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Density Functional Theory Study of N, Adsorption on
Nb(100) Surface
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Abstract:[Objective] The adsorption of several N, on the Nb(100) surface has been studied.
[Methods]JWe have performed total-energy calculations, which are based on density functional
theory (DFT), for the adsorption of nitrogen on Nb(100) surface. [Results]The atomic geome-
tries,structural, vibrational and surface work -function properties for this system have been in-
vestigated at 0. 25,0. 50 and 0. 75 coverage. Furthermore, the detailed pictures of dissociation
pathways for N, dissociation on Nb(100) surface have been presented. [Conclusion]N; is easy to
dissociate on Nb(100) surface. N; is adsorbed in part dissociatively and in part molecularly on

the surfaces.

Key words: density functional theory,adsorption,dissociation,reaction pathway

[FF 5 B CIMEAL T2 58 B 47 R i) Tl e
SN N7 R A N SN T D2 B R
POl SRR o> T2 AR RO R T A AT
Aol REIR IREE A ARL BR2G B R AE AT AL I

YriE B H3:2014-04-10

EEEN T (1982~ Lo, W B, £ 44 2 i i L R
AL UM R B B 5T

* 5 HRFI 4 (51271061,51071054) , )7 P64 €04 )8 e 45
b RN T A5 S5 5 T O 4 (GXKFJ12-012) , 7 P8 R 2= R o
HA W H (XBZ130016) %1,

* o« JAIRVEH . F #1958, T, B WA R, ZENF
BRE VR MR | R RE Ak 2 VR R — MR ST Y. E-mail.
guojin(@gxu. edu. cn,

236

ELERRESFE RS EREMEM., EFER. BT
I U 4 I A A AR SR TR S5 R A I 1 L AR AR £
U 4 R 2% T e AL S8 AL LR BRI 23 AR T B 0F 5 O
TAAEEHMRE, (FIARRSERBYIE AN IL./ER
Ad i 4 JRICE—H8 (Nb) , HAH 6 i 1k A 1k 4
RT3, B, Morse 452 8 5286 FBF 5T TR
D) AN 5 Nb, (0 <<16) /N #E Z 1]
FIAHEAERT . X198 4 o 2R T, B AR S 00 v o A T
14 6 2% 180 IE PRI L (ELJ2 AR R AR K - 1Y iR 43
HERIE (AES) AHE HL 7137 S (LEED) 149 4 % 16 @
e (STMD #F 58 T Nb % i 5 & < Z 8] & 6 [7]
U BRI EERTLKT 1.3 X100
mbar KT, B A9 Nb £ R EERAIAET

Guangxi Sciences, Vol. 21 No. 3,June 2014



A SR AR L2 E W = A, fE 673 ~873K,
R A 5 B D BUBE R L U B AE = T 334K B H
L U B 26 B 2 I o GRS R A e
i 7E Nb £ 1 2% % Nb oG % 8 & 1k 9, 1 4n
Nb:N.Nb; Ny, o NbN, -, 7% 0 B 5. An %50 7E
300K 1 620K F,#F5% T Nb(100) 3 Ifi % £ 16 & <.
AR B 2 T R R AR Ak X T 1 Nb(100) 2 T 19 4
et B AT T ke, WSS R R TE 300K G T 1Y
Nb—p (1 X 1) R HZE LR M T SN R
Nb—c(2X2)—N JoJ¥ &5 #4 L L R -Pe A FE 45k . 7E
620K, WG T p(1 X D &5 554 i Nb—c(2X2) —N
p(5X5) — N Zi), B ANANTHE LK FAR1E T & 45
et R EPTY S Bl P ne T € X 558
NE Y, B AT IR A 5T T RS AR B N
(100) FTH M AH G TR SO Ay BE 43 BT it ae 1T
Nb(100) 2 18 W 209 1 Bk A% DL R /U - 1A
S BREF N (100) 2 1 1) JLAR 25 44 | W B R | i T 245
FRR SRR G, T SRR A TESE
1. OML B A& ASHRE G #ls Nb R py A ; 78 5 B
0. 5SML B, S0 A B ZE Nb (100) 3% 181 /9 #7
i N—NBEKMKZE 1. 17~1. 21A, HEEN
0. 25 ML B 20U i 1) 3 EL B AE Nb(100) R 1T 1Y
T, FEHR BN A 550 7 T 100 W B 14 50 i 9
Bl L T B A RS IR S R R
e AR N B U s T e e N SIS ST
Nb(100) £ 1 5 /WA B AEH EZ 2 N,/ TF1 p
HiES Nb R d i e fb, MR XBEA]
BT TAE AR SCORARF G T 240250 T W
f# BT Nb(100) 2 1 A9 9 BHLE LU 2 2 4R 3 0 T
FRT W 1) 50, AR 98 Nb I 2% 36 T 4 4 Ak 48 Ak e
PEIF R S T R L B iR =

1 itEFHZE

THER FH L T 9% B 7 bR S0 19 4t 94 D Sk 155
A (Vienna ab initio simulation package , fa &
VASP), i 4% 5 8m 3" (projector-augmented
wave, PAW) I DLV Th7 3 by Jk ok BOFE A7 S BE A 9 2
R, PR R OCHRE R > 2 & T i Perdew,
Burke Fll Ernzerhof $& H 097 86 B L™, X F
FIhR Nb (100) M, 2 T L2 98 s 7 M 2 dh
(slab) SEHRBIARME , BIE 4 JZ1E AR E E | i
Ham 3 29+ 5502 Wi R o F R FAESE
A, A TAEBA % 08 A e AL iy 52 m (52 2%
& T AEBAE E R AE L IF TR Z J5 1) JA 3 1 HE 51 /4 A
48 slab 2 ] B A JEBE 10A 1 2025 X 480, LA 3E 4 )2 &
JEAE 2014456 A %21 K5% 38

Z[E 3L,

KT p(2X2) JA 1 it B 25 44 V8 S w0 4 418 2 T
B I~ s L R D Q= < RV O |
Monkhorst-Pack J5 %" [ 3 7= 4= B R 0] 2 k 54
VAT AR A9 2R 1 k S P48 RS R 176 X6 X
1, VT % B A8 1E BB B Ecut Uk 400. 0V, 38 i
WUAE K 2 () JRURE A3 %5 B2 R0 AR BB S E AT RSSO 10 K
B, Bk S 5 5E 2 DAGRTE T AORS B RE . Z5F fifk
S fr B R K T Hellmann-Feynman 77 19 3448
i (CGHE M, Hellman-Feynman J§ 1 /7 i 0
SR 107 eV/A, BBEIR S FIHE R 107 eV/
atom,

WREZADR S TR EER RATRH T T AR,
%

;H\:EF‘ N %ﬁ%ﬁ%ﬁ\ﬁv ENb(l(J())/’NZ 9E\12 %ﬂ E,\Ih(l()())é}
A RSB Nb(100) i 4544, Z A Nb(100) %
A 45 74 1) B RE

2 EHRS5SMH

2.1 BSWH Nb(100) R E

SR p (2} 2) JE 0 B A Ry ) Bk 2% T DB L HE R
[F] 5> 8w Tl ie 2 A A5 F1E Nb(100) R
A B 0 . AR E B W B S A 2R AN 1 BT

E.o =5 (Exvaonn, — N X Ex, — Exvaon ) s

T+T+H(line)

Nb(100)surface T+T+H(A)

1 Nb(100) —p(2X2) 3K W4+ | J5 0 OFF L 121
Fig. 1 Top views of Nb(100) —p(2X2) super cells

B AL, T KT, H Ry % i

The three adsorption structures are namely bridge B, top

T,and hollow H
— AR T WM T Nb(100) —p(2 X 2) FE i

T LR ATTAERTI TAEC oA e oE ), H g Rk
Wy, M TR SN 0. 25ML B, &5 T b 38 A
CHEDWIHE R —0. 59eV, H & W [ 45+ 19 Fa 2
PREAR VR 35 ek, XF ;0 R A 6 (3 ED) ORI TR A3 (O
1) o R T 25 6r i W B 45 44 L P47 A B AUREOR
AEASE MR, TR RS NLH A N—N K (dy- 0 ¥ 1
Al N, 7 N—N 8K APHf, dy VA
L12A 439040 = 1. 14A (T ) L 1. 12A (25 ), #l
117TA D)

237



*1

AREBZETHRSWM Nb(100)— p(2X2) REHR M EEZE S,

Table 1 Adsorption energies and other parameters of N, on the Nb(100) — p(2X2) surface at different coverage
B W B iz I Fh+ il N, 5 & 1 N—N # K N— N i 3y 5 % N-Nb # 3l #5i % Ly e £
(ML) Site Eus/eV T o/ d NN /A Fxn/cm ! Fxop/cm ! o/ eV
Coverage Adsorption Angle Distance Vibration frequency Vibration Work-
energy between N-N of N-N frequency function
of N-Nb

0.25 B —0.52 0.0 1.17 1872 237 4.25

H 0. 00 0.0 1.12 2437 35 3.55

T —0.59 0.0 1. 14 2144 271 4.18

T —0.32 90. 0 1.18 358 270 4.23

0.5 H-+HUED 0.03 0.0 1.12/1.12 2459/2443 35/45 3.56

H+H (K) 0. 00 0.0 1.12/1.12 2435/2434 33/32 3.56

T+ T —0.61 0.0 1.14/1. 14 2189/2136 281/269 4.66

T+TK) —0.58 0.0 1.14/1. 14 2176/2135 295/262 4.57

H+B —0.27 0.0 1.12/1.17 2436/1863 236/206 4.29

H+T —0.32 12.0/2.8 1.12/1. 14 2437/2137 294/291 4.20

T+B —0.98 4.6/61.7 1.13/1.23 2198/876 373/247 4. 87

0.75 T+T+T —0.59 0.0/0.0/0.0 1.14/1.14/1. 14 2209/2162/2146 339/338/315 4.99

H+H+H 0.03 0.0/0.0/0.0 1.12/1.12/1.12 2451/2434/2423 133/132/53 3.44

H+H-+Tdine) —0.21 35.7/35.7/0.0 1.12/1.12/1. 14 2380/2377/2090 297/291/256 4.20

T+T+H (line) —0.39 9.0/9.0/0.0 1.14/1.14/1.12 2439/2168/2125 300/290/286 4.57

H+H+T(A) —0.21 12.4/12.4/6.4 1.12/1.12/1. 14 2383/2378/2110 295/295/261 4.24

T+T+HA) —0.43 0.0/0.0/22.7 1.14/1.14/1. 12 2435/2183/2130 345/326/315 4.70
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upright N, dissociation on bridge sites of Nb(100) surface
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