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Fig. S1. IH NMR spectrum of (picscyclen)
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Fig. S2. 13C NMR spectrum of (picscyclen)
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Fig. S3. 'H NMR spectrum of (bnscyclen)
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Fig. S4. 13C NMR spectrum of (bn,cyclen)



Fig. S5. ORTEP diagram of (pic),cyclen with thermal ellipsoids drawn at the 50% probability. Hydrogen atoms are
omitted for clarity. Blue, N; gray, C.



Table S1. Crystal data for (pic)scyclen.

Radiation type, wavelength

Mo Ka, 0.71073

Formula C32HaoNg
Formula weight 536.72
Crystal system Triclinic
Space group P-1

a (A) 9.328(6)

b (A) 9.338(5)
c(A) 10.156(6)
a (deg) 95.874(3)
8 (deg) 116.949(5)
y (deg) 108.364(5)
V(A3 716.3(7)

Zz 1

T(K) 93

d (g/cm3) 1.244

U (mm?) 0.077

R1, WR; [I>20(1)] 0.0463

R1, WR, [all data] 0.1605

Rint 0.0290
F(000) 288

GOF 1.046
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Fig. S6. ESI-Mass of [([Ru]pic)scyclen]*



Table S2. Crystal data for [bn,scyclenNiCI]CI.

Radiation type, wavelength (nm)

Mo Ka, 0.71073

Formula

C36H44N4NiC|2

Formula weight

662.36

Crystal system

Orthorhombic

Space group Cem2,
a(A) 7.7774(8)
b (A) 25.294(3)
c(A) 16.4763(17)
o (deg) 90

8 (deg) 90

y (deg) 90

v (A?) 3241.3(6)
z 4

T (K) 298(2)

d (g/cm?) 1.357

U (mm™2) 0.795

R1, wR, [1 > 20(1)]

0.0530, 0.1327

R,, WR; [all data]

0.0714, 0.1428

F(000)

1400

GOF

0.998

Table S3: Comparison of the coordination geometry of the Ni ion in [bn,cyclenNiCI]Cl to ideal

geometries by using Shape 2.1.1 A smaller value indicates better agreement.

. . . Spherical square Johnson trigonal
Pentagon Vacant octahedron | Trigonal bipyramid pyramid bipyramid J12
D5h Cav D3h Cav D3h
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33.267 2.854 5.429 0.181 8.959

The diffusion coefficient D calculation of [{([Ru]pic).cyclen}NiCl]>*

The relationship between the cathodic peak current (i,) and square root of the scan rate is

given by the Randles-Sevcik equation for a homogeneous system.?
ip = 0.4463n,FA[cat](n,FvD/RT)¥?  Eq.S1

where i, is peak current (A), n, is the number of electron(s) involved in the redox system (1 for
Ni'/' redox process), F is the Faraday constant (96500 C-mol2), A is the surface area of working

electrode (0.071 cm?), [cat] is catalysts concentration (mol-cm™3), vis the scan rate (V:s™), R is the

Current (UA)
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Fig. S7. Cyclic voltammograms of [{([Ru]pic)scyclen}NiCl]>* in CH;CN containing 0.1 M TBAPF; at different scan rates.
The Ni'' couple was used as the cathodic peak current.
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universal gas constant (8.31 J-K"1-mol™), and T is the temperature (298 K). The diffusion

coefficient D is calculated from the slop of i, vs. v¥/2 plot.
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Fig. S8. Plot of i, vs. v¥/2 for [{([Ru]pic)scyclen}NiCl]>*, data collected from Figure 7. Peak current consider for Ni'/!
reduction couples at corresponding scan rate. The current showing a linear dependence on scan rate, indicating that
the reduction of for [{([Rulpic)scyclen}NiCl]>* is a diffusion-controlled process.

The diffusion coefficient for for [{([Ru]pic)scyclen}NiCl]>* calculated using Eq. S1 to be 1.95 x 10~
>cm?-s7L,
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Fig. S9: IR spectroscopy of the solid collected after bulk electrolysis in dry CH3;CN.
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Fig. S11: CPE experiment trace for [bn,cyclenNiCl]Cl
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Fig. S12. Cyclic voltammogram of [Ru(bpy),CI]* ([Ru]) vs. Ag wire under a N, atmosphere (black)
and a CO, atmosphere (red). Although a small increase in the current was observed, it was small.
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Fig. S13. Cyclic voltammetry of 1:4 [bn,cyclenNiCl]Cl and Ru(bpy),Cl, under N, (black) and CO,
(red) in 95:5 (v/v) CH3CN/H,0.
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Table S4: Comparison of CO, reduction electrocatalysts

Major o a
Entry Catalyst product FE (%) TOF(s™) n(v) Ref.
1 [{([Ru]pic)scyclen}NiCI]>* co 80 708 0.88 In this work
2 [{([Ru]pic)scyclen}NiCI]>* co 84 178 0.53 In this work
3 [bnscyclenNiCl]Cl co 77 8 0.73 In this work
H\N v
4 AN co 84 130 0.55 3
H/ \H
5 N“\Ni" A Cco 88 100 0.59 3
NH/ \NH
/S
NH NH
6 e > co 88 100 0.55 3
NH/ \NH
\N/ \
7 <: >Niu< ) co 90 90 0.88 4
/N N\
NH NH
N
8 /N'\ coo co 86 190 0.65 5
NH NH
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Experimental TOF calculation

The experimental TOF was calculating based on, the total amount of CO generated during control
potential electrolysis experiments divided by the total amount of catalyst in solution for

electrolysis and then divided by time of control potential electrolysis. The equation given below.

TOF =

t Eq.S2

Where, n[CO] is the total number of mole CO generate during electrolysis (from GC-MS
measurement), n[cat] is the number of moles of catalysts in solution for using for electrolysis and

tis the electrolysis time in seconds.

The experimental TOF from bulk electrolysis for [{([Ru]pic)scyclen}NiCl]>* and [bnscyclenNiCl]Cl
were calculated to be 2.64 s7* and 0.09 s71 in 5% H,0/CH;CN system, respectively.
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