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Investigations on Li-Al-N-H complex for
hydrogen storage by first principle
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Abstract: The cell parameters, electronic structures, formation enthalpies and reaction enthalpies of LiNH, and Li;AIN,
were investigated using plane-wave pseudo-potential method based on density function theory. The results show that the
calculated cell parameters are in agreement with the experimental ones. The interactions between Li—N and Al—N are
strong ionic bonds in Li;AIN,. The interaction between N and H is strong covalent bond and the interaction between Li

and N is strong ionic bond in LiNH,. The calculated reaction enthalpies are —23.7 and —55.3 kJ/mol, respectively, which

are in agreement with the experimental ones.
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Table 1 Calculated and experimental structural parameters

Calculated Experimental
Structure Parameter
value value
H, d(H-H)/A 0.749 0.741018
N, d(N-N) /A 1.100 1.098!8
Li alA 3.30 3.2011
Al alA 4.02 40513
LiH alA 3.91 406
alA 3.07 3.08114
AIN
c/A 4.94 495014
alA 479 4821
b/A 7.76 7.801]
LiAlH,
c/A 7.74 7.820131
BI°) 112.0 112.213
alA 5.09 5.041'%
LiNH,
c/A 10.48 10.28014
Li;AIN, alA 9.34 9.46!17
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Fig.2 Schematic diagram of cell model of LiNH,
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Table 2
coordinate for Li; AIN,

Calculated and experimental atomic internal

Calculated Experimental
Atom
x/A yIA zIA x/A yIA z/IA
N1 0 0 0 0 0 0

N2 0.217 0 0.250 0.205 0 0.250
Al 0.116 ~ 0.116  0.116 0.115 0.115 0.115

Li 0.153 0377 0.111 0.160 0.380 0.110
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Fig.3 Diagrams of total and partial densities of state for
LizAIN,
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Table 3 Charge populations of Li;AIN,

Bond Bond Bond Bond order per u}lit
order length/A bond length/A™"
Al—N 0.60 1.89 0.32
Li—N 0.20 2.09 0.10
Li—Al -0.24 2.49 —0.10
N T BB I T AR AR RO PE T, X 45 Jit

TRHT T AR LR R 3 Sk LisAIN, 1) HLfar
HEAMENTE R Lrh AT A K 5 P (Scale bond
order) BO* = BO/BL , :\"I' BO. BL 4}l &M i1
[ (RSP S4B PP AP ) B o AR 3 T4 AN, Li—N
5 Li—Al BS54 0.60. 0.20 A1-0.24,

PR KA JE 2R 0.32,0.10 F1-0.10. 454 LisAIN,
[R5 H A 8 B PR (LT 4) e DA B4 B el n, Li—N A
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Fig.4 Contour map of electron density for Li;AIN,
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Fig.5 Total and partial electron densities of states of LiNH,
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Table 4 Charge populations of LiNH,

Bond Bond Bond Bond order per 1}nit
order length/A bond length/A™

N—H 0.87 1.03 0.85

Li—N 0.12 2.07 0.06

Li—H —0.04 2.32 —0.02
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Fig.6 Contour map of electron density for LiNH,
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Fig.7 Total and partial electron densities of states of LiAIH,
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Table 5 Calculated and experimental formation enthalpies

Compound AHele/,l AHo K{I AHoos 15/1 AH[IO]KI
(kJmol ") (kI'mol ") (kJmol") (kJ-mol ")
LiAlH,4 —108.3 —85.4 —109.6 —-113
LiNH, —220.4 —188.6 —202.9 -176
LizAIN, —616.5 —597.8 —610.2 —568
AIN —345.6 —342.1 —342.3 =311
LiH —85.8 —-81.0 —87.8 -91

WL T I SRS AHL(T) J 18055 B N ) A A
Bkt 2, Rk,

AH, (T) = AH,(T)-Y AH(T) (7
P r

X AHL(TY A &AL A S AH(T) A 5 KN
YIRS, AR py 1 20 3RS A5 AL A AN S N ) o
MR THEAR R, WA R (1)7E 298 K 3L 1) KW
A —23.7 kI/mol, 55K {H—25.8 kI/mol™:
1 AR N (2)TE 298 K il JE I [ A4S THEAE R —55.3
kJ/mol, 552B6{5—50.1 kI/mol® i, A% % bk
S FIAT BRI B 1, e AR N (1) FI2) 1 S5 R4S 43 31
H—-16.8 Fil 60.6 kJ/mol, HSEZIG(EHAZER K, KHE
SR B FIAT PR 16 1 2 TG 3 B A P S I
Ko RMIEHIVHEAER I, %8 E SR s) A R ik
A& IE i 91 S N8 5 SE B AH SE 0T HLAR 2258/

3 Z4ig

1) R 3T 5 32 oA B8 (DFT) (1 3 11 9 1 #
(PW-PP)J772:, tH5L T Li-AI-N-H RS WS = W
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