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Abstract 

The thermodynamics of the isomeric radicals Cl00 and OClO is treated on the basis of 
ab initio computed parameters. Regardless of the source of the inter-isomeric energetics, 
the Cl00 species is predominant although the other structure can also become significant 
at higher temperatures. The presence of the less stable species increases the molar heat 
capacity by no more than about 5%. The results are of importance for ozone-depletion 
mechanisms. 

INTRODUCTION 

Chlorine oxides represent the most important agents studied in 
connection with (Antarctic) ozone depleting mechanisms [2-81. Examples 
are the Cl0 and Cl,O, species [9-111 and the Cl00 and OClO radicals 
[12-191. Recent computations in our laboratory [20] provided ab initio 
structural, energetic, and vibrational parameters for the two last-mentioned 
radicals. A uniform data set allows a deeper investigation of the relative 
stabilities of these two isomeric species, and this is the subject of the present 
study. 

COMPUTATIONS 

The computations [20] were carried out with the GAUSSIAN ~93 program 
system [21] in the standard 6-31G* basis set combined with an electron- 
correlation evaluation by the second-order Moller-Plesset (MP2) pertur- 
bation treatment considering all electrons. Within the MP2/6-31G* 
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TABLE 1 

Relative a energies AE of the Cl00 and OClO isomers 

Approach AE (kJ mol-‘) 

Cl00 OClO 

MP2/6-31G* b 0.0 16.18 
MP4/6-31G* b 0.0 42.35 

a Relative to the Cl00 species. b The energetics evaluated [9] in the MP2/6-31G* optimum 
geometry. 

approach geometry optimization and harmonic vibrational analysis were 
performed. Moreover, in the MP2/6-31G* energy minima the full 
fourth-order Moller-Plesset (MP4) correlation energy calculations were 
carried out. Two minimum-energy structures (Cl00 and OClO) were 
found; Table 1 surveys their energetics. The Cl00 structure is more stable 
in both the MP2/6-31G* and MP4/6-31G* approaches. Although the 
MP4/6-31G* treatment is more sophisticated, we shall (for methodological 
reasons) investigate the inter-isomeric thermodynamics in both energetics. 

In an n-membered equilibrium isomeric set at non-zero temperature, all 
its members are present, although their relative populations are tempera- 
ture dependent. Let the mole fraction of the ith component of the isomeric 
equilibrium mixture be w;. In terms of the ground state energy AHE (i.e. 
the standard enthalpy at temperature OK) and the isomeric partition 
function qi, the mole fraction is given by [22-241 

w. = 4, exp[-A%WWl I (1) 
5 qj exp[-AHE/( 
j=l 

where R stands for the gas constant and T for the temperature. The 
partition function qi is determined in this study by using the computed 
parameters [20] under the rigid-rotor harmonic-oscillator [23] approxi- 
mation. 

Once we deal with an equilibrium isomeric mixture, two classes of molar 
thermodynamic terms can be distinguished: overall many-component 
thermodynamic terms AXF and partial one-component terms AX?. It is 
convenient to study isomerism effects by means of the so-called isomerism 
contributions [24] to thermodynamic terms 8X1, i.e. 

SX,=AXF-AX? (2) 

The most stable species (in the low temperature limit) is usually chosen as 
the reference structure and labelled by i = 1 (i.e. the Cl00 structure in our 
particular case). The heat capacity at constant pressure X = C, represents 



Z. Slanina, F. Uhlik/Thermochim. Acta 216 (1993) 81-85 83 

an especially interesting term, owing to temperature maxima induced by 
the isomeric interplay (for the underlying formulae for the isomerism 
contribution to the heat capacity SC,,,, see ref. 24). 

RESULTS AND DISCUSSION 

Although the Cl00 and OClO radicals are quite small systems they still 
exhibit significant differences. They differ in their symmetry numbers (1 and 
2 for the Cl00 and OClO isomers, respectively) and in the products of the 
moments of inertia. Further, the calculated MP2/6-31G* harmonic vibra- 
tional frequencies [20] of the Cl00 isomer (498, 1095, 1717 cm-‘) are 
systematically higher than the corresponding values for the other species 
(424, 987, 1116 cm-‘). Hence, this allows for differences in entropy. 

This study can present for the first time the relative populations of the 
two radicals (Table 2) under the conditions of the interisomer thermo- 
dynamic equilibrium. In the low temperature region the Cl00 species 
essentially predominates. However, with a temperature increase the other 
species also becomes significant. Their relative stabilities are considerably 
sensitive to the potential energy term. In the MP2/6-31G* energetics a 
high-temperature limit for the ClOO/OClO ratio is about 2:1, whereas in 
the MP4/6-31G* energetics it approaches a value close to 6:l. 

Table 3 deals with the enhancement of the heat capacity term by the 
isomeric interplay. The isomerism contribution to the heat capacity SC,,, 
exhibits a temperature course with a maximum in both energetics 
considered. Although the magnitude of the maximum is quite similar, its 
temperature position differs considerably. In fact, the maximum is located 
close to a region of relatively fast temperature changes in the relative 
stabilities and those are quite sensitive to the energetics. However, the 
temperature maxima are not apparent in the overall molar heat capacity 
term C;, owing to the fact that they are overlapped by temperature increase 
of the latter term itself. However, we can still observe a temperature 

TABLE 2 

Equilibrium mole fractions w, for the Cl00 and OClO species in the MP2/6-31G* and 
MP4/6-31G* energetics at selected temperatures 

T WI MP2/6-31G* 

WC100 (%) WOClO (%I 

MP4/6-31G* 

wcloo w> WOClO (“/I 

298.15 99.6 0.4 100.0 1 x 1o-5 
500 97.1 3.0 100.0 6 x 10-j 

1000 87.5 12.5 99.4 0.6 
2000 74.8 25.2 93.5 6.5 
3000 68.8 31.2 86.3 13.7 
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TABLE 3 

Specification of temperature maxima a in heat capacity enhancement by temperature 
interplay of the Cl00 and OClO isomers 

Type a Approach T WClOO q, h G 
G 

WI WI (J Km’ molI’) (J Km’ mol-‘) (2) 

SC,,, maximum MP2/6-31G* 806 91.1 2.83 54.0 5.24 
MP4/6-31G* 2157 92.3 3.14 60.1 5.23 

SC, 1 L maximum 
Cz 

MP2/6-31G* 729 92.7 2.80 52.9 5.29 
MP4/6-31G* 2122 92.6 3.14 60.0 5.23 

a Maximum in the isomerism contribution h to heat capacity SC,,,, or maximum in the relative 
enhancement SC,,,/Ci of the overall Ci. h Isomerism contribution to heat capacity is related to the 
more-stable species, i.e. to the Cl00 isomer. 

maximum in the relative enhancement of the overall term, i.e. in the 
quotient SC,,l/Ci. The temperature maximum in the quotient is located 
somewhat below the temperature of the SC,,, maximum. Interestingly 
enough, the height of the SC,,l/C,” maximum is practically independent of 
the energetics applied. Hence, we can conclude that the overall heat 
capacity term is enhanced by the equilibrium isomeric interplay by about 
5.3% at most. Generally speaking, such an increase could have, for some 
atmospheric species, significant consequences for atmospheric thermo- 
physics. 
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