
TECHNICAL COMMENTS 

Theory, Experiment, and the H + D, Reaction 

Theofanis N. Kitsopoulos et al. (1) de- 
scribe observations on the H + D2 reaction 
obtained with the novel experimental tech- 
nique of reaction product imaging. Experi- 
ments such as this are ex~ected to contrib- 
ute significantly toward our understanding 
of elementary chemical reactions, especial- 
ly in cases where direct comparisons with 
theoretical calculations are possible. The 
original article shows a comparison of a 
quasi-classical trajectory (QCT) (2) study 
with the ex~eriment. Here we add to the 
analysis by comparing our quantum results 
with the experimental observations. 

Our quantum mechanical (QM) calcu- 
lations were carried out for H + D2 (3) with 
the use of a variational method for reactive 
scattering calculations that we have devel- 
oped over the past several years (4). This 
method can be used to solve the Schrod- 
inger equation for each partial wave of the 
H + D2 system, and the resulting scattering 
matrices can then be combined to give 
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Fig. 1. Differential cross sections as a function 
of center-of-mass scattering angle for the H + 
D, -, HD + D reaction, summed over final HD 
(v', j ' )  states. (A) Collision energy of 0.54 eV. 
(B) Collision energy of 1.29 eV. The experiment 
in ( 1 )  is indicated (O), the quasi-classical re- 
sults of (2) are indicated (.), and the quantum 
mechanical results of (3)  are indicated (0). 

integral and differential cross sections. In 
our earlier study we reported only integral 
cross sections (3 ) ,  as no experimental dif- 
ferential cross sections were available. Par- 
tial wave scattering matrices were, howev- 
er, saved from the calculations, and we 
have used these scattering matrices to re- 
construct the present QM differential cross 
sections. 

Our comparison (Fig. 1) includes exper- 
imental curves (I) ,  QCT curves (2), and 
the present QM results. The QCT calcula- 
tions were performed with the D2(w = 0, j 
= 0, 1, 2) states initially populated, and 
appropriate thermal averages were taken to 
simulate the experimental conditions (2). 
The present QM calculations were per- 
formed only for D2(w = 0, j = 0) (3) and 
should be interpreted with this caveat. 
Nevertheless, because the nuclear spin sta- 
tistics of D2 imply a 2 to 1 ratio of even to 
odd j states, the present D2(w = 0, j = 0) 
results should represent a good first approx- 
imation to the thermally averaged QM 
differential cross sections at the (rotation- 
ally cold) temperature that exists in a su- 
personic D2 molecular beam (1). 

The QM calculations (Fig. 1) agree re- 
markably well with the QCT calculations of 
Aoiz et al. (2) at both collision energies 
considered. Thus, the QM calculations do 
not significantly alter the conclusions of 
Kitsopoulos et al. (1). The fact that QCT 
calculations do so well for these light atom 
H + D2 differential cross sections, even 
though they are averaged over all possible 
H + D2 product states, is in itself impres- 
sive. Although the calculations agree with 
the experiment at the lower collision ener- 
gy (0.54 eV; Fig. IA), there are significant 
differences at the higher energy (1.29 eV; 
Fig. 1B). One possible explanation is that 
these differences are an artifact of the ex- 
periment, as discussed in (1). 

Another more exotic explanation is that 
the discrepancy might be a result of the 
geometric phase associated with the conical 
intersection between the ground and first 
excited H + D, electronic states (5). This 
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geometric phase effect is not included in the 
calculations (Fig. I), but Kuppermann and 
Wu have recently shown that it can have a 
pronounced influence on differential cross 
sections for the closely related D + Hz 
reaction (5). The effect of the geometric 
phase is expected to be more pronounced 
for differential than for integral cross sec- 

tions, and more pronounced the higher the 
collision energy (5). Thus the conclusions 
of Kuppermann and Wu (5) are fully com- 
patible with the discrepancy between theo- 
ry and experiment (Fig. 1B) being a result 
of the neglect of the geometric phase in the 
calculations. 
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Response: I believe this comment is an 
important contribution to the discussion 
of the H + D2 reaction and its isotopic 
variants. The point is that exact QM 
scattering calculations yield the same dif- 
ferential cross section for the H + D2 
reaction as the less precise QCT calcula- 
tions. Because the QCT calculations 
showed some discrepancy with the exper- 
imental results, this contribution elimi- 
nates one possible origin for the discrep- 
ancy. Additionally, D'Mello and his co- 
workers point out a possible important 
deficiency in the calculation, the absence 
of the geometric phase correction. 

D'Mello et al. correctly point out that 
there may be some problem with extracting 
a differential cross section of sufficient ac- 
curacy to compare with the best calcula- 
tions from our experimental data. These 
problems were detailed in our article. We 
therefore agree with the authors that im- 
provements in both theory experiments are 
warranted. 
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