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Note

Thermodynamic functions for 2-chlorocyclobutanone;
2-chloro-2.4.4-trideuterocyclobutanone; 2-bromocy-
clobutanone; and 2-bromo-2,4,4-trideuterocyclobutanone

S- CHEW AND J. LIELMEZS v ‘
Chemical Engineering Department, The Unicersity of British Columbia, Vancouter, B.C. (Canada)
(Received 19 March 1976)

The thermodynamic functions, C3, S°, —(F°—H2)/T and (H°— H2)/T, have
been computed in the ideal gas state at 1 atm for 2-chlorocyclobutanone; 2-chloro-
2.4 4-trideuterocyclobutanone; 2—bromocyclobutanone and 2-bromo-2,4,4-trideutero-
cyclobutanone.

The accessibility of the needed vibrational spectra and structural data'~ for
2-chlorocyclobutanone; 2-chloro-2,4,4-trideuterocyclobutanone; 2-bromocyclobuta-
none and 2-bromo-2,4.4-tridenterocyclobutanone has made it possible to continue the
calculation of the ideal gas state thermodynamic functions, Cp; S°; —(F°—H))/T;
and (H°— H2)|T, for halogenated small ring compounds*S. The functions for each
given compound were calculated by means of the classical statistical mechanical
methods. :

The obtained results ('l‘ able 1) were curve-fitted” to eqn (1):

A=a+bT+cT? | l§))

where Ais the thcrmodynamxc function at the temperature, K. The constants, a, b, ¢
were obtained by means of the common least squares curve fitting methods” and
are found in Table 2. The nceded molecular parameter data are presented in Table 3. -

DISCUSSION .

2-ClonrocycIobutmone and 2-chloro-2.4. 4-trzdeuterocyclobutanone

The thermodynamic functions of 2—chlorocyclobutanone and 2—chloro—2,44—
tridenterocyclobutanone (Table 1) were calculated using the fundamental vibration
frequency assignments by Durig and Green! and the molecular structural data of
Frei and Gunthard®. During and Green' considering the harmonic appearance of
the band assigned to the ring-puckering vibration along with the absence of large
differences between the liquid and low temperature solid phase spectra concluded that
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TABLE 2

CALCULATED CONSTANTS a, 5 AND ¢ IN EQN (1)

Function a - bxI0? cx 10° Standard error*

2-Chlorocyclobutanone : . .

) C‘,' i —0.587 210 —3.592 0.2313
—(F°—HJ)]T 48380 4920 —9.867 0.0547
s 51.650 8.670 —2.008 0.0203

- (H°—HJT 3.270 3.750 —1.021 0.0526

2-Chloro-2,4 4-tndcu|:erocydobutanone .

C° - 0852 . 8.580 —3.894 0.2960
-(F" H)IT 48.010 5.320 —~1.090 0.0484
S _ 50370 9.580 —~2390 0.0422
(H°— H)IT ) 2.965 4.260 —1.300 - 0.0302
2-Bromocyclobutanone ‘ . ]
Lo : 0271 . 8080 —-3.527 0.2240
—(F°—HJ))T 50.430 "5.120 —1.081 0.0639
S° v 54310 8.840 . =2.103 0.0302
(H*—HJT 3.830 3.730 —~1.022 0.0481
2-Bromo-2 .4, 4—mdeuterocyclobmanone . : '
cy 1.800 8.430 - ==3.821 0.2940
—(F‘—H’)I T ' 49.990 5.510 —1.178 0.0554
KN ' 53480 2 ST7I0 @ —2495 0.0553
—H)T - 3.490 4250 -1317 0.0282

¢ Standard error is the number S where: § = 2 (Y,— Y,)zln—m-4l' such that n is the number of

observations, m is the number of independent vanabls Y, is the calculated value of Y (Table 1) and
Y. is the extrapoted value of Y (eqn (1)).

there is but only one equilibrium conformation of these molecyles and that the ning
is very nearly planar. In view of these conclusions, the presented thermodynamic

- functions (Table 1) were calculated assuming that indeed for both of these molecules
the structure is planar with one stable equilibrium conformation.

2-Bromocyclobutanone and 2-bromo-2,4,4-trideuterocyclobutancne
The thermodynamic functions for 2-bromocyclobutanone and 2-bromo-2,4,4-
trideuterocyclobutanone were calculated using the fundamental frequency values as
assigned by During and-Morrisey>. These authors as a result of their Raman and
infrared spectra analysis of both molecules did conclude that these molecules are
" planar or very nearly so, and that there is serious doubt as to the existence of con-
formers* for these molecules. Consequently, the presented thermodynamic functions
(Table 1) were calculated assummg Lhat both molecu_es are planar and have only one
stable ethbnum conformer

ACCURACY

} Since the htcrature smrch d:d not reveal any experimental data on thermo-
dynamxc functions of these’ compounds in the gaseous state, it was not possible to
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directly compare the experimental results with the calculated thermodynamic func-
tion (Table 1) values. indirectly, however, if we consider the overall accuracy of the
structural and molecunlar data used (Table 3) as well as the statements regarding the
existing planarity of the ring structures, it may well be thought that the presented
results would fall within an experimental measurement accuracy range, i. e., 1-2%
error estimate limit.
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