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P%%e*gwm@qgéf@@ﬁbw light source and detection system, photoelectrochemical (PEC)

sensor has the advantages of low background, high sensitivity and simple operation. So far, PEC systems
Wgﬁ%grb\%qu?y used in the fields including the actual detection of metal ions, biological antibodies or
antigens in environmental pollutants. When the photosensitive material is irradiated by a light source with

Guangrdylimgndyequal to or greater than its band gap, electrons (&) transition occurs from the valence

Bang18heCReiisioh BAA&IETURTY LRGSR Gt AREANAHNE oY ofinhand SR RBAIS L (ErAE)
LR o4k H‘ﬁ%ﬁé‘?&%@%ﬁ’é’&?@d&%‘ﬁ%@é Qhé BRBIFLIRNS GARAIRR! ISKBESHAA P ARGEISEY
W‘rﬂ%g‘?gl%%? M'igg’gaé&'m%'ﬂe?g&%th its recognition molecule, and affect the separation or

|i,9rﬁ‘ﬂ°” process of the charge, thereby, causing a change in the photocurrent. Metal organic framework

MOF5 Is a material composed of metal ions and organic linking groups. They have adjustable porosity,
MHSIFair?Q“IfPCG and massive conjugate back bone. These unique characteristics of MOF have been
extensively explored in various fields. Zr-MOFs were synthesized use 4-carboxyphenylporphyrin (TCPP) as
the ligand, and metal zirconium (Zr) as the coordination metal. Using Zr-MOFs as the photoelectrically
active material, a cathode photoelectrochemical sensor was constructed to detect homocysteine (Hcy). A
three-electrode system, consisting of Zr-MOFs/FTO electrode, Pt electrode and Ag/AgCl electrode, was

inserted into 0.01 mol-L™ HEPES solution to prepare the sensor. An aqueous solution of homocysteine
was added to the electrolyte, allowing it to stand for 5 min. Cyclic voltammetry and electrochemical
impedance spectroscopy were used to characterize the reaction process and the electron transfer
process between optoelectronic materials. When the Xe lamp with A > 420 nm is used to irradiate Zr-

MOFs, electrons (e ) in the valence band transfer to the conduction band, and holes (h™) are generated in
the valence band, thereby, generating light current. The addition of homocysteine will hinder the transfer
of electrons, causing the cathode photocurrent to be decreased. The prepared sensor had good linear

responses in the ranges of 10 ~ 100 nmol-L”! and 100 ~ 1000 nmol-L", and the detection limit was 2.17

nmol-L™". The sensor also exhibited good stability and selectivity. The prepared cathode photoelectric
sensor could sensitively and efficiently detect homocysteine in milk. The studied high-performance
photoelectric active materials and chemical sensing platforms may be important for the design of other
chemical sensing platforms and the development of PEC applications.
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Figure 1 (A) Cyclic voltammograms at different scan rates (30, 50, 75, 100, 200, 300, 400, 500 and 600 mV -s™) on Zr-MOFs/FTO

electrodes in 0.01 mol- L' HEPES. (B) Linear fitting plot of peak current and scan rate. (color on line)
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Figure 2 (A) SEM image of Zr-MOFs; (B) TEM image of Zr-MOFs

1200 A 0.6
1000 - 0%
2 800t E, '
= (]
«E‘ 600 | % 04
: £
S 400+ @
J —2 0.3
200
10 20 30 40 50 60 70 80 200 300 400 500 600 700 800
20/degree Wavelength/nm
& 3 (A) Zr-MOFs (9 XRD & ; (B)Zr-MOFs 1454 M a] IR
Figure 3 (A) XRD pattern of Zr-MOFs; (B) UV-Vis absorption spectrum of Zr-MOFs
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Figure 4 (A) Nyquist plots of FTO, Zr-MOFs/FTO and Zr-MOFs/FTO+Hcy (the inset is an equivalent circuit); (B) Photocurrent re-

sponses of FTO, Zr-MOFs/FTO and Zr-MOFs/FTO+Hcy. (color on line)
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Figure 5 (A) Optimization of Zr-MOFs modification amount (the modification amount of 1 g-L" Zr-MOF: 30 pL, 40 pL, 50 pL,
60 wL, 70 wL); (B) Sensor stability data (setting voltage to 0 V); (C) Sensor reproducibility data (color on line)
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Figure 6 (A) Photocurrent response curve of the sensor to different concentrations of Hey; (B) Linear relationship of photocurrent

and Hcy concentration; (C) The anti-interference of Hey measured by the sensor. (color on line)

F 1 AR T Hey
Table 1 Methods and materials used to detect Hcy

Material Method Linear range Detection limit Ref.
CdTe/CdS Fluorescence on-off 1~90 wmol-L" 0.67 pmol-L" 30
Au NPs Electrochemical 0.05 ~20.0 pmol-L" 0.01 pmol-L" 31
BIHM Fluorescence probe - 9.02x10° mol - L" 32
Zr-MOFs Photoelectrochemical 10 ~ 1000 nmol- L™ 2.17 nmol-L" This work

10%-1.146,R* = 0.992 Fl y = 1.604x10*1.084,R* =
0.991, % R A 2.17 nmol-L', 5 A 14 Hey
(PISIPI 5 QTN R e o B S P it/ S5 Bl
L, iR 2E A s F A Hey BEEA
SR A HH RN EE SE A e i . BT 6(C) R T
FETE 300 nmol - L HA T4 7 (4 e H ik, $8
PR , HO,, %M , 2R , iR Fd =R ) X

Kl 100 nmol - L [F) 724 B R sl (52 ), SIZ56: A
PL, A 100 nmol-L"' Hey A BAAR O oL 3 B AR 24
214 A, JLA 300 nmol - L' 2 B H K iR ifi iR
H,O, F1 2 48 B [ AR 6 L 43 T B AR 29 60 A |
45.5 WA 10 pA 6.67 pA ., LA 300 nmol - L 2 i
AR G TR ML BRI, PR E L I 43 3T i 50
RA .70 pA 86.67 pA, LRI XTI
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Table 2 Detection of homocysteine in milk

Sample Added/(nmol-L") Found/(nmol-L™") Recovery/% RSD/%
30 28.78 104.24 3.41
Milk 100 101.23 98.78 2.80
300 298.98 100.34 1.76
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Photoelectrochemical Sensing Based on Zr-MOFs for
Homocysteine Detection
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(1. School of Chemistry and Chemical Engineering, Jinzhong University, Jinzhong, 030600, Shanxi, China;
2. Institute of Environmental Science and School of Chemistry and Chemical Engineering,
Shanxi University, Tatyuan 030006, Shanxi, China)

Abstract: Due to the independent form of the light source and detection system, photoelectrochemical (PEC) sensor has the
advantages of low background, high sensitivity and simple operation. So far, PEC systems have been widely used in the fields
including the actual detection of metal ions, biological antibodies or antigens in environmental pollutants. When the photosensitive
material is irradiated by a light source with an energy being equal to or greater than its band gap, electrons (¢) transition occurs from
the valence band to the conduction band, leaving a hole (h"), at the same time, the generated electron-hole pair (e/h*) separate, and
migrate to the electrode surface and electrolyte to generate photocurrent or photovoltage. When the target analyte is added, it will
interact with its recognition molecule, and affect the separation or migration process of the charge, thereby, causing a change in the
photocurrent. Metal organic framework (MOF) is a material composed of metal ions and organic linking groups. They have adjustable
porosity, functional surface and massive conjugate back bone. These unique characteristics of MOF have been extensively explored
in various fields. Zr-MOFs were synthesized use 4-carboxyphenylporphyrin (TCPP) as the ligand, and metal zirconium (Zr) as the
coordination metal. Using Zr-MOFs as the photoelectrically active material, a cathode photoelectrochemical sensor was constructed
to detect homocysteine (Hcey). A three-electrode system, consisting of Zr-MOFs/FTO electrode, Pt electrode and Ag/AgCl electrode,
was inserted into 0.01 mol -L"! HEPES solution to prepare the sensor. An aqueous solution of homocysteine was added to the
electrolyte, allowing it to stand for 5 min. Cyclic voltammetry and electrochemical impedance spectroscopy were used to
characterize the reaction process and the electron transfer process between optoelectronic materials. When the Xe lamp with A >
420 nm is used to irradiate Zr-MOFs, electrons (¢) in the valence band transfer to the conduction band, and holes (h*) are generated
in the valence band, thereby, generating light current. The addition of homocysteine will hinder the transfer of electrons, causing the
cathode photocurrent to be decreased. The prepared sensor had good linear responses in the ranges of 10 ~ 100 nmol-L" and 100 ~
1000 nmol -L", and the detection limit was 2.17 nmol - L. The sensor also exhibited good stability and selectivity. The prepared
cathode photoelectric sensor could sensitively and efficiently detect homocysteine in milk. The studied high-performance
photoelectric active materials and chemical sensing platforms may be important for the design of other chemical sensing platforms

and the development of PEC applications.
Key words: cathodic photocurrent; Zr-MOFs; homocysteine
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