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pensating variance occurs in the constants of the 
second reaction. The entropy of activation of the 
reaction producing hydrogen chloride is thus 
thought to be about —20 e.u., and the energy of 
activation around 23 kcal. The more negative 
entropy of activation of this reaction is consistent 
with the view that the process is also one of inter
nal rearrangement, involving a six-membered ring 
rather than a four-membered one. Examination 
of possible configurations by means of Fisher-
Hirshfelder atomic models has suggested that the 
activated complex of the reaction producing hy
drogen chloride is a configuration in which the 
chlorine atom lies between the two methyl groups 
of the isopropyl radical. This configuration is 
obviously impossible for the ethyl compound, and 
probably accounts for the difference in the be
havior of the two chlorocarbonates. 

In the case of the isopropyl compound the posi
tion of the chlorine atom allows the formation of 
six-membered rings, involving the methyl hydro
gen and carbon atoms. The chlorine attack oc
curs on one of the hydrogens attached to a methyl 
group, and hydrogen chloride is formed. The re-

The vapor pressures of the isomeric trimethyl
benzenes have been reported in the region 10-750 
mm. A study of the ultraviolet absorption spectra 
of these compounds in the vapor, which is in prog
ress in this Laboratory, made it desirable to have 
vapor pressure data available in the region 0.01-
1.0 mm. The measurements were made with a 
Rodebush manometer. 

Compounds.—These samples of API-NBS 
hydrocarbons have been made available through 
A. P. I. Research Project 44 on the "Collection 
analysis, and calculation of data on the properties 
of hydrocarbons." The samples were purified at 
the National Bureau of Standards by the A.P.I. 
Research Project 6 on the "Analysis, purification, 
and properties of hydrocarbons" under the direc
tion of Frederick D. Rossini, from material sup
plied by the following laboratories: mesitylene 
and hemimellitene, by the A.P.I. Research Proj
ect 45 on the "Synthesis, and properties of hy
drocarbons of low molecular weight" at the Ohio 
State University under the supervision of Cecil E. 
Boord, pseudocumene, by the A.P.I. Research 
Project 6 on the "Analysis, purification, and prop
erties of hydrocarbons" at the National Bureau of 

(1) This investigation was assisted by the Office of Naval Re
search under contract N6Ori-107, Task Order I, with Duke Uni
versity. 

(2) Taken from part of a thesis submitted by E. R. Hopke in 
partial fulfillment of the requirements for the degree of Master of 
Science at Duke University. 

mainder of the molecule being unstable, rearrange
ment occurs, forming propylene and carbon di
oxide. By this mechanism no side reactions are 
to be expected. Furthermore, the formation of 
an activated complex containing a six-membered 
ring would freeze more degrees of freedom than the 
four-membered ring, and so a more negative en
tropy of activation is to be expected. 

Acknowledgment.—The junior author wishes 
to express his appreciation to the Ethyl Corpo
ration for a fellowship grant in support of part of 
this work. 

Summary 
Isopropyl chlorocarbonate has been found to de

compose in the range 180-220°. The decomposi
tion is homogeneous and first order, following the 
equation k = 3.1 X l O ^ - 2 6 3 6 0 ^ . Two simul
taneous decomposition reactions occur, one pro
ducing isopropyl chloride and carbon dioxide, and 
the other producing propylene, hydrogen chlo
ride and carbon dioxide. Mechanisms of internal 
rearrangement are proposed. 
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Standards under the supervision of Frederick D. 
Rossini. The mesitylene (1,3,5-trimethylbenzene) 
was stated to contain 0.04 ± 0.02 mole % impuri
ties; the pseudocumene (1,2,4-trimethylbenzene) 
was stated to contain 0.32 ± 0.20 mole % impuri
ties; and the hemimellitene (1,2,3-trimethylben-
zene) was stated to contain 0.010 * 0.009 mole % 
impurities. 

Experimental 
The vapor pressure measurements were made with 

a Rodebush gage of the type described by Rodebush and 
Henry.3 The calibration of the gage has been previously 
described by Sears and Hopke.4 

A 0.5-mI. sample of the compound under investigation 
was vacuum distilled into an outgassed break-seal vessel. 
This vessel was sealed on to the vapor enclosure via a 
seal-off constriction. After the gage had been evacu
ated to 1O-6 mm. accompanied by torching, the break-
seal was broken and the compound was distilled into the 
vapor enclosure. The sample was frozen out with Dry 
Ice and the empty break-seal vessel was sealed off from 
the gage. 

The sample was then melted and refrozen with Dry Ice 
with the vapor enclosure closed off from the vacuum 
pumps. The enclosure was then opened to the vacuum 
and the evolved gases were removed by a ten-minute 
pump-out period. The outgassing procedure was carried 
out four times in all. 

An at tempt to measure the vapor pressure of the sample 
following this outgassing procedure was abandoned when 
it was found that the sample continued to evolve a volatile 
substance. Since the gage contained, beside the com-

(3) Rodebush and Henry, THIS JODRNAL, 82, 3159 (1930). 
(4) Sears and Hopke, J. Phys. Chem., 5«. 1137 (1948). 
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pound, only outgassed glass and quartz the volatility was 
attributed to the sample. In order to remove the volatile 
constituent it was necessary to subject the sample to a 
high vacuum for thirty-six hours while frozen out with dry 
ice. 

In view of the known purity of these compounds the 
presence of a volatile impurity was surprising. How
ever, a calculation showed that the presence of 10 p. p. m. 
of a low molecular weight organic impurity would be 
sufficient to cause the observed effect. This represents 
but a small fraction of the known impurity and would 
be undetectable in vapor pressure measurements at a 
higher pressure region. 

In these measurements the presence of the volatile 
component tended to make the measured pressures high 
and the slopes of the vapor pressure plots low. To avoid 
error from this source the measurements were repeated 
over a several day period. Their continued reproduci
bility was taken as proof of the removal of the volatile 
constituent. 

After the vapor pressure data on a given compound were 
taken, the material was distilled out of a Rodebush gage 
into a seal-off tube. The tube was sealed off while the 
compound was frozen out with Dry Ice. The refrigerant 
was taken off all traps, and the system was pumped out 
with the diffusion pump for twenty-four hours. This 
guaranteed the complete cleanliness of the system before 
the admission of a new compound. 

Results 
The vapor pressure of mesitylene was measured 

over the temperature range —18 to —5°. The 
vapor pressures of pseudocumene and hemimelli-
tene were measured over the temperature ranges 
- 1 6 to - 6 ° , and - 1 4 to - 3 ° , respectively. 
Each set of data was treated by the method of 
least squares to fit an equation of the form 

log10P = -(A/T) + B (1) 

where P is the pressure in mm. and T is the abso
lute temperature. The ice point was taken as 
273.20K. 

TABLE I 

A B 

Mesitylene 2667.51 9.394 
Pseudocumene 2432.42 8.437 
Hemimellitene 2219.69 7.508 

Table I gives the constants of equation 1 for the 
respective compounds and Fig. 1 represents the ex-
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Fig. 1.—Vapor pressures: (1) mesitylene, (2) pseudo
cumene, (3) hemimellitene, 

perimental data and the calculated curve for each 
compound. Curve (1) represents mesitylene, 
curve (2) psuedocumene, and curve (3) hemimel
litene. 

Discussion 
A word should be said at this point concerning 

the accuracy of the present data. The absolute 
error of pressure measurements was estimated to 
be 4.8%. This figure included the error in vapor 
pressure caused by uncertainty in the temperature 
scale. For each compound an average deviation 
has been calculated. This represents the self-
consistency of the data in terms of closeness of fit 
to the least squares equation. The average devia
tions were 1.08, 0.73, 1.06% for mesitylene, pseu
documene and hemimellitene, respectively. 

Woringer5 has measured the vapor pressures 
of mesitylene and pseudocumene by a static 
method. Comparison with the present data indi
cates that insufficient outgassing has caused his 
results to be in error by a factor of about ten. 
Consequently no consideration was taken of his 
data. 

The vapor pressure of mesitylene has also been 
measured by Linder,6 Kassel7 and Stuckey and 
and Saylor.8 The experimental technique of 
Stuckey and Saylor appeared to be superior to 
that of Kassel, whose data were judged to be more 
accurate than that of Linder. Since only Stuckey 
and Saylor used carefully purified mesitylene, 
their measurements were compared to the present 
data by extrapolation. 

The average deviation in the vapor pressure of 
mesitylene in the present investigation was 1.08%; 
the average deviation in Stuckey and Saylor's 
data was 0.7%. When the present data are ex
trapolated up to 0°, a value of 0.427 mm. was ob
tained compared to 0.423 mm. obtained by ex
trapolating Stuckey and Saylor's data downward 
to0° . In view of the larger absolute error in the 
measurements such agreement is fortuitous. 

The vapor pressure of pseudocumene has been 
measured by Smith and Lund.9 Their data have 
been fitted by API-NBS Research Project 4410 to 
the Antoine equation. The measurements of the 
former have been made on carefully purified ma
terial. From their data on deviations we calcu
lated an average deviation of 8.8% for five experi
mental points from 8 to 58 mm. While the exact 
value of this error was given no significance, it 
was taken to indicate that the self-consistency of 
their data was substantially less than the Stuckey 
and Saylor data on mesitylene. 

The Antoine equation on pseudocumene ex
trapolated to 0° gives a vapor pressure of 0.363 

(5) Woringer, Z. physik. CUm., 34, 257 (1900). 
(6) Linder, J. Phys. Chem., 35, 531 (1931). 
(7) Kassel, T H I S JOURNAL, 58, 670 (1936). 
(8) Stuckey and Saylor, ibid., 62, 2922 (1940). 
(9) Smith and Lund, ibid., 52, 4144 (1930). 
(10) American Petroleum Institute Research Project 44 at the 

National Bureau of Standards. Selected Values of Properties of 
Hydrocarbons, Table No. K-5, Vapor Pressures and Boiling Points, 
June 30, 1944, 
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mm. in comparison to 0.342 mm. obtained by ex
trapolation of the present data upward. The 
agreement is considered satisfactory in view of er
rors in the two methods. 

The vapor pressure of hemimellitene has been 
measured by Smith and Spillane11 on carefully 
purified material. They used the method of 
Smith and Lund.9 Their data have been fitted by 
the API-NBS Research Project 4410 to the An-
toine equation. The extrapolations of the An-
toine equation downward and the present data up
ward to 0° give 0.255 mm. and 0.242 mm., respec
tively. The agreement was considered satisfac
tory. 

It was called to the authors' attention that the 
heats of vaporization calculated from equation 
(1), Table I, are in discrepancy with calorimetri-
cally measured values12 in the cases of pseudocu-
mene and hemimellitene. The short temperature 
range of this investigation, the recognized errors 
in temperature and pressure, and the difficulty of 
removal of the last traces of the volatile compo
nent undoubtedly account for these discrepancies. 

In order to obtain the best representation of 
vapor pressures over the range covered, the pres
ent data and the extrapolated calorimetric heats 
of vaporization were combined to fit an equation 
of the type 

logp = - {A/T) - BlogT+ C (2) 
The constants of the equations are given in Table 
II for the three isomeric trimethylbenzenes. The 

TABLE II 
AT. % 

A B C deviation 

Mesitylene 4106.4 12.588 45.3277 1.0 
Pseudocumene 4120.6 12.588 45.3311 1.6 
Hemimellitene 4182.2 12.588 45.4053 4.0 

(11) Smith and Spillane, THIS JOURNAL, SS, 2639 (1940). 
(12) Osborne and Ginnings, J. Research Natl. Bur. Standards, 39, 

453 (1947). 

I. Introduction 
In a previous paper of this series,2 the effect of 

added methanol on the equivalent conductance of 
long chain electrolytes in aqueous solution was de
scribed. I t was found that in the case of «-octa-
decyltrimethylammonium nitrate and w-hexade-
cylpyridonium bromide, the breakpoint concen
tration increases with increasing methanol con
tent of the solvent, while the critical phenomenon 

(1) This paper is based on a portion of a thesis presented by Philip 
F. Grieger in partial fulfillment of the requirements for the Degree 
of Doctor of Philosophy in the Graduate School of Brown University, 
June, 1947. 

(2) Evers and Kraus, THIS JOURNAL, 70, 3049 (1948), 

average deviations of the present data from equa
tion (2) is also tabulated for each compound. 

As a check on the validity of the calibration the 
vapor pressure of water was measured from —40 
to —32°. The results were compared with the 
data of Scheel and Heuse,13 who made careful 
measurements over the same temperature range 
using the Rayleigh manometer. The present va
por pressure data were about 4% higher, but slopes 
of the vapor pressure curves were alike. The av
erage deviation of Scheel and Heuse's data from 
their calculated vapor pressure curve was 2.2% 
over the temperature range in question. The 
agreement was thus quite satisfactory. 
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Summary 

1. The vapor pressures of the three isomeric 
trimethylbenzenes were measured in the region 
0.01-1.0 mm. by a Rodebush manometer. 

2. The data were fitted to the equation 
log l 0P = -(A/T) + B 

by the method of least squares. 
3. The data were compared by an extrapola

tion method to the data of previous workers in a 
higher pressure range. The agreement was satis
factory. 

(13) Scheel and Heuse, Ann. Physik, 29, 723 (1909). 
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becomes less pronounced. On the other hand, for 
w-octadecylpyridonium chloride in methanol-
water mixtures, the form of the conductance 
curve differs strikingly from that in water. While 
the usual "breakpoint" phenomenon is observed 
in water, in mixtures containing 10 to 35% metha
nol, A passes through a maximum at concentra
tions in the neighborhood of the critical concen
tration in water. This is apparently the first ob
servation of such an effect in solutions of simple 
paraffin-chain salts.8 

Since «-octadecylpyridonium bromide shows the 
(3) Robinson and Garrett, Trans. Faraday Soe., SS, 771 (1939), 

found maxima in the equivalent conductance af certain dy«». 
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