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MCSCF geometry optimization for the ground X'A' and first triplet FA" states of the HOC1 molecule

method rO-H rO-Cl ZHOCfi Vl.o-H V2?bend Vi.ci-o E„
ground state, X'A'

cc-pVDZ 0.9785 1.75175 100.652 3708(62.1) 1274.4(36.5) 668(0.02) -534.97653
Sadlej 0.9784 1.7450 101.2 3718.9(60.5) 1284.5(38.5) 693(2.83) -535.05558
AhlrichsVTZ 0.9941 1.8690 102.2 3467.8(21.9) 1206.6(41.8) 578(0.66) -534.97047
exptb 0.964 1.689 102.96 3609 1240 725

first excited triplet state, 13A"
cc-pVDZ 0.9829 3.9834c 0 3655.7(19.2) 121.4(123.6) 52.9(0.12) -534.90791
AhlrichsVTZ 0.9991 4.0954d 0 - - - -534.92144

N ote:a — Degrees;b — Ref. [13];c — This structure corresponds to C1HO complex with ra_H=3.0005 A;d — This structure corresponds 
to C1HO complex with ra H=3.0963 A. r denotes the intemuclear distance (A); n is the vibrational harmonic frequency (cn r1); 
IR intensities (km-mofi1) are given in parentheses; E„ is the total energy (Eh) of the «th state.

Fig. 3. O—Cl bond length dependence of the total energies for 
the ground and first excited triplet states in the HOC1 molecule 

calculated by the MCSCF method in cc-pVDZ basis set

HOC1 species near the dissociation limit is very 
peculiar. The above mentioned weakly bound HO-Cl 
associate is not a real minimum on the triplet state 
potential energy hypersurface; the angle was fixed 
(ZHOC1=100.8°) during its optimization. The 
complete geometry optimization at the same MCSCF 
level gives the new angle ZC1HO=180°; this means 
that the Cl atom migrates to the other side of the 
OH radical. Such isomerization can occur in the 
course of photolysis, or can be a final product of 
recombination of two OH and Cl radicals. This is a 
tightly bound radical pair Cl*+HO with a dissociation 
energy De=2.6 kJ mol-1. The C l-H  distance in this 
triplet state molecule (radical pair) is about 3 X. 
Such prediction is qualitatively correct, since the 
similar results have been obtained in all our MCSCF 
calculations with different basis sets and CAS.

One can believe that the predicted C1HO triplet 
species occurring near the dissociation limit is 
important for the real photodissociation process. Of

course, the Cl and OH fragments pass through this 
region with high velocity after the photo-excitation. 
But this triplet state radical-pair-like structure could 
definitely be important for the recombination 
reaction. The earlier discussed disproportionation 
reaction (4) must proceed only on the triplet state 
PES since its products H 0C l+ 02 are in the total 
triplet state (the HOC1 molecule has the singlet 
ground state and dioxygen (0 2) has the triplet ground 
state). The separated pair of the two radicals 
H 0 2+C10 could be either in the singlet or in the 
triplet state. The intermediate triplet state in the 
disproportionation reaction (4) which consists of two 
triplet molecules C1HO and 0 2 is an important 
intermediate. It can play a role of a spin trap which 
finally passes through the T->S transition inside the 
C1HO moiety in order to produce separated products 
of reaction (4). Besides, the triplet C1HO species 
obtained during photolysis can react with dioxygen 
and produce singlet, triplet and quintet channels for 
the reversed disproportionation reaction (4). There 
are five quintet collisions, three triplets and one 
singlet during such process. Since the quintet 
collisions are non-reactive, the possibility of the 
reversed disproportionation reaction (4) is very 
limited.

Conclusions
In view of the importance of the S—T transitions 

for the spectrum and reactivity of ozone and 
considering possible participation of the triplet states 
in HOC1 dissociation processes, we conclude that 
the photochemistry of the triplet state must play an 
important part in the stratospheric ozone problem. 
The results show that atmospheric photochemistry 
of heavy halogen-containing compounds depends 
essentially on the S—T transitions and inclusion of 
relativistic effects. Thermochemical ab initio 
calculations for CIO- as possible dissociation products

Potential curves and spectra o f CIO and HO Cl species studied by ab initio methods
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