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We report benchmark quantum mechanical results of state-to-state reaction probabilities for the title
reaction in full dimension$6D) using the widely used Schatz—Elgersma potential energy surface.
The time-dependent wave packet is propagated using the diatom—diatom Jacobi coordinates and the
energy-specific state-to-state reaction probabilities are obtained by asymptotic flux calculation. All
results reported here are for the reaction resulting from the ground statg+dDH to various

product states of HH,O for total angular momentum. @996 American Institute of Physics.
[S0021-960606)02335-5

The last few years have witnessed significant progress iitly final state-specific reaction probabilities Brmatrix ele-
rigorous quantum mechanical scattering calculations foments for four-atom reactions.
four-atom reactions in full dimensions using both In this communication, we report some preliminary re-
time-dependent®® and time-independent metho&Up to  sults of state-to-state reaction probabilities for the benchmark
date, the rigorous quantum dynamics studies for four-atonH,+OH—H+H,O reaction in full dimensions using previ-
reactions in full dimensions have provided reactionously developed time-dependent wave packet approach but
probabilities*®° cumulative reaction probabiliti€s and  extended to enable state-to-state calculations. The result pre-
cross sections and rate constaitdor the benchmark sented is for zero total angular momentud=Q) of the
H,+OH reaction and for its isotopically substituted H,OH system on the widely used Schatz—Elgersma potential
reactions;* and for the resonant HOCO reactiorr. Quan-  energy surfacdPES'?® slightly modified by Clary:* We
tum dynamics calculations using coplanar model forare aware that another state-to-state time-dependent calcula-
H,+OH (Ref. 1) and HO+CO (Ref. 10 have also been tion for the reverse reaction HH,0—H,+OH is being re-
reported. So far the most detailed calculations have providegorted by Zhang and Light and both studies are comple-
dynamics information that are initial state selected butmentary to each other.
summed over all final product states. This is because the The present state-to-state calculation is carried out by the
time-dependent wave packet approach, as shown in Refs. lave packet propagation method using the Jacobi coordi-
2, and 6 for the benchmark;H OH reaction, is particularly nates for the reactant as described in Refs. 1,2. The final state
efficient for evaluating total reaction probabilities, i.e., specific reaction probabilities are obtained by calculating the
summed over all rovibrational states of the product. Asflux of the wave function in the product asymptotic regi6n.
shown in Ref. 2, the total reaction probability for a given |n the flux method, the energy-dependent scattering wave
initial state can be calculated as reactive flux at a dividingunction and its derivation are directly calculated by Fourier
surface which is normally chosen to be near the transitioRransformation of the time-dependent wave function on a di-
state region for optimal efficiency. In this flux approach, oneyjding surface located in the product asymptotic region.
simply uses an optical potential to absorb the wave functiorrhese quantities are subsequently used to calculate the reac-
beyond the dividing surface and thus avoid entirely the calyjye flux after projecting out the product asymptotic states to
culation of numerous product asymptotic states. Howevelyje|d state-to-state reaction probabilities. The method has
the ultimate goal of quantum reactive scattering theory is tqyeen discussed in a previous paper two of the autHors.
provide complete state-to-state dynamics information, with | the following, we usg to denote the angular momen-
both initial and final state selections for simple chemical rey guantum number of the triatomic produci® The nu-
actions. To achieve this goal, the previous time-dependenerical aspects of the wave packet propagation are essen-
approach has to be extended to enable us to calculate expliﬁa"y similar to those for calculating total reaction
probabilities in Refs. 1 and 2, except a much larger basis set
dAlfred P. Sloan Fellow and Camille Dreyfus Teacher-Scholar. and numerical grid are used in the current calculation in or-
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FIG. 1. Product vibrational state distribution o®l from the reaction K00)+OH(00)—H+H,O (v,j =0) for zero total angular momentum of,8H at a
reactant kinetic energy of 0.4 eV. The vibrational state label (), ,v,,v5) follows the standard convention.

der to extract state-to-state dynamics information. A time=0). We can see from Fig. 1 that the reaction probabilities to
increment of 15 au. in each step of the wave function propavarious vibrational states of water gt0 are very smal(on
gation is found to be sufficient for current applications and ahe order 10° to 10" %). Therefore, absolute convergence of
total propagation time of 12 000 a@=300 f9g is used to these small probabilities is difficult as they are generally
complete the propagation for all the energies of current inquite sensitive to changes of numerical parameters. We ad-
terest. vise the reader to take this into perspective when comparing
Figure 1 shows reaction probabilities from the groundthese small state-to-state probabilities to their own calcula-
state of B+OH to various vibrational states of-+HH,0 (] tions. The result in Fig. 1 is from the best calculation in
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FIG. 2. Same as in Fig. 1 but for QHit j =5.
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TABLE |. Vibrational energies of Oklat rotational states of=0 andj=5 for even total paritfdefined as € )" wherep is the standard inversion
symmetry on the Schatz—Elgersma PES. The zero energy is defined as the minimum of the asympt@id potential. All energies are in units of eV.

j=0 j=5
n E n E n E n E n E n E
1 —0.088 1 —0.048 13 0.276 25 0.413 37 0.537 49 0.621
2 0.088 2 —0.048 14 0.281 26 0.415 38 0.556 50 0.628
3 0.238 3 —0.033 15 0.303 27 0.424 39 0.562 51 0.637
4 0.348 4 —0.025 16 0.328 28 0.429 40 0.571 52 0.651
5 0.358 5 -0.010 17 0.358 29 0.432 41 0.576 53 0.651
6 0.371 6 0.008 18 0.386 30 0.445 42 0.578 54 0.680
7 0.454 7 0.128 19 0.390 31 0.448 43 0.579 55 0.695
8 0.519 8 0.129 20 0.393 32 0.449 44 0.588 56 0.706
9 0.539 9 0.145 21 0.395 33 0.462 45 0.595 57 0.707
10 0.582 10 0.160 22 0.406 34 0.488 46 0.599 58 0.719
11 0.657 11 0.181 23 0.409 35 0.491 47 0.608 59 0.719
12 0.681 12 0.206 24 0.410 36 0.530 48 0.610 60 0.723

terms of basis set and numerical grid in the present study anchlculation. We therefore postpone the task of spectroscopic
the average error bar is estimated to be around 30%. Similassignment to a subsequent study. For easy reference, the
vibrational state distributions can be shown for different ro-corresponding eigenenergies of®ifor j =0 andj =5 on the
tational state§ and the convergence property is better forSchatz—Elgersma PES are listed in Table I. We note that the
relatively larger state-to-state probabilities such as those fagigenvalues of KD in Table | are not in good agreement
H,O at j=5 in Fig. 2. However, the spectroscopic assign-with experimental results, which is one of the deficiencies of
ment of these vibrational states for,® using the Schatz— the Schatz—Elgersma PES. Although this deficiency is not
Elgersma PES poses a serious challenge because most statgpected to be very important for the calculation of total
are quite mixed. In addition, the proliferation of the numberreaction probabilities, it certainly will affect the product state
of open states with the increase of water angular momenturdistribution in a significant way. We should keep this point

j makes the task of assignment very difficult. As shown inin mind.

Fig. 2, the number of open vibrational states gfoHor j =5 For partially summed reaction probabilities, however,
is significantly larger than that fgr=0 in Fig. 1. In fact, the we have more confidence in convergence. Figure 3 shows
total number of open rovibrational states of@H(including  the reaction probability of the ground vibrational state but
all j’s) is close to 1000 at the highest energy of the presensummed over all rotational states of water at several ener-
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FIG. 3. The probability of K00)+OH(00) reaction to produce ground vibrational state g =000 summed of all rotational states of@8 as a function
of kinetic energy.
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FIG. 4. Product rotational state distribution of®ifrom the reaction K{00)+OH(00)—H+H,O(j) summed over all vibrational states for kinetic energies of
0.10-0.6 eV.

gies. Similar plots can be shown for probabilities to otherfrom the ground state for the reverse reaction
vibrational states of kD but the spectroscopic assignment of H+H,0—OH+H,.1° Thus the only quantity that can be di-

these vibrational states has not yet been completed due tectly compared with the present calculation is the transition
difficulties mentioned above. The complete rotational statgrobability from ground reactant state to ground product
distribution of water(summed over all vibrational states of state, and both numbers agree to about 10% of each other.

OH,) at various energies is given in Fig. 4. As seen clearly in This work is supported by the Division of Chemical Sci-

Fig. 4, the rotational state di_stributio_n o_fze_is generally ences, Office of Basic Energy Sciences, Office of Energy
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