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Introduction

A gas formed of H, He, L1 and some of their 1sotopes generated the first stellar objects according to the Big
Bang model. The depletion and formation of LiH and LiH" are suggested as contributors to the cosmic back-
ground radiation.

The reactions producing LiH and LiH™, in their different electronic states, have been widely studied but only
for the two first singlet states 2. In this study we have studied six reactions involving three singlet and three
triplet electronic states of LiH'2F.

Lit('S) + Ho(X'S)) —  LiH(X?Z4) + H(%S) 1'A/ Lit('S) + Hy(b3%!) —  LiH"(X2Z') + H(2S) 13A
Li(*S) + H3 (X*%]) —  LiHX'XZt) + HY 21A’ Li(*S) + Hy(X*X!) —  LiH(a’%")+H! 23A/
Li(*P) + Hj (X*%}) —  LiH(BYI)+H 1'A” Li(*P) + H} (X?%)) —  LiH*(A%I) + H(%S) 13A7

Results

Potential Energy Surfaces

A total of 45,645 energy points per state were computed using MOLPRO package of programs, using a
correlation-consistent polarized quadruple-¢ basis set (cc-pVQZ-F12), and the ic-MRCI-F12 method . The
ab initio 1Ic-MRCI-F12 energy points for the six states are fitted using the GFIT3C procedure.
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Minimum Energy Paths

The corresponding Minimum Energy Paths (MEPs) are shown in Figure 4.a with all the energies relative to
the Lit(1S) + H(1S) + H(!S) asymptote (-8.27993 a.u.). The two MEPs corresponding to 1' A’ and 2 A’
are found to be very similar to that obtained previouslyz.

12

10

Energy/eV

| Li*8) + Hy" (x5 ")

-ISAH

LiH*(A%IT) + H(®S)

\f;\’ LiH@3c") + H*

LiH(X'sh + HY

Li*('S) + Hy(b’c,)

Li*('8) + Ha(X'24")

LiH*(X 224 + H(®S)

a)

Figure 1: a) Minimum energy paths on the PES for the six states of LiHJ . b) In detail MEP of the 12 A’ state.
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Quasiclassical trajectory (QCT) calculations

In absence of important quantum contributions to reactivity the QCT method is 1deal to investigate the dy-
namics and kinetics of chemical reactions in gas phase and condensed media.
In order to obtain converged results we have considered the following for each initial condition:

* Total energy conservation criterion: 1 part in 10°

eE.,; =0.01-1.0 eV [(0.1-1.0 eV)for 1°A” PES ]

e po [initial H-(LiH center of mass) distance] = 30A

» At [integration time step] = 0.1 10-16 s

* Number of trajectories calculated for each (E_,1,v=0,j=0) = 10000-20000

The studied reactions (H or H™ tranfer) correspond with the inverse of the indicated at the introduction. Along
these, exchange and collision induced dissociation reaction channels are studied.

H transfer [PESs 1 1A’ and 21 A’] or H' transfer [PES 1°A’] reaction channel

* The cross section decreases as collision energy (E.1) increases what is expected due to the barrier-
less character of the PESs along the MEP.

e This channel (H transfer) is not possible on the PES 13 A’ as it leads to Ha(b3X ") that is a repulsive
state of Ho.

2'A" HY + LIH(X'ST) — HI(X?%]) + Li(*S) 1°A” H(*S) + LiH (A*Il) — Hj(X*%]) + Li(*P)
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Figure 2: QCT cross-sections for the H tranfer for each indicated reaction. Previous results form literature are included for

comparison’.

Exchange reaction channel

1'AH(?S) + LIH"(X?Z") — LiH (X?Z) + H(®S) 2'A"HY + LIHX'ST) — LiIX'sS') + HY
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Figure 3: QCT cross-sections for the exchange reaction channel for each indicated reac-
tion. Previous results from literature are included for comparison®.
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Figure 4: QCT cross-sections for the CID reaction channel for each indicated reaction. Previous results from literature are
included for comparison®.

* This channel is closed for the PES 21 A’ for the collision energies considered. This state 1s the only
with a reactant diatomic molecule of LiIH(X1XT) that has not a weak bond.

* For the other PESs there 1s a small threshold energy after which o, increases substantially with E_
and reaches a plateau at the higher E_. values.
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