58 2009 6 Vol.58 Special June 2009
1000-3290/2009/58 /S177-06 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.
*
Zr 0001
100048
2008 12 23 2009 1 16
nudged elastic band Zr 0001
SKCC 0.77 eV
SKFCC 1 2 2
3 2.14  2.57 eV.
Zr 0001 Zr 0001
Zr 0001
PACC 6610C 7115M 8160B
Zr 0001 2
1. 3 Octa 2 3 '
GGA
SFCC 9 10 11
‘ 0 6=0.5ML
SFCC Octa 2 3
? Octa 4 5
3-8
0.5 1.0 ML . DFT
Zr 0001 1 2 VASP Zr 0001
Octa 1 2 Zr 0001
2 3 0.77 eV
Octa 2 3 A s
Zr 0001 2.14  2.57 eV
2.
560 K 0.3 eV
pIx1 DFT 2
p 2x2 VASP ¥ GGA
DFT PWOI1 7
P 0.5ML " 400 eV
1.0ML
* 50871071

T E-mail yaorui006 @ sina. com



S178 58
a=0.3235 nm ¢ = =
0.5153 nm a =0.323 nm ¢ =0.515
o ®
NEB
Zr 0001 7ML

7ML p 2X%

2 1 F:l,
VV R, || i

/
Zrie) i ; i
zraoy /. ©@7r®) / _C?z.r(s) S
Zrid

/ / /!
/

/!
Il - ’ iy
/Oy O /’

- SHCP Zr{s) £
Zr{l} o_o O

{Zr(on Carinn
(a)

Zr(L1}
(F=H)

,
v ) octallz)

Zr(L2}
{_) Oca(2.)

Zr{Ls) %

1)
{b}
. Zr 0001
1 L1 2 2
SFCC
. a p2x2
b
Monkhors-Pack A 9x9x1 K
. 10
SFCC SHCP Octa 1 2
Octa 2 3 Octa 1 j i J
0.1 eV/nm
NEB

MEP

F. =F| ,-VV R, |,

F?‘//zK Rz+1—Rz
- Ri_Ri—l ) %i%i
VV R, | =VV R -VVR, - 7.

i

%i F ? | /
* nudging” *
Fl,
VV R |, =0
3.
3.1. Zr 0001

Zr 0001
SFCC SHCP.
SFCC SHCP

2 .2
2

0.8} Bl

0.6 F
§ i
° 04p
0|

ozl SHCP

0.0

SPI‘CCI: 1 1 1 " 1 ) 1 1 1
0 3 6 9
B E

2 Zr 0001 SFCC SHCP


Absent Image
File: 0


Zr 0001 S179
Zr 0001 SFCC SHCP 3 SFCC
0.77 €V. SHCP . 3
Zr 0001 SFCC  SHCP
SFCC
SHCP Zvr 2 7Zr 3 Zr 4 Zr 1 Z7Zr 2
Zr 3 .
Ao r =padr—p§f€r—pge€r. Zr 2 Zr 3
Pau T ‘o;fe r Zr 2 Zr 3
e 3
Zr 1 /r 4
(&) | (b ()
3 SFCC SHCP
a SFCC b ¢ SHCP
SKFCC
SFCC
3.2. Zr 0001
4 .
SFCC s p 1
Zr 2 7r 3 Zr 4 3 0 0.5ML
4 7r 4 sp d SFCC 2
-18.3 -5.0eV 3 4 5 Octa 2
Zr 1 3 Octa 4 5
SFCC  Octa 1 2 Octa 2 3 .
Zr 2 Zr 3 1b
2p Zr 4d Ss 5
S5p 5
Zr 1 Zr 4
SFCC SKFCC 1

2 Octa 1 2



58

S 180
2.14 eV
F #5(2,3)
Octa 1 2 2 3 /
3 -
Octa 2 3 2.57 eV . 5 - \
Zr 0001 SFCC B (1,2)
A
~
Zr 0001 - 1 //
I / Octa(1,2) \\.
20 0 'Sﬁg:: Octa (2,3
r i o s (a) | | T IV NS T RS R
(6]
10k ""g : 0 6 12 18
- o BAESLE
E Zr(4)
s 1r , T 5 SFCC Octa 2 3
N
[
b3l
¥
0 oo svere e e ocesesssgereasseen ereensesgesacens - ool ,..T.:.r ......
-20 -10 0
AEE /eV 1
or o T ®)
- ”»
obnssssnssssssssssssiiiiiInoiios (1 ead N oeemncan Ax/nm Ay/nm Az/nm r/nm
Zr 2 -0.0153 0.0088 0.0118  0.202
s Zr(4)
P 12 Zr 3 0.0000 -0.0177 0.0118 0.204
E. N o T Zr 4 0.0153  0.0088  0.0118 0.202
=
_@ 7:(3) 7r 5 -0.0124 -0.0069 0.0256  0.200
R gt
ﬁg 23 Zr 6 0.0000 0.0151 0.0256  0.201
Zr 7 0.0123 -0.0079 0.0255 0.200

cemessescscessesscsncssnsnensssenensfoasntesaas
Peeisasentiee

0
o 7r(1)
0 FEERERSS 'I‘ E R XXX ) T CX XX XXX -‘- ER R XX T LR RN AR ’I' bohg:
-20 -10 0
REE /eV
4 SFCC
a SFCC b
12 23
1
SFCC Octa 1 2 Octa 2 3

0.209 0.225

0.229 nm.




Zr 0001 S181
.6 SFCC 7
1 2 Octa 1 12 Octa 1 2
12 SFCC 4 a .
6 SFCC 12 Octa 1
3 Zr 2 Zr 3 ZIr 4 2 2s S5p
4d S5s
Zr 1 2p 4d
Zr2 7Zr 3 Zr 1 Sp Ss
SFCC 12 Octal?2
20 . SFCC -18.3 -35.0eV
O . @ 12 -19.1 -6.3eV
ol —d i Octa 1 2 ~19.85 -6.67 eV
Q (2)'_---------: --------------------- L LT T
§, zr(4) 12
I 1 F
% : \ . SFCC
% obmmm iiiitiiiiiiiiooofiononiiion 2s
5L Zr (1)
2p
0 BoniITIIIINIINNINIINIIN I Octa 1 2
-20 ] -10 0 2%
BEE /eV
2p
30 6
SR ®
15_— H T ! Octa 1 2
) e At ettt Mo = Octa 2 3
2- L5 7r(2)
I
it i A .
[ I s Moo oo ooooooocoooooooone [ PP LI .
Xa 0.0 . RO 4
T a® DFT NEB
1 |
Lm e i et Lo - ""—'"\ Zr 0001
0 =T T posnasra ..(,) ....... SFCC SHCP
BEE /eV 0.77 eV
SFCC Octa 1 2
7 12 Octa 1 2 Octa 2 3
a 12 b
2.14  2.57 V.
Octa 1 2

1 Yamamoto M Chan C T Ho K M Naito S 1996 Phys. Rev. B 54
14111
2 Stampfl C Ganduglia-Pirovano MV Rruter K Scheffler M 2002
Surf'. Sci. 500 368

A wn AW

Wang Y M Li Y S Mitchell K A R 1995 Swrf. Sci. 342 272
Wang YM Li YS Mitchell K A R 1995 Surf. Sci. Lett. 343 1167
Wang Y M Li Y S Mitchell K A R 1997 Surf. Sci. 380 540

Hui K C Milne R H Mitchell K A R Moore W T Zhou M Y 1985


Absent Image
File: 0


S182

58

10

11

12

13
14

Solid State Commun . 56 83

Zhang C S Flinn B J Mitchell I V. Norton P R 1991 Surf. Sci. 245
373

Griffiths K Vac J 1988 Sci. Technol. A 6 210

Jomard G Pasturel A 2001 Appl. Surf. Sei. 177 230

Wang F H LiuSY Shang J X Zhou Y S Li Z Y Yang J L 2008
Surf. Sci. 602 2212

LuS'Y Wang F H Zhou Y S Shang J X 2007 J. Phys.
Condens . Matter 19 226004

Hohenberg P Kohn W 1964 Phys. Rev. 136 864

Kohn W Sham L J 1965 Phys. Rev. A 140 1133

Kresse G Hafner J 1993 Phys. Rev. B 48 13115

18
19
20

21
22

Kresse G Furthmuller J 1996 Phys. Rev. B 54 11169

Kresse G Furthmuller J 1996 Comput . Mater . Sci. 6 15

Perdew J P Chevary J] A Vosko S H Jackson K A Pederson M R
Singh D J Fiolhais C 1992 Phys. Rev. B 46 6671
Blochl P E 1994 Phys. Rev. B 50 17953

Kresse G Joubert D 1999 Phys. Rev. B 59 1758
Kittel C 1996 Introduction to Solid State Physics
York John Wiley & Sons pl3

Monkhorst H J Pack J D 1976 Phys. Rev. B 13 5188

Henkelman G Uberuaga B P Jonsson H 2000 J. Chem. Phys. 113
9978

7th Ed.  New

Diffusion of oxygen atom near Zr 0001 surface”

Yao Rui'

Received 23 December 2008

Wang Fu-He
Department of Physics Captial Normal University Beijing

Abstract

Zhou Yun-Song

100048 China

revised manuscript received 16 January 2009

Based on the density functional theory calculations the diffusion of oxygen atoms near the Zr 0001 surface is studied by

using the nudged elastic band method. Firstly the active energy of diffusion of oxygen atoms from the surface face-centred cubic

SFCC

sites into surface hexagonal close-packed sites in Zr 0001

surface is calculated. The active energy for the diffusion is

0.77 eV. Secondly the active energy of diffusion of oxygen atoms from the SFCC into octahedral interstitial sites between the

second and third layers Octa 2 3 via octahedral interstitial sites between the first and second layers Octa 1 2

is calculated

too. There are two energy barriers for oxygen atom to overcome. The active energies are 2.14 and 2.57 eV respectively. As a

result

Keywords Zr 0001

the diffusion of oxygen atom above the Zr 0001

PACC 6610C 7115M 8160B

surface nudged elastic band  diffusion of oxygen

surface is easier than the diffusion into the subsurface.
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