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Table 1.  Kinetic stability parameters of reactants

(unit: eV).

Cluster Eromo  Euomo AE Ep
LiNH, ~1.143 4218  3.075  7.054
LiPH, -1.633  -4.789  3.156  7.292
(LiNH,), -0.490  -5.306  4.816  7.607
P-(LiNH,), 0.707 4.816  4.109  7.253
(LiNH,)5 0.408 5714  5.306 7.678
P-(LiNH,); -0.490 5225 4735  7.651
(LiNH,), ~0.463  -5.823 5360 7.548
P-(LiNH,), -0.490 5442 4.952  7.406
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Fig. 1. Reactant configurations and front-line orbital distributions.
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Fig. 2. Geometries and parameters at the critical points of the potential energy surface of the reaction between P-(LiNH,),(n =

1, 2) and LiH (bond lengths in nm).
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Fig. 3. Geometries and parameters at the critical points of the potential energy surface of the reaction between P-(LiNH,); and LiH

(bond lengths in nm).
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Fig. 4. Geometries and parameters at the critical points of the potential energy surface of the reaction between P-(LiNH,), and LiH

(bond lengths in nm).
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FERZMEE R,

Hi &l 5 F1e 2 ATLAER i, & RV Fg42 (Path-1
% Path-7, H:7 Path-1, Path-3, Path-5 fil Path-7
X N —PH, B 6E Bl il & ; Path-2, Path-4
Path-6 X 1 H1—NH, ‘B /81 E0) Y0 e b,

R 2 RVAIERAIRE R

TR TR U 2391 K 77.14, 26.36, 92.55, 16.36,
92.65, 18.48 1 90.34 kJ/mol, & Bl —NH, X [
Ji S A CHVEAE 20 kJ /mol Z2 47, T H—PH, b
RSB LE 90 kJ /mol 247, LiPH, 5 LiH [
J 1% P g 42 R 176.22 kJ /mol. P-(LiNH,), 5
LiH % J2 % Path-2 5 Path-3 Xf I 68 £ 43 %1
200.85 1 163.6 kJ /mol, H|Wr i Path-3 Jz b %45
4. P-(LiNHy)3 5 LiH B/ Path-4 55 Path-5
XFIVEBE 22 4351 A 136.9 A1 148.21 kJ /mol, F| W H
Path-4 [ W #2854 P-(LiNH,), 55 LiH B 5 1
Path-6 5 Path-7 XN REZA 73510 154.02 F1 140.47
kJ /mol, HIWi it Path-7 WV FEFRECATF. BLAb, ALR
BZH R X (LINH,) (0 = 1, 2) BI$E 5 LiH &AL
AT R E AR, S N B SRR 22 43 )l 239.8
211.5 kJ/mol), W1 & T P-(LiNH,),(n = 1—4)
5 LiH RV A RE 22, L ml AT, R A S 5 it )
Fi—PH, BEReHI i A . [FIA}, Path-5 b Path-4

«HXFRE fE SR IR Sl AR

Table 2.  Total energies and relative energies at the critical points of potential energy surface and vibrational frequencies.

Species Ei /a0 E,q/a.u. B/ (kJ-mol ™) Frequency/cm™!
RC1 -358.15783 0 0 — —
INT1 -358.23259 —0.07476 -196.28 177.1 2774
TS1 —358.16547 —-0.00764 —-20.06 —740.0 163.7
PC1 -358.18721 -0.02938 —77.14 22.8 110.9
RC2 —421.73285 0 0 — —
INT2 -421.80701 -0.07416 -194.71 91.7 111.7
TS2-1 —421.73051 0.00234 6.14 -924.0 60.1

PC2-1 —421.74289 -0.01004 -26.36 40.4 57.5
TS2-2 —421.7447 -0.01185 -31.11 -841.0 54.0

PC2-2 -421.7681 -0.03525 -92.55 22.0 34.2
RC3 —485.30464 0 0 — —

INT3-1 —-485.35191 -0.04727 -124.11 7.2 87.3
TS3-1 —485.29977 0.00487 12.79 -959.3 78.8

PC3-1 —485.31087 -0.00623 -16.36 44.2 58.8

INT3-2 —485.3685 —0.06386 —167.66 38.6 64.5
TS3-2 —-485.31205 -0.00741 -19.45 -935.4 37.8

PC3-2 —485.33993 —-0.03529 -92.65 26.7 31.0
RC4 -548.86487 0 0 — —

INT4-1 -548.91997 —0.0551 —144.67 41.9 61.6
TS4-1 -548.86131 0.00356 9.35 -927.3 28.9

PC4-1 -548.87191 -0.00704 —18.48 29.6 45.7

INT4-2 —548.92434 —0.05947 -156.14 7.0 33.8
TS4-2 —548.87084 —-0.00597 —-15.67 -922.3 19.8

PC4-2 —548.89928 —0.03441 -90.34 17.7 30.4
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Fig. 5. Energetic profiles for potential energy surface of each reaction.
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Abstract

Hydrogen energy is considered a clean energy with great development prospects. In the field of hydrogen
energy applications, the solid-state chemical hydrogen storage method using hydrogen storage materials as
media has received widespread attention due to its safety and high hydrogen storage density. In the research on
metal-N-H system hydrogen storage materials, current studies focus on improving the kinetic conditions for
hydrogen storage. In this study, the BSLYP hybrid functional method of density functional theory is used to
investigate the reaction mechanism between P-doped LiNH, clusters and LiH at a cluster level, and explore the

“secondary hydrogen transfer” is

effects of doping, in addition a new hydrogen storage mechanism called
proposed. The full-geometry optimization of (LiNH,), (n = 1-4) clusters and their P-doped clusters at the 6-
31G(d,p) basis set level are carried out, and their corresponding most stable configurations are obtained. The
distribution and stability of the frontier orbitals of the relevant reactants are calculated. Using the same method
and basis set, the theoretical calculation and analysis of the reaction mechanism between P-doped (LiNH,),
(n = 1-4) clusters and LiH are conducted, including the configuration optimization of the stationary points in
each reaction path, and the correctness of the connection between the stationary points is determined through
frequency and intrinsic reaction coordinate calculations. The results show that P doping has a small effect on
the lowest unoccupied molecular orbital, while the highest occupied molecular orbital has a significant transition
towards the doping atom, and the electron-deficient region is concentrated at the P atom. P doping reduces the
stability of the lithium amide clusters and enhances their ability to participate in chemical reactions and
reaction activity, and the reaction dehydrogenation energy barrier decreases. The reaction dehydrogenation
energy barrier between P-doped LiNH, clusters and LiH is significantly lower than that between LiNH, and
LiH, which is consistent with the analysis of reactant stability. Additionally, it is found that the reaction
between P-doped LiNH, clusters and LiH tends to dehydrogenate through the —PH, functional group and store
hydrogen at the —NH, functional group. Therefore, a new idea of “secondary hydrogen transfer” is proposed, in
which effective transfer of hydrogen between —NH, and —PH, functional groups takes place during the cyclic
hydrogen storage process, thus the reversibility of hydrogen storage is further improved and the hydrogen

desorption energy barrier of the material is reduced.
Keywords: hydrogen storage materials, density functional theory, transition states
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