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Fig. 1. (color online) Side view of NiTi(110) surface slab models: (a) Perfect; (b) 1Exc12; (c) 2Exc12; (d) 2Exc13; (e) 2Exc23.
The Ti and Ni atoms are represented by dark (blue), light grey balls.
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Fig. 2. (color online) Side view of (a) Perfect and (b)

2Exc13 surface slab models with stable oxygen sites.

The Ti, Ni and O atoms are represented by blue, light
grey and red balls.
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AR T 45 F9 5 FFNFrFrOctyOcty BE.
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Fig. 3. (color online) Side view of the atomic structures for the most stable oxygen atoms adsorbed on the
Perfect surface with the oxygen coverage of (a) 0.25 ML, (b) 0.75 ML, and (c) 1.5 ML. The meaning of balls

is same as that in Fig.2.

® 1 AFE SN SR TE Perfect I ML AN R AL & U 7 1 PRI RE Ea (eV)
Table 1. The calculated average adsorption energies Ea per oxygen atom (in e€V) in the Perfect surfaces for

different adsorption sites at different oxygen atom coverages.

WRAIE  0.25 ML UL 0.50 ML "Rt E  0.75 ML W B Ao 1.0 ML

T —5.05 T1 Ty —485 T1TyOcty —4.47 T;ToFrpOcty —4.13

Fn —4.74 T:Ty —476  FnFyFr  —439 T ToToFp  —3.92

Fr —4.33 FxFx —455 FrFpFy  —358  FxFnFrFr  —3.62

Octy —3.98 FnFr —4.44 T T1ToTy  —3.22

Octs —4.15 FrFr —3.49

WAL E 1.25 ML SR A 1.50 ML MRBftHrE  1.75 ML W B Ao 2.0 ML

g;jéi; —4.06 FNFNFrFrOctaOcts —3.88 F%iT;TET —3.86 FNng(T)IZPP —3.67

Tl Tobr 4 FxFyFrFpHH _go7 InExbrlr ExEnbrbeHH o )
Octag HHOcto Oct2Octy

Extntrlr g q FxFnFrFrPP _g16 T NENFrFr PnEnbrboli - o )
Octo OctoHP Oct2Octs
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R BLAVBURE ARERE AP AR SRR B K
R(Ti—0) (A) figfy L0—Ti—O0(°)

Table 2. The bond length (in A) and bond angle (in

(°)) of rutile, anatase, brookite and columbite phase

TiOs.

AR S R(Ti—O0) Z0—Ti—0

S A 27) 1.95; 1.95; 1.98 81.2; 98.8; 180

MR AR (28] 1.86; 1.95; 2.12  80.5; 103.1; 162.3

Bk (28] 1.93; 1.93; 1.97 92.4; 92.4; 180

P 1.92; 1.93; 1.94 82.7; 94.7; 112.8
1.95; 1.98; 1.98  94.8; 167.8; 177.3

VARSI 25 RS w0 N B2 AT T
Eb. Nigussa £l Stevneg ) B 7t %5 T-7E NiTi(110)
1 R B I DL SR 45 48 1 1O A 4x 21 A 45 R 1Y
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FRYE ) 26 R AT T H 5, A4S AR T ik s
SR B 7 BN AN Ti 5 2 18] IR AL (FH 24
ASCHIU SR AL ). AT TH LTS AR
BHEES N 0.5 ML AT 1.0 ML i £ g &5 46 5y
SRE R A S FpFr M ENFENFrFr, 1% 1A LR

HH X P A B2 S A R B RRE I, RE e 4
AR (0.5 ML) I, Ehfgfa e it T, Ty 473
FANEE T = H 1.36 éV. 5 Nolan Hl Tofail (19 DA
Jo Li 2 P2 g 5 R L, A e SR FE R T |
1) 5 A% 5 W PR B 5 SR & R AR — B (HERATT
R TR TAERTE R IR, B 1T TCUE Y
BT 0.75 ML SR 76 R T L N FE g
Bt bb 4 7 e 1H R SR AR . BT A 1 DET 3
WAt R [19:20.22] 343 W 78 NiTi(110) 2 [f W Bt
i, AR5 TiJE 7 FA R B N o, SR T
W B J 22 T T B 10 B T, NiJE 70 B R B (A
B3 From), DR, AR 7R B T B 1 R R T
LT R AR

LT AR T 2Exc12 [ A Bl b i 2 o i i
B o, BRI 1 (c) AT LAE Y, ik R R
B1IEENTIRF, ME2)ZENNIRT. iHHE
RHNF K3, o AR T WA B 2 A R AL
Kl 4 frow.

F#3 ANFE LN SR TAE 2Bxc12 R T AN R WAL B VR T 1 T 2 e Ea(eV)

Table 3. The calculated average adsorption energies E, per oxygen atom (in eV) in the 2Exc12 surfaces for

different adsorption sites at different oxygen atom coverages.

DS EOAL 0.25 ML W Bt 0.50 ML WS B Ao 0.75 ML U EDAL 1.0 ML

T —5.53 T1 T —5.53 FNFNF -5.36 FyFyFyH o —5.19

Fn —5.49 FnFN —5.53 FnFnH —5.16 FnNFNFn/Fne  —5.13

Fn —4.29 Fn/ P —4.77 FxFrFro —3.11 FnFyHH —4.67

U EAL 1.25 ML W Bt 1.50 ML U R 1.75 ML U EDAC 2.0 ML

EnEnEnbne g5 FNENEwbne oo EnEnEabe o ENENENeEw ) 6
H HH HHOct2 HHSS

FN?S{FN' —4.88 TIT;iNFN —4.08 FNF;?;'FN’ —451 FN?HF;F:FN’ —4.15

ME R FEEEN0.25 ML, hEmE L=
AN TR 148 i ) = i 1A A T A2 e B e 1 W P
PE, AR TGN —5.53 eV; HAJR T 7E
5 0.5 ML B, = Ji 51 A7 40 & T, To A1 DY Ji7
T AL 4 A FF 32 i fe e M b 47 B, L5
JE 1V YW B RE YA —5.53 eV; LA R T E &
%8 0.75 MLEF, = J5 74 TH AL/ AHR
SE, T 5 B AR TR A B 4 A 8 FnFnFe,
FP B A AR T RE N —5.36 eV; MR T
B EN1.0 MLE, 5 F e 14 R 7 0B A7 &

FnENEnH M FNENEN Ee S8R 1 29 0B e 2>
BN —5.19 eV Al —5.13 eV, H T H P H 5 511 Bt
B Z 8N, FnFxFa Fre A FNFnF e H 9 Fb 0 b
HRGRER; YRR FEGE N 1.5 ML B, #Ji 7
W A B 4H A FnFnFne F HH J2 ke 5 18R 1
WA, AR TP B RE Y —4.88 eV, K
F1ER TR 7 5846 O Ji T K R(Ti—O)
3N 1.85, 2.12412.20 A, ##h 20— Ti—O K/
A3 510490.1°, 108.7° Fl1149.7°, 454 54220 H
TiOy it ALl; AR 778 55 5 8 2.0 ML, 4
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J& ¥ W B 7 FxFnF e Fne HHSS B 5% 58 5E (S 52 H
T 2 )2 24 TR 1AL Ni JE 44 il = A1 7%
A B, HAE S 77 S B R —4.46 eV,

IR 121 Ti R 7 SR Ti0, 45
ey, EXFER M T E KR, Ni R 7/ 5
R T E 4R, IXRISEI a4, SR — 3.

K4 (MTRE) AR TR T 2Excl2 RALBREE AR RN, B3R5 (a) 1.0 ML, (b) 1.5 ML # (c) 2.0 ML &

e e B B A ALK B/ NERETFRIR A ] 2

Fig. 4. (color online) Side view of the atomic structures for the most stable oxygen atoms adsorbed on the
2Exc12 surface with the oxygen coverage of (a) 1.0 ML, (b) 1.5 ML, and (¢) 2.0 ML. The meaning of balls

is same as that in Fig.2.

®4 ANFEE SN SR TAE 2Bxc13 R HEAS F WAL E R TR T 2 e Ea (V)

Table 4. The calculated average adsorption energies E, per oxygen atom (in €V) in the 2Exc13 surfaces for

different adsorption sites at different oxygen atom coverages.

R B4z B 0.25 ML W A7 2 0.50 ML W B4 B 0.75 ML R B Ar B 1.0 ML
Fn —5.81 FxFx —5.59 FnFnH —5.41 FnFnFTH —5.32
Fr —5.53 FnxFr —5.16 FxFrFo —4.9 FnFrHH —5.23

FrFr —4.89 FnFrH —3.58 FnFnHH —5.18
FxFNFrFr —5.13

R Az B 1.25 ML W Ao 1.50 ML W B B 1.75 ML R Az B 2.0 ML

FxFrF FxFNFTF FxFNFTF FxFNFTF

NETET _5.22 NENETET _5.16 NENETET —4.96 NENETTET —4.70
HH HH HHP HHPP

FnFNF FxFNFTF FxFNFTF FxFnFTF

NIENLT _591 NENLTTET _5.01 NENLETET —4.81 NENTTLOT 453
HH HP HHOcto HHSS

FxFNFrFr 500 FxFNFrFr 496 FxFNFTFT a3 FnFNFrFrHH 450
H ' HOcts ' HHS ' Oct2Octs '

PP E T AR 7 AE 2Exel3 )AL Bk P AR R
ORI B, A1 (d) AT RLE B, R R R
MELZ2ATIE T, MEIEZERINIE . iF
A RY| TR A, o E R WAL B H A
B s s, YRR FEEE 025 ML, 5
Perfect 1 2Exc12 & R A0 b, = J5 7 A7 B 15 A F
FasE, T PY JE R AL B BN B B i 1 48R B Ar
B, HAEJE T EE N —5.81 eV; L4 i 78 &
&£ 90.50 ML I, %05 W B A2 DY J5 T Ao 40 &
FnEN B gfasE, AR P EE A —5.59 eV;

YRR T % N 0.75 ML, A 5E 1 U T
R VA= T S SN L T N T AN (TR Z N R
AL B H A FaFNH, 5 R 77 35 0% 6 58 A
—5.41 eV; MEJE 77 5 N 1.0 MLE, HfaE
W B A7 B A 5 FnENFrH SR 5 S50 A
—5.32 eV, HAth A7 XF o e A B 41 A BB g S A
T e W M7 B 2H A AH 22 0 )L, WO T A H IR JL
Tl e B A Y 1 5 4 24 %05 T 55 BN 1.5 ML
i, ke BB AL B 4 A 2 FnFnFrFrHH, H
AR TP B BE N —5.16 eV, HEIH L5 12
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1) Ti i+ 5 &5 48 O Ji 1 8 K R(Ti—O) 43 4
N1.84,2.19,2.17 A, KA 20— Ti—0 K/l
H86.5°, 109.5° F1156.7°, H 45/ 5HEEH A TiO,
SEAARARL; MR R T 55 N 2.0 ML, St e
W B 67 B 2H & FNFnFrFrHHPP B %25 7 F 1
W RE AN —4.70 eV, R LB 1R TIE 75
L AR O JR T 1 8 K R(Ti—O0) 43 ) v 1.84, 2.12
213 A, HE M 20-Ti—O KN 5l h80.3°,
112.7° F1154.0°, HA54 [FFEFIR A AH TiO, £
FEARA, 24 58U R IR B AE FnEnFrFrHHSS 7 B 26
i, HAJE TP RN —4.53 eV, 12 Ti R

FRIFES 120 O S % e kA A TiO, 4544, T
2 EMTi i 75 RIE48 O FTHEK R(Ti—0)
SYN1.97, 20481213 A, HEEM 20—Ti—0 K
NGy 82.7°, 94.8° R 177.3°, X 5441 47 #H TiO,
SERARAL, IR A i1 (%) W B A 45 3R T ) T R
THBIE AL T A AER, BETTE i— 2 e 2k A AN
SR M TiO MR G 1 AW E, ZFH 2
TREEMNIET. 2Excl3 A& R 75 = E
Ji 778 56 NIRRT A [F A I AR, X AT RE
72 LI AN [ Ak B FEE 2 T AN [R) — A BRI

5 (PITIR) SR TN T 2Exc13 IRALERFE AR, B35 Z 20008 (a) 1.0 ML, (b) 1.5 ML #1 (c) 2.0 ML &

R e W B AL B AL A IO MAL K, 25 /IR ETFRIR A1 2

Fig. 5. (color online) Side view of the atomic structures for the most stable oxygen atoms adsorbed on the
2Exc13 surface with the oxygen coverage of (a) 1.0 ML, (b) 1.5 ML, and (c) 2.0 ML. The meaning of balls

is same as that in Fig. 2.

T, ETET SRR TR R A 4 R
1Exc12 A7 i b i 2 A (B, e AL ] 1 (b) ]
LEH, ZHRANERTE1ZEE =4 TiJ& FHAINi
BT, M 2EA=ZANETM— TR T. it
AR, YRR TE BRI 0.25 ML, R
TR PR AE H = A T 548 B = i TR A7 B e
5, HAJE I RE N —5.70 eV; ME R 17 & %
90.5F10.75 ML, = IR AL 1) H A A7 2 FUR
TR IR B AR E RN 1.5 ML, &
Fae AR B B 4 A FnFENFrFrHH 1) 48 R
TP RE N —4.26 eV, (B RS TiO, £
LLI 25 s

e, W T AR T 1E 2Exe23 [ AL BBk &
W R B, FR B AL 1 (o) W LLE Y, EAR R ER
ME22Z2NTIE T, MEIEAENIE . iF
HAERERY, YEJETEBERN0.25 ML, =7

TR AL i AR AR TR, AR T
W Bt e —4.85 eV; 4 R 1 75 2 N 0.75 ML
I, AR IR OB £E T1 ToOcty M ENFnFr B 4
Ji S 3 W B BE 4 N —4.44 eV Fl —4.24 eV
R T8 5 N 2.0 ML, 4R 1 W b 78
FNFNFTFrHHOCtOcty B fe A e, BRI T
IR HH TiO (L5 4.

¥ IR A R B o AN [F) 7 a5 R R o R E TR
Bt 57 5 2H A 1) W PR B 3E AT M [ XS BE TT DL &
B 6 BT (405 7 P 3 R R AR Al 2. AT 6 T
DUE ), Bl A5 T 78 55 5 3, #5114
TP YR P RS 5 &S X R B AR IR
Fe o MR U5 T S R K R S, X
S PR MR B4R - 2 (A HE AR, ELRE 7 5
(38 0, W B A JER 7 2 T D B B /0, HE S 1 i 3
B SE K, FLEEE 12 N AR R AR
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Ti JET, TR Ti JR 7R, S8R TP 3R B e 32
FEAIC, X FE BN ER 15 Ti 5 A B5AE A
EE Ni J57 (58, BT B, 48 SR I, Ti R+
A e 2 52 W B AU - I S2 i [ AR, SRS
HH ) N o7 I B THT T AT, 10 Ni J - 1l e ) %
N8, ERE NLZE. 6 HEJR T7E 2Excl12 Al
2Exc13 P Pl R A7 Sk B 1R 22 IR B, R DA R 3 AR
F1E 2Exc13 H I B 45 B 2Exc12 i fase, IX 3R
B 48 I B i AR e M S R T TR T E SRR
BARKBIRBNE, 14 R LI Ti i1 = SRR,
AU IR B AR S Bk v, TR I U R R B T e
fEAS3RTH T 0 Ti i T35 5 53R T 1 Ni 74
A7, AT AE 2R THAR 2 S8 A8 T1 B 778 i 104, 1 Ni
JRF W NG EEAE NIERCE Ni 2, X TR
S5 LRI NITi & &8 RIANRE N =AMl
BRI N J5 1 & AR 11 JL A

—-3.5

—— Perfect
| —@— 2Exc12
| —A— 2Exc13
—¥— 2Exc23
| —4— 1Excl2

| | |
o - e
o ot o
T T

Adsorption energy/eV-atom~!

I
o
o

T

1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Oxygen coverage/ML

Ke (TR G) SR T 22 AW T Perfect, 1Excl2,
2Exc12, 2Exc13 #l 2Exc23 R fcka B ML B, R 11
5% B e I S i P AR A

Fig. 6. (color online) The changes of the calculated

average adsorption energy FE, for oxygen atoms ad-
sorbed in the Perfect, 1Exc12, 2Exc12, 2Exc13 and
2Exc23 surfaces with the oxygen coverage. Only the
E, of each surface with oxygen atoms on the most

stable adsorption sites are plotted.

3.2 REWREMESH

N T B FEAE A [R] BE FAE 73 i R — B NiTi A
R TR B SR A DL, A DR R B K &R Ni AT i
THEERARAET, B8 1A R R
TR PR 25 R A AR AR e A B B IR RE, A
BRMEM (no = —4.91 V) FHIRERIITES.
HT RS, MR AN E T A R FM,

BRI A 35 T &R A RIR T RE, RS
PR R PR AR V. AR Pl se A e 45 4 1 R THT g
B AR A B A 7 Bs. B TR LLE
AL ESONT —9.95 oV, EIFTEN, TR
Ji5 7 1% B () Perfect 74 & B fa g ; M4 1L F N
—9.95—-9.35 eV i, %5 T 15 JE 4 0.75 ML [
1Excl12 AL Bk FEAR R fefe e, I i T 4805 1
WS B S 4550 43 T1 B 1 AR TR 28 2 )= BT B3 TH
5581 2 H B N R 7 22 i 7 B A 1Y) 2% T 45
ZEAML A KT —9.35 VI, B E # ), 2Excl3
SRR R BcR e, B T 485 T O R B i 15
R FEIZMERTIE F5H12H 45N
JiR 7 3 45 BT R ol 1) 3 1D 45 7 e s % T 2Exc13
RALERIAE R, BEE S NGB RIR, AR T E
i R v 1) RERASE, 1X 3R B 2Exc13 AL ER I

A 2R I A R Mk e 4R 7 i R K T 49 5.

*£5 MEEENE (uo = —4.91 eV) T, AR FERFAE
FRE (0 < 0 < 2.0 ML) I R Bt 45 3 THi Ak 2 e e s Ao L4
HINRMEE (J/m?)

Table 5. The calculated surface energies (in J/m?2)
of the most stable oxygen atoms adsorbed different
NiTi (110) surface systems in different oxygen atoms
coverage (0 < 6 < 2.0 ML) under O-rich condition
(po = —4.91 eV).

B % /ML Perfect 1Excl2 2Excl2 2Excl3 2Exc23
0 1.59 2.34 2.95 3.52 2.38
0.25 —1.58 —1.23 —0.52 —0.12 —0.66
0.5 —4.49 —4.72 —3.98 —348 —3.54
0.75 -6.81 —-722 -7.13 —6.66 —5.96
1.0 —-8.77 —9.58 —-10.07 -9.80 —-8.19
1.25 —11.13 —-11.44 —-12.56 —-12.83 —10.52
1.5 —13.00 —-13.66 —15.38 —15.86 —12.87
1.75 —15.35 —15.72 —17.08 —18.25 —14.73
2.0 —16.80 —-17.65 —19.41 —-20.03 —16.15

N T IS S 5 R L, THE T AE AN S
RGN RIS AR DU SRR

JE T RS K P IR R AR, KA BT

1
po(T, P) = 5 Eo, + no(T, P°)

1 P
Hrh Eo, HEAISLA T TH S BE&E; 722

TR 5y 2R PO I AL 22 3 H po (T, PO) %
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A DL i S5 BodE P 3R AR (5) it S
BT R SR & NT = 81315 K, P =
2.343 x 1073 mbar (1 bar = 10° Pa) B %84k 5 35
N ud = —6.81 eV. MIEEM (T = 300 K) fl—4
PR KAE (P = 0.213 bar) (IR, iH 515 5
FHIZE AR ulf = —5.20 eV, 723X Wi Fh &1 (i
TR AR ERELITUR) T, 2Excl3 44 & ke
58, AR A L B 2471 A S 5 T 7 7 O 2.0 ML,
F1LEHEHNIE T 5532 480 TiJ5i 1 58
AR, ik, 7ESCHR [17) 1 SI IR s Al — A
PR RS R MR IS, 35 H TS5 R it
SIS T J5 77 R W W AT, 350 0% B AR
JZ, FHE ZEAERZE T RS NiJZ R TS5

s KO 1o
TS AN Perfect-0.25 ML :
\Q\:\.
0 —
! 1Exc12-0.75 ML —
g : S
=] N -
~ _5 |- Perfect-OML SO ~ :
% 1Exc12-0.5 ML ZBxg12-1.0ML;
- -~ . H
g 2Exc13-1.25 ML N
o —10
Q
& 2Exc13-1.5 ML
=] AN
wn .
—15 2Exc13-1.75 ML -
2Exc13-2.0 ML
—20 | | | | | | | ! ! L
-12 -11 -10 -9 -8 -7 -6 -5

pno/eV

7 (WTIR ) AN R 7 o RE I SRR 7 I B AR 2R T
R A AL B A R TR AR B AR, K
PR @ R ) 1 4% 8 R 4 40 R AE TR
813.15 K & P = 2.343 x 10~3 mbar Sc5 41k 17 A
AT =300 K B—DIRARFM T AR

Fig. 7. (color online) The surface energies of the most
stable oxygen atoms adsorbed surfaces as a function
of the chemical potential of oxygen (o). The vertical
dashed line labelled by pu& (,ug) represents the chemi-
cal potential of oxygen at the experimental conditions:
T = 813.15 K and P = 2.343 x 103 mbar in refer-
ence 15 (room temperature 7' = 300 K and a standard

atmosphere pressure).

B N E RS e AT, AR K O, Ti
AN 5748 R L A9 . FATRI A climbing-
image nudge elastic band J7¥EWIP IS 778 dG B
90.125 ML B 7E JE 8RB (110) 32 1 U5 T R TH
=R R AL T A R\ AR A0 Octo AT
Octy [A] BRI\ TH A HH 0 Octs (h2 B 2 WK 2 (a))
YR, AR R BT AL B JEIRE F
Octo FIP HILEE 22 N 2.11 eV, 1T M Octo ¥ BRI B IR

[¥1 Octs I HILAE 29 0.34 eV P2, [HIt, 7EMR7E o5
JE N SR T MR b e R R 8 B bR R K, —
AT BERRE T, SR T 0Y iol 2 221544
XA Sy, AR A R AR T T e T T
N Ji 7 PR S IRV TR B AL 3 HSE )
AT 2 — RN IT.

3.3 RMEIRTLHHITH

H IR BHE AT %0, 2Excl3 A7 B [ 7k R BE &
AR BRI OB AR AR AR E, N T WA
AU B XS R T S5 A e, THE T 2Exel3 R
Az ik B A 2 S8R - WRBR 5 3 T T3 R i P AR A,
F6HIH T 2Exc13 1k RAEA R 55 % T U5 1)k
Bt 7 B At o B I 58 1 )2 T 51 1) v B AR A 1 .
N T ITE A, 7 B AR T IR Perfect 2 THI 14
REL1EPNIREFAEAZE, 1HH T AR TR S
RMEE 1 JZ P &8 J5 1A T3 Ni JE 1 1A &
g Z, 3w LT PRGN AZ = Zyi — Zywr.

®6 FEARAETEBET, SR TR T 2Excl3 Kl
TR R B AT AL B R T 45 S8 (A), FoHb Tisg 1 Tig
N5 NiJRTRAEAHE Ti /T, 1 Tiy M Tig JLT N3
M2 1 2P EAR Ti i T

Table 6. The calculated structure parameters (in A)
for oxygen atoms adsorbed on 2Exc13 surfaces at the
most stable sites with different oxygen atom cover-
ages. Tiz and Tiyg are the exchanged Ti atoms from
the third layer, Ti; and Tiz are the original Ti atoms
in the first layer.

Wi /ML  Zri, Zri, Ziy Zri, AZ

0.0 —-0.214 —-0.214 -0.081 -0.081 0.133
0.25 —-0.265 —-0.266 —0.041 0.021 0.256
0.50 —0.375 —0.375 0.653 0.653  1.028
0.75 —0.375 —0.375 0.682 0.682  1.057
1.0 —0.386 —0.386 0.950 0.950 1.336
1.25 —0.358 —0.358 1.373 1.373  1.731
1.50 —-0.369 —0.369 1.379 1.379  1.748
1.75 —0.289 —-0.289 1.533 1.495 1.803
2.0 —0.014 —-0.014 1.848 1.765 1.821

MF 6 LU Y, 43R 1A 2 T0 4R TR B
2Excl3 [ 7Bk 1A 2R FIAE 48 N 0.719 A, 1 Per-
fect & RAIFEAEEE )9 0.339 A, IXEREE 1 ZH
2ANi A7 55 32 % 24 Ti J& 738 # 5t 2Bxcl3
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S A 22 3R T 45 40 ) TR B A K, Xt 2
51 2Exc13 [ A R A 5 7E TG SR T IR B I R
0 e d5 e B SR AL 4 40U 1 1 8 75 FE O 0.25 ML
I, SRS 12 T 7 00 B S 0 R T b
AR EL LR K (NF 0.1 A); HER TEEEN
0.50 ML B}, 5% 3 2+ Ni Ji 738 e 1) Tisg A1 Tiy Ji
TR GE T, R AL T A () Tiy A1 Tig 1
e BEWE A R B 48R T 55 AR 0.50—1.50 ML
I, Tig A1 Tig BR 75 B2 Bl A5 78 o 00 38 K 7 v,
1M Tiy A Tip JE = AR, M8 585
N 1.25 ML, #8545 ) 1.73 A, 1 Perfect 2 [fi {4 %
F1EME 2 EZMZEMEN1.94 A ZRWAF T
(I B 5 35 2Exe 13 S A e B Ak 22 T8I 1) Tiz A1 Ty
JRF R & 1 R, JFER R RS 1R 1 Ti R
TN, LA FE&EE N 1.75—2.0 ML
i, R TR T ERE K AR TFELEN
2.0 ML B, WP s B 4H & FnFNnFrFrHHPP 3R 1H
F1EMTis M Tiy 875 O TR T Ry
AH Ti09 &5 745 W Bt 47 B 1 A FnFNFrFrHHSS %
M2 1 21 Tig M Tiy 515 O IR FRIFEE AL 126
PERRHAH TiO4 544, Tiy M Tip JRT 5 O JR 7Tk
T ARG LA TiO, S5 K5 X P A 4 S 1 R Y 25 4
PITETiO 2 N BN i 7 & 45, 2Excl3 RATHk
Fea iR 2278 e SR 178 75 JE N T B T AN [FLAH ) — 4
POAK, I AT RE A S0 R AN [R) Adh B R 25 T J AN )
AR JE A,

4 % #®

NT BT R SR BR 45 58 NiTi A & & AL
), FATLE R ER A R b BT & Ni AT R 50 e i)
ST T & NITi(110) AL 6k IEAA R, 3EF
F DFT J5 it Ewt e 1 AR AT A, 45 3
e,

X5t F T B [ () Perfect 74 &, 4% JH 778 55 1%
6 < 0.5 ML I, i B = iR SR T ks
SE MW PR AL MR T 55 N 0.75 ML, %
[T I T R v B T N O AN TR NS SRV VA= 2
PRI 404 T1ToOcto A2 f fet e FOW A7 B, K1
ERPE IR H A FnFnFr S AR, 4
AR TESERT 1.0 ML, K& 7T EmE Er =R
TR DY JE TR AL A, SR 7l R BHER T T
J\ TG S T B r o (o7 B0 7 T AR T B oo o7 B 361

RATERFAR R, SR 5 R (0 > 1.5 ML)
i, 2Exc12 [ ALHkFE 7R 23R H) TR 742 AE &
B M B AL AR R, 2Excl3 A B [ 1A R K T
(AL 2R AR A AN & 20 A M AR IR &
H 5 AERZE T 738 Ni T & 4R

NiTi(110) 2 [l f A7 B 7R & IR e M 5 AR
TR B 22 A R ER B AR A A B ARG 1R
AN, R AR 2Exc13 &AL
SRR R A B TR, R R AR 75 Ti R
FIO4E F 58 F NiJE 5 80T 5 776 R H AT, &
AR, TN R T ESL R O E A, Xt e
S W %% 31 NiTi 2 1 480 25 T2 R S AR I R A
TP R NIT R S AL, A AR
Ni, Ti #1 O W# BUE A — P 5.
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Abstract

NiTi alloys with equiatomic compositions have been widely used as structural materials in aerospace, aviation and
other fields due to their shape memory effects and good mechanical performances. At the same time, they are considered
as excellent biomedical materials for their biocompatibilities and high fatigue resistances. As structural materials, the
oxidation resistance of NiTi alloy should be improved. However, as biomedical materials, the formation of dense TiO2
layers on the surface of NiTi alloy is required to suppress the release of Ni ions in body liquid. As a result, it is of great
significance to study the oxidation mechanism of NiTi alloy.

In this work, while the total number of Ti is kept the same as that of Ni atoms in the whole system, a series of
defected ¢ (2 x 2)-NiTi (110) surfaces with antisite of Ti are constructed to further understand the oxidation mechanism
of NiTi alloy. The adsorption of oxygen atom at the NiTi (110) surface is investigated by the first-principles calculations.
The calculated results show that the stability of the oxygen adsorption is strongly related to the enrichment of Ti atoms
on the surface. The higher the enrichment of Ti atoms on the surface, the stronger the adsorption of oxygen atoms is.
When the coverage of oxygen is high enough, the adsorption of oxygen atoms on the surface could cause the antisite of
Ti atoms on the surface by the exchange of Ni atoms in the first layer with Ti atoms in other layers. Under the O-rich
conditions (uo = —9.35 €V), it is the most stable that the oxygen atoms adsorbed on Ti antisite surface, with the whole
Ni atoms in the first surface layer exchanged with the whole Ti atoms in the third surface layer. With the increase of
the adsorbed oxygen atoms on the surface, the heights of Ti atoms in the surface layers are raised by the adsorption of
oxygen. The TiO2 layer is formed by the expansive growth, while Ni atoms are enriched beneath the TiO2. As a result,

the reason why the TiO2 layer is formed on the NiTi alloy surface in the experimental conditions is well explained.
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