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Application of TiO,-based photoelectrochemical sensors in trace
detection of environmental pollutants

WANG Wengi', WANG Shixuan'"’
(1. School of Mechanical and Electronic Engineering, Suzhou University, Suzhou, Anhui 234000, P. R. China;
2. College of Mechanics and Optoelectronic Physics, Anhui University of Science and Technology, Huainan,

Anhui 232001, P. R. China)

Abstract: Titanium dioxide (TiO,)-based materials are commonly used in constructing photoelectrochemical(PEC)
sensors due to their advantages, such as an optimal band gap, abundant surface-active sites, and environmental
friendliness. These materials hold significant promise for the efficient enrichment and detection of environmental
pollutants. However, high recombination rates of photogenerated charges and limited visible light utilization
remain challenges that severely restrict the PEC performance of TiO,-based materials. This paper provides a
comprehensive overview of the mechanisms of PEC sensing, key factors affecting PEC sensor performance, as
well as various modification strategies such as heterostructure construction, crystal plane adjustment, ion doping,

and dye sensitization. Furthermore, the application of TiO,-based PEC sensors in detecting trace levels of diverse
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environmental pollutants is discussed. Finally, the paper presents a summary and outlook on the advancements of
Ti0,-based materials in environmental detection, serving as a reference for developing highly sensitive TiO,-based
PEC sensors.
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Fig. 1 Photoelectrochemical detection principles
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Fig. 2 Research on the photoelectrochemical sensor for nitrite detection
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Fig. 4 SEM images of different TiO> quantum dot composites
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Fig. 5 Morphologies of various TiO:-based materials
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Fig. 6 Characterization images of TiO: nanosheets
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Fig. 7 Schematic of different types of heterojunctions
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Fig. 9 Photoelectrochemical performance analysis of self-doped TiO: and its composites
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Table 1 Application of TiO, based PEC sensors in trace detection

PEC &%t Fr i = A LY [ ez I R CHk
TiO,/CdS Ccu” 0.005~1 uM 1.3 nM [16]
MMT/TiO,-ZnO NO; 0.04~10 nM 0.12 nM [17]

g-C,N,/ TiO, H,S 1~5 000 nM 0.058 nM [18]
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gx1
PEC &4t LioAURSRR 2V LioAUUIR SCHR
Bi,S,/Vo-TNTAs iR 0.07~3.0 uM 6.0 nM [19]
TiO,/BiOI/BiOBr BEER 0.05~150 nM 0.05~150 nM [20]
MI-TiO, XL A 10.0 nM~20.0 uM 3.0 nM [21]
BCN/TiO, XL A 0.1 fM~5 nM 0.03 M [22]
CsPbBr,/a-TiO, wih&EHZ B1 0.01~15 ng/mL 2.8 pg/mL [23]
MoS,/TiO, JoE & 3R 1~1 000 ng/mL 0.82 ng/mL [24]
WS,/MoS,/B-TiO, P T o e i 0.01~200 nM 2.7 pM [25]
Ag-TiO, Z i 0.1~100 M 23 nM [26]
BiOI NFs/TiO, NTs ] A 7 1~600 pM 0.5 pM [27]
M-TiO,-CdTe /CdS AFHE 1~140 nM 0.14 nM [28]
Bi’'/B-TiO,/rGO ZAER 0.001~50 ng/mL 0.33 pg/mL [29]
NCQD/TiO,/ITO SRR B 0.001~1.5 pg/mL 0.07 ng/mL [30]
Pd@(SC,MI)-TiO, PCB101 0.1~500 pM 0.05 pM [31]
BiFeO,@TiO, MEEBEFER LR 0.05 pM~250 nM 0.016 pM [32]
BiVO, NPs-TiO, NTs PCB72 1~500 ng/L 0.23 ng/L [33]

3.1 WNBHTEY
3.1.1 wWiIRE

Cui ZP it TiO, BRI 48025 (00 14 75 SR g, TEAIE 58 b & )i 1 B AT &5 PEC ¥ P 19 48025 067 9 19 19 TiO, 44 K 4
451 (Ov-TNT), I Ho 57 F Bl b DU 3R ZE R FR 8 (TC) |, &2 50 i Ti A Bl W) 76 46 45 Ov-TNT 78 & g4 F 7~
AR 22 (AR B T, FR T A TR BHL KON, 32 £ T8 3 1 016 FL I ) 5 I o T 1) TC R 1S i R IR (DL 1T 10
(a))o ZARGAE0.1~1 000 nM 35 [ N 2 A 8 5 i Ze M PERE , K2 W BR & 0.33 nM(S/N=3). Sheng %™ fifi IR &
VS 3R BT VB BE VR ) A T MIL-125 (T A7 A= 19 B A PR 50 67 5 35 A IR Tio,(MT450) , FH TR B DU % .
MT450 AL 4k 7K T MIL-125(Ti) B R HL R AL 8 51 A TV 2 I B A, il FLRE % Pl | ok £ o 10 Fn 4 &
AR, 42 5 T PEC 28 Ge IR 0 A I 1) e £k A R B0 o 25 R R I, MT450/1TO H B % U 24 2 19 4G U
il 7E 0.005~50 uM, Kl B A 2.83 nM .

3.1.2 & A(BPA)

Hu Z5P95EF 48 (2D) TiO,(001) 44K Fr il £ T — Fh R 5 1 PEC 1% 845 , T XU A (BPA) I HL b 24 45
W5 A RS I D7 A LG, 7RO IR SS F, 2D Ti0,(001) 44 K F oy B B AT A% 59 BPA K I BR . 46 I T BR
-5.37 nmol/L(S/N=3) . Ak, 1535 TG 4RME, 2D TiO,(001) 44k A Al 6 P R I 0 7 A 1
3.1.3 AEF

Sun %G B TiIO,@M oS, B2 HE 44 2K [ 51 f- % L TR H1 2 = b i S8 2R (CAP) o IR FES B4/
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Fig. 10 Principles of organic detection using TiO:-based composites
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Fig. 11 Trace detection of inorganic pollutant ions using TiO:-based composites
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