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First principle on hydrides LaNis H: for
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Abstract: The density functional GGA method and the fulkpotential linearized augmented plane wave were used to
optimize the cell and internal parameters of hydrides LaNisH.(x= 3, 4, 5). The equilibrium structure, density of
state and charge density were worked out. The results indicate that hydrogen atoms are distributed in the basal plane
(12n site) and the middle plane (6m site) at end and tend to lie in the same side. With the increase of the number of
hydrogen atom in the alloy, @ value of crystal cell parameter (0.527 3 = 0.5 310 nm) increases comparatively less
whereas ¢ value (0.407 570.416 5 nm) increases comparatively more, which agrees exactly with the experiment;
moreover the interaction between La atom and Ni atom bring down further.
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|1 LaNisHs dfirh i) H B g
Table 1 Hydrogen location in unit cell of LaNisH
Internal Model 1 Model 2
parameter 12n 120 6m
x 0.504(0.5010) 0.504(0.5010) 0.992(0.9979) 0.504(0.502 4) 0.992(0.9991) 0. 160( 0. 157 5)
y 0.496(0.498 6) 0.008(0.002 1) 0. 496( 0. 498 6) 0. 008( 0. 000 9) 0.496(0.4975) 0. 840( 0. 8425)
" 0.112(0.1132)  0.112(0.1132) 0. 112(0. 113 2) 0.112(0.1105)  0.112(0.1105)  0.560(0. 545 5)
2 LaNisHa dfIH i H 7 A g
Table 2 Hydrogen location in unit cell of LaNisH4
Model 1 Model 2 Model 3
Site
x y z x y z x ¥ z
0.504 0.496 0.112 0.504 0. 008 0.112 0.504 0. 008 0.112
(0.5008)  (0.4993)  (0.1171)  (0.4964)  (0.9924)  (0.0943)  (0.4903)  (0.9924)  (0.1012)
12 0.504 0. 008 0.112 0.992 0.496 0.112 0.992 0.496 0.112
" (0.5032)  (0.9981)  (0.1108)  (0.0018)  (0.4989)  (0.0977)  (0.0036)  (0.5097)  (0.1012)
0.992 0.496 0.112
(0.0195)  (0.4940)  (0.1107)
0. 160 0. 840 0. 560 0. 680 0. 840 0. 560 0. 680 0. 840 0. 560
] (0.1604)  (0.8397)  (0.5450)  (0.6786)  (0.8428)  (0.5506)  (0.6727)  (0.8428)  (0.5506)
m
0. 160 0. 840 0. 560 0. 160 0. 320 0. 560
(0.160 8) (0.8492) (0.5470) (0.1652) (0.3273) (0.5629)
&3 LaNisHs dfirh i) H B g
Table 3 Hydrogen location in unit cell of LaNisHs
Model 1 Model 2 Model 3
Site
x y z x ¥ z x y Z
0.504 0.496 0.112 0.504 0.496 0.112 0.504 0. 008 0.112
(0.5004)  (0.5006)  (0.1113)  (0.4697)  (0.4786)  (0.0718)  (0.4969)  (0.9978)  (0.1059)
12 0.504 0. 008 0.112 0.992 0.496 0.112 0.992 0.496 0.112
- (0.5004)  (0.9998)  (0.1113)  (0.0089)  (0.4786)  (0.0718)  (0.0022)  (0.5031)  (0.1059)
0.504 0. 008 0.112
(0.5045) (0.009 1) (0.0875)
0. 160 0. 840 0. 560 0. 160 0. 840 0. 560 0. 160 0. 840 0. 560
(0.1555)  (0.8453)  (0.5427)  (0.1988)  (0.8107)  (0.6425)  (0.1591)  (0.8409)  (0.549 3)
6 0. 680 0. 840 0. 560 0. 680 0. 840 0. 560 0. 160 0. 320 0. 560
m (0.6914)  (0.8457)  (0.5446)  (0.6120) (0.8107)  (0.6425)  (0.1572)  (0.3134)  (0.5471)
0. 160 0. 320 0. 560 0. 680 0. 840 0. 560
(0.1555  (0.3102)  (0.5427) (0.6866)  (0.8428)  (0.547 1)

1) —Data which have no bracket are original positions of hydrogen, on the contrast, those in the bracket are optimized positions of hydrogen.

2) —Coordinates of hydrogen atoms were got by regarding the unit cell parameter as the unit length.
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sRA S, 55 BEAE A EUM ALY LaNisHe OS5 — 1R R 51 < 621 -

#F4 LaNisH.(x= 3, 4, 5) FIMSE . Gt 8 DU ARAR L KDtk 45

Table 4 Optimized results for unit cell parameters,

energy and volume expansion of LaNisH.(x= 3, 4, 5)

LaNisH. Structure a/ nm ¢/nm Energy/ eV V/nm? (AV/V) %
Model 1 0.5273 0.407 5 - 438016. 98 0.098 12 13. 88
3 Model 2 0.5225 0.4104 - 438017.07 0.097 03 12. 61
Expl7 0.527-0.531 0.405 0. 410 0.097 5= 0. 1000
Model 1 0.530 1 0.4107 - 438033.92 0. 099 94 15.99
Model 2 0.5302 0.4123 - 438034. 15 0. 100 37 16. 49
! Model 3 0.5280 0.4125 — 438 034. 02 0. 099 59 15.59
Expl 0.531-0.536 0.410-0.418 0.1000-0. 1040
Model 1 0.530 8 0.4207 - 438049.91 0. 102 65 19. 14
Model 2 0.5399 0. 408 2 - 438 050. 13 0. 103 04 19.59
: Model 3 0.5310 0.416 5 - 438 050. 14 0.101 70 18.04
Expl7 0.531-0.536 0.410~0.418 0.1000-0. 1040
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LaNisH; 2
1 M
LaNi 5H4
LaNi 5H5
. YN :
-16 -12 -8 -4 0 4 8
Energy/eV

B 1 LaNisH(v=3, 4, 5) 0B Ak
Fig.1 Total DOS of LaNisH.(x= 3, 4, 5)

Kl 2 fiznk LaNisH. (x= 3, 4, 5) B La i 4f
MIEMAEEE . LS EEERINENT 3.0eV
BT, S 1AL, M R B R La 19 4f Plig e
ftH) . B 3 Fion A LaNisH. (x= 3, 4, 5) B Ni f
3dHUERASSEER . 5E 1AL, Nif3d gy
T WML R NE, BAE Ee MMEFREE
S NI JR At B 4 BTos b LaNisH. (x= 3,
4, 5\ H M s PUBEMAZRZE . A H R 1
Z, AEE Ev A5, JFHZ ERSRARAE .

3-La4f iz
4-La 4f 1 N
A
5-Laz I -
16 -12 8 -4 0 4 8
Energy/eV

2 LaNisH.(x= 3, 4, 5) " La [R384r A %5 fif
Fig. 2 Partial DOS of La in
LaNist(x: 3, 4, 5)

W 1~ 4 PTLAFH, La B s AE B
—dmFA, 1M Ni A H RS AR S &, A
fRAER i s, KWEESMM H 5 Ni 455 o8
JEEIE La S G R, JFH La 0 4f PLiE 5



. 622 ¢ o EAT 4R R

2006 F 4 H

Ni (1) 3d Ui B gk s, XM AR HIAE R e
Ik Ss v] REAE I K B a1 2 RIBURER HELE L
H R 2~ JF AR 2R DUT &% R %
TR NI d PUEM H 1 s . p FUELRAE, 17 La
J37 i) p PRt T AR T . I, REE H
JAF R H RF 5 Ni 7 2 ) B 0% ot
LM La TS H R TABRKK A E
AT, BRI AT 2 T AH B R B T R R T 3
itk .

3-Ni3d E
1 1 2ea, \-“\A_A i
4-Ni 3d
. JM\kA.
5-Ni 3d ﬂﬂd&
-6 -12 -8 -4 0 Y 3
Energy/eV

B 3 LaNisH.(x= 3, 4, 5) " Ni [ A%
Fig.3 Partial DOS of Ni in
LaNisH.(x= 3, 4, 5)

3-Hs Eyp

i j\ﬁ} - MA s
B J/\Aﬁ

fl L AN A |
5-Hs

1 [’J\M\ 7 e P,

-16 -12 -8 -4 0 4 8
Energy/eV

B4 LaNisH.(x= 3, 4, 5" H BB &%E
Fig. 4 Partial DOS of H in
LaNisH.(x= 3, 4, 5)

2.3 BREEZEENIHF

HALfr 2% B ) 2 (B 44, X T MM R R 7 2
T) R B A S A R Mt A5 B /EH - LaNisH., (»
= 3, 4, 5) Uik )E i s 5% BEAE A TR I A A 5
~ TP .

&l 5(a) Fizs A LaNisHs T0 [ ) H 17 25 B2 4%
B TR, H R TRIETHMAE, H
R E AR S R A HFHH R
WL 2 E A S Ni J]R AT A B ES,
M5 La JAF AT MKAESERN, KW H
JRF 5L Ni R S0 s, M5 La
BAH BN BEEEN . WE 5(b) iTLLER], B H
JRFEEEY La J P8R, (AH B P& Ni i
T 7 In) IR ER, ﬁ&%%TH%Naﬁmmﬁﬁgﬁ
5 La & A E K.

uUL

B0

B 5 LaNisHs ££(0001) [ A1( 1120) i 4 o 5 B
Fig.5 Charge density in plane (0001) (a) and
plane (1120) (b) of LaNisH;(unit: 10°

e/ nm’)

K 6(a) Fi7nly LaNisHa [ (0001) [ B Hi 5
JEBGEE . BT H PR AR SRR T, T LS R 1)
H 57 J) [ F A 2 i e A X D 8 {EE A 1 X
AT AT ORI L Aar 25 B2 3 AT . T 6( b) AT LUF H,
SUITTE I S La B HL T 25 B B0MI 1 IR) B AL
XMATRERE H USE 8 E4% r 20. 04 nm [ PY T
PR BRI TR A

5 LaNisH- #HEE™, H 55 Ni JR 71+



5 16 545 4 3]

SRALH, S5 BIEEAE SR D) LaNisHe F25— 4 R B + 623 -

o |
0)
1.2 14

GO

1.0

x/nm

(®)

6 LaNisHq 7£(0001) [fiI( 1010) T i) L 5
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