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Sulfuric acid (HSQy) is of major importance in atmospheric  modes. Further, VSCF and C&/SCF can be applied directly to
chemistry. This molecule acts as a nucleating species for aerosolgpotential surfaces from electronic structure theBnAll the
and for cloud formation at a wide range of altitudes. Gas-phase calculations here were carried out with the electronic structure code
H,SC, is the most abundant sulfur compound in the atmosphere at package GAMESS; in which the VSCF algorithms are also
altitudes above 35 krh? The photolysis of HSQ;, especially at implemented. The potential energy surfaces used both in the VSCF
high altitudes, is recognized to play an important role in atmospheric and in the classical trajectory calculations were from the PM3
chemistry, but the mechanisms and pathways involved have notsemiempirical electronic structure algorit§hThis method com-
been characterized with any certainty yet. Recently, Hintze ®t al. pares less well with spectroscopy experiméhtisan the ab inito
established that photodissociation gf3@, in the ultraviolet region MP2/TZP1617 Nevertheless, the spectroscopic results of PM3 are
cannot be relevant at atmospheric conditions. As an alternative reasonable, and our tests, as well as experience for similar sy§tems,
mechanism, it was proposed that overtone excitation of the OH jndicate that these potential surfaces are at least semiquantitively
stretching vibration of K50, and its hydrate, can lead to  yalid. In particular, PM3 equilibrium geometries for the two systems
dissociation of the molecule into sulfur trioxide (§@nd watef:” are in good accord with ab initio MP2/TZP calculations.
This mechanism, which involves transitions in the visible solar  The calculations are as follows. Using the approximate VSCF
spectrum, was analyzed and used to estimate the yield of the procesgaye| of the algorithm that is separable, a vibrational wave function
in atmospheric conditio’sThis mechanism is, however, not yet 5 the overtone-excited state is computdlQ) = 1 ¥i(Q)
supported by direct experiments or by theoretical calculations. The where Q is the normal-mode coordinate of modeQ 'denotes
dynamic§ of the process, its yield, the time scale of the_ reaction, collectively the vibrational modes, ang(Q) is the VSCI‘: approx-
and the Issue whe_ther the process can also take placeSO.H imate wave function of mode i. Initial configurations for the
H20 rema!n t(.) be |nve§t|gated. . . . classical trajectory simulations are sampled accordingP(@®)|2.

The objective of this communication is to characterize the The initial momentum values for each mode were determined
overtone-induced processes g3, and HSO,—H,0 by classical . . . .

classically, using the separable mode approximation (VSEF).

terIaeJStCr Lor:i}éss'?:uuclfﬁ':;ntsﬁeuosr'n%Ppﬁge},ngZi/ZLrJ:Iascuers :Ir;:] sfzr:tls:zglg;:al The overtone transitions used correspond to the OH stretching
Y ) P g xcitations and are = 6 for H,SO, andv = 3 for H,SO,—H0.

the overtone-excited states are predicted, such as the occurrencﬁ should be noted that these vibrational states are the highest
of fast “hopping” events of the hydrogen atom between the oxygen . = . Lo
bping yerog Y9 vibrational levels of the OH stretching vibration that could be

atoms. The calculations show that the fifth OH overtone excitation . - .

in H,SO, leads to 5% dissociation over a time scale of 400 obtained by the CEVSCF calculations. For higher overtone levels,

picoseconds. On the other hand, the results show that the dissociaIhe VSCF calculations fail to converge, indicating that th? corre-

tion into SQ and 2HO is completely suppressed for overtone sponding states are very short-lived and probably not experimentally
relevant. The overtone levels studied here have lifetimes that

excited HSO,—H,0, where the only significant process is breaking X }
of the cluster into HSO, and HO. The present study follows an correspond to well-defined (narrow) overtone frequencies. The OH
asymmetric stretching overtone excitation band s, for v =

approach used recently by Miller et #l studying overtone-induced :
processes in HN® HNO;—H,O, and HONO. The study also 6 is 21511 cm?* (~61.5 kcal mof?), and thg free OH stretch of
supports the validity of the PM3 potential surface for these related H2SQs and the H-bonded OH stretch 06810, in the monohydrate
systemg? Here we only give a brief outline of the methodology. ~ cluster forv = 3 are 10 855 cm' (~31 kcal mof!) and 9835 cm*

In this approach, the dynamics of the process are studied by class{~28.1 kcal mot?), respectively.
ical trajectory calculations. Essential for this purpose is the sampling ~ The PM3 potentials and forces were computed “on the fly” in
of the initial conditions for the trajectories, which should correspond Propagation of the trajectories: 98 trajectories were computed for
to the initial excited state. We used the vibrational self-consistent H2SO in v = 6; 50 trajectories were obtained for the= 3 exci-
field (VSCF) method, and specifically the G&SCF (correlation-  tation of the free OH of E5Q,—H.0; and 50 trajectories were used
corrected VSCF) variant of the algoritAfi2to compute the initial ~ to study thev = 3 excitation of the H-bonded OH ind80,—H,0.
energy level and wave function of the overtone-excited molecules. Each trajectory was propagated for a maximum of 400 ps.
CC—VSCF was already applied to vibrational spectroscopy calcula-  Hydrogen-Hopping in H.SO,: In 22% of the trajectories for
tions of LSOy, H,SO,—H,0, and related specié!*with results H,SOy (v = 6), hopping of the hydrogen atom from the overtone-
that compare well with experiment, also for overtone and combina- excited OH to another oxygen atom in the molecule was observed.
tion-mode transitions. An advantage of VSCF methods is that they The mean time scale for this process is 13 ps, and it was found to
include anharmonic effects, both the intrinsic anharmonicity of take place only once for any of the trajectories where it occurs. An
individual modes and the anharmonic coupling between different approximate transition state was identified for this hydrogen hopping

* The Hebrew University of Jerusalem. from the trajeptories, and. !t was found that the pgrtia! charge on

#University of California, Irvine. the H atom in the transition state for the hopping~ist0.4.
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failed to show such a process. Instead, in all cases, excitation led
to fast, picosecond time scale decomposition of the cluster into the
monomers HSO, and HO, due to the strong coupling between
the OH vibration and the intermolecular modes involving relative
motions of the HSO, and HO. We note that there is evidence for
such strong coupling between these modes from-€SCF cal-
culations of the vibrational states 0$800,—H,0, and experimental
spectroscopic results indirectly support this. While the decomposi-
tion of the cluster clearly partly deactivates the OH stretch of
H,SO,, the mode remains partly excited in the monomer after the
process. When a semiclassical “box quantization” approximation
was used, it was found that for the initially excited free OH stretch
of H,SO, in HSO,—H,0, 60% of the HSO, produced in the
decomposition is in ther = 2 state. For the initially excited

Figure 1. Snapshots of the dissociation 06$0, into SO; and HO.

W Fraclion of Telal Disseciatien Events

020

2040 4040  60-B0  BO-100 100-120

Figure 2. The distribution in time (picoseconds) of dissociation events of
H2SOy into SG; and HO during the simulations.

Therefore, the process predicted here corresponds to intramolecula
proton-transfer induced by overtone excitation. It should be noted

H-bonded OH, 98% of the }$0O, resulting from the decomposition
is in thev = 2 state. A comment is due on higher overtone excitation
Pf H,SO,—H,0. Previous CE&VSCF calculation suggested that
v > 3 overtone excited states probably do not exist as long-lived

that intramolecular hopping of the H atom induced by OH overtone species. The VSCEF calculations diverge as a consequence of strong

excitation of HNQ was predicted by Miller et &P However, our IV?‘ indicating ;[_hatt S_UChl s;‘_[ates are shortt-lévEd resor;ﬁnces. ;
recent calculations have shown that in the transition state for H . n summary, lirst simuiations are reported here on the overtone-

hopping in HNQ, the H is not protonic, but rather hydridic, carrying lg?uiz(:cd?’;%rz'scs (;f'?Qoiggtzs%ggzzrgizafg?lJggsrcc;n'c
a negative partial charge. y uations, using p s semiempiri !

Isomerization of H,SO,: Isomerization from cis to trans struc- structure theory. For $8Q;, fast intramolecular proton transfer is

ture of LSO, was observed in all trajectories. The energy difference predlcted: D_'SS_OC'at'On nto SGand HO 1S alS(.) found, with a
between these two isomers sl kcal molL. The structures of characteristic time scale o9 ps. Over a time window of 400 ps,

four rotamers of HSQ, (including the cis and trans isomers) were the dissoc?ation_ yi_eld _is 5%. On the other hand, the calcul_ations

recently obtained in ab initio calculatio®¥We note that all of the show no dlssc.)C'a.‘tlon into Sand water f_o_r HSQ~H0. In this

four rotamers were observed in the course of the dynamics in our €5€: the excitation leads to decomposition of the cluster.
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