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The reactive behavior of the [Lilfit system is investigated by computing the potential energy surfaces (PES)
for the collinear geometries. The three lowest-lying PESs have been obtained using a multireference valence
bond approach and subsequently have been fitted with modified Laguerre functions. The results appear to
exclude any significant nonadiabatic interaction between the first two electronic states and already suggest
differences in the dynamical behavior of the title system when moving on each of these potential energy
surfaces. Thus, at least within a collinear approach, a direct reactive dynamics should be expected for the
ground-state reaction of LiH-H — Li*-+H,, while the formation of a temporary complex is suggested to
occur for the partners interacting via the electronically excited PES pertaining tbHiH— Li-+H,*.

1. Introduction LiH-+H™), appeared to be quite improbable due to the absence
In the modern studies of the early universe, it is usually of nonadiabatic interactions between the two electronic states.

accepted that chemistry began with the appearance of the first The above list is already showing that ionic and neutral
neutral molecule b soon after the production of neutral atomic  SPecies involving atomic and molecular hydrogen and lithium
hydrogen through the radiative recombination of protons and are of importance in establishing the kinetic details of the lithium
electrons. Because of the absence of dust in the early universechemistry during the evolution of the early universe. It therefore
the chemistry that leads to the formation of the first molecules follows that, to set up in some realistic way an evolutionary
is driven by elementary reactions between atomic spééias. model, one must estimate the relative abundances of the
an example, lithium chemistry is thought to have been initiated chemical species by taking into account the chemical reactions
by the formation of neutral Li through the radiative recombina- listed above and many others that are connected to them and
tion of the Li* ion with electrons and to proceed with the deemed to be relevant for the evolution of the primordial
formation of LiH species through the following radiative universe. We have already considered some aspects of this
association processés’ the last one being the most efficiéht:  entangled network by looking at the neutral reaction in the
simple collinear geometfyand at the behavior of its subreactive

LiT+H—LH"+ hy Moreover, we have recently also sampled the subreactive
. B _ configurational space of LittH" in order to estabilish the
Li+H —LiH+hv (1) rovibrational heating efficiency of LiH by proton impatSince

for this system the possible reactiérshould be taken into
account, we will first consider them here by looking at the
collinear geometry of the partners’ relative approach. In
particular, great attention will be devoted to the—H—H
geometry, which seems the most favorable one for the reattions

The LiH/LiH species, however, are being competitively de-
pleted by the adiabatic processes

LiH +H " —Li + H,

LH +H—L"+H to occur, but we will also look at the other collinear arrangement,
2 the H-Li—H situation. The evaluation of the full 3D reactive
LiH+H—Li +H, (2) interaction potential is currently in progress in our laboratories

for the first three electronic states and will be discussed
We have explicitly avoided mentioning in the ionic network elsewheré! Meanwhile, we will show below that the analysis
the reactions that would require a nonadiabatic transition of the collinear situation is already capable of providing us with
between the two electronic states because we have alreadya lot of insight into the microscopic aspects of these reactions.
discussed them elsewhe_re and, from a preliminary study of their  The work is presented in a sequence of two papers: in the
PES]® we found them likely to be forbidden. On the whole, present one we summarize in section 2 our knowledge of the
the reactions LiH+H — Hp+Li and LiH+H" — Ha+Li, energetics of the system, in section 3 we briefly describe the
together with the charge exchange process (HiH — computational method used to obtain the potential energy
) surfaces, in section 4 we draw some general conclusions based
* Corresponding author. . . ) . .
t University of Rome. on the topological properties of the PESs, and finally in sections
* University of Milan. 5 and 6 we describe the details of the interaction along with
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Figure 1. Energy correlation scheme for the LitHcomplex. All values

are in eV. In the middle of the diagram the triatomic dissociation
thresholds (together with the ground bound state of the complex) are
displayed. See text for further details.

the fitting procedure used to yield an analytical representation
of the PESs.

2. The [LiH7]* System

To understand the forces that drive the processes of eq 2, it
is better to outline first the energetics of the system by looking
both at partial (LiH-H and LiH-H,) and at the total (.4+H+H)
break-up arrangements (see Figure 1). All the results reported
there refer to adiabatic transitions, with the exception of the
process involving the J{Xy) — Hx(B2Y) transition where we
have instead used the sudden differeffcé’

The neutral LiH molecule appears in the first excited state
of the system because of the large difference between the
ionization potential of the H atom (13.6 eV) and that of LiH
molecule (7.9 eV for the vertical process) that leads to an
asymptotic situation for the ground state in which the charge is
localized on the LiH moiety. The LiH molecule is a very
weakly bound molecule, and therefore the ground-state break-
up channel, Li+H+H, is only slightly above the LiH+H
channel. On the other hand, the neutral rHolecule has an
ionization potential greater than that of the Li atom, and
therefore H appears in the ground-state channel while the first

excited electronic state dissociates on the left of the diagram as

Hot+Li.
The ground-state reactive surface therefore represents th

interaction potential relevant for the study of the adiabatic
processes

Li* 4+ H,

3
Li"+H+H )

Lm++H~{

In eq 3, the three body (3B) break-up channel has been
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The first excited PES is relevant for the adiabatic reaction

(4)

Since in this case the asymptotic partners experience strong
electrostatic forces (due to the strong dipole of the LiH molecule
and the substantial polarizability of the Li atom), the mentioned
potential is characterized by the dipole-charge and charge-
induced dipole interaction terms. Therefore, we will see two
deep potential wells that have a marked influence on the
dynamics and can support several triatomic bound states.

Possible nonadiabatic processes between the two states have
been already discussed in previous works on this sy&teim.
particular the main result of ref 8 was that the multisurface
events could only be triggered by photon absorption or emission,
which, however, would lead to rate constants that are too small
to be relevant for the Li chemistry in the early universe
environment. This important result follows from the large energy
gap and from the difference in chemical properties between the
two states. On one side, in fact, as we shall also see in the
following, the asymptotic energy gap is not altered substantially
in the interaction region, while on the other side the two
electronic states retain a different nature: the positive charge,
which is localized on the Li atom in the ground electronic state,
is located on one (or two) of the H atoms in the excited state.
This feature should make the nonadiabatic coupling elements
too small to trigger a nonradiative transition.

On the contrary, possible nonadiabatic processes should be
considered between the first and the second excited electronic
states. Indeed, in the three-body break-up arrangement, both
states dissociate as+H+H™, which is doubly degenerate due
to the presence of the charge. A previous analysis of the
subreactive configurational spdaevealed that deeply inside
the interaction region the two excited states are somewhat
interacting, because of a charge-exchange process that takes
place between the two hydrogen atoms. The location and
characterization of the possible conical intersection region in
the full 3D space is an interesting subject in itself, but it is
beyond the scope of this preliminary analysis, which considers
instead the simpler 2D space of a collinear arrangement. Here
we mention in passing another interesting aspect that arises in
the asymptotic region of the LiH potential energy (as considered
within the LiH,™ system) because of the degeneracy in the three-
body break-up channel: a lower electronic state in which the
charge appears exchanged over the two H atoms arises whenever
one stretches the LiH bond in the presence of an isolated H

LiH +H"—Li +H,"

8n Figure 2 we report (in the left panel) the relevant diatomic

curves for the isolated LiH moiety and (right panel) the first
lower lying curves obtained by stretching the LiH distance and
keeping the HH distance fixed at a very large value &

the collinear LiHH configuration). The potential energy curve
of the ground state of the right panel is simply the ground state
of LiH™ (white circles), which is being energy-shifted by the
presence of a neutral hydrogen atom at infinite distance. The

considered because, as already mentioned, the very low bindingpotential energy curve of the first excited state in the right panel

energy of the LiH molecule makes it already accessible at a
collision energy of a few tenths of electronvolts. It is worth
noting at this point that the colliding species in eq 3 have 1/4
probability of going through the PES of the singlet state, the
other 3/4 being left for the S 1 spin manifold. Since in the
triplet state the parallel configuration of the two (hydrogenic)
valence electrons prevents any reaction, for such spin manifold

can be easily thought of as arising from two diabatic curves,
one which is that of the isolated LiH molecule (black squares)
and the other is that of an electronically excited state of the
isolated LiH" molecule (not shown in the figure, but very high
in energy). This last state is the first excited state of the'LiH
molecule and dissociates asymptotically asHi". Because of
the presence of a shallow polarization well located at about 7.5

only the second process of eq 3 should be considered. In theap,!? this state, when considered in the presence of an isolated

following we will restrict our attention to the more interesting
singlet state.

hydrogen atom, becomes lower in energy than that of the LiH
(with an isolated F) and thus gives rise to a double minimum
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Figure 2. Potential energy curves as functions of the LiH distance. On the left the results for the first three electronic states of LiH and for the

ground state of LiHare displayed. On the right the asymptotic situation of thetkiebmplex wherryy — o is shown. Total energies and lengths

in au.

structure in the first excited asymptotic potential of the title

appear in eq 5 expanded, as usual, onto a basis set. In general,

system. At shorter range such an excited state becomes highethis is carried out simultaneously without any constraint by

in energy than the state that correlates with tHg Astate of

minimizing the energy with respect to all of the parameters with

LiH, and therefore the nature of second excited state dependsan efficient modified NewtornRaphson algorithm.

strongly on the geometry at hand. This is the reason why in

Figure 1 we left unspecified the labeling for that asymptotic

The SC function correctly accounts for almost all nondy-
namical correlation and, in addition, turns out to be an excellent

situation. Since this asymptotic feature disappears in the starting point for constructing very compact, multiconfigura-
interaction region (where the different electrostatic character of tional wave functions of the ground electronic state according
the two states is enhanced by the reduced distances), in theo what we called the spin coupled valence bond (SCVB) model.

following we will neglect such effect. Indeed, our purpose is

In fact, a set of virtual orbitals can be added to each occupied

to obtain some information on the low energy processes occur-orbital, either by a conventional diagonalization of effective
ring in the first excited states for which we could safely assume monoelectronic operatdisor by a perturbative multiconfigu-

that an electronically adiabatic picture is sufficiently accurate.

3. The MRVB Calculation Scheme

The ab initio method that we have employed here is the

multireference valence bofdapproach within a spin coupled
formulation16.17 Since this method has been described in detail

elsewhere (in ref 15 technical details concernig our system are

also reported), we will only give here a brief outline of it.

In the modern valence bond method, the nonorthogonal

configuration interaction wave function is built starting with

the spin-coupled (SC) wave function that acts as a single

reference function. The SC wave function férelectrons can
be written in the form

(W= Al Tp,0k+ [ ISMO = A [|DTSMT (5)

where|¢pi[represents a singly occupied non orthogonal orbital
and|SMis the total spin function, which is an eigenfunction
of the SandS, operators with quantum numbe8sandM. The
total spin function is expanded as a combination of linearly
independeni-electron spin eigenstates

fy

SM='J CgdSM, kT 6
| kZ‘ s (6)

wherefg is the dimension of the spin space. An ab initio SC
calculation consists of the variational optimization of the
coefficientsCsy, which appear in eq 6, and of the orbitals, which

rational approach recently implement@d®In this last approach
we associate to each of th occupied orbitalggifa virtual
one, |¢t0) and we construct a multiconfigurational wave
function consisting of the SC configuration plus double excited
configurations

| W= cp| WIH Z c;|Wij O )
]

where

Wi 0= ALl g, ¢ DL [pyOSMTD (8)

The set of virtual orbitals{|¢™J is then optimized by
minimizing the second-order perturbative correction to the SC
energy and used as “virtual space” into which vertical excitation
of the occupied orbitals can take place.

This procedure can be extended to more than one reference
function whenever a suitably spin coupled excited wave function
can be obtained. We have recently shown how a large number
of such functions can be obtained by imposing simple orthogo-
nality constraints between the ground-state SC orbitals and the
ones of the function that we are looking for. In particular, with
a suitable choice of the active space and of the orthogonalization
scheme, a very small number of reference functions is sufficient
to achieve an overall high accuracy. We have already shown in
ref 15 that an accurate wave function for the LiHeactive
configurational space can be obtained by means of two excited
reference functions, one obtained from &l brthogonalization
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Figure 3. First and second roots in three dimensions as a function of Figure 4. Second and third roots in three dimensions as a function of
r(Li—H) andr(H—H). The points are obtained from the analytical fitting  r(Li—H) andr(H—H). The points are the raw ab initio values (see text).
of the ab initio values (see text).

o state presents a nontrivial topology, having a saddle point
scheme and the other from\al orthogonalization scheme. By pepween two deep wells in the asymptotic channels. In Figure
using these reference functions, along with the ground-state oney the first and second excited PESs (only ab initio points) are
we o_ptlmlzed a set c_nf four pairs of V|rtual'0rblta|s _fOF_ each reported: although we are not interested in the highest state,
function and used this set for the full (vertical) excitation of e note that the two surfaces come into contact only in the

the occupied orbitals into the virtual ones. In this way a a5ymptotic three-body break-up region and that the upper surface
multireference VB wave function was constructed with 321 emains mainly repulsive. The third electronic state, in fact,

configurations, corresponding to 617 structures when the spin .5 relates on one side with a mixed LitH*/LiH+*+H state

degrees of freedom are taken into account. The basis Selsee also Figure 2) and on the other side with an excited state
employed here consists of Li[10s4p2d/5s3p2d] and H[7s2p1d/ ¢ H," in the presence of a Li atom.

552p1d]c_ontract_ed Gaus_sian func_tions anql has been already \ye can already anticipate, from the topological properties
adopted in previous studies involving the LiH speciédWe  f the PES some features of the dynamical behavior: while
defer the interested reader to ref 15 for a more detailed ¢o the ground state the dynamics should be rather direct, for
discussion of the method. In the above work, some physical e excited state the dynamics is expected to be rather complex
insight into the electronic features of the present system hasq e to the likely presence of a large number of vibrational
also been gained by looking at the simple reference funtions. peghpach resonances. Therefore, the processes on the ground-
Moreover, a comparison between our results and FullCl data giate surface should be occurring over rather short time intervals,
showed the high accuracy of our calculations. while the dynamics confined to the first excited state could
require a longer time to complete as a consequece of the
probable formation of long-lived intermediates. Moreover,
In the following we describe the calculated PESs of the two vibrational enhancement of the reactive outcome should be
lowest electronic states in the two collinear geometries, along expected in the excited state as a consequence of the location
with the fitting procedure used to obtain an analytical repre- of the saddle point of the surface, which corresponds to a
sentation of such potentials. The surfaces have been calculategtreched geometry of the LiH molecule. All the above qualitative
on a rather dense grid of the two interatomic distances. For thefeatures will be further discussed below.
Li—H—H geometry we have computed the potentials on a
regular grid ranging from 1.8 to 11.0 a for the LiH 5. The PES of the Electronic Ground State
interatomic distance and from 0& to 10.0 ag for the HH 5.1. The Li—-H—H Geometry. The ground-state potential
distance. A single-point calculation has been performed every gnergy function given by our calculations presents here a very
0.5 & throughout this ab initio region; the step size has been gimpje structure, arising mainly from the two-body contributions.

halved in a small region around the saddle point of the first |nqeed it is a relatively simple matter to fit the three-body (3B)
excited state, that is, for 2#& < ry < 5.0 8 and for 1.0ag nonadditive term, given by

< ryn < 4.0a&. For the H—Li—H, geometry we used an evenly
spaced grid iy, = rij 1.0 ap, 11.0ag] with a step size of —
Op5 2 gridiin, = fuin, € [1.0 80, %l P Vas("iins Tan) = V(iins Tar) — Vin+(Tin) = Vi (Taw) —

An overview of the computed PESs is presented in Figures Vi (Lt Tan)
3 and 4. In Figure 3 we give a 3D representation of the first
two PESs for the Li+H—H geometry. We report the analytical where the last term represents the potential acting between the
fitting obtained from the first two PESs that shows the main lithium atom and the outer H atom. The diatomic potentials
features of the potentials: two electronic states that are well have been chosen according to the properties of the ground-
separated in energy and have a very different topology. Indeed,state electronic wave functions. Since the charge is always
as we shall see better in the following, only the first excited located on the Li atom, the diatomic potentials corresponding

4. General Properties of the Computed PESs
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to the two LiH have been chosen to be that of tiHThe
asymptotic potentials have been obtained from additional
calculations at larger distances, oneaf = 15 ap for the H,
curves and the other aty = 50 ag for the LiH curves.

The parameters of theshbotential turn out to b®. = 4.612
eV andré = 1.421ay; it supports 14 vibrational bound states,
of which the lowest one has a dissociation energef 4.348
eV. These values compare favorably with those of refs 12, 21,
13, 22. For the LiH potential we comput®, = 0.138 eV,r¢
= 4.107ay, and 5 vibrational levels, the lowest lying yielding
Do = 0.111 eV.

We fitted the 3B with the following functional form,

Vag(ry, M) = Ver(ry, 1) (1 = )4 Vig(ry, 1) f

wherer; andr, now correspond to, iy andryy, respectively.
Here Vsr is the short-range potentidljs a shape function of
the form

R(Li-H)/a,

f(r,ry) = L — 1 — 0 | R R E A N N
1+erm1+e7r 0o 1 2 3 4 5 6 7 8 9 10
(with p1 andp, fixed respectively to 7.@y and 9.0ag) andV,r R(H-H)/a,
is the long-range tail of the 3B potential, Figure 5. Contour plot of the ground-state PES for the-H—H
geometry. Darker areas correspond to minima in the potential.

1
—(ay (ry) — 20
2(['1 + r2/2)4( Hz( 2) H) 10—

Vir(ry, 1) =
in which o, is the polarizability curve of the hydrogen molecule
anday is the polarizabilty of the hydrogen atom (4.50 in atomic
units). For the first curve we used an analytic fitting of the data
of ref 23, further corrected to ensure the right asymptotic
behavior. The short-range potentiskg is the term that was

actually fitted: we wrote it as . 6
(4]
4 T
VL) = Y bl e (9 3

n,m=0 o 4

(whereL, Ly, are Laguerre polynomials). We optimized the 50
parameter§bnt U {Bnn}, Minimizing the square deviation by
using the efficient Levenberg-Marquadt metifé&ince forB,m

= 0.5 the basis functions reduce to products of ordinary
Laguerre functions, we used the coefficients of a preliminary
linear optimization as a guess for the nonlinear optimization.
The resulting fitting was fairly good, having a standard deviation 0 [ | | | | | I | | ]
of 0.009 eV. 0o 1+ 2 3 4 5 6 7 8 9 10

In Figure 5 we report a contour map of the fitted PES. As R(Li-H)/a,
already mentioned, the surface is fairly uneventful and shows
one deep and narrow channel corresponding to thedlecule
formation and a shallow and broad channel corresponding to
LiH* formation.

5.2. The H-Li —H Geometry. In the other arrangement the
3B contribution is also fairly straightforward to obtain. There
again we obtained its contribution to the total potential by
subtracting the diatomic curves of the two possible molecular
fragments (LiH, H,). However, in this case a simple linear
fitting with ordinary Laguerre functions was sufficient to achieve Vag(Miins Tar) = V(i M) — Vi (run) — VHf(rHH) B
a very small standard deviation: 0.0@lwith 5*5 Laguerre AT (I )
functions. Note that the location of the charge on the Li atom
makes the 3B long-range contribution to the potential vanish at |, this formulaVi i is the LiH curve (thediabatic curve in
large distance. A contour map of the fitted surface is reported Figure 2) andVii- is the diatomic curve of LiF in its first

in Figure 6. electronic excited state, which dissociates asHi. Our LiH

. . . curve hasDe. = 2.466 eV,R = 2.977 ap, and supports 25

6. The First Electronically Excited PES vibrational states, the first one with a dissociation energpof
6.1. The Li— H — H Arrangement. The first excited surface = 2.392 eV (for a comparison of the molecular parameter see

has a more complicated structure than the ground-state, mainlyrefs 12, 13, 22). The ¥ molecule turns out to hav@e = 2.779

2

Figure 6. Contour plot of the ground-state PES for the-H—H
geometry. Darker areas correspond to minima in the potential.

because of the different electrostatic forces that are now acting
between the reagents and between the products. Here a 3B
potential has been obtained by considering the charge located
on one of the twdH atoms:
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Figure 7. Left panel: potential energy curves for differe(itiH) values along the(HH) coordinate. Solid lines are the analytical fitting functions,
while the open circles show the raw ab initio points. The dashed line is the asympiqiaetial. Right panel: long-range region joining the ab
initio points and the fitting asymptotic function.

eV, R = 1.9984a,, and supports 18 vibrational states, the first Laguerre functions has been slightly shifted to better model the
one withDy = 2.637 eV. Since in this case the 3B term has interaction region. It turned out that the final fitting function
very important contributions coming from the long-range tails had to be slighlty modified in the (extrapolated) short-range

of the interaction, we wrote it in the form region (i.e.,p® < 0) to avoid anomalous behavior of the
W analitycal PES.
Vag(ry, 1) = Ver(ry, r)fif, + Vig(ry, 1)1 — ) + We optimized a total of 51 parameters using the data points

VR, r)(1 1) with energy of less than 1.0 eV (with the zero of the potential
put in the triatomic dissociation limit). The resulting fit turned
where out to have a standard deviation of 0.018 eV. Figures 7 and 8
show a comparison between the fitted PES and the original ab
f = 1 — 1 initio data, both for the entrance channel and for the exit channel
Loy P8t 2 g i of the reactiort.In the right panels we report an enlarged view
of the regions to show how smoothly the long-range term has
and been added to the potential of the ab initio region. Finally, in
Figure 9 we report a contour plot for the fitted surface of the
VI(_JI-:)l(rL r)=— ury) upper electronic state. It presents an interesting topology caused
(0.5r, + r2)2 mainly by the strong electrostatic forces that are now acting at
large and intermediate distances between the fragments. As is
is the dipole potential term obtained from the data of ref 23 evident from the figure, the surface presents two well localized
andV(Lz,% is the analogous polarizability contribution (we used minima and a saddle point. The minimum in the reactants region
oyj = 176.0 au as obtaneid from our asymptotic potentials). (alongryn) is at an energy of- —1.26 eV with respect to the
The shape functiofy switches on the dipole contribution when  LiH+H™ arrangement and of —3.74 eV with respect to the
0.5y + run = &1, while f, switches on the polarization term  dissociation limit (Li-H+H); the other is~ —0.46 eV in
only at large Li-H distances (for the dipole term it should be reference to KH+Li and ~ —3.24 eV to the dissociation limit.
noted that the behavior of the dipole curve as a function of The “barrier” is located at-2.655 eV with respect to the
r(LiH) ensures that the contribution vanishes for large-Hi dissociation limit. The two LiH and B asymptotes are
distances). The variabl€g and &,, and those entering in the  respectively—2.47 eV and—2.78 eV in reference to the
expansion of the short-range contribution, have been subjecteddissociative threshold and therefore the barrier is 0.18Bwar
to the same optimization procedure used for the ground-statein energy than the LiHH* asymptote and 0.125 eWigher
PES, the only difference being that the short-range term hasthan the LitH,™ one. This is clearly illustrated by the minimum
been written as energy path on this surface, reported schematically in Figure
5 10. One should note, however, that the position of the “left”
_ (1) @7 4—0.56L + p@) asymptote is different from what is shown in the figure since
Vsl 12) = Vo z Brirl-olPn em(or) © the cut of it is taken in a region where the dipole charge
(10) contribution is still not negligible, and thus it lowers theal
asymptote of about 0.13 eV. It is interesting to note that the
where transition state involves a geometry in which the LiH and the
HH bonds are markedly “stretched {4 ~ 5.0 ap andryy ~
1) =8 ( o 0_5) andp(z) =3 ( 2 0_5) 3.0 ap), and thus one should expect enhancing of the reaction
" " 4 n probability when vibrationally excited LiH (or # for the
reverse reaction) is involved, while one should find a more
(rme terms being the equilibrium distances of the diatomic limited reaction efficiency when starting with LiH ¢H) in their
molecules). In this case the origin of the coordinates of the vibrational ground state. Apart from these simple considerations,

n,m=0

MLim,e H,+e
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open circles are the raw ab initio points, and the dashed line is the asymptotic LiH potential curve. Right panel: long-range region joining the ab
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state of the title system.
in the LiHy* system. Although the potential energy surfaces
0 T T 1 T 1 1 ! T 1 1 are only preliminary to the study of the full dimensional
0o 1 2 3 4 5 6 7 8 9 10 evaluation of the interaction, we can already draw some

R(H-H)/a, interesting conclusions about the dynamics that is likely to take
Figure 9. Contours for the first electronic state in the—lH—H place in this system. We have recently shétinat in the early
geometry. Darker areas correspond to minima on the potential energyUniverse environment only adiabatic processes should be taken
surface. into account in reactions involving the first two electronic states
. ) of the title system. Therefore, in the present, more specific
however, the topology of the surface is such that only a direct 55 \vsis of interaction energetics we have proceeded to obtain
treatment of the dynamics could give us more quantitative 5, anaiytical representation of the most interesting two-
details. . . . dimensional potentials in order to acquire a more quantitative
6.2. The H-Li—H Arrangemgnt._ _The collinear H-Li—H . description of them, which would then allow us to carry out
arrangement does not play a significant role for the reaction, ¢qjinear scattering studies. For the ground-state processes,
e_lnd the_refore our C(_)mputed raw points have _npt been furtherowing to the possible occurrence of three-atom break-up events,
fitted with an an_alytpal function. Its shqpe originates mostly he collinear model appears to be already of some significance
from the repulsive dipole-charge contribution and from the 5. \ye will therefore present in the following paper (paper Il)
symmetry of the system, where the repulsive interaction gives y,q ¢ojlinear treatment of the reaction. The corresponding study
rise to an activation barrier between the two symmetry-related ¢ 1o dynamics occurring on the excited state PES, although
channels. In contrast to this situation, it should be noted that ¢ importance because of the very long range of action of the
the ground-state counterpart could instead acquire some im-yantia) is of relevance chiefly for an accurate evaluation of
portance when studying the collision-induced dissociation the subreactive rovibrational energy transfer dynamics in

processes. LiH+H™. We have already computed the corresponding three-
7 Present Conclusions dimensional potential points relevant for this scattering system
: and therefore the collinear reactive calculations that we have

In this work we have reported our new results from an ab also planned for it can give us further information on the
initio calculation for the collinear reactive configurational space importance of the reactive processes in the most favorable
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arrangement. These results will be presented elsewhere in (11) Bodo, E.; Gianturco, F. A.; Martinazzo, R.; Raimondi, M. in

conjunction with the analysis of the inelastic rovibrational

scattering calculation®.

A Fortran77 function routine which furnishes the analytical

preparation.

(12) Huber, K. P.; Herzberg, GMolecular spectra and molecular
structure Van Nostrand Reinhold: New York, 1979.

(13) Stwalley, W. C.; Zemke, W. TJ. Phys. Chem. Ref. Date993

representation of the PESs here described could be providec2, 87.
on request to the authors. The parameter values are not given (14) Moore, C. EAtomic Energy Leels National Bureau Standards,

here for reasons of brevity.
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