5 53 &5 1 JiE SO > B < N Vol. 53, No. 1

I

2025 4 1/ JOURNAL OF THE CHINESE CERAMIC SOCIETY January, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20240497

T AL BRAE Vi AL BR G - A A HLAR e L Ltk B

BE RERS ZRE°
(1. 7 HEEREEEE T g, oM 5100005 2. BRSPS, 17 510000)

W F: MEKMRESZMA, TR0 R EDE AR EOORFIRERT SO B T I B IR AAE i 2 A
B B4 MR E B i, BRI RE JURIR DT R T AR O e B A BRI I 1 — SRR R B
AT AR . SR XS RATH . X 20 HL 7 RE T M AT T B HEAT R L AR SR BARAL s X B AREAT O BLAL
R, JFERVE TG R . S5 BRAIE 2 TE e T T AR IE I A R R A AOG T AR AR, AR R T
i, ERRIR T ORI R A, S O FIRIA ] 600 nA, LEABMRTIE S T 4 . BT AR d A UL b
RN A SR L T 8 R«

REA): JeT iR MR dRdns JurtkRE REBSA L
FESKS: TBI2  WEHFER: A XERS: 0454-5648(2025)01-0095-07 LA
P4 B A E): 2024-11-20 Ak

FREME AE T B IR O AL, et O RIS, SRR R R T AR A K B
B RBRAE IR T el K S R BBl SR ek R B oy
7. JeBEMR RS e i B R ARG, TiO, BTSRRI . AR VA % LB R
KRR CRARE MR R e 2 45 1 S EEAE TR o AR RIER(SI0, MERFE L)/
W T e . JRT TIO, M AR T8 BREE)VA 7 H AR T ER 0 S5 R0 1 S AR,
%8, RBEMICESINUVXHDE, HB—fouied A2 Bisd R R A6 T ik miE, &)
M ERDCERFERSEE, KRG T T,  KEAASRERSREA ATk WL &R
Je AR o A AL i EAA S ST R T

ERIET TiO, KOEHMBHFDERM RN DIBNE. BAETIRUEAE IR-EEEE . Herh i -
ARTEITOSESRNIEEEAUTIUM: 1) &5 BRORRER B S 5. NSRS
MEHELRER . il 2 LB R el ol SRR L AR 51 1 GRS
1, AL JE B R AL B R AT o TR WL i (H R R AR R R
2) IPRIGAE R, GIINE S PR RPUKRE Ae T MR CIA I B B e ra P RE . W
B TiO, #BL, AR IRt IA sk REE DRSS R R RE . BT T
7, BEsAER TR mE AR, A, £ EKREAAE TR E RS, SRS
SRR EASMREEHTICRC A B 2R U R cds™, MRS A4 B PR . oK Tio, LA A Yl
CuS!™V bkl AR TERBGE I, SEREFRM PERELF. ARUERENS. M4 T 2RSS, M
JERTERME AR, A TiO, TEN HLAL 2 U FH v 7E B AR 21,

HAZ AN SR EARETRE BT SOEM SR S A A 2000 TE & S AL Bk AT
(TiO, IOPCs)[H A LER UK T2 AEUE. 8 FIF AT WoHEAT S AL BB G B TR B 4658
RESEIRS A s e i i s A B BT R AR RS R R ARE B I R Ok AL

ks F 8. 2024-07-31. BT H#H: 2024-08-28. Received date: 2024-07-31. Revised date: 2024-08-28.
FHETH: [ERERE A4 (22474049) First author: JIANG Jiajie (1996-), female, Master candidate.
- fEd WEE1996—), 4, BUEBIIE. E-mail: 879947648 @qq.com

BEEE: FRUE0978—), B, it #HiR. Correspondent author: LI Fengyu (1978-), mele, Ph.D., Professor.

E-mail: lifengyu@jnu.edu.cn



. 96 QEIENE )

J Chin Ceram Soc, 2025, 53(1): 95-101

2025 4F

FEAME BRI R R (B I IRE T
T AR IE M — SR R R B R G T e AR
TITRIIRI A o B, AR TAEE SR 300 T AR,
T I LV e v ) % SRR R A T R
i, JRSHRIRDIRTE & AR T AR &
HA DG T i A 28 EAR 30T 8 T AL Bk IE 1 — 4
WA B B A DG T fn R AR (A-TiO/TiO, IOPCs).
To 58 T AR AR B TR 2% A AR I 4 B G 75 4
e, AR AR R B R G a4
¥, PRER T LLRIAUR . AT 2 U IR R
UbAh, ToE T AR IAE i — 2 D T AR
JERUS AR, IEFRK TR FSRIEEE, #2
VOGS . AT IETME S AT AHOBER A
s, HotmtRt R, AEdE— P H T KHEE
L, Sl Kot HEA A I S U

1 55

1.1 A-TiOy/TiO, IOPCs B4R &

H AR ) 2% SR B PN P 1 BT . BB VR TR IR
BAANG(FTO)RN SE = H A R R CR &
Wi - Pk D045 9 Y - TR 04 B2 [poly (St-MIMA-A A ) Bk
FEFLIRE TP, 78 45 °C. IBIEN 65%(K1E
AR A B H2E RSO 7 ik, 5.6 mL KR 5T A e
(R AE R A IR AR, 97%, FiES%0).
45 mL P MAREERGR), aHr 4l 1 mL 2
WA B e AR A R AR, g a)iR &
R, 20 BRI 0.85 mL R MALZRF
SMT4) S 4.6 mL B FOKIBAHEE 1 he BARET
HAANT RIEMEB 2% Sn0, S HIIE(FTO)R
N IR, RO « K5 FARTBON 75 C ML
TS h g, BANE g 450 ‘CHBSE 30 min
(JFHEEZ Y 1 C/min), B2 EEABR. 6580
AALER R B A G T iR A 48 TiO, IOPCs. K]
%7 R EAAR FTO SHEH L, M
200 mmol/L TiCL (KRR, s Hral)K
W 70 Chndk 1 he BUBH EB TR OEERE
EPE 6 ¥, 100 Tl 1 h J5a[#5 3] A-TiOy/TiO,
IOPCs. LI AIA ROLHEIFA 2.5 cm®.

0. " y }2{ 0

) A e e

%Sokgel D) Remove )44 Deposited l(”.‘»{!:;

?’W ) KM‘\»: =('§‘,‘,{'

% 333;‘ s template AR roa
; C

*

o
TiO, IOPCs  A-TiO,/TiO, IOPCs

Template

IOPCs is inverse opal photonic crystals.

BT R AR

Fig. 1 Schematic diagram of electrode preparation

1.2 ERHFRAE

P A 2 R A b R S A PR ) MSAL
XD-2X B X HFEATHM(XRD)FRAE: K o
Cu K, 2£(1=0.154056 nm), MR HEERN 40 kV, HIR
15mA, Z 0.02°, F#HEZ 10 (°)/min, FH#i7EHE
10°%] 90°, XRD fillFf & HEHHl % T & A0EK T
FTO #HATHH . EE R CH/RBHE AT L 1)
K-Alpha %! X 52 HL1 RE I (XPS)H T4 i AR )
FKHICRAR B ITCREMES . XPS HIFE 2 E ks H %
T ZEAERR FTO #1744 . HA HITACHI A H
A=) SU1000 Y44 B 7 R AR B (SEM) FH T L 5%
FEAR 1A AR 1 2 S R DA e P A5 R b 19 Rr
1% TES. SEM Ml i 24 H il B fEAE it & B4
ABE . AL AT AR T AR TU-1901 AL 40
AT L3 606 FE T (UV-Vis) i 5 B G mR ic3 Flo
1.3 SEEBEFERM

KHJ % Dynechem “E77f] EC6100 Hifk2% T
YRS FEAT AL SEG . SR = HARIA R, Bl &%
HLRR A T AE HR, AT Ag/AgCl HEARAN Pt 2243 HilfE
NS AT B, B E 0 V, BN
50 mL 0.01 mol/L HJB§HR 2h 2 H(PBS, pH=7.4).
TEREG A AE T AT 6 H R AN, LED UK IR,
HIFEN1W, KA 390~410 nm. HJH5 TAEH
WFEE A 3 cm, iCskAf[E] 100 s, 7E 40~80 s AT
390~410 nm YIRS EIRTTFRIHHL T B -
I ) (1-t) H 28

2 HER5i#
2.1 XRD

K 2 NFTHI A E N XRD i, & 2 Pz a N
FTO i) XRD %, HiZk b. #HZL c. BiZk d 20 HI 8T

¢ TiO,

¥ FTO

A-TiO,/TiO, IOPCs
v

Intensity

b AmKrphous TiO,

’h | TiO, JCPDS 21-1272
! 11 1 L

,.u-—-J| KU ST ﬁ FTO
, ' — FFOYCPDS 461088
20 30 40 50 60 70 80

20/(°)

K2 Pl & FAR Y XRD 1
Fig. 2 XRD patterns of the prepared electrodes



ES3EE 1

FARih % BER A NAIB M AT S i R S O F vk B

e Q7 o

ETE T EALEK, TiO, IOPCs. A-TiO,/TiO, IOPCs [{]
XRD i, HE 2 AT, #iZk a B FTO #REILAC
FALSFRER T JCPDS 46-1088. TMiHiZk b, K —
FALBONTCE TE E RS R HY I — U BR AT S U,
IR EL FTO BT U6 o of B — S0 BR bR ifE
R (JCPDS 21-1272), HiZk ¢ 7£ 25.3°4b HHLELER
W™ A BRI S R AT ST, E O WA R T o e B
R i 2 R R B B AT AR gk d AT
JE T AR M — A AR T AR A, TR 25.3°40
PUBUERE — AR S om AT S 0, e mT S e T
AR BT AR e — E O TR A R A
2.2 XPS

FIFH XPS xf il & AR 2 2k T o R 4k

AR A0 Hr. B 3a 4 TiO, IOPCs K A-TiO,/TiO,
IOPCs HEARATRI R M4 . P 3a vl WL, Rk
THC. O, Ti3 FuE. CuE— i THEE5 3
Y. B 3b FIIE 3¢ 43508 Tiv O JLERRILE &R H
g . & 3b A Ti2p Mmoo rRedE . HIE 3b
AL, Bk E T L TiY T AEAE, Hoh 458 eV % 464 eV
Ak [RIUEE 23 ) K5 T TiO, H T 2psn A1 Ti 2py 220,
&I 3¢ [ O1s ¥ iy 73 At L 1~ BE 1S AT R4 2 DA AR
“IEARAEE, 529.9 eV A1 531.3 eV KIS )R
F Ti—O #A —FALER R I L O 157720,
R4E XPS & Bits, TiVHEES OP & s,
P BRI 1.2 DAL 45 B3t — 25 31F B B i) 46 14
MEA TiO,.

529.9 ¢V
Ols 458.7 eV
Ti2p
A-TiO,/TiO, IOPCs
z Cls z 464.4 eV z
& ‘@ |A-Ti0,/TiO, JOPQs &
& |5} 2
5 E 4586 eV =
TiO, IOPCs| 464.3 eV 5313 eV
TiO, IOPCs TiO,I OPCs
0 200 400 600 800 1000 454 456 458 460 462 464 466 468 526 528 530 532 534

Binding energy/eV

(a) XPS full spectra

Binding energy/eV

(b) Ti 2p

Binding energy/eV

()0 1s

K3 TiO, 10PCs J A-TiO,/TiO, IOPCs ff] XPS i
Fig. 3 XPS spectra of TiO, IOPCs and A-TiO,/TiO, IOPCs

Bl 4a N E T A ALERIY XPS i, il
LRELLR TR AN, NT 0 eV BB BIZKTAUIE K 28,
P AS B BN A RE S (Eve)™ . HIIET 42 P
SETE ALK Eveg N 2.60 eV Kl 4c NEER
FULBRITR ) (aho)—ho 2 R, #E SHEALBRATAS
B N TE 2 T AR I TR e 2k e, Hb ho
N 1240/wavelength , (ahv)® 4 (Absorbance-1240/
wavelength)l, H1& 4c AT, TEEH BT
[ FEZEA T E N 3.30 eVe MRIBRO)IHHETELE
T AR R BE R (Ecp) 0.7 eV:

E,~Evs—Ecs (1)

K 4b NBLERE T TiO, IOPCs [ XPS i i,
A3 A 7581460 %Y TiO, IOPCs f) Eyg N 2.70 eV.
I 4c 3815k TiO, IOPCs [fJIEBEERHs v T N
3.06 eV. fRHE()IHHEAISEEE TiO, 10PCs 1Y
Ecg N-0.36 eV, HICHRR271CH4s Mz, K 4d
N A-TiO,/TiO, IOPCs {45 F I
2.3 SEM

Bl sa~P Sc Al ATEE T AR TiO,

IOPCs }% A-TiO,/TiO, IOPCs ff] SEM & fr, Kl 5d
FE Sc IO . BB Sa T L, o g A4k
BRI BRI Z, RmARDS, %
S e, T R B Sb R L, BLERET TiO, IOPCs
R 2 FL85 0, B9 1 EEERTHAR, 3G n
T AR . B 5b A7 F DN TiO, T0PCs HLAR G2
MR, nf WALt B Sc AT )L, TiO, IOPCs
BRI T Bk A, REHE4
F Bt BNt R AR, w5 A R a2 e
M\, B 5¢ £ EAAN A-TiOo/TiO, IOPCs HEAK G5
B, T LEL M.
2.4 EMEERFEIE

P 6a SN TiO, IOPCs f A-TiO»/TiO, IOPCs 7E%%
AMEIRGT IR . K 6a IT AL, fERFTCETE
TEALERIEMERT TiO, TIOPCs [FYGHLIFR A 150 nA /2
Fio MTEH T E R ZAMEKBIM G A-TiOy/TiO,
IOPCs HYEHEIEZE] T 600 nA A4, HOGHFIE N
T4, UG E T 8 KT TiO, 10PCs A
JHLIEERRL R . B 6b 4 A-TiO,/TiO, IOPCs LT



« 08 (HERR Sh22 400

J Chin Ceram Soc, 2025, 53(1): 95-101

2025 4F

RS G IG5 R B . 390~410 nm YGiE R
SR, RO PR AR T A, AT
BRAT B AU ER I S48 (CB). T TE B T — Ak gk
(1347 (-0.70 eV) i T B 1Y — AL R B A 1)
T N(0.36 eV), TLEEHEERH A 2
FER R B AR T L B TR R S

3000
2500 -
2000 -
z [
g 1500
2 L
1000
r 2.6 eV
500
’ /
_500 1 1 1 1 1 1 ! | 1 1 1
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0
Binding energy/eV
(a) XPS valence band spectra of amorphous TiO
14
3 TiO, IOPCs
] p— A-TiO,
10
a8
BN
=
S

4
2
0
2.6 2.8 3.0 32 3.4 3.6 3.8 4.0
hv/eV
(c) Indirect band gap

CB is conduction band; VB is valence band.

FTO HEARIEEF=E G Bkl AU Tio, M
(VBYRLE A 2.70 eV IEFLER TiO, M E
(2.60 eV), AR o BT — AR 7 %
¥ 2 o T AN A, B RO AR FE T2 X
24, WA, BT A-TiOL/TiO, IOPCs [ fL&5# 1
Iy e AR, AR TR .

2000

1500 |-

1000 -

Intensity
T

500 - 2.7eV

o

~500 1 1 1 1 1 1 1 1 1 1 1
-5.0 -2.5 0.0 2.5 5.0 7.5

Binding energy/eV

10.0

(b) XPS valence band spectra of TiO, IOPCs

-0.70 eV
-0.36eV CIB
t 330 eV
3.06 eV l
Y6 ———— 260V
270 €V ——— = DU E
Tio, 1opcs 71102

(d) Energy band structure diagram

Kl 4 JosE %L ERFI TiO, IOPCs (¥ XPS iy 1 Al (] 4484 58 FE, A-TiO,/TiO, IOPCs [1e 4 4514 18
Fig. 4 XPS valence band spectra of amorphous TiO, and TiO, IOPCs, indirect band gap of amorphous TiO, and TiO, IOPCs,

A-TiO,/TiO, IOPCs energy band structure diagram

(a) Amorphous TiO,

(b) TiO, IOPCs
]

(c) A-TiOy/TiO, IOPCs (d) The zoom in of A-TiO»/TiO, IOPCs

ToE R — A AER. TiO, IOPCs. A-TiO/TiO, IOPCs [£] SEM &}

Fig. 5 SEM images of amorphous TiO,, TiO, IOPCs and A-TiO»/TiO, IOPCs



53 &5 1 WA 25 e A AL T SR AR R e M R « 99 -
800 /@ ® - 9 UV light
I A-TiO,/TiO, IOPCs ———— B
CB
600 ~ /
g L
8 400 -
5
© r TiO, IOPCs
VB
200 - VB
i = & Bl H*
Fro & H'J)
0 ) | . | . | . Anatase TiO, Amorphous TiO,
20 40 60 80 100
Time/s

(a) Photocurrent of TiO, IOPCs and A-TiO,/TiO, IOPCs

(b) Electron transfer mechanism

Bl 6 TiO, IOPCs Fl A-TiO,/TiO, IOPCs HLAKTE 390~410 nm IR T 0% HLIR L& A-TiOy/TiO, IOPCs (¥ B FH R HLEL
Fig. 6 Photocurrent of TiO, IOPCs and A-TiO,/TiO, IOPCs electrodes under 390410 nm light irradiation, electron transfer

mechanism of A-TiO,/TiO, IOPCs

iy
S R R eV o — U R 2 1

LT R, JRERRTTRIEE L AT A
AR 2R Bl % T e AR E S AR E
fLAPRE, B2 fLaitsgin otk i, HIE R
CRMBR BB TR T ERINE S, 15
JCHLUEIEIN T 4 15, ATjEsx i, StHikRe
MR, NSRRI R IR Bt — 20 B %

SE 3R

(1]

[2]

B3]

(4]

(3]

(el

(7]

ZANG Y, LEI J P, JU H X. Principles and applications of
photoelectrochemical sensing strategies based on biofunctionalized
nanostructures[J]. Biosens Bioelectron, 2017, 96: 8-16.

KONG Y, CAI Z R, CHEN S Z, et al. Small molecule probes as
versatile energy acceptors: A breakthrough in photoelectrochemical
sensing for sulfur dioxide recording in rat brain[J]. Biosens Bioelectron,
2024, 243: 115760.

LIU T Y, LIU B, YANG L F, et al. RGO/Ag,S/TiO, ternary
heterojunctions with highly enhanced UV-NIR photocatalytic activity
and stability[J]. Appl Catal B Environ, 2017, 204: 593—-601.

LEI M, WANG N, ZHU L H, et al. Photocatalytic reductive
on CuO/TiO,

switching  of

ethers
the

degradation of polybrominated diphenyl

nanocomposites: A mechanism based on
photocatalytic reduction potential being controlled by the valence state
of copper[J]. Appl Catal B Environ, 2016, 182: 414-423.

LU S C, YAO X, CHENG Y, et al. Recent developments and
challenges for volatile organic compounds control by the synergistic of
adsorption and photocatalysis[J]. Appl Catal O Open, 2024, 193:
206975.

XU L, AUMAITRE C, KERVELLA Y, et al. Increasing the efficiency
of organic dye-sensitized solar cells over 10.3% using locally ordered
inverse opal nanostructures in the photoelectrode[J]. Adv Funct Mater,
2018, 28(15): 1706291.

TUMRAM P V, NAFDEY R, KAUTKAR P R, et al. Solar cell

(8]

]

[10]

(1]

[12]

[13]

[14]

performance enhancement using nanostructures[J]. Mater Sci Eng B,
2024, 307: 117504.

BOPPELLA R, KOCHUVEEDU S T, KIM H, et al
Plasmon-sensitized graphene/TiO, inverse opal nanostructures with
enhanced charge collection efficiency for water splitting[J]. ACS Appl
Mater Interfaces, 2017, 9(8): 7075-7083.

SELVARAIJ P, ROY A, ULLAH H, et al. Soft-template synthesis of
high surface area mesoporous titanium dioxide for dye-sensitized solar
cells[J]. Int J Energy Res, 2019, 43(1): 523-534.

CHEN Z Y, FANG L, DONG W, et al. Inverse opal structured Ag/TiO,
plasmonic photocatalyst prepared by pulsed current deposition and its
enhanced visible light photocatalytic activity[J]. J Mater Chem A, 2014,
2(3): 824-832.

AKBARI A, ARVAND M, HEMMATI S. A new signal-on
photoelectrochemical sensor for glutathione monitoring based on
polythiophene/graphitic carbon nitride coated titanium oxide nanotube
arrays[J]. J Electroanal Chem, 2019, 848: 113271.

MAHADIK M A, SHINDE P S, CHO M, et al. Fabrication of a ternary
CdS/ZnIn,S4/TiO; heterojunction for enhancing photoelectrochemical
performance: Effect of cascading electron—hole transfer[J]. J Mater
Chem A, 2015, 3(46): 23597-23606.

CHANDRA M, BHUNIA K, PRADHAN D. Controlled synthesis of
CuS/TiO,
photocatalytic hydrogen generation through water splitting[J]. Inorg
Chem, 2018, 57(8): 4524-4533.

YU J, LEIJ Y, WANG L Z, et al. TiO, inverse opal photonic crystals:

heterostructured ~ nanocomposites ~ for  enhanced

Synthesis, modification, and applications—A review[J]. J Alloys Compd,
2018, 769: 740-757.

[15] BAYAT F, AHMADIAN KORDASHT S, AMANI-GHADIM AR, et al.

[16]

[17]

Structural, morphological, and optical analysis of TiO, inverse opals
prepared under different synthesis conditions[J]. Mater Chem Phys,
2023,299: 127514.

LOURDU MADANU T, CHAABANE L, MOUCHET S R, et al.
Manipulating multi-spectral slow photons in bilayer inverse opal
TiO,@BiVO, highly light
photocatalysis[J]. J Colloid Interface Sci, 2023, 647: 233-245.

ZHAO H, HU Z Y, LIU J, et al. Blue-edge slow photons promoting
ternary 3DOM

composites  for enhanced visible

visible-light hydrogen production on gradient



« 100 - QEENEZI Y J Chin Ceram Soc, 2025, 53(1): 95-101 2025 4E

TiO,-Au-CdS photonic crystals[J]. Nano Energy, 2018, 47: 266-274. removal[J]. Appl Catal B Environ Energy, 2024, 356: 124239.

[18] ZHANG X, LIU Y, LEE S T, et al. Coupling surface plasmon [23] SANTOS J S, FEREIDOONI M, MARQUEZ V, et al. Photoactivity of
resonance of gold nanoparticles with slow-photon-effect of TiO, amorphous and crystalline TiO, nanotube arrays (TNA) films in gas
photonic crystals for synergistically enhanced photoelectrochemical phase CO; reduction to methane with simultaneous H, production[J].
water splitting[J]. Energy Environ Sci, 2014, 7(4): 1409-1419. Environ Res, 2024, 244: 117919.

[19] CHEN X, LI J, PAN G C, et al. TisC, MXene quantum dots/TiO, [24] Wang J X, Wen Y Q, Ge H L, et al. Simple fabrication of full color
inverse opal heterojunction electrode platform for superior colloidal crystal films with tough mechanical strength[J]. Macromol
photoelectrochemical biosensing[J]. Sens Actuat B Chem, 2019, 289: Chem Phys, 2006, 207(6): 596-604.

131-137. [25] LIANG Z Q, BAI X J, HAO P, et al. Full solar spectrum photocatalytic

[20] RIEDEL M, PARAK W J, RUFF A, et al. Light as trigger for oxygen evolution by carbon-coated TiO, hierarchical nanotubes[J].
biocatalysis: Photonic wiring of flavin adenine dinucleotide-dependent Appl Catal B Environ, 2019, 243: 711-720.
glucose dehydrogenase to quantum dot-sensitized inverse opal TiO, [26] LI S P, LIU C L, CHEN P, et al. In-situ stabilizing surface oxygen
architectures via redox polymers[J]. ACS Catal, 2018, 8(6): 5212-5220. vacancies of TiO, nanowire array photoelectrode by N-doped carbon

[21] HAO L, TANG S Q, YAN J C, et al. Solar-responsive photocatalytic dots for enhanced photoelectrocatalytic activities under visible light[J].
activity of amorphous TiO, nanotube-array films[J]. Mater Sci J Catal, 2020, 382: 212-227.

Semicond Process, 2019, 89: 161-169. [27] TASF, LI X Y, ZHANG B P, et al. TiO,/CusS heterostructure nanowire

[22] JIA H B, SHANG H, HE Y, et al. Engineering the defect distribution array photoanodes toward water oxidation: The role of CuS[J]. Appl
via boron doping in amorphous TiO, for robust photocatalytic NO Surf Sci, 2019, 463: 829-837.

Photoelectric Performance of Amorphous Titanium Dioxide Modified Titanium Dioxide
Photonic Crystal Electrode
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(1. Center for Industrial Analysis and Testing, Guangdong Academy of Sciences, Guangzhou 510000, China,
2. College of Chemistry and Material Science, Jinan University, Guangzhou 510000, China)

Extended Abstract

Introduction Titanium dioxide (TiO,) is used as a photoelectric conversion material due to its non-toxicity, good photothermal
stability and low cost. However, TiO, has a wide electron bandgap, and its photo-generated electrons and holes are easy to recombine.
The photoelectric performance of TiO, is often improved via increasing the specific surface area, speeding up the axial transport of
electrons. In this paper, titanium dioxide inverse opal photonic crystals (TiO, IOPCs) were selected as photoelectric conversion
materials due to the advantages of large specific surface area and promoted light absorption. TiO, IOPCs were prepared by a template
method and a sol-gel method. Also, TiO, IOPCs was modified with amorphous titanium dioxide (A-TiO;).

Methods Self-assembled opal photonic crystals on fluorine-doped tin oxide (FTO) were used as templates. The precursor liquid
prepared with isopropyl titanate, ethanol, acetyl acetone, hydrochloric acid and deionized water was filled into the gap of opal
photonic crystal. After the sol in the opal crystal gap was dried and gelled, the electrode was calcined at 450 ‘C to remove the opal
photonic crystals template to obtain TiO, IOPCs. Afterwards, amorphous titanium dioxide modified titanium dioxide inverse opal
photonic crystals (A-TiO,/TiO, IOPCs) were prepared via placing TiO, IOPCs electrodes into TiCly aqueous solution at a low
temperature without stirring.

The phase composition, elemental composition, energy level structure and morphology of the electrode were analyzed by X-ray
diffraction (XRD), X-ray electron spectroscopy (XPS), ultraviolet visible spectrophotometry (UV-VIS) and scanning electron
microscopy (SEM). A three-electrode system was used to detect the photocurrent in the dark, and the LED with 390-410 nm was used
as an excitation light source. The current—time (I-T) curve was recorded when the light source was switched.

Results and Discussion The XRD patterns show that amorphous titanium dioxide modified anatase titanium dioxide electrode can
be obtained. Based on the XPS analysis, the prepared material is TiO,. The valence band value of the electrode is determined by the
XPS valence band spectra. The indirect band gap of the electrode material is determined according to the UV—VIS analysis. The
conduction band value of the electrode can be obtained by calculation. The SEM images indicate that A layer of amorphous titanium
dioxide is deposited on the orderly arranged porous skeleton of TiO, IOPCs, which retains a porous structure and further increases the
specific surface area. In the photocurrent test, TiO, IOPCs photocurrent reaches 100 nA, and the photocurrent of A-TiO,/TiO, IOPCs
reaches 600 nA, indicating that its photocurrent is increased by 6 times. The conduction band value of A-TiO, is more negative than
that of anatase TiO, IOPCs. The photogenerated electrons of A-TiO, can be transferred to the conduction band of anatase TiO, IOPCs.
The valence band value of anatase TiO, IOPCs is more positive than that of A-TiO,, and the photogenerated holes can be transferred
from the anatase TiO, IOPCs valence band to A-TiO, valence band, thereby reducing the recombination of photogenerated electrons
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and holes. In addition, the light absorption area increases due to the porous structure of A-TiO,/TiO, IOPCs, thus increasing the
photocurrent.

Conclusions TiO, IOPCs were prepared by a template method and a sol-gel method, and then amorphous TiO, was deposited on
TiO, IOPCs skeleton at a low temperature to prepare an amorphous titanium dioxide modified titanium dioxide inverse opal photonic
crystal electrode. The porous structure of the electrode increased the light absorption area, and the modification of amorphous
titanium dioxide reduced the recombination of photogenerated electrons and holes, and the photocurrent of the electrode was
increased by 4 times. The results indicated that this method could be simple and feasible, which could obtain the superior
photoelectric performance of the electrode, thus providing an effective approach for the development of green energy.

Keywords photonic crystals; titanium dioxide; amorphous; photoelectric performance; inverse opal



