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Figure S1. (a) FT-IR spectra of TTPA-CONs, TTPA-COF, TFPA, and TAPA. (b) 

Enlarged FT-IR spectra of figure S1a. 

 

 

 

Figure S2. (a) Experimental and simulated PXRD patterns of TTPA-COF, and PXRD 

patterns of TFPA, TAPA. (b) PXRD patterns of Ti3C2Tx and Ti3AlC2. 
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Figure S3. SEM images of TPA-CONs/Ti3C2Tx (a, b), TPA-CONs (c), and Ti3C2Tx (d). 
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Figure S4. TEM images of TPA-CONs/Ti3C2Tx (a, b), TPA-CONs (c), and Ti3C2Tx (d). 
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Figure S5. Zeta potential measurements of TTPA-COF, TTPA-CONs, and Ti3C2Tx. 

 

 
Figure S6. XPS spectrum of TTPA-CONs/Ti3C2Tx. 
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Figure S7. EIS plots of GCE, TTPA-CONs/GCE, Ti3C2Tx/GCE, and TTPA-

CONs/Ti3C2Tx/GCE. 

 

 
Figure S8. Relationship between photocurrent intensity and concentration of TTPA-

CONs/Ti3C2Tx. Aptamer concentration: 5 μM. Incubation time: 2.5 h. BSA content: 3 

wt%. Incubation time: 50 min. PSA concentration: 10 ng/mL. Incubation time: 120 min. 

pH of the buffer solution: 7.4. Error bars are derived from the standard deviation of 

three measurements. 
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Figure S9. Relationship between photocurrent intensity and pH of the buffer solution. 

TTPA-CONs/Ti3C2Tx concentration: 3 mg/mL. Aptamer concentration: 5 μM. 

Incubation time: 2.5 h. BSA content: 3 wt%. Incubation time: 50 min. PSA 

concentration: 10 ng/mL. Incubation time: 120 min. Error bars are derived from the 

standard deviation of three measurements. 
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Figure S10. Relationship between photocurrent intensity and the incubation time of 

PSA aptamer. TTPA-CONs/Ti3C2Tx concentration: 3 mg/mL. Aptamer concentration: 

5 μM. BSA content: 3 wt%. Incubation time: 50 min. PSA concentration: 10 ng/mL. 

Incubation time: 120 min. pH of the buffer solution: 7.4. Error bars are derived from 

the standard deviation of three measurements. 

 

 
Figure S11. Relationship between photocurrent intensity and the incubation time of 

BSA. TTPA-CONs/Ti3C2Tx concentration: 3 mg/mL. Aptamer concentration: 5 μM. 

Incubation time: 2.5 h. BSA content: 3 wt%. PSA concentration: 10 ng/mL. Incubation 

time: 120 min. pH of the buffer solution: 7.4. Error bars are derived from the standard 

deviation of three measurements. 
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Figure S12. Relationship between photocurrent intensity and the incubation time of 

PSA. TTPA-CONs/Ti3C2Tx concentration: 3 mg/mL. Aptamer concentration: 5 μM. 

Incubation time: 2.5 h. BSA content: 3 wt%. Incubation time: 50 min. PSA 

concentration: 10 ng/mL. pH of the buffer solution: 7.4. Error bars are derived from the 

standard deviation of three measurements. 
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Figure S13. Relationship between photocurrent intensity and the concentration of PSA 

aptamer. TTPA-CONs/Ti3C2Tx concentration: 3 mg/mL. PSA aptamer incubation time: 

2.5 h. BSA content: 3 wt%. Incubation time: 50 min. PSA concentration: 10 ng/mL. 

Incubation time: 120 min. pH of the buffer solution: 7.4. Error bars are derived from 

the standard deviation of three measurements. 

 
Figure S14. Reproducibility of 5 replicate sensors. TTPA-CONs/Ti3C2Tx concentration: 

3 mg/mL. Aptamer concentration: 5 μM. PSA aptamer incubation time: 2.5 h. BSA 

content: 3 wt%. Incubation time: 50 min. PSA concentration: 10 ng/mL. Incubation 

time: 120 min. pH of the buffer solution: 7.4. Error bars are derived from the standard 

deviation of three measurements. 

 

1 2 3 4 5
0.0

-0.2
-0.4
-0.6
-0.8
-1.0
-1.2
-1.4
-1.6
-1.8
-2.0

Ph
ot

oc
ur

re
nt

 (μ
A

)

Number of photoelectrodes



S11 
 

 
Figure S15. Photocurrent response of PEC sensors with storage time. TPA-

CONs/Ti3C2Tx concentration: 3 mg/mL. Aptamer concentration: 5 μM. PSA aptamer 

incubation time: 2.5 h. BSA content: 3 wt%. Incubation time: 50 min. PSA 

concentration: 10 ng/mL. Incubation time: 120 min. pH of the buffer solution: 7.4. Error 

bars are derived from the standard deviation of three measurements. 

 

Table S1. Comparison of Different Methods for PSA Determination. 

Method Linear range 
Detection 

limit 
Reference 

ECL  
0.001-100 

ng/mL 
0.44 pg/mL [1] 

ECL  
0.01-10 

ng/mL 
9.2 pg/mL [2] 

Electrochemical 
0.05 -50 

ng/mL 
28 pg/mL [3] 

Electrochemical 
0.001-5 

ng/mL 
0.31 pg/mL [4] 
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Electrochemical 
0.0001-50 

ng/mL 
0.03 pg/mL [5] 

PEC 
0.001-10 

ng/mL 
0.6 pg/mL [6] 

PEC 
0.005-20 

ng/mL 
1.5 pg/mL [7] 

PEC 
0.0001-50 

ng/mL 
6.16 fg/mL [8] 

PEC  
0.001-10000 

ng/mL 
0.3 pg/mL This work 

 

Table S2. Determination of PSA in bovine serum by the proposed sensor (n = 3). 

Added (ng) Found (ng) Recovery (%) RSD (%) 

0.1 0.0997 99.7 0.72 

1 1.016 101.6 1.76 

10 10.32 103.2 0.89 

100 94.3 94.3 1.45 

1000 1012 101.2 1.35 
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