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Thermodynamic functions for- 2-chtorocyciobutanone: 
2-chioro-2,4,4-trideuterocyciobutanone: 2_bromocy- 
ciobutanone; and 2-bromo-2,4,4-trideuterocyclobutanone 

s_ CHEW AND 3. LlELhtEis 
Chemkal Ei@&hg Deparrmcnt, Z%e Unicersity of Brmitish ~okmbia, Vancomer. B.C. (Chzab) 

(Rcceivd 19 -1976) 

The thermodynamic fmctions, q, s”, -(F’-HD/T and (HO-HDjT, have 
bees computed in the ideal g,as state at 1 atm for 2-chIorocycIobutanone; Z-chIoro- 
2,4+trideuterocyclobutanone; 2-bromocyclobutanone and 2-bromo-2,4,4&dentero- 
cydobutanone_ 

The accessiiifity of t5e needed vibrational spectra and structural datalm3 for 
2shIorocydobutanonee; 2shIoro-2,4,Mrideuterocyclobutanone; 2-broniocyclobuta- 
no= and 2-bromo-2,4&trideuterocycIobutanone has made it possr%Ie to continue the 
caIcuIazion of the ideal gas state thermodynamic fmctions, Cz; So; -(F’--HD/T; 
and (H*--Ha/T, for halogenated smaIl ring compoundscd_ The functions fa each 
given compound were caIcuIated by means of the cIassicaI statisticaI mechanical 
methods. 

The obtained results uable I) were curve-fitted’ to equ (1): 

A = iz+bT-i-cTZ (1) 

w&e A is the thermodynamic function at the temperature, K. The constants, Q, b, c 
were obtained by means of the common least squares curve fitting methods’ and 
are found in Table 2 The needed molecular parameter data are presented in Table 3, 

DISCUSION. 

The thermodynamic functions of 2-chIorocydobuta.none and 2-chloro-2,4,4- 
frideuterocycIobutanone eabIe 1) were caIcuIated using the fundamental vibration 
fquency assiguments by Durig and Green’ and the molecular structural-data of 
Frei and GM&&~. During a.nd.Greenl considering the harmonic appe&mce of 
the +d assigned to the ring-puckering vibration along with the absenct5 of large 
diff&zn~ between the liquid and low temperature solid ph&e spectra conduded that 
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TABLE 2 

CALCULATED CONSTANTS a, 6 AND c lN EQN (1) 

Funcriim - a bx IO= cx IO5 Srandiud errof’ 

2-Chlorocyclobutano& 
G - 0,587 8210 -3592 02313 
-w=-JCiw 43380 4.920 --9.S67 o-o-q7 
&-fCW 51.650 3.270 8.670 3.750 - -2.008 1.021 0.0526 0.0208 

t-Chlor~~4,~~dcuterocydobutanonc 
G o-852 85SO -3.894 0.2960 
-CT-HZW 48.010 5320 -I_090 OAMS4 

&-Egw- 
50370 9JSO -Z390 OXi 
2965 4.260 -1300 . 0.0302 

Z-BromoqcI~butanone 
G O-271 s_o8o -3.527 0.2240 
-_(F-HxT 50.430 5.120 --1.081 0.0639 
(&-_H=)IT 54-310 3.8zN 3.730 8.840 - -2.103 1.022 0.0481 0.0302 

2-BromcL?,4&trideuteroqrclobutauone 
ct 1_SoO- 8A30 -3-821 0.2940 
--IF-ff,qIT. 49.990 5.510 -1.178 o-0554 
ZP 53.480 9.770 -2.495 0.0558 
W”-GMT 3-490 4-250 -1317 0_0282 

l Standard error is the number S wherez S = X (Y,- FJzjn--m--I; such that n is the number of 
i-1 

observations. m is the numb of indcpaxknt variables: YE is the calculated value of Y Cable 1) and 
9, is the cxtrapoted value of Y (eqn (I)). 

there is but only one equilibrium conformation of these molecyks and that the ring 
is very nearly planar. In view of these conclusions, the presented thermodynamic 
functions (Table 1) were calcu!ated assuming that indeed for both of these molecules 
the structure is pknzk with one stable equiibriunl. conformation, 

2-Bromocycloburanone and 2-bromo-2,4,4aitieuterocycloburrmcne 
The thermodynhic functions for 2-bromocyclobutanone and 2-bromo-2,4,4- 

trideuterocycIobufanone were cakulated using the fundamental frequency values as 

assigned by During and- MorriseyT_ !Jbese authors’ as a r&uIt of their Raman and 
infrared spectra analysis of ‘both m&cules did conclude thnt these molecules are 
planar or very nearly so, and that there is serious doubt as to the existence of con- 
forme& for the& molecules_ Consequently, the presented thermodynamic functions 
(Table 1) were calcuIat.ed assuming that both mole&es are planar and have only one 
stable equilibrium Conformer_ 

ACCURACY 

Since the literature &a& did -not reveal any experimental data on thermo- 
dynamic functions of these’compounds in the g&e&s state, it k not possible to 
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directly compare the experimental results with the calculated thermodynamic func- 
tion flable 1) values, Indirectly, however, if we consider the overall accuracy of the 
structural and molecular data used (Table 3) as well as the statements regarding the 
existing pIanarity of the ring structures, it may well be thought that the presented 
results would fall within an experimental measurement accuracy range, i.e., l-2% 
error estimate limit, 
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