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Figure S1. UV-visible absorption spectra of PCN-222 (non-cobalt metalation) and PCN(Co). 
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Figure S2. The pore size distribution of PCN(Co) and TiN@PCN(Co)-5 

 

 

 



 

Figure S3. EDS elemental mapping images of (A) full area survey and (B) N K signal of 

TiN@PCN(Co) sample. 

 

 

 

Figure S4. The survey XPS spectra of TiN@PCN(Co)-5 nanocomposite 



 

Figure S5. The optimization of solvent ratio MeCN:H2O:TEOA for the photocatalytic CO2 

reduction 

 

Figure S6. (A) XRD spectra and (B) FT-IR spectra of TiN@PCN(Co)-5 before and after 5 cycle 

stability test. 



 

 

Figure S7. Photoluminescence spectra of bare PCN(Co) and TiN@PCN(Co)-x samples with and 

without photosensitizer [Ru(bpy)3]Cl2.6H2O. 

 

Table S1: The fitting circuit parameters of electrodes.  

 

Sample PCN(Co) 
TiN@PCN-

2.5 

TiN@PCN-

5 

TiN@PCN-

7.5 

TiN@PCN-

10 

Rs (Ω) 15.14 14.31 17.44 16.44 19.68 

Q (x 10-5) 5.27 5.38 5.54 5.95 5.58 

Rct (Ω) 6391 3958 2742 5473 4249 
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 PCN(Co)   PCN(Co)-Ru

 TiN@PCN(Co)-2.5   TiN@PCN(Co)-2.5-Ru

 TiN@PCN(Co)-5   TiN@PCN(Co)-5-Ru

 TiN@PCN(Co)-7.5   TiN@PCN(Co)-7.5-Ru

 TiN@PCN(Co)-10   TiN@PCN(Co)-10-Ru



 

 

Table S2: Fit parameter of TRPL curves for the bare PCN(Co) and TiN@PCN(Co)-x composites 

with and without the presence of photosensitizer. 

Sample τ1/ns A1 (%) τ2/ns A2 (%) τ3/ns A3 (%) Τav/ns 

PCN(Co) 1.22 37.3 1.83 37.4 2.44 25.3 1.885 

PCN(Co)-

Ru 
1.39 16.8 2.09 41.6 2.79 41.6 2.375 

TiN@PCN-

2.5 
1.43 34.3 2.14 35.5 2.86 30.2 2.268 

TiN@PCN-

2.5-Ru 
1.53 37.0 2.30 34.6 3.07 28.4 2.403 

TiN@PCN-

5 
1.50 35.4 2.25 34.0 3.00 30.6 2.378 

TiN@PCN-

5-Ru 
1.53 40.6 2.30 20.1 3.07 39.3 2.494 

TiN@PCN-

7.5 
1.18 37.1 1.78 34.2 2.37 28.7 1.859 

TiN@PCN-

7.5-Ru 
1.39 35.0 2.09 30.6 2.79 34.4 2.248 

TiN@PCN-

10 
1.60 53.0 2.40 47.0 3.21 0.0 2.060 

TiN@PCN-

10-Ru 
1.39 34.9 2.09 34.6 2.79 30.5 2.213 

 

The average lifetime is calculated by the following equation: 

𝜏𝑎𝑣 =
(𝐴1𝜏1

2 + 𝐴2𝜏2
2 + 𝐴3𝜏3

2)

(𝐴1𝜏1 + 𝐴2𝜏2 + 𝐴3𝜏3)
 

 

 



Table S3: Comparison of photocatalytic CO2 reduction activities with the reported photocatalyst 

in the literature 

Catalyst Light 

source 

Co-

Catalyst 

Sacrificial 

agent 

Photosensitizer CO 

Production 

rate (µmol. 

g-1.h-1) 

References 

TiN@PCN-222-

Co 

150 W Xe 

lamp 
No TEOA 

[Ru(bpy)3]Cl2.6 

H2O 
627.42 This work 

gC3N4/PCN-

222(FeIII) 

300 W Xe 

lamp 

No No No 28.5 [1] 

CdS@PCN-222-

Co 

150 W Xe 

lamp 

No TEOA [Ru(bpy)3]Cl2.6 

H2O 

636.41 [2] 

PCN-

222(Pt)/BiOCl 

300 W Xe 

lamp 

No No No 8.38 [3] 

PCN-

224(Cu)/TiO2 

300 W Xe 

lamp 

No No No 37.21 [4] 
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