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[(# ZE] BH: SRR aeBE gl (V) ek (S L84 Tio, iRz (V-SiTiO,) 1y
RAEB A, JFVRAE HAE T WG IR T R9Be i Ve A, B W] W ma e ML) o D5 e e K BE 4Bk v
K FI I S A S R AT o IR AR GE 38 a1 R A Th VR ST BB A R )48 2R R 1Y VST TIOL 1R
SEEY YoM 1V 10Si (V5Si50) 41, 2V = 10Si (V10Si50) ZHH13V : 10Si (V15Si50) 41, 55 %4 I8 20
IS MIE IR, S5 G RMIBERN . BB, JeM g Iy KA Ykl 25 Pk 55 VA6 0 2 e 4
B, MM EORH &8 (CCK-8) il 45 2H 21 Ji 186 5 % M A 40 MO A7 705 =% o 3 48 ol 7 b ol
(SEM). JEF s (AFM) . BFRm R EMEM . XHLi (XRD) . X 4Ot H 7 i
(XPS) FUESM-A] WL OGS (UV-vis) XA Z#HAT RIE AT LR, SEH 4 PT A (25 FIXT
M), PEO4 (KILEB). VIO (V). Si504 (Sitsd) M VI10Si5040 (2V : 10Si), #a il
A UL TR TR JE A BRI B BEE (MB) RE ) RE MR (ROS) A OIS B o T B8 52 560 18 FH 4 €0
FERWE (S. aureus) MKIHFFE (E. coli), 53RN £ LU ZFE S AT AT WG IR 2 hoFn s b 3 2 h 5 i 5%
B E KSR, 2, 7T-2RAYVOLM AN, (DCFH-DA) ROS#EH I ROS KF, ROS i B 5256
W FH B AE B 22k B VI0SIS02H . B 2R A 48 PT4H . N-Z BB ER (NAC) 41 . V10Si50 2 fi
NAC+V10Si5041, "GRG 2 h 5 i sk S0P EE . G558 B mEm P vV ik 0. 01 mol-L !
M STHE 0. 05 mol-L~ "4 V-Si TiO, i )2 W e B 24 B . SEM W%, 5 V5SI5041 il V15Si50 41 e #%
V10Si50 40 ¥ 2 4 kL 2w FL AR B i/ (P<<0.05), 2RI B3 (P<<0.05), H kg £
BT R, BT WAL 9 h)E VI0SI50 41 % 2 M B MB B g ] it (P<<0.05) . 5 x5 B4 [k
B, MMEREFE L. 2014 d B VI0SIS0 2 20 M 38 FE 175 1 R A0 I AE 1 R 3 I T (P<<0.05) 5 ZH % 5%
2H4 disE, V5SIS0 LAV 15S150 ZH 20 i 14 5 1% 44 R0 40 Jif A7 6 R 2 B BB AL (P<<0.05). 5 PT. PEOAI
SiSO4 beAr, Zeid vl WOGIR ST 2 h 5 V10 2H F1 V10Si50 £ 2 M 40 14 1 7% B B R IK (P<<0.05). 5
PT 4 FIPEO A b, JGME 2 h/5 VI0SIS0 4 270 4 1 ROS /K FIA i & (P<<0.05), 5 V10Si5041
Fe, NACHV10Si50 20 2 Fh 41 i 15 7% 0 B3 hn (P<<0.05). 45 ik A& 6 g fb i V-Si TiO,
WEME (VI10Si50), HATRIGRRE R AF A 906 M B e mT UL BR300 5 B B s 2
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Synthesis of novel visible-light-activated vanadium and silicon
co-doped TiO, coating and its antibacterial property evaluation

CHEN Duo"?, DUAN Peipei’, KANG Xueping*, CHEN Shiman"*, HE Jiayue'*, LIU Yuxin"?, LI Luoxin'?,
SHEN Yufeng’, ZHOU Zheng'

(1. Department of Prosthodontics, First Affiliated Hospital, Corps Stomatology Hospital, Shihezi
University, Shihezi 832000, China;2. School of Medical Sciences, Shihezi University, Shihezi 832000,
China; 3. Department of Prosthodontics, Stomatology Hospital, Wuhan University, Wuhan 430079,
China;4. Department of Orthodontics, Stomatology Hospital, Xi’an Jiaotong University, Xi’an 710004,
China; 5. Department of Orthodontics, First Affiliated Hospital, Corps Stomatology Hospital, Shihezi
University, Shihezi 832000, China)

ABSTRACT Objective: To discuss the optimal doping concentration of vanadium (V) and silicon (Si) co-
doped TiO; coating (V-Si TiO:) formed on titanium surface by electrochemical treatment, to evaluate its
antibacterial effect under visible light irradiation, and to clarify its visible light response mechanism.
Methods: The medical pure titanium sheets were subjected to micro-arc oxidation followed by high-
temperature calcination, and V-Si TiO, coatings with different doping concentrations were prepared by
adjusting the ratio of V to Si in the electrolyte. The experiment was divided into 1V:10Si (V5Si50)
group, 2V:10Si (V10Si50) group, and 3V:10Si (V15Si50) group; control group was set up (contains
only bacterial culture medium). The optimal doping concentration was screened based on comprehensive
evaluation of surface morphology, ion release, photocatalytic ability, and biocompatibility; cell counting
kit-8 (CCK-8) method was used to detect the proliferation activities and the survival rates of the cells in
various group. Subsequently, the optimized coating was characterized and compared by scanning electron
microscope (SEM) , atomic force microscopy (AFM), digital eddy current coating thickness gauge, X-ray
diffraction (XRD), X-ray photoelectron spectroscope (XPS), and ultraviolet-visible absorption spectroscopy
(UV-vis). The experiment was divided into PT group (blank control), PEO group (no element doping) ,
V10 group (V doping), Si50 group (Sidoping), and V10Si50 group (2V : 10Si). The ability of the coating
materials to degrade methylene blue (MB) and generation of reactive oxygen species (ROS) under visible
light were detected. For antibacterial experiments, Szaphylococcus aureus (S. aureus) and Escherichia
coli (E. coli) were used. The colony counts on plates in various groups were recorded after visible light
irradiation for 2 h and dark treatment for 2 h, respectively. The ROS levels were detected using
2', 7'-dichlorofluorescein diacetate (DCFH-DA) ROS probe. ROS scavenging experiment was performed
using the optimal doping concentration V10Si50 group, and the two kinds of bacteria were divided into
blank control group, N-acetylcysteine (NAC) group, V10Si50 group, and NAC+V10Si50 group. The
colony counts on plates in various groups were recorded after visible light irradiation for 2 h. Results: The
V concentration of 0. 01 mol-L. "' and Si concentration of 0. 05 mol-L " in the electrolyte solution were the
optimal doping concentrations for the V-Si TiO ; coating. The SEM observation results showed that
compared with V5Si50 group and V15Si50 group, the surface pore size of the coating material in V10Si50
group was significantly decreased (P<C0.05), and the coating thickness was significantly increased (P<C
0.05) ; its crystal structure was mainly anatase type, and the MB degradation rate of the coating material in
V10Si50 group after 9 h of visible light catalysis was significantly increased (P<C0.05). Compared with
control group, the cell proliferation activity and cell survival rate in V10Si50 group were significantly
increased at 1, 2, and 4 d of cell culture (P<C0.05) ; at 2 and 4 d of cell culture, the cell proliferation
activity and cell survival rate in V5Si50 group and V15Si50 group were significantly decreased (P<C0.05).
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Compared with PT, PEO, and Si50 groups, the colony counts of two kinds of the bacteria in V10 group

and V10Si50 group after visible light irradiation for 2 h were significantly decreased (P<C0.05). Compared

with PT group and PEO group, the ROS levels in two kinds of the bacteria in V10Si50 group after 2 h of

irradiation were significantly increased (P<C0.05). Compared with V10Si50 group, the colony counts of

two kinds of the bacteria in NAC+V10Si50 group were significantly increased (P<C0.05). Conclusion: A

reasonably loaded V-Si TiO » coating material (V10Si50) was screened out, which maintained good

biological activity and significantly enhanced the antibacterial effect under visible light irradiation.
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Vanadium; Silicon

AR, PR AR C R o8 U B 2R S 0 2R
5207 WEoE T Bon s R R T 1R R 17 B O
R 220, U R Z — SRR A A L TR B L
PR . ARG . T RIS Rk e
HERIE G- BB R EBE AR, JE3h 19T
% (photodynamic therapy, PDT) AE & Fh 4 & &
Bl 26 0 JF T R B Bh G 7 T Be, HR Ot O
(photosensitizers, PS) Flid& 4 1y 3§ & I8 7= A= 1
% (reactive oxygen species, ROS), %I i [l 1Y
AWy BE AR BT TR ORI 2 R R
K, BUEOEEh J197 % (antibacterial photodynamic
therapy, APDT) 8 IR YT 40 B 2% G d5c HL A5 1)
Tz — ",

BiEEK (titanium, Ti) RERZ MR AR A
Wi gHr, —4&4ksk (titanium dioxide, TiO,) K H
B4 O R B Y D' A 27 ST 1 A Ay S ek 2 T T
DAF $22 004 T 00 3 A 7 1) S5 g I 1 i e AR
TiO/E R —Fp N ALK YU ROEFRER K T
A TS SRS, IRBEM A (valence band, VB)
) TR 8 & B E 4 (conduction band,
CB), MIMZE VB HIEaLas /. 2990% Wyt
F-mAMTE B R REE S, HAAS10% 15
BIHL PR CBES 5 2R SRR R G AR S
WA DB T AR AT 2 B AR 5 [, TiO,
1) At A AL 32 3 AT DLW RE T PR . BT
TiO, B A7 9e 4847, H H Rl 540, ok s
AU AT WO P, WF 5% 0% H SR R T1O, 1Y
JGAF A R, SR AR O X ST R B R IO X
AT 14 5 HC AT UL O A A TS P o O i R X — )
A X TiO, #E AT 8 2% Btk . DEEPA 4§ 7 %
R R T NN = s NIV W A S I
(vanadium, V) &MAE TiO WG MHIRIZE, 4R KXY
W T VIO T TIO, T A E TR R R
B, AT LALTE TiO, S8 B2 I8 i i 24 B Rg 9,

Antibacterial coating;

Photodynamic; Reactive oxygen species;

AR B8 BE W, A AT R O e B DX & a] DOt
SULIGOJ 4 '™ 3% FH % i - % Ik s 4k 1 % V.0, 5
TiO, Z &IR)ZE, B FERE A B A8t nT LA
TR FCR A AR G, DT AR L S A U
BA, ReEREM Rt Re . EEREmn vV
B AR R B — 2 Y 4 R R R R 2 B
TR T HAE A W R R T Y N FH R B AR, DR
o 2 R4 L B [ B 5 ) N — ool o0 2R 42 2 I A ) A
AR E Y. BE (silicon, Si) YENM AN EE
TR Z—, ATLL SRR iy P R R A5
AT fih S 2 e 2 K PR BB 28 2% A 2 A WG A
Sy, BETREKFP AR EAE DT . ZHANG SR
3 3 GO A 2 B R A T SB R 1 Bk 3R T
fLURZ, Hur IR SRR SC AN i i 2GR . El . A
Mol , BEREMSE TV B 4R a0 40 i wE AR
FH 48 i B A ) 10 0 AE P A o

AW 58 25 B I A A ) A T 28R b R R I B
e, PRI [A) B3k Wk B2 6 B B THO, U )2 Al WO fi#
Ve RE S A AR A PR sz e, Ak S B 57 2B )
AH 2 PE AT DO A AR IS PR B V A S 2B 2 TIO, Uk
JZ (V10Si50), [A i o HriZ vk J2 i & i de k. A
SR G PERE AT WOGTR BT EAE R, IR
BUR AL AT T RIS, B AR AR R T IR Z 8
PR T B K AR A PR DG R RE 5 TH B PR T 4 R R 0
XHFo
1 MBEFE
1.1 @ EZXAPE

/IN BRBSUET 2 20 Mt 1929 W o I B2 e L T 2
Mo . 4 ¥ (0 B BRI (Staphylococcus aureus,
S. aureus) 5 KW BE (Escherichia coli, E. coli)
B B A st g BB A M RHECA R A W o BE ]Sl ER
A (S TA2) WA EXSFHKMARAF, #
12 £ 2% sh % (phosphate buffer saline, PBS) #1141
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M 3150857 £ 8 (cell counting kit-8, CCK-8) #5{l
R & A R R R AR A IR A F), oK
R — 8 . I LR BN M N-Z BE-L-2EBE & R (N-
acetyl-L-cysteine, NAC) ¥4 [ g 2 v bR B4k
BHECA RS W), SR8 . UK i Ak 5 B AT P
# (methylene blue, MB) g H [ H1 T 41k
FHEARA R, EFHRNHEEFHR MW (nutrient broth,
NB) 5 #h it £ Bl K5 % 2 (plate count agar,
PCA) ¥ A& 5B HAYERGRAR, 2, 7-
- W ook O 4 moH 2, T7-
dichlorodihydrofluorescein diacetate, DCFH-DA)
W HRKEECEDRHEABRA R . &Yk & A4
#W (5. SMDF-I-50KW/750V) Wl [ i #S 4: A1
HNFEHEARA A, By (H45 . KSL-1200X-H)
W B AR AR ARG RA R, FH B
(%5 . JSM-6701F) My A X HE FEI AR, KT
BB (5. Bruker Dimension Icon) g H 3¢ H
Bruker 28 A, HUF G 20 EAL (B . 1100
Elcktrophysic Cologne) W H BRI Ak L B4 A BR
NAE, X BLAT A (A5 . Rigaku Smart Lab
SE) g [ #if 22 PANalytical A &, X $F £ 6 T fig
%A% (A5 . Thermo Scientific K-Alpha) 4 A H
A B HEE], AR A AR R G
(R4S . Agilent 5110) g [ 7 [ HIS 52 43 7 X 5 11 173
AR AW, EA-TT 0% 500k B (RS
Shimadzu UV-3600i Plus) W F i -+ 4 57 ) -6 5 £
WA, WG IR DS (8% . Bruker EMX
plus) 14 H 5% [ Bruker A A .
1.2 hEMARGHNERLTRS>H

WAk I AT 5w, A EERS
TR IR AR A BN SR H v T 238 ik b & A 8 1 T E
ok i L AR AT o AR IE [0 LR O 380V, i fil
HUE g 50 V., Bk 700 Hz, %5 R 309,
PR M4 1, HAEHEE 10 ming FRPEG TG
BRI S, BT LS Comin ™' (1Y)
ThE M A 500 CORFE L h, BERI A RBRHE
FEl, VEEHLTA

I8 ) H Ak A b 3T AR bRl i L R Y vk
il % 3 AR A A V-Si TIiO, 2 Mk, IR0k
V5Si50 40 (1V : 10Si) . V10Si504] (2V : 10Si)
I VI5SI50 4 (3V 2 10S1), I3 i 3 Ff i )2 44 kL
RIS . B FRBOKRE | Jefbae 1 LAY
VR I AN AL T B RS A0 AR W v 1 HRE T DL

S A AR WA B B V-Si TIO, %2 R, 59 i xR 4
(A& A s 3R 38 ) . RIRHE B PT 4 (25X IR) |
PEO4] (LILEHBL) . V104l (VBZy) . S04
(SitsZ4) MVI10SI5041 (2V : 10S1), XF45 21448
HEAT R AL R R AF AT AT UL A AL 05 R S50 o B, IF
VP IR JE AR AT IR B AE L, A
LGP ) L AL . A SE g R AR iR R
AR 53 2H K v VR A BT ) o i LR 1

K1 BT R A AR R 2 AR o T 5 4L AR
Tab.1 Compositions of electrolyte of coating materials during

micro-arc oxidation process [cy/(mol-L 1]

Solution electrolyte concentration

Group

Na,PO, NaOH Na,Si0,-9H,0 NaVO,
PT 0.00 0.00 0.00 0.000
PEO 0.05 0.05 0.00 0.000
V10 0.05 0.05 0.00 0.010
Si50 0.05 0.05 0.05 0.000
V5Si50 0.05 0.05 0.05 0.005
V10Si50 0.05 0.05 0.05 0.010
V15Si50 0.05 0.05 0.05 0.015

1.3 hREMA AR R AE
1.3.1 ¥ BB i 7 B8 (scanning
electron microscope, SEM) X% 3 21 ¥ )2 4 kL & i
WERNIFTERmALAE LR SEM 7N
B LR 15 000 VIR U EE TR 2 bR B B A5 3R
B WL EE I T BRI 2 AR S e BORS 7R AR
b, B URE PR R AL 3 AP0 T4 AR C
SEECHE o R H Tmage THF 23 A 3 240 3% 2 MR R 1
SEM %5 SR L2 KNI A7 He 8K
1.3.2 ¥ BHMEE T 8% (atomic force
microscope, AFM) MZEUR 2 MR 1 IF 1155 5%
FLRE BE S50 SR I AFM DL 32 fi A5 2 7 28 SR
TR JERERLY 2 TH 9 K A8 R L AVRLRE 2 o 36 U
JZ R R 2 T T R 20 pm X 20 pm 19 JR) F8 IX 8
353 A A0 AFM &, 3 H D S 0 J2 6 Rk 36 T R RS
JE{H (roughness average, Ra),
1.3.3 5 it i J2 0 R SO & 2 2 A k)R
W 52 96 U 23 Rk SR FH 80 8 it ) JER A R O 22
JERE . ELRERAE . ATHFF G, Has ou BEAE S A D
WEMERERZ AS M, T 25 Fx R i 2
Z2 0 pm, O A B 2 AR T AN TR A A
W22 0 23 A ) X S VR T 5 3 1IN0 e A VR A
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1.3.4 X H 4 Aii $ 40 (X-ray diffraction, XRD)
R J2 4 R DA 2R A S 56 T XRD X i 2
AR ) AR ZE I HEAT AR L T2 A R A
45K, JF H AT Y2 89t pr

1.3.5 X LEH FREiE I (X-ray photoelectron
spectroscopy, XPS) iR )2 R 2L A5
56 fdt 1Y XPS X 94 2 41 4 1% 2% T Ak 2 20 kA7 2 47
It — 2 B NI JZ= BORE R T Y I8 3 2 BRI T B T
R KA BT A LRSS G R Cls 284. 6eV HEAT
KIE . SEE R IR R SRAE IS 0T (S5 AR D
0~1200 eV, ReRAKME1.0eV) KilWR)ZHT & 1Y
R ICRA N BEJS RS S B AR IS A,
i 0.1 eV A K AR 208 23R B I8 R 91k o 5 4
TEWE ;. ABHEL Avantage 4. 0 RGE VAT 0640 & A1
TR A IR E AR DU ST R AT A
#r: C. Na, Ti. P. O, SiflV; [[ 8 AR A [H
VR JZ BRI S A i A v F S8 9 1 20 AS (] 8 1 Y
XA O R BEATRE A oy Hr . TiL V., SiMO.
1.3.6 L BOR & 55 B 1 A Dt e D6 0 A I
EAEVE T RIPRCE BIREMRDCE TR R
LA JF A 25 mL PBS 28 ol = 3%, 8% 15 9% L
BT 37 CHEEA T, 1Y R )R PBS Z b
W BT PBSZEMWh VE THRWE, 71, 4,
7o 14 RN 28 d AN IR RLUR E MR R VOB T
T, VR T R A R S S R AR T R A
i%  (inductively coupled plasma optical emission
spectrometer, ICP-OES) &S .

1.3.7  BRAb-] DGR Wi O 15 12 4G DN 4% J2 b A A
Vo SRR 5 AN - AT WO 43 0 0 B T R A
P KA Fl 200~800 nm, 45 4 3 B2 300 nm-min ',
SR 18 52 55 33 D0 - 455 ARG W00 Ok J2 B R £ 55 A1 - T L
JCEIOGEE (A) 8. R R 2RO W SRR i
K Jf % H Kubelka-Munk 2 2 3 55 H 28 %47 78 )&

1

(band gap, Eg). Kubelka-Munk A = : (ahv)?=
A,»(hv*Eg>o

M T2 A R TIO, J& F (8] 482 45 B ok 5 44,
DAL Ot R ) 422 BR G A X138 THOL M Eg, a 5 TR )Z
MEFABBIEL, hbFiaes, A TER
TEWOEFRER MM, RA, Eg WA i . 2l
(aho ) A b B R, E K % 5 6 60 F 26 920 56
5 x Az, BT ER E MR Eg T

1.4 CCK-8#&a&nlik EAA6 LM F ek
P FRAN G TR B SR T AR 3 em® mL !

B pl i &RZEZMBEMERRERE. AEH
L929 40 fg B b T 24 FLAR ML B TR Ml L AD &
A 1X 10> 40 M /Y 40 M =, BB K 40 i U BE e B
W, AR SREM R REILEE RN 1,
A4 d i BALEE Y PO A 80 L CCK-8F R,
YR 2 h 5 AP Tl A ASCRS: 00 ¢ 2 40 M 1% 5 T TR
F K 450 nm &b () AE, DL A A AR 2 40 i 1 5E
PE, IR AN MIAE 6 . A LAF 6 R = (IR E M K
2B A (H — 25 AL 20 B A B/ OXF BE 28 41 24 g
AfH — 2 FLALARIE A ) X 100% .
1.5 % EMHBGTRLAELE R
1.5.1  MB ¥ K ¥ 2 04 8 BY Al 0L o6 4 1k 1% P

¥ B ASFE S B T 5 ppm MB % IR 2 2R %,
6Ty 300 WY AR I AT (=400 nm)
BT D 5 5 RS AN [  RD 3 A R A o S vk
SE B A I ) 0 WRTE K 664 nm AR Y A, AR IR
Beer-Lambert &, N ¥ JE 5 A HRIE T,
THE VR 2 MR MB 3 W G AL B A %2, DL MB
W il AR Z AR e fb v e, R AR
18 °C~28°C, B=(C,—C)C=[(A;—ADAX100% ],
BA MB VW MO AEAL B AR %5 5 C, o MIB ¥ IR 1Y) Bh
Wl (mg-L 1), C o tBf 21 W MB YR (mg-L 1),
A, IR ER 2 MB B A(E, ACh i 2] MB I i)
Afd.
1.5.2  H ied 3k i 7 TR H 4k (electron paramagnetic
resonance, EPR) & il ¥ 2 # B th ROS 9 7~ £

KM 5, 5- T H L -T-nE g R -N-SA ALY (5, 5-
dimethyl-1-pyrroline n-oxide, DMPO) 12, 2, 6,
6-P0 H FEWR BE (2, 2, 6, 6-tetramethylpiperidin,
TEMP) H Jig 4l 3 EPR £ A 500 % J2 4 kL E T I
SR ROS B 7™ 42 o ¥ TR E AR Bl R AE &
B KA R, R R AT 4 AR RGO
5. 10 min 45 B [A] g3 [ 32 360 35 W TP A [m] A9 4 3K
F, ARG OGS SRR S T ARG D, DGO
3™ B[] VU 1 AR B MR R ) AT
I3 HE, BREEPR 3% 3 HE4T L8
1.6 B 6T AEAKE M
1.6.1 Pk oA % 505 K I v J2 4R 7 di T8
B A K EARIBAA S, aureus FE. coli 1% 1%
FrENBR SR, 37 CHHEAAME 24 h 5153 &
BV, VR R R B A 5X10'~4 X 10° CFU-mL ™
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S. aureus 52 % W W M 2X10'~3%X10° CFU+-mL !
E. coli 55 % W W T F o B Bl 4 B S5 5 43 4H 3
PT4l. PEO4l. V104l . Si5041fl V10Si50 41 .
W C L 5 19 52 56 T B 200 L 12 R Ain 29 )2 A1
BRI, DR BE ) PE A 35 B . AT IFALRLAT Lok
P8 300 WORACKT, #fi v 2 2R 1 SO0 IR Y 2 IR B
9 15~20 em, 27 4 5 Ry (5002 10) WemL 7,
X 2L BRI 2 B0 ML I R A BRI R AT DGR S
5 PR A 15 ) 1) TR BE B T e . BRGY/BRE 2 h
[Pl iR B Ry (3542)°C, AR E AE T 85% ]
J& T PBS 22 vh il U % [0 0ic 2 B 78 Uk )2 3% 18 F
PE B A 408, % H R B I W B 100 pl ¥k A7 76
PCA I, 37 CWFHE 48 hJm i Ban i wivs 4.
1.6.2 R H DCFH-DA # & K U 41 i H ROS 7K
- B DCFH-DA # K ¥ T DMSO, il # 8 vk 2
10 mmol- L W4 L J5 A NB 15 37 1
B M BE R 10 pmol- L' AW B& A, 1) TR TR
A BB IR EE BAN W . S. awreus M E. coli
SEE I M PT 4H . PEO ZH M V10Sis0 40 . 4%
R S AP BRAE VR A AR M 4% Fl 100 L DCFH-DA 1y
PR (4% T e & 0 R B g 1< 10°A ), 4% 1R
I S 50 2% A B mT O BRI Bl E AT R IR S, IO
HERE LA, 37 CRHE 20 min J& i FH 2 564
SO EEER I b 2, T AR (2, T7-
dichlorofluorescein, DCF) %)t Af{H, AIACFTY
W N ROS K,
1.6.3 R FH VMR T 1 %5002 A6 0 4 20 4 T 1V L

e B AR 4B 20 W V0SS0 41, 1 L g B vk 1
3X10°CFU-mL "By 2F L Wk, L8070 A PT 4
(25 [ XF R 4]) . NAC 4L . V10Si50 41 f1 NAC+
V10Si50 4 . PT 41 44 Ak 2 3 in 3 & i 200 pl,
NAC 4 A X Je 21 [W] A 4 3 10 3 0 & 5 mmol- 1L
NAC Y & W 200 pl., V10Si50 21 % 2 #1 ok %
T N B 200 pl., NAC+V10Si50 21 % )2 # ok
FE W N 5 mmol- L' NAC B B & 200 pl, Af
WOGCHRE 2 h )5 PBS 22 vl e % Wi, A% LU s BE s
W 100 pl 45 T PCA |, 37 “CHFF 48 h %L
20 T TR T R
1.7 it Fo

K SPSS 25. 0 8 fF #E 47 G2 it 27 70 #r . Origin

2022 KRR . WEM R REALE . REE
JE L AN B E M . RT WLOGAE AL MB BE AR AR
PHVE B AN A ROS K F A IER T, Plats

RN, 2 AL AR AR 7 500 L B R T A I 2R 07 22 0 A
ZH (6] A 32 B P 9 L R SNK-g K 3 o A P<<
0.05 8 ZRA G2
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Fig.1 Cumulative release amounts of V in coating

materials in various groups during 28 d

2.2 BAV-SiTiO % B 8 M58 5k 76 Ve Am 2 SO 76 B

XA R, MRl 2/ 4 drt
V10Si50 41 21 i 18 5 3% 1 A 40 B A7 335 R 34 BH 8 T
(P<<0.05); 4% 3% 2 f 4 d b, V5Si50 41 #l
V15Si50 41 41 A 38 58 1% 14 R0 41 A7 15 2R 359 B G R 1K
(P<<0.05), WL#%2.
2.3 REMHHEAGHEERANFEE

PT. PEO. V10, Si50 1 V10Si50 413 2 4 K
KWL ERMILE 2, PT 44 )2 M8 2 A X%
o BRPT AN, HRKARZEME R AL
AHIPIE R ol HARFL. 5 PEOZH . V10 4 F1
Si50 41 e #g, V10Si50 41 i J2 5 B B 38 e (P<<
0.05), $#2£/8 V10Si50 1 ik 2 5 12455 /e N
ok, WL 3,
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Tab.2 Cell proliferation activities and cell survival rates in various groups (n=3, x+s)
) Cell proliferation activity Cell survival rate (/%)
Group
(t/d) 1 2 4 (¢/d) 1 2 4

Control 0.25140.008 0.32840.005 1.12240.009 100.0040.00 100.00£0.00 100.00£0.00
V5Si50 0.258+0.008 0.32140.005 1.09940.005 107.4049.29 94.80+1.24" 97.54+1.44"
V10Si50 0.26140.004" 0.35940.009" 1.2324+0.002° 110.0046.42" 122.36+7.62" 111.6641.25"
V15Si50 0.2524+0.001 0.286+0.004" 0.70240.002" 100.88+10.36 69.57+1.30 55.45+0.52"

"P<C0.05 compared with control group.

D

A:PT group; B:PEO group; C:V10 group; D:Si50 group; E:V10Si50 group.
2 SEMWMEAHBRBEMHEREIESEA
Fig. 2 Surface morphology of coating materials observed by SEM

£3 BUREMEEE
Tab.3 Thickness of coating materials
(n=3, z%s, {/pm)

Group Thickness
PEO 9.71740.500
V10 11.827+1.024
Si50 12.50040.712
V10Si50 14.153+0.702""%

"P<<0.05 compared with PEO group; “P<C0.05 compared with
V10 group;*P<C0.05 compared with Si50 group.

2.4 BB B A oG My Aade AL 5 48 R,

XRD % 8RBT A 1R 2 MR W A 2R 3
JpBLER W, IR VR ST A R A
KICHE M S AH & EA D, BT XRD AT R
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B Ti2p e i WL 4C A1 4D, 3T 458. 6 Fl 464. 4 eV
Qb B 1 43 B KT R Ti* B89 Ti2p3/2 M Ti2pl/2 B9 45 &
e, R TioL KU TIOME R TIRIZHRM .
V1020 V2p3/24 34 ik, 4545 684 516. 18,
516.69 fi1515. 18 eV, XJRifYJ& VYL VI VP
V10Si50 41 V2p3/2 F 2 4~ ik g, 25 & fg 5 3l A

517.4 eV 1 516.3eV, Xf W My J& V" K V',
UL & 4E FT4F . Si50 41 fi1 V10Si50 21 b Si2p 1§ Y 45
A EN103.0eV, £ SiooE EE LSO, MR
TEFE . WEAG F14H .
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Fig. 3 XRD spectra of coating materials in various

groups
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M B EE 5 H iR, 5 PEOA L, VIO M
V10Si50 21 i 56 W e ik K B B 3k (P<<0..05),
W B AE B B/ (P<<0.05); Si50 4% 2 kG
W A 1k % R BR e 5 PEO 4 L A 22 =R e 4 it
Y (P>0.05), W4,
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A': Full spectrum of PEO; B:Full spectrum of V10Si50; C:PEO Ti2p spectrum; D:V10Si50 Ti2p spectrum; E: V10 V2p spectrum;
F:V10Si50 V2p spectrum; G : Si50 Si2p spectrum; H:V10Si50 Si2p spectrum.
B4 HARBHBEXPS N

Fig.4 XPS spectra of coating materials in various groups

R4 BHBRBERERAER L B A B AR
Tab. 4 Light absorption cutoff wavelengths and band gap

energies of coating materids in various groups

Light absorption cutoff Band gap energy

Group wavelength (//nm) (V/eV)
PEO 415 2.86
V10 780" 1.05
Si50 410 2.93
V10Si50 625" 1.22°

"P<C0.05 compared with PEO group.

2.6 Bk EAMA T I ERER

AL AE 9 h g, 5 VESIS0 411 VI5Si50 4]
e, V10Si50 21 MB F fig 2 W] 2 A+ 15 (P<<0. 05) ,
BIRTF50%, H V10Si504] NB iR i imik 72% .
UL 5,

H5PT Yl b, V104 M V10Si50 419 2 # K
MB [ fif R X W] 2 7t s (P<<0.05), w5 ot i fe
9hJ5, MBREM@FEIS0%; PEOYIA SIS0 4R
A MB i %6 F A 25 S TG0 it 8 L (P=>>0.05) .
UL 6, V10Si50 20 1 )25 b4 FHAE AT UL 5t G AT BE G
T ROS () EPRAF 5 1% WLIE 7, W] & b Hb 0 %2 3] 52
A N 1:2:2: 1M 1:1:1: 1/ EPR{E S5, 200
A BB AR H RN A Y RRIE, HLEPR
T 5 1 A R it AR S S T ) S K T R
2.7 BUREMAGTILAELLE LR
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S 60t
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"P<C0.05 compared with V5Si50 group; “P<C0.05 compared
with V158150 group.
E5 WIS 34 V-Si TiO, R EH B MB R R
Fig. 5 MB degradation rates of V-Si TiO, coating
materials in three groups catalyzed by visible light
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'P<<0.05 compared with PT group.
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Fig. 6 MB degradation rates of coating materials in

various groups after catalyzed by visible light
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Fig. 7 EPR signal spectra of ROS on surface of coating material after visible light irradiation

A RTA AT WS, PT4. PEOZ I Si50 26 44
W TR A 22 R Y gt e L (P>>0.05),
PR 3 IR ZMRHE JC i 2 A A AT LG BRI A 1E
T ARREAHREBE; 5 PEO4YL. SI5041 M PT 4
Fe#, VIO A V10Si50 40 76 J6 n] Wt B8 5 ) 17 i
THAEILEIE2h G, WREEEBEIL (P<<0.05),
S5 PEOMH . SiSOHMPTH A, Zeadnl W% G
J5 V10 2 F1 V10Si50 28 4 74 18 v ZO BRI (P<<
0.05). W5, E.coli 51k JZM LR 37 1 250 25
BRI 5 S, aureus 5 )2 BRI RE 3E 19 92596 2%
B FARFE— 3 BRI 2 AR B BT R ) AN 2 R
PR R 2 B RS 2E R, LR 6.
Zat 2 hr WG RRS R, PT. PEO 1 V10Si50 41
TR MR T 2 B A R ROS KO- Y B BT
(P<<0.05), 5 PT 4 M PEO 4 b %, JtM2h
V10Si504H 2 Fp 40 o ROS /K1 5 FHE (P<<0. 05) .
IR T7TME, 5 VI10Si50 4] H#, NAC+HV10Si50 41
20 A TR T AT W m (P<<0.05) . ILIFL 8,
3 it i

i 3 2 i et TR A W TE R R 2k
A [) B, foff O B R A B A W o M R B R
PR, EHEAEAYS Ao, T
APDT 3 A J5 31 H Ti0, 2 5 4K % 80570 619 55 5k
PERE 1, AR ST A SO SR A B R T & TR
V-SifE IR 2 08 8 TiO, R 2 .

IO AR Ak B AR 77 A v KRR T PT A T 3R T
A RN ARAS KL 9 Z2 FLEA5 4, nT R 20 A 1l L 9 19
IR R AR R A R A 1) T AR 9 A AR R
A [R] v B e B B A 23 A ) R T AL AL AR 3 <5 pm,

#F5 BEMBBEATLEBE TREAS. aureus BTEE
Tab.5 Numbers of S. aureus colonies in various groups

under visible light irradiation combined with coating materials

(n=3, x-+5)
Number of S. aureus colonies

Group

Dark 2 h Light 2 h
PT 603.67417.47 603.67413.20
PEO 598.67426.58 606.67+9.71
V10 301.00422.11"4% 20.00+7.004*
Si50 602.67412.86 593.33421.08
V10Si50 413.0046.56""* 40.67+2.52""%

"P<<0.05 compared with PT group; “P<C0.05 compared with
PEO group; “P<C0.05 compared with Si50 group.

x6 BREMRBRET LR EEUE.coliTBEH
Tab. 6 Numbers of E. coli colonies in various groups after

visible light irradiation combined with coating materials

(n=3, x=+s)
Number of E. coli colonies

Group

Dark 2 h Light 2 h
PT 57.334:1.53 59.334-8.62
PEO 59.004-4.58 59.334-9.29
V10 32.0043.614% 1.6740.58"4"
Si50 57.6746.43 55.674-4.93
V10Si50 39.3341.16" 5.3340.58"4"

"P<C0.05 compared with PT group; “P<C0.05 compared with
PEO group; “P<C0.05 compared with Si50 group.

JLET 2 40 A AR — 10 pm, PR 3 4L TR SR A
Y 2 T 25 2548 AN 5 e 20 T A i T 8l A4 I gk
o M0 VI0SIS0 ry MRS B 1E = ik, EAMT
A 3 40 B A R0 I G B, HL V10Si50 4 i )2 £ i LA
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RT BREMHRATREBHENEEHS. aureus W H
ROS K
Tab. 7 ROS levels in S. aureus bacteria solution in various

groups after visible light irradiation combined with coating

materials (n=3, x=+s)
ROS level
Group
Dark 2 h Light 2 h
PT 7213.674272.07 11 237.33+£164.32
PEO 7 386.674228.17 11 740.67+285.39
V108i50 10 274.00+£497.14™ 16 666.67+156.67"“

'P<C0.05 compared with PT group; “P<C0.05 compared with
PEO group.

%8 BREMBERATRIGRHFFEL E.coliBF ROSK
A
Tab. 8 ROS levels in E. coli bacteria solution in various

groups after visible light irradiation combined with coating

materials (n=3, x+s)
ROS level
Group
Dark 2 h Light 2 h
PT 6190.004=84.66 8950.334+103.97
PEO 6435.33452.81 10 224.00£353.61
V108150 10 099.33+170.66™ 18 842.00191.79"

"P<C0.05 compared with PT group; “P<C0.05 compared with
PEO group.
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A: Number of S.aureus colonies after added with NAC; B: Number of E.coli colonies after added with NAC. "P<C0.05 compared with

V108150 group.
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Fig. 8 Numbers of colonies in various groups after added with NAC
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