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23 Figure S1. (A) Effect of Time on the FL intensity of UCNPs. (B) Effect of Temperature 

24 on the FL intensity of UCNPs. (C) Effect of pH on the FL intensity of UCNPs. (D) 

25 Effect of NaCl concentration on the FL intensity of UCNPs. Conditions: 0.18 mg/mL 

26 UCNPs; excitation at 980 nm.

27

28

29

30

31

32

33

34

35

36



37

38 Figure S2. (A) Fluorescence spectra of UCNPs solution. (1) only UCNPs, (2) UCNPs 

39 + 25 mU/mL AChE, (3) UCNPs+10 mM ATCh, (4) UCNPs+50 ng/mL Diazinon, (5) 

40 UCNPs+5 μM Cu2+, (6) UCNPs+5 μM Cu2+ +25 mU/mL AChE, (7) UCNPs+5 μM 

41 Cu2+ +20 mM ATCh and (8) UCNPs+5 μM Cu2+ +50 ng/mL Diazinon, respectively. 

42 (B)  The luminescence quenching efficiency of the UCNPs in the presence of 5 μM of 

43 different cations including, Cu2+, Ba2+, Ca2+, Mg2+, Zn2+, Na+, K+, NH4
+, Cd2+, Hg2+, 

44 Mn2+, Ag+ respectively. F0 and F stand for the fluorescent intensities of UCNPs in the 

45 absence and presence of cations respectively. Conditions: 0.18 mg/mL UCNPs; 

46 excitation at 980 nm.
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56

57 Figure S3. (A) The fluorescent emission intensity of UCNPs-Cu2+-AChE-ATCh 

58 system at different pH. (B) The fluorescent emission intensity of UCNPs-Cu2+-AChE-

59 ATCh system at different Temperature. Conditions: 0.18 mg/mL UCNPs; 5 μM Cu2+; 

60 25 mU/mL AChE; 20 mM ATCh.
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75 Figure S4. Effects of incubation time on the fluorescence responses of UCNPs-Cu2+-

76 AChE-ATCh system to pesticides detection. Conditions: 0.18 mg/mL UCNPs; 5 μM 

77 Cu2+; 25 mU/mL AChE; 20 mM ATCh; 50 ng/mL Diazinon.
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92

93 Figure S5. Selectivity of the proposed UCNPs-Cu2+-AChE-ATCh system toward OPs 

94 against other pesticides. Conditions: 0.18 mg/mL UCNPs; 5 μM Cu2+; 25 mU/mL 

95 AChE; 20 mM ATCh; 10 ng/mL Pesticides.
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107 Table S1. Comparison of the analytical performances of the developed method with 

108 that of the reported methods for diazinon detection

Method
Analytical range

(ng/mL or ng/g or nM)
LOD

(ng/mL or ng/g or nM)
References

Enzyme sensor 0.01-10000 0.2 1

Gold nanoprobe 0.30-17.30 0.2 2

Fluorescent chemosensor 500-10000 378 3

HPLC-DAD 0.8-800 0.3 4

UV-vis spectrophotometric 10-60 11 5

GC-flame ionization 0.55 – 5000 0.17 6

GC-MS system 50–1000 3 7

HPLC-HRMS 0.1-20 0.1 8

ELISA assays 0.9-6 0.9 9

Fluorescent sensor 1.05-206 0.13 10

Fluorescent sensor 0.1-100000 6.7 11

The developed method 0.1-50 0.05 This work
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122 Table S2. Comparison of the results from GC-MS and the developed method for 

123 diazinon detection in authentic apple samples

124

125 ND, not detected
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