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1 Experimental section
1.1 Materials

All reagents were purchased from commercial sources and used without any further
purification, unless otherwise stated.

1.2 Instrumentation

Nuclear Magnetic Resonance (NMR) spectroscopy: All spectra were recorded on a Bruker Fourier

300 MHz spectrometer equipped with a dual (:3C, H) probe. All measurements were performed
at room temperature in a deuterated solvent using residual protons as internal reference.

Mass spectrometry (MS): The electrospray (ESI) time-of-flight (TOF) MS measurements were

performed using a Xevo G2-XS QTOF spectrometer (Waters, USA).

1.3 Electrochemical studies

Electrochemical studies under homogeneous conditions

The electrochemical properties of C2 or C3 were investigated by cyclic voltammetry (CV) with
0.5 mM of the catalyst in a 0.1 M NBu4PFs acetonitrile solution as the supporting electrolyte. A
three-electrode cell set-up was used, consisting of a 3 mm diameter glassy carbon working
electrode with a volume of 5 mL, a Pt-mesh counter electrode with a volume of 2 mL, and a
saturated calomel reference electrode (SCE electrode) separated by a glass frit. Prior to each CV
measurement, the working electrode was polished with 3.0, 1.0, and 0.25 um diamond paste,
followed by sonication in isopropyl alcohol for 1 minute to ensure a clean surface. CV
experiments were performed using a Metrohm Autolab PGSTAT12 potentiostat with IR

compensation.

Electrochemical studies heterogeneous conditions

To prepare the catalytic ink, 1 mg of the catalyst per 10 mg of multi-walled carbon nanotubes
(MWCNT) were mixed in 10 mL of ethanol, followed by a 30 min ultrasonic bath. Then, 100 pL
of Nafion solution (10 uL/mL) was added, followed by another 30 minutes of ultrasonication.
The ink was applied to a 1 cm? carbon paper by drop casting. CPE experiment was performed
with 10 pg/cm? C2/MWCNT or C3/MWCNT loaded on carbon paper (as the working electrode)
in 0.5 M KHCOs in ultrapure water (pH = 8.5) as supporting electrolyte. A three-electrode cell
was employed, consisting of a Pt-mesh counter electrode, and a saturated calomel reference

electrode (SCE electrode), both separated by a glass frit. Prior to each CPE experiment, the
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electrolyte was bubbled with Ar and CO,, respectively for 30 min. For CPE experiments, a VIONIC
potentiostat/galvonostat from Metrohm was employed.

CPE was performed in a three-compartment flow cell electrolyzer. In the cathode compartment,
CO, was supplied to the gas diffusion electrode (1 cm? C3/MWCNT carbon paper). The
electrolyte (0.5 M KHCOs, pH 8.5) flowed between the GDE and the anion exchange membrane
(AEM). The anodic compartment contained a Pt/Ti alloy anode, and the electrolyte flowed
between the anode and the membrane. The electrolyte was recycled using peristaltic pumps.
An Ag/AgCl electrode was used as the reference electrode.

The potentials were converted to the RHE by the equation: E (vs. rrg) = E (vs.sce) + 0.244 V + 0.0591

V x pH. IR compensation was used before each experiment (average value is 9.61 Q).

Gas detection

Gas chromatography analyses of the headspace gas during electrolysis were performed using an
Agilent Technologies 7820A GC system with a thermal conductivity detector. A CP-CarboPlot P7
capillary column was used for quantitative detection of CO and H; production. Operating
conditions were maintained at 150°C for the detector and 34°C for the oven. Argon was used as
the carrier gas at a constant pressure of 0.4 bar, flowing at 28.7 mL/min. A 250-pL gas-tight

(Hamilton) syringe was used for injection.

2 Synthesis of the compounds

o
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Scheme S1. Synthetic route to catalyst C2.

Compound 1 was prepared according to literature procedure.!
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'H NMR (300 MHz, Chloroform-d) 6 8.72 (s, 2H), 4.00 (s, 3H), 2.81 (s, 6H).
13C NMR (75 MHz, Chloroform-d) 6 198.60, 164.57, 153.89, 140.18, 124.16, 53.28, 25.86.

Compound 2. A quantity of 200mg (1eq., 0.9mmol) of compound 1 was dissolved in 5 mL of methanol
(MeOH) and heated to 60°C. A solution of sodium hydroxide (1.1eq., 0,99mmol, 40mg), dissolved in 1 mL
of water, was added dropwise to the reaction mixture, and the resulting solution was stirred for 1 hour.
The reaction mixture was then cooled to room temperature (RT), and the pH was adjusted to 2 by the
careful addition of a 2 M hydrochloric acid (HCI) solution. Subsequently, 10 mL of water was added, and
the reaction mixture was subjected to extraction with ethyl acetate (EtOAc) three times. The combined
organic layers were dried over magnesium sulfate (MgS04), and the solvent was removed under vacuum,
yielding the desired compound as a white solid with a high yield of 90% (170mg).

NMR (*H, DMSO, 400MHz) & (ppm): 8.72 (s, 2H), 4.00 (s, 3H), 2.81 (6H).
NMR (*3C, DMSO, 400MHz) 6 (ppm): 198.15, 164.99, 153.37, 141.20, 123.06, 25.52.
HRMS (ASAP+) m/z: [M+H]* calculated for C10H10NO4:208.0608; found: 208.0610.

Compound 3. A total of 200 mg of compound 2 (1eq, 0.96mmol) was dissolved in 10 mL of acetonitrile.
To this solution, EDC-HCI was added (1.2eq., 1.16mmol, 222mg), and the mixture was stirred at room
temperature (RT) for 10 minutes. Following this, 1.2 eq. of NHS (1.16mmol, 133mg) were introduced to
the reaction, and the stirring continued for an additional 2 hours at RT. The solvent was then removed
under reduced pressure, and the resulting residue was re-dissolved in 15 mL of dichloromethane (DCM).
This solution was subjected to two washes with 1 M HCl and two washes with a saturated solution of
potassium carbonate. The organic layer was subsequently dried with magnesium sulfate (MgS0a4), and the
solvent was removed under vacuum, resulting in the isolation of the desired compound as a white solid
with a yield of 80% (235mg).

1H NMR (400 MHz, Chloroform-d) 5 8.81 (s, 2H), 2.94 (s, 4H), 2.83 (s, 6H).
13C NMR (400 MHz, Chloroform-d) 6 197.75, 168.38, 159.92, 154.06, 135.47, 124.33, 25.66.
HRMS (ASAP+) m/z: [M+H]* calculated for C14H13N206:305.0775; found: 305.0774.

Compound 5. 85 mg of Compound 3 (1eq, 0.28mmol) was dissolved in 10 mL of dichloromethane (DCM)
and 0.5 mL of diisopropylethylamine (DIPEA). Subsequently, 1 equivalent of 1-Pyrenemethylamine
hydrochloride (1eq., 0.28mmol, 75mg) was added to the solution, and the reaction mixture was stirred
for 2 hours. The progress of the reaction was monitored by thin-layer chromatography (TLC) using DCM
as the eluent. Upon completion of the reaction, 15 mL of water was added, and the resulting mixture was
subjected to extraction with dichloromethane (DCM) twice. The organic layers were combined, and the
solvent was evaporated. The crude product obtained was further purified on silica gel, utilizing DCM as
the eluent, resulting in the isolation of the desired compound as a yellowish solid with a yield of 59%
(69mg).

'H NMR (300 MHz, Chloroform-d) 6 8.24 —8.17 (m, 3H), 8.14 — 8.01 (m, 4H), 7.99 — 7.88 (m, 4H), 5.25
(d, J=4.9 Hz, 2H), 2.44 (s, 6H).

13C NMR (101 MHz, Chloroform-d) 6 198.76, 164.03, 152.95, 143.55, 133.73 — 123.33 (m), 122.30,
43.06, 25.48.

HRMS (ASAP+) m/z: [M+H]* calculated for C27H21N203:421.1557; found: 421.1552

Catalyst C2. Compound 5 (50 mg, 0.12mmol) was dispersed in 15 mL of ethanol (EtOH) within a microwave
vial and subjected to degassing under argon for 15 minutes. Subsequently, CoCl.-6H20 (1leq., 0.12mmol,
29mg) was introduced, and the mixture was further degassed for an additional 5 minutes. Norspermidine
(1eq., 0.12mmol, 16mg) was then added to the reaction mixture, which was subjected to microwave
irradiation at 130°C, 300 W for 25 minutes. Upon completion of the reaction, the reaction mixture was
allowed to cool to room temperature (RT), followed by the addition of 1 mL of 2 M HCI. The resulting
solution was left to react for 30 minutes under ambient air conditions. The solution was then concentrated
under reduced pressure, dissolved in 20 mL of methanol (MeOH), and filtered through a nylon membrane.
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The filtrate obtained was concentrated once again under reduced pressure. The concentrated solution
was dispersed in 20 mL of acetonitrile and filtered through a nylon membrane. The resulting solution was
dried under reduced pressure, solubilized in 10 mL of MeOH, and precipitated by the addition of a large
quantity of diethyl ether (Et20). The precipitate was filtered, affording a green solid with a yield of 67%
(52mg).

HRMS (ES+) m/z: [M+H]* calculated for Ca3sH33NsOCl2Co: 644.1393; found: 644.1394.
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Scheme S2. Synthetic route to catalyst C3.

Compound 6 was prepared according to literature procedure.?

1H NMR (400 MHz, Chloroform-d) 5 8.17 (s, 2H), 2.77 (s, 6H).
13C NMR (400 MHz, Chloroform-d) 6 198.20, 154.06, 147.07, 125.08, 25.73.

Compound 7. Was prepared following literature® with small changes: Methyl 4-iodobenzoate (1 g,
3.77mmol) and bis pinacolato diboron (1.leq., 4.15mmol, 1.05g) are dissolved in 50 mL of
dimethylformamide (DMF) and the solution is degassed under argon for 30 minutes. Potassium acetate
(3eq., 11.3mmol, 1.11g) and palladium dichloride(diphenylphosphino)ferrocene (PdClz(dppf)) (5 mol%,
0.188mmol, 138mg) are then added to the mixture, followed by an additional 5 minutes of degassing. The
reaction mixture is heated to 80°C and stirred for 5 hours. The solution is cooled to room temperature
and 100 mL of dichloromethane (DCM) is added. The organic layer is washed three times with water and
once with a saturated solution of sodium chloride. The solvent is removed under reduced pressure, and
the crude product is purified on silica gel using a mixture of DCM and cyclohexane (9:1) as the eluent,
yielding the desired compound (0.91g, 92%).

!H NMR (300 MHz, Chloroform-d) 6 8.02 (d, J = 8.4 Hz, 2H), 7.87 (d, J = 8.3 Hz, 2H), 3.92 (s, 3H), 1.35 (s,
6H).
13C NMR (400 MHz, Chloroform-d) 6 167.15, 134.65, 132.28, 128.59, 84.18, 52.18, 24.89.

Compound 8. Compound (6) (200 mg, 1.01mmol) and (7) (1.2eq., 1.21mmol, 320mg) were dissolved in 10
mL of a mixture of tetrahydrofuran (THF) and water (3:1) and degassed for 30 minutes under an argon
atmosphere. Palladium tetrakis(triphenylphosphine) (Pd(PPhs)s) (20 mol%, 0.24mmol, 280mg) and
potassium carbonate (K2CO3) (3eq;, 3.03mmol, 414mg) were then added to the mixture, followed by an
additional 5 minutes of degassing under argon. The reaction mixture was heated to 85°C and stirred
overnight. The mixture was allowed to cool to room temperature and THF was evaporated under reduced
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pressure. The crude product was then extracted three times with dichloromethane (DCM). The combined
organic layers were concentrated under reduced pressure. The crude material was purified on silica gel
using a mixture of DCM and cyclohexane (9:1) to afford the desire compound as a white solid (93%,
279mg)

'H NMR (400 MHz, Chloroform-d) § 8.47 (s, 2H), 8.18 (d, J = 8.6 Hz, 2H), 7.80 (d, J = 8.6 Hz, 2H), 3.96 (s,
3H), 2.83 (s, 6H).

13C NMR (400 MHz, Chloroform-d) & 199.29, 166.36, 153.56, 149.49, 140.99, 131.36, 130.53, 127.20,
122.42, 52.35, 25.69.

HRMS (ES+) m/z: [M+H]" calculated for C17H16NO4: 298.1079; found: 298.1077.

Compound 9. Compound (8) (70 mg, 0.23mmol) was dispersed in 5 mL of methanol (MeOH), followed by
the addition of a solution of NaOH (1.2 eq, 0.28mmol, 11mg) in 0.5 mL of water. The resulting mixture
was heated to 60°C and stirred until it became clear. Upon achieving clarity, the mixture was cooled to
room temperature, and the pH was adjusted to 4 using a 1 M hydrochloric acid (HCI) solution, resulting in
the precipitation of the product. To aid in isolation, 10 mL of water was added, and the mixture was
extracted three times with ethyl acetate (EtOAc). The combined organic layers were dried over
magnesium sulfate (MgS0a4), and the solvent was removed under vacuum to yield the desired compound
as a white solid (60 mg, 90%).

'H NMR (400 MHz, DMSO-ds) 6 13.14 (s, 1H), 8.44 (s, 2H), 8.13 — 8.00 (m, 4H), 2.78 (s, 6H).

13C NMR (404 MHz, DMSO-ds) & 199.10, 167.24, 153.78, 149.22, 140.41, 132.42, 130.70, 127.97, 122.25,
26.81, 26.09.

HRMS (ASAP-) m/z: [M+H]* calculated for C16H12N04:282.0760; found: 282.0766

Compound 10. Compound (9) (200 mg, 0.7mmol) was dissolved in 10 mL of acetonitrile (ACN), followed
by the addition of EDC-HCI (1.2eq., 0.85mmol, 162mg). The mixture was stirred at room temperature (RT)
for 10 minutes. Subsequently, NHS (1.2eg., 0.85mmol, 97mg) was added to the reaction, and stirring was
continued for an additional 2 hours at RT. The solvent was then removed under reduced pressure, and
the resulting residue was dissolved in 15 mL of dichloromethane (DCM). The solution was washed twice
with 1 M hydrochloric acid (HCI) and twice with a saturated solution of potassium carbonate. The organic
layer was dried over magnesium sulfate (MgS0a), and the solvent was removed under vacuum, yielding
the desired compound as a white solid with a yield of 77% (205mg).

!H NMR (300 MHz, Chloroform-d) & 8.48 (s, 2H), 8.29 (d, J = 8.7 Hz, 2H), 7.88 (d, J = 8.7 Hz, 2H), 2.94 (s,
4H), 2.85 (s, 6H).

13C NMR (400 MHz, Chloroform-d) & 199.24, 169.08, 161.28, 153.64, 148.87, 142.98, 131.53, 127.65,
126.26, 122.49, 25.70.

HRMS (ASAP+) m/z: [M+H]* calculated for C20H20N206:381.1071; found: 381.1087.

Compound 11. Compound (10) (250mg, 0.66mmol) was dissolved in 10 mL of dichloromethane (DCM)
along with 0.5 mL of DIPEA. Subsequently, 1-pyrenemethylamine (0.95eq., 0.62mmol, 167mg) was added,
and the solution was stirred at 35°C overnight. The reaction mixture was then cooled to room
temperature, and 15 mL of water was added. The resulting mixture was extracted three times with DCM.
The combined organic layers were dried over magnesium sulfate (MgS0a), and the solvent was removed
under reduced pressure. The crude product was purified using recycling size exclusion chromatography
using chloroform as eluent. The purified product was then precipitated with methanol to yield the desired
compound as a yellowish solid (55%, 180mg).

'H NMR (400 MHz, Chloroform-d) 6 8.34 (s, 2H), 8.21 — 7.97 (m, 9H), 7.89 (d, J = 8.6 Hz, 2H), 7.69 (d, J =
8.6 Hz, 2H), 5.37 (s, 2H), 2.79 (s, 6H).

13C NMR (300 MHz, Chloroform-d) 6 199.29, 166.17, 153.41, 149.25, 139.60, 135.45, 131.35 (d, J = 42.0
Hz), 130.75, 129.15, 128.47, 128.02, 127.30, 126.17, 125.52, 124.83, 122.70, 122.18, 42.76, 25.65.

HRMS (ES+) m/z: [M+H]"* calculated for Ca3sH24N203Na: 519.1685; found: 519.1666.
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Catalyst C3. Compound (11) (80 mg, 0.16mmol) was suspended in 10 mL of a 3:1 mixture of ethanol and
acetonitrile (EtOH/ACN) and degassed for 15 minutes under an argon atmosphere. Subsequently,
CoCl2:6H20 (1leq, 0.16mmol, 39mg) and norspermidine (1leq, 0.16mmol, 22mg) were added, and the
mixture was subjected to microwave irradiation at 130°C for 25 minutes at 300 W. The resulting solution
was cooled to room temperature, and 1 mL of 2 M HCl was added. The mixture was stirred under ambient
air for 30 minutes. The solution was then evaporated under reduced pressure, and the residue was
dissolved in methanol (MeOH) and filtered. The filtrate was evaporated, and the residue was re-dissolved
in acetonitrile (ACN) and filtered again. This procedure was repeated, and the final filtrate was dissolved
in 5 mL of MeOH and precipitated in a large volume of diethyl ether (Et20). The precipitate was collected
by filtration, affording the desired compound as a green solid (67%, 70mg). For further purification, the
product can be subjected to Sephadex (LH20) size exclusion chromatography eluted with ACN

HRMS (ES+) m/z: [M+H]" calculated for CasH37NsOCl.Co: 720.1719; found: 720.1707.
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3 Study under homogeneous conditions (in acetonitrile solvent)

3.1 Electrochemical studies of C2 for CO, reduction

Cat (2) in MeCN under Ar

Current (uA)

T T T T T T T
-2.0 -1.5 -1.0 -05 0.0 05
Potential (V vs SCE)
Figure S1. CV of 0.5 mM (C2) under Ar atmosphere in 5 mL MeCN with 0.1 M BusNPFs as

supporting electrolyte at a scan rate of 0.1 V s. A glassy carbon working electrode (3 mm
diameter) was used.

Cat (2) in MeCN under Ar
44— first cycle
---- second cycle

Current (pA)
A

—-12 4

-1.5 | —11.0 ' —6.5 | 010 | 0.5
Potential (V vs SCE)

Figure S2. CV of 0.5 mM (C2) under Ar atmosphere in 5 mL MeCN with 0.1 M Bu,NPFs as
supporting electrolyte at a scan rate of 0.1 V s for the first and second scan. A glassy carbon
working electrode (3 mm diameter) was used.
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——Cat (2) in MeCN under Ar
5 —— cat (2) in MeCN under CO,

Current (uA)
I
=

-30 S —
-2.0 -1.5 -1.0 -0.5 0.0 0.5
Potential (V vs SCE)

Figure $3. CV of 0.5 mM (C2) under CO; atmosphere in 5 mL MeCN with 0.1 M BusNPFg as
supporting electrolyte at a scan rate of 0.1 V s. A glassy carbon working electrode (3 mm
diameter) was used.

5 —— Cat (3) in MeCN under CO,
0 -
g7
= -10-
c
9 4
5 -15-
o
=20 -
—25 4
=30 . T : I ; . . , . ,
-2.0 -1.5 -1.0 -05 0.0 0.5

Potential (V vs SCE)

Figure S4. CV of 0.5 mM (C2) under CO; atmosphere in 5 mL MeCN with 0.1 M BusNPFg as
supporting electrolyte at a scan rate of 0.1 V s, A glassy carbon working electrode (3 mm
diameter) was used.
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-20 -

—-40 -

-60 -

Current (nA)

—— 0.5 mM Cat (2) under Ar
0.5 mM Cat (2) under CO,

—— 0.5 mM Cat (2) under CO, + 100 eq TFE
—— 0.5 mM Cat (2) under CO, + 500 eq TFE
0.5 mM Cat (2) under CO, + 1000 eq TFE
-100 - 0.5 mM Cat (2) under CO, + 2000 eq TFE
—— 0.5 mM Cat (2) under CO, + 3000 eq TFE

-2.0 | -1.5 | —1I.0 —(5.5 010 015
Potential (V vs SCE)

-80 -

Current (uA)

~——0.5 mM Cat (2) under Ar
0.5 mM Cat (2) under CO,
~———0.5 mM Cat (2) under CO, + 100 eq TFE
~——0.5 mM Cat (2) under CO, + 500 eq TFE
0.5 mM Cat (2) under CO, + 1000 eq TFE
—6 -1 0.5 mM Cat (2) under CO, + 2000 eq TFE
-~ 0.5 mM Cat (2) under CO, + 3000 eq TFE

-1.0 ‘ 05 ' 0.0 05
Potential (V vs SCE)

Figure S5. CV of 0.5 mM (C2) under CO, atmosphere with increasing the amount of 2,2,2-
trifluoroethanol — TFE (from 0 to 4000 eq) in 5 mL MeCN with 0.1 M BusNPFs as supporting
electrolyte at a scan rate of 0.1 V s. A glassy carbon working electrode (3 mm diameter) was
used.
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3.2  Electrochemical studies of C3 for CO; reduction

|—Cat (3) in MeCN under Ar

| |
o »H
[

Current (nA)
|
o

20 -15 -10 -05 00 05
Potential (V vs SCE)

Figure S6. CV of 0.5 mM (C3) under Ar atmosphere in 5 mL MeCN with 0.1 M BusNPFs as supporting
electrolyte at a scan rate of 0.1 V s%. A glassy carbon working electrode (3 mm diameter) was used.

Cat (3) in MeCN under Ar
first cycle
---- second cycle o

Current (nA)
A

-12 4

T T T T T T T T T T T
-2.0 -1.5 -1.0 -0.5 0.0 0.5
Potential (V vs SCE)
Figure $7. CV of 0.5 mM (C3) under Ar atmosphere in 5 mL MeCN with 0.1 M BusNPFs as supporting

electrolyte at a scan rate of 0.1 V s for the first and second scan. A glassy carbon working electrode (3
mm diameter) was used.
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Cat (3) in MeCN under Ar
Cat (3) in MeCN under CO,

Current (nA)
|
S & o o

| | l
w w N
(&) o (&)

1 1 L

—1|.5 | —1|.0 I —0|.5 | 010 | 0.5
Potential (V vs SCE)

|
N
o

Figure $8. CV of 0.5 mM (C3) under COz atmosphere in 5 mL MeCN with 0.1 M BusNPFs as supporting
electrolyte at a scan rate of 0.1 V s%. A glassy carbon working electrode (3 mm diameter) was used.

54— Cat (3) in MeCN under CO,

-2.0 ' —1|.5 . —1l.0 | —0'.5 | 010 | 015
Potential (V vs SCE)

Figure S9. CV of 0.5 mM (C3) under €Oz atmosphere in 5 mL MeCN with 0.1 M BusNPFs as supporting
electrolyte at a scan rate of 0.1 V sX (for all cathodic waves). A glassy carbon working electrode (3 mm
diameter) was used.
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3 40
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8 —— 0.5 mM Cat (3) under CO,
—80 + 0.5 mM Cat (3) under CO, + 100 eq TFE
0.5 mM Cat (3) under CO, + 500 eq TFE
-100 4 ~——— 0.5 mM Cat (3) under CO, + 1000 eq TFE

i —— 0.5 mM Cat (3) under CO, + 2000 eq TFE
120 —— 0.5 mM Cat (3) under CO, + 3000 eq TFE
] —— 0.5 mM Cat (3) under CO, + 4000 eq TFE

=20 | -1.5 | —1|.0 | —6.5 | 010 | 0!5
Potential (V vs SCE)

4
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N
-
®
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&
_4 N 0.5 mM Cat (3) under Ar
0.5 mM Cat (3) under CO,
0.5 mM Cat (3) under CO, + 100 eq TFE
0.5 mM Cat (3) under CO, + 500 eq TFE
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Figure $10. CV of 0.5 mM (C3) under CO2 atmosphere with increasing the amount of 2,2, 2-trifluoroethanol
— TFE (from 0 to 4000 eq.) in 5 mL MeCN with 0.1 M BusNPFs as supporting electrolyte at a scan rate of
0.1V s Aglassy carbon working electrode (3 mm diameter) was used.
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Table S1. Electrocatalytic properties of the complex €3 during controlled potential electrolysis
(CPE) experiments at -1.2 and -1.3 V versus SCE using 0.5 mM of catalyst in 0.1 M BusNPFs in
acetonitrile as supporting electrolyte under CO; in the presence of 3000 equivalent of TFE.

Cat (3) Cat (3)
Applied potential
pp(v VSpSCE) 1.2 13
Charge passed (C) 0.55 0.61
Quantity of catalyst (mM) 0.5 0.5
Time (s) 3600 3600
H> Cco H> Cco
Selectivity (%) 0 0 11 89
Faradic Efficiency (%) 0 0 1.66 13.37
Total Faradic Efficiency (%) 0 15.0

Figure S11. Pictures of the electrolyte during CPE with complex €3 in acetonitrile + BusNPFs (0.1
M) at -1.5 V vs. SCE at the beginning at the electrolysis (a) after 10 minutes (b); picture of the
glassy carbon working electrode after 10 minutes electrolysis (c).
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4 Study under heterogeneous conditions (in KHCO3 buffer)
4.1 Cat C2/MWCNT loaded on carbon paper (10 pg/cm?):

Table S2. CPE data for cat C2/MWCNT loaded on carbon paper (10 ug/cm?) at different potentials
in 0.5 M KHCOs (ultrapure water) as supporting electrolyte under CO..

Applied potential
(V vs SCE) 1.2 13 14 14

Applied potential
(V vs RHE) 0.45 0.55 0.65 0.65
Charge passed (C) 4.22 11.56 18.26 30.09
Current density (mA cm ) 1.17 3.21 5.07 4.18
Ratio CO/H, 28.8 50.3 40.7 20.5
Time (s) 3600 3600 3600 7200

Products H | co | H | co |H | co H | co
Selectivity (%) 3 97 | 2 98 2 98 4 | 96
Faradaic Efficiency (%) 264 | 76 |1.71]86.05 | 2.58|92.66 | 5.22 |87.40
Total Faradic Efficiency (%) 78.64 87.76 95.24 92.63
Partial current density (mA cm_z) 0.04 {113 1 0.06 | 3.15 | 0.1 | 497 | 0.17 | 4.01
TONCO 1078 3343 5715 8839
TOF__ (s) 0.30 0.93 1.59 1.23
C2at-1.2Vvs SCE C2at-1.3Vvs SCE
0 10 20 Tim:?min) 40 50 60 0 10 20 Tim:U(min) 40 50 60
C2at-1.4Vvs SCE )
3 5 o] Lj:’
14 /

GID
Time (min)

:
45

T
75

T
90

T T
105 120

T T
-15 -1

T T T
0 =05 00 05

Potential (E vs SCE)

Figure S12. Current (black) and charge (red) overtime during CPE experiment at -1.2 (top-left), -
1.3 (top-right) and -1.4 V (bottom-left) vs. SCE using C2/MWCNT loaded on carbon paper in 0.5
M KHCO3 under CO,. CV before CPE under Ar (solid black line) and CO; (solid red line) —
(bottom-right).
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4.2 Cat C3/MWCNT loaded on carbon paper (10 pg/cm?):

Table S3. CPE data for cat C3/MWCNT loaded on carbon paper (10 ug/cm?) at different potentials
in 0.5 M KHCOs (ultrapure water) as supporting electrolyte under CO..

Applied potential
(V vs SCE) 1.2 13 14 1.4
Applied potential
(V vs RHE) 0.45 0.55 0.65 0.65
Charge passed (C) 3.43 9.7 18.33 33.1
Current density (mA cm ) 0.95 2.69 5.09 4.60
Ratio CO/H, 24.3 46.7 33 26.4
Time (s) 3600 3600 3600 7200
Products H, | co | H co H, | co | H, | co
Selectivity (%) 4 9% 2 98 2 98 2 98
Faradaic Efficiency (%) 2.26 1 81.31 | 1.47 | 101.55]2.03|99.14 | 2.18 | 85.13
Total Faradic Efficiency (%) 83.57 103.03 101.17 87.31
Partial current density (mA cm?) | 0.04 | 091 (0.05| 2.64 [0.10| 4.99 [ 0.09| 4.51
TONCO 1049 3704 6833 10594
TOF (s ) 0.29 1.03 1.90 1.47
C3at-1.2Vvs SCE C3at-1.3Vvs SCE )
g7 o L0
Time (min) ' Time (min)

C3at-1.4Vvs SCE

[—— CIMWCNT under A
CUMWCNT under CO,

Current (mA)
Charge (C)
Current (mA)

T T T T T T T 1 T T T T T
0 15 30 45 60 75 90 105 120 -15 -1.0 =05 0.0 05
Time (min) Potential (E vs SCE)

Figure S13. Current (black) and charge (red) overtime during CPE experiment at -1.2 (top-left), -
1.3 (top-right) and -1.4 V (bottom-left) vs. SCE using C3/MWCNT loaded on carbon paper in 0.5
M KHCO3 under CO,. CV before CPE under Ar (solid black line) and CO; (solid red line) —
(bottom-right).
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C3/MWCNT ratio of 1:2 under Ar

—— C3/MWCNT ratio of 1:2 under Ar
C3/MWCNT ratio of 1:2 under CO,

Current (mA)
Current (mA)

-16

-20

24 T -2.0 T T T T T T
-12 -10 -08 -06 -04 -02 00

Potential (V vs SCE)

0.0 0.5

T T
-1.0 -0.5 04 06

Potential (V vs SCE)

T
0.2

Figure $14. CV for C3/MWCNT loaded on carbon paper at the ratio of 1:2 cat:MWCNT in 0.5 M
KHCOs under Ar (black) and under CO; (red). In the right from 0.5 to — 1.6 V vs. SCE and in the
left from 0.5 to -1.0 V vs. SCE, both at 100 mV s™.
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Figure $15. top-left - Current (black) and charge (red) overtime during longtime CPE experiment (5 h) at -
1.4 V vs. SCE using C3/MWCNT loaded on carbon paper in 0.5 M KHCOs under COz. Top-right — Selectivity
for CO:H: overtime during CPE. Botton-left — CV before CPE under Ar (solid black line), under CO: (solid
red line) and after CPE under CO: (dash red line).

Table S4. Long-time CPE data for cat C3/MWCNT loaded on carbon paper (10 ug/cm?) at -1.4 V
vs SCE in 0.5 M KHCOs in ultrapure water as supporting electrolyte under CO..

Time (h) 1 3 5
Products H, co H, co H, co
Selectivity (%) 2 98 3 97 8 92
TON_, 6704 15309 20757
TOF__ (s) 1.86 1.42 1.15
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CPE experiments using labelled 13CO;
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Figure S16. CPE experiment in 0.5 M KHCO3 under Ar. insert figure: MS spectra obtained at a
retention time of 5 min.

900000 -
— Absolute Intensity

800000 m/z = 29

" 13¢0
7000004 ™ ¥ ’

600000

ity

500000

400000

300000 - y

Absolute Intens

200000 H,

100000 -

0 -

T T T T T T T T r T T
0 1 2 3 4 5 6 7
Retention time (min)

Figure $17. CPE experiment using 13COz in 0.5 M PBS (pH 8.5) 13CO.. insert figure: MS spectra obtained at
a retention time of 5 min.
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4.3 Only MWCNT loaded on carbon paper (10 pg/cm?):

Table S4. CPE data for MWCNT loaded on carbon paper (10 ug/cm?) at different potentials in 0.5
M KHCOs in ultrapure water as supporting electrolyte under CO,.

Applied potential 1.4
(V vs SCE) .
Applied potential
(V vs RHE) 0.65
Charge passed (C) 7.59
2
Current density (mA cm ) 211
Time (s) 3600
Products H, | co
Selectivity (%) 100 | O
Faradaic Efficiency (%) 983 | O
Total Faradic Efficiency (%) 98.3
Partial current density (mAcm ) | 2.11 | 0

only MWCNT at-1.4 V vs SCE
-0.75 T T T

2
—— MWCNT under Ar
-0 —— MWCNT under CO,
-1.00 |
04
-1.25 4 F—2
< o <,
£ -1.50 o L2
- -4 g -
5 ° 3
E -1.75 & £
3 O 3 -4
o -6 [&]
-2.00
-8 6
-2.254
-2.50 T T T =10 -8 T T T T T
0 15 30 45 60 -20 -1.5 -1.0 -0.5 0.0 0.5
Time (min) Potential (V vs SCE)

Figure $18. Current (black) and charge (red) overtime during CPE experiment at -1.4 V (left) vs.
SCE using only MWCNT loaded on carbon paper in 0.5 M KHCO3 under CO,. CV before CPE
under Ar (solid black line) and CO; (solid red line) (right).
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5 NMR spectra

3 (e}
(5]
g £
R 8 S % 3
o ~ + [l =
| | CHa
‘
0]
Sy
H,C N/ CH,
o o]
1
1
T T N
n m (=]
@ =} =1
— [5s] w
T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 a -1 -2 -3 -4
ppm
Figure $19. 'H NMR of compound 1 in CDCl3
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Figure 520. 3C NMR of compound 1 in CDCl3
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Figure $21. 'H NMR of compound 2 in DMSO
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Figure $22. 3C NMR of compound 2 in DMSO-d.
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Figure $24. 3C NMR of compound 3 in CDCls.
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Figure $28. 3C NMR of compound 6 in CDCls.
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6 Mass spectrometric analyses

Elemental Compaosition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -10.0, max = 1000.0
Element prediction; Off
Number of isctope peaks used for i-FIT = 4
Monoisotopic Mass, Even Electron lons
119 formula(e) evaluated with 1 results within limits (all results {up to 1000) for each mass)
Elements Used:
C:0-100 H:0-200 N:0-4 0:0-5
AB-238-REFAIT (SOLIDE) XEVO G2-XS QTOF 16-Jan-2024
20240116_W\W_AB-238-REFAIT_01 58 (0.606) Cm (55:58) 1: TOF MS ASAP+
3.508+006
208.0608
%3 1710171881048 200.0862201.0963202 10662031063 20*+0636205.0743207.0808 | 209.0626210,0647 211.1153212.1158 214.0080215.0000 2717 pvmormo
T T T T T T T
138.1 2000 202.0 204.0 206.0 2080 2100 212.0 2140 216.0 2180
Minimom: -10.0
Maximom: 30.0 5.0 1000.0
Mass Calc. Mass mDa  PPM  DBE  i-FIT Norm Conf (%) Formula
208.0608  208.0610  -0.2 -1.0 6.5  2201.8 n/a  n/a €10 H10 N 04
Figure S394. HRMS report of compound 2.
" Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-10.0, max = 1000.0
Element prediction: Off
Number of isotape peaks used for i-FIT = 4
Monoisotopic Mass, Even Electron lons
308 formulafe) evaluated with 1 results within limits (up o 5 best isotopic matches for each mass)
Elements Used:
C:0-100 H:0-200 N:0-5 0:0-10
AB-419 (SOLIDE) XEVO G2-XS QTOF 16-Jan-2024
2024D115_WW_AB-413_01 104 (1.057) Cm (104:110) 1:TOF MZ)S;B«SA;;S
0+
0y EERAI gy gy T2 g ey 29022 5040705 3090775 3060799 3081473 3103107 3123283 31401 gi;ees 220.1853 322.149) 3233260
X i 2 r T miz
"ag20 | 290 | ze0 | 2eB0 3000 | 3020 | 9040 G0R0 | 3080 | 8100 | 4120 | 340 | 3160 | 3180 | 3200 | 3220 | 3240
Minimum: -10.0
MaxLmum: 30.0 5.0 1000.0
Mass Cale. Mass mDa PPM DBE 1i-FIT Norm Conf (%) Formula
305.0775  305.0774 0.1 0.3 9.5  2087.6 n/a  n/a €14 H13 N2 06
Figure 40. HRMS report of compound 3.
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -10.0, max = 1000.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 4
Monoisotopic Mass, Even Electron lons
198 formula(e) evaluated with 1 results within limits (up to 5 best isotopic matches for each mass)
Elements Used:
C:0-100 H:0-200 N:0-4 0:0-5
AB-421 (SOLIDE) XEVO G2-XS QTOF 16-Jan-2024
20240116_WW_AB-421_01 175 {1.769} Cm (174:177) 1: TOF MS ASAP+
1.018+006
421.1587
"84 ssedses 4031870 405oase 4093831 400 415pi06 dzondst. | 4221568 4pg0me7a30isen  *39196! ao7iasyasstast ss2.3084 4471698 ss2iss
i 3893524 s zilig Lo - —
400.0 405.0 410.0 415.0 4200 4250 4300 4350 440.0 4450 4500
Minimum: -10.0
Maximum: 30.0 5.0  1000.0
Mass Calc. Mass mba BPM DBE i-FIT Norm  Conf (%) Formula
421.1557  421.1552 6.5 1.2  18.5 1957.9 n/a  n/a €27 H21 N2 03

Figure 41. HRMS report of compound 5.
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AB-437 (MeCH) - MeOH/HZO (95/5%)
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Figure 42. HRMS report of compound C2. Upper panel full experimental spectrum, lower panel overlay of

the calculated and experimental isotopic pattern on one specific fragment.
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7
. Elemental Composition Report

Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE: min = -10.0, max = 1000.0
Element prediction: Off
Number of isotope peaks used for i-FIT =4
Monoisotapic Mass, Even Electron lons
79 formula(e) evaluated with 1 results within limits {up to 5 best isotopic matches for sach mass)
Elements Used:
C:0-110 H:0-110 N:0-2 0:0-4
AB-234 (DCM) - MeCH/H20 (95/5%) XEVO G2-XS QTOF 06-Feb-2024
20240206_WW_AB-234_01 33 (0.357) Gm (28:36) 1: TOF MS ES+
6.7224004
1 1.102¢ 2041635 2881077
081 2881500 293.1082 2991107 302.0755 308.0879 3121204 317.0814 320.0881 325.110326 1187 330.508 3360535 339.1306
£ - — T T T T T T T T — T —'—r  E  Enamanas weso e s s Sl T 3
2800 2850 2900 2050 300.0 305.0 310.0 3150 320.0 3250 335.0 340.0
Minimum: -10.0
Maximum: 30.0 50.0 1000.0
Mass Calc. Mass mDa PPM DBE i-FIT Nerm Cenf(%) Formula
298.1077  298.1078 -0.2  -0.7 10.5 532.0 n/a n/a C17 H16 N 0%
Figure 43. HRMS report of compound 8.
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 PPM / DBE: min = -10.0, max = 1000.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 4
Monaisotopic Mass, Odd and Even Electron lons
199 lormula(e) evaluated with 1 results within limits (all resuits {up to 1000) for each mass)
Elements Used:
C:0-200 H:0-200 N:0-3 0:0-10
AB-225 (SOLIDE) XEVO G2-XS QTOF 11-Dec-2023
20231212_WW_AB-225_01 78 (0.800) Cm (73:78) 1: TOF MS ASAP-
8.628+006
283.0837
IQ’F Z5.1626 214 ranzs. ZBZ-DTE? | 2840869 286.0914 287.0798  og, ony 2021645 206.0807 g70g93 2981023 290.9787 400 4nny 5051741 08,1801 305.1:';5
T T T T T T T T T 1 T T
274.0 276.0 278.0 280.0 2820 2840 2860 2880 2900 292.0 2940 296.0 298.0 300.0 3020 3040 3060 308.0
Minimum: -10.0
Maximum: 30.0 5.0 1000.0
Mass Cale. Mass mDa PPM DBE i-FIT Nerm Conf(%) Formula
282.0760 282.0766 -0.86 -2.1 11.5 2385.7 n/a nfa Clé H1Z N 04
Figure 44. HRMS report of compound 9.
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 6.0 PPM / DBE: min = -10.0, max = 1000.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 4
Monoisotopic Mass, Even Electron lons
374 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:0-200 H:0-200 N:0-5 0:0-10
AB-428 (SOLIDE) XEVO G2-XS QTOF 08-Dec-2023
20231208_WW_AB-428_02 155 (1.575) Cm (154:161) 1: TOF MS ASAP+
1.3484005
i 381.1071 82,1088 31 2831 392.1041
%J 3743894 3753464 3763869 377.3102 3783498 3793614 e 383.1147 3841128 3853429 3853645 3573934 3883913 389.3052 390.3120 e
A | I APAAD R A B WAL il Sk | gl § T I T g D el Jale, el bl T
3740 | 3750 | 3760 | 3770 | 3780 | 3700 | 300 | 3810 | 3820 | 3630 | 3840 3850 360 3870 3880 3680 30 | 3910 | 3920
Minimum: -10.0
Maximum: 30.0 6.0 1000.0
Mass Calc. Mass mbDa PEM  DBE i-FIT Norm Conf(%) Formula
381.1071  381.1087 -1.6 -4.2 13.5 1087.4 n/a n/a €20 H17 N2 06
Figure 45. HRMS report of compound 10.
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Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-10.0, max = 1000.0
Element prediction: Off

Number of isotope peaks used for I-FIT =4

Monoisoiopic Mass, Even Eleciron lons
114 formula(e) evaluated with 1 results within limits (up to 5 best isotopic matches for each mass)
Elements Used:

C:0-110 H:0-110 N:0-2 0:0-4 Na1-1
AB-428 (DCM) - MeOH/H20 (85/5%

) XEVO G2-XS QTOF
20240206_WW_AB-429_01 41 (0.437) Cm (38:42)

5191666
'q}gim 2404 505.1785610.1786511.2020 5132198 515.2507 5168583 5175768 5201743521, 1747 . 5230385 243750 5259762
v T T T T T T Trr T
508.0 5100 512.0 514.0 516.0 518.0 520.0 s22.0 524.0 526.0
Minimum: =10.0
Maximum: 30.0 5.0  1000.0
Mass €ale. Mass mba  PBM  DBE  i-FIT Noxm Conf{3} Formula
519.1666 S19.1685  -1.8 -3.7 22.5 331.7 nfa  n/fa ©33 H24 NZ O3 Na

Figure 46. HRMS report of compound 11.
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AB-400 (MeOH) - MeOH (100%) XEVO GZ-X5 QTOF 07-Mar-2023

20230307 WW_ABA00_DA 46 (0.430) Gm (46:48) . 07:Mar-202
¥ T202 g 547 T
100+ |C/r\ A2 H Y
72232 - -
4 Co-Bh =Ty
6482
|
|
7232
6402
7242
B4 2
2451 " TEE2
4753 a2 s,
3261 545.2 7.2
iy 1851 7 292 01 g 763 g, 2 - 8001
e B WS 4 car T3 GO [T T BN . o

+ . 1 T - - e e T ——
100 150 200 250 300 a5 400 450 500 550 600 &S0 700 750 BOO B50 o0 50 1000 1050 1100 1150

AB-430 (MeOH) - MeCH/H20 (95/5%) XEVO G2-X5 QTOF 15-Jun-2023
20230815_WWW_AB-430_01 (0.037) Is (0.05.0.01) C38H3TCI2CETNSO1 1 TOF MS ES+
720.2 168212
1004
222
- sl Calculated
7212
7232
| 7242
| 7252
| 726.2

b Y P PE— T T T — T I — miz

716 77 718 719 720 721 722 723 724 725 76 727 728 729
20230815_WW_AB-430_01 41 (0.437) Cm (39:47) 1. TOF M3 ES+

7202 361e4
100
7222 .
Experimental
o 7212
7232
— 7242
627 ¥ 72032 12147 1222 goq 572 L l2az = 4
TE27164 71]72 21?5?13}2;(&4 . 9 7205 rz|.{if/2|-'2.721_51r \‘/ 7241 ?7[?325.4 7847382 72717273 TR ;255 .,292}?9
I Y (ot " [P ot L7 ; ;
718 77 718 7 730 721 722 733 724 725 726 727 728 728

Figure 47. HRMS report of compound C3. Upper panel full experimental spectrum, lower panel overlay of
the calculated and experimental isotopic pattern on one specific fragment.
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