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Abstract 

A new global potential energy surface (PES) is obtained for the ground electronic 

state of LiH2 system based on high-level energies. The energy points are calculated at 

the multireference configuration interaction level with aug-cc-pVXZ (x=Q, 5) basis 

sets, and these energies are extrapolated to the complete basis set limit. The neural 

network method and hierarchical construction scheme are applied in the fitting 

process and the root mean square error of the fitting result is very small (0.004eV). 

The dissociation energies and equilibrium distances for LiH(X1Σ+) and H2(X
1Σg

+) 

obtained from the new PES are in good agreement with the experimental data. On the 

new PES, the time-dependent wave packet studies for the H(2S) + LiH(X1Σ+) → 

Li(2S) + H2(X
1Σg

+) reaction have been carried out. In this reaction, no threshold is 

found due to the absence of the energy barrier on the minimum energy path. The 

calculated integral cross sections are high at low collision energy and will decrease 

with the increase of the collision energy. The product molecule H2 tends to be forward 

scattering due to direct reactive collisions, which becomes more evident at higher 

collision energies.  
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1 Introduction 

In recent years, the lithium chemistry has received much attention due to its 

important position during the evolution of the primordial universe [1-9]. The 

formation and depletion of LiH molecular play an important part in galactic lithium 

production and stellar evolution [2, 3]. The H + LiH reaction is considered as an 

important pathway of the LiH depletion [4, 5]. Besides, the physical significance of 

the reactive system also make itself attractive. The LiH2 system is the simplest form 

of the alkali metal-dihydrogen partners containing only five electrons which offers a 

good research object to nonadiabatic transition study. For these reasons, a flurry of 

studies have been carried out on LiH2 chemical system during the past decade 

[10-29].  

To study the reaction dynamics, it is necessary to construct the potential energy 

surface (PES) which describes the interaction of the molecular system. In the past 

decade, several three-dimensional ground-state (2A′) PESs of LiH2 system [10, 13, 17, 

18, 26] have been constructed to investigate the dynamics of the reactive processes.  

The first full three dimensional PES was developed by Dunne, Murrel, and 

Jemmer (DMJ) [10] using ab initio configuration interaction (CI) method and 

spectroscopic data. The energy data of approximately 300 randomly generated 

configurations of LiH2 were sampled, and the augmented correlation consistent 

polarized valence double zeta basis (aug-cc-pVDZ) was employed in the calculation. 

The PES was fitted to a standard many-body form and the two-body parts were taken 

as extended Rydberg potentials. The root mean square error (RMSE) of the fitting 

result was 0.09 eV, and the maximum error was 0.36 eV. In 2003, Kim et al. [13] 

calculated energy data at the multireference configuration interaction (MRCI) level 

with complete active space self-consistent field (CASSCF) reference wave function. 

About 7000 points were selected, and interpolant moving least squares 

(IMLS)/Shepard scheme was used for interpolation of PES. With the increase of 

computing power, energy points with higher precision were calculated to construct the 

PES of this system. In 2009, Wernli et al. [17] reported a global three-dimensional 
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PES (Wernli PES), which was fitted by large scale calculated energy data (23300 

points) in an analytic form (modified Aguado-Paniagua form). The energy data was 

calculated at MRCI level with CASSCF reference wave function, and correlation 

consistent polarized valence quadrupole zeta (cc-pVQZ) basis set was employed. In 

the same year, Prudente et al.[18] also structured an analytic PES (Prudente PES) to 

study the reaction dynamics of H + LiH reaction. The energy data was calculated 

using the full CI method with aug-cc-pVQZ basis set. Based on the energy data, the 

analytical PES function was obtained employing the many-body expansion, and the 

root means square deviation (rmsd) was 0.064 eV. In 2011, Hsiao et al. constructed 

PESs of 1A′ and 2A′ states for Li(22P) + H2 reaction and carried out quasiclassical 

trajectory (QCT) calculations.[26] In the QCT calculation, the transition probability 

for the trajectories at the crossing seam region was assumed to be unity and 

trajectories changed to the lower surface for simplicity. 

In recent years, Wernli PES [17] and Prudente PES [18] were widely applied to 

study the reaction dynamics. The small difference between the two PESs is the 

early-staged energy barrier on Prudente PES [18], which doesn’t exist on Wernli PES 

[17]. Due to the difference, the physical pictures obtained from the two PESs were 

obviously different especially at low collision energy[29]. Therefore, for the title 

reaction, a more accurate PES is needed to obtain the reasonable dynamics results. In 

this work, we report an accurate global PES for the lowest doublet state of LiH2 (
2A′) 

system. Normally, the quality of a PES is determined by the precision of the energy 

data and fitting method. For the high-precision energy data, we use expanded basis set 

in calculation. Up to now, many fitting methods have been developed, and the most 

common one is many-body expansion which is used widely to construct PESs [30-32]. 

In recent years, neural network (NN) method has received much attention as a 

powerful tool to construct PES for a wide range of systems [33, 34]. For example, in 

2013, a high-precision PES for F+HD reaction was constructed using NN method, 

and the dynamics results calculated based on the PES were in very good agreement 

with experimental results.[35] In the end of this work, based on the new PES, the 

time-dependent wave packet (TDWP) calculation is carried out to study the dynamics 
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of the H(2S) + LiH(X1Σ+) → Li(2S) + H2(X
1Σg

+) reaction.  
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2 Potential Energy Surface 

2.1 Ab initio Calculations 

The ab initio calculations have been carried out using the internally contracted 

MRCI [36, 37] with a CASSCF [38, 39] reference wavefunction. The CASSCF 

orbitals are obtained by employing the equally weighted state-averaged calculations 

for the ground state 12A' and the first excited state 22A' of LiH2 system. Three valence 

electrons of LiH2 molecule are included in eleven active orbitals (9a' + 2a''). 

Core-valence electron correlation is recovered including single excitations out of the 

doubly occupied Li(1s2) core orbitals. In both the CASSCF and MRCI calculations, 

the Dunning weighted correlation-consistent polarized core-valence quadruple-ζ and 

quintuple-ζ (cc-pwCVXZ, X=Q, 5) basis sets are employed for Li atom. At the same 

time, the augmented correlation consistent polarization valence quadruple and 

quintuple-ζ (aug-cc-pVXZ, X=Q, 5) basis sets are employed for H atom. The Jacobi 

coordinates are used for generating ab initio energy grid points. For the reaction H + 

LiH→Li + H2, the reactant region is defined as 1.3 ≤ RLiH/a0 ≤ 20, 0 ≤ RH-LiH/a0 ≤ 20, 

0 ≤θ/degree ≤ 180, and the product region is chosen as 0.6 ≤ RHH/a0 ≤ 20, 0 ≤ 

RLi-HH/a0 ≤ 20, 0 ≤θ/degree ≤ 90. All ab initio calculations in present work are 

performed with the MOLPRO package [40]. In this work, 12156 ab initio 

MRCI/(WCVQZLi/AVQZH) points are calculated to construct the PES, and 2234 

[MRCI/(WCV5ZLi/AV5ZH) MRCI/(WCVQZLi/AVQZH)] ab initio points are 

calculated to extrapolate the correlation energy to the complete basis set (CBS) limit 

for improving the precision of this PES. The CBS limit correlation energy is 

extrapolated by using the formula [41]: 

                   
3

  AXEE corrcorr

X ,                    (1) 

where the X=4 for the WCVQZLi/AVQZH basis and X=5 for the WCV5ZLi/AV5ZH 

basis. Then the CBS limit for the correlation energy is  

33

3

54

4
)

/
()

5/5
(


















HLiHLi

corr

AVQZWCVQZ

MRCI
E

ZAVZWCV

MRCI
EE ,     (2) 

The Hartree-Fock (HF) energy is not extrapolated to the CBS because there is almost 
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no difference in the HF energy between WCV5ZLi/AV5ZH and WCVQZLi/AVQZH 

level for LiH2(1
2A′). For the diatomic potential of H2 and LiH, 54 and 92 points are 

calculated at MRCI/CBS level by using the method above mentioned, respectively 

 

2.2 Fitting the potential energy surface 

The total analytical expression of the global surface is presented as 

           
   2 3

total n LiHH

n

V ( ) V ( )+V ( ) ( )  nR fR R R ,              (3)  

where R is a collective variable of all internuclear distances. (2)

nV  (n=HH, LiHa, LiHb) 

is the diatomic potential, and Rn is the bond distance of relevant diatomic. (3)

LiHHV is the 

three-body term. ( )f R  is the switch function which is used in order to have a 

well-described PES in the asymptotic region, and it can be written as follows:  

                  
n d

n w

R1
( )= 1- 1+tanh

2 R

R
f

   
     

   
R                    (4)  

where n=HH, LiHa, LiHb. Rd is the position to switch and Rw is the switch strength 

constant.  

 The NN method[42] is used to build both of the two–body potential energy and 

the three-body term. The idea of NN is inspired by central nervous system of animal. 

In an NN, the basic unit is a neuron which receives input signals and emits an output 

signal as a synapse. For a neuron, the output signal y can be written as 

                    
1

N

i i

i

y w x b


 
  

 
 ,                      (5) 

where ix  (i=1, …, N) is the input signals, iw  is the connection weight, b is a bias, 

and   is a transfer function. To date, there are many NN types developed for various 

purposes, and the most common one is the feed-forward NN which is used to fit 

two-body and three-body terms in this PES. In order to take account of computational 

efficiency and fitting precision, a series of tests have been taken to determine the 

structures of NNs. 
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 The two-body potential energies ( (2)

HHV and (2)

LiHV ) are fitted based on the energy 

points obtained at MRCI/CBS level. For two-body potential energies, the NNs include 

two hidden layers and there are five neurons in each hidden layer. The precision of the 

fitting is very high and the RMSEs are extremely small (1.0×10-7 eV for (2)

HHV  and 

3.6×10-7 eV for (2)

LiHV ). 

 For the PES, the three-body term is critical factor which determines the quality of 

the PES. In order to improve the precision and save the consumption of computation, 

the hierarchical construction (HC) scheme[43] is used to construct the three-body 

term (3)

LiHHV ( )R . In the HC method, a high accuracy PES can be structured by 

summing a low accuracy PES and a different PES for high and low accuracy ab initio 

methods. The low accuracy PES is fitted based on dense ab initio points, and the 

different PES is fitted based on sparse ab initio points. In this work, the three-body 

term (3)

LiHHV ( )R at MRCI/CBS level can be expressed as  

             
       3 3 (3)

LiHH CBS-QZV ( ) V V QZR R R ,               (6) 

where 
(3)

QZV ( )R  is fitted based on 12156 ab initio MRCI/(WCVQZLi/AVQZH) 

three-body points, and 
(3)

CBS-QZV ( ) R  is fitted based on 2234 difference values 

between three-body potential energies at MRCI/CBS and MRCI/(WCVQZLi/AVQZH) 

levels. 
(3)

QZV ( )R  and 
(3)

CBS-QZV ( ) R are fitted by NN method respectively, and two 

hidden layers (11 neurons in first hidden layer, 12 neurons in second hidden layer) are 

included in the NNs. For solving the problem of adaptation of permutation symmetry 

in three-body potential energies, low-order permutation invariant polynomials 

(PIPs)[44, 45] are used as inputs for NNs.  

 By summing the two-body potential energies and three-body term as formula (3), 

a high-accuracy PES Vtotal is obtained with the RMSE only 0.004 eV.  
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2.3 Features of LiH2 Potential Energy Surface 

Table 1 shows the spectroscopic constants of LiH(X1Σ+) and H2(X
1Σg

+) obtained 

from the new PES, as compared with the experimental data[46, 47]. The theoretical 

results obtained from the other two PESs [17, 18] are also listed in the table. It can be 

found that our results agree very well with the experimental data, which indicates that 

the new PES gives a good description of the two-body potential energy. The fitted 

bond lengths of LiH and H2 are almost the same as experiment data. The bond 

energies are slightly higher than the experimental results (25.2 cm-1 for H2 and 7.6 

cm-1 for LiH). The calculated frequency and anharmonicity constant are close to the 

experiment data. Figure 1 shows the topographical features of three-dimensional 

ground PES at four different Li–H–H angles (180°, 135°, 90°, and 45°). The PESs are 

smooth over the whole configuration space. There are two valleys in each of the four 

surfaces: the left valley and right valley correspond to product of Li+ H2 and reactant 

of H + LiH respectively. The left one is deeper than the right one because the reaction 

of H + LiH → Li + H2 is exothermic. Figure 2 shows the minimum energy paths 

(MEPs) from LiH to H2 at four different approaching angles. It clearly shows that 

there is no obvious barrier or well along the pathway, which is similar as the PES 

obtained by Wernli et al[17]. It implies that no threshold exists in the reaction of H(2S) 

+ LiH(X1Σ+) → Li(2S) + H2(X
1Σg

+). The exothermicity for the title reaction is 2.235 

eV. The zero point energy of reactant LiH is 0.086 eV, and the zero point energy of 

product H2 is 0.272 eV. So the exothermicity is 2.049 eV when the zero point energy 

is taken into account. Figure 3(a) shows a color plot of potential energy for a Li atom 

moving around a H2 diatom with bond length fixed at the equilibrium distance 

(0.7414 angstrom), which lies along the x-axis with the center of the bond fixed at the 

origin. In the plot, the energy is set as zero when the atom is far away from the diatom. 

As seen in the figure, there is no well or barrier, and the Li atom is always repulsed by 

the H2 molecule wherever the Li atom is. Similarly, Figure 3(b) shows the plot of 

potential energy when H atom moving around the LiH diatom with bond distance 

fixed at its equilibrium geometry (1.5957 angstrom). There exists a deep well around 
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the fixed H atom. When the H atom gets into the region of the well with low collision 

energy, it tends to be attracted by the fixed H atom. We conclude that the well plays 

an important role in the reaction of H(2S) + LiH(X1Σ+) → Li(2S) + H2(X
1Σg

+), 

particularly at low collision energy.  

 

3 Dynamical Calculations 

On this new PES, the dynamics of H(2S) + LiH(X1Σ+) → Li(2S) + H2(X
1Σg

+) 

reaction is investigated using the TDWP method which has been applied widely in 

many reactive systems[30, 48-52]. Detailed discussions on TDWP method can be 

found in relevant literatures [49, 53], and here we give a brief introduction. The 

reactant Jacobi coordinates is applied in the body fixed representation and the 

Hamiltonian can be written as 

2 2 2 2 2 2

2 2 2 2

ˆ ˆ ˆ( )ˆ ˆ
2 2 2 2R r R r

J j j
H V

R r R r   

  
     

 
 ,       (7) 

where R is the distance from H atom to the mass center of LiH molecule, and r is 

the bond length of LiH molecule. R  and 
r are the corresponding reduced masses 

associated with R and r coordinates. Ĵ  and ĵ  are the angular momentum operators 

of LiH2 system and reactant diatom molecule. V̂  represents the potential energy of 

LiH2 system. The state-to-state S-matrix 
0 0 0

( )vjK v j K

JS E
is extracted using the reactant 

coordinate based method[54]. The state-to-state reaction probability is calculated by 

0 0 0 0 0

0

2

,0

1

2 1

J J

vj v j vjK v j K

K K

P S
j

 

 .                   (8) 

The state-to-state integral cross sections (ICSs) and differential cross sections 

(DCSs) are obtained by  

0 0 0 0 0

00 0

2

2

0

(2 1)
(2 1)

J

vj v j vjK v j K

K K Jv j

J S
j k


   




                    (9) 

and  
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0 0

0 0 0 0

0 0 0

2

0

( , ) 1 1
(2 1) ( )

(2 1) 2

vj v j J J

KK vjK v j K

K K Jv j

d E
J d S

d j ik

 




 
 

 
,     (10) 

where   is the scattering angle. The rovibrational state of the reactant molecule 

LiH is set as v0 = 0, j0 = 0. In the TDWP method, the parameters those are determined 

through numerous tests are listed in the Table 2. 

Figure 4 shows the total reaction probabilities of H(2S) + LiH(X1Σ+) → Li(2S) + 

H2(X
1Σg

+) reaction with different total angular momentum quantum numbers as a 

function of collision energy. For the case of total angular momentum quantum number 

J = 0, there is no threshold in the reaction probability. It implies the reaction is 

spontaneous. As J value increases, the threshold appears due to the emergence of 

centrifugal barrier. There exist a mass of the resonance structures on the curves of 

reaction probability, which is an important signal of quantum effect. Similar features 

have also been reported in previous works [18, 27, 28]. Padmanaban et al. have 

studied [19, 21] resonance structures, and they found the resonance structures 

correspond to the metastable vibrational levels of LiH2 system[21]. As the collision 

energy increases, the resonance structures get less pronounced because the reactive 

collisions become more direct. For comparison purposes, the reaction probabilities 

obtained on Prudente PES [18] and Wernli PES [17] using TDWP method are also 

shown in Figure 4. The applied numerical parameters are as same as those in the 

TDWP calculations on the present PES. The reaction probabilities calculated on 

Prudente PES [18] are significantly different from the other two results, because on 

the PES there exists an early-staged energy barrier [29]. The similar early-staged 

energy barrier has not been found on the present PES and Wernli PES [17]. The 

results obtained on present PES and Wernli PES [17] are similar at most of the 

collision energy but show significant difference at very low collision energy. It can be 

explained by the fact that the calculated result of reaction dynamics is sensitive to 

PES at low collision energy. The reaction probabilities obtained on present PES are 

higher at very low collision energy, thus the system is easier to react at a low 

temperature region. 
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In the TDWP calculation, the maximal total angular momentum quantum 

numbers is J=53, and its threshold is slightly higher than 0.5 eV which is the upper 

collision energy limit in the calculation of ICS. The total ICS of H(2S) + LiH(X1Σ+) 

→ Li(2S) + H2(X
1Σg

+) reaction as a function of collision energy is shown in Figure 5. 

As shown in the figure, no threshold exists due to the absence of an energy barrier on 

the minimum energy path. At low collision energy, the ICS value is high and 

decreases with the increasing collision energy. It can be explained by the feature of 

the PES. At low collision energy, the H atom moves to the LiH molecule slowly, and 

H atom will be attracted to another H atom when it gets into the region of the well 

mentioned in Figure 3(b). The LiH2 system has enough time to adjust to produce the 

H2 molecule. However, as the collision energy increases, the time of adjustment gets 

shorter, which leads to the decrease of ICS. At low collision energy, several peaks can 

be found on the ICS resulting from the resonance effect. To get the information of 

vibrational states of product H2 molecule, the ICSs of the first four vibrational states 

(v′ = 0 to 3) are also presented in the figure. The ICS values of v′= 1 and 2 are larger 

than those of v′ = 0 and 3, because the exothermicity is large enough to vibrationally 

excite product H2 molecule.  

Figure 6 shows the total ICS compared with the results obtained on Wernli PES 

[17] and Prudente PES [18] using TDWP method. The ICS obtained on Prudente PES 

[18] is lower than the other two results which can attribute to the early-staged energy 

barrier. At high collision energy, all the ICSs decrease with collision energy increasing 

and our result is almost the same as that obtained on Wernli PES [17]. At low collision 

energy, compared with the ICS obtained on Wernli PES [17], our result is significantly 

higher and resonance peaks are more obvious. This again illustrates the importance of 

PES accuracy to reaction dynamics at low collision energy, because a small difference 

in the PES might lead to a significant difference in reaction dynamics.  

To study the angular distribution of the product, DCSs at three collision energies 

(0.1 eV, 0.3 eV and 0.5 eV) are calculated and shown in Figure 7. The DCS results 

indicate that the product molecule tends to forward scattering. For the H(2S) + 

Page 12 of 23Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



LiH(X1Σ+) → Li(2S) + H2(X
1Σg

+) reaction, no potential well exists on the minimum 

energy path, so most reactive collisions are direct collisions. Therefore, the system 

doesn’t have enough time to wash away the initial memory of the reactant. It leads to 

an obvious bias in the angular distribution of the product H2 molecule. With the 

collision energy increasing, the trend of forward scattering gets more apparent 

because the reactive collisions get more direct.  

4 Conclusion 

In this work, we reported a new PES of ground electronic state of LiH2 system 

based on high-level energies. The ab initio energies are calculated at the MRCI level 

with aug-cc-pVXZ (X=Q, 5) basis sets and the energies at CBS limit are obtained 

using these ab initio energies. The NN method is used to structure both of the two–

body potential energy and the three-body term, and the HC scheme is used to 

construct the three-body term. The RMSE of the fitting result is only 0.004 eV. The 

spectroscopic constants for LiH(X1Σ+) and H2(X
1Σg

+) obtained from the new PES 

agree very well with the experimental data. The calculation of TDWP is carried out 

for the H(2S) + LiH(X1Σ+) → Li(2S) + H2(X
1Σg

+) reaction on the new PES. The 

reaction probabilities, ICSs and DCSs of the title reaction are calculated. The curves 

of reaction probability show a mass of resonance structures corresponding to the 

metastable vibrational levels of LiH2 system. The resonance structures get less 

prominent with the collision energy increasing, because the reaction prefers direct 

collisions. No threshold exists in the reaction due to the absence of the energy barrier 

on the minimum energy path. At low collision energy, the ICS value is high and 

decreases with collision energy increasing. At low collision energy, there are several 

peaks on the total ICS curve, which is a typical characteristic of the resonance. The 

ICS values of v′ = 1 and 2 are larger than those of v′ = 0 and 3, because the 

exothermicity is large enough to vibrationally excite the product H2 molecule. The 

DCS results indicate that the product molecule tends to be forward scattering due to 

the direct reactive collisions. With the collision energy increasing, the tendency of 
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forward scattering gets more pronounced because the reactive collisions are more 

direct. 
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Table 1 The spectroscopic constants for LiH(X1Σ+) and H2(X
1Σg

+) obtained from the 

new PES compared with the experimental data[46, 47] and results obtained on Wernli 

PES and Prudente PES [17, 18].  

  Experimental This work Prudente PES Wernli PES 

 

H2(X1Σ+
g) 

Re (Å) 

De (cm-1) 

ωe (cm-1) 

ωexe (cm-1) 

0.7414 

38288.0 

4401.21 

121.33 

0.7414 

38313.2 

4411.77 

124.44 

0.7416 

38181.5 

-- 

-- 

0.7420 

38521.0 

4463.55 

124.87 

 

LiH(X1Σ+) 

Re(Å) 

De (cm-1) 

ωe (cm-1) 

ωexe (cm-1) 

1.5956 

20288.7 

1405.65 

23.20 

1.5957 

20296.3 

1402.56 

23.05 

1.6075 

20092.3 

-- 

-- 

1.6081 

19968.0 

1297.58 

21.71 

 

 

 

Table 2. Numerical parameters used in the TDWP calculations. (Atomic units are 

used) 

 

 

  

H(2S) + LiH(X1Σ+) → Li(2S) + H2(X
1Σg

+) 

 

Grid/basis range and size 

R ∈ [0.01, 25.0], N𝑅=199 

r ∈ [0.01, 20.0], N𝑟=149 

N𝑗=199 

 

Initial wave packet 

exp [−
(𝑅 − 𝑅𝑐)

2

2∆𝑅
2 ] cos(𝑘0𝑅) 

 

𝑅𝑐=16.5 

∆𝑅=0.25 

𝑘0 = √2𝐸0𝜇𝑅 with 𝐸0=0.5 eV 

 

Total propagation time 30000 iterations 

 

Highest J value 

 

53 
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Fig. 1 Potential energy surfaces for the four Li-H-H angles 180°, 135°, 90° and 45°. 
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Fig. 2 Minimum energy paths for the new PES at four Li-H-H angles.  
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Fig. 3 (a) Color plot of the energy when the Li atom moving around H2 diatom with 

bond length fixed at RHH = 0.7414 angstrom (this lies along the x-axis with the center 

of the bond fixed at the origin). (b) Color plot of the energy when the H atom moving 

around HLi diatom with bond length fixed at RHLi = 1.5957 angstrom.  
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Fig. 4 Total reaction probabilities of the H(2S) + LiH(X1Σ+) → Li(2S) + H2(X
1Σg

+) 

reaction calculated by the TDWP method using the present PES, Prudente PES [Ref. 

18] and Wernli PES [Ref. 17]. 
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Fig. 5 Total and vibrationally resolved ICSs of the H(2S) + LiH(X1Σ+) → Li(2S) + 

H2(X
1Σg

+) reaction calculated by TDWP method. 
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Fig. 6 Total ICSs of the H(2S) + LiH(X1Σ+) → Li(2S) + H2(X
1Σg

+) reaction calculated 

by TDWP method on the present PES, Prudente PES [Ref. 18] and Wernli PES [Ref. 

17]. 
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Fig. 7 DCSs of the H(2S) + LiH(X1Σ+) → Li(2S) + H2(X
1Σg

+) reaction at three 

collision energies (0.1 eV, 0.3 eV and 0.5 eV). 
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