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Theoretical study of photodissociation dynamics of sulfuric acid
after excitation to the fourth excited state (S,)
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[Abstract] Photolysis of H,SO, by the fourth electronic excited state (Ss) was theoretically
explored with on-the-fly ab initio molecular reaction dynamics with Zhu-Nakamura trajectory
surface hopping technique; the electronic structures were computed at CASSCF/aug-
cc-pVDZ level. The eight different dissociation channels were found in 82 trajectories, three
of which are highly relevant to the atmospheric photochemistry - SOx(1?A, )+ 20H(IT), SO;
(1°A, )+ H(S) + OH(CIT) and HoSOx(1%A, ) +20('D). These channels contribute to 25.6% of all
trajectories and are similar to the previous study for photodissociation by S3; three-body
dissociation and sequential dissociation appeared in these reactions. The other products are of
HSO4(1A”) + H(*S), HOSO(1°A”) + OCP) + OH(II), H,SO3(1'A%) + O('D), HSO3(1°A”) +
HES) + OCP), and SOH(1*A”) + O('D) + OCP) + OH(*II).
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Table 1. Sulfuric acid photolysis channels after excitation to S, state

Products # of trajectories Formation ratio, %
HSO,(1°A”)+H(*S) 29 354
H,S0,(1'Az)+20('D) 18 22.0
HOSO(1°A”)+O(*P)+OH(?T) 17 20.7
H.S05(1'A’)+0('D) 12 14.7
HSO;3(12A”)+H(?S)+O(*P) 2 2.4
SO5(1'A2)+H(*S)+OH(T) 2 2.4
SO,(1'A2)+20H(T) 1 1.2
SOH(12A”)+0O('D)+O(*P)+OH(?T) 1 1.2
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Fig. 1. Equiblium structure for the ground state of Time /s
sulfuric acid. Fig. 2. Photodissociation dynamics trajectories on
Red, oxygen; white, hydrogen; yellow, sulfur. potential energy surface and
The number on atoms are for used for atom dissociation bond 2dlstance of ,
identification in interatom distance figures. H>SO4 + h v — SOx(1°A;) + 20H('II)
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Fig. 3. Photodissociation dynamics trajectories on Fig. 4. Photodissociation dynamics trajectories on

potential energy surface and potential energy surface and
dissociation bond distance of dissociation bond distance of
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H,SO4+ h v — SO; (17Az) + HCS) + OH(’IT) H,SO, + /v — H,S05(1°A,) +20('D)
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