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Abstract: Environmental pollution has become an increasingly serious issue. Numerous studies have revealed that the increased
incidence of cancer and other diseases can be associated with environmental pollution. Pollutants include not only inorganic matter,
but also bacteria and organic matter. Photocatalytic breakdown of contaminants in the environment is considered an ideal cleaning
technology, and one of the most promising photocatalytic compounds is titanium dioxide (TiO,). However, their utilization efficiency
and range are limited because of their narrow energy bandwidth and the quick recombination of photogenerated electrons and holes.
Therefore, developing efficient TiO,-based photocatalytic composites is crucial. A simple sol-gel and one-step Marangoni methods
were used to efficiently combine TiO,, Ag nanoparticles (AgNPs), and graphene oxide (GO) to make composites of TiO,@Ag-GO
with significantly enhanced photocatalytic activity and antibacterial capabilities. GO has multiple catalytically active centers that can
efficiently degrade pollutants via photocatalytic reactions. Simultaneously, it can improve charge separation, restrict the recombination
of photogenerated electrons and holes, and boost the photocatalytic activity of TiO,. AgNPs can hold electrons, facilitate charge
separation, and release Ag’, making them a material with diverse antibacterial properties. Ag-doped TiO, sol-gel was prepared by the
sol-gel method, and the prepared sol-gel was then coated on the surface of an Si substrate via spin-coating. An anatase-type Ag-doped

TiO, film (TiO,@Ag) was prepared via heat treatment. Finally, the TiO,@Ag-GO nanocomposite photocatalytic material was
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effectively prepared by transferring a large-area ultrathin GO film, produced via the single-step Marangoni process, onto its surface.
The compositions of the films made of TiO, and TiO,@Ag were examined using X-ray Diffraction (XRD), Transmission Electron
Microscope (TEM), High Resolution Transmission Electron Microscopy (HRTEM), and X-ray Photoelectron Spectroscopy (XPS). the
Ag in the TiO,@Ag sample was primarily in the form of Ag,O nanoparticles, and the TiO, sample was primarily composed of anatase
crystals. Ion-release experiments demonstrated that TiO,@Ag-GO could stably release Ag" from Phosphate Buffered Saline (PBS) for
at least 12 d. The rates of TiO, and TiO,@Ag degradation in a 2 h photocatalytic methylene blue degradation test were 42.4 and
52.5%, respectively. Simultaneously, the degradation rate increased considerably after the addition of GO, reaching 74.5% for
TiO,@Ag-GO. These findings suggest that Ag doping and GO loading enhance the photocatalytic activity of TiO,. This is because
when TiO, is modified by AgNPs and GO, TiO, absorbs UV radiation; the electrons generated by TiO, are transferred to the AgNPs,
which demonstrate electron storage capability, serving as electron traps that promote charge separation. In contrast, GO on the
semiconductor surface contains numerous catalytically active centers that can efficiently break down pollutants in a photocatalytic
reaction. Furthermore, GO significantly enhances photocatalysis by increasing the degree of charge separation and preventing the
recombination of photogenerated electrons and holes in the semiconductor. Seeding assays with Gram-negative (Pseudomonas
aeruginosa) and Gram-positive bacteria (Staphylococcus aureus) were used to assess the broad-spectrum antibacterial capabilities of
the composites. Scanning Electron Microscope (SEM) images and statistical analyses of bacterial adhesion and proliferation revealed
that many bacteria attached to and proliferated on the TiO, surface, and the bacteria tended to aggregate to form colonies. The
wrinkled shape of the GO surface prevented bacterial aggregation, resulting in a more even distribution of the bacteria on the
TiO,-GO surface, with significantly fewer bacteria present. The TiO,@Ag and TiO,@Ag-GO surfaces drastically reduced the number
of bacteria and severely damaged their morphology, demonstrating significant bactericidal activity. AgNPs and Ag' can bind to
negatively charged bacterial biofilms, disrupting the bacterial membrane potential, and leading to bacterial death. This simple
TiO,-based composite, with significant photocatalytic and antibacterial activities, has considerable potential for use in photocatalytic
cleaning.
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Sh T HER TIO, BREALRERE, DEFLA S fiil T
FRS ), W mUTHEE, B TBAE, ¥
FUBEEAEE Y, AN, R
1 TO; (AL L L IOUERS, 7T LAVIE T34 e R
BB AT ARG T 5 5 A B . 43

(e
=
ol

LML, IS G ) AR BOR ™
o REIIHIFUN AR, A AL A

HIG LT HERREEG YA ,  R AMAE TR
Wy, EOASEHEMAEI . A AL )i R
B, (ARG V) TF B EH MR R AR, DL
R BRI B SRS P TR B e 2
AR & IMRIEEA R, R =R g
PEA A 2 Re T A L RS ) . R ORBHBE 2BV
YW & — R 7 vER T B,
AP A TR 5 4 A 20 5 10 N 32 3 1 P98 N B
R . K2 B TR B S e AR 2
SR (TIOY) FIEALEE (ZnO) B, JLrh, Tio,
SRR R R | Jefie e, f2EiE
PEGF . IRBERUF . TERESEIRS, SRR IR IR
2 R T AR (3.2eV) . EHLT
LA R A N 3, HO AR g 2 2 R,
SR TR Y LR e Rk, T R K
JEfEAL I TiO, S AMARLEAT T2 s

EIRVIREB I, BJE 5 TiO, Z B H frHEfE
&, WARHECAER TR R IR, DT
RO R A, I3 TiO: B IERE . AHF5Y
R (AgNPs) 1E NSt @it T2, M
AgNPs {12 N i e |32 (g0 K i b ek 2 — 21,
Ag TR IBORT ROS (¥ AR A S A MR AT i H

AR

PERE.

AR T H S BA MR BT, AR A A MR
R 2320 T KN . DR, Assdd R
AT IR RN R n-n JLHESE Y, 24K
SEMEHOBA R 73248, HiTCa 2 Bokoms 2 i1
FAERT ZHITIF R o T3 8RR AT LS A7 s h (55
T X AT nem HERR, IXAEAROCRERE B3I 155 F i
GERHEMEAL LA IEFEPER B, DA SR 0 16
A DL S 0 5T B U RHE A s B2 A e ) L
WP, TR TG A REP . PRk SR b, B



120 b B X @ L &

2024 4F

FRNGIFR T 25 TiO-A sl AR, LU
TiO, FGMEALEfE . Horp A S8 (GO) 24
S0 ) 7K o3 B AT AR, 2 AT JIURE 1R A 5T
S AR B R EEM R, T GO
A5 05 & (sp2) FUIRWT R (sp3) &,
1M H 2 i AR by 4 i gy s PR e, B — 209
J& T R Re S AR R AR A HAE R, s
GWEE. nn AHEAEH . A IMA-ZAR Y. &
ey e >,

BT ERE S, KRS Tio,. AgNPs Fil GO
gity, flesh B i R UR RE ) gk R
GO EL. BRI T3 Ag I TIO, WI-HEKS,
SR FH TR DR B IR T 0 i 2% IRV IR U A S
FEJRAR, PR ARSI B 1448 Ag 1H TIO,
M (TIO.@Ag). i, F4-5.20 Marangoni 4 H 21%¢
FFRIR KT GO JBFERS 2 TIO.@Ag 3RiM, L)
il AR E AR TIO@AE-GO. SR
OIS 25 IR, X SR b Ad I
FEREGURL,  [RIISXS 4B (03] 4 BR PR A 2T P LAk
SRAIER . DR, HEI TiIO,@Ag-GO FRHT A
HAFVESUEAT R RN IV o

(36 mL ethanol
@9 mL buty1 phthalate

@5 mL glacial acetic acid
@1 mL acetylacetone

i§

TiO; sol

®450 °C annealing

TiO,@Ag film

®9 mL alohol-water
mixture (5:4)

{5

TiO, sol-gel

@ spin-coation

C

1 W&

1.1 ##

ARG (GO, FoIR, 15~20 um) AWV
FWE (AR, =96%) M LBl dr T AR R
B TR . K18 T s (AR, =98.5%). /KL%
(AR, =99.7%). ¥KLIK (AR, =99.0%). LBEHN
i (AR, =99.5%). | —hidLfifeah (SDS, AR,
=92.5%) M AR B e A 2% R 50 A R 2 W R A
AgNO; [i & (ACS, =99.0%) M Sigma K.

1.2 HREHE
1.2.1  TiO@Ag # -t 1 il £

WK 1 R, EOAE 36 mL ZFEAERCR I
O mL £k T lE, L 30 min, RJGHKIXINA 5 mL
VKBS AT 1 mL ZBENEE, #5430 min, 733 TiO,
B . A TIO BN 5 mL 4FFEF1 4 mL /K ¥
WA, AEHEERIR T /K7, 75 5 THO, W - >,
G FREL 0.225 g AgNO3, ¥ T 20 mL LB,
FEETIME] TiOy WIL-EER T . BrEI A G v E
30 min, 133 Ag %1 TiO, w -

®20 mL silver nitrate
ethanol solution

ik

TiO, Ag sol-gel

Drop

C

A
Q
\8

0;
}

Dispersion and assembly

Transfer

TiO,@Ag-GO

1 TiO,. Ag 49Kk (AgNPs) FIALAT a4 (GO) REMEHIHI# <& K
Fig. 1 Schematic diagram of preparation of TiO,, Ag nanoparticles (AgNPs) and graphite oxide (GO) composites

122 BB B TIO.@Ag 4R (1)l 5%
K BERER: IR REHI& K Ag %10 TiO,

WEI-BE IR R IR AE ST 2RI, % H TIO.@Ag 49K i
JEE, LR b S, e 2000 1/ min. 5 KA



511

W, S BATRSRCHEAC AT RIS TER) TIO,@Ag-GO R & HEL 121

KIBEAE 450 "C IRk 3 h, 1HEIBLELE I TIO.@Ag
YUKW ZFE S 28 TIO.@Ag.
123 TiO,@Ag-GO H-&MEH %

W4, RIS Marangoni 15 [ 41255 K I AH
AR AL AT SR T e rp g U RN 1B 1 TR
WA SRR P o e SR, IR BEIL
5mg/mL. R AT S0 2 HUA TN £ 3 1 KR
[, LWEHT 522 Je AN A 25 8 1 /KR TR g
i, A A BRI I L BE N R T K DRI X 4k O
T CROB B BRI TR ) m i IR CE 5 2587 7K0.
M OREHRRI, A SR R B oo A
HAEMAM G RS, Bl AA S0 2 A 71
BRI, AU AR A A R T R R A 3
ZBE PRI EE R . INANK RS PER SDS J&, A
SR -] 5 s S 1) A S M B v ) T )
KIFEAAT ST XK GO i n] LIMT &
R, K GO BEEF TiO,@Ag FmkLUE &
TiO,@Ag-GO H &k,

1.3 #RRIE

T WEE Ag B4R TiO, AR L5 K, TR
¥ TIO,@Ag T 451 73 HUAE RS VA kR 7
B2 30 min, SRR E T AR ST RS A R R
i, I8E % R BHIE S R BT (TEM, JEM-2100F,
JEOL, Japan) XA EE . KA X AT 4T
(XRD, X Pert Pro MPD, Philips, Netherlands) 43 #7144
RIS ARG . R X BT RE (XPS,
K-Alpha, Thermo Fisher Scientific, USA) 73 ¥ iH# I &
I A6 2% W oy, SR M Hl 7 2Bt (SEM,
JSM-7800F, JEOL, Japan) MEMRIRINESE, KH
KA (WCA, DSA 100 Kriiss, GmbH, Germany )
IR R 2 T 23 B K
1.4 AgBH

KR PRI G (AAS, TAS-990F) &
ANFIRE S AE RS RR £h 22 ph £k (PBS, pH=7.4)
Ag B . RIS, CKFERY (7 mmX 7 mm) 2
YAE 2 mL PBS 1, 2 d WA — IR, BS
02 mL FriE PBS. N T i Ag BRI IR ik,
XA FRRILES T 12.d,  BUAE AR A 25 R
TR 2 o
1.5 fElbpEmgir B EE

FH 2585 F/OK I S BRI 5 mg /Lo
B RERRIAE | mL (0 IR, A
(365 nm, 16 mW / cm®) 10, 20. 30, 60 FI 120 min.
TERFANIN A A, W 200 pl FOVAW,  JH B FRAY
(BIO-TEK Instruments, USA) 7F 664 nm ¥ il &

WG (4). 4 H5BEfERE (G MIXRRIEN:
G=[(40-A4)) / Ao)] * 100% (D

A, Ao Jy AR LU I AR OG B, 4 i BE
fifE ¢ ZINIE IS IR AR
1.6 IMEIRIE

A T R 07 15 5 SR A i v B &
T (A 25 BR TR R AT Rk B DY 1A N IREE B,
I i 1 5 LN A TR R AR R, AEES RN 1 X
10° CFU / mL. #RJ5HCHY 1 mL 20 B4 V5 W hn 51
24 SLANMuRE IR CFESh AT KR 5 B AE 24 fL
Rz IR ). 37 CTIE 6 h JiH 0.9% NaCl
VWG =, ARJA T 2.5%)% —EWE € 12 h
PL b e RS 7 2B (SEM) JEHT %R,
KH Image pro HRAFBEATAI B THE. d LT3 %t
FRfEZE (n=3) IR, FHALFHIRN 7 2250 (CFRoR
A TiO,, TiO@Ag LL#E, #3281 TiO, thER, & KR
I TiO,, TiO,@Ag LR =AM 53K /R p<0.005),

2 iRt

2.1 #HRRIE

% TEM #l HRTEM %} TiO, I TiO,@Ag i fi5
ALRIEAT 8T B 2 MZEM R T FE S
SE LKW, TiO, I TiO, 41K ik (/N T 50 nm)
Y1, 1M TiO@Ag Wi 1 TiOs 4K ki fl 424
25 nm [1) Ag,0 fikr (5 REEAIR 5D 4. HRTEM
SERRW], TiOp b b T 2R BUED™ 1Y TiO, 411k (18]
FE4 0.35 nm, XFABLERE Y TiOL(101) A A Sa 1D,
M TiO@Ag TR GRS 2l Ag,0(211)4
B, SRTIAIEE A 0.19 nm™, ZE FETAR, TiO, FEM
FE BB WAL, T TIO.@Ag FEf T Ag
FELL AgrO YKL 1 TE X AFELE

2 Ag B4eTT )5 TiO, k(¢ TEM F1 HRTEM %%
Fig.2 TEM and HRTEM results of TiO, film
before and after Ag doping



122

b =B X W L =

2024 4F

XRD 2549 (B 3a) B8R TiO, HE 8 A4t
RO, BEARH A TIO, R, AR R AN
3.2eV, Bk bR AR G4 A AT BTG AL
WA

AN, FXPS b2 T 176 AL RHEAT RS
W, 8 3b Jh 5E A0 XPS W%, 76 TiO, WAL H, 370 eV

* Anatase * Si TiO,
=
= *(101)
> *(103)
'z (200)
2 «(103)% | 411
E #(112) **(<105)) #(220)

1
*(105)
1 1 1 1 1 1 1
20 30 40 50 60 70 80
20/(%)
(a) XRD results of TiO,
Ag3d Ag3d
85ds/2 Ag3ds

3
<
:b 0.18%
5
ks

1 1 1 1 J
360 365 370 375 380
Binding energy / eV
(c) High-resolution spectra of Ag3d

R Ag FIFFIENE . TT4E TIO.@Ag 41 I T2
F) Ag FFfEvE. Ag3d [m syt Bdk—D BoR
(Kl 3c), 7r 367.6 H1 373.6 eV Ab[IEHEIE S 51k
Ag3d5 /2 F1 Ag3d3 /2%, Ag )R T4k 0.18%.
[ SR 0 280 W S 1) T G R AAENE (I 3d). ik 4G
RRPEINHI% T Ag 54 TiO, #ili.

TiO,
Ols —TiO,@Ag

Intensity / a.u.

1 1 1 1 J

I i
0 200 400 600 800 10001200 1400
Binding energy / eV

(b) XPS full spectra of TiO, and TiO,@Ag

Tizp Ti2p3 /2

Intensity / a.u.

1 1 1 ]
450 455 460 465 470
Binding energy / eV
(d) High-resolution spectra of Ti2p

K3 TiO, 11 XRD 45 KM TiO, % Ag T Ja ) XPS 47
Fig.3 XRD results of TiO, and XPS results of TiO, before and after doping with Ag

W R BB TiO,. TiO-GO. TiO@Ag
M TiIO,@Ag-GO IR MIES, 45Kkl 4a Fros,
Si Fl TiO, K HJEHT « ~PAETCRRL, 1 TIO.@Ag &
IR S B /D BEYRURL, W R Ag MR, (RIS,
TiO-GO 1 TiO,@Ag-GO Ml tH I K Fy 2R

Si TiO,

10 um

T0yGO . TiOx@Ag

J o TIO,@Ag-GO )ik —2 EDS 45 F3K ] (& 4b),
FZARALE AW RE C 1O JeES, R
SN GO. BEAh, FERALERILH N Ti. Ag
TCEWS, HABA . kg R s T
TiO@Ag-GO E 5K

TiO,@Ag-GO

(b) EDS maping of TiO,@Ag-GO

K 4  Si, TiO,, TiO,-GO, TiO,@Ag, TiO,@Ag-GO H SEM K& Fl TiO,@Ag-GO f] EDS Jt Z WLl e H
Fig. 4 SEM images of Si, TiO,, TiO,-GO, TiO,@Ag, TiO,@Ag-GO and EDS element mapping photos of TiO,@Ag-GO



511 W, S BATRSRCHEAC AT RIS TER) TIO,@Ag-GO R & HEL 123

2.2 relitRE

5, KRR ISR K, g5 R Kl 5 pr
TN SiATIEFR M /KBl (WCA) 4 68.1+4.6°,
PR TiO, Wil )5, RIM/KEALMAH (WCA) 4 23.8
+2.0°. Ag B2 TiO, Wil 5, WCA #K3) 453+
2.6°. GO Mn#j&, Ti0-GO 1 TiO,@Ag-GO [
Tl WCA HE—1k, 23k 60.9+2.6°H1 63.2+
5.1°, SRJGIMER TiO.@Ag-GO 1) Ag BEIAs )1, 45
B 6 i, {E 12 d FEIERIGI R, AT# R
HMELT Ag MISSRE, W REL th T 210 4 2 55 (1
AgNPs. JEl] Ag BBUEAINP2E, KifoE 4
27 0.097 pg / mL, $iH TiO,@Ag-GO RgK- I Al ke
R Ag'

140+ = Si

—_ -TiOZ
L 120 Ti0,-GO
5 100f TiOy-Ag
g gof m= TiO,@AgGO
g
£ 60f
S
5 401
<
= 20+

0

KIS FFdh B KAl A 45 2R

Fig. 5 Water contact angle results of the samples

0.40
035l o TiO,@AgGO
030r 3
025

0.20

concentration / (ug / mL)

0.15F

+
= 0.10F ¢ 3 3 &
0.05 1 1 1 1 1 1

Time / d

Bl 6 FEahE PBS i Ag Reisst R
Fig. 6 Result of Ag' releasing of the samples in PBS

2.3 hiEkiEEE

M AL AR A IV PP R A 00 Y 4 A 3% P 5 55 1)
5o N PR T AR N ] Py B i 2 4 oo ()
i HAT SR EEATE Y . 75 2 h WIRYRREALIREG
H, ARHIFE 100 204 30, 60, 120 min WCAERFIIAE
AT BE MR . MR S5 SR 7a fioR, AEREA
IHA] 5, TiOs. TiO,@Ag. TiO,-GO. TiO,@Ag-GO
(P PP e e AR g m . FEA# 120 min J5, TiO,
M TiO@Ag W FEARE 253 A 3 42.4%H1 52.5% . [F]
i, RIS, AN GO J5 R B R, B
fi# 120 min 5, TiO,@Ag-GO [IFEMRZRILF] 74.5%,

UL Ag B 2%R1 GO gk #BaETE =i TiO: LML
PE. 4l TiO, Yo - E A, N
oy BRI RS SO RV, RO
FAK L 1124 TiO, # AgNPs Hil GO &4t (&l 7b),
— 7T, TiO WRIBCEEANR G, TiO, F= A= i HL 7] A
FEFF) AgNPs 1, AgNPs LI B TAEABBE Ty, i
B TR, AR T 2 3R 59— J7
AL SRR GO BAVF 2 AL IG T L,
A CAAT RO AT Y A S5 B e, RIS 3 )
DA ey AT 2 B R, e b e A L o
TR TME S, RICAESR LA RE

80+ ° Control
0 @ TiOZ
2 70F . TiOy-Ag §
> 60 TiO,-GO
g 5ol * TIO,@AeGO
g 40l ¥ [}
3 i
g or i
g2t 1
b . § 1
i o o | 3 I I ?
0 20 40 60 80 100 120
Time / min

(a) Photocatalytic degradation of methylene blue

(b) Schematioc diagram of photocatalysis

7 JCHEAC R R

Fig. 7 Photocatalytic degradation of methylene blue
24 HETERE

AW e B ST IR BTTG G b R A g P 1) L2
o DRI, 2 G A T N 2 R
M T < (O R 2 BR R R A, N AL A AR
U TEBEREAT VRO . M4l SEM IE1% (&1 8) 4T
REPSE G R A5 (89 WTLURIL, Tio, &
A R A0 RGP G TE, LA A SR AR 1 v
Fka%. TiOo-GO ZRIMIFKI A B SN0 5, BN
b, XA REA T A AT SR R T AR A A
il TR . TIO@Ag 1 TIO,@Ag-GO K [fi
AR W] b, TR, SRt
BIRTHERE S . AgNPs Rl Ag'n] LA 6 B frI 40
WAEMIE S &, IS R AR AL T3, SR
anepEr -,



124

2 =B X W L 2

2024 4F

3

1| TiO,@Ag-GO ||

B

8 4o £ BT 4 K TR R AT BRDRS PR R A
HHESEHEERFALN 3
Fig. 8 SEM images of S. aureus and V.coli that

adhered or colonized on the samples

= TiO,

. Ti0,-GO
TiOy-Ag

B TiO,@AgGO

400
350F
300F
250+

Bacteria counts / (103 / mmz)

200F

150

100_ w

50_ k% &&&
0 0 R

Staphylococcus aureus Verdigris coli

9 MRS

Fig. 9 Statistical results of bacteria number

4

ZEip

(1) W -tk A 28 Marangoni V2244

TiO,. HYIKERL (AgNPs) A BIE (GO)

AL

% HOe A 254K TIO,@Ag-GO.
(2) YeEALIRE: 45 FLUE 5L TIO,@Ag-GO B 54

BHG LG TIOL HILL,  AE BT ARMEAAE F L 05 ek,
AT 5 BRI P T

(3) MERIGAIE 5L TIO,@Ag-GO B A RIXS 4>

AL ] 2 R R AT A AT TR AT B R A KA o 3Rk
2% O E AL PEAHI R E DT 1 TiO, R R A48
PR SR T RE Ay igp DR A SRE vot QU P 1 22 S s ) R
PP

(1]

(2]

(3]

2 X X W

GIANi F, MASTO R, TROVATO M A, et al. Heavy
metals in the environment and thyroid cancer[J]. Cancers,
2021, 13(16): 4052.

BAINES C, LEREBOURS A, THOMAS F, et al. Linking
pollution and cancer in aquatic environments: A review[J].
Environ Int, 2021, 149(7): 106391.

RODRIGUES S D, UEDA R M, BARRETO A C, et al.

How atmospheric pollutants impact the development of

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

chronic obstructive pulmonary disease and lung cancer: A
var-based model[J]. Environ Pollut, 2021, 275: 116622.
BELL K Y, WELLS M J M, TRAEXLER K A, et al.
Emerging pollutants[J]. Water Environ Res, 2008, 80(10):
2026-2057.

WANG J L, XU L J. Advanced oxidation processes for
wastewater treatment: formation of hydroxyl radical and
application[J]. Crit Rev Environ Sci Technol, 2012, 42(3):
251-325.

SILVA C P, OTERO M, ESTEVES V. Processes for the
elimination of estrogenic steroid hormones from water: A
review[J]. Environ Pollut, 2012, 165: 38-58.

MAEDA K, DOMEN K. Photocatalytic water splitting:
recent progress and future challenges[J]. J Phys Chem
Lett, 2010, 1(18): 2655-2661.

SAPKAL R T, SHINDE S S, MAHADIK M A, et al.
Photoelectrocatalytic decolorization and degradation of
textile effluent using ZnO thin films[J]. J Photochem
Photobiol B-Biol, 2012, 114: 102-107.

ZHANG Y Z, XIONG X Y, HAN Y, et al
Photoelectrocatalytic degradation of recalcitrant organic
pollutants using TiO, film electrodes: An overview[J].
Chemosphere, 2012, 88(2): 145-154.

BN B, X, A SRR T CuO Fil Nb,yOs
B TiO, V2 R 4 S HU B PR RERI AL D) AR A P 0],
W E R LR, 2019, 32(5): 22-29.

YANG M G, LV C, LIU H, et al. Preparation of CuO and
Nb,O5 Co-doped TiO, coating on titanium implants andits
China
Surface Engineering, 2019, 32(5): 22-29. (in Chinese)
ZHANG J, WU Y, XING M, et al. Development of

antibacterial properties and biocompatibility[J].

modified N doped TiO, photocatalyst with metals,
nonmetals and metal oxides[J]. Energy Environ Sci, 2010,
3(6): 715-726.

OUYANG J L, CHANG M L, LI X J. CdS-sensitized ZnO
nanorod arrays coated with TiO, layer for visible light
photoelectrocatalysis[J]. J Mater Sci 2012, 47(9):
4187-4193.

DAGHRIR R, DROGUI P, ROBERT D. Modified TiO,
for environmental photocatalytic applications: A review[J].
Ind Eng Chem Res, 2013, 52(10): 3581-3599.

PARK H, PARK Y, KIM W, et al. Surface modification of
TiO, photocatalyst for environmental applications[J]. J
Photochem Photobiol C-Photochem Rev, 2013, 15: 1-20.
FAN G CHEN L, SU Z

et al. Synthesis and

characterization of the optical Properties of Pt-TiO,



511

ﬁ& H%’ L%_E:

BATRGROCHEAFIHTENE PE) TiO,@Ag-GO &5k}

125

[17]

[18]

[19]

[21]

[22]

[24]

aanotubes[J]. J Nanomater, 2017, 201(17): 2309-2315.

LI P, ZHANG Y, GU H, et al. Mild solution-processed
metal-doped TiO, compact layers for hysteresis-less and
performance-enhanced perovskite solar cells[J]. J Power
Sources, 2017, 372: 235-244.

WANG S Q, LIU W B, FU P, et al. Enhanced
photoactivity of N-doped TiO, for Cr(VI) removal:
Influencing factors and mechanism[J]. Korean J Chem
Eng, 2017, 34(5): 1584-1590.

KIM M W, YOON H Y, OHM T Y, et al. Nanotextured
cupric oxide nanofibers coated with atomic layer
deposited ZnO-TiO, as highly efficient photocathodes[J].
Appl Catal B-Environ, 2017, 201: 479-485.
MAZABUEL-COLLAZOS A, RODRIGUEZ-PAEZ J E.
Chemical cynthesis and characterization of ZnO-TiO,
semiconductor nanocomposites: Tentative mechanism of
particle formation[J]. J Inorg Orgnaomet P, 2018, 28(5):
1739-1752.

MAKAROVA O V, RAJH T, THURNAUER M C, et al.
Surface modification of TiO, nanoparticles for
photochemical reduction of nitrobenzene[J]. Environ Sci
Technol, 2000, 34(22): 4797-4803.

FRANCI G, FALANGA A, GALDIERO 8§, et al. Silver
nanoparticles  as antibacterial
Molecules, 2015, 20(5): 8856-8874.

SELIM ARIF SHER SHAH M, PARK A U, ZHANG K, et

potential agents[J].

al. Green synthesis of biphasic TiO,—reduced graphene

oxide  nanocomposites  with  highly  enhanced
photocatalytic activity[J]. ACS Appl Mater Interfaces,
2012, 4(8): 3893-3901.

GEORGAKILAS V, TIWARI J N, KEMP K C, et al
Noncovalent functionalization of graphene and graphene
oxide for energy materials, biosensing, catalytic, and
biomedical bpplications[J]. Chem Rev, 2016, 116(9): 5464.

LI L H, XU Y, ZHOU Z, et al. The effects of Cu-doped

[25]

[27]

TiO, thin films on hyperplasia, inflammation and bacteria
infection[J]. Appl Sci, 2015, 5(4): 1016-1032.

YAO H, JIANG L, LUO X, et al. Highly efficient
photocatalytic anti-bacterial Ag doped titanium dioxide
nanofilms with combination of reactive oxygen species
and Ag lons releasing for application of vascular
implants[J]. Adv Mater Interfaces, 2021, 8: 2100892.
CICEK BEZIR N, EVCIN A, KAYALI R, et al
Comparison of pure and doped TiO, thin films prepared
by sol-Gel spin-coating method[J]. Acta Phys Pol A, 2017,
132(3): 620-624.

LI X M, YANG T T, YANG Y, et al. Large-area ultrathin
graphene films by single-step marangoni self-assembly for
highly sensitive strain sensing application[J]. Adv Funct
Mater, 2016, 26(9): 1322-1329.

LIU X, CHEN J, QU C, et al. A mussel-inspired facile
method to prepare multilayer-AgNP-loaded contact lens
for early treatment of bacterial and fungal keratitis[J].
ACS Biomater Sci Eng, 2018, 4(5): 1568—1579.

DAI S, JIANG L, LIU LY, et al. Photofunctionalized and
drug-loaded TiO, nanotubes with improved vascular
biocompatibility as a potential material for polymer-free
drug-eluting etents[J]. ACS Biomater Sci Eng, 2020, 6(4):
2038-2049.

ESKANDARLOO H, BADIEI A, BEHNAJADY M A, et
al. Minimization of electrical energy consumption in the
photocatalytic reduction of Cr(VI) by using immobilized
Mg, Ag co-impregnated TiO, nanoparticles[J]. Rsc Adyv,
2014, 4(54): 28587-28596.

EZ®E Y Wk, 55, 1995 EhAs, WATsuE. BB A
HEAA LRI B HI AR o

E-mail: 18883765395@163.com

Wt GEASIEED, 2, 1965 4R, Tid:, #uR, WLarsid 2.
BT 1 AR BT AT AR AL B

E-mail: yangping8@263.net



