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The unimolecular dissociation of the {,0,0) pure OH stretching states of hypochlorous acid
(HOCI) in the ground electronic state is investigated dQe=6—9. The dynamics calculations are
performed on an accurate potential energy surface and employ filter diagonalization in connection
with an imaginary absorbing potential. The dependence of the linevodissociation raeon the

total angular momentum is emphasized. Resonance enhancements due to mixings with other
vibrational states, which have substantially larger rates, are clearly observegualitative
agreement with recent measurements. The average width increagesgniitativeagreement with
experiments, by four orders of magnitude, fromi 4@m™* for v,=6 to about 1 cm? for v,=09.
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I. INTRODUCTION copy Callegaret al? and Duttoret al3 were able to measure
the decay ratek(J,K) = 1/7, of state(6,0,0 for many rota-

Hypochlorous acid, HOCI, is a prototype system for in-tional quantum numberd and K. The main observation is
vestigating bond breaking on ground-state potential energshe large fluctuation ok(J,K) by up to two orders of mag-
surfaces(PES without reaction barriers and has been thenitude as a function ofl. These fluctuations are ascribed
subject of intense research in the past few yése® Refs. to—mainly accidental—mixing of the “bright” staté6,0,0
1-4, and references thergiBecause of the relatively weak with nearby “dark” states ¢;<6,v,,v3). The vibrational
intramolecular coupling between the HO stretohode »;)  state dependence of the rotational constants causes the
on the one hand, and the OCI stret@hode »3) and the  “bright” state to tune in and out of “resonance” with ener-
bending mode %,), on the other hand, the dynamics is re- getically close “dark” states ag is varied.
markably regular, even at energies around thet@Ddisso- Recently, the experimental investigations have been ex-
ciation limit>® As a consequence, the pure HO stretchingtended by Callegarét al® up tov;=8. The main observa-
states ¢,,0,0) (the “bright” stateg have simple wave func- tions are: First, the average rate increases by about two or-
tions and good Franck—Condon overlaps with the vibrationatiers of magnitude from;=6 to 7 and again by two orders
ground state, and therefore can be selectively excited bgf magnitude fromv,=7 to 8. Second, the fluctuations,
overtone pumping. whenJ is varied, are considerably smaller than for=6;

The rotationless staté5,0,0 is bound by~160cm L. for v,=28 rather clear resonancelike maxima are observed.
However, rotational excitation of the parent molecule lifts its HOCI is small enough to allow a rigorous theoretical
energy above the dissociation threshold and ultimately eninvestigation and the experimental data of Callegaral >*
ables breaking of the O—Cl bond. The dissociative lifetime,and Duttonet al3 provide excellent ground for testing the
7(J,K), depends on the amount of rotational excitation,ability of state-of-the-art quantum dynamics calculations.
whereJ is the rotational angular momentum quantum num-High-level globalab initio PES, including all three internal
ber andK is the projection quantum number dfon the degrees of freedom, have been determined by two grotps.
body-fixeda-axis, which is essentially the O—CI axis. Since These potential energy surfaces subsequently have been used
the vibrational-rotational coupling is exceedingly weak, thein two sets of dynamics calculations. Both sets exploited
lifetimes of the highly excited (6,0/0,K) states are very imaginary absorbing potentials; however, different numerical
long, in the range of 10°-10 ¢s.23 methods for obtaining the complex eigenstate energies, from

Using overtone—overtone double resonance spectrosvhich the decay widths are determined, have been em-
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ployed. While Bowman and co-workéfs'?2 used a vantage that the eigenenergies and corresponding wave func-
truncation/recoupling TR) scheme, which is global in en- tions can be fully converged, irrespective of the energy range
ergy, Schinke and co-workérs** calculated the resonance studied. The downside is, that many energy windows have to
energies by means of the filter diagonalizatidgRD) be considered in order to sample a larger energy range. How-
method™®>~!" The FD method is in practice more accurate,ever, in the present investigation we solely concentrate on
because the set of basis functions used for diagonalizing thae vicinity of one and only one particular vibrational-
Hamiltonian are adapted for a particular energy window;rotational state, «(;,0,0/J,K=0), and the energy window
thus, the dimension of the Hamiltonian matrix to be diago-can be chosen to be very small.
nalized is small. Storing the basis function, which is neces-  The discrete variable representation is employed for rep-
sary for calculating after the diagonalization the eigenfuncresenting the wave functions. As in previous calculatitdns,
tions, may require a large memory. If that is the case, thave adopt the following grids: 2&,<R<=14.0a, with 220
energy window can be made very narrow so that only gotential optimized point&, 1.0a,<r=<3.5a, with 30 po-
manageable number of basis functions suffices. In the TRential optimized points, and 70 Gauss—Legendre quadrature
approach, on the other hand, energy independent basis fungeints® in the interval G< y<180°. HereR is the distance
tions are employed and therefore a rapidly increasing numfrom Cl to the center-of-mass of H®,is the HO separation,
ber of functions are required for converging the results atnd y is the corresponding Jacobi angle wiji+180° cor-
high energies; the dimension of the Hamiltonian matrixresponding to linear HOCI. All points with energies exceed-
quickly becomes too large for a direct diagonalization. ing a certain limitE;,, are discarded from the gricE,
Both sets of calculations gave only fagrder of magni- =2 eV for (6,0,0 and 2.4 eV for the other calculations. En-
tude agreement with the experimental rate constants foergy is measured with respect to Q)+ Cl. The large
(6,0,0, the only data available at that time; finer details werenumber of grid points iR accounts for the fact, that the
not satisfactorily reproduced. Because of the smallness of th@eavy Cl atom is split off. The form of the optical potential
resonance widths, the results are extremely sensitive to inagw is explicitly given in Refs. 6 and 16. It contains two
curacies of both the PES and the numerical procedures. T'}%rameterstamp, the distance at which the complex poten-
PES used in the calculations of Hauschitdtal™ slightly  tial is switched on, an®,, the strength of this potential. In
overestimates the dissociation energy with the result that agne present StudRyampis chosen to be 12, andD is taken
tually more rotational quanta are required to lift sté0,0 a5 0.1(Ref. 14.
above the threshold than in reality. In addition, the level Lifting state (6,0,0 above the dissociation threshold re-
structure of the experimentally known vibrational states, esyyires a large amount of rotational energy. For example, the
pecially in the region 0f6,0,0, is not reproduced with the - first open state fok =0 hasJ=18 and the range studied
required precision. The PES employed by Skokov ancyperimentally extends td=30. The high degree of rota-
Bowmart? is more accurate in this respect. _ _ tional excitation poses a severe numerical problem, because
In the present study we describe calculations, whicheyact calculations, in which aK-blocks fromK =0 through
combine the best of each venture: the PES of the Bowmag = are included, are prohibitively large for the size of grid
group, further improved by a perturbative inversion gescrined aboveK is the quantum number for the projec-
appro_acﬁ’, and the FD method for solving the Schiibger  tion of the total angular momentum vector OR:
equation. It will be shown, that the gross features, i.e., thgs_empedding. In the present study we consider only states
J-averaged rates and the tremendous increase of the gjgh k=0, and therefore it should suffice to take into ac-
fromv,=6 to 8 by about four orders of magnitude are quan-qqnt 5 limited number oK -blocks fromK =0 to K. In
titatively reproduced. The resonancelike features due to cOlret 14 we checked the convergence with respekt,tg, for
pling with nearby dark states are only qualitatively de-j_ 5 and found that the inclusion of three blocks
scribed; the calculations reproduce them, but not always a;z) converged the energy of sta®,0,0 within 0.2 cm %

the correct] values. increasingK . by one led to an energy change of only
0.01cml. Because of its smallness, the dissociation rate

II. DYNAMICS CALCULATIONS k(J,K) is more difficult to converge with respect #0,,4.
Comparing the results fd€,,,=2 and 3, is was concluded,

The_dynamics calculations in the present study emp_loyfhat the rate is converged within a factor of 2 #,q,=2.
the version of the FD method of Refs. 17 and 18. In the firsiyeyertheless, restricting the numbertofblocks in the cal-

step a set of optimal, energy-window adapted basis functiong,jations is a severe source of error. In all calculations for

W is generated by applying the Green's functiGi (E;)  y,=6 discussed below =2 is used. The calculations for
=(Ei—I:|+iW)‘1 with Ein<E<E, . as a filtering opera- the higher OH stretching quantum numbers=7-9, use

tor onto an initial wave packeg, whereiW represents a only theK=0 block for reasons to be discussed below.
complex absorbing potential. The filtering is done by ex- Including moreK-blocks drastically increases the com-
panding the Green’'s operator in damped Chebyscheputer time. First, the number of floating point operations
polynomialst® which is an extension of approaches de-grows linearly with K, Second, the density of states
scribed in Refs. 19-21, that did not implement damping. Ingrows linearly with each additionak manifold and as a

the second step, the spectral information in the small energgonsequence the number of Chebyschev iterations also has to
window [ Ein,Emax 1S extracted by diagonalizing the full grow. For example, if thre&k values are included, about
Hamiltonian in the basi$¥;}. The FD method has the ad- 400 000 iterations have to be performed in order to establish
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TABLE I. Calculated resonance energigsresonance widthE, and dissociation ratdsfor vibrational states
(6,0,0 and(4,4,2.

(6,0,0 (4,42

J E2 r k E r k

19 19 311.63 1.0¢5)° 1.9(0) 19319.57 1.7¢3) 3.2(2)
20 19331.34 5.6(6) 1.0(0) 19338.68 2.2¢2) 4103
21 19 352.02 2.3¢4) 4.3(1) 19 358.80 4.2¢2) 7.9(3)
22 19373.69 4.3¢4) 8.1(1) 19379.79 1.5¢2) 2.8(3)
23 19396.33 5.7¢6) 1.1(0) 19402.13 2.9¢3) 5.5(3)
24 19419.95 1.9¢ 4) 3.6(1) 19423.81 9.8¢ 3) 1.8(3)
25 19 444.54 3.0¢4) 5.6(1) 19 446.63 7.9¢3) 1.5(3)
26 19 470.10 1.8¢3) 3.4(2) 19 470.12 2.2(-3) 41(2)
27 19 496.64 5.6¢4) 1.0(2) 19 499.59 1.8¢2) 3.4(3)
28 19524.13 4.8¢4) 9.0(1) 19526.07 1.1(—1) 2.1(4)

%Energies and widths in cm, rates inus L. The energies are measured with respeddt0,0 andJ=0.
PNumbers in parentheses indicate powers of 10.
‘The (4,4,2 state is strongly mixed with another state.

an appropriate basis, compared to 180000 iterations whesmpproximately associated with rotation of the OCI entity
Coriolis coupling is not taken into account. about its center-of-mass. Therefore Jais varied the energy

All calculations are done on a CRAY T3E parallel com- separations between neighboring states varies also. Because
puter including 16 CPUs and using Message Passing Intethe degree of mixing between differeftero-order states
face (MPI) software. The basis functionk; constructed by depends strongly on their energy separation, it is not surpris-
applying the Green’s operator to an initial wave function areing to find, that the width of a particular state fluctuates
equally distributed among the 16 CPUs. This allows one tastrongly with J. The fluctuations due to interactions with
store all functions in the core memory. In order to achieve ather states are obviously most severe for states having a
significant speed up in CPU time, the multiplication of the very small rate anyhow. If the rate is larger, the influence of
Hamiltonian matrix with the Chebycheff vector is distributed coupling with another state becomes, in relative terms, less
among the processors so that each processor has to perform
roughly the same number of floating point operations. For 16
processors a speed-up factor of nearly 10 is achieved.

10° . . . . ;
lll. RESULTS (4.4.2) K=0
A. State (6,0,0) 10t | _
We will first discuss the calculations for staté,0,0, -
which are the most extensive ones. They are performed for _%
J=19-28 using energy windows withE~50cm ®. Rea- 10% | _
sonable windows can be chosen by extrapolation fdoto
J+1 using the rotational constant for tli@,0,0 state. The ; . °
calculated value i8=0.493cm' as determined from the 102 , , , o ,
energies forJ=19 and 20. The experimentahalue is
0.495cm L. Since the density of states is high, it is essential 103

to visually inspect the wave function in order to identify the
correct state.
The energies, resonance widths and corresponding

dissociation rate& are summarized in Table | and the rates — 102
are separately shown in the lower panel of Fig. 1 in compari- "-g
son to the experimental values. The energy of the rotationally =
excited statg6,0,0 is barely above threshold. This and the 10'

generally weak coupling of the pure OH overtone states to

the dissociation mode, causes the bond rupture to be exceed-

ingly slow. The large fluctuations over more than two orders 10°
of magnitude result from energy “resonances,” i.e., mixings

with near-by(“dark” ) states, which have considerably larger
dissociation rate constants; this was first noted by Skoko¥IG. 1. Comparison of measured and calculated dissociation rates for states
and Bowman in Ref. 12. As a consequence of the quite dif(44.2 (upper pansland (6,0,0 (lower panel for K=0. The open circles

are the results of Duttoet al. (Ref. 3 and the open squares denote the

ferent structures of their wave functions, the various Vlbra_results of Callegaret al. (Ref. 2. The arrows in the upper panel indicate

tional states have different rotational constaBtswhich is  that the widths are larger than®1Qs™* (Ref. 3.

18 20 22 24 26 28 30
J
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prominent and the variation with more “regular” (see be- tininess of the rates and the related extreme sensitivity to

low). details of the calculations: the PES, the size of the grid, Co-
The mixing between two states can be accidental, if theiolis coupling, etc. Right at threshold, the energy in the dis-

rotational constants of the two states are drastically differentsociation mode is extremely smdile., the de Broglie wave-

or it can be more gradual, if tH values differ by only a few length is very longand converging the rate would require a
percent. In the first case, the rate constants show a moNery large grid inR. Thus, the large disagreements for 19
random behavior as function df while in the second case a @and 20 are not unexpected. For the remainingalues, ex-
more systematic variation, extending over sevéraklues, Ccept forJ=23, the calculated rate is within a factor of 5 of
is expected. An example of a systematic resonance has beif €xperimental result.

analyzed in detail in Ref. 14. The corresponding wave func-  The interaction with(4,4,2 aroundJ=26 is reasonably
tions clearly revealed, which “dark” state was coupled to thewell reproduced. This is not surprising, because both levels
“bright” state. Noteworthy was the observation, that the cou-Were included in the correction of the PES in the perturbative
pling can be efficient even if the two wave functions haveinversion schem%.However, details of this.mixing are not
very different nodal structures. In the case investigated irforrectly described. While the energy mismatch between
Ref. 14, staté4,2,6 was coupled to a state with zero quanta (60,0 and (4,4,2 in the calculations is almost zero at

in the OH mode and many quanta in the dissociation mode-26. in experiment it is never smaller than 10¢nor so

In addition to the overlap of the two wave functions, the (Fig- 10 of Ref. 3.

energy mismatch is also extremely important. Other ex- 1h€ experimental method used to determine the disso-
amples of mixing effects for HOCI are discussed in Ref. 12 ciation rate does not allow one to measure larger rates. While

The fluctuations for the lowef values in Fig. 1 are due Callegariet 2"2 quote a detection limit of 0'351,03 pus
to more accidental couplings with vibrational states whosé’Utton etal” give an upper limit ojlrates, which can be
wave functions differ markedly from thés,0,0 wave func- Unambiguously determined, of 3ps™ For this reason a
tion. Analysis of the bound and resonance states near tHePmparison with the experimental rates f@k4,2 is re-
dissociation threshofd has revealed that many of the statesSticted (upper panel of Fig. L Nevertheless, the order of
with zero or only one quantum of OH stretch have compli-Magnitude is reproduced. According to Dut_t?ml. most of
cated nodal patterns in the other two coordinaRegnd y. € €xperimental rates are larger tharf 487, and that is
Although a large number of these states can be assigned, tfidly consistent with the calculations. _
assignment is completely different from a normal-mode type Calculations haye bee.n also performed using Fhe TR
assignment. The admixture of such state$a:®,0 may be echeme. The energies are in very good agreement with those

very small. However, because they have considerable excita- TaIE)ga . Fc;]r(z,o,() the transmlonl;anerggxelculateﬂ with
tion in the dissociation mode and therefore much larger delh® method are systematically 1- arger than

cay constants than th6,0,0 level, their effect on thé€6,0,0 those qbtained from the T.R method; the origin of this. mis-
rate can be large. match is very likely the different ways by which Coriolis

The broader maximum at largdrvalues, on the other coupling is apprqxim_ated. While Bowman endﬁge-workers
hand, must be ascribed to a systematic interaction with stafgeat overall rotation in an adiabatic approximationn the

(4,4,2. 13 For J=0 the energies of these two states differ bypresent study a limited number Kfblocks is directly incor-
onyly, 13 eni with (4.4,2 being the higher ongTable ) porated. The resonance widths are in the same order of mag-

State(4,4,2 has a rotational constant of 0.478 chiexperi- nitude .and show similar fluctuations W“haf‘d th? interac-
mental value: 0.480 cit, Ref. 1), which is only 3% smaller tion with the (4,4, state as _the. enes given '.n Table 1;
than the constant fof6,0,0. As J increases, the energy of h_owever, the numbers for the |nd|V|du.hIstates differ con-
state(6,0,0 rises slightly faster than the energy @4, as S|derably. The rates presented in Table | on the whole agree
can be seen in Table I. At=26 the two states are almost better with the experimental rates.

degenerate. Inspecting tH6,0,0 wave function confirms
that the admixture of4,4,2 character gradually increases B. States (7,0,0)-(9.0,0)

with J and again decreases beyond 26. As a consequence, the Recently Callegaret al* extended the measurements to
width has a pronounced maximum aroubhe 26. Actually, v;=7 and 8 and observed a rapid increase of the dissociation
for J=26 the two states are so strongly mixed, that a clearrate with each additional OH stretching quantum. Also, the
cut assignment is ambiguous; the two widths are almostieneral appearance of tdedependence changes as the de-
identical. The large contribution @6,0,0 character to state gree of OH vibration is increased. The large fluctuations seen
(4,4,2 explains the minimum aroundl=26. Because either for v,=6 are significantly damped and more regular
the “bright” or the “dark” state or both states are addition- resonance-like structures occur.

ally coupled to other states, the variations of t6,0 rate We performed calculations in the same way ag60,0
across the maximum is not smooth, like in other cases wherr v,=7-9, with one exception: Coriolis coupling is com-
the densities of states are considerably sm&ti&t. pletely ignored, i.e., onl)kK =0 is considered. In view of our

The calculated rates are in reasonable agreement witlimited computer resources the inclusion of thi€eblocks
the measured ones; the overall magnitude and the main fearould not be practicable. In addition to this purely technical
ture, namely the resonance maximum arodrd26, are sat- aspect, there are two other arguments why the inclusion of
isfactorily reproduced by the calculations. In order to appre-Coriolis coupling may not be as important at these high ex-
ciate the degree of agreement, one has to consider tledtation energies as it is just at the threshold. First, the line-
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TABLE IlI. Calculated resonance energigsand resonance widtHs for vibrational state$7,0,0, (8,0,0, and

(9,0,0.
(7,0,0 (8,00 (9,00
J E? r J E r J E r
0 217259  4.98¢4)° 0 241733 1.9 0 264315 1.08
5 217410  1.3¢3) 2 241765 2.1 2 26434.2 1.2
10 217813  1.2(3) 4 241835 2.6 4 264419  6.94)
13 218175  3.7¢3) 6 241946 3.3 6 264525  9.0()
14 218315  3.2(2) 8 242103 3.8
15 218466  2.5(2) 10 242300 2.7
16 218627  1.6(2) 12 242526 2.1
17 218797  3.0¢2) 14 242805 1.0
18 218976  8.1{2) 16 243112  55¢1)
19 219176  8.5(2) 18 243462  1.71)
20 219375  3.4(2) 20 243852  3.7¢1)

%Energies and widths in cn. The energies are measured with respeddt6,0 andJ=0.
PNumbers in parentheses indicate powers of 10.

widths are much larger than tti6,0,0 widths and therefore widths between 0.5 cnt and 2.6 cm* for J between 0 and
much less sensitive to details of the calculations like errors in-30 can be read off Fig. 4 of Ref. 4. In both cases the
the potential or in the dynamical calculations. Second, th%greement between theory and experiment is good, as far as
effect of Coriolis coupling is essentially a shift of the ener-the average magnitude is concerned.

gies by a few cm?. This little shift was important for rea- In Fig. 2 we depict the rates fa7,0,0 and(8,0,0 as a
sonably describing th€5,0,0/(4,4,2 resonance; remember, function ofJ. The width forv,=7 still shows some sizable
both levels were used in the iterative correction of #®  fluctuations, which certainly have the same origin as the
initio PES and their energies are perfectly reproduced by th@uctuations in the case d5,0,0. A pronounced maximum
calculations’ That does not apply, however, to the higher occurs ati= 19, which is caused by the tuning in and tuning
members of the OH stretch progressi@ee below, which  out of resonance with a nearby state with a shorter lifetime.
were not used for improving the PES. Thus, because th&he wave functions show some admixtures, but a clear as-
energies of these high levels are not as well reproduced as Bignment of the perturbing state is not possible. Due to the
the (6,0,0 region, an additional inaccuracy of a few chis

not believed to matter much.

The calculated results are summarized in Table Il. Be- ——
cause of the limitations of computer time, not evdryalue 8 [(7,0,0) K=0
has been calculated.,=9 has been considered in order to
check whether the strong increase frop=7 to 8 is contin-

ued beyond),=8. In each calculation, including; =9, the "_g °

(v41,0,0) state could be clearly identified. The experimental Lol

transition energies fof7,0,0 and(8,0,0 aré* 21 709.2cm* -

and 24102.1cmt, respectively. The deviation of 17 crh =

for v,=7 rises to 71cm! for v,=8. Considering that the 27

perturbative correction procedure did take into account only

levels up t0(6,0,0, these deviations are quite small. The 0

calculated rotational constant is 0.503 ¢nfior v, =7 (deter-

mined from the energies fak=0 and 5 and 0.490 cm* for 4 ——— 7
v,=38 (determined from the energies fd=0 and 2; the (8,0,0) K=0

experimental values are 0.496 chand 0.493 cm. 3l |

In full agreement with the experimental data, the widths
strongly increase from,=6 to 7 and again from,;=7 to 8. “;
However, the(9,0,0 widths are of the same overall magni- S
tude as they;=8 widths, which indicates that the coupling =
to the continuum does not significantly increase beyond 1t .
=8. A further increase by a factor of 10-50 certainly would
have brought the ;=9 width to a range, where it were well 0 N R \'/
above the mean spacing between the levels—in other words, 0 2 4 6 8 10 12 14 16 18 20
where a stat€9,0,0 would not exist any longer because of J

the supposedly strong COUpImg between nelghborlng State}S—IG. 2. Calculated resonance widthiss function of] for vibrational states

Callegari et al. report widths for (7,0,0 in the range of (7,0,0and(8,0,0. The projection quantum numberks=0. The horizontal
0.015-0.035cm! for J=13-19. For(8,0,0 experimental lines indicate the ranges of the measured resonance widths, Ref. 4.
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few data points for lowd values conclusions about the de-
gree of fluctuations in this range are not possible. A clear
resonance structure extending over a large rangkewvalues

is obtained for(8,0,0. The experimental8,0,0 width also
shows a broad maximum, however at a slightly higler
value,J=15.

Parallel to the present study, Zetial“" also calculated
the resonances fer;=7 and 8, however, only fai=0. The
potentials employed in the two calculations are the same.
The calculated transition energies are 21725 and
24172cm?t and agree very well with the ones given in
Table Il. The widths are 0.01 and 0.6 cf respectively, and
also agree reasonably with the results quoted in Table II.

|27

E[eV]

IV. DISCUSSION

The sharp rise of from (6,0,0 to (8,0,0 is not untypi-
cal for a system with very regular intramolecular dynamics
with one modgOH in the case of HOQIbeing very weakly
coupled to the dissociation mode. Another example is the
dissociation of thesy2 system CI---CH5Cl recently inves-
tigated by Schmatet al?® It is characterized by exceedingly
weak coupling between the fast @Bl intramolecular mode
and the slow CI---CH; intermolecular mode. The lower <
bound of the distribution of resonance widths—determined 3 3.5 4 4.5 5
basically by the overtones of the intramolecular mode—rises R [ag)]
by more than seven orders of magnitude from threshold to

about 4000 cri' above threshold. HCO is another molecule 7'¢: 3 (8 Vibrationally adiabatic potential curves (R) for v,=0-9. The
bending angle is fixed at the HOCI equilibrium angle. The horizontal line

which Commonly is considered to belong to the Weak'indicates the adiabatic energy for the lowest state fe8. (b) Nonadiabatic
coupling casé’3° Nevertheless, the increase Bfwith the  coupling element®, - (arbitrary units for transitions 9-8, 8—7, etc.
CO vibrational quantum number is much more gradual andhe dashed-dotted curve is the wave function for the lowest state for OH
certainly less rapid than for HOQFig. 9 of Ref. 3. vibrational statey; =8.

The reason for the difference in the behaviors of HOCI
and theSy2 system, on the one hand, and HCO, on the other,

may be the different degrees of adiabatic separability. In adtuf%t'on of the lowest state in tfe mode of vibrational state

dition to the coupling provided by the PES, the frequencyv In order to dissociate, a state(0,0) must undergo a

ratios are also relevant. The ratio of the frequency of theSe uence of nonadiabatic transitions until the-0 “tier” is
internal vibrational mode and the frequency of the dissocia- q

tion mode is merely-0.75 for HCO, whereas for HOCI it is reached. The régnadiabatic transitions are promoted by the
~5; for CI™---CH5Cl the equivalent ratio is even larger,6. matrix elements,

In other words, a vibrationally adiabatic approximafiois d

expected to be much more accurate for HOCI than it is for Qv1,v1°‘< ¢y, (1R) o'?_R’ ¢v1(r;R)>
HCO. In the following we will use the adiabatic picture to

qualitatively rationalize the strong increaselbfor HOCI.  where the integration is over. The matrix elements con-

In the adiabatic picture one solves the one-dimensionahecting neighboring state®, , -1, are shown in Fig. @).
Schralinger equation for the fast mode, i.e., the OH stretch-The most distinct feature is their steep rising at small dis-
ing mode in the present case for fixed value of the slowtances, in the repulsive branch of the PES. Around the equi-
mode,R; the bending angle is fixed at the equilibrium anglelibrium and at largerR values the coupling elements are
of HOCI. In what follows the bending degree of freedom issmaller and les® dependent.

@

)
r

not considered. This defines the adiabatic energj,el(sR) The matrix element for a transition from the initial state
and the adiabatic wave functiong, (r;R). The one- state ¢1,0) to state ¢;—1vs) is given by
dimensional energy curves fo,=0-9 are displayed in Fig. <¢(v1,0)|Qvl,v1—1| ¢(U1_1’U3)>R, 2)

3(a). They are almost parallel to each other, which reflects

the high degree of separability of these two degrees of freevhere integration is oveR. The final wave function
dom. The energy of, e.g., stat®,0,0 is well approximated ~ ¥(,,-1., has to be considerably excited in tRecoordinate

by the lowest energy of the potential cureg(R) and the in order that its energy approximately matches the energy of
corresponding wave function is approximately given by thethe initial state. As a consequence, the overlap integral Eq.
product ¢g(r;Re) #(s0(R), where 50 (R) is the wave (2) is essentially determined at smaller internuclear dis-
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tances, near the inner turning points. At larger distances thg. SUMMARY

final state wave function oscillates and positive and negative (1) Large-scale dynamics calculations have been per-
parts cancel each other. In other words, the matrix element iﬁ)rmed for studying the unimolecular dissociation of the

mainly determined by the overlap of the inner most maxi-pure OH stretching statesy{,0,0), of HOCI in the ground
mum of the final state wave function, the smlbranch of  gjectronic state. The calculations use filter diagonalization
the initial wave function and the coupling elem&y , —1.  and an absorbing potential. An accurate potential energy sur-
However, the coupling element at small distances signififace has been employed.
cantly increases witly; and therefore the transition matrix (2) The average width increases by four orders of mag-
elements are expected to also strongly increase wyitlBe-  nitude fromv ;=6 through 9. This strong increase is ratio-
cause a whole cascade of nonadiabatic transitions are realized in terms of a vibrationally adiabatic model and the
quired before dissociation is possible, it appears plausibl&éhape of the nonadiabatic coupling elements. It seems to be
that the resonance width grows approximately exponentialljypical for molecules in which one degree of freedom is very
with v,—until the transition probability becomes too large Weakly coupled to the other modes. The weak coupling is the
for perturbation theory to be valid any longer. For HOCI, this consequence of the shape of the potential energy surface and
might be the case fay;=09. the large mismatch between the three frequencies.

The widths show pronounced structures when the rota- (3) The resonance widths show pronounced structures as

tional quantum numbed is varied. These structures are function of the total angular momentum quantum number

caused by mixings with other resonances, which have con-l--hese structures are due to mixings with nearby *doorway

siderably broader widths. Changidgtunes this mixing into states. Because the rotational constants depend on the vibra-

o tional states, the energy gap between the bright and the dark
resonance and out of resonance. Similar features have beep . . :
ates is tuned a3 is varied. The structures become more

seen in calculations for the unimolecular dissociation ofS L. . . .
. L regular and systematic with higher energies, which, probably,
HCO (Refs. 25, 33, 3pand the photodissociation of HN®. g y g 9 P Y

i . _is the consequence of the lower density of “doorway” states
The correct reproduction of these mixing effects require§, the high-energy regime.

very precise dynamics calculations and extremely accurate (4) The agreement with the experimental resonance
potential energy surfaces. Both, for HOCl and HNO #fe \yjgths is satisfactory. The average width, averaged with re-
initio PESs are not sufficiently accurate. Resonance effect§pect toJ, is very well reproduced by the calculations. The
are observed in the calculations, but not at the right placesmore distinct resonance-like structures are only qualitatively
As pointed out by Callegaet al,” the more accidental described: They are seen in the calculations, but not at the
fluctuations are less pronounced in the high energy regimeight J values, except for thés,0,0/(4,4,2 resonance around
We observe the same tendency in our calculations. The varigd—~ 26. The correct description of the mixings between dif-
tion of I' for v;=8 over a large range of values is much ferent states requires a higher accuracy of the potential en-
smoother than for 6 and 7. There are at least two reasonsergy surface. Nevertheless, in view of the detailed experi-
First, the average width is already so large at these higimental data, the potential energy surface calculations, and
energies that small perturbations are not so relevant antpe various dynamical studies one can consider the unimo-
longer; in addition, the ratio of the widths of the bright statelecular dissociation to be basically understood.
and the perturbing state is expected to be significantly
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