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Figure S1. SEM images of (a) rGO, and (b) DrGO. TEM images of (c) rGO, and (d) DrGO.

Figure S2. N2 adsorption-desorption curves of rGO and DrGO.
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Figure S3. XRD patterns of rGO and DrGO.

Figure S4. (a) The XPS full spectrum of rGO and DrGO. (b) High-resolution XPS N 1s spectrum 
of DrGO.

Table S1. The content of C, O, N, and Co elements in rGO, DrGO, rGO-CoPc, and DrGO-CoPc 
collected by XPS spectra.

C / at.% O / at.% N / at.% Co / at.% Co / wt.%

rGO 97.25 2.76 NA NA NA

DrGO 94.88 3.49 1.64 NA NA

rGO-CoPc 93.87 3.11 2.64 0.39 1.39

DrGO-CoPc 94.12 2.45 3.1 0.33 1.35
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Figure S5. High-resolution XPS N 1s spectrum of NrGO-750.

Figure S6. N2 adsorption-desorption curves of rGO-CoPc and DrGO-CoPc.
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Figure S7. The XPS full spectrum of rGO-CoPc and DrGO-CoPc.

Figure S8. (a) TEM image, and (b) EDX mapping (C, N, and Co element) of rGO-CoPc.
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Figure S9. XRD patterns of rGO-CoPc and DrGO-CoPc.

Figure S10. AC HAADF-STEM image of rGO-CoPc.
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Figure S11. EDX mapping (C, N, and Co element) of DrGO-CoPc.

Figure S12. High resolution XPS N 1s spectra of DrGO and DrGO-CoPc.



S-8

Figure S13. (a) XPS full spectra, (b) XRD pattern, and (c) N2 adsorption-desorption curve of NrGO. 
(d) Raman spectra of NrGO and DrGO.
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Figure S14. (a) N2 adsorption-desorption curve of NrGO-CoPc. (b) High resolution XPS Co 2p 
spectra, (c) UV-vis spectra, and (d) XPS N 1s spectra of DrGO-CoPc and NrGO-CoPc.

  The largest shift of the peak for inner core nitrogen atoms could be ascribed to the stronger 
electron communication between CoPc and DrGO. If the N 1s spectra shift is caused by the simple 
spectra mixture of graphene matrix and CoPc, the NrGO-CoPc should has comparable or larger 
negative shift than DrGO-CoPc due to the higher content of total N atoms in NrGO (2.23% vs 
1.64%). However, as shown in Figure S14d, the peak for the inner core nitrogen atoms located at 
398.9 eV in the N 1s spectrum of NrGO-CoPc, giving the lower peak shift than that of DrGO-CoPc. 
Therefore, we think the spectra mixture of graphene matrix and CoPc is not the contribution to the 
peak shift for the inner core nitrogen atoms. Moreover, the peak shift was also observed in the N 1s 
spectrum of rGO-CoPc (Figure 2d), wherein rGO is a matrix without N dopants. Such shift 
illustrates that the electron communication could induce the N 1s spectra shift. Therefore, it could 
be concluded that the peak shift is caused by the interaction between CoPc and DrGO.
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Figure S15. (a) High-resolution N 1s XPS spectrum of NrGO. High-resolution O 1s XPS of (b) 
rGO and rGO-CoPc, and (c) DrGO and DrGO-CoPc. 

As for N dopants, the high-resolution N 1s XPS spectrum of DrGO could be deconvoluted into 
pyridinic-N, pyrrolic-N, graphitic-N, and oxidized-N with the fraction of 40.2%, 14.2%, 25.4%, and 
20.2%, respectively. For comparison, the N dopant in NrGO was also analyzed by XPS, giving total 
N content of 2.23at%, which is slightly higher than that of DrGO (1.64at%). The percentage of 
pyridinic-N, pyrrolic-N, graphitic-N, and oxidized-N are 37.4%, 21.7%, 27.3%, and 13.6%, 
respectively.
  As for O elements, the O-containing groups can interact with Co ion in CoPc by ligand-like 
interaction or axial coordination. Carboxyl and hydroxy groups are the two potential anchoring sites 
for CoPc via forming axial Co-O bond. Notably, such direct interaction will induce positive shift of 
the XPS peak of oxygen-functional groups. However, there is no distinct shift of the binding energy 
of O 1s peak for both rGO and DrGO after supporting CoPc (Fig. S15b and S15c), implying that 
CoPc is not directly coordinated with O-containing groups in this work. This is not unexpected 
because carboxylic, hydroxy, and ether groups with poor thermal stability are likely to be removed 
during high temperature (1000 oC) reduction. The fitting of the high-resolution O 1s XPS spectra 
delivers that the C=O (532.0 eV) and C-O (533.3 eV) are the main oxygen-functional groups in all 
samples (Fig. S15b and S15c). The lack of the carboxyl and hydroxy groups that can coordinate 
with CoPc may exclude the direct interaction of O-containing group with CoPc in this work. In fact, 
Co ions bearing four N coordination atoms possesses very weak interaction with O-containing 
groups in graphene.

Figure S16. (a) JTotal, and (b) FE of CO and H2 for rGO, NrGO, and DrGO.
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Table S2. Summary of the electrochemical performance of DrGO-CoPc and other heterogeneous 
molecular catalysts.

Catalysts Electrolyte Potential
(vs. RHE)

FE JCO 

(mA/cm2)
Ref

DrGO-CoPc 0.1 M KHCO3 -0.78 V 91% -29.8 This work
CoP@NrGO 0.5 M NaHCO3 -0.8 V 87% -4 1
CoPc/CNT 0.1 M KHCO3 -0.8 V 80% -10 2
CCG/CoPc-A 0.1 M KHCO3 -0.8 V 81% -9 3
CoPPc@g-
C3N4−CNTs

0.5 M KHCO3 -0.8 V 92% -21 4

CoPc-CN/CNT 0.1 M KHCO3 -0.63 V 98% -15 5
CoPPc/CNT 0.5 M NaHCO3 -0.61 V >90% -20 6
CoPc/CNT 0.1 M KHCO3 -0.61 V >90% -10 7
CoPc-py-CNT 0.1 M NaHCO3 -0.63 V 98% -6 8
FePc-Gr75 0.1 M KHCO3 -0.7 V 80% -1.9 9
CoPc1MWCNTs 0.5 M NaHCO3 -0.68 V 91% -14 10
NiPc–OMe MDE 0.5 M KHCO3 -0.60 V 99.5% -32 11
NapCo@SNG 0.1 M KHCO3 -0.8 V 97% -2 12
CoPPc-CNT 0.5 M NaHCO3 -0.7 V 95% -8 13
CoTPP/CNT 0.5 M KHCO3 -1.15 V

vs. SCE
83% -0.59 14

CoPc/CWM 0.1 M KHCO3 -0.78 V 90% -4.58 15
CoPc-py-CNT 0.5 M KHCO3 -0.6 V 95% -6.8 16
PyNiPc/CNT 0.5 M KHCO3 -0.8 V >95% -20 17
Co@Pc/C 0.5 M KHCO3 -0.9 V 84 % -28 18
CoOx/FePc 0.5 M KHCO3 -0.7 V 83% -24 19
CoFPc 0.5 M NaHCO3 -0.8 V 92% -4.2 20
CoII(Ch)/MWCNT
s

5.0 mM Na2SO4 -1.1 V 89% / 21

[MnBr(2,2′-
bipyridine)(CO)3]

0.5 M KHCO3 -1.1 V
vs. SHE

46
 μmol/cm2

-5 22

CuPc 0.5 M KHCO3 -1.06 V 66% CH4 -13 23
[Co(qpy)]2+@MW
CNTs

0.5 M NaHCO3 -0.48 V 100% -10 24

CoPc/CNT 0.1 M KHCO3 -0.82 V 44% -10.6 25
AgDAT/C 1 M KOH -1.4 V

vs. Ag/AgCl
85% -10 26

CoPc-P4VP 0.1 M NaH2PO4 -0.73 V 90% -2 27
CATPyr 0.5 M NaHCO3 -1.03 V

vs. NHE
97% / 28

CATCO2H 0.5 M NaHCO3 -1.06 V 90% / 29
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vs. SHE
PorZn 0.1M TBAPF6 

DMF/H2O
-1.7 V
vs. SHE

95% -2.5 30

Fe2DTPFPP-PO3H2 DMF/H2O/0.1 M 
TBAPF6

-1.2 V 93% / 31

CoPP 0.5 M K2SO4 -1.3 V
vs. Ag/AgCl

84% / 32

CoTMPP/ACF 0.5 M KHCO3 -1.45 V
vs. SCE

85% 50 33

CuPolyPc@CNT 0.1 M CsHCO3 -0.7 V 80% > 7 34
CoPc 0.1 M KHCO3 -0.8 V 99% -3.2 35

Figure S17. Nyquist plots for DrGO-CoPc before and after durability test.

Figure S18. (a) FECO, (b) JCO of DrGO-CoPc and NrGO-CoPc.
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Figure S19. Co2+/Co+ redox curves of (a)rGO-CoPc and (b) NrGO-CoPc recorded with the scan 
rate from 10 mV s-1 to 50 mV s-1. (c) The plot of the anodic and cathodic peak current densities of 
Co2+/Co+ redox peak versus the scan rate. (d) The content of Co atom collected by XPS test and the 
concentration of electrochemical active Co sites in NrGO-CoPc.

The coverage of electrochemical active Co site (Γ) was further calculated by the equation as 
following.
ip,c = (n2F2νAΓ)/(4RT)    (1)
Where n is the number of electrons transferred (n=1 for the redox peak of Co2+/Co+), F is faraday 
constant (96485 C mol-1), ν is scan rate, A is electrode area, R is gas constant (8.314 J mol-1 k-1), T 
is the temperature (298 K).
Take the DrGO-CoPc as the example, the calculation was conducted as below.

      (2)

2 2
, -1i

= 0.0088 mA mV  s
4

p c n F A
v RT




    (3)

2 2 2 2 -1 2 2
-1

-1 -1

1  96485   A  s  (mol )   0.196 cm   0.0088 mA mV  s = 
4  8.314 J mol  K   298 K

    
 

    (4)

-1

2 2 -1 2

0.0088 A V  s  4  8.314 V A s  298 = 
964852  A  s  mol   0.196 cm

  


 

    (5)
-8 -2

-1 2

0.0088   4  8.314  298 = = 4.78  10  mol cm
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Table S3. The fitting results of Nyquist plots of rGO-CoPc and DrGO-CoPc.

Rs / Ω Rct / Ω

rGO-CoPc 10.15 106.30

DrGO-CoPc 7.84 83.39

Figure S20. (a) Polarization curves of pure CO2 reduction reaction by subtracting the curves 
collected in N2-saturated electrolyte from that in CO2, (b) The integral area of the CO2 reduction 
peak, (c) Tafel analysis of the hydrogen evolution, (d) Exchange current density for hydrogen 
evolution, for rGO, DrGO, rGO-CoPc, and DrGO-CoPc.

Due to the H2 and CO are the only two reduction products detected by on-line GC with the total 
FE approaching 100%, the excellent CO selectivity of DrGO-CoPc is ascribed to its preferential 
CO2RR over the competed hydrogen evolution reaction (HER). We collected the linear sweep 
voltammetry (LSV) of rGO, DrGO, rGO-CoPc, and DrGO-CoPc in N2- and CO2-saturated 
electrolyte. As confirmed by the GC measurement, the reduction product in the N2-saturated 0.1 M 
KHCO3 is exclusively H2 (Fig. S22), the current density is only attributed to the HER. Therefore, 
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Therefore, the LSV curves collected in CO2-saturated electrolyte were subtracted by those collected 
in N2-saturated electrolyte, which results in the polarization curves of pure CO2RR (the pH effect 
was corrected, Fig. S20a). It can be found that DrGO, rGO-CoPc, and DrGO-CoPc exhibit obvious 
differential current densities (JCO2-N2). To compare the CO2RR activity quantitatively, the integral 
areas of reduction peaks were analyzed, as demonstrated in the inset of Fig. S20a. DrGO-CoPc has 
the maximal peak area followed by rGO-CoPc and DrGO, meaning that the preferential CO2RR 
over HER gives the excellent CO selectivity of DrGO-CoPc.
  The HER intrinsic activity of rGO, DrGO, rGO-CoPc, and DrGO-CoPc was compared by 
analyzing the Tafel plots for HER (Fig. S20c), then calculating the exchange current density at the 
thermodynamic redox potential (J0). As summarized in Fig. S20d, DrGO-CoPc has the lowest J0, 
suggesting the poorest HER activity. The inferior HER activity of DrGO-CoPc is partly derived 
from the inherent electronic structure of CoPc. Moreover, the adsorption of CO2 reduction 
intermediate tends to reduce the coverage of H*, leading to suppressed HER activity. In addition, 
the CO2RR will create an alkaline electrode-electrolyte interface and in turn suppress the competed 
HER, especially under high current densities. Combining with its enhanced intrinsic activity of 
CO2RR, the DrGO-CoPc could give the best CO selectivity.

Figure S21. (a) Total current density, and (b) FECO of rGO-Pc, DrGO-Pc, rGO-CoPc, and DrGO-
CoPc.
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Figure S22. Faradaic efficiency of H2 and CO of rGO-CoPc and DrGO-CoPc collected in N2 
saturated electrolyte.
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