Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

Institute of Physics, CAS

NoH,4 7E NiFe(111) & &R E W TR E M FIEB FEMINE— 4 RIBH R

WK T KiEm

First-principles study of stability and electronic structure of NyH, adsorption on NiFe(111) alloy surface
He Yan-Bin Jia Jian-Feng Wu Hai-Shun

5| Fi{5 & Citation: Acta Physica Sinica, 64, 203101 (2015) DOI: 10.7498/aps.64.203101

1E 251515 View online:  http://dx.doi.org/10.7498/aps.64.203101
HAP 4R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/120

AT RE R B E b3 E

Articles you may be interested in

Heusler & 4 CooMnAI(100) 2 [l HL 14554  BAVERN B e A0 1) 28— M B 7

First-principles study of the electronic structure magnetism and spin-polarization in Heusler alloy Co,MnAI(100)
surface

YEE 40,2015, 64(14): 147301  http://dx.doi.org/10.7498/aps.64.147301

ANF N B AR A S B B T A A
Quantum capacitance performance of different nitrogen doping configurations of graphene
Y242 2015, 64(12): 127301  http://dx.doi.org/10.7498/aps.64.127301

el P AR R o <o i ) 3% — P SR B F 7

First-principles study on saturated adsorption of alkali metal atoms on silicene
Y E=4.2015, 64(1): 013101 http://dx.doi.org/10.7498/aps.64.013101

3d i JE <)@ Co B IR 5T 45 M AN AR 2k i 26 — P IR BRI 7T
First-principles study of 3d transition metal Co doped core-shell silicon nanowires
Y% 4.2014, 63(16): 163101  http://dx.doi.org/10.7498/aps.63.163101

INAS XUEE AR A1 S BURE 9K A8 45 74 S At s MEAT TR M 1) 5 — M TR ELE A
Structures stabilities and electronic properties of InAs double-walled tubelike clusters and nanotubes
YHA4.2012, 61(24): 243101 http://dx.doi.org/10.7498/aps.61.243101


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.203101
http://dx.doi.org/10.7498/aps.64.203101
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I20
http://wulixb.iphy.ac.cn/CN/abstract/abstract64686.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64686.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64686.shtml
http://dx.doi.org/10.7498/aps.64.147301
http://wulixb.iphy.ac.cn/CN/abstract/abstract64446.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64446.shtml
http://dx.doi.org/10.7498/aps.64.127301
http://wulixb.iphy.ac.cn/CN/abstract/abstract62324.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62324.shtml
http://dx.doi.org/10.7498/aps.64.013101
http://wulixb.iphy.ac.cn/CN/abstract/abstract60644.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60644.shtml
http://dx.doi.org/10.7498/aps.63.163101
http://wulixb.iphy.ac.cn/CN/abstract/abstract51450.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51450.shtml
http://dx.doi.org/10.7498/aps.61.243101

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 20 (2015) 203101

NoH, £ NiFe(111) & & 3 E W M2 E M F0
B F & E— 4 RIEM R

R D2

g2l

i Dt

1) (I PaIITER A2 S AR R 2220, i 041004)

2) (RIRBE 2R 22 R 3T, K6 046000)

(20154 4 A 6 HiIgH; 2015 4 6 A 24 HURBIE SR )

SR FH 3 T (ORI 1% FE 32 eR BB AT T 35 — MR SR R AL, V4 20T T Wk (N2Hy) 7E NisFes /Ni(111) &
S THI A 5 VB B ) 7R Y PR R 1 T L g S s B P o e PR A B, M 203 A s PR A 2 1 114
P Fe J5 12 defe g (W P AL BY, JCIR T RE SN —1.578 eV /NoHy. [RIRTAI, k4> F7EiX — 2 R iR
SEVERIEH . AL LETRAL IR M S8R, BAE Fe Ji 1 B HOAE Ni S 7 BT B I . 1E— 22004 1 ASIRIIR
PR b W PR A 2R ) P 5 ) PR S P e A% DA S v 7 SR RAG S L. 5 SR B AR TR B S e B F 2
LR — 2, JF H N 5T 1 p FUE AN 5 22 A EL AR AR 1 ) d 30 2 1) A7 7 A 3 B & WP
e FELA S R ) 2 M e R AR i R 1 2 b A R SR S B ) et e R B T R B
731 BN i RUR A8 0 2R i 22 [A). 3 v 2 ) (R R AL 30 7 2 U W JE 2 5 R i B 2 [ I PR iy e

TR T SR Z R AL 3L .

KHRIR): M, UGB, BTSN, B R
PACS: 31.15.a¢, 73.20.At, 75.47.Np

1 5 =

AR, F (NoHy) B R B 53 ik s S8 AE 45 ol
BEEPFAR PN, Wk A B
TEGUKRLT 10 & R #R I B M e U2 78
KGR I AR, 89T NoHy 548 R 42 8 2 1 ) A
HAEH, 8l FHRALMEEPUE N NoHy 58 2R
{1 = AR AR — B DOR AR FT [ 5. SE50
WFFLR A, Rh GKRL T2 16 PR AL 11 NoHy 2 i
e . Ak, Ni A SR R A e B
B0 R 35 TR A AL NoHy 23 A R 1, G0 Xou 55 1) 4%
) Ni-Rh (56 Ni-Pd 7 1 Ni-Ir 3 3045 J@ gl Kb 7.
HH T3 26 5 4 Jm A R A% B B HLBSERG 2D, BRI
KRB 5 15910 & @ A A0 7 2 BN BIF 5T 16 25 2

DOI: 10.7498 /aps.64.203101

). F T T8 B, E Bt 42 )8 NiFe 2KRL 1 7E7K
A NoHy B 58 4 2 i v FE DL 1 A 0 1R 1 g 101,
& i, Manukyan % ') 38 i 38 JF N1 25 il Fe &5,
Wit 7 —Fh e g0 KR 1 E ) NiFe & & AR ML
T, IR A T LE 1) S SR I R R A R A
ARG R IR SR, SR, SR IX L SIS A T R 8 ifE
T B 48 GOKORL 7 T A 1 1) I BR HUAS R 17 I fiE AL
FEtE, (HZHE 7 X — A R, AT 5
TP EFEAENoH, 7 F 5SS SRMER- A
BT, XX T A LB R L
—J7 1, NoHy 7£ 45 J&8 3% [ 1 W B AT AR A2 5 IOt
HAL (140 1 R o ) 2R e AR R B PR AL X
WA T 25 7 (P W B FE A 7, AMUATAIR R BE 2 1)
SRR SR HE T ReE, T BN AR SR A T A5 A
GEIRCEN=9'8

* [ERBARRIERES (HHES: 21373131) FIHEE B AA SRR (#HES: NCET-12-1035) Bt B 1.

T BfE/E#E. E-mail: jiajfQdns.sxnu.edu.cn
T #fE/E#. E-mail: wuhs@Qmail.sxnu.edu.cn

© 2015 FEYIEFS Chinese Physical Society

http: //wulizb.iphy.ac.cn

203101-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.203101
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 20 (2015) 203101

H Rl % 592 o #i8 (DFT) 5 V6 4% ok it 51
R R TEH, 20T - RE Rk R
A LAAS BB g 25 R D18 Mgkl T — 2
K NoHy 54 & R 50 AR FY B A0 40 fife it 22
WHEFT, 41 NoHy 75 Cu R ¥ 43 F W 04171 18
Ir(111) 81 Ni(111) 191, Fe(211) 201 A Rh(111) 2]
SR THI IR R PR AN 23 . SATIT, NoHy 7E Ni HEX 4 )&
R, JCH 2 7E NiFe & 4 3R 10 15 5040 X /b
TSR BB 72 7R, NiFe R 2 YRR B A& &M
10220 38 B 3RAT 2 R R BIE 7T 345 BE R L 2H
JHI N, Fe J& 52X NoHy 731 BT H WA %
A 1291, (H X — 3R I NoHy 43 1A R R B 4
BB LTG50 S SR A L IF R IR, SR,
NoH, 74 @R W fE b, i 7454 iy i #%
175 150 LA R RS 155 100 55 PA) 25 B 40 A oxe 1 e B A Al
R BIHIAE S SRS R A ). RN BT FE NoH,y
548 LM R T AR EAERX TS NES TR
TR Bt A 5 B R S R L

AT I, 25 R A TUH 0 7 1) 5 B2 R 3
W-I BRIl (DFT-GGA) T8 % % e ig 1 IE
MR B Rl AN T A FG B 1 A s B 4 1 24201 AR,
R R NoHy 7542 B R M AR BLAE F B i 5L K 2
B % RO IE R R . R, ST T A b 2R
fift NoHy 7> ¥ S HEA R AR EAEH, A302H
RO IER DFT-D3 A THA 7 Ni(111) 2 NigFeg
& e RM S NoHy 47 T AR B AR R, X5 H L
] 25 4]« PR 25 W R RSB P R A5 R AT T AT A
&k By NiFe £ & 4k NoHy 3 A 1) S2 56 B 7t $2 43t
T ELRHEA.

2 HEF*

Hy 3 A 7 100D R B, AE Bt 42 8 NiFe 4k
b FAE KA NoHy 52 0 R B T A EER
flE AL 1 RE, JF Hod i m Be X 9 AT it 3
S H R S RE B R AR R N
(111) 1T, 7R A 3045 B8 JR LE IR Ni L Fe Ji 1 2395
I3An. Pk, BATLANI(111) IR, Mg T & Fb
A REMI NI, Fe S EERILA MM A & KE (KRN
NigFeg/Ni(111)), Hrhan& 1 i NigFes % 2 )5
TFHEFIBLRY (4 4 )R AL) & ffe e i 8L, itk
JEBAE AR AL S A AR 2 IR0 14 A L s
JZRRFE. AN L2 0 48 R AT LR 4t
%, MR T B E 4 JE 4 [ BN db A%
WH (ISR N 3.524 A, 5l 3.52 A Wy &).

1 (MFPE®) Ni(111) 2 NigFes REZS &M (H
hEEB AL A G Fe BT, WEOAE NIET)

Fig. 1. (color online) Surface structure of FegNig sur-
face alloy (distances are given in angstroms, green and

light blue denote Fe and Ni atoms, respectively).
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Table 1. Summary of energy and geometry for hydrazine adsorption configurations on FeNi(111) surface.

Al EPPETDP3/ev N—N/A  N—Ni/A N-—Ni/A N—Fe/A N—Fe/A ounnu/(°) Oplane/(°)

(a) —1.578 1.455 — —
(b) —1.361 1.461 — 2.052
(c) —1.137 1.473 2.053 2.047
(d) —1.346 1.465 — —
(e) —1.061 1.446 2.034 —

2.139 2.137 44.5 0.3
2.145 — 21.5 1.7
— — 25.7 0.2
2.081 — 175.8 31.2
— — 89.2 28.7

E2 (MTIE) NoHy 7F NiFe(111) A4 3R T e e W B A 2 (T4 P A 4 )

Fig. 2. (color online) Adsorption geometries of hydrazine on FeNi(111) alloy surface (shown

looking down onto the surface and sideways).
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Fig. 3. The projected electronic DOS of adsorbed
Fe(1) and Ni(2) atoms.
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Fig. 4. (color online) Induced charge density presentation by an isosurface of £+ 0.002 e/A3 where yellow

and blue denote gain and lost of the electron density.
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Fig. 5. (color online) Slice through hydrazine molecule

and nearest surface atoms showing ELF contours.
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Abstract

We use the density functional theory (DFT) with dispersion correction to investigate the stability and electronic
structure of hydrazine (N2H4) adsorpted on NigFeg/Ni (111) alloy surface. The geometries and adsorption characteristics
of the structure on the NigFeg alloy surface are presented. Results show that NoH4 bridging between two iron atoms gives
the strongest adsorption with an adsorption energy of —1.578 eV/N2Hy4. Top modes turn out to be the local minima
with adsorption energies of —1.346 eV /NoHy (for the top site on a Fe atom) and —1.061 eV /N2H, (for the top site on a
Ni atom). It is demonstrated that the bridging mode is more favorable than the top mode on the NiFe alloy surface with
a coverage of 1/16 ML, and Fe atom can provide stronger adsorption site than Ni atom. The van der Waals contribution
is significant with a value of about 0.4 €V/N2H4. Meanwhile, the van der Waals contribution is larger for adsorption
on Fe atom than on Ni atom, and for adsorption of the bridging mode than of the top mode. We also find that the
structure of NoHy in the anti molecule, rather than the gauche molecule, is bound on the top site of Fe atom on the
NiFe alloy surface with a coverage of 1/16 ML, which demonstrates that the repulsive adsorbate-adsorbate interaction is
weak on the surface with low coverage. The strong interaction between the surface atom and the adsorbate contributes
to the result that the lone pair electrons of NoHy in gauche conformer are attracted by the Fe atom. In addition, for the
five adsorption structures of NoHy on NigFeg/Ni(111) alloy surface, we analyze the projected electronic density of states
(DOS), induced charge density and electron localisation function (ELF) slices through the Fe-N or Ni-N bonds of the
adsorbed molecule on the alloy surface. It shows that the electronic DOS presents the mixture between HOMO of NoHy
and the d orbital of the surface atom, which corresponds to charge transfer between the substrate and the adsorbate.
The charges are transferred mainly from NoHy to the surface atoms, and the extents of charge transfer are different for
the bridging mode and the top one which is present in the induced charge density. Furthermore, the region of localisation
in the ELF slices can be found for the adsorptions between the N atom of NoHy and the Fe or Ni atom of surface, which

gives a clear view of the coordination bonds for the interactions of N—Fe or N—Ni.

Keywords: hydrazine, adsorption, electronic structure, density functional theory
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