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Additional experimental detail - Photocatalytic experiments:

The photocatalytic apparatus consisted of a double manifold Schlenk line in which a premier
grade COz2 cylinder and vacuum pump were attached, a large sample preparation chamber
containing a vial holder and Schlenk flasks with concentrated sample, for each required
component (Cat, PS and sacrificial donor (SD)). The viscosity of triethanolamine resulted in
the requirement of its dilution in a 1:1 ratio with the solvent utilised within experiments, prior
to sample preparation. Triethylamine and MeCN were refluxed with CaH, and distilled prior
to their uses. In the cases of DMF and DMA, anhydrous solvents (Sigma-Aldrich) were used
without further purification. Triethanolamine was also used without further purification.
Following preparation of the concentrated samples in separate Schlenk flasks, each flask was
degassed by vacuum and refilled with CO2z for whichever was greater of either three cycles or
until bubbling under vacuum was no longer apparent. The sample chamber was also
evacuated and refilled three times with CO2. The individual samples were introduced in the
order of photosensitiser, catalyst and sacrificial donor (to a final concentration of 100 uM
w.r.t catalyst, 134 uM of 1 where present) upon high flow of CO2 (to avoid air entering the
sample chamber), whereby the final ratio of solvent to sacrificial donor was 5:1 v/v. The
single-piercable sample lids were applied and the vials were placed at a constant distance
from the LED light sources. The process was repeated until samples (in triplicate) were
prepared for each of the 355 nm, 470 nm and > 400 nm light sources and the dark control.
The vial size was in total, 4.9 ml, with 2 ml occupied by the sample. The A = 355 nm and 470
nm samples were irradiated with fan assistance to avoid potential heating. Ambient light was
shielded from solutions at all times during preparation, irradiation and sampling. The A = 355
and 470 nm LED strips were manufactured in-house. The power output of the A = 355 nm,
470 nm and > 400 nm LED sources was measured to be 3, 62 and 12 W m™ respectively with
a Delta Ohm HD2102.2 photoradiometer equipped with either an LP471 UVA or LP471
RAD irradiance probe. Sample irradiation was undertaken for 21 hours.

Gas chromatography was undertaken with a Shimadzu GC-2010, equipped with a
micropacked column (Restek ShinCarbon ST, of length 2 m and ID 0.53 mm) and a barrier
ionisation detector (BID). The oven of the GC containing the column was maintained at 30
°C during the course of approximately 6 minute runs in the absence of CO2. Where samples
contained COz2, the run time was extended to 24 minutes. The carrier gas (helium, BIP grade,
Air Products) was passed through the column at a rate of 10 ml min™. Approximate retention
times of the gases of interest were 0.7 mins, 2.2 mins, 5.5 mins and 17 mins for Hz, CO, CH4
and COz respectively. The BID was maintained at 220 °C. The GC contains a sample loop of
approximate 250 ul volume. The injection method allows for purging the void volumes with
sample, followed by filling of the loop. 100, 1,000 and 10,000 ppm standard mixes of gases
(Hz2, Oz, CO, CHa4, COg2, balance of He) were procured from Scientific and Technical Gases
(STG) and were used to quantify the gases generated in photocatalytic studies. Samples and
standards were introduced to the GC sampling loop with a valve-lock gas-tight 1 ml syringe
(Valco VICI A-2).
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The concentration (ppm) of the headspace of a gas was calculated by dividing the standard
concentration (ppm) by the standard integrated area, and multiplying by the sample integrated
area.

The number of moles in the headspace within the sample was calculated with Equation S.1.
Henry’s law was not applied to account for dissolved gases.

PV L
((ﬁ) sample concentration in ppm)

Equation S.1

1,000,000
Whereby P = 101,325 Pa, V is the volume of the headspace (m®), R is the gas constant of
8.314 Pam?® mol™ K™ and T is temperature (K).
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NMR spectra
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Figure S1: 'H NMR (400 MHz) spectrum of 5 in DMSO-ds
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Figure S2: *H NMR (400 MHz) spectrum of 5, [(bpy-ds).Ru(gpy)]** and gpy in DMSO-ds
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Figure S3: 'H COSY NMR (400 MHz) spectrum of 5 in DMSO-ds
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Figure S4: *H NMR (400 MHz) spectrum of 3 in DMSO-ds
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Figure S5: *H COSY NMR (400 MHz) spectrum of 2,2°:5°,3°*:6°*,2°**-quaterpyridine (qpy)
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Figure S6: *H NMR (400 MHz) spectrum of 4 in DMSO-ds
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Figure S7: *H COSY NMR (400 MHz) spectrum of 4 in DMSO-ds
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Figure S8: *H NMR (400 MHz) spectrum of 4 and qpy in DMSO-ds. B attributed to Re-
bound, A attributed to uncomplexed bpy of gpy.
Infrared spectroscopy
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Figure S9: FTIR spectra of 4 (pink) and 5 (blue) in MeCN

Time resolved infrared spectroscopy (TRIR)
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Figure S10: Time resolved infra-red difference spectra following laser photolysis (Aexc = 320
nm) for 4 in MeCN. The spectrum above illustrates the parent v(CO) stretches at t = 0 ps in
MeCN.
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Figure S11: Time resolved infra-red difference spectra following laser photolysis (Aexc = 450

nm) for 5 in MeCN. Above spectrum illustrates the parent v(CO) streches att =0 ps in
MeCN.
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Computational studies

A plot of the behaviour of the twenty lowest energy singlet excited states along the Re to
trans-CO stretching reaction coordinate showing that all accessible excited states are bound
with respect to the metal to CO interaction.
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Figure S12. The calculated energy change along the reaction coordinate involving stretching
of the Re to trans-CO ligand from 1.91 to 2.81 A (bottom plot) and the twenty lowest energy
singlet excited states all of which are bound states with respect to trans-CO loss.
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The Optimised coordinates of the singlet ground state of 5.
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Electrochemistry
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Figure S13: Cyclic voltammetry of 4 and 5 (beyond the Ru and Re gpy-based reductions) in
MeCN/0.1 M TBAPFs, v = 100 mV s™.
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Figure S.15: Absorbance and emission spectra (Aexcit Of 470 nm) of 5 in MeCN at room
temperature, Absorption (Blue) and Emission (Red), MLCT and emission Amax Normalised to
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Photocatalytic experiments
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Figure S16: The effect of different solvents and sacrificial donors on H, and CO production
from CO; in 134 uM 1 with 100 uM 2 (at A = 355, 470 and > 400 nm), with an irradiation
time of 21 hours
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Figure S17: H, and CO TON values produced in 5:1 MeCN/TEA by 100 uM 4, 134 uM 1
with 100 uM 4, 134 uM 1 with 100 uM 2 and 100 uM 5 (at A = 355, 470 and > 400 nm),

with an irradiation time of 21 hours
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