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Materials and Methods 

Materials 

Sodium ascorbate (Spectrum Chemical, 99%), triethanolamine (Sigma-Aldrich, ≥99.5%), sodium 

bicarbonate (Fisher Chemicals, ACS), sodium borohydride (Sigma-Aldrich, ≥96%), 

dehydroascorbic acid (Sigma-Aldrich), 4-hydroxy-TEMPO (Sigma-Aldrich, 97%), tris(2,2′-

bipyridyl)dichlororuthenium(II) hexahydrate (Sigma-Aldrich, 99.95%), cobalt nanoparticles 

(99.5%, <50 nm, Sigma-Aldrich), mercury (Aldrich, ≥99.9%) were used as received. [{meso-

tetra(4-sulfonatophenyl)porphyrinato}cobalt(III)] hydrate, [{meso-tetra(4-

carboxyphenyl)porphyrinato}cobalt(III)] chloride and mesoporous graphitic carbon nitride were 

synthesized according to previously reported procedures.1–3 

 

Photocatalytic reactions 

Samples were prepared in a 9.0 mL screw cap vial equipped with a micro stir bar and sealed with 

silicone/PTFE septum and cap. Vials were sealed and purged, through a flow regulator at 15 mm, 

either for (i) 10 minutes with He (or Ar) followed by 5 minutes with C2H2 (≥99.5 vol.%, Airgas) 

or (ii) 15 minutes with He followed by injecting C3H4 (350 μL with GC syringe of ≥99 vol.% 

C3H4, Sigma-Aldrich) or (iii) 15 minutes with C2H2 (5 vol.%, He balance, Airgas) or (iv) for 15 

minutes with C2H4/C2H2 mixture (1 vol.% C2H2, 29.9 vol.% C2H4, He balance, Airgas) by using 

steel needles as inlet (inserted through the cap inside the solution) and outlet (to the headspace). 

The pressure of the headspace was then equilibrated to 1 atm. The vials were then illuminated 

using a homebuilt photoreactor made of royal blue (450 nm) LEDs (Cree XLamp XP-E2 Color 

High Power LED Star, LEDsupply.com) or white light (Cree XLamp XT-E 5000K, 

LEDsupply.com) with a light intensity of 140 mW∙cm−2 (measured using an Optical Power Meter 



PM100D with Optical Sensor S120VC from Thorlabs). Each vial was suspended on top of a single 

LED, equipped with a lens, using a homebuilt sample holder. 

 

The samples of Fig. 3D were: (i) a 2.0 mL C2H2 (5 vol.%, He balance)-purged H2O solution 

containing 50 M [Ru(bpy)3]2+, 1 M [Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M NaHCO3 upon 

irradiation at 450 nm (140 mW∙cm−2) for 6 hours (green in Fig. 3D). The pH was 8.4 before 

bubbling with C2H2; (ii) a 1.0 mL C2H2 (5 vol.%, He balance)-purged D2O solution containing 100 

M [Ru(bpy)3]2+, 2 M [Ru(bpy)3]2+ and 0.2 M NaAsc upon irradiation at 450 nm (140 mW∙cm−2) 

for 30 minutes (blue in Fig. 3D). The pH was 6.0 before bubbling with C2H2; (iii) a 2.0 mL C2H2 

(5.0%)-purged D2O solution containing 50 M [Ru(bpy)3]2+, 1 M [Ru(bpy)3]2+, 0.1 M NaAsc 

and 0.1 M NaHCO3 that was kept in the dark for 12 hours and then was irradiated at 450 nm (140 

mW∙cm−2) for 6 hours (purple in Fig. 3D). The pH was 8.4 before bubbling with C2H2. 

The sample of Fig. 4 is a 2.0 mL C2H2/C2H4 (1 vol.% C2H2, 30 vol.% C2H4, He balance)-purged 

H2O solution containing 500 M [Ru(bpy)3]2+, 25 M [Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M 

NaHCO3 upon irradiation at 450 nm (140 mW∙cm−2) for 18 h. The pH was 8.4 before bubbling 

with C2H2. 

 

Chromatographic detection of gases 

GC-MS were performed on an Agilent Technologies 6850 Network GC system coupled with a 

5975C VL MSD with Triple-Axis Detector. The GC was equipped with a HP-PLOT Q column, 

the inlet temperature was 250 °C, the He carrier gas flow was 1.2 mL∙min−1 at a pressure of 4.30 

psi. For the detection of ethylene, acetylene, and ethane the oven temperature was kept at 45 °C 

for 4.50 min, and then heated to 200 °C using a 30 °C∙min−1 ramp (total run time 9.67 min). For 



the detection of propylene, propane and propyne, the oven temperature was kept at 45 °C for 4.50 

min, and then heated to 220 °C using a 30 °C∙min−1 ramp, and kept at 220 °C for 2 min (total run 

time 12.33 min). Headspace samples were manually injected using Hamilton sample-lock syringes 

(50-250 μL). Calibration curves for C2H4 and C3H6 were collected by injecting known quantities 

of a gas mixture containing C2H4 (2 vol.% standard, He balance, Airgas) and C3H6 (2 vol.% 

standard, He balance, Airgas). A gas mixture containing C3H6 (2 vol.% standard, He balance, 

Airgas) and C3H8 (2 vol.% standard, He balance, Airgas) was injected as standard for detection of 

propylene and propane. Experiments were performed at least twice each. 

Analyses of H2 gas evolved in the headspace during the photocatalysis were performed with a 

custom-built Shimadzu GC-2014 gas chromatography system equipped with a thermal 

conductivity and flame ionization detector. H2 production was quantitatively detected using 

HayeSep T (1/16", 7.5 m) and MS-5A (1/16", 2.5 m) columns. The temperature was held at 100 

°C for the detector and 40 °C for the oven. The carrier gas was argon flowing at 8.5 mL∙min−1, at 

constant pressure of 3.8-4.0 bars. Injections were performed via an autosampler equipped with a 

gas-tight syringe. Calibration curve for H2 was collected by injecting known quantities of H2 (5 

vol.%, standard, Ar balance, Airgas). Experiments were performed at least twice each. 

 

Measurement of quantum yields 

The quantum yield of a photochemical process is calculated as the number of defined events 

occurring per photon absorbed by the system at a specific wavelength. The 𝛷C2H4
(%) was therefore 

calculated according to the following equation:  

𝛷C2H4
 (%) =

number of C2H4 molecules × 2

number of photons absorbed
×  100 



To calculate the fraction of photons absorbed, we determined the amount of absorbed light at the 

beginning of the photocatalytic experiments from (at least) three independent readings of the 

measured power at the top of the reaction vessel (an Optical Power Meter PM100D with Optical 

Sensor S120VC from Thorlabs was used). The reaction vessel contained a 2.0 mL solution of 

NaAsc (0.1 M) and aq. NaHCO3 (0.1 M) to account for the reflection loss at the glass/air interface. 

The number of photons absorbed was calculated taking the photon wavelength equal to 450 nm, 

an incident light power of 140 mW∙cm−2 and considering an illuminated area of 1.767 cm2. Under 

our conditions, 2.0 mL of an aqueous solution containing 50 M [Ru(bpy)3]2+, 1 M CoTPPS, 0.1 

M NaAsc and 0.1 M NaHCO3 absorbed 63% of incident photons, while 2.0 mL of an aqueous 

solution containing 500 M [Ru(bpy)3]2+, 25 M [Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M NaHCO3 

absorbed 96% of incident photons. The number of molecules of C2H4 were determined from the 

moles of C2H4 in the sample headspace (obtained by GC-MS measurements) from three 

independent experiments (at 6 h of irradiation). The 𝛷C2H4
 for the 50 and 500 M [Ru(bpy)3]2+ 

samples were calculated to be 0.03% and 0.11%, respectively. 

 

Absorption spectroscopy 

UV–Vis absorption spectra were recorded on an Ocean Optics spectrometer (DH-2000-BAL UV–

vis–NIR light source and QE-Pro detector). Sealable quartz cuvettes were used for photostability 

studies (Starna Cells with septum cap), equipped with a micro stir bar and the solutions were 

prepared and degassed as described for the photocatalytic systems. Irradiation was 450 nm LED 

(140 mW∙cm−2). Blank solutions (0.1 M aq. NaHCO3 and 0.1 M aq. NaAsc) purged with He and/or 

C2H2 were used as baseline. 

 



Fluorescence quenching 

Aqueous solutions of 50 M [Ru(bpy)3]2+ in 0.1 M NaHCO3 containing various concentrations of 

NaAsc or CoTPPS were purged for 10 minutes with He followed by 5 minutes with C2H2 (≥99.5 

vol.%). The lifetimes were measured in a custom-built microscope equipped with a piezo scanner 

(NanoPI, Physik Instrumente), an APD detector (MicroPhoton Devices), and a photon counting 

board (PicoHarp300, PicoQuant) where correlation times between the excitation pulses and 

detected photons were recorded. The excitation pulses were synchronized from a 450 nm, 70 ps 

pulsed diode laser at a repetition rate of 500 kHz (Picoquant) and focused with a long working 

distance objective (0.7 NA, 100x, Mitutoyo), and the detected PL was filtered with a 475 nm long-

pass dichroic (Chroma) and a 495 nm long-pass filter (Thorlabs). The quenching rate constant (kq) 

was calculated according to the Stern-Volmer equation: 

τ0

τ
=1 + kq × τ0 × [Q] 

where τ0 and τ are the lifetime in absence and in presence of quencher and [Q] is the molar 

concentration of the quencher. 

The measured bimolecular rate constants are kq
NaAsc = 4.93 × 107 M−1∙s−1 and kq

CoTPPS = 3.52 × 109 

M−1∙s−1, which correspond to unimolecular rate constants kq[NaAsc] = 4.93 × 106 s−1 and 

kq[CoTPPS] = 3.52 × 103 s−1 for the concentrations of these species ([NaAsc] = 0.1 M, [CoTPPS] 

= 1 M) used in our catalytic reaction mixtures. 

 

Electrochemical characterization 

Cyclic voltammetry (CV) and square-wave voltammetry (SWV) were performed on a CHI660D 

potentiostat at room temperature, employing a standard three-electrode single-compartment cell: 

glassy carbon electrode (GCE, CH Instruments, d = 3 mm) as working electrode, a Pt wire as 

(3) 



counter electrode and Ag/AgCl (3 M aq. KCl) as reference electrode. Working and reference 

electrodes were polished on a felt pad with 0.3 or 0.05 μm Al2O3 suspensions, sonicated in 

deionized water for about 30 seconds and washed/dried before each experiment; the Pt wire was 

flame-cleaned. A blank scan was recording before each sample (scan rate = 50 mV∙s−1). The 

solutions of CoTPPS, NaAsc and [Ru(bpy)3]2+ containing NaHCO3 (0.1 M) were prepared in Milli-

Q H2O (0.1 M KCl as supporting electrolyte) and degassed with Ar for 15 minutes. After recording 

the CV (scan rate was 50 mV∙s−1) or SWV scans, the same solutions were purged with C2H2 (≥99.5 

vol.%). 

 

FT-IR spectroscopy 

FTIR measurements were carried out by using a Nicolet iS50 Fourier Transformed Infrared 

Spectrometer and a custom-built transmission cell for flowing gases. The gas cell has a gas path 

of 10 cm, and an internal volume of about 3.5 mL. The cell inlet was modified with an ultra-Torr 

Swagelok fitting which is capped with a silicone septum. The cell outlet leads to exhaust or a 

vacuum pump via two on/off valves. The leak rate of the cell, measured in a fully evacuated and 

closed state, is about 10−2 torr∙sec−1. For the measurements, the cell was first evacuated, and a 

single beam spectrum was collected. Then, the valve to the pump was closed, and 5 mL of sample 

gas was injected with an air-tight syringe – the sample was a headspace of 30 min photoreduction 

from a 5 mL solution in a 20 mL GC vial containing 100 M [Ru(bpy)3]2+, 2 M CoTPPS, 0.2 M 

NaAsc in Milli-Q H2O (pH 6.0). The FTIR spectra were acquired against the reference spectrum 

obtained in vacuum. 

 

Theoretical calculations 



Calculations were carried out with the Gaussian16 package4 and all structures were fully optimized 

without any symmetry constraints at the DFT level. The calculations were performed using the 

hybrid GGA functional B3LYP,5–7 using the 6-31+G(d,p) basis set (48-50).8–10 Previously, this 

level of theory has been shown to accurately predict gas-phase IR frequencies.11 For each 

stationary point, we carried out a vibrational frequency calculation at the same level to characterize 

their nature as minima. Lorentzian line shapes, with a full width at half maximum of 8 cm−1, were 

used to generate the calculated IR spectra. A scaling factor of 0.9759 was used.11 

  



Supplementary Figure 1. Typical GC-MS chromatograms and mass spectra observed for the 

photoreduction reaction of acetylene. (A) Gas chromatograms (retention times of C2H2, C2H4 and 

C2H6) with total ion count of C2H4 standard (2 vol.%) (green) and C2H6 standard (2 vol.%) (green), 

C2H2 standard (5 vol.%) (magenta), and a C2H2 (5 vol.%)-purged H2O solution containing 500 M 

[Ru(bpy)3]2+, 10 M [Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M NaHCO3 after irradiation at 450 nm 

(140 mW∙cm−2) for 18 h (black). The pH was 8.4 before bubbling with C2H2. (B) Mass spectrum 

of C2H2. (C) Mass spectrum of C2H4. (D) Mass spectrum of C2H6.  



  

Supplementary Figure 2. Photocatalytic performance through variation of [[Ru(bpy)3]2+]. 

Optimizations of TON (C2H4) and selectivity for C2H4 by the [Ru(bpy)3]2+/CoTPPS system under 

C2H2 (≥99.5 vol.%) irradiated at 450 nm (140 mW∙cm−2) for 6 h through variation of [[Ru(bpy)3]2+] 

in the presence of 1 M CoTPPS, 0.1 M NaAsc and 0.1 M NaHCO3. The pH measured before 

bubbling gas is 8.4. Error bars indicate standard error of the mean, calculated from two to three 

runs.  



 

Supplementary Figure 3. Photocatalytic performance through variation of [CoTPPS]. 

Optimizations of TON (C2H4) and selectivity for C2H4 by the [Ru(bpy)3]2+/CoTPPS system under 

C2H2 (≥99.5 vol.%) irradiated at 450 nm (140 mW∙cm−2) for 6 h through variation of [CoTPPS] in 

the presence of 500 M [Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M NaHCO3. The pH measured before 

bubbling gas is 8.4. Error bars indicate standard error of the mean, calculated from two to three 

runs. 

  



 

Supplementary Figure 4. Spectral features of CoIITPPS and [Ru(bpy)3]2+. Normalized absorption 

spectra of 2.0 mL of C2H2 (≥99.5 vol.%)-purged H2O containing CoIITPPS (magenta) or 

[Ru(bpy)3]2+ (blue) in 0.1 M NaAsc and 0.1 M NaHCO3. Normalized photoluminescence spectrum 

of 2.0 mL of C2H2 (≥99.5 vol.%)-purged H2O containing [Ru(bpy)3]2+ (green) in 0.1 M NaAsc and 

0.1 M NaHCO3. The pH was 8.4 before bubbling with C2H2. 

  



 

 

Supplementary Figure 5. Evolution of the absorption spectrum of [Ru(bpy)3]2+ and CoTPPS with 

irradiation time. (A) Absorption spectra of 2.0 mL of C2H2 (≥99.5 vol.%)-purged H2O containing 

50 M [Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M NaHCO3 upon irradiation at 450 nm (140 mW∙cm−2). 

The pH was 8.4 before bubbling with C2H2. (B) Absorption spectra of 2.0 mL of C2H2 (≥99.5 

vol.%)-purged H2O containing 10 M CoTPPS, 0.1 M NaAsc and 0.1 M NaHCO3 upon irradiation 

at 450 nm (140 mW∙cm−2). The pH was 8.4 before bubbling with C2H2.  



 

Supplementary Figure 6. Photocatalytic performance in presence of O2. TON (C2H4) by the 

[Ru(bpy)3]2+/CoTPPS system under C2H2 (≥99.5 vol.%) irradiated at 450 nm (140 mW∙cm−2) for 

6 h containing 50 M [Ru(bpy)3]2+, 1 M [Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M NaHCO3 (red) 

and with different initial concentration of O2 added in the headspace (blue). The pH measured 

before bubbling gas is 8.4. Error bars indicate standard error of the mean, calculated from two to 

three runs. 

  



 

Supplementary Figure 7. Photocatalytic performance in presence of CO2. TON (C2H4) by the 

[Ru(bpy)3]2+/CoTPPS system under C2H2 (≥99.5 vol.%) irradiated at 450 nm (140 mW∙cm−2) for 

6 h containing 50 M [Ru(bpy)3]2+, 1 M [Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M NaHCO3 (red) 

and with different initial concentration of CO2 added in the headspace (blue). The pH measured 

before bubbling gas is 8.4. Error bars indicate standard error of the mean, calculated from two to 

three runs.  



 

Supplementary Figure 8.  Photocatalytic performance in presence of CO. TON (C2H4) by by the 

[Ru(bpy)3]2+/CoTPPS system under C2H2 (≥99.5 vol.%) irradiated at 450 nm (140 mW∙cm−2) for 

6 h containing 50 M [Ru(bpy)3]2+, 1 M [Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M NaHCO3 (red) 

and with different initial concentration of CO added in the headspace (blue). The pH measured 

before bubbling gas is 8.4. Error bars indicate standard error of the mean, calculated from two to 

three runs.  



 

Supplementary Figure 9. Electrochemical characterization of NaAsc. Cyclic voltammogram of 

1 mM NaAsc in H2O containing 0.1 M NaHCO3 (pH 8.4) supported with 0.1 M KCl and purged 

with C2H2 (≥99.5 vol.%) (red).  



 

Supplementary Figure 10. Electrochemical characterization of [Ru(bpy)3]2+. Square-wave 

voltammogram of 1 mM [Ru(bpy)3]2+ in H2O containing 0.1 M NaHCO3 (pH 8.4) supported with 

0.1 M KCl and purged with and C2H2 (≥99.5 vol.%) (red).  



 

Supplementary Figure 11. Electrochemical characterization of CoTPPS. Cyclic voltammograms 

of 0.5 mM CoTPPS in H2O containing 0.1 M NaHCO3 (pH 8.4) supported with 0.1 M KCl and 

purged with Ar (black) or C2H2 (≥99.5 vol.%) (red). (Inset) Zoomed cyclic voltammograms of 0.5 

mM CoTPPS in H2O containing 0.1 M NaHCO3 (pH 8.4) supported with 0.1 M KCl and purged 

with Ar (black) or C2H2 (≥99.5 vol.%) (red) and square-wave voltammogram of 0.5 mM CoTPPS 

in H2O containing 0.1 M NaHCO3 (pH 8.4) supported with 0.1 M KCl and purged with C2H2 

(≥99.5 vol.%) (red dotted line) to better display CoIITPPS/[CoITPPS]−.  



 

Supplementary Figure 12. Typical GC-MS chromatograms observed for the photoreduction 

reaction of the ethylene/acetylene mixture. (A) Gas chromatograms (retention times of C2H2, C2H4 

and C2H6) with total ion count before (black) and after irradiation at 450 nm (140 mW∙cm−2) for 

up to 18 h (red) of the [Ru(bpy)3]2+/CoTPPS system containing 500 M [Ru(bpy)3]2+, 25 M 

[Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M NaHCO3 under C2H2/C2H4 (1 vol.% C2H2, 30 vol.% C2H4, 

He balance) mixture. The pH was 8.4 before bubbling with C2H2. (B) Zoomed gas chromatograms 

(retention times of C2H2 and C2H6) from A to better display the C2H2 and C2H4 peaks.  



 

 
Supplementary Figure 13. Typical GC-MS chromatograms and mass spectra observed for the 

photoreduction reaction of propyne. (A) Gas chromatograms (retention times of C3H4, C3H6 and 

C3H8) with total ion count of C3H6 standard (2 vol.%) (orange), C3H8 standard (2 vol.%) (orange), 

and a C3H4 (5 vol.%) headspace and H2O solution containing 50 M [Ru(bpy)3]2+, 1 M 

[Ru(bpy)3]2+, 0.1 M NaAsc and 0.1 M NaHCO3 upon irradiation at 450 nm (140 mW∙cm−2) for 18 

h (black). The pH was 8.4 before bubbling with C3H4. (B) Mass spectrum of C3H4. (C) Mass 

spectrum of C3H6. (D) Mass spectrum of C3H8.  



Supplementary Table 1. Photocatalytic and control reactions for C2H2 to C2H4 reduction. 

Entry Catalyst Sensitizer Reaction conditions 
TON (selectivity %) 

C2H4 C2H6 H2 

1 Co NP [Ru(bpy)3]
2+ NaAsc + NaHCO3 63 (>99) - n.d. 

2 CoTPPS [Ru(bpy)3]
2+ Hg0 + NaAsc + NaHCO3 814 (>99) - n.d. 

3 CoTPPS - NaBH4 + NaHCO3 - - n.d. 

4 CoTPPS - NaBH4 + NaHCO3 10 (4) 1 229 (96) 

5 CoTPPS [Ru(bpy)3]
2+ NaAsc + NaHCO3 915 (>99) - - 

6 CoTPPS [Ru(bpy)3]
2+ NaAsc + TEMPO 930 (>99) - n.d. 

7 CoTPPS [Ru(bpy)3]
2+ NaAsc + NaHCO3 n.d. n.d. - 

8 CoTPPS [Ru(bpy)3]
2+ NaAsc + NaHCO3 - - n.d. 

9 CoTPPS - NaAsc + NaHCO3 - - n.d. 
10 - [Ru(bpy)3]

2+ NaAsc + NaHCO3 - - n.d. 

11 CoTPPS [Ru(bpy)3]
2+ NaHCO3 - - n.d. 

12 CoTPPS [Ru(bpy)3]
2+ NaAsc + DHA+ NaHCO3 228 (>99) - n.d. 

13 CoTCPP [Ru(bpy)3]
2+ NaAsc + NaHCO3 577 (>99) - n.d. 

14 CoTPPS mpg-CN NaAsc + TEOA 87 (>99) - - 

15 CoTPPS mpg-CN NaAsc + TEOA 49 (>99) - n.d. 

16 CoTPPS mpg-CN NaAsc + TEOA n.d. n.d. - 

17 CoTPPS mpg-CN NaAsc + TEOA - - n.d. 
18 CoTPPS - NaAsc + TEOA - - n.d. 

19 - mpg-CN NaAsc + TEOA - - n.d. 
20 CoTPPS mpg-CN TEOA - - n.d. 

21 CoTPPS mpg-CN NaAsc - - n.d. 
22 CoTPPS mpg-CN - - - n.d. 

Summary of the reaction conditions used for the photocatalytic and control experiments. In a typical run, 2 

mL of a C2H2 (≥99.5 vol.%)-purged solution (entries 1-6, 8-15, 17-22) or Ar-purged solution (entries 7, 16) 

containing the catalyst (10 M Co NP <50 nm (entry 1), 1 M CoTPPS (entries 2-3, 5-9, 11-12), 0.5 m 

CoTPPS (entry 4), 10 M CoTPPS (entries 14-18, 20-22), 1 M CoTCPP (entry 13)), sensitizer (50 M 

[Ru(bpy)3]
2+ (entries 1-2, 5-8, 10-13), 2.5 mg mpg-CN (entries 14-17, 19-22)), 20 mg Hg0 (50,000 eq. vs 

CoTPPS) (entry 2), NaBH4 (0.25 mM (250 eq. vs CoTPPS) (entry 3), 115 mM (250 eq. vs CoTPPS) (entry 

4)), 2.5 mM 4-Hydroxy-TEMPO (entry 6), NaAsc (0.1 M (entries 1-2, 5-10, 13), 0.05 M (entries 14-19, 

21), 0.09 M (entry 12)), DHA (0.01 M (entry 12)), 0.1 M aq. NaHCO3 (entries 1-13), 0.2 M TEOA (entries 

14-20) was irradiated at 450 nm (140 mW∙cm−2) for 6 h (entries 1-2, 5-7, 9-13) or 12 h (entries 14, 16, 18-

22) or irradiated with white light (140 mW∙cm−2) for 12 h (entry 15) or was stirred at ambient conditions 

for 6 h (not irradiated, entries 3-4, 8, 17). The pH was measured before bubbling gas as pH = 8.4 (entries 

1-13) or pH = 10.6 (entries 14-22). Products were detected via GC or GC-MS analysis and experiments 

were performed at least in duplicates (no C2H4 in entries 3, 7-9, 11, 16-18, 20-22; traces C2H4 (below the 

intercept of the calibration curve) in entries 10, 19; no C2H6 in entries 1-3, 5-22; no H2 in entries 5-6; traces 

H2 in entry 14. The typical uncertainty for TON values is ≤10%. 

  



Supplementary Table 2. Geometric coordinates for ethylenes reported in Figure 3E. 

a-C2H2D2 

C 0.00000000 -0.66707800 0.00000000 

H(Iso=2) -0.92442900 -1.23882900 0.00000000 

C 0.00000000 0.66707800 0.00000000 

H 0.92442900 1.23883100 0.00000000 

H(Iso=2) 0.92442000 -1.23884300 0.00000000 

H -0.92442200 1.23883800 0.00000000 

 

C2HD3 

C 0.00000000 -0.66707800 0.00000000 

H -0.92442900 -1.23882900 0.00000000 

C 0.00000000 0.66707800 0.00000000 

H(Iso=2) 0.92442900 1.23883100 0.00000000 

H(Iso=2) 0.92442000 -1.23884300 0.00000000 

H(Iso=2) -0.92442200 1.23883800 0.00000000 

 

cis-C2H2D2 

C 0.00000000 -0.66707800 0.00000000 

H(Iso=2) -0.92442900 -1.23882900 0.00000000 

C 0.00000000 0.66707800 0.00000000 

H 0.92442900 1.23883100 0.00000000 

H 0.92442000 -1.23884300 0.00000000 

H(Iso=2) -0.92442200 1.23883800 0.00000000 

 

trans-C2H2D2 

C 0.00000000 -0.66707800 0.00000000 

H(Iso=2) -0.92442900 -1.23882900 0.00000000 

C 0.00000000 0.66707800 0.00000000 

H(Iso=2) 0.92442900 1.23883100 0.00000000 

H 0.92442000 -1.23884300 0.00000000 

H -0.92442200 1.23883800 0.00000000 
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