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Heats of Transition of Hexachloroethane
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It is known that the crystalline hexachloro-
ethane has three modifications; triclinic, mono-
clinic and cubic. The transition points are
45°C (triclinic~monoclinic) and 72°C (mono-
clinie~cubic), respectively. X-ray investigations
of these transition phenomena have been al-
ready undertaken by Finback® and West,*®
of whom the former conclnded that in the
cubic modification the molecules as a whole
are in the rotational motion in a rough sense.

In connection with the structual investiga-
tions, Nitta and one of the authors'®’ had
several years ago measured the vapor pressures
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of this substance and found that the entropy
change at 72°C is greater than that change
at the melting point. This result suggests that
the cubie modification of this substance may
be a sort of the so-called plastic erystals.
On the other hand, the transition point at
45°0 was not found from our vapor pressure
curves. Nelson® had already measured the
vapor pressures below 72°C, but he could not
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also find the transition at this temperature,

Recently, Ivin and Dainton'® have reported
the measurement of vapor pressure of hexa-
chlorocthane without finding the lower tran-
sition point. From the accuracy of their
apparatus they estimated that the enthalpy
¢hange at this transition point may be smaller
than 700 cal./mol. Their data on vapor pres-
sures are somewhat lower than our values, but
much better agreement with ours than with
that of Nelson when eompared. It is also found
from their results that the heat of transition
at 72°C amounts to 1.9 = 0.3 keal./mol., which
is in good agreement with our data, 2.07
keal./mol.

It is now very desirable to determine the
heat of transition at 45°C by the direct specific
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Table 1
Specific heat of hexachloroethane
ec O o o O g G
cal,/mol cal./mol cal./mol
22,25 48,9 45.80 110.7 67.47 (8.8
23,45 4.7 43,06 5.9 G%.18 8.6
24,55 AL.5 4t.Ha 56,5 68.48 (-1
25.85 A2, L 46.75 63.0 .45 i, 1
35,95 2.9 47,45 h.8 69,00 0.9
37.85 AL 47.70 ht.2 69 .45 71.0
38.51  54.8 47.45 55.3 G40 71,7
39.35 /3.3 44,55 hH.9 70,14 73.3
41.12 /3.0 48,495 H5.0 70.50 74.2
42:90 55,7 H0.00 h.7 70 63 7.2
43.25  h6.4 BN 5 an.7 70.85 B2.6
44.58%  59.9 60.0° 57.7 ser
44.75% 62.0  63.60  G0.5 transition
45.40% 94,2 44,25 61.3 70.99  113.2
45.50% 328.7 64,65 3.0 71.02 175.3
sgs 65,00 64.3 71.07  H0L.3
tramsition g5t g2l0 7150 307.9
45.000 253.9 65,70 64.4 2.0 ATl
45.15 2138 66.05 644 73.80 577
45.25  173.8 665,40 66.9 78.00 .7
45.40 133.5 67.10 6.7
* superheating
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_heat measurement.
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For this purpose and also
a8 a part of our thermochemical investigation
of plastic crystals, we have constructed a con-
duction calorimeter and measured the specific
heats of this crystal. The details of experi-
mental procedures may be described elsewhere.
The obtained specific heat curves are repre-
sented in the accompaning figure and a part
of the specific heats as well as heats of transi-
tion are indicated in Tables 1 and 2.

Table 2
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1°C  4H cal.fmol. e.u. ce./ke.
Trangition 45.0 613¢ . 1.93e 9.7
Trangition 71.14 ansﬁc{;la‘.'g;‘:w“- 5.70c  28.0
Melting 185 23300 L7 h.b01 —
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Sinee the transition at 45°C was found fre-
quently to be superheated, we have measured
the specific heat as slowly as possible (0.1°/
minute) to avoid this. The obscrved magni-
tude of heat of transition at 45°C (613 cal.y
mol.} is in good agreement with that expected
from the vapor pressure measurement by Ivin
and Dainton and also by us. As shown in the
figure, the upper transition is accompanied by
the preeeding gradual increase of specific heat.
The heat of transition at 72°C (1.965 cal./mol)
obtained by this direct method is also consis-
tent with the data from the vapor pressure
measurements.

Iu the table, the volume changes at transi-
tion points are also presented. We can see a
very good parallelism between the entropy and
the volume changes at these transition points.

For the theoretical treatment of the transition
energies from the point of view of structual
chemistry, it is necessary to determine the
crystal structure more accurately. For ihis
purpose, the X-ray analyses of these three
modifications are now going on in this labo-
ratory by other members and for the cubic
form a model of molecular motions more pre-
cise than that of Hassel is gained. The discus-
sion of the mechanism of the transitions may
be postponed, to bring this investigation to
completion.

In conclusion, the authors wish to express
their sincere thanks to prof. Nitta for his kind
guidance throughout this work. This stady was
helped by the Research Grant given by the
Ministry of Education.
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