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Fig. 1. Chemical structure of F4TCNQ.

VO, Fif R S8 55 3 TR B B 2+ OR
A1 IE J7 ¥ AE Al,O3(0001) 2 1 A 4E A2 T 45 2],
VL L P 29 30 nm. A 3 1T A BRI AR I 12
5 UL KT S5 I R A B R D R A O
(NSRRC)BL24A1 S50 28 ub AT, 1% 6 4K H
BRI G B 38, S FREEFE 75 101500 eV, S
WA ARG (E/AE) LT 10000, £ &AL 6HER
/NN0.7 mm x 0.3 mm. SEIVE KRG 4 H =M
fE BT AE 0 M1 2% (SPECS Phoibos150) & & 1
FE AU AR AR DY SERE S SR SR, B T AT DAREAT
UPS/XPS W& Ab, 1% 550wk i g 52 I 4 /35 7 i
7R BRI AR P X5 2 30 0 T WAORS A8 235 A 1%
B, LI REARETMT 1 x 1077 Pa.

F,TCNQ % ¥ (Sigma-Aldrich, 99.9%) &+ —
M T AN+ 2K KR R 5 (TCE-CS,
Kentax GmbH). 28K T, AL TS E 2RI EE LA
TRHMTERA, SR TE AR IR E A 2 81 °C R A A
PR (QCM) M & 728 K % 295 0.1 nm /s.
VO, R RENET RS )G, XA 1.0 keV 1
Ar+ BEAT R 2k 5 min, 3581 S0 IS A AL
M E R E FIRA 1 pA. Z5E EEAE 100 °C R
K 5 min PAFR 2R B SR T FEFE A
PR, BRDEFLTONQ Y FRIFEMET. AT
3B 2 B FLTCNQ 2 7, BF 5 3R T et 1T
Z WIS, SRJE1E 100 °C /£ 47318 K 3 min, fRIEY)
R B B0 20 It B T 45 B4 2 W B B2 PR
FHIEF] 250 °C )M 1 min, F 725 58§ XPS
XAS MR MAE . RS 2 s —5
ZJa, IR N R AR M ) XPS FI XAS 1, M52
FM TSR A L.

088101-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 8 (2016) 088101

XPSHl i & 1 e 45 SR E R HO 1s
(530.0 eV) 1EZ2%5; XPSH(#i K F XPSPeak #
BEAT AL BR, SE40ER Shirley ASJi, SR J5 LMK 45 & BE i
B 2 5 5 AN0A — Ao AT T U R Sy 5 T 1) b A B
THE. XAS i fe &0 E R & AR 2% g g5
f K 1 e A B U9 1E; XAS Bl B Jebr LM
HIIE (Jo) BAFOBRGIRFIC IR LRI, P40 bR iy
(AR M A RS IR B2, e J AE A T AN IS 29 40.0 eV Ak
o i )3 — 1k

3 BRE5T®

K2 (a) o & B 2 20 ) JE VO T 1A i & Z1
Wi EZIJG. 3 ML FyTCNQ 4 T WK Bt A1 5 2
F4TCNQ 43 T Wt 1 XPS(O 1s, V 2p) i, AbH
I VO i 5 4% i XPS 3% 1V 2pg )0 45 & REAL T
516.0 eV (I TEFWHM = 2.75 &V), 50 1slf
(530.0 eV) it &[] [ 14.0 V. Silversmit 25 231 Ay
O 1s 5V 2pg o AEZZ (B HJRE R[] B (A) AT LAHI R
R AN AN, P A(V,05) = (12.8+
0.1) eV, A(VOy) = (14.1 £ 0.2) eV, A(V503) =
(14.7£0.2) eV. FRATFE M AL B AT XPS W15 e & 5]
B AfE -5 SCRRIRIE (1) VO 85 1+ F 4, 1iF B 4k

PR AR SR R R L VO, . A 2
E M, AZIEV 2p3 . HVIRII516 eV AR H] 4
515 eV, 1 HAEAK 25 A Bl A J8 U H B, 3R 1 H I
AR A, &R 5 R AR TR 3
ML #F,TCNQ % ¥, XPS it F{ H B B4 1L, V
2p BEAE B 45 A R 7 M R 8 31 515.35 eV, 1 HJF
Wt LTV 2R, XSRS FLTCNQ 4 ¥ )5
S T —ANMEME R, B S, RS EAE 250 °Ca kK
1 min, L2 EWM AT RAEBM, JFET
R B B2 5 7 (X — 4518 T DU 3 HF N-K
AN 1s SRS G ). v LA A
e PR A iR K S,V 2pg 0 BE R AR SE )
G R B B 5 WG FE S AR R4 E (516.0 V), H
I 2 UG 55 0 AT BT/ (3.0 €V). IX R W] VO,
W ZN 5, KM FaTCNQ 73 1 B W B A E 1 53 AL
PEAT DR 2R 5 SEL R TH A S B R FTE O SR
TR K Vo053 M EE, 231 B 0 2 1 1 340 V S
T AR AL .

Kl 2 (b) & VOo i JEAE i i Z1I AT 21 5 BA
W Bt 3 ML AR EGE k%2 1 ML A XAS 3%, 450
KA (O-L) MV L (V-L) 4. &ZIE, VLA
FEMAT 518.5 eV (L) f1524.5 eV (La) HiIE
A, BT RLT V 2p3 /0 — V 3d F1V 2pg )5

O 1s, V 2p

(a) 1O 1s

: V 2p3/2

1 ML Fy
TCNQ/VO,

Intensity/arb. units

3 ML Fy
TCNQ/VO,

BAIEV O,

TV O,

(b) V-L, O-K

517.8/, Lo

1 ML F,

5170 TCNQ/VO,

3 ML F,
TCNQ/VO,

TEY /arb. units

BAEVO,

TALEL VO,

L } L L L . L
540 535 530 525 520 515 510 505 500
Binding energy/eV

510 515 520 525 530 535 540 545 550

Photon energy/eV

B2 (a) LALFE VOo. @ ZIJG VO2. YL 3 ML il 1 ML F4TCNQ KIFER IV 2p A1 O 1s 1 XPS i &,
ANHHETFRERN 650.0 eV; (b) TALEE VOo . EZIJG VO2 U 3 ML M1 ML F4TCNQ ¥ 1) V-L Ml

O-K " istidi ¥y XAS #E&

Fig. 2. (a) V 2p and O 1s XPS spectra of VO2/Al2O3 which were pristine, sputtered, deposited
3 ML and 1 ML F4TCNQ, photon energy 650.0 €V; (b) V L-edge and O K-edge XAS spectra of VO2
which were pristine, sputtered, deposited 3 ML and 1 ML F4TCNQ.
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Fig. 3. (a) N K-edge XAS of VO32/Al>03 sample covered with 1 ML, 3 ML and multilayer F4/TCNQ
film upon it; (b) N 1s XPS spectra of 1 ML and 3 ML F4TCNQ deposited VO3 sample (photon

energy 650.0 eV).
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Abstract

Oxygen-defect vacancies that routinely exist in wet production of VO2 material or on the surface of VO3 single
crystal after surface treatment have significant influence on the metal-insulator phase transition features mainly due to
their enhanced effect of doping on V 3d electronic structure. The removal of the surface oxygen defects is highly desired
for investigating the VOg intrinsic electronic properties. In this work, we propose a charge transfer doping method
by using strong electric affinity molecule tetrafluorotetracyanoquinodimethane (F4TCNQ) adsorption rather than the
normal thermal annealing in oxygen atmosphere to heal the surface oxygen defects of VO3 crystalline film. The healing
effect is probed by the electronic structure evolution at the FATCNQ/VO; interface. The VO3 crystalline film is grown by
an oxygen plasma assisted molecular beam epitaxy method on an Al,O3(0001) substrate. Surface oxygen defects on VO4
film are produced after a mild sputtering with an ionic energy of 1 keV and a thermal annealing in vacuum at 100 °C. The
influence of F4TCNQ molecule adsorption on the electronic structure of the sputtered VO film is studied by using in-situ
synchrotron-based photoelectron spectroscopy (XPS) and X-ray absorption spectroscopy (XAS). XPS and XAS results
demonstrate convincingly that V3T species of sputtered VO, are oxidized into the V4t and simultaneously negative
molecular ions form at F4TCNQ/VO2 interface resulting from the electron transfer from VO2 to the F4TCNQ layer.
The preferred adsorption on surface defects and the strong electron withdrawing function of F4TCNQ molecules may
account for the effective elimination of the electron doping effect of oxygen defects on VO3 surface. This charge transfer
effect at interface recovers the electronic properties of VOa. Compared with thermal annealing in oxygen environment,
the healing of oxygen defects by the molecular adsorption can prevent the surface from over oxidating VO3 into V2Os,

which opens a new route to surface defect healing.

Keywords: VOs, oxygen defects, F4TCNQ molecule, synchrotron radiation
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