determination should

be repeated at 14 ° C with a concentration of approximately 4 grams per liter
and a sample weight of 2 grams. On the other hand, if the unknown is found
to have a rather high surface area and its determination results in a C/C

o
value considerably under 0.3, it should be rerun with a smaller powder sample,
e.g., 0.1 gram. If the two determinations do not agree, the latter one in
each of the above cases should be the more reliable.
This method could be developed for routine use and is not as tedious as
the BET nitrogen adsorption method. By drying and equilibrating six samples
at once to reduce the proportion of drying time to total time, the average
time per sample would be about 2-1/2 hours, including one 3-minute count for
each of three replicate plates made for the initial and final concentrations.
The time can be reduced by degassing powders at higher temperatures if there
is no danger of their decomposition.

24
25

W. Hirst and J. K. Lancaster, loc. cit.
J. K. Lancaster, "Effect of Water on the Interaction between Stearic Acid
and Fine Powders. II. Aluminum, Chromium, Cobalt, and the Oxides of
Cadmium, Iron, and Lead, and Nickel," Trans. Faraday Soc. 49, 1090-6 (1953).
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V. SUMMARY
In this investigation, undertaken to develop a method for surface area
determination by sorption of fatty acids labelled with a radiotracer, solutions of stearic acid-l-carbon-14 in benzene were used. Since the size and
shape of plated samples are so critical in obtaining reproducible counts of
the low-energy beta radiation emitted by carbon-14, considerable time was
spent in experimenting with plating techniques. One that gave consistently
good results and was adopted for general use consisted of pipetting 0.1-ml
aliquots on to chilled, 25-mm watch glasses and returning them to the refrigerator for slow solvent evaporation.
Though the conditions (sample weight, solution concentration, etc.,)
must be varied somewhat for powders at the opposite extremes of the surface
2
area range of 0.1 to 100 m /gram, a general method for surface area determination by radioassay of stearic acid sorption has been developed. It consists of the following steps

(1) weigh approximately one gram of oven-dried

powder into sample flask (preferably a 100-m1 round-bottom flask with a stopcock above the ground-glass joint at the neck); (2) heat 6 hours at 110° C
while simultaneously degassing by vacuum pump; (3) close stopcock, cool
sample, and above the stopcock attach a burette filled with the benzene
solution of radiostearic acid (7 to 8 grams/liter; 0.1-0.2 millicurie/gram
of acid); (4) measure 10 ml of solution into flask, close stopcock, and
shake vigorously; (5) let sample equilibrate in water bath one hour at 15 °
C,withocasnlkig;(6)decanthsoluintacerfugb
stopper, and centrifuge briefly; (7) decant to another tube, stopper, and
let the solution reach room temperature before plating; (8) pipette three
or more 0.1-ml aliquots of this solution and of original solution to chilled,
25-mm watch glasses and place in refrigerator for slow evaporation of the
benzene; and (9) count the plates with a thin end-window Geiger counter.
To improve the accuracy of these determinations, an empirical correction for self-absorption (and other factors, such as deposit diameter and
back-scatter of radiation, tending to distort the relation of observed
counts to solution concentration) has been developed. A standard correction curve is made by plating 0.1-m1 aliquots of known concentrations Qf
radiostearic acid(of the same specific activity as that used in the

Annual Technical Status Report No. 1, Project No. A-446-3

determinations) in benzene, counting these, and plotting concentration versus
counts. The concentration of the unknown solutions plated and counted can
then be read from this curve and used to calculate surface area by the equation given below.
S
w

(initial-final) moles/ml X 10 ml X 6.023 X 10 23 X 20.5 X 10 -20 m2 /mole
sample weight
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VI. FUTURE PROGRAM
It is recommended that further study be made of the problem of precision
plating and counting of radiostearic acid from benzene solutions. One possibility is to plate the solution on paper that has been impregnated with a
liquid scintillator, so that beta-induced scintillations are counted instead
of the beta radiations themselves. It is also desirable to study the powders
for which radiostearic acid sorption did not agree with BET nitrogen adsorption values and to determine whether the discrepancy was due to experimental
conditions, experimental error, or some characteristic of the powder. In
addition, the possibility of determining pore size by radioassay of several
sorbed fatty acids with chains from 1 to 22 carbons long should be explored.
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ABSTRACT
A technique was developed for accurate surface area determinations,
particularly for relatively low-surface materials, by radioassay of sorbed
fatty acids labeled with carbon-14; it consists of the following steps:
(1) weigh approximately one gram of oven-dried powder into a sample jar or
flask; (2) vacuum dry 3 hours or longer; (3) cool sample, add 10 ml of
radiostearic acid-benzene solution (7 to 8 grams per liter; 0.1 to 0.2
millicurie per gram of acid) and shake vigorously;

(4) let sample equi-

librate in water bath one hour at 15 ° C, with occasional shaking; (5)
decant the solution into a centrifuge tube, stopper, and centrifuge briefly;

(6) decant to another tube, stopper, and let solution reach room temperature before plating; (7) pipette 0.1-m1 aliquots of this solution and of
original solution to chilled, 25-mm watch glasses and place in refrigerator
for slow solvent evaporation; and (8) count plates with a thin endwindow Geiger counter and correct counts for self-absorption. The surface
area is then calculated from the equation given below.

S

w

(initial-final) moles/ml X 10 ml X (6.023 X 10 23 X 20.5 X 10 -20 ) m2 /mole
sample weight
The effects of drying methods, drying time, and sorbent-sorbate-con-

tact time on surface area determinations by radiostearic acid sorption
were studied. While a sorbate contact time of one hour was sufficient for
most powders, the drying requirements varied. Oven drying for one hour
at 110

o

C was satisfactory for zinc sulfide, but extensive vacuum drying

was necessary for silica. Hydrophilic powders and basic materials such
as sodium carbonate and sodium bicarbonate required the use of a special
sample flask with attached stopcock, by which the sorbate solution could
be added without admitting atmospheric moisture.

ii
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The sorption of fatty acids of different chain lengths on high-surface,
porous carbon black and silica was studied. Initially, attempts were made
to use carbon-14-labeled lauric acid, hexanoic acid, sodium hexanate, and
sodium acetate. The accuracy of these determinations was so poor, however,
because of difficulties in plating the solutions for radioassay, that titration with standard base was substituted for radioassay of hexanoic, acetic,
and formic acids.
Carbon black with a BET surface area of 400 square meters per gram
was found to sorb more hexanoic acid than lauric acid and more lauric than
stearic acid. Study of this carbon was discontinued before the monolayer
information for acetic and formic acids had been completed, because uncertainty about the orientation of fatty acids to the carbon substrate made
interpretation of data inconclusive.
Surface area values for a silica with a BEI. surface area of 193 were
204 by formic acid sorption, 182 by acetic acid sorption, 92 by hexanoic
acid sorption, and 43 by radiostearic acid sorption. Data from determinations with radiolauric acid were too erratic, because of difficulties in
plating for radioassay, to be compared with the other fatty acid data. A
method of calculating the diameter of idealized, spherical pores large
enough to accommodate monolayers of perpendicularly oriented fatty acids
was suggested and used to calculate diameters of 22, 42, 123, 244, and 360
angstroms for pores accessible to formic, acetic, hexanoic, lauric, and
stearic acids, respectively. A log-probability plot of cumulative per cent
undersize versus carbons in the fatty acid sorptionthainwas u=‘d tO show the
pore size distribution indicated by fatty acid sorption, with 76 per cent
smaller than 123 angstroms and 14 per cent smaller than 42 angstroms in
diameter.
■ Il
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I. INTRODUCTION
This report summarizes the work performed from April 1, 1959 to March 31

,

1961. The purpose of the work under this contract has been to investigate the
use of radioactive tracer atoms in fatty acids or their salts (soaps) in liquid
solution as a means of making accurate surface area measurements of low-surface
materials and porosity measurements of porous materials. During the first year
of experimental work a technique was developed for determining the specific
surface area of powders by radioassay of sorbed stearic acid-l-carbon-14. It
was used successfully with several different types of powders and is described
in Annual Report No. 1. Because of discrepancies between specific surface
areas obtained by radiostearic acid sorption and by nitrogen adsorption (BET
method) for some powders, additional experiments have been conducted during
the past year to determine the effects of variables--drying techniques, equilibrium times, etc.--on the fatty acid method.
During the remainder of the second year's work, the feasibility of
porosity measurements by fatty acid sorption was investigated. Stock solutions of lauric acid (dodecanoic acid, C 12 H24 0 2 ), caproic acid (hexanoic
acid

,

C

6

H

12

0 ) sodium hexanate, and sodium acetate, each tagged with
2 '

carbon-14, were prepared. These were utilized in surface area determinations
along with stearic acid (C 18 H36 0 2 ) in the expectation that for nonporous
materials the moles of each of these acids sorbed would be approximately the
same, while the "screening effect" of pores in porous materials should result in increased sorption with decreasing length of acid chain.
When radioassay of these solutions was found to be difficult, if not
impossible, with the end-window Geiger counter used successfully for stearic
acid assay, titration with standard base was utilized for analyzing solutions
of nonradioactive formic, acetic, and hexanoic acids.
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II. BACKGROUND
A. Surface Area Determinations by Fatty Acid Sorption
The tendency of long-chain fatty acids to produce oriented unimolecular layers on water suggested to Harkins and Gans

1

that such a

layer, if formed at the interface of a liquid and a solid, would serve
as a measure of the solid's surface area. Their experiments with oleic
acid and titanium dioxide gave results in fair agreement with the surface area calculated from microscopic measurements of the particle
size.
To produce a fatty acid monolayer on a solid, the affinity of the
carboxyl group for the solid must be greater than that of the solvent
for the solid. The type of interaction between the monolayer and
the solid it covers varies with the system. Chemisorption, physical
adsorption, absorption, ion exchange, or a combination of these may
occur in monolayer formation. Consequently, the general term "sorption" is used here unless there is experimental evidence of the specific
nature of the interaction. Smith and Fusek

2

studied the sorption of

palmitic acid on nickel and platinum catalysts and found chemisorption
indicated by the complete removal of acid from solution when it was
present in concentrations lower than that required for complete saturation of the solid surface. Physical adsorption is an equilibrium
situation and varies with the concentration unless a significant excess

1 W.

D. Harkins and C. M. Gans, "An Adsorption Method for the Determination
of the Area of a Powder," J. Amer. Chem. Soc. 53, 2804-6 (1931).

I

2

H. A. Smith and J. F. Fasek, "Adsorption of Fatty Acids on Nickel and
Platinum Catalysts," J. Amer. Chem. Soc. 68, 229-31 (1946)0
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of the acid is present.
Sorption of fatty acids is best illustrated by isotherms in which
either the amount of sorbed acid or the surface area of the sorbent powder
is plotted as ordinate with either initial concentration or reduced concentration (the ratio of the final concentration to saturation concentration) as abscissa. Sorption isotherms for chemisorption are horizontal
straight lines above the concentration required to saturate the surface
with a monolayer. Those for physical adsorption show an initial dependence
upon concentration and become horizontal only after a certain relative or
reduced concentration (C /C ) has been reached.
e o
Among the powders for which surface areas have been determined by
4
fatty acid sorption are nickel, copper, silver and iron, 3 carbon, calcium
carbonate, 5 clays,

6

titanium dioxide, silica, silicon carbide, copper

7
oxides and zinc oxide, aluminum, chromium, cobalt, cadmium oxide, ferric

3 E. B. Greenhill, The Adsorption of Long Chain Polar Compounds from
Solution on Metal Surface," Trans. Faraday Soc. 45, 625-31 (1949).

4 H. A. Smith and R. B. Hurley, The Adsorption of Fatty Acids on Carbon
Blacks. Calculation of Particle Size," J. Phys. and
53, 1409-16 (1949).

Colloid. Chem.

5 Eiji Suito, Masafumi Arakawa, and Teru Arakawa, "Surface-Area Measurement of Powders by Adsorption in Liquid Phase. , I. Calculation of Specific
Surface Area of Calcium Carbonate Powders from the Adsorption of Stearic
Acid," Bull, Inst. Chem. Research, Kyoto Univ. 33, 1-7 (1955).

6 Clyde Orr, Jr. and P. T. Bankston, "A Rapid Liquid-Phase Adsorption
Method for the Determination of the Surface Area of Clays," J. Amer.
Cer. Soc. 35, 58-60 (1952).

7 W. Hirst and J. K. Lancaster, "Effect of Water on the Interaction
between Stearic Acid and Fine Powders," Trans. Faraday Soc. 47,
315-322 (1951).

I
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oxide, lead oxide, and nickel oxide,

8

and alumina. 9

In addition, fatty

acid sorption on flat surfaces of iron, gold, and mica has been studied.

10

Different fatty acids have been compared and found to give similar results
for the specific surface area of Raney nickel

11

and certain other powders.

12

The effect of different solvents has also been studied, and benzene has been
recommended as the best solvent.

13

Study of the sorption isotherms avail-

able in the literature indicates that in most cases one surface area
determination is sufficient if the relative concentration (C /C ) is at
e o
least 0.3, since most of the known sorption isotherms have become horizontal at this point.
The primary limitation to more general use of fatty acid sorption for
routine surface area determinations has been the poor degree of accuracy
in quantitative analysis for fatty acids, When a sample is shaken with the
fatty acid solution, both the initial (C.) and final (C )concentrations
e
of the acid must be determined accurately. For low surface materials,
8

J. K. Lancaster, "Effect of Water on the Interaction between Stearic Acid
and Fine Powders. II. Aluminum, Chromium, Cobalt, and the Oxides of
Cadmium, Iron, Lead, and Nickel," Trans. Faraday Soc. 49, 1090-6 (1953).

9 A. S. Russell and C. N. Cochran, "Alumina Surface Area Measurements,"
Ind° Eng. Chem. 42, 1332-5 (1950).
10

11
12

13

Hurley D. Cook and Herman E. Ries, Jr., "Adsorption of Radiostearic Acid
and Radiostearyl Alcohol from Hexadecane onto Solid Surfaces," J. Phys.
ahem. 63, 226-30 (1959).
H. A. Smith and J. F. Fusek, loc. cit.
Eiji Suito, Masafumi Arakawa, and Teru Arakawa, "Surface-Area Measurements
of Powders by Adsorption in Liquid Phase. II. 'Effect of Adsorbates and
Solvents," opocit., 8-13 (1955).
Ibid.
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particularly, the difference between these two concentrations which is the
measure of the sorbed acid, is very small and great accuracy is required to
determine it. Among the analytical methods that have been used are conductometric titrations, gravimetric and colorimetric techniques, and film pres_ N
sure hydrophil balance (Langmuir trough).

Radioassay of carbon-14-labeled

stearic acid should be more sensitive than these.
B. Discrepancies

Between Surface Area Values from Radiostearic Acid Sorption

and from Nitrogen Adsorption (BET Method)
1. Moisture Effects
The effects of moisture upon sorption of stearic acid from benzene
vary widely with the powder and the type of sorption it exhibits. Purely
physical sorption is a reversible function of concentration, with a monomolecular layer usually attained at a reduced concentration of 0.25 or
0.3, and additional layers are not added as the concentration is increased.
Unreactive materials such as silica, titanic, titanium carbide, and silicon
carbide physically adsorb stearic acid from benzene, and any residual water
on these powders reduces the amount of acid adsorbed. The small amount of
water present in improperly dried solutions has little effect on them,
15
however._
In chemisorption, either covalent, ionic or mixed bonds are formed
between the surface atoms of the sorbent and the sorbate molecules, and a
monomolecular layer not only may be found at relatively low concentrations
but also will not desorb if the sorbate concentration is subsequently .
14
15

Clyde Orr, Jr. and J. M. DallaValle, Fine Particle Measurement, (New
York: The Macmillan Co., 1959) p. 211-12.
W. Hirst and J. K. Lancaster, "Effect of Water on the Interaction.
Between Stearic Acid and Fine Powders," Trans. Faraday Soc, 47, 315322 (1951).

I
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reduced. Whether or not chemisorption is reduced by the presence of moisture depends on the polarity of the sorbent powder and its relative
affinity for water and for stearic acid.
In a third type of sorption, actual chemical reaction between stearic
acid and the sorbent breaks the bonds between neighboring surface atoms,
allowing multimolecular layers to be formed.

i6

Such chemical reaction

has been found with sodium carbonate and sodium bicarbonate in this laboratory and with other powders, e.g., cupric oxide, cuprous oxide, and
zinc, studied by Hirst and Lancaster.

17

The speed of reaction increases in

the preselce of moisture, but the magnitude of the increase varies with the
powder and with the source of moisture, e.g., either residual moisture
in the powder, improperly dried solutions, or exposure to atmospheric
moisture after addition of sorbate solution to the powder sample.
2. Solvent Attraction
In sorption studies, care must be taken to use solvents for
which the sorbent powder has little, if any, affinity. Graphite, for
example, has been found to sorb 73enzene preferentially oter water, alcohols, and
cyclohexane,

18

because of the similarity between the carbon-to-carbon bonds

in graphite and those in benzene. Adsorption isotherms for binary mixtures
of alcohols with benzene also have shown that the longer the carbon chain

16

17
18

1, Higuchi, T. Ree and H. Eyring, "Adsorption Kinetics. II. Natqre of
the Adsorption Bond," J. Amer. Chem. Soc, 79, 1330-1337 (1957).
W. Hirst and J. K. Lancaster, loc. cit.
J, W. Galbraith, C. H. Giles, A. Go Halliday, A. S. A. Hassan, D. C0
McAllister, N. Macaalay, and N. W. Macmillan, "Adsorption at Inorganic
Surfaces. III. The Mechanism of Adsorption of Organic Solutes, Including Dyes, by Graphite," J. , Appl. Chem. 64, 710-715 (1960).
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of the alcohol, the more successful is its competition for charcoal
surfaces. 19
Silica,

20

alumina,

21

and ferric oxide,

22

on the other

have a

strong affinity for polar solvents, such as the lower alcohols. Benzene
and carbon tetrachloride, therefore, are appropriate solvents for sorption studies with powders such as these, which can form hydrogen bonds
with alcohols.
3. Fine Pores
A solid material pitted with very fine pores or with large pores
having very small necks or entrance sites (less than 25 square angstroms
in cross-sectional area

23 ,

) may "screen out all fatty acid molecules or

may be of such size that one or more fatty acid molecules gaining access
to it could block the entrance and prevent complete coverage of the
inner surfaces.
If these pores are large enough to admit nitrogen molecules (with a
24,
cross-sectional area of about 16.2 square angstroms .) freely, a wide

19 C. G. Gasser and J. J. Kdpling, "Adsorption from Liquid Mixtures at
Solid Surfaces," J. Physo Chem. 64, 710-715 (i960).
20

21

22

23

24

W. Stober, G. Bauer, and K. Thomas, - Chemisorption of Alcohols on
Liebigs Ann. Chem 604. 104-10 (1957).
Amorphous
J, J. Klpling and D. B. Peakall, ''Adsorption from Binary Liquid Mixtures on Activated Alumina, J. Chem. Soc. 1956, 4828-40 (1956)
K. S. Rao and B. S. Rao, "Adsorption on Gels. Io A Comparative Study of
Selective Adsorption from Binary Mixtures of Liquids on Gels of Silica,
Alumina, and Ferric Oxide," Proc. Indian Acad. Sci. 4A, 562-70 (1936).
M. Jo Vold, "Molecular Cross Sections in Films of Fatty Acids on Water,"
J. Colloid Sci. 7, 196-8 (1952).
H. K. Livingston, The Cross-Sectional Areas of Molecules Adsorbed on
Solid Surfaces," J. Colloid Sci, 4, 447 458 (1949).
-
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discrepancy could occur between surface area values obtained by stearic
acid sorption and by nitrogen adsorption. However, according to some
workers in the field

25

BET nitrogen adsorption values greater than 100

square meters per gram may be deceptively high because of the phenomenon
of capillary condensation° They consider 4 20 per cent to be reasonable
'

agreement when different methods of surface area determination are -compared. The theory of capillary condensation has been discussed recently
by Deryagin

26

for porous bodies and by Karnaukhov and Kiselev

27

for

regularly packed spheres.
C. The Sorption of Fatty (Aliphatic) Acids of Various Chain Lengths
1. Traube's Rule
28
Traube's often quoted rule that surface tension lowering by
homologous organic acids increases with increasing chain length was applied
to adsorption by Freundlich. However, the predicted increase of adsorption
with increasing chain length has been found only under special conditions;
viz., at equal concentrations of sorbate, and even then the .order may be

25

26

27

28

J. H. Schulman, Editor, Proc. of Second International Congress on Surface
Activity II, Butterworth's Scientific Publications, London, p. 202 (1957).
B. V. Deryagin, The Correct Form of the Equation of Capillary Condensation in the Pores of Substances for Use in the Determination of Their
Structure from the Adsorption and Sorption Condensation Isotherms,':
Doklady Akad. Nauk S.SOS.R. 113, 842-5 (1957); English translation in
Proc. Acad. Sci. U.S.S.R., Sect. Phys. Chem. 113, 207-11 (1947).
A. P. Karnaukhov and A. V. Kiseley, "Theory of the Corpuscular Structure of Adsorbents. Capillary Condensation and Sorption Hysteresis in
the Spaces Between Regularly Packed Spheres,
Zhur. Fizo Khimo 31,
263543 (1957).
J. Traube, 'lleber die Capillaritatsconstanten organischer Stoffe in
T ,
wasserigen Losungen,
Ann Chem. 265, 27-55 (1891).

I
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reversed on some types of sorbent powders.

29

When sorption, by a nonporous

powder, of several straight-chain, saturated fatty acids is compared by
extrapolation to zero of the flat portion of their sorption isotherms (plots
of sorption versus reduced concentration), the moles in a monolayer sorbed
from a particular solvent should be equal for each acid if the orientation
of the monomolecular layer is perpendicular to the sorbing surface 3O

In

completely miscible systems, such as binary mixtures Of the four shortest
acids with water or some other solvents, a reduced concentration is nonexistent, of course, However, effective comparisons of these systems
can be made at the same activity of each acid.

31,32

Here again, at the

point of comparison, the moles of each acid sorbed will be equal only if
(1) the sorbent is nonporous, (2) the sorbate orientation is perpendicular
with each acid having the same effective cross section, and (3) the same
solvent is used for each acid.
2, Parallel Orientation
Studies of some sorption systems have been interpreted as indicative of a parallel orientation of the major axis of hydrocarbon, alcohol,
29

30
31

H. N. Holmes and J. B. McKelvey, "Reversal of Traube's Rule of Adsorption,"
J. Phys. ahem. 32, 1522-3 (1928)0
H. A. Smith and H. B. Hurley, loc. cit.
R. S. Hansen and R. Po Craig, "The Adsorption of Aliphatic Alcohols and
Acids from Solutions by Non-Porous Carbons," J. Phys. Chem 58, 21.1-15
(1954).
-

32

R. S. Hansen, F. A. Miller, and So D. Christian, "Activity Coefficients
of Components in the Systems Water-Acetic Acid, Water-Propionic Acid,
and Water-n-Butyric Acid at 25 ° ," J. Phys. Chem, 59, 391-5 (1955).

33 C. G. Gasser and Jo J. Kipling, loco cito

■
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aliphatic acid, and other chains to the sorbate surface. The conclusion
has usually been drawn as the result of decreasing sorption with increasing
chain length on so-called nonporous powders. In some of these investigations, however, the absence of fine pores has been assumed, not proven;
and the straight-line, inverse relationship between chain length and
sorption could be the result of pores accessible to different sizes of
sorbate molecules, since molecular volume is also a straight-line function
of chain length in the homologous series of fatty acids, alcohols, etc.
Lemieux and Morrison

34

assume perpendicular orientation of aliphatic acids

absorbed from water by activated charcoals, which are known to be pitted
or porous, with the end of the carbon chain attached to the substrate and
the carboxylic acid group extended out in the water. This seems reasonable
in view of the known orientation of monomolecular films of fatty acids on
water with their more water-soluble end, the acid group,. attracted to
the water. 35

34

R. U. Lemieux and J. L. Morrison, The Adsorption of Aliphatic Acids on
Activated Charcoals," Can. J. Research 25B, 44o-8 (1947).

35 w0 C. Bigelow, D. L. Pickett, and W. A. Zisman, "Oleophobic Monolayers.
I. Films Adsorbed from Solution in Non-Polar Liquids," Jo Colloid Sci.
I, 513-38 (l946).
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III. EXPERIMENTAL WORK
A. Stearic Acid Sorption
1. General Method
a. Materials and Apparatus. A gloved dry box with an air lock
was prepared for the mixing, handling, and storing of solutions and samples.
Molecular sieve, indicator drierite„ and silica gel gere used as desiccants.
In addition to preventing the solutions and samples from being contaminated
by water vapor, the dry box protected the lab from carbon-14-contamination.
Samples were counted with end-window Geiger tubes (200NB) and scalers
(Nuclear-Chicago, Models 161A and 181A) located in the Experiment Station's
radioisotopes building.
Stock solutions of stearic acid-l-carbon-14, obtained in one-millicurie
quantities from -Volk Radiochemical Co., Chicago, and from Tracerlab, Inc,
Waltham, Mass, were prepared by placing one mi±licurie in a 100-m1 volumetric
flask and diluting with dry benzene Aliquots of tracer solution were then
used to "tag" Solutions of inert stearic acid (Eastman White Label). The
benzene was dried over molecular sieve.
b.

Plating Stearic Acid for Radioassay. During the preliminary experi-

ments, difficulty was experienced in, making reproducible plates of the
benzene-stearic solutions, and many methods of plating stearic acid from benzene solution were evaluated. Moving the plating procedure from inside the
dry box to the lab bench for easier handling of the tools (pipettes, hypodermic syringes, etc.) did not reduce the average deviation between replicate plates to the desired value (less than 2 per cent) Automatic micropipettes ("Micropette" by Alfred Bicknell Assn., Cambridge), a 0.a5-ml
hypodermic syringe and 0.1-m1 Mohr measuring pipettes graduated in 0.001-ml
divisions were used to transfer solution aliquots to numerous types of
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substrates. Discs (usually 1-1/4 inches in diameter) were cut of several
materials--Teflon, tissue paper, emery cloth, filter paper, and emery paper-and used as substrates for plated samples. Also tried were watch glasses,
aluminum pans, and glass slides with 15-mm microscope cells glued on them
Samples were plated on watch glasses containing various liquids, es g.,
water, nitrobenzene, acetone, amyl acetate, glycerin, and collodion, and
on watch glasses and Teflon discs which had been chilled in the refrigerator.
The latter were kept cold on a bed of cracked ice during the plating process
and were returned to the:refrigawratorifbrsIow solvent evaporation. Of all these
plates, the chilled Teflon and chilled watch glasses gave the most consistent
results, and plating by 0.1-m1 pipettes on chilled, 25-mm watch glasses, fol7-_
lowed by evaporation in the refrigerator, was finally adopted as routine procedure.
c. Surface Area Determinations. Several variations of technique for
surface area determination were investigated. By the utilization of numerous
powders of known specific surface area (determined by the Bh2 nitrogen adsorption method in the course of this project or during earlier studies), experiments were conducted in which type of sample bottle, temperature, solution
concentration, specific activity of radiostearic acid, and sample weight
were varied. In the technique eventually adopted for general use, powders
predried at least one hour at 110 ° C were weighed into 4-ounce screw-cap
jars with Teflon cap liners, further dried at 110 ° C and 20 to 25 inches
mercury vacuum, and cooled in a desiccator before addition of the stearic
acid solution. After the stearic acid, usually 10 ml, had been added, the
sample bottle was closed, shaken vigorously and allowed to equilibrate one
hour (with occasional shaking) in a constant-temperature water bath. The
solution was then decanted from the sample bottle and centrifuged in a
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stoppered, 15-ml glass tube. The supernatant liquor was decanted into another
tube and stoppered. Most of the tests were made at relatively low temperatures, e.g., 14 ° C, so that lower concentrations of stearic a4df.Wallould44.ve the
desired Ce/Co

(Lower concentrations result in larger concentration changes

and therefore greater accuracy.) Saturation concentrations for

Ce/Co

values

were obtained from a semilog plot of solubility versus temperature. (See
The solutions were equilibrated at room temperature. Then 0.1-ml

Figure 1.

aliquots were plated on chilled watch glasses and counted.
The specific surface area was calculated from the number of stearic
acid molecules sorbed and their cross-sectional area
S =
w

C.
1

C
C.

w-

X 6.023 X 0'4 molecules
mole

2
-20
m
X 2°.5 : X I'q!
molecule

(1)

where C,
counts for the initial solution,
1
C = counts for the final or equilibrium solution,
c

i

= initial concentration in moles/per milliliter,

v = milliliters of sorbate solution used,
and w = weight of powder, in grams.
d. Corrections Applied to Counting Data Data from several experiments
indicated that, at some concentrations of stearic acid, the counts from plated
aliquots could not be used directly as a measure of the relative concentrations.
Due to the low average energy of beta radiation from carbon-14, some of the
radiation is absorbed by the deposited stearic acid and cannot reach the
counting tube. In addition, if in an experiment the final and initial contrations are considerably different, the diameter of deposits from 0.1-m1
aliquots of the two concentrations may vary enough to give misleading counts
and inaccurate results as calculated by equation (1).
An empirical method was devised to correct - for these geometrical factors
so that radioassay of the plated solutions would be a more accurate means of
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m Laurie Acid in Methanol
+ Laurie Acid in Benzene

A Sodium Hexanate in
Methanol; data from
this laboratory
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Figure 1. Fatty .Acid,Solubilities, Unless . .otherwisenoted, data
can be found . in Fatty Ac ids, by K. S.: Markley, Interscience Publishers, Inc. New York, 1947.
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analysis. A stearic acid stock solution of the desired specific activity
was made and diluted with benzene to several different concentrations.
Several 0.1-mi aliquots of each concentration were plated on chilled watch
glasses and mounted. The data were corrected for tube dead time, by the
method described by Tomlinson,

36

and were plotted as concentration versus

count per minute. From the resulting curve, which was very nearly a
straight line at concentrations lower than 7 grams per liter, the concentrations of unknown solutions could be read as long as their specific
activity was the same as that used for the standard curve and if their contrations did not exceed 8 or 9 grams per liter. (At higher concentrations
the plot curves and rises sharply as the plated aliquots approach "infinite
thickness." Once the point of infinite thickness has been reathed, all
higher concentrations give the same count except for differences due to
deposit diameter.) Higher concentrations must be diluted before plating.
Correction curves were made for specific activities of 0.064, 0.127,
and 0.246 millicurie per'gram. They are shown in Figure 2. Before applying these correction curves, sample counts were corrected for tube dead
time. If found necessary from the count of a standard carbon-14 source
that was made at each counting session, they were also corrected for tube
response.
To illustrate the use of the corrections described above, data and
corrections for a surface area determination are given in Table I below,
followed by the actual calculation of the surface area from the corrected
data. Results for surface area determinations on several different types
of powders are presented in Table II.
36

John D. Tomlinson, "Some Errors in Radiation Counting," J. Chem. Ed.
31, 203-5 (1954).

-
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Specific Activity = 0.064, mc/gm
0 Specific Activity = 0.127 me/gm
A Specific Activity = 0.246 me/gm /
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Figure 2. Correction Curves for Stearic Acid-l-Carbon-14 Plated
from Benzene Bolutions. (Counts for 0.1-m1 aliquots
plated on chilled, 25-mm watch glasses.)
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TABTF. I
DATA AND CORRECTIONS FOR SURFACE AREA
OF FERRIC OXIDEa

Initial Solution

Final Solution

Observed Counts/Minute

5267

4759

Counts Corrected for Dead Time

5357

4830

Counts Corrected for Tube
Response (X3931/3172)

6639

5986

4.14 gm/liter

3.71 gm/liter

Concentration. Read from Correction
Curve

aS ample weight, 0.1838 gm; S by BET = 10.1 m 2 /gm.
w

Calculations from above data:
S

w

=

[00414 511

-

.

00371 52

]

23
-20
m2 /mole
X 20.5 X 10
X 10 ml X 6.023 X 10
284.47 gm/mole X 0.1838 gm

2
= 10.15 m /gm.
2. Sample Drying Methods
Experiments had indicated that for some powders, notably clays
and nickel, the adsorption of either moisture or air during the removal
of dried samples from vacuum oven to desiccator affected stearic acid
sorption adversely. Therefore, a special round-bottom. sample flask, shown
in Figure 3, was constructed for use with such samples. With a stopcock
above the ground-glass joint in its neck, this flask can be attached to
a vacuum pump and evacuated while it is being heated in a Glas-Col heating mantle. After several hours of drying and degassing at 120 ° C,
samples in this flask are protected from contact with moisture in the
air by closing the stopcock, filling the tube above it with radiostearic
acid solution, and attaching to it a filled burette. The desired volume

TABTR II
SURFACE AREA DETERMINATIONS BY RADIOSTEARIC ACID SORPTION

oo
i

C.
TWO

Ce/Co

Radioassay
Initial Final
(Counts/Min)

4.2183

22

10

2.80

0.01

1,542

127

8.0

2.7

Clay

2.0645

22

10

2.80

0.02

968

235

8.0

4.5

Clay

1.0251

22

10

2.80

0.04

1,662

646

8.o

7.3

Clay

0.2622

14

10

3.93

0.45

4,840

3,203

19.8

21.1

Clay

0.3985

14

10

3.93

0.60

5,995

5,536

5.7

3.3

ZnO

4.1635

22

15

10.79

0.26

17,850

12,786

4.7

4.7

ZnO

1.8

22

10

10.79

0.29

17,850

14,297

4.7

5.1

Aj203

0.4755

15

10 '

8.15

0.88

15,444

14,581

3.4

3.6

CaSO4

0.4641

14

10

8.09

0.80

17,350

12,396

17.9

21.4

Nickel

0.5769

14

10

8.09

0.71

17,350

10,968

24.0

22.3

Glass beads

2.2642

14

10

3.43

0.46

6,423

5,792

0.4

0.6

TiO 2

0.4642

14

10

3.43

0.42

6,423

5,308

7.7

6.5

Fe 0
2 3
ZnCO
3
ZnO

0.6171

14

10

3.83

0.48

16,359

14,146

4.2

4.0

1.8653

13

20

1.67

0.09

14,503

4,164

4.9

5.5

4.2493

14

20

3.52

0.08

15,402

1,197

6.1

6.3

Fe2 O

0.1838

14

10

3.93

0.59

5,267

4,759

10.2

10.2

0.0907

14

10

3.93

0.48

5,010

3,676

44.8

50.1

0.5142

14

10

3.93

0.64

7,44o

6,091

5.8

6.o

ZnS

3.0590

14

12

4.02

0.28

7,034

2,917

3.7

4.0

ZnS

2.5207

14

10

4.02

0.29

7,034

3,015

3.7

3.9

Zns

3.3655

14

13

4.02

0.33

7,034

3,485

3.7

3.4

Clay

3

Mn0

2
MnC1

2

,

q„i o dau yeuTd

Material

Surface Area
BET
Stearic Acid
(M2 /Gm)

• oN q oa r oad

H

Temperature
(oc)

Solution
Volume
(M1)

Sample
Weight
(Gm)
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Solution
(The glass neck
and Tygon tubing
must be filled
with solution
before insertion
of the filled
burette tip.)

Burette Tip

Tygon Tubing

Teflon Stopcock

Standard Taper Joint

Figure 3.

Sample Flask
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of solution can then be added to the sample without admitting air to the
system.
Several different methods of drying powders before determination of
their surface areas were compared to determine the minimum drying time
and most convenient method that could be utilized in the radiostearic acid
technique. Samples were dried in an oven at 110 ° C and atmospheric pressure, in a vacuum oven ati20 ° C and approximately 100 mm of pressure, in
the BET adsorption apparatus at 120 ° C and one miciu of pressure, and 120 ° C
and approximately 100 mm of pressure in the special flask described. These
different drying techniques and several different drying times were tested
in surface area determinations on zinc sulfide, abrasive alumina, titania,
silica, clay, sodium carbonate, and sodium bica'rbonate powders. The concentration of the stearic acid solutions used was 4.0 grams per liter
and the specific activity was 0.23 millicurie per gram of stearic acid.
A temperature of 14° C was used in all but three of the determinations.
The latter were run at 21

o

C because the refrigerated water bath was not

operable at the time. Data from these experiments are given in Table III.

3.

Sorbate-Sorbent Contact Time
Several surface area determinations were designed to determine

whether or not equilibrium between sorbent and sorbate is approximated
sufficiently after one hour to give the same surface area values as obtained when the system is allowed to equilibrate for several hours. One
of two powder samples dried under identical conditions was allowed to
equilibrate with the stearic acid solution overnight while the other was
in the solution only one hour. These data are also included in Table III.
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TABLE III
COMPARISON OF DRYING METHODS, DRYING TIMES, AND SORBENT-SORBATE CONTACT
TIMES IN SPECIFIC SURFACE AREA (S T ) DETERMINATIONS BY
RADIOSTEARIC ACID SORPTION

Powder Sample
ZnS
ZnS
ZnS
ZnS
ZnS
ZnS
Abrasive
Abrasive
Abrasive
Abrasive
Abrasive
Al 0
2
Al 03
32
Al 9o,
TiO 23
2
2 Ti0
2
TiO 2
TiO 2
TiO 2
TiO 2
Na 2 CO 3
Na CONa9 C0
Nal4C0 3
NaHCO 3
NaHCO

3

SiO 2 3
SiO 2
sic

SiO 2
2
SiO
Clay
Clay

(Al20 9 )
(A1 90-0
(A101
(A40;)
(Alp -31

S by
w
BET
Method'
(M Gm)

Drying
Method 2

Drying
Time
(Hours)

3.7
3.7
3.7
3.7
3.7
3.7

A
B
D
A
A
A
A

15

A

2.29
2.29
2.29
2.29
2.29
3.36
3.36

B
D
A
A
.B

3.36

c

2,
2.2
2.2
2.2
2.2
2.2
0.6
0.6
0.6

2.09
2.09
2.09

26.6
26.6
208
87.7
44.4

14.0
14.0

A
B
A
A
D
A
A
D
D
A
A
A
D
D
D
D
A
D

/ 3 sw by RadioSorbent-Sorbate
C C
e o Stearic Acid
Contact Time
(m2/Gm)
(Hours)
15

0029

3.96

15
15

0.28
0.33

2
2
15
1

1
15
:1
1

0.32
0.35
0.35
0.51

4,o
3.5
3.5

80
4
7

1
1
1

0.48
0.48
0.43

1,41
1.39
2.19

2

15

0.51

1.4
1.19

4.
5.5

3
3
3
5

1.25
1.25
1.25
4

o.64
0.58
0059
0.49

3.36
3.57

1.10

1.92
1.72
1.44

1

1

0.51

0.94

4
84

1
1

0.52
0.57

0.87
0.76

0.95
0.78

2

15

0.53

4
6

u.
1

0.56
0.23

15 .

1

0.10

4
6
6

4
1
1

0.57
0,56
o.006

15
15
20
4.5

1
1
1
1

0007
0.56

4
4

1
1

0.41
0.41

15

1

0.61

4.12

3

1

0.52

4.7

0,60

0.42

3,74

4.36
0.90
3.25
5.73

5.48
4.37
1.48

40.7
24.4
13.5

'Nitrogen adsorption by the Brunauer-Emmett-Teller Method.
2

o
A - in oven at 110 C, atmospheric pressure; B - in vacuum oven at 120 o C,
approximately 100 mm of pressure; C - in BET apparatus at 120° C, one micron
of pressure; D - in flask with stopcock to prevent admission of air, at 120° C
and approximately 100 mm pressure.

3 Equilibrium concentration/saturation concentration at appropriate temperature.

I
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4. Silica Sorption Isotherm
Because of unsatisfactory results obtained from radiostearic sorption by most of the silica samples tested, several different concentrations
of the acid in benzene were used to determine a sorption isotherm for a
silica having a BET area of 26.6 square meters per gram. These determinations showed that even at a

Ce/Co

of 0.64 the BET value was not attained

and the isotherm had not reached a flat portion. The samples had been
dried at 100

o

to 110

o

C in the special flask shown in Figure 3,, and no

air was allowed to enter before the addition of stearic acid solution.
Data for these tests are in Table IV.
TABLE IV
a

SILICA SORPTION ISOTHERM,
STEARIC ACID IN BENZENE AT 15 ° C

Initial
Concentration
(Gm/L)

ce/co

Equilibrium
Concentration
(Gm/L)

S

w

(M2 /Gm)

4.02

3.17

0.38

7.9

5.14

3.80

0.45

14.3

6.41

5.06

0.60

14.5

7.22

5.38

0.64

20.2

a BET value: 26.6 square meters per gram.

B. Sorption of Shorter Fatty Acid Molecules Labeled with Carbon-14
1. Lauric Acid-l-Carbon-14
Stock solutions of lauric acid-l-carbon-14 (purchased from the
California Corporation for Biochemical Research) containing one millicurie
per 100 ml of solvent were used to "tag" solutions of lauric acid (Matheson

-22-
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Coleman and Bell's research grade). Radiolauric acid solutions were
stored in the refrigerator when not in use, to prevent self-decomposition.

37

Solutions of several different concentrations were used to

determine surface areas in the same manner as labeled stearic acid solutions were used. Because of the self-adsorption of beta radiation at
such concentrations, dilution by a factor of 1:10 was required before
plating. The plating of lauric acid solutions broiht new difficulties,
however. Although deposits obtained on Teflon discs seemed to be more
reliable than those on watch glasses, many variations of shape, size, depth,
etc. were obtained under apparently identical conditions. In addition, a
set of good-looking replicate plates often was ruined by exposure to atmosphere humidity during the few minutes it was being counted. By selecting
plates of identical appearance for counting, a self-absorption curve and
some surface area values were obtained, but their reliability was poor.
Data for these are included in Table V and the self-absorption curve is
shown in Figure

4.

2. Hexanoic Acid-1-Carbon-14
The sodium salt of hexanoic acid-I-Carbon-14 (purchased from the
California Corp. for Biochemical Research) was dissolved in dry methanol
and refrigerated when not being used to label inert methanolic solutions
of sodium hexanate (caproate). The inert compound was prepared by neutralizing hexanoic acid (Matheson Coleman and Bell's research grade) with 20
per cent sodium hydroxide and then heating it to drive off the unreacted
acid. Here again, plating the labeled solutions for counting was a

37 B. M. Tolbert, "Radiation Self-Decomposition of Labeled Compounds,"
Atomlight 1960, 1-5 (February, 1960).

TABLE V
SPECIFIC SURFACE AREA DETERMINATIONS BY. SORPTION
OF CARBON-14-LABELED LAURIC ACID, SODIUM HEXANATE,
HEXANOIC ACID, AND SODIUM ACETATE

1

)
---

Sorbate

Solvent

ZnS

Laurie acid

ZnO

Specific
Surface Area
BET 2Fatty Acid
(m /Gm)

Initial Conon.
(Moles/Liter)

Ce/Co

Methanol

0.1475

0.21

3.7

Laurie acid

Methanol

0.1475

0.17

6.1

16

ZnO

Lauric acid

Methanol

0.1475

0.02

4.7

85

ZnO

Laurie acid

Methanol

0.0738

0.01

4.7

42

ZnO

Sodium acetate

Methanol

0.0435

4.7

0

CaS04

Sodium acetate

Methanol

0.0435

17.9

0

CuO

Lauric acid

Methanol

0.1475

0.13

185

164

CuO

Laurie acid

Methanol

0.0738

0.08

185

43

SiO2

Hexanoic acid

Benzene

0.0298

0.03

44.4

35

SiO2

Hexanoic acid

Benzene

0.0298

0.02

87.7

89

SiO2

Laurie acid

Benzene

1.0029

0.34

208

220

SiO2

Laurie acid

Methanol

0.1624

0.20

208

119

SiO2

Sodium hexanate

Methanol

0.2396

0,28

208

44

Carbon black

Sodium hexanate

Methanol

0.4864

0.51

400

235

Carbon black

Sodium acetate

Methanol

0.0387

400

113

Carbon black

Sodium acetate

Water

0.0209

400

83

Carbon black

Sodium hexanate

Water

0.0202

400

120

0.001

". 4,To dag

Powder Sample

Final Report, Project No. A-446-3

32
a•C

28

24

20

Concentrat ion

16

8
• Lauric Acid,
0.067 mc/gm

A

500 Counts/Minute
Figure 4.

Sodium Hexanate,
0.02 mc/gm

1000

Self-Absorption of Beta Radiation by
Lauric Acid and by Sodium Hexanate

Final Report, Project No. A 7446-3

problem, particularly since the low surface tension of the methanolic
solutions caused them to "creep" over the edges of the watch glasses. It
was found that 0.05-m1 aliquots could be contained on 40-mm watch glasses
or 1-1/4-inch Teflon discs and a self-absorption correction curve was
determined. (See Figure 2.) Surface area determinations were attempted
on a few powders. Data from these are included.in Table V.
In other experiments, attempts were made to utilize the carbon-14labeled free hexanoic acid. It was obtained by adding excess hydrochloric
acid to the sodium salt, extracting the liberated acith:from the aqueous
solution with benzene, and drying it over Drierite. The acid was too
volatile to count in the liquid state, so efforts were made to plate it
by pipetting aliquots on to watch glasses containing concentrated solutions of sodium hydroxide, concentrated ammonium hydroxide, or solid
sodium hydroxide pellets. None 'of the plates were satisfactory. Two
determinations made with benzene solutions of the acid are shown in Table
V.

3.

Sodium,Acetate-l-Carbon-14
The sodium salt of acetic acid-l-carbon-14 (purchased from

Volk Radiochemical Company) was dissolved in dry methanol, refrigerated,
and used to label methanolic solutions of the inert salt (reagent grade).
Plates of 0.1-m1 aliquots on Teflon discs and of 0.05-ml aliquots on
watch glasses containing either water or insulin solution (pharmaceutical
solution diluted 1:100) were evaporated ,at room temperature and by infrared lamp. The reproducibility of the plates was less than desired, with
average deyiations of 1.7 to 5.4 per cent. Surface area determinations
were attempted with zinc oxide, calcium sulfate, and carbon black. In
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addition, one aliquot of the labeled methanolic sodium acetate was evaporated to dryness and redissolved in water, to determine its sorption from
aqueous solution by carbon black. Data for sodium acetate sorption are
given in Table V.
, Effect of Methanol as Solvent
in several experiments utilizing methanol as the solvent, sorption of the fatty acid was either lacking or even "negative" (i.e., the
acid concentration showed an increase instead of the expected decrease
after being stirred with the sorbent powder). To check the possibility
that attraction of the methanol to the solid was responsible for such results, determinations were run on several powders with radiostearic acid
dissolved in methanol. Results indicate that methanol is sorbed more
strongly than stearic acid by calcium sulfate but not by zinc oxide and
zinc. These data are given in Table VI.
TAB F, VI
SORPTION OF STEARIC ACID FROM METHANOL

Powder

Initial
Concentration
(Moles/Liter)

Specific Surface Area
BET \
Fatty Acid
(ML /Gm)

Calcium sulfate

0.0016

17.9

Zinc oxide

0.0061

4.7

5.3

Zinc

0.0061

2.3

2.0

Cupric oxide
catalyst

0.0061

185

0
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C. Comparative Sorption of Several Fatty Acids by Porous Powders
1. General
Because of the difficulties encountered with the carbon-14-labeled,
shorter acids or their salts, the sorption of hexanoic, acetic, and formic
acids in further studies was assayed by titration. Matheson Coleman and
Bell's research grade hexanoic acid and reagent grade formic and acetic
acids were dried over Drierite before use. Small aliquots for analysis
were added to 20 ml of recently boiled and cooled, distilled water and
titrated with standard potassium hydroxide (0.004 to 0.02M, also made with
boiled, distilled water) to a phenolphthalein end-point.
2. Carbon Black
The relative sorption of several acids by a porous carbon black,
with a BET surface area of 400 square meters per gram, was studied. Because of its very high surface area, small carbon black samples--0.01 to
0.1 gram--were used with volumes of 5 to 15 milliliters, in inverse ratio
to acid concentration. Methanolic and aqueous solutions were used in most
cases because of the known affinity of carbon black for benzene. The
longer acids do have a better chance in competing with benzene, however,
because of the decreasing contribution of the carboxylic polarity as
the hydrocarbon chain lengthens, and determinations were made with benzene solutions of lauric and stearic acids. All data. for this carbon
black are given in Table VII.
The relative pore size distribution is depicted in Figure 5, a logprobability plot of cumulative per cent undersize versus the number of
carbons in the acid chain. The possibility of capillary condensation of
nitrogen is ignored and it is assumed that all of the interior surfaces

TABU: VII
SORPTIONa OF FATTY ACIDS BY CARBON BLACK (BET = 400 M2 /GM)
Equilibrium
Initial
Concn. C
Concn. C 4
(Moles Liter)(Moles Liter)

Specific
Surface Area
(m2/Gm )

Solvent

Method
Of Assay

Formic acid

Water

Titration.

0.0191

0,0184

0.02

47

Formic acid

Water

Titration

0.1493

0.1401

0.15

191

Formic acid

Water

Titration

0.2722

0.2674

0.28

116

Formic acid

Water

Titration

0.4528

0.4004

0.46

155

Sodium acetate

Water

Radioassay

0.0212

0,0194

0.003

83

Sodium acetate

Methanol

Radioassay

0.0387

0.0365

0.03

113

Acetic acid

Water

Titration

0.0964

0.0925

0.10

92

Acetic acid

Water

Titration

0.1465

0.1422

0.15

128

Acetic acid

Methanol

Titration

0.1059

0,1093

0.11

Negative

Hexanoic acid

Water

Titration

0,0141

0.0101

0.21

163

Sodium hexanate

Water

0.0201

0.0172

Hexanoic acid

Water

Radioassay
Titration

0.0278

0.0215

0.45

173

Hexanoic acid

Water

Titration

0.0478

o.o4o0

0.84

226

_ Hexanoic acid

Methanol

Titration.

0.3492

0.491

Hexanoic acid

Methanol.

Titration.

0.1229

0.1959

Sodium hexanatec

Methanol

Radioassay

0.4601

0.4594

0,54

14

Sodium hexanatec

Methanol

Radioassay

0.4864

0.4249

0.51

235

Stearic acid

Methanol
Methanol

Radioassay
Radioassay

0.0161

0.0121
0.2952

0.65

73

Sorbatc

0.3226
Laurie acidd
0.0145
Radioassay
Benzene
Laurie' acid°
0.0141
Radioassay
Benzene
Stearic acid
0 0141
Benzene
Radioassay
Stearic acid°
At room Temperature, 75" TO f_ F, unless otherwise noted.
c
bActivities instead of reduced concenuraiions when systms

0.0129
0.0130
0.0137

C e /C o

130

0
Negative

0.32
0.003
0.62
0.47

,Jemperaturef 24v to 15
- Temperature: 5° C.

117
64.7
63. 6
15.6
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are covered with a monolayer.of nitrogen molecules to contribute to the
total BET value of 400 square meters per gram. The per cent of the total
surface that consists of pores under the size required by a particular
acid is then obtained by dividing the difference between the fatty acid surface area and the BET surface area by the latter figure. Only the values
obtained with hexanoic, lauric, and stearic acids are used in this plot,
as work with carbon black was discontinued before complete isotherms for
acetic and formic acid could be obtained,

In completely miscible systems

such as these; isotherms should include the entire range of concentration
from 0.1 to 0.9 mole fraction of acid to determine the point at - which a
fUll monolayer is formed. The carbon black work was discontinued because
of the uncertainty about the fatty acid orientation.

3.

Silica
The relative sorption of different fatty acids by a high-surface

silica was studied. The general degree of porosity of this particular
silica was determined by comparing its BET surface area of 193 square
meters per gram with the surface area calculated from ita density and mean
particle diameter. The latter was obtained by measuring particles on
electronmicrographs made of the silica at magnifications of 8000X and
15,000X. The resulting partidle size distribution is shown in Figure

6-

The density was determined by utilizing pressure differences to measure
the volume of helium contained by a, flask before. and after a weighed sample
of silica was put in the flask. From the density of 2.49 grams per cubic
centimeter and the mean particle diameter of 0.043 micron, a surface .
area of 56 square meters per gram was calculated as shown below.

-31-
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w

Particle Area
Particle Weight

n(.043 x 10 -6
249 gm
2 3
(M x 10 )

x

0

-6
,
(.043
x l0 -6 ,3

2

2.496x .043 gm

56

2/gm.

Thus approximately 71 per cent of the BET surface area may be attributed
to pores or capillaries.
As silica should have no affinity for benzene, this solvent was used
for fatty acid surface determinations. Isotherms for its sorption of
hexanoic, acetic, and formic acids were determined by means of acid-base
titrations utilizing 0.1- to 0.5-gram samples of vacuum dried and degassed
in the sample flask described previously. Solution volumes varied from
1.2 to 8.4 ml in inverse ratio to the acid concentrations. The sorption
of lauric and stearic acids by this silica was determined by means of
radioassay of carbon-14. Data from all experiments utilizing this silica
are presented in Table VIII. The sorption isotherms are shown in Figures
7 and 8. Its approximate pore size distribution is pictured in a cumulative, log-probability plot, Figure 9.

TABLE VIII
SORPTION QF FATTY ACIDS FROM BENZENE BY HIGH-SURFACE SILICA
(BET
193 ML /GM), MEASURED BY ACID-BASE TITRATION - OR EADIOASSAY
SoLution Concentration
Initial tLi!
Equilibrium (Ce)
Wioles/Liter)

ITTo

Solution
Volume
1\41)

Formic

0.1186
0.1989
0.1730
0.iO44
0.1062
0.1527
0.0983
0.1697
0.1328
0.1489

8.37
6.81
4.05
-39
1,26
3,01
2-93
4.11
2.33
3.n

0.0492
0.0940
0.1336
0.2089
0.2461
0,2947
0.3766
o.4278
0.7814
o.8497

0.024L
0.0386
0.0420
0.0286
0 0.57
0,1230
0,2645
0.2903
0.5063
0.4833

Acetic

0.1388

4.03

0.0232

0.0265
0.1692

3.06
2.74

o,o8o1
0.1142

0.9721

3.02

0.1983

0.3575
0.1272
0.7737

3.70
3.10
1.15

0.2215
0.2986

0.2885
0.4931

2087
3.22

0.3103
0.3805
0.5382

0,0974
0.1841
0.2864

3.61
3-73

00784
0.1529

:3.39
2,55
3.10

0.2518
0.3187
0.3640

3.00

0.4468

Acid

SanTle
Weight
-

Hexanoic
(Caproic)

0.2245
0.3272
003161

Acid.
Sorbed

(10' x Moles/Gm)

Specific
.
t
Surface Area
(M7/Gm)

1.77J_
1.836
2.144
2.2L5
2.306
3,384
3.340
3.330
4.827
7.65o

:19
24
265
277
285
428
412
411
596
945

0.0078

0.447

0.076
0.0488

0.755
1.059

55
93
132

0.1682

1.259

156

0.1069

1.083

134

0.2380
0.2292
0.2338
0.3180

2,477
1.206
1.459
10438

182
148
180

0.06175
0.1180
0.1843
0.2547
0.2885
0.3696

0.559
0.707
0.799
0.727
0.715
0.7,33

69
87
99
90
88
90

(continuea,)
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TABLE VIII (Continued)
a
SORPTION OF FATTY ACIDS FROM BENZENE BY HIGH-SURFACE SILICA
(BET ,,, 193 M2 /GM), MEASURED BY ACID-BASE TITRATION' OR RADIOASSAY.

Lauric
specific
activity ,-,
0.012 mr/gm.
Stearic d

Solution Concentration
InitiarrciT
Equilibrium. (Ge)
(Moles/Liter)

Sample
Weight
(Gm)

Solution
Volume
(M1)

Acid
Sorbed
(10 3 x Moles/Gm)

0.1326
0.0935
0.0976

2.55

0.4931
003i4
0.4931

0.4491
0;306
0.4668

00846
0.257
1132

io4

)000
4.20

0. 1366

14,45

000142

000110

0.338

42

Specific . 13
Surface Area
( /Gm)

140

a
b
c
d

aa cozd

(specific
activity =
0.246 mc/gm

Formic, acetic and hexanoic acids were sorbed at room temperature °, 75 to 78
o
sorbed at 10 C and stearic at 15 ° C.

o

F.

A cross-sectional area of 20.5 square angstroms was used for each acid.
The
The

Ce/Co
Ce/Co

values for these determinations were 0.42, 0.28,
value was 0.36.

and 0.43, respectively.

Lauric was

o^

Acid
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IV. DISCUSSION' AND CONCLUSIONS

A. Stearic Acid Sorption
1. General Method
Radiostearic acid sorption as a technique for surface area determi ti
nations has some advantages over the well known BET nitrogen adsorption method.
Primary among these is the smaller sample required- Powder samples weighing
0.5 gram or less with specific surfaces of 3 6 , 6.5 and 6.0 square meters
per gram have been determined by radiostearic acid sorption, while samples
having a total surface of 5 square meters or more are required in the BET
technique.
A second advantage is the time element. For easily dried samples such
as zinc sulfide, six samples with no previous drying could be run daily or
eight samples that had already been dried could be run. Moisture retentive
materials such as silica, however, that require several hours of vacuum drying, do not have this advantage unless they can be vacuum-dried overnight.
Usually the daily capacity for BET determinations is four per operator,
though here again the time element varies with the type of powder, since
these samples must be not only dried but also degassed and then carefully
checked for equilibration as the aliquots of nitrogen are added to them.

2. Sample Drying Method
The requirements for sample drying are much more restrictive for
powders which undergo chemical reaction with stearic acid than they are
for powders inert to the acid. Sodium bicarbonate and sodium carbonate,
for example, while easily dried, must then be protected from contact with
atmospheric moisture entering the jar when the sorbate solution is added
to it. Alumina, clay and silica hold water by such strong bonding that

-39-
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stearic acid molecules cannot displace it, so vacuum drying for

7

hours or

longer and protection from atmospheric moisture are necessary in determining
their surface areas.

3.

Silica Sorption Isotherm
None of the stearic acid determinations on silica or clay gave

surface areas as high as the BET values. One possible explanation is incomplete drying, since the most stringent drying conditions used with silica in
these determinations were 100 mm of pressure and 100 ° to 110 ° C, while one
micron of pressure and 120 ° C had been used in the BET determinations. The
silica-stearic acid isotherm obtained had still not become flat at a C /C
e o
value of 0.7, so it is also possible that stearic acid monolayer formation on
silica may not be complete until, as suggested by Smith and Hurley for acetic
acid on carbon blacks, 38 the equilibrium concentration is essentially equal to
the saturation concentration.
Also worthy of consideration is the possibility that, on acid substrates,
acid molecules may be less closely packed and show an effective area of 25
square angstroms. A break in the force-area curve of stearic acid on acid solutions is found at this area, in addition to that at high pressure and 20.5
square angstroms for a close-packed layer. One possible explanation, preferred
by Kipling, 39 is orientation of the chain at an angle of 26.5 degrees to the
vertical, which would allow stabilization by hydrogen-bonding between carboxyl
groups of adjacent molecules and would show a projected area of 25 square angstror.
B. Sorption of Shorter Fatty Acid Molecules Labeled with Carbon-14.
A thin-end window Geiger counter was found unsatisfactory for radioassay

38 H.

A. Smith and R. B. Hurley, op. cit., p. 1416.

39 J. J. Kipling, "Some Recent Advances in Surface Chemistry," J. Oil and
Colour Chemists' Assn. 22, 641-52 (1956).
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of the shorter fatty acids used in this investigation. Although replicate
plates of lauric acid identical in appearance have been produced, counting
them has shown wide deviations, apparently due to atmospheric moisture
which they adsorb while being counted.
The liquid fatty acids should be covered during handling and assay,
since even the relatively long hexanoic acid has been found volatile enough
to contaminate, overnight, lids of Petri dishes used for storing and handling samples and is thus hazardous. Covering the plates while they are
being assayed is, of course, impractical because most of the low-energy
radiation emitted by carbon-14 would be absorbed by the cover. Attempts
to plate hexanoic acid as a salt by pipetting aliquots on top of concentrated
solutions of, or pellets of, strong bases were unsuccessful because of the
slow reaction rate. Application of heat to such plates was found to
increase vaporization more than it increased the rate of reaction.
While the use of sodium salts of the carbon-14-labeled volatile acids
is feasible, it is disadvantageous in many sorption studies. The negligible solubility of the salts in nonpolar organic solvents restricts their
use. Evaporation of large volumes of such dilute solutions would be necessary to obtain a sample assayable by end-window Geiger counter. Solutions
in polar solvents--water, the lower alcohols, etc.--are unsuitable for many
powders because of the strong competition by the solvent for sites on the
solid substrate. Sodium acetate, for example, was not sorbed from methanol
by zinc or calcium sulfate samples.
The foregoing considerations resulted in assay of the sorption of
formic, acetic, and hexanoic acids by titration with standard potassium hydroxide solutions. It appears, however, that radiotracer techniques would be
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preferable if a liquid scintillation counter, allowing direct assay of the
solutions in sealed sample tubes, were available.

C. Sorption of Fatty Acids by Porous Powders
1. General
a. Orientation. Knowledge of the orientation of the acid chain
axis to the substrate is requisite to the proper interpretation of sorption studies. In close-packed monomolecular layers oriented perpendicular
to the sorbent surface, homologousacids have essentially the same crosssectional area

If, however, the chain axis lies parallel to the surface,

the cross-sectional areas show a straight-line relationship to the chain
lengths and molar volumes which, in turn, are directly related to the
number of carbons in the chain. Unfortunately there is some disagreemen -,:,
in the literature about these parameters. Relationships utilizing data
from several different sources are illustrated in Figure 10.
When a powder is know to have a monolayler sorbed with the acid chains
perpendicular to its surface, surface area values that decrease with increasing chain length indicate that the powder contains various sizes of fine
pores. In parallel orientation, however, such a relationship between acid
length and sorption would be found on nonporous powders, and only definite
deviations from linearity in the relationship or a steeper slope of the
straight line would indicate the presence of fine pores.
b.

Completely Miscible Liquids. For completely miscible systems,

e.g., aqueous solutions of formic, acetic, propionic, and (at room temperature) butyric acids, isotherms over the entire range of concentration
(0- to 1-mole fraction) show that both materials are sorbed to some extent
and in some cases the monomolecular layer may never be free of molecules
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Figure 10, Chain Lengths and Molar Volumes of Saturated Fatty Acids
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of the solvent, that is, the nonacid. The incomplete data obtained for
methanolic solutions of formic, acetic, and hexanoic acids on carbon
black indicate that isotherms for these systems would probably be of the
type pictured in Figure 11, which shows "negative sorption, i.e., a portion of the concentration range in which the "solvent" liquid is sorbed

Ac i dScated

more than the acid solute.

a)
co0
Qi

Mole Fraction of Acid

Mole Fraction of Acid

Figure 11. Isotherms of Concentration Change in Miscible Binary Liquid
Mixtures.
Fu, Hansen, and Bartell

4o

show the sorption of acids in such systems

by a log-log plot of molality in the sorbed layer, ms , versus activity
coefficient of sorbate in the sorbed layer, f s . Such curves show a sharp
break at the first layer. Plots of x/m ,(millimoles sorbed per gram)
versus f

s

fit the modified BET equation shown below, where C

o

and C are

the saturation and equilibrium concentrations and b is a constant.

4o

Ying Fu, R. S. Hansen, and F. E. Bartell, "Thermodynamics of Adsorption
from Solutions..,I. The Molality and Activity Coefficient of Adsorbed
Layers," J. Phys. Chem. 52; 374-86 (1948).
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(x/m) m be
X/ M

(Co - C)

(b-1) C[6-0-T-

2. Carbon Black
Sorption studies on a porous carbon black were discontinued
because of the uncertainty about the orientation of fatty acids adhering
to it. Apparently this orientation depends upon the past history.of the
carbon. A completely reduced carbon black or charcoal should attract the
methyl group on the end of the organic chain and the polar end would extend freely out in a polar solvent, particularly in water, as theorized
by Lemieux and Morrison.

1

On a slightly oxidized sample the chains

would probably lie parallel, or nearly so, to the substrate, since
carbon-to-carbon bonds would attract the chain and carbon-to-oxygen
bonds would attract the carboxyl group. A highly oxidized surface, on
the other hand, would have many polar sites to attract the carboxyl
end of the molecules and these could lie close enough together to force
the chains out perpendicular to the substrate.

3,

Silica
In the log-probability plot, Figure S.J, showing pore size distri-

bution for the silica (BET surface 193 square meters per gram) investigated extensively during the course of this project, no figures are
included for lauric acid because of the anomalous'results obtained with
it. The poor results with lauric acid were due to plating difficUlties
that can be solved only by the use of liquid scintillation counting for
radioassay or by an altogether different method of assay, e.g., potentiometric

41 R. U. Lemieux and J. L. Morrison, loc. cit.
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tit rations.
A. value for formic acid does not appear on the figure because the

sorption of it either equals or is greater than the BET nitrogen adsorption depending upon the effective cross-sectional area of formic acid.
The - cross. section of this acid should be less than the 20.5 square
angstroms generally used for fatty acids in perpendicular orientation,
since it has no methyl group above the carboxyl group. The projection of
a long-chain fatty acid with its chain axis perpendicular to the substrate,
2
as described by Vold, • is compared with a probable projection of formic
acid in Figure 12. An approximate area of 16.8 snuare angstroms for this
formic acid projection was determined by comparing the weights of paper
models of these two projections. Blackburn and Kipling

43

postulate an

effective area of 1.3.38 square angstroms for formic acid on charcoal,
with its projection as shown in Figure 13. Gryazev,

44

however, claims

monolayer formation of dimeric formic acid with an effective cross
section of 20.8 square angstroms (experimental;. 20.2 = theoretical area
for dimes) when it is sorbed from hexadecane and 1-methylnaphthalene by
'several natural and synthetic adsorbents.
The postulated areas of 16.8 and 13.38 square angstroms for formic
acid are very close to the liquid and solid areas for nitrogen, .16.2 and

42 M. J. Vold, loc. cit.
43

A. Blackburn and J. J. Kipling, "Adsorption on Oharcoal from Aqueous
Solutions of Fatty Acids A Further. Interpretation of TraubeYs Rule,"
J.' Chem. Soc. 1955, 1493-7 (1955).

44 N.

N. Gryazev, The Association Effects of Organic Acids on Adsorption
from Nbnpolar Solvents," Dokladv Akad. Nauk S.S,S.R. 118, 121-4
(1958) C A. 52, 19342d (1958).
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a.

b.

2
Stearic and Other n-Fatty Acids, 20.5 A , as
Pictured by M. J. Vold, J. Colloid Sci. 7,
196 (1952).

Formic Acid, 16.8 A 2 .

Figure 12. Projection of Fatty Acids on a Plane Perpendicular
to the Chain Axis.

in
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Figure 13. Orientation of Formic Acid on Charcoal. (Postulated by
Blackburn and Kipling. 4 5)
13.8 square angstroms. A 20 per cent difference is found in surface areas
calculated with the latter two figures. The average of these two formic
acid figures, 15.1, approaches the 15.8 figure for nitrogen which Joy

46

claims to be accurate within 3 per cent. In general, it appears that mono.

layer coverage by formic acid should require the same number of moles that
monolayer coverage by liquid nitrogen does in the BET method. Such a
conclusion is supported by the sorption isotherm shown in Figure 7. If
the first break in this curve, at 0.0026 mole per gram, is taken to be a
monomolecular layer with a 15.1 square angstrom molecular area, the resulting value of 206 is within 7 per cent of the BET value. In addition, if
the second break, at 0.00335 mole per gram, is considered to indicate a
monolayer of dimers, with an area of 20.2 as calculated by Gryazev, a
specific surface of 204 square meters per granT is obtained.
The values shown on Figure 8 for acetic and hexanoic acids were
obtained by subtracting the electron microscope value, 56, from each fatty

45

A. Blackburn and J. J. Kipling, loc. cit.

46 A.

S. Joy, The Determination of Specific Surface by Gas Adsorption,"
Vacuum 3, 254-78 (1953).
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acid value, thus obtaining the portion of the surface area due to pores
accessible to the respective acid. Assuming the pore surface accessible
to formic acid to be 100 per cent, this figure, 148 square meters per gram,
is divided into the pore surface accessible to the other acids, 127 for
acetic acid and 36 hexanoic acid, to obtain the per cent of pores, 86 and
24 per cent, respectively, as large as or larger than that required for monolayer coverage by these acids. The per cent of pores smaller than the
required size, "per cent undersize," is plotted versus the number of
carbons in the acid.
The per cent undersize for stearic acid approaches 100 per cent. In
fact, the radiostearic acid surface area of 43 is lower than the value of
56 calculated from the mean particle diameter. There are several possible
contributing factors. First, in the surface area calculated from the
mean diameter and density of the silica, the particles were treated as
regular spheres and no corrections were made for deviations in shape.
Second, combined experimental errors in the radiostearic acid determination
may be as great as 5 per cent. Third, aggregated particles were separated
by ultrasonics before they were placed on the electron microscope slide,
while only manual shaking was used in fatty acid determinations. Conceivably
some aggregates could have been bound too tightly to allow complete contact
of the particle surface and sorbate solution.
The data for this sample of silica indicate that 71 per cent of the
surface available to nitrogen is due to pores; that all of the pore surface
available to nitrogen is also available to formic acid; that 86 per cent
of it is accessible to acetic acid and 24 per cent of it is accessible to
hexanoic acid; and that essentially none of the pore surface is available

-49-
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to stearic acid to a larger extent than perhaps pores containing one molecule of stearic acid effectively blocking other molecules from entering.
However, the dimensions of pores corresponding to the different fatty acid
monolayers must be estimated. If all pores are assumed to be spherical,
with openings or necks at least large enough to admit nitrogen molecules
readily (17 square angstroms or larger), the geometry of spheres can be
utilized in interpreting pore size data.
Consider Figure 14 below, which pictures a spherical pore with an
internal, close-packed monolayer of fatty acid molecules attached at their
polar end groups. Because of steric hindrance, the extremely close

Cross-sectional area 2
of acid here is 25 A .
Cross-sectional area
of acid here is 18.4

K
Figure 14. An Idealized Pore.
packing required to give a fatty acid cross-sectional area of 20.5 square
angstroms seems less likely to occur in fine pores than the looser packing
that would give a value of 25 square angstroms (found at the second break
in film pressure curves for fatty acid monomolecular films on aqueous

-
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solutions). Therefore the latter figure will be used in the following calculations, along with the value of 18.4 square angstroms given by Kipling

47

as the cross-sectional area of methylene groups.
If n is the number of molecules in the monolayer, then the internal
surface area of the pore equals n 25 square angstroms, and the internal surface of the monolayer facing the spherical void is n 18.4 square angstroms.
Let the internal surface area of the pore S t . Then
St =31. (Dt ) 2 ..v(D.+2L) 2 = n 25A2 ,
and
2
Si =n (Di ) 2= n 18.4A ,
whereDt =totaldiameterofthepore,..(D.± 2L),
D. = diameter of the spherical void,
S. = area of the void or inner area of the monolayer,
and L = the length of the fatty acid chain in angstroms.
By substitution,
n(Di 2L)
+

2

(Di ) 2 25A2
18.4A2

which can be solved for D..
1
Pore diameters calculated in this manner for several different acid
monolayers are as follows: formic acid, 22 angstroms; acetic acid, 42
angstroms; hexanoic acid, 123 angstroms; lauric acid, 244 angstroms; and
stearic acid, 366 angstroms. Accordingly, the silica sample seems to
have pores that are all smaller than 366 angstroms in diameter, 76 per cent
smaller than 123 angstroms, and 14 per cent smaller than 42 angstroms in
diameter.

47 J. J. Kipling, loc. cit.
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V. SUMMARY
In this investigation, undertaken to develop a method for surface area
determination by sorption of fatty acids labeled with a radiotracer, solutions of stearic acid-1-14 in benzene had to be plated and counted. Of
many plating techniques tried, the best consisted of pipetting 0.1-m1 aliquots onto chilled 25-mm watch glasses and returning them to the refrigerator
for slow solvent evaporation.
A general method for surface area determination by radioassay of
stearic acid sorption was developed. The following steps, which are applicable to all powders, may be simplified considerably for easily dried,
nonhydrophilic powders such as zinc sulfide: (1) weigh approximately one
gram of oven-dried powder into sample,flask (preferably a small round-bottom
flask with a stopcock above the ground-glass joint at the neck); (2) heat

6

hours at 110 ° C while simultaneously degassing by vacuum pump; (3) close
stopcock, cool sample, and above the stopcock attach a burette filled with
the benzene solution of radiostearic acid (7 to 8 grams per liter; 0.l.to
0.2 millicurle per gram of acid); (4) measure 10 m1 of solution into flask,
close stopcock, and shake vigorously; (5) let sample equilibrate in water
bath one hour at 15

o

C, with occasional shaking; (6) decant the solution

into a centrifuge tube, stopper, and centrifuge briefly; (7) decant to another
tube, stopper, and let the solution reach room temperature before plating;
(8) pipette three or more 0.1-ml aliquots of this solution and of original
solution to chilled, 25-mm watch glasses and place in refrigerator for
slow evaporation of the benzene; and (9) count the plates with a thin endwindow Geiger counter.
An empirical correction for self-absorption and other factors tending
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to distort the relation of observed concentration is applied to the counts.
The surface area is then calculated by the equation given below.
- (initial-final) moles/ml X 10 ml X (6.023 X 10 23 X 20.5 X 10 -20 ) m2 /mole
•
sample weight
The effects of drying methods, drying time, and sorbent-sorbate contact
time on surface area determinations by radiostearic acid sorption were
studied. While a sorbate contact time of one hour was sufficient for most
powders, the drying requirements varied widely. Oven drying for one hour
at 110 0 C was satisfactory for zinc sulfide, but extensive vacuum drying
was necessary for silica. Hydrophilic powders and basic materials such as
sodium carbonate and sodium bicarbonate required the use of a special
sample flask with attached stopcock, by which the sorbate solution could
be added without admitting atmospheric moisture, but
jars

4-ounce screw-cap

may be used for other powders.
The sorption of fatty acids of different chain lengths on high-

surface, porous carbon black and silica was studied. Initially, attempts
were made to use carbon-14-labeled lauric acid

,

hexanoic acid

,

sodium

hexanate, and sodium acetate. The accuracy of these determinations was so
poor, however, because of difficulties in plating the solutions for radio ,assay, that titration with standard base was substituted for radioassay of
hexanoic, acetic, and formic acids.
Carbon black with a BET surface area of

400

square meters per gram

was found to sorb more hexanoic acid than lauric acid and more lauric than
stearic acid. A tentative treatment of the values, plotting the number
of carbons in the fatty acid chain versus the per cent of total surface
inaccessible to each size of fatty acid, showed 44 per cent of this
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surface not available for hexanoic acid monolayer, 71 per cent not available to lauric acid, and 84 per cent inaccessible to stearic acid. Study
of this carbon was discontinued before the monolayer information for acetic
and formic acids had been completed, because uncertainty about the orientation of fatty acids to the carbon substrate made interpretation of data
inconclusive.
Silica with a BET surface area of 193 square meters per gram was
found, by electron microscopy, to have a mean particle diameter of 0.043
micron. The surface area calculated from particle size and density, and
thus discounting fine pores in the particles, was 56 square meters per
gram, only 29 per cent of the total surface. Its sorption of monolayers
of formic, acetic, hexanoic, lauric, and stearic acids from benzene solutions was determined and interpreted to show the approximate pore size
distribution of the 71 per cent of total surface apparently due to internal,
or pore, surface. Formic acid and stearic acid were judged to show the
upper and lower limits, respectively, of sorption by this silica, because
of their correspondence to the BET (nitrogen adsorption) surface area and
the external surface calculated from the mean particle size. The lauric
acid sorption was omitted because of the inability to duplicate results with
it. Acetic acid and hexanoic acid monolayers were able to occupy 86 per
cent and 24 per cent, respectively, of the available pore surface. The
diameters of pores available to monolayers of different fatty acids were
approximated to be 366 angstroms for stearic, 244 angstroms for lauric, 123
angstroms for hexanoic, 42 angstroms for acetic, and 22 angstroms for formic
acid.
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