EOVIECI HBEERMRISEIRE \Vol.45, No.5
2016 4F 5H RARE METAL MATERIALS AND ENGINEERING May 2016

MgsN, FIFEIRM H 9% B3 RER 52

BREL Y2, =N, kB RkMERY &

x:, BKE?

(1. EMBEETREE, HIR 224 730050)
. AW EFALEASM TS HAHEFEARRE, HiRF =M 730050)

W E: cHEEZRBELOFT) P& EEZR BILYP FikE 6-311G*F 4 /K T X MgaNHp(m=1~4) fI
(MgsNo)nHm(n=2~4, m=1~2) [ #£ [ AT & LT S5 /B4t A, TN 7 KR fRE &M, X RREEMN BT, MRy

P, AT A, SRBVRFE R AR E PESE AT T

SRR HEERM HET DT NIRTEEN, —BIER-NH %

BEA& R HOR BB R, A N R H TBER-NH 355, 4 A -NH B2 H R B-NH 5 EHIFA R
P -NH 23077 B -NH, SE R G5 K, e H R 5 2 T Mg Ji 5~ BT MaH 4580, H BE5 5 M T i
B BEITETH NIRRT L BT R E SRR, H R R A B A BT B . B N-H (8]
FCANBEAET, T Mo-H A2 B TS, -NH FI-NH, JE7E b fRfr g Bk, D AT DR 47 b i i 5t 1 B i AT 9
KB (MsNo)aHm BI7E; WM Hy JESZ5H, HREZRER

hEES LS 0641.12%1; 0643.12

XHEAARIREE: A

YEHS: 1002-185X(2016)05-1182-07

2002 4E, Chen ZM7ZE (Nature) FRFILCH IR
P& M-N-H(M J2 18 1-1V A — 2L 3 i i 6 )@ ) & ml A
FfEEM R RIL LisN Bt g A En A F] 10.4% (R
M, FRD, EAFEM SR PR & 3 5
REZE 55 I /. N oes HoAg ke, AMTHMFE ST
FEABAC, X Mg-N- H &A1 Li-Mg-N-H £ %5 i S0 k)
BEAT T KBS T AT T . Hu 223035 Mg(NH,),+
MgH, & RIFATHF 9T, A% 1:2 LR & 2 ie BT
PLBE T 7.4% A5, Mg(NH,), 5 MgH, 1% 1:2 784318
HRA, ERMN:

Mg(NH2),+2MgH,<MgsN,+4H;

Pan ZMHT %t 7 Mg(BH.), %t Li-Mg -N-H Z fik 24 A 1
20, A Mg(BH,), B 55 7 Mg(NH,), H1 i) N-H #{F
M ®m 7T S, S SR s E & N B ) 2%
Mok, Bhak, AATIE NI 4 JE A, 4
JE B Li-Mg-N-H 1 AT N R w47 1
oL, TEFLRRF T 7 TH, AMTR T MgsN, & 74 Fl
P 7% (0 L £ M AT 7 S 000, Imai 250V 5 —
PEIRBE TR TE BT MggN, i LT 450, A HIK
BAAZE Sk, Fang SO B EZRBBITHE T
MgaN, i 4% (¥ L 25 40 R R e 1, 43 31 i 2 H50RT iR
FlEBESE . Niu SOV % 2 mES I EN C B4k

It HEE: 2015-05-12

£ MgsN, H (1 B 7 25 ) A1 e b Ak 1k 5 2647 T W9
o BT AR B A B AR BUK, 7E C 524411 MgsN;
SER R BT BRREVE o ARHIE TN LT MgsN, R 45 5
PERRE, LUK Mg(NH,), 5 MgH, UL MgsN, Al
Hy 0 5 BEALER M BREAT 7 FRR B 7, R IL(MGsN,),
(n=1~4) A1 7% 5 T B IR 25 40, I Aese M AL N Js7F
Be A7 B LA 3. 4 5% W, . Mg(NH,)o/MgH, T8 R S T B
TR Hy o, 2 A H 43 51 >R IR T Mg(NH,), #1 MgH,,
510 N-H £ (1) /E F 7T LR 55 Mg(NH,)o/MgH, 1k & 11
L)) 7 5 R

WAk, —LeJi . oy F BB S % 1 AR AR
F BT AR50, B M H A B 5% R i
T 21, samolia 2t ScAly FlH, AR B 1E F
HEAT THEST, 4R ScAl; AT LA IR 6 AN H,, TERURE &
ff] ScAlsHy, 4549 Jena 25USIRF 9T R L, SisLis AT AWK
Bt 14 A H,, & &5 8 13.3%, ifi SisLi; it &
Ji 5 BN 15.25%; IR A AAITIE X C@ALLLM Al )
M (GaN),Hy (n=1~4; m=I, 2)FI(InN),Hp, (n=1~4; m=I,
2) VS R R A M REREAT T TS . BHERI H 5
MgsN, 175 AR FLAF FH BRI 70550 AR 0 2R (0 i i i
A BRI R B RS AR A N SR
Ny AT % Pz vR B TV MgaNoH,, (m=1~4)

EEWB: ExARREESE (5156202); HiltE B EARHIL S % (05-0342); AL (48 Jedtn T5 FF A B % & s sie
= (ZMET RS 4 (SKLAB02014004); =MTAMIIH (2011-1-10); =M T R34 (BS200901)
TEZ®N: BREL, YW, 1972 %4, Wi+, A%, 2 MET RS, HoR 220 730050, Hif: 0931-7841375, E-mail: chenyh@lut.cn



%5

MRELEE: MgsN, IR H (0% BEZ s B T 7T 1183 -

F(MgsN2)Hn (n=2~4, m=1~2) 155 ) &5 46 S 1 i 3R 47
TN A .
1 HEEE

PRV oA B (DFT) A 1 2% 46 % B2 72 2R (B3LYP)
Tk B2 S T /NGy T B A R A i e 08,
FETE SR FE BOH BE , A SR F % BE V2 ek B (DFT) HH Y
FeAbE FEZ R (B3LYP) J5v%, i Gaussian09 F2/7,
£ 6-311G*HL 7K F EALIF R T MgsNoHy, (m=1~4)
FAI(MgsNo) Hn(n=2~4, m=1~2) Bl HFR&LEH, @it
THEH TN BT R TEARAE . A AT R
TERRE e PSS, M T AL A R . BRI,
I (MgaNo)(n=1~4) [3] #% [ 45 i s 45 4 O g 2
MEZE, oy IAEFL AL 200 WAL 85 AN 8] Ao B %
H T, BT T MgsNaHy(m=1~4)F1(MgsN,)Hy (n=
2~4, m=1~2) %M Z Fhnl BE IR JLAT 4544, F
T T 2S5, AERE T Z2MiRES.
(MgsN)H(n=1~4) 1 MgsN,H; i) H it 2 # ik iUy 2,
4,6, (MgsN,)H, (n=1~4)A1 MgsN,H, 1) H Jit £ 5 ik
W1, 3,5 AT . P THE LAEE H Il 4 4
THE A0 SE R

2 HEREITR

2.1 MgsN,Hn(m=1~4) ] #& #b J1L o] # B

T, I T MggN, BRI B H R 7 i kA .
1 42456 fe i 2R IIRF 21 T MgsNoHp(m=1~4)
T 2 A 7 e B A ELRE BRI 55 1 4 ol A 1 L AT
SR M H AR 4G RE Er il N U E AR

E; =By, 1, ~NEBEy, +2Ey)—mE, (1D
Horh Epgn,), v, H(MsNo)Hy B EBE R, Ewg A
Mg T, Ex A NRFRER, Eq N HETREE.

MgsNH BIFERAL G I fe e g5 Wil 1 la~1d
fias, EiELEEE N 2. AR NHTE, W la
efesE, MRS HIRHZE N BT 1, JERG-NH %,
XPRRYE BN Coo H UM SR 1 iR . 40 R IW,
MgsN,H % H 57 BERT DA N i+ B, ]
WP T Mg R b, HIRE T N R -NH 2 2
ELR B 7E Mg JR T B e o 3X 5 SCHR[18] 14 Hh 2
H A SR LI, In7E N R 7 B En/E M(M=Ga, In)
R

MgsN,H, BIEMR A G AR e g5 1 9 2a~2d
fin, BRZEELN L. HfaeWa 2a X FReE 5
HEN Dans 2 N HIEF 20 SRR AE B N R Pz,
TER 2 A~-NH &, LISk 1 fros. 0 Bli%
AR e MR I, 2 A H RT3 T i 2 A -NH JE 1) [ 7%

d
e

la 1b 1c 1

9 ¥ -

3 'E 9 *ﬂ .’\*;" / 7_9
z o /i/.

Er=11.641 Er=11.328 Er=9.816

2b 2c 2d

2a
o3e-’ ooe]
o A 3) "1, 3 '/ﬁ/‘““ / ._
ST e

Er=15.629

Er=9.936

E;=16.411 Er=15.806 E+=14.690

@ 3a b, 3¢ 3d
f 9 ¥

M » ‘@ » C S *-0”2‘:‘
o » - )

Er=19.329 E+=18.729 Er=18.519

E+=18.999
9 4a 9 4by #4(; 4d
fa v /‘ﬂww 3—&—# *-} ?

EEE A a2

v @

Er=22.449 Er=22.155  E;=22.036 Er=21.777

iR!
Bl 1 MgsNoHm (m=1~4) [ 7% 5 £ e 25 0 1 LA &5 74 F
“ahe(eV)
Fig.1 Geometrical structures and binding energy (eV) of the

ground state structures in MgsNzHn(m=1~4) clusters
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Mg3N2Hm (m=1~4)
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Research on Mgs;N, Clusters Adsorbing H by Density Functional Theory

Chen Yuhong'?, Li Wengiang®, Zhang Meiling*, Zhang Cairong™?, Kang Long? Luo Yongchun?
(1. Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals, Lanzhou 730050, China)

Abstract: Possible geometrical structure, relative stabilities of MgsN2H» (m=1~4) and (Mg3N2)nHm (n=2~4, m=1~2) clusters were studied
by a density functional theory B3LYP method with 6-311G* basis set level. For the most stable isomers of MgsN;Hn, (m=1~4) and
(MgsN2)nHm (n=2~4, m=1~2) clusters, the electronic structure, bonding characteristics, charge distribution, vibrational properties and
relative stabilities were analyzed. When the adsorbed H atoms are less than N atoms, it mainly forms -NH group. And then some H atoms
are adsorbed by the -NH groups and it forms -NH, groups while some other H atoms are adsorbed by Mg to form MgH with all the N
atoms bond as -NH. H atom is easily adsorbed on N atom which is projecting and contains the lone pair electrons. Due to the repulsion
between the lone pair electrons, the adsorption positions of H atoms are away from each other. The N-H bond in clusters shows covalent
interaction, while the Mg-H shows ionic bond interaction. The properties of-NH and -NH; group are consistent with that of crystals, so the
cluster can describe the behavior of the hydrogen storage in crystals.

Key words: (MgsNz),Hn clusters; adsorbed H; ground state structure; density functional theory
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