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Thermodynamic Functions for 1,2-Dichloro-1,1-difluoroethane
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Thermodynamic functions C3, Sf, (H° — HY) /T, — {(F° = H))/T have been computed
for 1,2-dichloro-1,1-difluoroethane in the ideal gas state from 250° to 750°K. at
1 atm. pressure. The restricted internal rotational contribution has been treated
in two ways: by the Lielmezs-Bondi approximate method and the conventional treat-
ment of Pitzer and Gwinn. The agreement between the calculated results by both

methods is satisfactory.

THE RECENT availability of spectroscopic data for 1,2-
dichloro-1,1-difluoroethane (I, 5, 8) has made it possible
to estimate the thermodynamic functions—heat capacity,
enthalpy, entropy, and free energy—for the equilibrium
mixture of trans and skew form isomers of this compound
in the ideal gas state at 1 atm. pressure. Table I gives
the thermodynamic functions calculated by both the
Lielmezs-Bondi approximate method (3, 7, 9, 10) ‘and the

! Present address: Cominco Ltd., Trail, B. C.

Pitzer and Gwinn (11, 12) method corrected for the asym-
metrical top contribution (4).

To compute the tabulated thermodynamic function
values, a digital computer (IBM-7040) program has been
coded (3) evaluating the reduced moment of inertia

(Equation 1), the two Pitzer and Gwinn parameters, V./
RT and 1/Qy,

_ 27935
o
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Table I. 1,2-Dichloro-1,1-difluoroethane Thermodynamic Functions

Cs (He-H®)/T - (FP-H)/T
Temperature, Cal./Mole - ° K. Se, E.U. Cal./Mole - ° K. Cal./Mole - ° K.
° K. L-B® P-G L-B* P-G° L-B¢ P-G* L-B® P-G*
250 21.32 79.70 14.96 64.74
298.15 23.40 Ces 83.64 e 16.16 L. 67.48 e
350 25.47 25.25 87.56 87.64 17.39 16.74 70.16 70.91
400 27.25 27.10 91.08 91.14 18.52 17.92 72.56 73.22
450 28.81 28.72 94,38 94.43 19.58 19.03 74.80 75.40
500 30.18 30.13 97.49 97.53 20.57 20.07 76.92 77.46
550 31.36 31.36 100.43 100.46 21.50 21.04 78.92 79.42
600 32.40 32.44 103.20 103.24 22.37 21.95 80.83 81.29
650 33.31 33.38 105.83 105.87 23.18 22.79 82.65 83.08
700 34.12 34.22 108.33 108.38 23.93 23.58 84.40 84.79
750 34.83 34.96 110.71 110.76 24.64 24.31 86.08 86.45

°L-B, Lielmezs-Bondi approximate method (9, 10). °P-G, Pitzer and Gwinn tables (11, 12)

corrected for asymmetrical top contribution (4).

VOL. 12, No. 1, JANUARY 1967

75



Table ll. Molecular Parameters

Frequencies in wave numbers, », (cm.™") (1)

Trans form:
126, 177, 195, 284, 325, 423, 560, 761, 785, 855, 891, 968,
1103, 1235, 1303, 1431, 2989, 3036.

Skew form:
126, 177, 195, 284, 314, 430, 578, 661, 768, 819, 891, 1029,
1109, 1250, 1303, 1431, 2979, 3036.

Principal moments of inertia:**

I+=18.53x10"® g. cm?
I5=64.27x 10" ®g. cm?
Ic=66.49x10"%g. cm’

Moment of inertia product:*

Trans form:

Tase= 79189 x 10 Wg.* cm.®
Skew form:

Tasc=T4988 x 10 g e ®

Square of the direction cosine:**
o = 0.4658

0
ac=0.5342
Moment of inertia of rotating top:*
In=1Iqpy, =16.74 x 10" % g. cm’
Reduced moment of inertia:*
Iea=T7.44%x10 " g cm!
Isomerization energy:
AE,, =430 cal./mole (1, 3)
Estimated energy of internal rotational barrier (Equation 2):°
Vo= 13.4 Kcal./mole

Molecular shape factor:

c=1(6)
n, =3 (assumed threefold internal rotational barrier)

Physical constants: (13).

°The following bond lengths were used for calculation: C - C =
1.54A.,C -H =1.09A.,, C - F = 1.37A,, C - Cl = 1.77A. Tetra-
hedral angles assumed. ‘T4 = 19.1x 10™® g. cm’, I = 64.2 x 10™®
g. cm’, Ic = 65.9 x 107% g. cm?, obtained by Bucker and Nielsen
(1) from microwave data. ‘Trans form: I.sc = 80,809 x 107" g°
cm?, obtained by Bucker and Nielsen (I), microwave data. ‘ah =
0.453, ak = 0, at = 0.547, obtained from microwave data by Bucker
and Nielsen (7). ‘This value is indirectly supported by Ward and
Ward (14).

the values of the Planck-Einstein functions coupled with
the classical translational, vibrational, and rotational
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degrees of freedom and the contribution owing to the
internal restricted rotation by means of the Lielmezs-Bondi
method.

Table II presents molecular parameters used in these
thermodynamic function calculations. The value of the
reduced moment of inertia, I .4, appearing in this table,
was calculated from Equation 1 (2, 4)

1-2d’l,

Teg=1In (1

Il i=ABC

where I, is the moment of inertia of the rotating top
about the rotational axis, I, Iz, Ic are the principal
moments of inertia, and au, as, ac, are the corresponding
directional cosines.

The torsional harmonic oscillator approximation:

Nm
v torsional = — <

Vo 12
o (a7)

CT (2)

yielded the height of the restricted internal rotational barrier
as 13.4 kcal. per mole (Table II). This value of the relatively
high potential energy barrier height is indirectly supported
through recent work by Ward and Ward (I4). Although
there are no available calorimetric data, the over-all agree-
ment of the calculated thermodynamic function properties
by two methods suggests that the presented values (Table
I) may well be within the bounds of the experimental
accuracy.
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