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Table S1: Electrocatalytic performance of different MOF based and other Cu based 
catalysts for CO2RR

Material Overpotential       
(vs. RHE)

Current 
Density 

(mA.cm-2)

Major 
product

F.E., Potential 
(vs. RHE)

Ref.

Ag-Cu (Ag-
Cu-BTC) 

MOF-derived 
composite

−0.79 V ~-20 CO 65%, -1.8V 1

Cu-THQ / GO −0.25 V ~-3 Formic 
acid 27%, -0.5V

2

CoPc-Cu-O 
@ carbon 

black

−0.63 V ~-17.3 CO 79%, -0.74V 3

Cu-HHTT -0.60 V ~-18.0 CO 96.6%, -0.6V 4
MOF-545-
Cu/PAN 
(MCP)

-0.8 V ~-9.0 CO 98%, -0.8V 5

Cu-Pc -1.6 V ~-2.8 C2H4 25%, -1.6V 6
Cu3(BTC)2 -1.5 V ~-6.0 CH4, 

C2H4

17% (CH4), 
16% (C2H4), 

-1.8V

7

Fe-TPP -1.0 V ~-3.0 CO 41%, -1.3V 8
HKUST-1/C -1.0 V ~-18.0 HCOOH 42%, -0.3V 9
Cu-Cu2O-2 -0.4 V ~-11.5 AcOH, 

EtOH
48% (AcOH), 

27.6% (EtOH, 

-0.4V

10

Cu-BTZ -1.3V ~-7.9 AcOH 4.7%, -1.3V 11
CuO/Cu2O -0.9V ~-10.0 AcOH 35.78%, 

-0.9V

12

Cu-ZIF@AC -0.56 V ~-10.0 AcOH 71.5%, -0.3V This 
work
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Table S2: Electrochemical Impedance Spectroscopy (EIS) measurement results for 
all the samples.

Material Rs (Ω) Rct1 (Ω) CPE1 (F) Rct2 (Ω) CPE2 (F)
Cu-ZIF@AC 7.1 ± 0.15 4.89 ± 0.54 0.01047 ± 

0.002
237.06 ± 0.28 0.1360 ± 

0.005
Cu-ZIF 7.1 ± 0.38 133.98 ± 

0.8
0.0004273 
± 0.0001

1053.54 ± 
0.54

0.0022 ± 
0.0003 

AC 7.1 ± 0.17 3.91 ± 0.36 0.00255 ± 
0.0006 

615.65 ± 0.3 0.0886 ± 
0.003 

Rs = Solution resistance

Rct1 = Charge transfer resistance at the catalyst-electrolyte interface

CPE1 = Capacitance at the catalyst-electrolyte interface

Rct2 = Diffusion limited resistance

CPE2 = Capacitance on composite material



S5

Table S3: Energy, Zero Point Energy (ZPE), Entropy (T*S) values for Free Systems 
and CO2 adsorption from Cu1 to Cu12 for Cu-MOF used in free energy calculations (T 
= 298.15 K).

System Energy (eV) ZPE (eV) T*S (eV)

Free H2 3.3705 0.1387 0.0560

Free CO2 -22.9549 0.3086 0.1351

Free H2O -14.2185 0.5845 0.0789

Free CH3COOH -46.76399 1.6244 0.1615

Bulk Cu-MOF -1756.1621 56.9270 7.8880

Cu1@CO2 -1779.3686 57.1823 8.0250

Cu2@CO2 -1779.6800 57.2484 8.0763

Cu3@CO2 -1779.7559 57.2941 8.1645

Cu4@CO2 -1779.5326 57.2734 8.1559

Cu5@CO2 -1779.5548 57.3218 8.2570

Cu6@CO2 -1779.5483 57.3016 8.1541

Cu7@CO2 -1779.3517 57.2839 8.0820

Cu8@CO2 -1779.4309 57.2883 8.1650

Cu9@CO2 -1779.4987 57.2594 8.1747

Cu10@CO2 -1779.4518 57.1921 8.1002

Cu11@CO2 -1779.5159 57.4556 7.9279

Cu12@CO2 -1779.5309 57.2225 7.9003
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Table S4: Energy, Zero Point Energy (ZPE), Entropy (T*S) values for adsorbed 
species at Cu3 site used in free energy calculations (T = 298.15 K).

System Energy (eV) ZPE (eV) T*S (eV)
*OCHO -1781.56 57.4522 8.2077

*OCHOH -1786.87 57.7825 8.1330

*CHO -1773.9953 57.3350 8.2536

*CHOH -1776.8814 57.5270 8.0480

*CH2OH -1782.9754 58.0582 7.8423

*CH2 -1770.6915 57.5796 7.8149

*CH3 -1776.4685 57.8989 8.0577

*CH3COOH -1804.0152 58.5360 8.2255

Table S5: Energy, Zero Point Energy (ZPE), Entropy (T*S) values for adsorbed 
species at Cu5 site used in free energy calculations (T = 298.15 K).

System Energy (eV) ZPE (eV) T*S (eV)

*OCHO -1781.22980222 57.5540 7.9795

*OCHOH -1786.28595098 57.8073 8.0869

*CHO -1773.44423226 57.2061 8.0743

*CH2O -1778.78037319 57.6238 8.1258
*CH2OH -1781.54046811 57.8840 8.0667

*CH2 -1768.42238507 57.4627 7.9226

*CH3 -1774.57171817 57.8548 7.9724

*CH3COOH -1803.42757475 58.4199 8.1957
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Table S6: Energy, Zero Point Energy (ZPE), Entropy (T*S) values for adsorbed 
species at Cu7 site used in free energy calculations (T = 298.15 K).

System Energy (eV) ZPE (eV) T*S (eV)

*COOH -1782.7793 57.4990 7.9174

*CO -1771.5168 57.0601 8.0265

*CHO -1773.5940 57.2270 8.0029

*CH2O -1778.9464 59.6941 8.1383

*CH2OH -1782.2131 57.8535 7.9568

*CH2 -1768.7533 57.3626 7.9711

*CH3 -1774.9373 57.6676 7.9424

*CH3COOH -1803.6931 58.5710 8.1329
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Figures:

Figure S1: SEM images of pristine Cu-ZIF (a) and the Cu-ZIF@AC (b) are shown. In 
the composite, typical activated carbon particles are seen, with only minor MOF 
deposition observed on the surface, indicating that the MOF is predominantly confined 
within the carbon pores rather than on the external surface. The SEM-EDX elemental 
analysis is shown in (c). 
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Figure S2: SEM-EDX Mapping images of Cu-ZIF@AC. The Cu elemental signal is 
uniformly distributed throughout the entire Activated Carbon without the presence of 
localized Cu-rich regions.
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Figure S3: (a) Cyclic Voltammetry (CV) curve of activated carbon coated on 1cm2 of 
carbon paper in N2 purged 0.5M Na2SO4; (b) Linear Sweep Voltammetry (LSV) of 
Activated carbon in CO2 purged 0.5M KHCO3; (c)12 hrs of stability test using 
Chronoamperometry for AC in CO2 saturated 0.5 M KHCO3 at constant potential of -
0.9 V vs. RHE; (d) 12 hrs of stability test using Chronoamperometry for Cu-ZIF in CO2 
saturated 0.5 M KHCO3 at constant potential of -0.72 V vs. RHE.
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Figure S4: Nyquist plots of Cu-ZIF@AC, Cu-ZIF, AC along with the fitted curves 
obtained from Electrochemical Impedance Spectroscopy (EIS) measured in CO2 
purged 0.5M KHCO3 using the equivalent circuit model shown inset, where R1 = 
Solution resistance; R2= Charge transfer resistance at the catalyst-electrolyte 
interface; C2 = Capacitance at the catalyst-electrolyte interface; R3 = Diffusion limited 
resistance; C3 = Capacitance on composite material.
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Figure S5: Chronoamperometry plots (a), (c) of Cu-ZIF@AC coated on carbon paper 
electrode at different potentials (vs. RHE) in CO2 purged 0.5M KHCO3 electrolyte are 
shown. The NMR spectra (b), (d) of the products were analysed using 400 MHz NMR 
after collection of electrolytes at 30 minutes of Chronoamperometry where Maleic acid 
was used as internal standard. 
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Figure S6: The NMR spectra of the products were analysed using 400 MHz NMR after 
collection of electrolytes at 15-60 minutes of Chronoamperometry at -0.3 V vs. RHE 
where Maleic acid was used as internal standard. 
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Figure S7: (a) 12 hrs of stability test using Chronoamperometry for Cu-ZIF@AC in 
CO2 saturated 0.5 M KHCO3 at constant potential of -0.56 V vs. RHE exhibiting stable 
10 mA.cm-2current density; (b) PXRD data of Cu-ZIF@AC before and after 12 hrs. of 
Chronoamperometry; (c) Calibration curve for AcOH using Gas Chromatography; (d) 
Faradaic Efficiency (F.E.) at different time intervals during the 12 h 
chronoamperometry.
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Figure S8: The Gas FTIR Spectra of Pure CO and gas collected over 30 minutes of 
Chronoamperometry of Cu-ZIF@AC at -0.3V vs. RHE in CO2 purged 0.5M KHCO3 
solution. The corresponding CO and CO2 peaks are shown here. The CO2 peak arises 
due to purging of CO2 in 0.5M KHCO3 solution before Chronoamperometry.
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Figure S9: - Structure of ZIF-8.
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Figure S10: - The adsorption reaction energies for CO2 adsorption on Cu1 to Cu12 for 
Cu-ZIF.

Figure S11: Free energy profile for CO2 to CH3COOH on Cu-ZIF at Cu3, Cu5, Cu7 

sites (a) -0.3 V and (b) - 0.56 V. Black, Red, Blue legends represent the CH3COOH 

pathway for Cu3, Cu7, Cu5 copper adsorbing sites in the Cu-ZIF, respectively.
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