Haak  HoM wHEERMMSIRE
2015 4 9 RARE METAL MATERIALS AND ENGINEERING

TEEEZ AT LiINH, BSR4 s s
Ry E— %R IE R

T o4 WER.H ¥.B
(J7PERE, JVE BT 530004)

. BN E AN T e B (DFT) IR T T 9% 0 35 (PW-PP) 7 3%, iFBLEF7E 7 I 4 )8 M (=Ti, V, Mn, Co)#
R LiNH 384 Li B3 LiNH B f ik i B4 e, SR f R psrism . SRR, M9 Li R rgs
fRIG, Li(M)NH, AP RHORR @ e A, [ N-H SR8 85 HA B WA, wRH H R F. 1HEAE 3] LiM)NH/M (=Ti,
V, Mn, Co) 1725 hr B BE 4 I 1.365. 0.829. 0.486 F1 —0.079 eV. S JE T E M B4R Li JR TS5 Li(M)NH, fi# 5 H

Vol.44, No.9
September 2015

JR TR B PRAL, 8 R A MEREE RIS, Hd Li(Ti)NH, #FEHEE Li(V)NH,. Li(Mn)NH,. Li(Co)NH, A48} &

AEBion .,
X8RI BRI, LiNH,; 454568,
FESESHE: TG139°.7; 0469

W8, S%E
XHEFRIREE: A

YEHS: 1002-185X(2015)09-2228-06

AXFTJE 0, il SR AR SR 2 e AR 1 R UE A
Bz —, HiREEEEM IR RmEER, ST
AERTFFE MR IIRE . B AT AR & 0 nr iR s s
#(10.4%, FE/H, TFE)M Li-N-H S EZY
B HOBIE e #405 . Chent™M& NBFF0IN N, i S0 A2 il
DA 1 25 AT 30 L) il

LisN+2H,-Li,NH+LiH+H,-LiNH+2LiH (1)
MBI, HA 10 RBREREIEE] 320 C, K
N4 A% A -148 kd/mol, IR E N 3% 5 2 P&
TR R AR T 200 °C, N4 AE N—44.5 kd/mol,
MR EE N 6.5%. SR AT 8 KL, LINH, 5 LiH
(VR A 4 DR 5 1 8 P v R0 8 g 2 P i 22 1T BELRS T 3Lk
NSEF ERAE SR B Ik, AT BRI Li-N-H A R &
JOL PRI/ TR P e 4 B U R, AF AN B AR SR
TESRIS AN B X FHEAT T 2 7 M KR EW L. RS
b, ANTRBUEL RN EEE, JE & RAww,
T E & JE S A SR AR T LS Li-N-H - filg EM Rk
(R MERE . 1, Ichikawaa®3% A X} LiNH, 5 LiH
DL 1:1 (1) BER EEIR & B 4 ¥ i 1 mol%ff) Fe. Co.
Ni. VCls\ TiClg S5 HOR2E AT HUMRER B & B, ¥ 0n TiCl,
(1 it AR R UM B B i - 72 150~250 C il FE N [
PR IN TICl SOk A4 R i i 3] 5.5%~6%. B 5,
Yao% A K F Mn. V. MnO, #1 V,0s 4517 b %

YFs HHEA: 2014-09-20

LiNH, 8% LiNH, 5 LiH B & EREE 4 h 19773, I
6 5 22 BT R B, W0 M. V. MnO, Fil V,05
TORL AT PLUIMAR LINH, 1 73, fH2 %) LiNH, 5 LiH &
EW, EIRBORL I R A RE R A K . Bl
Nayebossadri®%: A\ SZ ] LiNH, 5 LiH L 1:1.2 fEE/R
VR4 J5 20 IV 0 BN TiN Fl TiClg ok 3 47 BRBE &%
B, BN F1 TiN 25 LiNH, (R &N, 1 TiCls
TRINTT 42 Li-N-H MR B A R .

FEFEE b, Liul®e A s s iz s B e, SR i,
Mg. Ni 9% & J8 0 R B AR LiINH, HFE o Li i1k
PRI P S JB X LiINH, i S AR RE RS0 o A ATTAF
REI, Tiv Mg B Li 743 LiNH, (1 N-H
AT H R FERSREYE. M5, Wang!
SR B — M JEEH S IR 7S T Ti Cry Fes Ni
I 4R B AR LINH, H 00384 Li 7 1 Bl . AR AT
THHAGREN, dESETRBERAS L Hres
LiNH, it SR SR RS BE AR R 887 2 PR Re 3 s

HAT, AMI% Mg. Ti. Cr. Fe. Ni 48 #E
AR LINH, JF 585 Li 1 (g S RLEEAT T R G 3
Wt . WRFCE 2 I 48 & Li-N-H g Z Ak
Li Ji 7w 8, A H g iR
SR M I S o A F 9T 08 % 2 R B2 (DFT) 1
THI 8 I #4 (PW-PP) 77 ¥, tH 0T 7 1 % 4 8 M(=Ti, V,

EeUWH: ExERR¥ES (51071054, 51271061); [ V3 T o0 A1 H (LGZX201202)
fEZ®N: T B, L, 1982 454, 1, RIZUR, |V RS RS S TREAR %, |7 BT 530004, HLif: 0771-3237386, E-mail:

ninghua996@163.com



%9 TR, WIES RS AT LINH B ML AE S (1 55 — 1tk SR BT 5%

© 2229 -

Mn, Co) A LiNH, H B 7 Li B 89 ir &L, 4 #r i)
WIS B IS LiNH, [ SR gE#h . 45 & 6E .
P~ &5 A0 R0 23 A TR G RE 1R 52 M LA R AH O IR ) 3L 12
1 HEBESREE
1.1 HEG&E

K HI 3 T35 02 ok B OOV o1 T kI A v, ik
&) SUB B2 ALl (generalized gradient approximation,
GGA) T HJ PBE iZ i il ik 22 #e A 5 020, {i Y ibB 4
Ji% #4 (Ultrasoft Pseudopotentials)™*® 4k 28 J5 7 1% & 1 |2
B 54 s AR BAE A %5 . @i Materials Studio 1f
SRR AL ) CASTEPMMIAE Bt 442k 4T 45 M 0 A6 A
MR RETHE . P IBEOE R 340 eV, fRTZY A
HIHIX K AR Monkhors-Pack™ 75 v %6 B, LiNH,
AN K SRR 6>6>2, Li(MNH, #) K fAitHE
N 4x4>2, M (M=Ti, V, Mn, Co)<: @ B4 5 1) K 503k
HUh 1212120 AEBEAT S5 M LA I SR FH BFGS J772:3K
R ERARE g, HAHNMPERSCAE N SRR E
Ak /N T 1.0x10° eViatom, J& T % /17T 0.005
eV nm/atom, [ IEACUR SR E )y 1.0<10° eV/atom,
A ZmFALT 0.0001 nm, Sk 2 A KT 0.05 GPa.
1.2 MRS RIRE

LiNH, & &Pt E M e 2= 88 14 (No.84),
AR TSR (F 1la iz, HEESHN
a=b=0.5037 nm, ¢=1.0278 nm , {&# %y 0.260 77 nm°.
HRAE X S AT BT A3 I Se B B ST 40, Li JR T 3
Fh &5 47, 43504 2a(0, 0, 0). 2¢(0, 0.5, 0.25) i1 4f(0, 0.5,
0.0083) fifir. N JEFH 1 Fk56r, B 8g £7(0.2263,
0.2493, 0.1140). H JRFH 2 flis 4z, 4050 8g A1 &
(0.2331, 0.1237, 0.1931) F1(0.4073, 0.3440, 0.1177)..

I HL LigNgH1e 25 H AR LINH, (1 SR 454 . %
giiyrh 8 AN LiNH, 25/ Boei i, B3t 32 MR T«

6’® ole o

co o ¢ an

o¢d G.8 °

e R o

S e e o
o £o

K1 s
Fig.1 Cell models: (a) LiNH; and (b) Li(M)NH>
(M=Ti, V, Mn, Co)
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Table 1 Experimental and calculated values of the cell
parameters for Li(M)NH, (M=Li, Ti, V, Mn, Co)

Compound a/nm  b/nm  c/nm  Cell volume/nm®
LiNH(exp.)™ 0.5037 0.5037 1.027 8 0.260 77

LiNHa(cal.)  0.5106 0.5106 1.0395 0.270 97
Li(Ti)NHz(cal.) 05261 0.5283 1.0799 0.300 233
Li(V)NH(cal.) 0.5138 0.5136 1.088 9 0.287 395
Li(Mn)NH(cal.) 0.508 9 0.508 9 1.071 4 0.277 480
Li(Co)NH(cal.) 0.508 8 0.508 8 1.044 4 0.270 374
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Table 2 Calculated total and binding energies of Li(M)NH,
(M=Li, Ti, V, Mn, Co)

Compound Total energy/eV  Binding energy/eV atom™
LiNH, —3957.754 4.649
Li(Ti)NH; -5367.153 4.478
Li(V)NH, -5739.651 4.448
Li(Mn)NH, —4415.898 4.421
Li(Co)NH; -4806.142 4.451
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Fig.2 Total and partial density of states of Li(M)NH, (M=Li, Ti, V, Mn, Co): (a) LiNH,, (b) Li(Ti)NH,,
(c) Li(V)NH, (d) Li(Mn)NH, and (e) Li(Co)NH;
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Fig.3 Contour maps of the electron density of Li(M)NH, (M=Li, Ti, V, Mn, Co): (a) LiNH2, (b) Li(Ti)NH, (c) Li(V)NH,,

(d) Li(Mn)NH_, and (e) Li(Co) NH;
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Table 3 Mulliken overlap population analysis and bond 10l \
distances in Li(M)NH (M=Li, Ti, V, Mn, Co) '\
systems 05F *
0o} ..
Mulliken population Bond distance % 9
Compound LE St
N2-H4 N4-H7 M-N4 N2-H4 N4-H7 M-N4 =101
-15F
LiNH; 0.76 0.75 0.06 1.036 1.037 2.095 20
Li(Ti)NH,  0.67 0.68 058 1.053 1.049 2.013 o5t ¢
Li Ti \% Mn Co

Li(V)NH, 0.74 0.68 0.50 1.043 1.055 2.002
Li(Mn)NH, 0.73 0.74 047 1.041 1.042 2.009

Li(Co)NH, 0.72 0.75 035 1.080 1.075 2.204
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Fig.4 Energies of hydrogen vacancy formation for Li(M)NH,
(M=Li, Ti, V, Mn, Co)
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Influence of Transition Metal Doping on the Dehydrogenation Ability of LiNH,
Hydrogen Storage Materials by the First-Principles

Ning Hua, Peng Wenqi, Xiao Meng, Guo Jin
(Guangxi University, Nanning 530004, China)

Abstract: The transition metal M (Ti, V, Mn, Co) substituting for parts of Li in the LiNH, hydrogen storage materials have been studied
by plane wave pseudopotential methods based on the first principles and the density functional theory. The crystal and electronic structure,
binding energy, and H vacancy formation energy for Li(M)NH2/M(=Ti, V, Mn, Co) were calculated. Results show that the stability of the
Li(M)NH, and the bond strength between N and H atoms are reduced when the Li atoms of LiNH, are partially replaced by the Ti, V, Mn,
or Co atoms. The best effect is got by Ti doping. The calculated vacancy formation energy of Li(M)NH, is 1.365, 0.829, 0.486, and —0.079
eV for M=Ti, V, Mn and Co, respectively. It is found that the decreased dissociation energy of H is obtained by Ti, V, Mn, Co substitution
to Li of LiNH,, showing the improvements of the dehydrogenation ability for Li(M)NH,. The effect of Ti is better as a catalyst than that of
V, Mn, and Co.

Key words: first-principles; LiNH;; binding energy; electronic structure; density of states
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