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Scheme S1. Scheme of the synthesis of Co-TAA

The control sample Co-TAA was prepared following procedures found in the

literature.[S!]

2-(4-Pyridyl)malondialdehyde (149 mg, 1 mmol), o-Phenylenediamine (108 mg, 1
mmol) and 8§ mL Ethanol were added to a 25 mL three-neck round bottom flask, then
a few drops of acetic acid was added. The resulting solution was sonicated for half an
hour to obtain a homogenous mixture. The flask was heated at 80 °C with stirring
under argon for 48 h and cooled to room temperature. The resulting brown precipitate
was collected by filtration and washed with ethanol, then vacuum dried at 60 °C for

24 h to give a red-brown powder (TAA) with ~80% yield.

Then A mixture of TAA (36.0 mg, 0.08 mmol) and anhydrous cobalt chloride (72.0
mg, 0.55 mmol) in DMF (2 mL) were placed in a Teflon-sealed bomb and then heated
to 155 °C slowly and keep for 10 h and allowed to cool to room temperature slowly.

Dark violet needle-shaped complex of Co-TAA was obtained, Yield (15%).
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Figure S1. FT-IR spectra of the model compound Co-TAA, and Poly-TAA-Co
powder.



Figure S2. (a-b) HRTEM images and (c-d) STEM images of Poly-TAA-Co.



Figure S3. EELS chemical composition maps from the red squared area of the STEM
micrograph. Individual Co Lo 3-edges at 779 eV (red), N K-edges at 401 eV (green), O
K-edges at 532 eV (blue), and C-K edges at 284 eV (grey) and composites of Co-N,
Co-0, Co-C, N-O and Co-N-C.
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Figure S4. (a)-(b) Survey, high resolution Cls XPS spectra of Poly-TAA powder,
respectively.
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Figure S5. (a) Survey, high resolution Cls XPS spectra of Poly-TAA-Co powder,
respectively.
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Figure S6 TGA analysis of Poly-TAA-Co under argon by heating to 600 °C at the rate
of 5 °C/min.



Table S1. Co K-edge EXAFS fitting parameters for Poly-TAA-Co

Sample Bond R(A) CN R factor
(%)
Poly-TAA-Co Co-N 2.05 3.54+0.5 0.6
R : bond length, CN: coordination number
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Figure S7. N adsorption and desorption of Poly-TAA (a), Poly-TAA-Co (b) and
Poly-TAA-Co-CNT (c), respectively.
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Figure S8. (a) Total current density of Poly-TAA-Co-CNT (7:3). (b) FE of CO and H>
at various potentials for Poly-TAA-Co-CNT (7:3).
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Figure S9 Current density for H> production on Poly-TAA-Co-CNT(1:1) and
Poly-TAA-Co-CNT(3:7). and
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Figure S10. Nyquist plots of the electrochemical impedance spectroscopy (EIS) data
of (a) Poly-TAA-Co, (b) Poly-TAA-Co-CNT(1:1) and Poly-TAA-Co-CNT(3:7)

electrodes after the activation process.



The electrochemical double-layer capacitance (Cdl) curves were calculated by cyclic

voltammetry (CV) in a non-Faradaic region at scan rates in the range 25 to 150 mV
s ! and using the following equation: 5%
Cdl =Aj/v

where Aj (Aj =(ja-jc) is the current density (mA cm 2), and v is scan rate (mV s 1),

respectively. The electrochemical active surface area (ECSA) is linear with the Cdl:

ECSAxC,

And The surface roughness factor (Rf) is linear with the ECSA,

Rf oc ECSA

So Rf'is linear with Cdl. R, « C,
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Figure S11. Linear sweep voltammetry (LSV) curves of (a) Poly-TAA-Co.
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Figure S12. FE of H» at various potentials on Co-TAA-CNT(3:7), CoPc-CNT(3:7)
and Poly-TAA-Co-CNT(3:7).
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Figure S13. XRD patterns of Poly-TAA-Co-CNT loaded on carbon paper before and
after CO2RR.
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Figure S14 HAADF-STEM (a, c¢), BF-TEM (b, d) and HRTEM micrographs (c, e) of
Poly-TAA-Co-CNT (3:7) sample (before and after CO2RR).

Figure S15. EELS chemical composition maps obtained from the red squared area of
the STEM micrograph. Individual Co L2,3-edges at 779 eV (red), N K-edges at 401
eV (green), O K-edges at 532 eV (blue), and C-K edges at 284 eV (grey) and
composites of Co-N, Co-O, Co-C, N-O and Co-N-C. (Poly-TAA-Co-CNT (3:7), after
electrocatalytic CO2RR)
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Figure S16. Calculated energy diagrams for CO> to CO at —0.5 V conversion on

CoPc and CoTAA molecule, respectively.



Table S2. The comparison of electrochemical reduction of CO2 to CO for reported

cobalt based electrocatalysts.

Catalysts Electrolyte  Potential Main FEco (%) Ref.
(Vs Product
RHE)
Poly-TAA-Co-CNT 0.5M -0.5 CO 90 This
KHCO3 work
CoPc-PI-COF-1 0.5M -0.7 CcO 93 S3
KHCO;3
CoPc-PI-COF-1 0.5M -0.9 CcO 95 S3
KHCO;3
CoPc-PI-COF-2 0.5M -0.7 CcoO 95 S3
KHCO;3
CoPc-PI-COF-2 0.5M -0.9 CcO 92 S3
KHCO;3
Co-TTCOF NSs 0.5M -0.8 CcO 99.7 S18
KHCO;3
Co-TTCOF 0.5M -0.7 CcO 91.3 S4
KHCO;3
COF-366-Co 0.5M -0.55 CcoO 90 S5
KHCO;3
COF-366-F-Co 0.5M -0.55 CcO 87 S6
KHCO;3
C0304-CDots-C3N4 0.5M -0.6 CcO 89 S7
KHCO;3
Co-PMOF 0.5M -0.8 CcO 98.7 S8
KHCO;3
CoPPC/CNT 0.5M -0.5 CcoO 85 S9

KHCO3
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