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Supporting Texts
1.1 Materials and reagents
Cobalt nitrate hexahydrate (Co(NO3)2·6H2O), 2-methylimidazole, cadmium nitrate tetrahydrate(Cd(NO3)2·4H2O), thioacetamide (TAA) and glutaraldehyde (GLD) were purchased from Macklin Biochemical Co., Ltd (Shanghai, China). Palladium acetate (Pd(OAc)2) and chlorpyrifos (CPF) were purchased from Aladdin Biochemical Technology Co., Ltd (Shanghai, China). Acetylcholinesterase (AChE) was purchased from Duly Biotech Co.,Ltd (Nanjing, China). Potassium ferricyanide (K3Fe(CN)6), potassium hexacyanoferrate (K4Fe(CN)6), and potassium chloride (KCl) were obtained from Yuanye Bio-Technology Co., Ltd (Shanghai, China). Methanol (CH3OH) was obtained from Chuandong Chemical (Group) Co., Ltd (Chongqing, China). N,N-Dimethylformamide (DMF) was purchased from Titan Scientific Co.,Ltd (Shanghai, China). Phosphate buffer was obtained from Bio-way technology Co., Ltd (Shanghai, China), and configured as 0.1 M phosphate buffered saline (PBS, pH 7.0). All other chemicals were used as received without further purification, and their aqueous solutions were prepared using deionized water throughout the whole experiments.

1.2 Apparatus
The morphology and microstructure of the samples were analyzed using a  Hitachi S-4800 scanning electron microscope (SEM). Transmission electron microscopy (TEM) and high-resolution transmission electron microscopy (HR-TEM) measurements were performed using a JEOL/JEM-2100F microscope at an acceleration voltage of 200 kV. The crystal structures of different samples were detected on a powder diffractometer (X'Pert PRO MPD) in the 2θ range of 5°~90° employing Cu Kα as radiation source. X-ray photoelectron spectrometer (XPS) data were recorded on EscaLab 250Xi spectrometer using Al Kα radiation with the C 1s peak (284.6 eV) as reference. The UV-vis absorption spectra were obtained using a PE lambda 750 (UV-3600) in the range of 200~2500 nm using BaSO4 as reference. Electron spin resonance (ESR) spectra was measured on the ESR spectrometer (Bruker EMXplus-6/1, Germany). The electrochemical impedance spectroscopy (EIS) and photoelectrochemical (PEC) tests were performed by an electrochemical workstation (VersaSTAT 3F, Ametek Co., Ltd, USA) at room temperature. Deionized water (18.2 MΩ/cm), which was obtained from a laboratory water purfication system (Hitech Instruments Co., Ltd., China), was used for the preparation of all solutions.

1.3 Synthesis of ZIF-67
Co(NO3)2·6H2O (500 mg) and 2-methylimidazole (660 mg) were dissolved separately in methanol solution (50 mL). Mixing of two liquids, and continuously stirred at room temperature for 12 hours. The resulting purple solution was subjected to vacuum filtration using a 0.22 μm pore size organic filter membrane. The filtered product was washed to remove impurities, then vacuum-dried at 70 °C overnight to obtain the purple ZIF-67 powder.

1.4 Electrochemical tests
Pre-test preparation: 5.0 mg of the nanomaterial was uniformly dispersed in a 1.0 mL solvent mixture consisting of 475 μL deionized water, 475 μL absolute ethanol, and 50 μL Nafion solution (5 wt%) under ultrasonication for 30 minutes to form a homogeneous catalyst mixture. Subsequently, 10 μL of the resulting suspension (5 mg mL-1) was drop-cast onto a glassy carbon electrode (GCE, 3.0 mm2) and dried at room temperature to obtain the nanomaterial-modified electrode. 

Formal test: Mott-Schottky plots and EIS were obtained by using the electrochemical workstation with a standard three-electrode system. A modified GCE as the working electrode, a platinum gauze electrode (1.0 cm2) as the counter electrode, and a Ag/AgCl electrode as the reference electrode. All of the electrochemical testing experiments were performed in the potassium chloride solution (KCl, 0.10 M, pH 7.0) containing 5.0 mM Fe(CN)63-/4-.

1.5 Application of the PEC sensor in real sample

To confirm the reliability of the PEC sensor, environmental water (collected from Yangtze River) were selected as real sample. For environmental water sample, 25 mL of water was collected and filtered through a 0.45 μm membrane to remove suspended solids, soil particles, and algae. All the filtered samples were prepared as PBS solutions (pH 7.0) for subsequent analysis. Different volumes of chlorpyrifos (CPF) standard solutions were spiked into these prepared samples, and then were subjected to PEC measurements.

1.6 Density Functional Theory (DFT) Calculations
All of the calculations were performed in the Vienna Ab Initio Simulation Package code. The exchange correlation potential was described by the Perdew-Burke-Ernzerhof functional. A kinetic energy cutoff of 450 eV was adopted for the plane-wave expansion. The Brillouin zone integration was sampled with 3 × 3 × 1 for structural optimization and 5 × 5 × 1 for electronic structure analysis. Through all calculations, the convergence criterion for energy and force were set as 1 × 10-5 eV and 0.02 eV/Å. The van der Waals interactions was considered by using the DFT-D3 correction method of Grimme.
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Fig. S1. SEM images of (A) ZIF-67, (B-D) ZIF-67 derived Co3S4; TEM images of (E) Pd/CdS@Co3S4 and (F) corresponding amplification area of the Pd QDs.
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Fig. S2. EDS spectrum and elemental content (C, S, Co, Pd, Cd) of Pd/CdS@Co3S4 Z-scheme heterostructure.
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Fig. S3. Comparison of XRD spectra measured for our synthesized ZIF-67 powders and simulated from Cambridge Crystallographic Data Centre (CCDC).
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Fig. S4. Transient photocurrent responses of (A) CdS and Co3S4 with different mass ratios, (B) CdS@Co3S4 with different Pd QDs loadings.
 SHAPE  \* MERGEFORMAT 



Fig. S5. Effects of some parameters on the photocurrents of the PEC sensor. (A) the immobilization time of AChE and (B) the incubation time of CPF on the PECsensor. The error bars were derived from standard deviations of three independent measurements.
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Fig. S6. Repeated detection of 100 ng mL-1 of CPF using modified SPEs with different storage times. The error bars were derived from standard deviations of three independent measurements.
Table S1. Element contents analysis of Pd/CdS@Co3S4 composite from XPS spectra. (Atomic %)

	Sample
	C/%
	Cd/%
	Co/%
	S/%
	Pd/%

	Pd/CdS@Co3S4
	53.44
	1.31
	15.83
	29.12
	0.3


Table S2. Energy band gaps, conduction band potentials, valence band potentials, work functions and Fermi levels of CdS, Co3S4.
	Samples
	Eg/eV
	ECB/eV
	EVB/eV
	φ/eV
	Ef/eV

	CdS 
	2.3
	-0.57
	1.73
	6.35
	-1.64

	Co3S4
	1.5
	-0.68
	0.82
	4.84
	-1.28



Table S3. Comparison of the developed method with those in the literature for the  detection of CPF.

	Method
	Detection limit
(pg mL-1)
	Liner range
(ng mL-1)
	Reforence

	Colorimetric
	610
	10~800
	[1]

	Fluorescence
	7
	0.01~100
	[2]

	SERS
	31
	0.1~316
	[3]

	Electrochemical
	108
	5~5000
	[4]

	Electrochemiluminescence
	510
	1~10 6
	[5]

	PEC
	1.5
	0.01~100
	[6]

	PEC
	0.6
	0.001~100
	[7]

	PEC
	10
	0.03~100
	[8]

	This work
	20
	0.1~2000
	-


Table S4. Detection of CPF added in real samples with the proposed PEC sensor. Water samples obtained from Yangtze River, food samples selected tomatoes.
	Sample
	Cadd

(ng mL-1)
	Cmeasured 

(ng mL-1)
	Caverage

(ng mL-1)
	Recover 

(%)
	RSD 

(% ,n=3)

	Yangtze River water
	10
	9.69, 10.73, 10.20
	10.21
	102.1
	5.10

	
	50
	52.25, 47.38, 53.0396.74
	50.89
	101.8
	6.02

	
	100
	104.09, 96.74 , 94.63
	98.49
	98.5
	5.04
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