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Figure S1. SEM pictures viewed from the top of the prepared NiO film (a and b). Cross-section 

images of the prepared NiO film (c and d). 
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Figure S2: XRD pattern for the FTO substrate (black) and FTO-NiO film (red). 
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Figure S3. Absorbance spectrum of the CO2 catalyst Re(I)((4,4’-PO3H2CH2)2-2,2’-

bipyridine)(CO)3Cl methanol.



36 38 40 42 44 46 48 50

Re 4f7/2

 

 

In
te

ns
ity

(a
.u

.)

Binding energy (eV)

 NiO|-DA-RuCP2+
2

 NiO|-DA-RuCP2+
2 -Re(I)

Re 4f5/2

 

Figure S4: XPS measurements and elemental analysis for the assembly NiO|-DA-RuCP2
2+-Re(I). 

Figure S5: Spectroelectrochemical measurements of nanoITO|-DA (E’ (DA+●/0) = 0.71 V vs. 

NHE) (a), nanoITO|-RuCP2
2+ (E’ (RuCP2

2+/+) = −1.20 V vs. NHE) (b), and nanoITO|-Re(I) (E’ 



(Re(I)−●/0) = −1.19 V vs. NHE) (c). The delta extinction coefficient spectra for DA+● (blue), 

RuCP2
2+ (red), and Re(I)−● (green) in argon-sparged 0.1 M LiClO4 acetonitrile are shown in (d). 

Based on the data, DA displayed a reversible one-electron oxidation and RuCP2
2+ also displayed 

a reversible one-electron reduction with a characteristic red-shift of its low energy absorption 

band consistent with the one-electron reduction of Ru polypyridyl complexes. The E’ (Ru2+*/+) 

excited-state reduction potential for RuCP2
2+ was estimated as E’ (Ru2+*/+) = E’ (RuCP2

2+/+) + 

ΔGES, where ΔGES is the Gibbs free energy stored in the excited state. A ΔGES = 2.10 eV value 

was estimated from a linear extrapolation of the higher energy side of the corrected PL spectrum 

of RuCP2
2+ sensitized to ZrO2, resulting in E’ (Ru2+*/+) = 0.90 V vs. NHE. The Re(I) catalyst 

exhibited a quasi-reversible one-electron reduction and a delta extinction coefficient spectrum 

with a magnitude approximately 4⨯ smaller than the other complexes. 

Figure S6: Cyclic voltammograms obtained for DA and RuCP2
2+ -Re(I) surface-bound to 

nanoITO in 0.1 M NaClO4 acetonitrile electrolyte. (A) shows the response of nanoITO|-DA and 

(B) shows that for nanoITO- RuCP2
2+-Re(I). All CVs were collected at a scan rate of 50 mV/s.



Figure S7: PL spectrum of RuCP2
2+ bound to ZrO2 for ΔGES calculation.

Figure S8: Linear scan voltammograms for the assembly NiO|-DA-RuCP2
2+ -Re(I) performed 

under N2 and CO2 saturated acetonitrile with 0.1 M NaClO4.  All LSVs were collected at a scan 

rate of 50 mV/s.
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Figure S9: Linear scan voltammograms for the assembly NiO|-RuCP2
2+ -Re(I) performed under 

dark and light conditions in CO2 saturated acetonitrile with 0.1 M NaClO4. All CVs were 

collected at a scan rate of 50 mV/s.
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Figure S10. IPCE spectrum for NiO|-DA-RuCP2
2+-Re(I) under an applied bias of -0.54 vs. NHE 

in CO2 saturated acetonitrile with 0.1 M NaClO4. 


