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The H+ CD, reaction is the prototypical abstraction reaction
occurring at an sphybridized carbon atom. It also plays a role in
combustion chemistiyand has features that distinguish it from well
understood triatomic reactions. Furthermore, as the simplest six-
atom system, it has served as a testing ground for new theoretical
methods> For many years, the H CD4 — HD + CD; reaction
was believed to proceed via a rebound mechanibnthis process, T I T
reaction occurs when the incoming H atom is directed along the 10 05 00 05 10
central C-D bond, yielding an HD product that recoils in the ] ) ] (,mg )
backward direction while the GDfragment goes forward to g :%“I; ey él,. fo?'tf}:g(e:'galzcgispsr'ggﬁggnzf‘;ﬁ;stf_ tgeDiiitg)rff m;’sf Z%‘;te””g
conserve linear momentum (as viewed in the center of mass frameeaction ak,, = 27.8 kcal/mol. Experimental results (black) and theoretical
where backward is measured with respect to the incoming H atom). calculations obtained on the EG (red) and B3LYP (blue) potential energy
Indeed, calculations presented in this work using the most recentsurfaces are SEOWH- Forgvard Sfiastf;ﬁﬁvm ;ecsarzgcrtego ggﬂi]ng(dir;weﬁiom
global .C.H’ potential energy §urfaée§EG PE.S) suppqrt this view. Iz:n(c:iof’f%LYI%’,(\:A(IJn?rr;ceili?:tct?‘le previous assumption that tHe reactio% proceeds
In addition, the rebound picture is consistent with the known ;a3 rebound mechanism.
behavior of the H+ D, — HD + D reactioft and many other H

abstraction reactions with collinear transition states. In contrast to gcattered CB implying a direct reaction with a large contribution
the expected behavior, recent experimeintdicated that at a center  from a rebound mechanism.
of mass (com) collision energyE) of 45.0 keal/mol the CB The absolute reaction cross-section derived from the time-
product is backward scattered. Here, we report a combined consuming direct dynamics calculations also agrees quantitatively
experimental and theoretical effort that explains this observation \yjth previous measuremeri&while the corresponding EG result
and yields new insight into the reaction mechanism. is a factor of 3 too high. The B3LYP PES also contains information
The H+ CH, — CHs + H, reaction is nearly thermoneutral  apout the H+ CD, — HCD; + D exchange channel that would be
[AH(0 K) = —0.02 kcal/mol] but has a large classical barrier to  extremely difficult to include in an analytical PES. However, at

reaction? Many recent experimental studfelsave addressed the  the energies of the current experiments, the exchange channel is
kinetiCS, but the small reaction cross-section has made State-tO'not open; therefore’ we can rule out a previous specuﬁaﬂmt

DCS

state resolved dynamics experiments difficult, and few é&xfsor the observed angular distributions result from a competition between
eXperimentaI reasons, we have examined the €D, reaction. abstraction and exchange at low impac’[ parame’[ersl

_Using the photoloc techniquéwe measure the center of mass In Figure 2a, we plot the average value of ¢oas a function of
differential cross-section (DCS) of the @@=0) products forEcon the impact parameter obtained from calculations on the EG and

= 27.8 kcal/mol. These results are compared with results from B3LYP surfaces. The impact paramebes defined as the distance
quasi-classical trajectory (QCT) calculations integrated with two of closest approach if the reagents were to follow straight line paths
different interaction potentials: EGand UB3LYP/6-31G** during the collision. The standard deviation, which in this case is
(B3LYP).12The former is the best currently available analytic PES, a measure of the range of c6ghat arises for a particular impact
and the latter involves a direct dynamics QCT calculation with parameter, is also given. The observed behavior is very similar to
energy and forces generated on the fly. Figure 1 shows the that predicted from a simple hard sphere model. In this model, the

comparison of the experimentally determined DCE&gj = 27.8 scattering angle is uniquely related to the impact parameter by cos
kcal/mol and the comparable quantities calculated from the EG and 9 = 1 — 2b%d?, whered is the hard sphere collision diameter. A
B3LYP surfaces. Our experiments indicate that the; P@®ducts fit to the data yields a value af that is similar to the sum of the

scatter on average sideways and backward, @itls 60— —0.07 C—D (1.09 A) and H-D (0.7 A) bond lengths. Additionally, at

+ 0.10, wheréd is the scattering angle of the GProduct in the both collision energies, the curves obtained from calculations on
com frame. These results are in very good agreement with B3LYP the EG and B3LYP surfaces are in nearly perfect agreement! There-
calculations, while the EG surface predicts predominantly forward- fore, the subtle differences between these potentials, which lead to
dramatic differences in the DCS (Figure 1), play little role in deter-

IStanford University. mining the average scattering angle for a given impact parameter.
8 ﬂSﬁgévr‘?fﬁeﬂléfﬂﬁfé‘fysciences_ Figure 2b displays the calculated opacity functibRg) for the
Tvirginia Tech. two different surfaces dt.o = 27.8 kcal/mol. Pf) is multiplied
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1 10 of b. It is specifically this feature that gives rise to the unexpected
(a) _ s b3 angular distributions.
A i —_ We find that the wider cone of acceptance results because the
o ° 6™ - saddle point is closer to the product valley on B3LYP [the[T
§0 7 = 4 bond distance is 1.41 A at the B3LYP saddle point versus 1.33 A
v § L on EG and 1.40 A on CCSD(T)/cc-pVTZ]. The largerD bond
a 24 results in a more fluxional transition structure due to less steric
A - 0 0 hindrance between the HD and ¢Bagments. This is analogous
' ' ! ' to what is found* for CHs*, which is quite loosely bound
0.0 1.0 2.0 0.0 1.0 20 (fluxional), with an overall geometry in which Hforms a
Impact parameter (A) nonclassical three-center two-electron bond withsGlih the same

Figure 2. (a) Correlation between the average scattering angle and the way that B bonds sideways to metal centers in metal dihydrogen
impact parameter as obtained from the EG (red) and B3LYP (blue) surfacescomp|exe§_5 In our system (CGH), the CDy and HD fragments

at Econ = 27.8 kcal/mol. The standard deviation is calculated from the st Vb d. but a simil tleads to a t it
trajectories that fall within each impact parameter bin and is plotted for the are not strongly bound, but a similar argument leads 10 a transiion

red and blue curves. The correlation expected for hard sphere scatteringStructure in which the €D—H bond angle is not restricted to 180
(black) is also shown fod = 1.86 A. (b) Opacity functions (expressed as This work elucidates the detailed mechanism of the prototypical
bP() vsb). The arrows attached to each curve point to the reference axis. ghstraction reaction at a carbon center, which is found to be contrary
ggfnﬁfgnpirflfﬁffiiikﬁgrﬁgfﬁsﬁ: elfé?er valuesbddias the angular to the previously predicted behavior. The now (_:Iassic 196_6 review
by Herschback states that “the preferred direction of recoil of the
products is strongly correlated with the magnitude of the total
reaction cross sectiow,, which varies from<10 A2 for rebound
reaction to>100 A2 for stripping.” The present study on the-H
CH, reaction witho, < 0.2 A2 represents a clear exception to this.
We have identified subtle features of the multidimensional PES
that give rise to the unexpected dynamical behavior and shown
that comparisons of full dimensional theoretical calculations to state
resolved scattering experiments are now possible for lightweight
six-atom systems.

by the impact parametérto account for the fact that &sincreases
there is a larger area in the rarigeo b + db, and thus these values
of b should receive a larger statistical weightClearly, more
reactive collisions occur at large impact parameters on the B3LYP
surface than on the EG surface. For the EG surface, no reactive
collisions occur beyond 1.85 A, whereas for the B3LYP surface,
the reactive region extends to 2.12 A. This fact is particularly
striking when compared with the sum of the-D and H-D bond
lengths (1.8 A).
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