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Reaction pathway, energy barrier, and rotational state distribution
for Li „2 2PJ…¿H2\LiH „X 1S¿

…¿H
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By using a pump-probe technique, we have observed the nascent rotational population distribution
of LiH ( v50) in the Li (22PJ) with a H2 reaction, which is endothermic by 1680 cm21. The
LiH ( v50) distribution yields a single rotational temperature at;770 K, but the population in the
v51 level is not detectable. According to the potential energy surface~PES! calculations, the
insertion mechanism in~near! C2v collision geometry is favored. The Li (22PJ) – H2 collision is
initially along the 2A8 surface in the entrance channel and then diabatically couples to the ground
1A8 surface, from which the products are formed. From the temperature dependence measurement,
the activation energy is evaluated to be 1280646 cm21, indicating that the energy required for the
occurrence of the reaction is approximately the endothermicity. As Li is excited to higher states
~3 2S or 3 2P!, we cannot detect any LiH product. From a theoretical point of view, the 4A8 surface,
correlating with the Li 32S state, may feasibly couple to a repulsive 3A8 surface, from which the
collision complex will rapidly break apart into Li (22PJ) and H2. The probability for further surface
hopping to the 2A8 or 1A8 surfaces is negligible, since the 3A8 and 2A8 surfaces are too far
separated to allow for an efficient coupling. The Li (32P) state is expected to behave similarly. The
observation also provides indirect evidence that the harpoon mechanism is not applicable to this
system. ©2001 American Institute of Physics.@DOI: 10.1063/1.1370070#
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I. INTRODUCTION

Reaction dynamics of electronically excited alkali atom
with the hydrogen molecule has become an attractive to
for study for decades.1–10 The advent of the tunable lase
makes it feasible to deposit excitation energies in vari
atomic states, which are large enough to overcome the
ergy requirements of endothermic reactions. Among the
sues of reaction dynamical complexity having been stud
the reaction pathway is an issue of common concern. T
far, the reaction pathways for K,7,8,11–15 Rb,16,17 and
Cs1,3,9,18–23are found to be similar, proceeding via a harpo
mechanism in a~near! collinear collision, whereas Na4,5,10

prefers an insertion mechanism.
In a series of reaction studies with the hydrogen m

ecule for excited states of Cs by Vetter and Bersohn,1,3,9,18–23

K by Lin and Kleiber,7,8,11–15and Rb by Luh16,17 and their
co-workers, the following results were found. First, the re
tions followed a colinear collisional geometry, producing
kali hydrides predominantly via an ion-pair intermedia
however, for the case of Cs, an electron jumping dista
was shorter than the harpoon model predicted.9 Second, the
available energy dissipation into vibration of the produ
particularly for KH and RbH, generally increased with th
principal quantum number. Third, more than 70% of t
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available energy was released as translation. Finally, the
tational populations of the alkali hydrides were in statistic
thermal distributions. The behavior of alkali atom-H2 reac-
tions reveals marked differences from other reactions, s
as those of an alkali atom with halogen-containi
molecules.24,25 Although the harpoon mechanism is app
cable to both types of reactions, the latter type, contain
reactants with a substantial electron-withdrawing charac
may lead to a substantial partition of total available ene
into vibration, but not translation, as observed in the form
reaction.24

The Na (42P) plus H2 reaction is the only exception
with a different reaction pathway from K, Rb, and Cs. F
the Na (42P) reaction, Kleiber and co-workers4,5 found that
a bimodal rotational distribution of NaH resulted with th
minor component peaking at lowJ and the major componen
peaking at highJ. The bimodal nature was thought to ste
from a side-on attack along an attractive surface, which
termined the microscopic branching late in the e
channel.4,5,10 A minor secondary mechanism, following a
end-on attack along a repulsive surface to contribute to
low rotational population, was also proposed in a far-wi
scattering measurement.4,5 To interpret the insertion prefer
ence, Bersohn suggested that the Na atom with a smaller
should suffer from the least repulsion in the insertion a
proach into the H–H bond.9

As for the reaction between Li and H2, to the best of our
knowledge, there is little information on its related dynam
cal behavior,26,27 despite an abundance of spectroscopic d
reported for LiH in various states.28–30Thanks to these spec

ity,

2-
5 © 2001 American Institute of Physics
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tral assignments for LiH, we report for the first time detail
information on the reaction pathway and rotational state
tribution of the LiH product (v50) as a result of the
Li (2 2PJ) with a H2 reaction. Li (22PJ) is the first excited
state; its reaction with H2 is endothermic by 1624 cm21.27

The corresponding reaction cross section has been rep
to be as small as 0.160.03 Å2 at 788 K.31 However, the H2
collision-induced quenching process has been found to o
at a gas kinetic rate. Berry and Berry have reported
quenching cross section to be 40.7 Å2 for Li (2 2P1/2

22 2S1/2) at 564 K.32 Jenkins obtained a value of 18.4 Å2 at
1400 K.33 Lin and Weston obtained a value of 24.3 Å2 by
photodissociation of LiI with radiation at 220 nm.34 The ob-
tained electronic quenching efficiencies of Li (22PJ) by H2

are relatively larger than those reported for Na and K in th
lower lying states.33,35–38Whether such abnormal quenchin
behavior will be reflected in the chemical reaction is an
teresting issue not yet known. Therefore, in this work
seek to find the reaction mechanism for the Li (22PJ) with a
H2 reaction.

In spite of the endothermicity of the Li (22PJ) plus H2

reaction, in this work a nascent rotational population dis
bution of LiH (v50) has been found to yield a single rot
tional temperature of;770 K. The result is hotter by 90 K
than the system temperature. The rotational distribution
pears similar to those formed by the K, Rb, and Cs reacti
with H2, but differs from the Na reaction, which yields
bimodal distribution. The reaction may proceed via a no
diabatic transition to the ground state surface. With the aid
the potential energy surface calculations, the reaction me
nism is found to favor a side-on attack of Li insertion in
the H–H bond. The reaction barrier is evaluated to be 1
cm21 from the measurement of the temperature depende
This implies that the activation barrier is approximate
equivalent to the endothermicity of the system. T
Li (3 2S,32P) reactions have also been initiated, but no L
products were detectable. In contrast to this fact, increa
reactivity has been found in the other alkali elements w
increased excitation energy, suggesting a marked differe
in the reaction pathway for other alkalis compared to Li.

II. EXPERIMENTAL

The experimental apparatus is similar to the one u
previously,12,13,15 employing a pump–probe technique in
bulb system. The pump beam was a 10 Hz, 5–8 ns pu
doubled Nd:YAG laser-pumped dye laser, which was use
prepare the Li atom in the 22P, 3 2S, and 32P states. With
the use of a dye mixture of DCM and LDS698 in a volum
ratio of 1:1 and a DCM dye~doubled!, the 22PJ and 32P
states were excited at 670.9 and 323.4 nm, respectiv
while the 32S state was excited via a two-photon absorpti
at 735 nm with LDS750 dye. The probe dye laser with
B-PBD dye, pumped by another~tripled! Nd:YAG laser, was
used to excite the laser-induced fluorescence~LIF! spectra of
the LiH product in theA 1S1 –X 1S1 transition from 360 to
380 nm. The LIF of LiH (v51) was excited with a PBBO
dye laser from 383 to 393 nm. The unfocused pump a
probe beams propagating opposite to each other were c
mated via an individual pinhole of 0.3 cm2 cross section. The
Downloaded 16 Aug 2007 to 140.109.113.120. Redistribution subject to A
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output energies for both beams were kept less than 200mJ in
order to prevent unwanted multiphoton excitation to a
higher states or optical saturation of the LIF. The probe be
was spatially delayed about 10 ns. The zero delay time
defined as the maximum temporal overlap between the pu
and probe pulses. Therefore, adjustment of a brief delay t
would avoid the occurrence of two-color multi-photon exc
tation processes, and also ensured that the product popul
distribution would be in a nascent state. The measuremen
delay time dependence indicated that the relative intens
of overall signals in the various distributions were similar
each other within 20 ns at a pressure of 10 Torr, but
corresponding signal-to-noise ratio for a briefer time de
was poor. The rotational line~6, 0! R5 was selected for the
measurement of the H2-pressure dependence. Its peak a
was linearly proportional to the H2 pressure up to 15 Torr a
a 10 ns time delay, implying that the rotational cooling a
secondary reaction processes were negligible.

A six-armed heat-pipe oven was used to contain the
metal, which was heated to 68061 K. The Li vapor pressure
corresponded to 8–10 mTorr. The chamber was evacuate
1025 Torr prior to the introduction of H2. The H2 gas, regu-
lated at a constant pressure of about 10 Torr monitored b
MKS capacitance pressure gauge, flowed slowly through
chamber. For the temperature dependence of the rotati
line intensity, the temperature was varied from 610 to 760
as monitored with a thermocouple intruding into the react
region, while the H2 gas inside the chamber was regulated
a constant pressure.

For detecting the LiH (v50) population at 680 K, the
~5,0!, ~6,0!, ~7,0!, and ~8,0! @(v8,v9)# bands were excited
while emissions from the~5,5!, ~6,6!, ~7,7!, and~8,8! bands
were monitored. Such a LIF detection took advantage of
Franck–Condon factors calculated.29 The obtained LIF sig-
nal of LiH was transmitted perpendicularly relative to th
laser beam through a monochromator and detected by a
tomultiplier tube enclosed in a cooler at220 °C. The mono-
chromator functioned as a filter to reduce interference fr
scattered light. An additional photomultiplier tube was a
tached on the opposite side of the reactor, relative to
other detector, for recording simultaneously the atomic
emission in the 22PJ→2 2S transition from the reaction re
gion. The LIF signal of LiH was normalized to the intensi
of the Li emission to maintain the factor of the Li densi
unchanged throughout the experiment. For the measurem
of temperature dependence, such a normalization treatm
is necessary; otherwise the reactant concentration may
crease with temperature.

III. POTENTIAL ENERGY SURFACE CALCULATIONS

For a better understanding of the reaction pathway
this reaction, we have conducted calculations ofab initio
potential energy surfaces. The calculation method adop
has been described in detail by Jeung and co-workers.27 The
basis sets used were 9s8p5d3 f /4s3p with the first four s
functions of Li and the first twos functions of H contracted
from the original 12s8p5d3 f /5s3p.27 The calculations were
carried out using theMOLPRO program. This work involved 3
active electrons and 12 active spaces in complete ac
IP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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9397J. Chem. Phys., Vol. 114, No. 21, 1 June 2001 Reaction pathway for Li (2 2PJ)1H2
space self-consistent field~CASSCF! calculations. The mo-
lecular orbitals~MOs! were optimized for the average of a
the states made from this active space. Then multirefere
single and double configuration interaction~MRCI! calcula-
tions were done using the MOs resulting from the CASS
calculations, using the same active space. Two-core elect

FIG. 1. LIF spectra of LiH (v50) in the A 1S1 –X 1S1 transition. The
vibrational levels,v855, 6, 7, and 8, in the upper state are populated and
emissions from the~5,5!, ~6,6!, ~7,7!, and~8,8! bands are monitored, respec
tively.

FIG. 2. ~a! Rotational population distributions of LiH (v50) determined
from the ~5,0! and ~6,0! bands.~b! Plot of ln@I/(2J11)# as a function of
J(J11); I denotes the peak area of the rotational line andJ, the rotational
quantum number. The slopes obtained are characterized by the Boltz
rotational temperature.
Downloaded 16 Aug 2007 to 140.109.113.120. Redistribution subject to A
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in Li (1s2) were involved in the single excitation calcula
tions to include the valence-core correlation effect. With t
method, the calculated molecular constants for the H2 and
LiH molecules have resulted in good agreement with exp
mental observations.27

IV. RESULTS AND DISCUSSION

A. Rotational population distribution of LiH

Excitation spectra of LiH~5,0!, ~6,0!, ~7,0!, and ~8,0!
bands in theA 1S1 –X 1S1 transition is shown in Fig. 1, as
the Li 2 2P state is excited at 670.9 nm. The obtained spec
are in a nascent state, as examined by the measurem
described in Sec. II. The spectral assignments of these r
brational bands are consistent with the predicted counter
within 1 cm21, adopting the molecular constants for theX
andA states reported by Stwalley and co-workers.28–30 Fig-
ure 1 gives partial assignment of only the~5,0! and ~6,0!
bands, containing the rotational lines up toJ515 and 17,
respectively. By taking into account the Ho¨nl–London fac-
tors, the rotational population distributions of LiH (v50), as
represented by the average intensities ofP and R branch
lines, are displayed in Fig. 2~a!. The distributions appear to
be monomodal, peaking atJ56 – 7. The rotational popula
tion may be approximately characterized by a statistical th
mal distribution. As shown in Fig. 2~b!, a plot of the peak
area of each line againstJ(J11) yields a slope correspond
ing to a rotational temperature of 778637 and 762654 K
estimated from the~5,0! and ~6,0! bands, respectively. The
v>1 populations were not detectable~,0.05 Å2!, since for
such an endothermic reaction, it is difficult to have enou
energy to populate any higher vibrational levels. In additio
as the Li 32S and 32P states are excited, respectively, n
detectable LiH product is observed~,0.05 Å2!.

Note that the spectral resolution of our laser syste
cannot distinguish between two levels of the 22PJ doublet,
separated by 0.34 cm21. In addition the cross section fo
fine-structure mixing by H2 has been measured to be 54.52

for the transition 22P3/2←2 2P1/2 and 26.9 Å2 for the reverse

e

nn

FIG. 3. The peak area of the rotational line~6, 0!R5 as a function of the
reciprocal of the temperature in the range from 610 to 760 K. The sl
yields information on the activation energy, according to the Arrhen
theory.
IP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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process.32 Such a large mixing cross section should make
spin–orbit effect negligible on the rotational distribution.

As for the temperature effect, the rotational line~6, 0!R5
is selected for the measurements. Its peak area is plo
against the reciprocal of the temperature on a semiloga
mic scale. Note that the rotational line intensity used here
been normalized to the atomic line intensity of the Li (22PJ)
emission, as described in Sec. II. According to Arrhen
theory, the slope shown in Fig. 3 yields an energy barrie
1280646 cm21. The value is less than the endothermic e
ergy, which is 1624 cm21 calculated by Jeung and co
workers. They have considered the zero-point energies
the reactants and products, but neglected the kinetic and
ternal energies of the system.27

B. Reactive and inelastic quenching mechanisms

With the H–H bond fixed at 0.75 Å, Fig. 4~a! shows the
potential curves for the 1A1 and 1B2 surfaces inC2v geom-
etry as a function of the distance,R, between Li and the
center of H2. The curve crossing occurs in the short intera

FIG. 4. ~a! Energies of the 1A1 and 1B2 surfaces, correlating with the L
2 2S and 22P states, as a function of the distanceR between Li and the
center of the H2 bond, calculated in aC2v symmetry. The H2 bond length is
fixed at 0.75 Å, the equilibrium distance.~b! Energies of the 1A8, 2A8,
3A8, and 4A8 surfaces, calculated in a nearC2v symmetry (angle589°).
The H2 bond length is stretched to 0.9 Å. The 3A8 and 4A8 surfaces corre-
late with the Li 22P and 32S states, respectively.
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tive range at a distance of 1.2 Å. The energy at the cross
point appears to be about 4300 cm21 larger than that for
separated reactants. In contrast, the crossing region m
outward to a distance of 1.6 Å in the attractive region of t
2A8 surface, as the H2 bond is stretched to 0.9 Å, as show
in Fig. 4~b!. When the relative energy of LiH2 along the 1B2

surface is calculated atR51.2 Å, near the curve crossing, a
a function of the HLiH angle, the barrier increases as
angle decreases from 90° to 10°. As shown in Fig. 5,
relative energy difference may be up to 4–5.5 eV, depend
on the H2 bond length. Therefore, the reaction pathway
vors Li insertion into the H2 bond. The colliding species
follows a nearC2v coordinate to the attractive region an
then couples to the lower state from which the products
formed. The prediction is consistent with those repor
previously.26,27 The obtained high rotational temperature c
thus be reasonably interpreted as rising from a rotatio
torque generated as one H atom is removed from the b
collision complex. If the reaction is assumed to prefer a c
linear collision, then low rotation and high vibration of LiH
may be otherwise obtained.

There is an alternative but inefficient mechanism p
posed to explain the reaction product. That is, when
Li (2 2P) approaches H2 along the 1B2 surface as the en
trance channel, the Li–H2 surface may undergo a nonadi
batic transition to the product channel LiH(X 1S1)1H in a
~near! C`v symmetry. As shown in Fig. 6~a!, the LiH energy
curves vary with the distance between Li and the cente
H2. Here the H–H distance is fixed at 6 Å, where the H–
bond is considered to have broken apart completely. T
curve crossing may occur around 4.6 Å. For the 1A8 surface
at this point, the ground state LiH is at 1.6 Å, the equilibriu
distance. The Li (22P) – H2 distance at the curve crossing
still far enough to allow for an angle change from theC2v to
C`v collision geometry with an energy barrier less than 0.
eV. Therefore, according to the Landau–Zener theory, i
probable for the nonadiabatic transition from the 1B2 surface
to the 1A8 surface to occur. However, as the kinetic ener
of the colliding species increases, the transition probabi
should decrease, thus leading to a smaller reaction cross

FIG. 5. A comparison of the relative energy near the crossing region
tween the 1A8 and 2A8 surfaces as a function of the HLiH angle from 90
~C2v symmetry! to 10°~close toC`v!. The energy is calculated at a distanc
R51.2 Å, between Li and the center of the H2 bond. The H2 bond length is
fixed at 0.75, 0.8, and 0.9 Å, respectively.
IP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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tion. This prediction is contrary to our experimental resu
of the temperature effect. Such a long-range nonadiab
curve crossing should be negligible.

As reported previously, the 1A8 and 2A8 surfaces cross
along a line seam where the colliding configuration is inC2v
symmetry.27 The crossing seam around 1.6 Å is in the attra
tive region of the 2A8 surface~also shown in Fig. 4!.27 With
the aid of the PES calculations, the observation of the ine
tic quenching cross sections, as reported to decrease
increasing temperature, may be interpreted readily. Marti
has used a multiple spawning technique to describe semi
sical nuclear dynamics and found that the nonadiabatic t
sitions along the line seam are extraordinarily fast, but
quenching efficiency is greatly diminished by recross
from the lower to the upper adiabatic surface.26 There may
exist additional quenching channels to interpret the abn
mally large cross sections,32–34 as compared to those fo
other low-lying alkali atoms. In the following we propose a
alternative quenching mechanism. As shown in Fig. 6~b!,
Li (2 2PJ) and H2 collide along aC2v coordinate as the en
trance channel, while the exit channel leads to the prod

FIG. 6. ~a! Energies of the 1B2 , 1A8 ~HLiH angle51°, close toC`v!, and
2A8 surfaces for the Li–H2 collision as a function of the distanceR between
Li and the center of the H2 bond. The H2 bond length is fixed at 0.75 Å for
the 12B2 surface, while the H2 bond length is fixed at 6 Å for the 1A8 and
2A8 surfaces.~b! Energies of the 1B2 and 1A8 ~HLiH angle51°, close to
C`v! surfaces for the Li–H2 collision as a function of the distanceR be-
tween Li and the center of the H2 bond. The H2 bond length is fixed at 0.75
Å for the 1 2B2 surface, while the H2 bond length is fixed at 1 Å for the 1A8
surface.
Downloaded 16 Aug 2007 to 140.109.113.120. Redistribution subject to A
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Li (2 2S) and H2 along a ~near! C`v coordinate. A curve
crossing occurs in the attractive region of the 1B2 surface
and the position of curve crossing depends on the H2 bond
length in the exit channel. For instance, in Fig. 6~b! the
crossing point is at;2 Å when the H2 bond is stretched to
1.0 Å. The crossing point will move outward with an in
crease of the H2 bond length. This implies that the inelast
quenching processes may take place at a large impact pa
eter. In addition, as the kinetic energy of the colliding sp
cies increases with temperature, the nonadiabatic trans
becomes smaller, thereby leading to a smaller quench
cross section. The additional mechanism proposed might
plain a much larger quenching cross section observed as
as the related temperature effect.

C. Comparison of reaction mechanisms among alkali
elements

The mechanisms with a H2 reaction among Na, K, Rb
and Cs differ from each other. Kleiber and co-workers4,5

have demonstrated that the Na (42P) reaction preferentially
follows a side-on attack toward the hydrogen molecule, le
ing to a bimodal rotational distribution of the NaH produc
The Na (42P) – H2 reaction may proceed along an attracti
3 2B2 surface, which evolves through a series of surfa
crossings and finally joins the reactive 12B2 surface.4,5,10 In
contrast, K, Rb, and Cs are dominated by an electron tran
along a colinear approach geometry. Among these alkali
ements, their atomic size may be an important factor to
termine the preference of reaction pathways.9 Na with a rela-
tively small size tends to insert into the H2 bond. However,
for the K, Rb, and Cs elements with a larger size, the ins
tion approach may encounter large repulsion.

The other important factor to affect the mechanism is
excitation energy. From the energetic point of view,
atomic reactant in a highly excited state, which helps low
the ionization potential, may enhance the rate of the elec
transfer process. For instance, Ca(1S0) in a reaction with
H2O2 proceeds via a long-lived neutral complex, whereas
Ca(3Pj ) reaction is dominated by a process of electr
transfer.39 The Mg (31P1) – H2 reaction favors an insertion
mechanism,40–43 whereas the Mg (41S0,31D2) – H2 reac-
tions are believed to proceed via a harpoon-type process44,45

Such a competition between insertion and harpoon mec
nisms has also been found in other alkaline earth atoms
OH-containing molecules.46 Comparing the ionization poten
tials among the excited states of Na, Rb, K, and Cs stud
so far, the Na (42P) atom is the most difficult to be ionized
The competition of pathways accordingly favors the ins
tion mechanism.

By analogy with the case of Na(42S,42P), the
Li (2 2PJ) plus H2 reaction is dominated by an insertio
mechanism. Again, the small atomic size of Li causes
least repulsion in the insertion approach. An efficient el
tron back-donation from the metal atom to the antibond
s* of the hydrogen molecule, which may energetically s
bilize the2B2 ~or 2A8! potential surface, is another importa
factor to favor the insertion mechanism. Similar energe
IP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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stabilization has also been found in the Mg (32P) plus H2

reaction.40–42Despite the similarity between the reactions
Li and Na, their resultant rotational state distributions a
different. It is more complicated to understand the rotatio
bimodality for the Na case, since the product channel
volves a series of curve crossings. For Li, the reaction sho
occur via the 2A8– 1A8 nonadiabatic transition. Therefore
the rotational distribution in the exit channel may depend
the anisotropy of the 1A8 surface.

From the reported PES information, two aspects may
discerned. First, concerning the lack of LiH (v.0) popula-
tion, one may consider this from a viewpoint other than
endothermicity. As reported, the collision configuration
the crossing seam is a bent geometry with the LiH bo
~;1.57 Å! close to the equilibrium distance.27 If one hydro-
gen atom departs impulsively from the LiH2 complex, the
impulse force should cause the available energy conver
into vibration to be relatively small. Second, the anisotro
feature of the ground state surface may affect the obta
rotational temperature. As compared to the case of
Mg(3 2P) plus H2 reaction, the rotational temperature o
tained in this work is much smaller than that correspond
to the high rotational component of the MgH distributio
For the case of Mg, the colliding species following the s
face transition may decompose via a collinear HMgH int
mediate complex.40–43 The strong anisotropic interaction re
sults in the higher rotational component of the bimod
distribution. In contrast, for the case of Li, although the d
tailed 1A8 PES is unknown, we expect that the minimu
energy of the LiH2 complex on the surface should be in
bent configuration, similar to that calculated for the 4A8 sur-
face correlating with the Li 32S state.27 Thus, upon the tran-
sition to the lower surface, the LiH2 collision complex,
which decomposes via a bent intermediate, is subject
relatively weak anisotropic interaction.

As reported previously, the higher-lying states of alk
atoms are very reactive toward the hydrogen molecule.
relative reactivity for the high-lying K atoms follows an o
der of D,P,S.12,13 Similarly, in the Rb(52D,72S) with
H2 reactions, Luh and co-workers have found that the che
cal reactivity follows the order of 52D1/2,5 2D3/2

,7 2S1/2.16 However, Vetter and co-workers have found th
the reactivity between the2S and2D state is reversed in th
Cs case.23 A combination of atomic orbital symmetry, ster
barrier, and energetic effects have recently been propose
account for the state reactivities observed.14,15

To our surprise, unlike the reactivity for the above hig
lying alkali atoms, the chemical reaction initiated by the
atoms in the 32S or 3 2P states cannot be detected. From t
PES calculations reported27 and also conducted in this work
when the Li (32S) atom approaches H2 in nearC2v symme-
try, the 42A8 surface can feasibly couple to a repulsive 3A8
surface. The repulsion is exerted on the collision complex
make the moiety break up into the products@Li (2 2PJ)
1H2# along the 3A8 surface. The probability for further sur
face hopping from the 3A8 to the 2A8 surface should be
negligible, since their PES are separated too far from e
other to have a significant coupling~also see Fig. 4!. The
Li (3 2P) state is expected to behave similarly. The forb
Downloaded 16 Aug 2007 to 140.109.113.120. Redistribution subject to A
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den reaction found in the high-lying Li states implies that t
harpoon mechanism cannot be dominant in this system.

IV. CONCLUSION

In this work we have provided insight into the dynamic
behavior for the Li (22PJ) with a H2 reaction. The obtained
nascent rotational population distribution of LiH (v50)
yields a single rotational temperature about 90 K higher th
the system temperature. LiH in thev51 level is not detect-
able. By combining the PES calculations and the obser
tions, we believe that the current reaction should be do
nated by the insertion mechanism. This reaction pathwa
similar to the case of Na (42P), but the latter leads to a
bimodal rotational distribution. The activation energy h
been determined by temperature dependence measurem
Regardless of the initial energy carried by the reactants,
obtained barrier suggests that the endothermic energy is
only barrier for the reaction.

The reaction behavior for the high-lying Li atoms diffe
from those for the high-lying K, Rb, and Cs atoms. T
Li (3 2S,32P) reactions with the hydrogen molecule do n
lead to any detectable LiH product. It may be reasona
interpreted that the corresponding 4A8 and higher surfaces
may not effectively couple to the reactive 2A8 and 1A8 sur-
faces. The observation provides indirect evidence that
harpoon mechanism cannot be applied to the Li reaction.
otherwise probable for the Li (32S,32P) – H2 collision to en-
ter the ion-pair surface that may join the 2A8 and 1A8 sur-
faces. This conclusion is also supported by Jeung and
workers from a theoretical point of view.27
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