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Figure S1. Midpoint potentials (E;2) for [Ni""(cyclam)] as a function of buffer concentration (0, 10,
50, and 100 mM). Specific buffer used in each experiment is noted in the panel. All samples contained
100 uM [Ni(cyclam)]?*, 100 mM KCl, and indicated concentration of buffer at a final pH of 7.0. CVs
were conducted under an inert atmosphere at a scan rate of 10 mV/s using a glassy carbon working
electrode, Ag/AgCl reference electrode, and a Pt wire counter electrode. Reduction potentials are
reported against the normal hydrogen electrode by the addition of +198 mV to the experimentally
determined values. The Ky for each buffer was determined using Equation 4 of the main text. K
represents preferential binding to the Ni'! state of [Ni(cyclam)], while Ky represents preferential
binding to the Ni'' state. Best-fits to Equation 4 were determined using Igor Pro 8.
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Figure S2. E,s.: determination for CO; reduction by [Ni(cyclam)] in each buffer. Specific buffer used
for each experiment is noted in the panel. The maximum of the first derivative of the cathodic scan was
used to determine the onset potential of catalysis for each buffer which is indicated as a dotted line in
each panel. All reactions contained 100 pM [Ni(cyclam)]?>*, 100 mM KCI, and 100 mM buffer at a
final pH of 7.0. CVs were conducted under a CO»-saturating atmosphere at a scan rate of 1 V/s using
a glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt wire counter electrode.
Reduction potentials are reported against the normal hydrogen electrode by the addition of +198 mV

to the experimentally determined values. Data were analyzed using Igor Pro 8.
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Figure S3. Gas chromatography calibration curves and equations for (A) carbon monoxide and (B)
hydrogen.
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Figure S4. Cyclic voltammograms at negative potentials of [Ni(cyclam)]** under an inert Ar
atmosphere (grey) compared to a CO;-saturated atmosphere (colored and labeled as indicated in panel).
All experiments contained 100 pM [Ni(cyclam)]**, 100 mM KCl, and 100 mM buffer at a final pH of
7.0. CVs were conducted at a scan rate of 100 mV/s using a glassy carbon working electrode, Ag/AgCl
reference electrode, and a Pt wire counter electrode. Reduction potentials were reported against the
normal hydrogen electrode by the addition of +198 mV to the experimentally determined values.
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Figure S5. Square scheme used to derive the binding constant Ky. X denotes the buffer.
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Figure S6. Cyclic voltammograms of [Ni(cyclam)]>" in increasing concentrations of sodium
bicarbonate buffer. All measurements were conducted at a scan rate of 25 mV/s and contained 100 uM
[Ni(cyclam)]**. The buffer concentration, pH adjusted to pH 7.0, is as indicated in figure with the
atmosphere denoted in parentheses. CVs were conducted using a glassy carbon working electrode,
Ag/AgCl reference electrode, and a Pt wire counter electrode. Reduction potentials were reported
against the normal hydrogen electrode by the addition of +198 mV to the experimentally determined
values.
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Figure S7. Cyclic voltammograms of [Ni(cyclam)]** in increasing concentrations of HEPES buffer
under an inert atmosphere. All samples were collected at a scan rate of 10 mV/s and contained 100 uM
[Ni(cyclam)]** and 100 mM K Cl in HEPES buffer, pH 7.0, at the concentrations indicated in the figure.
CVs were conducted using a glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt

wire counter electrode. Reduction potentials were reported against the normal hydrogen electrode by
the addition of +198 mV to the experimentally determined values.
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Figure S8. Cyclic voltammograms of [Ni(cyclam)]** in increasing concentrations of PIPES buffer
under an inert atmosphere. All samples were collected at a scan rate of 10 mV/s and contained 100 uM
[Ni(cyclam)]** and 100 mM KCl in PIPES buffer, pH 7.0, at the concentrations indicated in the figure.
CVs were conducted using a glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt
wire counter electrode. Reduction potentials were reported against the normal hydrogen electrode by
the addition of +198 mV to the experimentally determined values.

S9



Supplementary Material

50 mM 1
3- 100 mM
< |
=
5 2
5
o
=
r 11
0 —

[ [ [
0.2 0.4 0.6 0.8 1.0
Potential (V vs. NHE)

Figure S9. Cyclic voltammograms of [Ni(cyclam)]?" in increasing concentrations of MOPS buffer
under an inert atmosphere. All samples were collected at a scan rate of 10 mV/s and contained 100 uM
[Ni(cyclam)]** and 100 mM KCI1 in MOPS buffer, pH 7.0, at the concentrations indicated in the figure.
CVs were conducted using a glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt
wire counter electrode. Reduction potentials were reported against the normal hydrogen electrode by
the addition of +198 mV to the experimentally determined values.
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Figure S10. Baseline corrected and normalized data under an inert atmosphere. All reactions contained
100 uM [Ni(cyclam)]**, 100 mM KCI, and 100 mM buffer at a final pH of 7.0. Specific buffer used is
indicated in the figure. CVs were conducted at a scan rate of 10 mV/s using a glassy carbon working
electrode, Ag/AgCl reference electrode, and a Pt wire counter electrode. Reduction potentials were
reported against the normal hydrogen electrode by the addition of +198 mV to the experimentally
determined values. CVs were baseline-corrected in QSOAS and normalized using Igor Pro 8.
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Figure S11. Cyclic voltammograms of [Ni(cyclam)]?>" in water under an inert atmosphere at varying
scan rates. Samples were collected at the following scan rates as depicted by increased line thickness:
10 mV/s, 25 mV/s, 50 mV/s, 100 mV/s, 250 mV/s, 500 mV/s, and 1 V/s. All samples contained 100
uM [Ni(cyclam)]*" and 100 mM KCl in pH-adjusted, unbuffered water, pH 7.0. CVs were conducted
using a glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt wire counter electrode.
Reduction potentials were reported against the normal hydrogen electrode by the addition of +198 mV
to the experimentally determined values.
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Figure S12. Cyclic voltammograms of [Ni(cyclam)]?" in 100 mM of the indicated buffer under an inert
atmosphere at varying scan rates. Samples were collected at the scan rates listed in the figure. All
samples contained 100 uM [Ni(cyclam)]** and 100 mM KCI in 100 mM buffer, pH 7.0. CVs were
conducted using a glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt wire counter

electrode. Reduction potentials were reported against the normal hydrogen electrode by the addition of
+198 mV to the experimentally determined values.
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Figure S13. Midpoint [Ni"(cyclam)] potentials (£,2) as a function of scan rate for each buffer. Cyclic
voltammetry was conducted under an inert atmosphere for the buffers indicated in the figure. All
reactions contained 100 uM [Ni(cyclam)]**, 100 mM KCIl, and 100 mM buffer where appropriate at a
final pH of 7.0. CVs were conducted at the following scan rates: 10, 25, 50, 100, 250, 500 and 1000
mV/s. A three-electrode set up was employed with a glassy carbon working electrode, Ag/AgCl
reference electrode, and a Pt wire counter electrode. Reduction potentials were reported against the
normal hydrogen electrode by the addition of +198 mV to the experimental determined values.
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Figure S14. Splitting between [Ni""(¢cyclam)] anodic and cathodic peak potentials (AEp) as a function
of scan rate in each buffer (as indicated). Cyclic voltammetry was conducted under an inert atmosphere.
All samples contained 100 uM [Ni(cyclam)]**, 100 mM KCI, and 100 mM buffer at a final pH of 7.0.
CVs were conducted at the following scan rates: 10, 25, 50, 100, 250, 500 and 1000 mV/s. A three-
electrode set up was employed using a glassy carbon working electrode, Ag/AgCl reference electrode,
and a Pt wire counter electrode. Reduction potentials were reported against the normal hydrogen
electrode by the addition of +198 mV to the experimentally determined values.
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Figure S15. (A) and (B) Cyclic voltammograms of [Ni(cyclam)]?>* and (C) catalytic current as a
function of scan rate in 100 mM of the indicated anionic buffer under a CO;-saturating atmosphere at
varying scan rates. Samples were collected at the scan rates listed in each panel. All samples contained

100 uM [Ni(cyclam)]** and 100 mM KCI in 100 mM buffer, pH 7.0. CVs were conducted using a

glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt wire counter electrode.
Reduction potentials were reported against the normal hydrogen electrode by the addition of +198 mV
to the experimentally determined values.
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Figure S16. (A), (B), (C) Cyclic voltammograms of [Ni(cyclam)]*" and (D) catalytic current as a
function of scan rate in 100 mM of the indicated Good’s buffer under a CO;-saturating atmosphere at
varying scan rates. Samples were collected at the scan rates listed in each panel. All samples contained
100 uM [Ni(cyclam)]** and 100 mM KCI in 100 mM buffer, pH 7.0. CVs were conducted using a
glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt wire counter electrode.

Reduction potentials were reported against the normal hydrogen electrode by the addition of +198 mV
to the experimentally determined values.
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Figure S17. (A), (B), (C) Cyclic voltammograms of [Ni(cyclam)]*" and (D) catalytic current as a
function of scan rate in 100 mM of the indicated anionic buffer under a CO;-saturating atmosphere at
varying scan rates. Samples were collected at the scan rates listed in each panel. All samples contained
100 uM [Ni(cyclam)]** and 100 mM KCI in 100 mM buffer, pH 7.0. CVs were conducted using a
glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt wire counter electrode.

Reduction potentials were reported against the normal hydrogen electrode by the addition of +198 mV
to the experimentally determined values.
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Figure S18. E,.. as a function of scan rate. All samples contained 100 uM [Ni(cyclam)]*" and 100
mM KCl in 100 mM buffer, pH 7.0. CVs were conducted under a CO»-saturating atmosphere using a
glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt wire counter electrode.
Reduction potentials were reported against the normal hydrogen electrode by the addition of +198 mV
to the experimentally determined values.
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Figure S19. Representative cyclic voltammograms (v = 50 mV/s) of [Ni(cyclam)]** in (A) phosphate,

(B) HEPES, and (C) TEOA buffers with varying concentrations of CO; as indicated. Samples
contained 150 uM [Ni(cyclam)]** and 100 mM KCl in 1 M buffer, pH 7.2. CVs were conducted using
a glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt wire counter electrode.
Potentials are reported against the normal hydrogen electrode by the addition of +198 mV to the
experimentally determined values.
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Figure S20. Best-fit traces for CO; binding affinity to [Ni(cyclam)]". Potentials (reported against NHE)
were obtained from cyclic voltammograms measured at different CO> concentrations (see Figure S19
for representative examples). Samples contained 150 uM [Ni(cyclam)]** in 1 M buffer with 100 mM
KCl, maintained at a pH of 7.2. The data were fit to Eqn 6 with fixed K> co> values of (A) Kz.co2=1;
(B) K2,c02=10; (C) K>,co2=100; and (D) K>,co2= 1000 to obtain the best-fit values for K; co2 and Enz
given in Table S1.
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Table S1. %2 values for the K; co2 and Ey> values presented in Figure S20. Fits selected for main text
figure highlighted.

Buffer | Fit Panel| K1.co: (M) | K2co: (M) |y, VfﬁHE) X
Phosphate | A 200000 1 -1.511 | 0.001024
Phosphate | B 300000 10 -1.518 | 0.000796
Phosphate | C 10000000 100 -1.594 | 0.001638
Phosphate | D 600000 1000 -1.484 | 0.008970

TEOA A 100000 1 -1.501 | 0.001895

TEOA B 300000 10 -1.521 | 0.001615

TEOA C 300000 100 -1.506 | 0.001968

TEOA D 500000 1000 -1.485 | 0.008263

HEPES A 40 1 -1.320 | 0.001456

HEPES B 60 10 -1.321 | 0.001399

HEPES C 400 100 -1.328 | 0.001078

HEPES D 200000 1000 -1.441 | 0.000376
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Table S2. Cyclic voltammetry data for the catalytic redox couple of [Ni(cyclam)]*" under CO-
saturating conditions. Data was collected at the indicated scan rate and all samples contained 100 uM
[Ni(cyclam)]**, 100 mM KCl and 100 mM of the indicated anionic buffer, pH 7.0.

i;?: Bicarbonate | Bicarbonate | Bicarbonate | Phosphate | Phosphate | Phosphate
. -1 . -1
(mV/S) Eonset 1¢ (MA) TOF (S ) Eonset ) S (ﬂA) TOF (S )
25 | -120+0.01 8§42 6 LITE 610 25
0.02
50 | -1.20+0.01 943 8 -1.20+ 1244 14
0.01
100 | -1204001 | -15+6 22 '10'2001i 1343 16
250 | 1204001 | -15+5 22 '10'2011i 13+4 16
500 | -1214001 | -15+3 22 '10'2022* 123404 15
1000 | -1.21+0.01 1744 28 '10'202; 13.840.1 18
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Table S3. Cyclic voltammetry data for the catalytic redox couple of [Ni(cyclam)]*" under CO»-

saturating conditions. Data was collected at the indicated scan rate and all samples contained 100 uM
[Ni(cyclam)]**, 100 mM KCl and 100 mM of the indicated Good’s buffer, pH 7.0.

oean | meres | mEpES | TEES | Mops | moes | VOUS | pipes | prees | U0

(mV/s) Eonset ic (uA) (s Eonset ic (uA) () Eonset | ic (HA) (s)
25| Tos | M=l 9 | o | TE3 | s [Toor | o |10
0| oo | e8| | g | 822 | 6 | Tog | e |10
00 | WEE L asee | w6 | WAF | a0es | a0 | A 2e7 | 14
250 | R aaswe |22 | R | 2ea | e [T ases | 2
oo [ | B | o e || v [ o] s
o | | » ||| v | e
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Table S4. Cyclic voltammetry data for the catalytic redox couple of [Ni(cyclam)]*" under CO»-

saturating conditions. Data was collected at the indicated scan rate and all samples contained 100 uM

[Ni(cyclam)]**, 100 mM KCI and 100 mM of the indicated cationic buffer, pH 7.0.
y

Sean | yidazole | Imidazole | Imidazole | TEOA | TEAO | TEAO | g | Tris | Tris
rate . 1 ) TOF ic TOF
avig | B | k@A) | TOFGY | Eue |ic@a) | (A5 | Eome | 50 | (oh
B ™ I R Y Y L PR
o | e e | e [ L [
100 | TS0 | 245 s | Je | T s ;{: N IRY
250 | HOF | 2043 LR ol Bl ;ﬂ(:? 31 ] 10
s00 | | 1743 % | e T s ;{: R T
1000 | VEE | 2144 O ol B 2 ;jg 53 DERE
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Table S5. Product formation by [Ni(cyclam)]** following 2.5 hours of irradiation. Samples contained
10 uM [Ni(cyclam)]**, 1 mM [Ru(bpy)s]**, and 100 mM ascorbate in 1 M buffer, pH 7.0. Assays were
conducted under a saturating carbon dioxide atmosphere at 4 °C. Values reported are the average and
standard deviation of at least three independent trials. All values were corrected for baseline activity
by subtracting any CO or H» produced by the corresponding control of 1 mM [Ru(bpy)s]** and 100
mM ascorbate in 1 M buffer control assays.

Buffer CO (nmole) CO TON H; (nmole) H; TON % CO selective
Bicarbonate 310+ 20 10.2+0.7 7+4 0.2+0.8 98+ 5
HEPES 47 + 17 1.6+ 0.6 23+ 17 0.8+0.5 67+9
Imidazole 2700 £ 600 90 + 20 ND* ND 100°
MOPS 18+£4 0.6+0.1 ND ND 100
Phosphate 390 + 60 13+2 1300 + 400 40+ 10 23 +4
PIPES 44+9 1.5+£0.3 130 + 70 4+£2 30+ 10
TEOA 30+9 1.0£0.3 ND ND 100
Tris 250 + 98 8+3 ND ND 100

2 ND = not detected
b Buffers reported to be 100% selective produced no hydrogen above the control samples.
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Figure S21. Photoassay product distribution by [Ni(cyclam)]*" in sodium bicarbonate buffer. (A) CO
production; (B) Ha production; (C) Selectivity as indicated by % CO selective, as described in Section
2.5 using Equation 8. Samples contained 10 uM [Ni(cyclam)]**, I mM [Ru(bpy);]**, and 100 mM
ascorbate in 1 M buffer, pH 7.0. Assays were conducted under a saturating carbon dioxide atmosphere.
Samples were irradiated using 447.5 nm LEDs at 4 °C. All values were corrected for baseline levels
by subtracting any CO or H» produced by the corresponding control of 1 mM [Ru(bpy)s]** with 100
mM ascorbate in 1 M bicarbonate.
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Figure S22. Photoassay product distribution by [Ni(cyclam)]** in HEPES buffer. (A) CO production;
(B) Hz production; (C) Selectivity as indicated by % CO selective, as described in Section 2.5 using
Equation 8. Samples contained 10 uM [Ni(cyclam)]?>*, 1 mM [Ru(bpy):;]**, and 100 mM ascorbate in
1 M buffer, pH 7.0. Assays were conducted under a saturating carbon dioxide atmosphere. Samples
were irradiated using 447.5 nm LEDs at 4 °C. All values were corrected for baseline levels by
subtracting any CO or H produced by the corresponding control of 1 mM [Ru(bpy);]*" with 100 mM
ascorbate in 1 M HEPES.
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Figure S23. Photoassay product distribution by [Ni(cyclam)]*" in imidazole buffer. (A) CO production;
(B) Hz production; (C) Selectivity as indicated by % CO selective, as described in Section 2.5 using
Equation 8. Samples contained 10 uM [Ni(cyclam)]?>*, 1 mM [Ru(bpy):;]**, and 100 mM ascorbate in
1 M buffer, pH 7.0. Assays were conducted under a saturating carbon dioxide atmosphere. Samples
were irradiated using 447.5 nm LEDs at 4 °C. All values were corrected for baseline levels by
subtracting any CO or H> produced by the corresponding control of 1 mM [Ru(bpy);]*" with 100 mM
ascorbate in 1 M imidazole.
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Figure S24. Photoassay product distribution by [Ni(cyclam)]*" in MOPS buffer. (A) CO production;
(B) Hz production; (C) Selectivity as indicated by % CO selective, as described in Section 2.5 using
Equation 8. Samples contained 10 uM [Ni(cyclam)]?>*, 1 mM [Ru(bpy):;]**, and 100 mM ascorbate in
1 M buffer, pH 7.0. Assays were conducted under saturating carbon dioxide atmospheres. Samples
were irradiated using 447.5 nm LEDs at 4 °C. All values were corrected for baseline levels by
subtracting any CO or H, produced by the corresponding control of 1 mM [Ru(bpy)s3]*" with 100 mM
ascorbate in I M MOPS.
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Figure S25. Photoassay product distribution by [Ni(cyclam)]*" in phosphate buffer. (A) CO
production; (B) Ha production; (C) Selectivity as indicated by % CO selective, as described in Section
2.5 using Equation 8. Samples contained 10 uM [Ni(cyclam)]**, I mM [Ru(bpy);]**, and 100 mM
ascorbate in 1 M buffer, pH 7.0. Assays were conducted under saturating carbon dioxide atmospheres.
Samples were irradiated using 447.5 nm LEDs at 4 °C. All values were corrected for baseline levels
by subtracting any CO or H» produced by the corresponding control of 1 mM [Ru(bpy)s]** with 100
mM ascorbate in 1 M phosphate.
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Figure S26. Photoassay product distribution by [Ni(cyclam)]*" in PIPES buffer. (A) CO production;
(B) Hz production; (C) Selectivity as indicated by % CO selective, as described in Section 2.5 using
Equation 8. Samples contained 10 uM [Ni(cyclam)]?>*, 1 mM [Ru(bpy);]**, and 100 mM ascorbate in
1 M buffer, pH 7.0. Assays were conducted under saturating carbon dioxide atmospheres. Samples
were irradiated using 447.5 nm LEDs at 4 °C. All values were corrected for baseline levels by
subtracting any CO or H produced by the corresponding control of 1 mM [Ru(bpy);]*" with 100 mM
ascorbate in 1 M PIPES.
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Figure S27. Photoassay product distribution by [Ni(cyclam)]** in TEOA buffer. (A) CO production;
(B) Hz production; (C) Selectivity as indicated by % CO selective, as described in Section 2.5 using
Equation 8. Samples contained 10 uM [Ni(cyclam)]?>*, 1 mM [Ru(bpy);]**, and 100 mM ascorbate in
1 M buffer, pH 7.0. Assays were conducted under saturating carbon dioxide atmospheres. Samples
were irradiated using 447.5 nm LEDs at 4 °C. All values were corrected for baseline levels by
subtracting any CO or H> produced by the corresponding control of 1 mM [Ru(bpy);]*" with 100 mM

ascorbate in 1 M TEOA.
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Figure S28. Photoassay product distribution by [Ni(cyclam)]** in Tris buffer. (A) CO production; (B)
H> production; (C) Selectivity as indicated by % CO selective, as described in Section 2.5 using
Equation 8. Samples contained 10 uM [Ni(cyclam)]?>*, 1 mM [Ru(bpy);]**, and 100 mM ascorbate in
1 M buffer, pH 7.0. Assays were conducted under saturating carbon dioxide atmospheres. Samples
were irradiated using 447.5 nm LEDs at 4 °C. All values were corrected for baseline levels by
subtracting any CO or H produced by the corresponding control of 1 mM [Ru(bpy);]*" with 100 mM

ascorbate in 1 M Tris.
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Figure S29. Current as a function of pK,. Current was determined as the current at the onset potential
determined for each buffer - 100 mV. All samples contained 100 uM [Ni(cyclam)]**, 100 mM KCl,
and 100 mM buffer at a final pH of 7.0 under a saturating CO> atmosphere. CVs were conducted at a

scan rate of 1 V/s using a glassy carbon working electrode, Ag/AgCl reference electrode, and a Pt wire
counter electrode.
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Figure S30. Current as a function of pKa.. Current was determined as the current at a constant
overpotential of 800 mV compared to the CO»/CO reduction potential of — 520 mV vs. NHE. All
samples contained 100 pM [Ni(cyclam)]**, 100 mM KCI, and 100 mM buffer at a final pH of 7.0 under
a saturating CO; atmosphere. CVs were conducted at a scan rate of 1 V/s using a glassy carbon working
electrode, Ag/AgCl reference electrode, and a Pt wire counter electrode.
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