
Proceedings of the Iowa Academy of Science Proceedings of the Iowa Academy of Science 

Volume 34 Annual Issue Article 35 

1927 

The Adsorption of Certain Vapors by Charcoal at Various The Adsorption of Certain Vapors by Charcoal at Various 

Temperatures up to and above Their Critical Temperatures Temperatures up to and above Their Critical Temperatures 

J. N. Pearce 
State University of Iowa 

C. M. Knudson 
State University of Iowa 

Copyright ©1927 Iowa Academy of Science, Inc. 

Follow this and additional works at: https://scholarworks.uni.edu/pias 

Recommended Citation Recommended Citation 
Pearce, J. N. and Knudson, C. M. (1927) "The Adsorption of Certain Vapors by Charcoal at Various 
Temperatures up to and above Their Critical Temperatures," Proceedings of the Iowa Academy of Science, 
34(1), 197-212. 
Available at: https://scholarworks.uni.edu/pias/vol34/iss1/35 

This Research is brought to you for free and open access by the Iowa Academy of Science at UNI ScholarWorks. It 
has been accepted for inclusion in Proceedings of the Iowa Academy of Science by an authorized editor of UNI 
ScholarWorks. For more information, please contact scholarworks@uni.edu. 

https://scholarworks.uni.edu/pias
https://scholarworks.uni.edu/pias/vol34
https://scholarworks.uni.edu/pias/vol34/iss1
https://scholarworks.uni.edu/pias/vol34/iss1/35
https://scholarworks.uni.edu/pias?utm_source=scholarworks.uni.edu%2Fpias%2Fvol34%2Fiss1%2F35&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uni.edu/pias/vol34/iss1/35?utm_source=scholarworks.uni.edu%2Fpias%2Fvol34%2Fiss1%2F35&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@uni.edu


THE ADSORPTION OF CERTAIN VAPORS BY CHAR­
COAL AT VARIO US TEMPERA TURES UP TO AND 

ABOVE THEIR CRITICAL TEMPERA TURES 

J. N. PEARCE AND c. M. KNUDSON" 

It is perhaps safe to state that no one property of a solid sub­
stance has been more persistently studied through so long a period 
as has been the property of solid porous bodies to adsorb gases and 
vapors. The phenomenon of the adsorption of gases and vapors 
by charcoal was originally discovered independently by Scheele1 

and by Fontana1 in 1777. In the century following much was con­
tributed which deals with the general qualitative side of adsorp­
tion. It was not until the beginning of the present century and 
more particularly with the advent of poison gas warfare and the 
consequent demand for gas mask adsorbents that an intensive 
study of charcoal and its properties was undertaken. Since then 
many investigations have been made and a number of theories 
have been put forth in the attempt to explain the mechanism of 
adsorption and to deduce laws governing it. 

Although a vast amount of data has been collected, dealing with 
the adsorption of many aubstances by charcoal, the results are not 
satisfactorily comparable for many reasons. In the first place, the 
many adsorption experiments have been performed on charcoals 
obtained from various sources and of varied past history, as 
regards the temperature of forn1ation, mode of activation, the 
temperature and thoroughness of evacuation, and the nature and 
effect of the vapors previously adsorbed. The materials from 
tvhich the charcoal is produced contain mineral matter which on 
charring is chiefly transformed to metallic oxides. These oxides 
also possess their own specific adsorption powers. The magnitude 
of the adsorption of a vapor by ordinary charcoal will, therefore, 
be affected by, and vary with, the nature of the mineral matter. It 
will also vary with the porosity ·of the charcoal. 

The object of the present investigation is to make a systematic 
study of the adsorption of a large number of vapors by a uniform 
sample of steam-activated, "acid washed. acid free" coconut char­
coal. The charcoal was kindly prepared for us by the Carbide and 

1 Ostwald, Lehrb. d. allgemein. Chemie, I. Auf., 1, 778 (1884). 
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198 IOWA ACADE1IY OF SCIENCE 

Carbon Chemicals Corporation. In this work we intend ( 1) to 
determine the adsorption isotherms for each vapor over the widest 
possible range of temperature, including temperatures higher than 
the critical temperature, when possible; .(2) to determine the rela­
tion between the magnitude of adsorption and the corresponding 
temperatures of the liquids; ( 3) to determine the influence of 
certain physical properties,- molecular volume, surface tension, 
viscosity, compressibility, etc., upon the amount of adsorption. 
( 4) By employing vapors belonging to definite homologous series, 
it may be possible to arrive at some fundamental generalizations 
involving the influence of the nature of the molecule - its volume, 
configuration and mass, as well as the electrical nature of the sub­
stituents in the molecule, upon the ease with which the vapor is 
adsorbed. 

The present paper is limited to the study of the adsorption of 
the vapors of water, methyl and ethyl alcohol, ammonia and methyl 
amine. Since the work is of a preliminary nature anticipating 
some now in progress, we shall only attempt to present the prin­
ciple results and leave much of the theoretical discussion to later 
papers. 

MATERIALS AND APPARATUS 

A high-grade sample of absolute, acetone-free methyl alcohol 
was first refluxed for several hours over metallic calcium and then 
distilled through a tall fractionating column. It was next refluxed 
over pure anhydrous silver nitrate to remove aklehydes and again 
distilled. This distillate was subjected to a. final distillation from 
metallic calcium. In each distillation only the constant boiling 
middle portion was retained. The ethyl alcohol was first allowed 
to stand over fresh quick lime for several weeks ; it was then 
decanted and distilled, the subsequent purification was made in 
the same manner as with methyl alcohol. The water used was 
regular conductivity water, clistillecl from an alkaline permanga­
nate solution, _and collected hot to avoid the presence of dissolved 
gases. The ammonia was taken directly from a tank of annydrous 
ammonia and passed over solid KOH to remove any traces of 
moisture. The purity of the ammonia gas was further tested by 
allowing a slow stream of the gas to bubble into a gas burette 
filled with dilute He SO 4 • Although the flow was allowed to con­
tinue for a considerable time, no measureable volume of an insol­
uble gas was detectable. A quantity of Eastman's 33 percent 
aqueous methyl amine was placed in a large separatory funnel 
closed tightly with a rubber stopper carrying a tube with a stop-
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ADSORPTIO:i\ OF VAPORS BY CHARCOAL 199 

cock. The stopper was sealed with DeKhotinsky cement, the space 
above the liquid was opened to the vacuum pump for a few 
minutes and the stopcock was then closed to prevent access of air. 
The free amine gas was obtained by allowing the solution to fall 
drop by drop on a large quantity of solid N aOH which took up 
the water. The amine was further dried by passing through a 
length of several feet of closely packed r)ieces of solid KOH. The 
entire system, in which the amine was generated, was first evacu­
ated, repeatedly filled with the amine and evacuated, before any 
of the gas actually used in the experiments was collected. The ash 
content of the charcoal amounted to 0.28 per cent of the total 
weight; the size of the particles used ranged from 12 to 20 mesh. 

The loss in \veight in outgassing the charcoal was determined 
by evacuating a weighed sample of charcoal under the same con­
ditions as those employed in a regular experiment. \Vhen the pres­
sure had remained constant at about 0.001 mm., or less, for several 
hours the tube ,,·as sealed off and weighed. The mean of three 
such independent determinations corresponded to a loss of 2.50 
per cent; this value was used in correcting the weight of all 
samples of charcoal to obtain the actual weight of carbon used. 
The density of the charcoal was determined by evacuating a 
weighed sample at 500° until the pressure remained constant at 
0.001 mm., or less, for several hours. The tube was then sealed, 
cooled and weighed again. The capillary was broken under hot, 
recently boiled distilled water. allowing the water to fill the pores 
of the charcoal. After permitting the temperature to become con­
stant by immersing in a thermostat at 25 °, the level of the water 
was adjusted to a given mark and the bulk weighed. The charcoal 
was then removed. the tube wa3 filled to the mark with water at 
25 ° and again weighed. The mean of four such determinations 
gave a value of 1.80 for the density of the charcoal used. This 
value was considered sufficiently accurate for calculating the "dead 
space." 

APPARATUS 

The apparatus used was a slightly modified form of that used 
by Patrick and ~TcGavick2 in their study of the adsorption of S02 

by silica gel. The apparatus was entirely of glass and all stop­
cocks were of the mercury seal type. The whole apparatus was set 
up in a large double-walled wooden air bath. fitted with two glass 
doors to permit readings without disturbing the temperature 
within. Four sets of lamp banks were placed between the walls to 

2 Patrick and l\IcGavick, J. Amer. Chem. Soc., 42, 946 (1920). 
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200 IOWA ACADEMY OF SCIENCE 

furnish heat, and two ).Iazda lamps were placed at convenient 
points within the bath to provide illumination. A high-speed fan 
at the top circulated air over the lamps and drew the heated air up 
through holes bored in the false bottom. The temperature was 
electrically controlled at the desired temperature to ±0.05 ° by 
means of a mercury thermoregulator whose length was almost as 
great as the inside height of the bath. Still more accurate control 
was obtained when desired by hand regulation for a few minutes 
just before taking a reading. 

The bulb for measuring the volume of the vapor admitted was 
calibrated with mercury for every 10° between 20° and 80°, and 
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ADSORPTION OF VAPORS BY CHARCOAL 201 

a curve was plotted from which the volume could be read at any 
desired temperature between these limits. The charcoal bulb and 
all connecting tubing were accurately calibrated by means of 
mercury. During the evacuation the charcoal was heated by means 
of a small resistance furnace at a temperature of 500° -+-10°. The 
temperature of the charcoal during an adsorption measurement 
was maintained constant by immersion in the vapor of a boiling 
liquid. The boiling flask was fitted with a return condenser and a 
ground glass stopper through which were sealed four tubes. The 
large central tube was filled with mercury in which was immersed 
the adsorption bulb, thus insuring uniform temperature through-
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202 IOWA ACADEMY OF SCIENCE 

out the bulb and a part of the stem. Another tube containing a 
few drops of mercury for thermal contact held the thermometer 
by which the temperature of the charcoal was read. The two 
remaining tubes were used as leads for the current employed to 
heat the coil of nichrome wire immersed in the boiling liquid. 
The heating current was regulated by means of a small resistance 
in series with the coil. In this way the temperature of the char­
coal bulb could be maintained constant for indefinite periods, sub­
ject only to barometric fluctuations. When these fluctuations 
became considerable the vapor pressure of the boiling liquid was 
hand-controlled by a pressure device attached to the top of the 
condenser. By means of this it was possible to control the tempe­
rature of the bulb to ±0.02° at any desired temperature. In this 
way the charcoal and the thermometer, both immersed in the vapor 
of the boiling liquid were kept at constant temperature. Several 
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ADSORPTION OF VAPORS BY CHARCOAL 203 

short-range thermometers, reading directly to 0.1 ° and estimable 
to 0.02°, were calibrated against Bureau of Standards thermome­
ters and used in the boiling flask. 

The mercury wells which controlled the levels of the mercury 
in the manometers were suspended from pulleys by flexible wires. 
These wires were attached in turn to sensitive ratchets which made 
possible a close adjustment of the mercury levels. All pressure 
readings were made with the aid of a precision cathetometer, read­
able by means of a vernier to 0.05 mm. 
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The pumps used for the evacuation of the charcoal consisted 
of a Cenco oil-pump in series with a Kraus mercury pump and a 
Langmuir high vacuum mercury condensation pump. 

Before beginning a series of determinations a known weight of 
charcoal was placed in the bulb, the small resistance furnace was 
put in place, and the charcoal was evacuated at 500° until the 
pressure had become less than 0.00005 mm. The charcoal was then 
permitted to cool to room temperature and a large volume of the 
vapor to be used was admitted. After the vapor had stood in ron­
tact with the charcoal for a few hours. the evacuation was 
repeated. This procedure was deemed wise, since Harned 3 has 
shown that reproclucihility is not obtained unless the charcoal is 

:i Harned. J .. \m. Chem. Soc., 42, 3i2 (1920). 
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204 IO\VA ACADE:\iY OF SCIENCE 

flushed out with the vapor which is to be investigated. ·when the 
pressure at 500° has again been reduced to less than 0.00005 mm. 
the charcoal bulb is shut off. If after standing for several hours, 
or, as it usually happened, over night. the pressure was still less 
than 0.00005 mm., the boiling flask was then put in place, the 
charcoal was heated to the desired temperature. and a known, 
accurately measured volume of the vapor was admitted. 

The time required after the admission of the vapor to establish 
adsorption equilibrium ~ariecl with the different vapors and also 
with the temperature. In general, it required a longer time at the 

lf_lJl-~-t~~-+-~-+~-t-~-+----1---J---t~~-+-~-I 

zoo1---+----+---+---+--+----+----'1----+----+--'---I 
o.oz· 

Fig. 5 

higher than at the lower temperatures. Equilibrium was assumed 
to exist when consecutive readings taken at half-hour intervals 
did not vary by more than 0.05 mm. When this constant pressure 
had been obtained another sample of the vapor was admitted. 
This procedure was repeated until the equilibrium pressure became 
equal to the saturation pressure. 

All pressure readings were reduced to 0°, 45 ° latitude and sea 
level. All volumes were reduced to normal conditions. The 
volume of the vapor adsorbed was calculated by subtracting the 
volume of the vapor in the "dead space," i.e., the volume of the 
unadsorbed vapor above the charcoal and in the connecting tubes. 
from the total corrected volume transferred from the measuring 
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ADSORPTION OF VAPORS BY CHARCOAL 205 

bulb. The volume of the dead space \vas obtained by subtracting 
the actual volume of the charcoal from the volume of the bulb 
and the connecting tube. 

A complete set of adsorption data has been obtained for each 
vapor within the pressure ancl temperature limits measurable. \Ve 
have tabulated for each temperature stucliecl the volume of vapor 
(N.T.P.) in c.c. aclsorbecl by 1 g. of charcoal, x/m, ancl the cor­
responcling equilibrium pressures, p. Owing to the bulkiness of 
the data these tables will be omitted in this paper. The results 
obtained are best shown graphically in the plots of the natural 
isotherms, Figs. I to V. A large scale plot was also made and the 
data necessary for the subsequent calculations were read from 
these curves. 

DISCUSSION 

In general, the isotherms are typical of those obtained in all 
ordinary adsorption processes. They s~ow that at the lower tem­
peratures the adsorption capacity is quite large, and very con­
siderable amounts of vapor are adsorbed with only a small increase 
in pressure. \Vith increasing amounts of vapor added the pressure 
changes become more marked, the curves bending sharply toward 
the pressure axis, and in some cases running almost parallel with 
it. As the temperature is increased the isotherms become less 
curved, and at still higher temperatures they become straight lines 
throughout the whole pressure range. The decrease in adsorption 
with rise in temperature is so rapid that by the time the critical 
temperature is reached the quantity of vapor adsorbed becomes 
exceedingly small. Methyl alcohol is practically unadsorbed at its 
critical temperature, but ethyl alcohol and ammonia vapors show 
a small but definite adsorption at temperatures even above their 
critical temperatures. The adsorption of water vapor at 100° was 
so slight that it was was not considered worth while to continue 
the study at higher temperatures. It was found to be impossible 
to study the aclsorption of methyl amine at temperatures above 
100°. At this temperature the amine is apparently stable, but at 
higher temperatures it is catalytically decomposed by the char­
coal. This was evidenced by the fact that when a sample of the 
amine was admitted to the charcoal at 143°, the pressure at first 
naturally decreased for a short time, and then began to increase 
and continued to do so during the next 24 hours without showing 
any tendency to reach an equilibrium value. Thinking that per­
haps a leak had developed in the apparatus, the charcoal was again 
evacuated and allowed to stand for several hours. No appreciv.ble 

9

Pearce and Knudson: The Adsorption of Certain Vapors by Charcoal at Various Temperatu

Published by UNI ScholarWorks, 1927



206 IO\\' A ACADE.\IY OF SCIEXCE 

increase in pressure was observed. \Vhen a second sample was 
admitted the former behavior was repeated. The temperature of 
the charcoal was then raised to 182°, and at this temperature the 
rate of decomposition, as indicated by the rise in pressure, was 
found to have increased almost 10-fold. 

As with many other properties, the adsorption of water vapor 
shows striking anomalous characteristics, Fig. I. The isotherms 
for water are concave toward the concentration axis, instead of 
toward the pressure axis. Even at the lowest temperature studied 
the equilibrium pressure increases rapidly at first, but as more 
vapor is added the rate of increase diminishes, until finally, the 
addition of more than 15 cc. (N.T.P.) of vapor produces only a 
few 0.1 mm. rise in pressure. This anomalous behavior of water 
vapor has been observed by Hulett and Lowry.4 They seek to 
explain it on the assumption that water vapor is not adsorbed, hut 
is abs.orbed by the charcoal. That is, because of its high surface 
tension, the tendency is for the vapor to be condensed in the capil­
laries rather than to be held by the surface attraction of adsorp­
tion. The concavity of the isotherm to the concentration axis is 
explained as being due to the fact that the smaller capillaries, 
which give the lower vapor pressures, are filled first and mnre 
rapidly so than are the larger ones. Consequently, the pressure 
increases more rapidly at first as vapor is added than it does when 
the larger capillaries are being filled. 

Lowry and Hulett4 have reported a sharp break in the isotherms 
for water. In our first experiment at 57.25° we actually did 
observe such a discontinuity, but all attempts to duplicate the 
observation, either at the same, or at higher or lower temperatures, 
resulted in smooth. continuous, normal curves. \Ve concluded, 
therefore, that our first observation was in error, probably clue to 
the entrance of a small amount of air through a stop-cock into the 
adsorption bulb. This would readily account for the peculiar shape 
of the curve, since a small amount of an only slightly adsorbed gas. 
like air. would produce a considerably greater increase in pressure 
than \Yould an equal volume of water vapor. Upon further addi­
tions of water vapor the curve should follow a course approxi­
mately parallel to its normal course, but it should be shifted along 
the pressure axis to regions of higher pressure. 

The relation which has been llSecl most frequently to express 
the relation between the magnitude of adsorption and the equili­
brium pressure is the empirical equation proposed by Freundlich ;5 

4 Lowry and Hulett, J. Am. Ch,·m. Soc., 42, 1393, 1408 (1920). 
5 Freundlich, J. Chem. Ind. Kolloide, 3, 212 (1909). 
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ADSORPTIOX OF VAPORS DY CHARCOAL 207 

x/m =' a·pi/n, (1) 

Here x/m and p have their usual significance, and a and n are 
constants which depend on the nature of the adsorbent, on the 
nature of the adsorbed substance, and on the temperature. It is 
evident that a represents the volume of gas or vapor adsorbed at 
unit pressure. The logarithmic form of ( 1), viz., 

log x/m = log a + 1/n log p, (2) 

is linear with respect to log x/m and log p, and 1/n is the slope of 
the curve. 

If the Freundlich equation ( 1) is applicable to the vapors 
studied, we should obtain for each vapor studied a system of 
straight lines when the values of log x/m are plotted against the 
logs of the corresponding equilibrium pressures, p. \Ve have 
plotted these double-log isbtherms and have found that the 
Freundlich equation is applicable to methyl alcohol and to ammo­
nia, except in regions of high pressure and high concentration, 
that is, near saturation. \Vhile these double-log isotherms for 
ethyl alcohol are fairly straight, they deviate markedly for water 
vapor and for methyl amine. This might be expected for water, 
because of the shape of its natural isotherms. Perhaps the most 
significant thing to be observed in the double-log isotherms is the 
fact that the different isotherms parallel each other over those 
pressure ranges for which equation (2) is valid. This is especially 
true for methyl alcohol. In other words, the slope, 1/n, changes 
but little with the tempreature over this range of almost 150°. 

Miss Homfray6 has found that the Freundlich equation 
expresses well the results of her observations on the adsorption 
of A, N 2 , CO, CH,, C2H, and C02 by charcoal at pressures up to 
one atmosphere. She has found also that the value of l/n increases 
from about 0.2 at low temperatures and approaches unity as the 
temperature is increased. Richardson 7 has studied the adsorption 
of C02 and NH0 by charcoal to pressures as high as 300 mm. 
He finds that equation (2) gave fair agreement over a limited 
pressure range, but not throughout the entire range studied. 
Schmidt and Hinteler8 deduced an equation for the isotherm 
which may be put in the following form: log p - log x/m -
B"x/m = K. If this expression is applicable, the plot of log p -
log x/m against x/m should give a straight line. \i\!hile such a 

6 l\Iiss Homfray, Z. physik. Chem., 74, 129 ( 1910); Proc. Roy. Sec., tondon, 84, 
99 (1910). 

7 Richardson, J. Am. Chem. Soc., 39, 1828 (1917). 
S Schmidt and Hinteler, Z. physik. Chem., 91, 103 (1916). 
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208 IOWA ACADEMY OF SCIENCE 

curve was actually obtained for benzene, the curve obtained for 
CS 2 deviated somewhat from a straight line. They found that the 
equation did not apply for vapors of hexane, acetone, methyl and 
ethyl alcohols and water. \Ve also have tested the same equation 
with our vapors and the curves obtained were so far from linear 
that it is apparent that the equation is not applicable to the adsorp­
tion of the vapors which we have studied. Schmidt and Hinteler 
also deduced a second equation, but this and the one so successfully 
used by Patrick and his students9 are modifications of the Freund­
lich equation and they should apply to all vapors for which the 
latter equation ( 1) is valid. Geddes10 has used an empirical semi­
log equation: x/m = a ± b log p. Except at low pressures, he 
found this to hold well for the adsorption of C02 by charcoal. 
\Ve have tested this equation by plotting the values of x/m against 
the corresponding values of log p. It was apparent from the 
curves obtained that this semi-log equation is only satisfied in the 
middle portions of some of the curves. Even with these there is a 
very marked curv;:ture at the beginning of most of the curves, and 
those at the lower temperatures show some curvature in the upper 
portions also. In those regions of concentration and pressure 
where the curves do approximate straight lines the curves are 
parallel. 

Among the equations which have been used to express the 
relation between the temperature and the amount of gas adsorbed 
at constant pressure is that given by Miss Homfray :6 

-~=K. 
d log C 

(3) 

Here C is expressed in percent by weight of adsorbed substance 
calculated on the total weight of the adsorbent plus adsorbed 
substance. Miss Homfray found for all gases which she studied 
that at low pressures, and for A and N 2 at all pressures, the 
straight lines obtained on plotting T against log C, when extra­
polated to log C = 2.0, or 100 percent concentration of gas, gave 
the boiling point of the liquefied gas at that pressure. She further 
states that, for the different gases studied, the values of K for 
the same pressure increase uniformly with increasing complexity 
of molecular structure. l\Ioreover, the order is the same as that 
of the molecular refractions and molecular volumes of the respec-

9 McGavack and Patrick, J. Am. Chem. Soc., 42, 946 (1920); Patrick and David­
heiser, ibid., 44, 1 (1922). 

10 G-eddes, Ann. Physik, 29, 797 (1909). 
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ADSORPTION OF VAPORS BY CHARCOAL 209 

tive gases. Another equation representing isobaric relations is that 
of Freundlich ;5 this has the form, 

log (x/m) t = log (x/m) 0 - (~ - ; log p) t. (4) 

Here, ( x/m) t and ( x/m) 0 are the masses adsorbed per gram of 
charcoal at the temperatures t0 and 0°C, respectively, p is the 
pressure, and ~ and ~ are constants which are related to the 1/n 
and x/m of equation ( 1), thus 

~ = _ d log x/m and ; = d (1/n). 
dt ' dt 

(5) 

According to Miss Hom fray's equation ( 3) straight lines should 
be obtained when the values of log C are plotted against T. Like­
wise, we should obtain similar linear curves when, as from ( 4), 
the values of log x/m are plotted against t0 • Both methods of 
plotting were tried, but in neither case did we find the equations 
valid for the vapors which we used. J\.1ethyl amine, ammonia and 
ethyl alcohol gave fairly straight portions at the lower, but devi­
ated markedly at the higher temperatures. Exactly the reverse 
was true for the isobars for water vapor, while those for methyl 
alcohol only approached the linear property in the middle of the 
plot. We have also plotted the log x/m values against the recipro­
cals of the corresponding absolute temperatures. These plots give 
fairly straight lines for water vapor and the two alcohols, but not 
for ammonia and methyl amine. 

The plots of the isosteres were obtained from the large plots of 
the isotherms by reading off the pressures corresponding to cer­
tain definite vales of x/m from each isotherm. These were plotted 
in different ways. \Vhen the pressure is plotted against the tem­
perature the vapors give a series of semi-fan-shaped curves, the 
one exception being water vapor. The isosteres for water approxi­
mate straight lines, showing that the pressure varies almost directly 
as the temperature when the quantity adsorbed is constant. All 
of the other curves show a less rapid increase in pressure at the 
lower than at the higher temperatures for equal increments of 
tern per a ture. 

Freundlich's equation for the isostere is written, 

dT 
-d-1-- = n (~ - ; log p). og p (6) 

In this n is the constant of equation ( 1), and ~ and ~ have the 
same significance as in ( 5). At higher temperatures, when 1/n 

13

Pearce and Knudson: The Adsorption of Certain Vapors by Charcoal at Various Temperatu

Published by UNI ScholarWorks, 1927
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becomes unity, ~ becomes zero and the above equation by integra­
tion becomes, 

log Pt= log p0 - !;"t. (7) 

According to (6) the ratio d log p/dT should not be constant, 
but should increase as the temperature falls. \Ve have accordingly 
plotted the values of log p against the temperature. \Vith the pos­
sible exception of the isosteres of CH3 NH2 , all of the curves were 
quite straight and parallel at the lower temperatures, but some of 
them show deviations at higher temperatures. This is in harmony 
with the principle of the Freundlich equation ( 6) in which ~ = 
d(l/n)/dT = 0, and therefore, with the condition that l/n be 
practically independent of the temperature. 

When the quantity of the adsorbed vapor, a, is maintained con­
stant, the vVilliams11 equation for the isostere, 

a A 
Jogc=B- T' (8) 

indicates that the plotting of log C, or the proportional log p, 
against the reciprocal of the absolute temperature should give a 
straight line. Coolidge12 found .this to be true for a number of 
substances, including CH30H and H 2Q. This test was applied to 
our data, but the approximation to a linear relation was no closer 
than that obtained when the temperature, rather than its reciprocal, 
is used as one of the variables. 

Ramsay and Young have found that the boiling points of two 
liquids are related by the expression, 

T T' 
- 0 = ______!? = R (T - T' ) T T' o o • (9) 

In this T and T' are two absolute temperatures read from any 
one isostere at any two pressures, T 0 and T' 0 are the absolute 
temperatures at which any saturated vapor, taken as a standard, 
has the same pressures, and R is a constant. The reference vapor 
chosen was that of ethyl alcohol. Values of T 0 /T for various 
pressures along a given isostere were calculated and plotted 
against To. Straight lines should be obtained, if the law applies. 
The law does not appear to apply as to the vapors of ammonia and 
methyl amine. The curves for methyl and ethyl alcohol for 
limited ranges indicate an approximation to the law. The curves 
for water vapor are quite straight, but the range of T 0 values for 

11 Williams, Trans. Faraday Soc., 10, 167 (1914); Proc. Roy. Soc., T.ondon, 96A, 
287 (1919). 

12 Coolidge, J. Am. Chem. Soc., 46, 596 (1923). 
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ADSORPTION OF VAPORS BY CHARCOAL 211 

each curve is small, clue to the low vapor pressure of the water at 
the temperature at which the air-bath was maintained. One inter­
esting fact was observed in making these calculations, namely, at 
the higher concentrations. (say x/m = SO cc.), the ratio of T 0/T 
is practically constant along a given isostere. This was particu­
larly true for the two alcohols and water. 

It was thought that the law of corresponding states might be 
found to apply to the adsorption of vapors. That is, under the 
same pressure equal amounts of different vapors will be adsorbed 
at temperatures which are equal fractions of the critical tempera­
tures of the vapors. To test this relation the fractions of the 
critical temperature T/T r corresponding to certain values of p 
and x/m were calculated for the five vapors studied. The results 
are indicated in the following Table. 

RELATION BETWEEN ABSORPTION MAGNITUDES AND THE 
CORRESPONDING TEMPERATURES 

x T 
M: 

--
p Tc 

c. c. mm. H 20 CH30HI C2H50H I NH3 I CH3NH2 
--·-

5 20 0.511 0.746 0.760 0.765 0.854 
5 30 0.524 0.772 0.786 
5 40 0.533 0.793 0.809 0.815 
5 50 0.542 0.811 0.826 0.830 

10 20 0.708 0.719 0.723 0.812 
10 30 0.502 0.728 0.740 0.841 
10 40 0.512 0.743 0.759 0.766 0.859 
10 so 0.522 0.757 0.774 0.780 0.868 

-

If the law of corresponding temperatures holds, the values of 
T /Tc in each horizontal row should be identical. It is evident that 
neither water vapor nor methyl amine obey the law. The data for 
the remaining vapors indicate that the law of corresponding states 
does apply with close approximation to these vapors. 

The Polanyi method of calculation, as modified by Berenyi,13 

has been found to give approximately correct values for the mag­
nitude of adsorption at various temperatures. The application and 
the discussion of this work will be left to a later paper. 

SU:\1MARY 

1. The adsorption isotherms have been determined at several 
temperatures for each of the vapors, methyl alcohol, ethyl alcohol, 
water, ammonia and methyl amine. The adsorbent was a uniform 

lo Derenyi, Z. physik. hCem., 94, 628 ( 1920). 
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sample of a specially prepared, acid-washed, ash-free, steam-:icti­
vated charcoal. 

2. The isotherms for water vapor indicate that a different type 
of phenomenon is involved here than in the case of the other 
vapors. The retention of the water vapor by the charcoal is prob­
ably due to mere capillary action rather than to the surface forces 
of adsorption. 

3. The Freundlich isotherm relation has been shown to apply, 
except near saturation, to the two alcohols and to ammonia, but 
not to water and methyl amine. 

4. The Kayser equation, as used by Geddes, is applicable only 
within a narrow range, while the equation of Schmidt and Hin­
teler, and that of "Williams do not seem to apply in any range. 

5. It is found that neither the Homfray nor the Freundlich 
equations for the isobars express satisfactorily the relations shown 
by the isobars. 

6. The Freundlich isostere equation, for the special case where 
!_; = 0, applies with considerable accuracy, except at high tem­
peratures. 

7. The Ramsay and Young law is not applicable to these 
vapors. 

8. The law of corresponding states holds approximately, except 
for water and methyl amine. 

STATE U~rvERSITY OF IowA, 
IowA CrTY, IowA. 
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