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1. General information:
Commercially available compounds were purchased from TCI (Xantphos, [Cu(MeCN)4]PF6, dppe), Strem Chemicals (Fe2(CO)9), Alfa Aesar (Bathocuproine sulfonate disodium salt hydrate), Sigma Aldrich (Chlorotrimethylsilane, n-BuLi 2.5 M, 1,7-octadiyne) and used without purification. All reactions were performed under argon using standard Schlenk techniques, unless stated otherwise. Toluene, MeCN, CH2Cl2, THF and hexane were obtained from a solvent purification system and were subsequently stored in its degassed state over molecular sieves, and under argon. N-Methyl-2-pyrrolidone (NMP) was purchased from Sigma Aldrich (Merck), transferred to a Schlenk tube containing molecular sieves and degassed. 1,3-dimethyl-2-phenyl-2,3-dihydro-1H-benzimidazole (BIH) was synthesized according to literature procedures.1 


2. Experimental
2.1 Synthesis of copper (I) photosensitizers
PS 1
PS 1 was prepared following a slightly modified procedure compared to literature.2 In a dried 100 mL Schlenk tube, 100 mg of [Cu(MeCN)4]PF6 (0.27 mmol) and 155 mg of Xantphos (0.27 mmol) were dissolved in 30 mL of anhydrous methanol (c= 9 mM) under argon atmosphere and stirred for 1.5 hours at room temperature. After this time was completed, 151 mg of sulfonated bathocuproine hydrate (0.27 mmol) was added as a solid (evident change of color) and the reaction stirred for 2 more hours. The final step comprised filtration and addition of 90 mL of diethyl ether to the solution. The solid was obtained by decantation, washed with diethyl ether, and dried under vacuum to obtain 320 mg of a yellow to orange compound in 88% yield. The analytical data fit to those reported in literature.3



PS 2 
PS 2 was obtained following a previously reported method.4 In a dried 100 mL Schlenk tube, 100 mg of [Cu(MeCN)4]PF6 (0.27mmol) and 155 mg of Xantphos (0.27 mmol) were dissolved in 30 mL of anhydrous dichloromethane (c= 9 mM) under argon atmosphere and stirred for 1.5 hours at room temperature. After this time was completed, 97 mg of bathocuproine (0.27 mmol) was added as a solid (evident change of color) and the reaction stirred for 2 more hours. The final step comprised filtration and addition of 90 mL of n-pentane to the solution. The solid was obtained by decantation, washed with pentane, and dried under vacuum to obtain 295 mg of a yellow to orange compound in 95% yield. The analytical data fit to those reported in literature.4,5


PS dppe 
PS dppe is a new compound synthesized according to the same procedure applied for PS 1 employing 100 mg [Cu(MeCN)4]PF6  (0.27mmol), 107 mg of 1,2-Bis(diphenylphosphino)ethane (dppe) (0.27 mmol) dissolved in 30 mL of methanol and after two hours of stirring at room temperature, 151 mg of sulfonated bathocuproine hydrate (0.27 mmol) were added as a solid (evident change of color from white to deep red) and the reaction stirred for 2 more hours. A dark red solid was obtained. Yield: 89%.
1H NMR (300 MHz, MeOD): δ 8.34 – 8.02 (m), 7.96 (m), 7.90 – 7.66 (m), 7.36 (m), 3.15 (t, J = 6.1 Hz), 2.63 (s) ppm.
13C NMR (75 MHz, MeOD): δ 149.75, 146.06, 136.74, 134.13, 133.93, 132.09, 131.38, 130.05, 128.95, 128.77, 126.29, 125.86, 123.80, 26.57, 24.74 ppm.
31P NMR (122 MHz, MeOD): δ -6.76, -144.61 ppm.
HRMS (ESI-TOF): C52H42CuN2O6P2S2+        Calculated: 979.1251   Observed: 979.1226



PS bcp
PS bcp is a new compound synthesized according to the same procedure as PS 1, performed only in one step adding 100 mg [Cu(MeCN)4]PF6  (0.27mmol) and 302 mg of sulfonated bathocuproine hydrate (0.54 mmol) in 30 mL of methanol. Reaction was stirred for 2 hours at room temperature. The final step was comprised filtration and addition of 90 mL of diethyl ether to the solution. The product was obtained by decantation, washed with diethyl ether, and dried under vacuum to obtain the corresponding salt as a dark red solid. As calculations based on EA results reveal the product contains five equivalents of water and therewith constitutes the pentahydrate complex. Comparable hydrate species are reported in literature, for examples see references SI-6). Yield: 93%. 
1H NMR (300 MHz, MeOD): δ 8.07 – 7.91 (m), 7.84 (m), 7.73 – 7.56 (m), 4.87 (s, H2O), 2.53 (s) ppm.
13C NMR (75 MHz, MeOD): δ 157.88, 148.98, 145.99, 143.73, 137.00, 131.18, 129.44, 128.77, 126.74, 126.35, 125.90, 125.50, 123.61, 24.73 ppm.
EI (m/z): 579 (C26H16CuN2O6S2+) [M-sulfonated bcp-H2-PF6-Na4]; 1051 (C52H36CuN4O9S4+) [M-O3-PF6-Na4]
Several attempts of HRMS measurements were performed, however resulted only in lower mass fragments <564. Respective experiments include LC-MS (Negative and positive mode) in pure acetonitrile, binary mixtures of MeOH and 0.1% HCOOH in H2O in the ratios 98:2, 90:10 and 80:20 as well as EI applying either the solid material or the solution in methanol or MeOH/CH2Cl2.
EA/ICP:  C52H36CuF6N4Na4O12PS4۰5H2O, calculated C 43.75%, H 3.25%, N 3.92%, S 8.98%, Cu 4.45%; found C 43.82%, H 3.42%, N 4.12%, S 8.93%, Cu 3.96%.



2.2 Preparation of PS-TiO2 composites and characterization	
[bookmark: _Hlk97193533]To obtain the titania-supported photosensitizers a slight modification from a reported procedure was performed.3 The sulfonated photosensitizer PS 1 (5 µmol - 60 µmol, depending on the desired Cu loading) was dissolved in 300 -500 mL of degassed ethanol. This mixture was degassed for 30 minutes using Ar. Afterwards, 500 mg of TiO2 (Hombikat) were added to the mixture and the flask was heated to 40°C and moved at 250 rpm with the help of a rotary evaporator for 5 hours at ambient pressure. Then, the mixture was allowed to cool down and stored under argon atmosphere overnight. Next day, the solvent was removed and the resulting solid washed with 5 mL of ethanol. After drying, pale yellow powders were obtained. Additionally, the powders were homogenized with the help of a pestle and mortar to provide a very fine yellow powder.

	Table SI-1: Synthesis of different PS 1@TiO2 composites.

	Composite material

	Batch
	Amount of PS 1

	Loading   procedure
(h)
	Cu content theoretical
(%)
	Cu content measured
(%)a)
	P content measured
(%)b)
	Yield (%)

	C 1
	1
	5.4 mg
	5 (40°C), 15h (25°C)
	0.05
	0.024/0.054
	0.019
	94

	C 1
	2
	5.4 mg
	5 (40°C), 15h (25°C)
	0.05
	0.104/0.035
	0.0062/0.0016
	92

	C 2
	1
	27 mg
	5 (40°C)
	0.24
	0.048
	0.72115
	97

	C 2
	2
	27 mg
	5 (40°C)
	0.24
	0.17
	0.2146
	95

	C 3
	1
	27 mg
	5 (40°C), 15h (25°C)
	0.24
	0.15/0.19
	0.049
	95

	C 3
	2
	27 mg
	5 (40°C), 12h (25°C)
	0.24
	0.20
	0.6261
	93

	C 3
	3
	27 mg
	5 (40°C), 12h (25°C)
	0.24
	0.21
	0.09095
	95

	C 3
	4
	27 mg
	5 (40°C), 15h (25°C)
	0.24
	0.24
	not   measured 
	97

	C 4
	1
	111 mg
	5 (40°C), 15h (25°C)
	0.83
	0.66
	1.1791
	90

	C 4
	2
	111 mg
	5 (40°C), 15h (25°C)
	0.83
	0.67
	0.34
	92


[bookmark: _Hlk128482006]a) Copper contents were measured by AAS; b) phosphorous contents were measured by elementary analysis. 


2.3 Catalyst synthesis


Cat is a known compound and was synthesized according the previously reported procedure.5 In a 50 mL Schlenk tube, 0.53 mL of 1,7-octadiyne (3.99 mmol) was dissolved in 10 mL of THF (c= 0.4 M), temperature was lowered down to -78°C and 3.5 mL of a 2.5 M solution of n-butyllithium (4.39 mmol, 2.2 eq.) were added slowly, and stirred for 10 minutes. The mixture was allowed to reach room temperature and 1.11 mL of chlorotrimethylsilane (4.39 mmol, 2.2 eq.) were added dropwise. The mixture was stirred at room temperature for 2 more hours. The solvent was removed, and the remaining reaction mixture was extracted with dichloromethane. Purification was performed via column chromatography over silica gel using pentane/ethyl acetate (90:10) as eluent. A colorless liquid (800 mg) was obtained in 80% yield.
For the second step, 533 mg of protected diyne (2.13 mmol) was dissolved in 12 mL of dry toluene and the solution was added to a 100 mL Schlenk tube containing a suspension of 780.3 mg of Fe2(CO)9 (2.14 mmol) in 10 mL of toluene, the reaction mixture was heated at 110°C overnight under argon atmosphere. The solution was filtered through celite and then purified by flash chromatography over silica gel using pentane/ethyl acetate (90:10) as eluent. A yellow solid (784 mg) was obtained in 88% yield. The analytical data fit to those reported in literature.5



3. Basic information about photocatalytic CO2 reduction reaction (CO2RR)
3.1 CO2RR setup
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Figure SI-1: Photocatalytic vessel. Total volume 85 mL, A) Gas inlet. B) Sampling valve. C) Gas outlet. D) Borosilicate-glass window.

Three necked, double-wall vessels of approximately 85 mL were used for photocatalytic experiments (Figure SI-1). One neck was used as a gas inlet with the help of a septum and a needle (A), a septum was adapted to the second neck and a valve was placed on top (B), the third neck was used as a gas outlet for the bubbling (C), and all vessels contained a plain borosilicate-glass window intended for light irradiation (D). Reaction temperature was controlled with the help of a thermostat (Phoenix 300). Photocatalytic experiments were carried out using Lumatec Superlite 400 Hg-lamps with different filters (400-700 nm, 320-400 nm and 415 nm) and the light output for each reaction was adjusted to the desired one using a Laserpoint Plus+ power meter with a thermopile detector. 
[image: ]
Figure SI-2. Photocatalytic setup. Light was applied using a Lumatec lamp (left), temperature on the photocatalytic vessel was controlled using a thermostat (right). Light intensity of e.g. 1.5 W cm-2 was measured at the end of the optical fiber cable using a thermopile detector with an area of 1 cm2. 

3.2 CO2RR procedure
A photocatalytic vessel was purged employing three cycles of vacuum and argon, and then three cycles of vacuum and carbon dioxide. Then solvent was added to the vessel and bubbled for 30 minutes with carbon dioxide, followed by addition of a solution of the catalyst in NMP, the photosensitizer and the sacrificial donor as solids or solutions in NMP (for low amounts). Once the bubbling time was finished, the system was closed at atmospheric pressure and light was applied to the vessel through a borosilicate-glass window. Temperature was kept constant at 25°C with the help of a thermostat. After irradiation was stopped, 5 mL of gas sample from the headspace were taken and analyzed by gas chromatography. The solution was analyzed by 1H NMR using benzene or mesitylene as internal standard. The solution was diluted with water and filtered (using a 0.2 µm syringe filter) for its analysis by capillary electrophoresis.

3.3 CO2RR Analysis
Headspace of each reaction was analyzed using a calibrated GC, carbon monoxide and hydrogen were quantified. 
Liquid phase was analyzed by capillary electrophoresis (Agilent Technologies 7100, Organic Acids Buffer). Calibration curves for oxalate and formate (3x10-5M to 6x10-4M, R2= 0.99 and 0.9995) were used for quantification and proper dilution of samples was performed. No formate or oxalate was detected from all photocatalytic experiments.
1H NMR spectra were recorded on 300 MHz (Avance 300 and Fourier 300) Bruker spectrometers for liquid phase of each photocatalytic experiment. 1H, 13C and 31P NMR for catalysts and photosensitizers were measured using a 400 MHz spectrometer (Avance 400) of Bruker. 
The headspace of each reaction was analyzed by gas chromatography. An Agilent Technologies 7890A gas chromatograph, a HP Plot-Q column, a TCD, and Ar carrier gas were used for this purpose. Calibration of the GC was performed using the following gas concentrations:
(1) H2: 25.3%, 10.0%, 5.0%, 1.01%, 0.51%, 0.25%, 1000ppm, 500ppm, 262ppm, 105 ppm
(2) CO: 10.1%, 5.82%, 0.99%, 993ppm, 237ppm, 78ppm
(3) CH4: 9.89%, 5.05%, 1.02%, 993ppm, 81ppm
(4) CO2: 100%, 95%, 50%, 25%, 10%, 5%, 1%

Limits of quantification are: 0.32 µmol for hydrogen and 0.24 µmol for carbon monoxide resulting in quantification limits of 0.24 TON(CO) and 0.32 TON(H2) applying 1 µmol catalyst as well as 1.2 TON(CO) and 1.6 TON(H2) applying 0.2 µmol catalyst, respectively.
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Figure SI-3: Selected example of gas chromatography analysis for entry 9 Table 4.



Figure SI-4: 1H NMR spectra of BIH, taken in DMSO-d6.

Identification of main peaks allowed us to identify BIH from all photocatalytic experiments. It is also noteworthy that quantification of formate using benzene as internal standard by NMR is not affected by the presence of BIH in the solution. 
DMSO-d6 was selected as solvent for NMR analysis. Evaporation of solvent for photocatalytic experiments was not performed due to high boiling point of both NMP and TEOA (when it was employed). Benzene as internal standard was added (50µL) to the reaction mixture. 1H NMR (32 scans) was recorded and further analyzed.












Figure SI-5: Analysis of reaction mixture by 1H NMR adding benzene as an internal standard. Formate signal would have been expected to appear in the region 8.40 to 8.50 ppm.
Capillary electrophoresis was employed as an additional method for detecting ions that cannot be monitored by 1H NMR, such as bicarbonate and oxalate. Nevertheless, we found the NMR analysis more suitable for this case, having the advantage of a lower detection limit than capillary electrophoresis.
Neither formate nor oxalate were detected in all the performed experiments.

3.4 CO2RR calculation of amount and TON of CO and H2
Headspace of each reaction was analyzed using a calibrated GC. For each sample, 5 mL of gas were injected. 
Carbon monoxide and hydrogen were quantified considering the following van der Waals molar volumes: 24.44323 L/mol for CO (a = 1.505 L2۰bar۰mol-2; b = 0.03985 L۰mol-1) and 24.48068 L/mol for H2 (a = 0.2476 L2۰bar۰mol-2; b = 0.02661 L۰mol-1). Photocatalytic vessels contain a total volume of 85 mL, and for all tests the solvent volume was 10 mL, therefore we considered a volume of 75 mL for the headspace.





Turnover numbers (TON) for carbon monoxide and hydrogen were calculated using the following equation:



Selectivity towards carbon monoxide on each experiment was calculated using the following equation:





4. Results of photocatalytic CO2 reduction reaction (CO2RR)
4.1 Sulfonated photosensitizer pre-optimization

	Table SI-2. Optimization of reaction conditions applying the sulfonated photosensitizer PS 1

	


	Entry
	Photo-sensitizer
	Sacrificial electron donor
	Time (h)
	Solvent
	µmol CO
	µmol H2
	TON(Fe) CO
	TON(Fe) H2
	Selectivity
(%)

	1a
	PS 2
	-
	5
	NMP/TEOA
	36
	30
	36
	30
	54

	2a
	PS 1
	-
	5
	NMP/TEOA
	54
	20
	54
	20
	73

	3b
	PS 1
	AscNa
	5
	NMP/TEOA
	69
	24
	69
	24
	74

	4b
	PS 1
	AscH
	5
	NMP/TEOA
	3.2
	<0.32
	3.2
	<0.3
	91

	5b
	PS 1
	BIH
	2
	NMP/TEOA
	222
	62
	222
	62
	78

	6b
	PS 1
	BIH
	3
	NMP/TEOA
	272
	40
	272
	40
	87

	7b
	PS 1
	BIH
	5
	NMP
	286
	6.0
	286
	6
	98

	8c
	PS 1
	BIH
	5
	MeCN/TEOA
	6.5
	16
	6.5
	16
	29


a) Reaction conditions: 10 mL NMP/TEOA (5:1, v/v), CO2 saturated, irradiation was performed using a Hg-lamp equipped with a filter 400-700 nm 1.5 W. b) Reaction conditions: 10 mL NMP, CO2 saturated, 1mmol of SD was added, irradiation was performed using a Hg-lamp equipped with a filter 400-700 nm 1.5 W. c) Reaction conditions: 10 mL MeCN/TEOA (5:1, v/v), CO2 saturated, 1 mmol of SD was added, irradiation was performed using a Hg-lamp equipped with a filter 400-700 nm 1.5 W. AscH = ascorbic acid, AscNa= sodium salt of ascorbic acid.










4.2 Photosensitizer comparison

	Table SI-3. Activity of different PS in photocatalytic CO2 reduction.

	


	Entry
	Photosensitizer
	µmol CO
	µmol H2
	TON CO
	TON H2
	Selectivity

	1
	PS 1
	286
	6.0
	286
	6
	98

	2
	PS 2
	410
	1.0
	410
	1
	>99

	2
	PS dppe
	142
	11
	142
	11
	93

	3
	PS bcp
	3.9
	<0.32
	3.9
	<0.3
	97


Reaction conditions: 10 mL NMP, CO2 saturated, 1mmol of SD was added, irradiation was performed using a Hg-lamp equipped with a filter 400-700 nm 1.5 W.



[bookmark: _Hlk129334690]4.3 Investigation of influence of TiO2 additive to PS 1 and C 4.

	Table SI-4. Influence of TiO2 additive to PS 1 and C 4.

	


	Entry
	PS +TiO2
	µmol CO
	µmol H2
	TON CO
	TON H2
	Selectivity

	1a)
	PS 1
(0.2 µmol)
	26
	4.2
	128
	21
	86

	2b)
	TiO2
(27 mg)
	5.4
	<0.32
	5
	<0.3
	94

	3c)
	TiO2
(27 mg)
	4.7
	5.1
	4.7
	5.1
	48

	4a)
	PS 1+TiO2
(0.2 µmol/27 mg)
	35
	1.7
	175
	8
	95

	5a)
	C 4+TiO2
(2 mg/20 mg)
	19
	2.9
	94
	15
	86

	6a)
	C 4+TiO2
(2 mg/4 mg)
	36
	2.8
	179
	34
	93

	7a)
	C 4
(2 mg)
	54
	4.0
	272
	20
	93


a) Reaction conditions: 0.2 µmol Cu-PS, 0.2 µmol Cat., 10mL of CO2 saturated NMP, irradiation was performed using a Hg-lamp equipped with a 400-700nm filter 1.5 W; b) 1 µmol Cat., 10mL of CO2 saturated NMP, irradiation was performed using a Hg-lamp equipped with a 400-700 nm filter 1.5 W; c) 1 µmol Cat., 10mL of CO2 saturated NMP, irradiation was performed using a Hg-lamp equipped with a 320-400 nm filter 1.0 W. 



4.4 Restart experiments.
After light was stopped for each experiment, the system was opened under argon pressure (to avoid the presence of oxygen in the photoreactor), sealed with a rubber septum, and flushed again with carbon dioxide for 30 minutes using a needle. A GC sample was taken at this point to verify there was no carbon monoxide or hydrogen in the headspace. 

	Table SI-5. Comparison of restart experiments applying molecularly defined PS 1 or composite material C 4 and Cat.



	Entry
	PS
	Run
	Addition of
	µmol CO
	µmol H2
	TONCO
(Fe)
	TONH2
(Fe)
	Selectivity
CO (%)

	1
	PS 1
	1
	-
	23
	3.8
	115
	19
	86

	2
	
	2
	-
	1.0
	1.0
	5
	5.2
	50

	3
	
	3
	0.2 µmol PS 1
	4.2
	2.4
	21
	12
	64

	4
	
	4
	0.2 µmol Cat
	7.6
	3.2
	38
	16
	70

	5
	
	5
	0.2 µmol PS 1 
and 
0.2 µmol Cat
	34
	4.6
	169
	23
	88

	6
	C 4
	1
	-
	58
	3.2
	291
	16
	95

	7
	
	2
	-
	1.1
	<0.32
	6
	<1.6
	78


Reaction conditions: 0.2 µmol Cu-PS, 0.2 µmol Cat., 10mL of CO2 saturated NMP, irradiation was performed using a Hg-lamp equipped with a 400-700nm filter 1.5 W, and the reaction was carried out at 25 °C for 5 hours.



4.5 Recycle experiment.
After performing several photocatalytic experiments applying C 3 and NMR analysis, the reaction mixtures were transferred to a plastic 50 mL falcon tube and centrifugated at 3000 rpm for 10 minutes. The solvent was decanted, 5 mL of water were added, and the sample was centrifugated under the same conditions again. After this step, decantation and drying of the sample was performed. The composites were recovered and combined. Instead of a yellowish powder a white one was obtained (Figure SI-6). 
One experiment was performed using the resulting separated C 3 composite isolated from various reaction mixtures. This experiment was based on the supposition that the amount of copper was the same as the initial composite (0.24% Cu). The suspension of the composite in 10 mL of NMP was bubbled with carbon dioxide for 30 minutes and 0.2 µmol of Cat and BIH were added, then the sample was irradiated with white light (1.5W) for 5 hours.

	Table SI-6. Recycling experiment applying C 3 and Cat.

	


	Entry
	composite (mg)
	µmol CO
	µmol H2
	TONCO
	TONH2
	Selectivity
CO (%)

	1
	6.3
	52
	3.0
	260
	15
	94

	2
	127
(recycled)a)

	1.6
	<0.32
	8.2
	1.6
	84


Reaction conditions: 0.2 µmol Cu-PS, 0.2 µmol Cat., 10mL of CO2 saturated NMP, irradiation was performed using a Hg-lamp equipped with a 400-700nm filter 1.5 W, and the reaction was carried out at 25 °C for 5 hours. a) Several batches of C 3 resulting from photocatalytic reactions were collected and the PS-1@TiO2 separated. The combined composite materials were applied in another run of photocatalytic CO2 reduction. Due to leaching and the resulting lower Cu content (see Figure SI-6: white color for recycled sample instead of yellow for C 3) compared to the starting material C 3 more composite was used.

[image: ][image: ]b)
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Figure SI-6: a) Reaction mixture after the first run employing C 3 as photosensitizer. b) Recycled composite C 3 after irradiation (second run).



5. Quantum yield determination
Quantum yields were calculated based on the following equation:



The number of incident photons was calculated according to a previously performed actinometer measurement resulting in the calibration curve for 415 nm light according to figure SI-7,5 and CO molecules were quantified using a calibrated GC. The relation between number of photons per second and power output is the following: 



Once the number of photons per second is assigned, the calculation of incident photons is obtained by multiplying by the time of irradiation.
In this manner, the quantum yields obtained for entries 3 and 4 in Table 3 are 0.32% and 4.5%. An example of the calculation is the following:



A third experiment was performed under similar conditions as in entry 8 of Table 2 employing C 3 for quantum yield determination using blue light (415 nm, 70 mW). In this case, 147 µmol of carbon monoxide were obtained, providing a quantum yield of 6.3%.



A fourth reaction was performed applying 2 µmol of Cat., 84 mg of C 3 (2 µmol of Cu), 360 mg of BIH and 20 mL of NMP. Blue light (415 nm, 70 mW) was applied for 5 hours, producing 222 µmol of carbon dioxide, which corresponds to a quantum yield of 9.5%.


[image: ]
Figure SI-7. Number of photons vs power output. (Graph taken from ref. 5)



6. Scanning transmission electron microscopy (STEM)
Scanning transmission electron microscopy (STEM) was performed with a probe-aberration corrected JEM-ARM200F (JEOL, corrector: CEOS) at 200 kV. The microscope is further equipped with a JED-2300 energy dispersive X-ray spectrometer (JEOL) including a silicon drift detector (dry SD60GV). For general imaging, a high-angle annular dark field (HAADF) and an annular bright field (ABF) detector were used. The catalyst powder was dryly deposited on a Cu grid (mesh 300) covered by a holey carbon film, which was then transferred into the microscope.
[image: ] [image: ]
[bookmark: _Hlk120269924][bookmark: _Hlk120269806]Figure SI-8. HAADF-STEM images of C 4 (0.66 wt% Cu). The parent structure of TiO2 is clearly visible, but due to the low Z contrast between Cu and Ti, Cu is not visible.

[image: ] [image: ]
[bookmark: _Hlk120269992][bookmark: _Hlk120269832]Figure SI-9. BF-STEM images of C 4 (0.66 wt% Cu). Again, the parent structure of TiO2 is clearly visible, and additionally, some amorphous material between the TiO2 crystallites is visible, which can be traced back to the deposition of PS 1 (see also Figure SI-10).

[image: ][image: ]
[bookmark: _Hlk120270055]Figure SI-10. Selected EDX spectra (enlarged) of the marked areas of C 4 (0.66 wt% Cu; STEM-HAADF image on the left) are provided on the right. The spectrum of area 2 shows the background, while in the spectrum belonging to area 1, small portions of C, Cu, P, and S are visible besides TiO2, proving the presence of PS 1 in small quantities on the support.


7. Diffuse reflectance absorption spectra 
  [image: ]

Figure SI-11: a) Diffuse reflectance absorption spectra of PS 1 (blue), TiO2 (black), C 1 (yellow), C 3 (orange) and C 4 (red); b) Diffuse reflectance absorption spectra of PS 1 (blue), PS 2 (orange) PS bcp (black), and PS dppe (red).


8 Photophysical measurements
8.1 Experimental setup(s)
For the investigation of the photophysical properties of the materials under examination different techniques were employed.
Static absorption spectra were recorded by using a UV/vis spectrophotometer (Specord 50, Analytik Jena) and static emission spectra were obtained using a fluorometer (FluoroMax‐4, Horiba Scientific). 
For transient absorption spectroscopy a regenerative Ti:Sapphire amplifier system (Spitfire PRO, Spectra Physics) was employed. The fundamental femtosecond pulses at 800 nm were split into two beams, one served after second harmonic generation as excitation and the other is used for white light generation in a CaF2-crystal to obtain broad band probe pulses. Samples were dissolved in methanol and filled into a 2 mm quartz cuvette.
For time resolved studies of the emission in the solid state the sample powders were fixed between two glass plates. The samples were excited with femtosecond pulses at 388 nm, generated by second harmonic generation of the output of a Ti:Sapphire laser system (CPA 2001, Clark MXR). The time evolution of the emission was recorded using a streak camera system (Streakscope C10627, Hamamatsu).

8.2 Results
The absorption spectrum of the pure Cu complex PS 1 in methanol (MeOH) shows a clear absorption maximum at 390 nm (Figure SI-12).

[image: ]
Figure SI-12: UV-VIS absorption of PS 1 and PS 1@TiO2 (C 4) in MeOH.

To measure the absorption spectrum of the Cu complex PS 1 supported on Hombikat (PS 1@TiO2, C 4) a small amount was dispersed in MeOH. The measured spectrum is similar to the one of the PS 1 with bands at the same positions (Figure SI-12). A positive signal is detected for larger wavelengths, which can be attributed to scattered light due to the TiO2 particles. 
[bookmark: _Hlk127195651]The supported sample PS 1@TiO2 (C 4) dispersed in MeOH and as a solid shows a very similar emission (Figure SI-13) compared to the pure complex with a maximum at 560 nm.


[image: ]
Figure SI-13: Emission spectra of PS 1 and PS 1@TiO2 (C 4) in MeOH and as solids in glass plates. The samples were excited at 400 nm.

The excitation spectra of PS 1 and PS 1@TiO2 (C 4) in MeOH are similar to the absorption spectra with a band centered at 390 nm (Figure SI-14) while the excitation spectrum of the solids show a broad shoulder at longer wavelengths. This distortion could be due to the high optical density of the solid, by what regions of smaller absorbance might be overestimated. The decreasing signal at wavelengths shorter than 400 nm for PS 1@TiO2 (C 4) as a solid is due to the absorption of TiO2.

[image: ]
Figure SI-14: Excitation spectra of PS 1 and PS 1@TiO2 (C 4) in MeOH and as a solid. The excitation spectra were detected at 560 nm.

To investigate the relaxation dynamics, transient absorption (TA) experiments were conducted. For this supported PS 1@TiO2 (C 4) and non-supported PS 1 were dissolved in MeOH and excited at 400 nm. Both samples show an excited state absorption in the visible range with a maximum at ca. 530 nm, which originates from the triplet metal to ligand charge transfer (3MLCT) state.7 The data were fitted with a multiexponential decay function with three components. The shortest component in the femtosecond range is due to coherent artifacts and is neglected. The decay associated difference spectra (DADS) of the other two contributions are shown in Figure SI-15. The component with a lifetime in the ps range can be attributed to the relaxation of the optical accessible electronically excited singlet state to the 3MLCT state. The decay time of the excited state signal is in the order of microseconds and cannot be determined exactly in the TA measurement since it exceeds by far the experiments time range of 1.5 ns.

[image: ][image: ]
Figure SI-15: DADS of the non-supported PS 1 (left) and PS 1@TiO2 (C 4, right).

Figure SI-16 shows the time evolution of the signal at 535 nm up to 1 ns and clarifies that there is no significant difference in the relaxation dynamics of the mere and the supported complex in this time range.
[image: ]
Figure SI-16: Time evolution of the TA signals at 535 nm of the non-supported PS 1 and PS 1@TiO2 (C 4). The signal of PS 1 was scaled by a factor of 0.7.
The time-resolved emission was recorded on the solid samples. Both the supported and the pure complex showed an emission at 630 nm with a lifetime of ca. 6 µs (Figure SI-17 Left). Also, in this experiment no significant difference between the relaxation properties of the supported and the pure Cu complex can be found (Figure SI-17 Right).

[image: ][image: ]
Figure SI-17: Left: Emission spectra of PS 1 and PS 1@TiO2 recorded in the time resolved emission experiment. Right: Decay of the observed signals.

Concluding, the very similar emission, excitation and transient absorption spectra of non-supported PS 1 and PS 1 supported on TiO2 suggest, that no electron transfer between the complex and the support occurs.



9 Electrochemical measurements: Cyclic Voltammetry (CV) and Differential Pulse Voltammetry (DPV)
All electrochemical investigations were performed at room temperature in dried acetonitrile p.A. (VWR) under an Argon atmosphere with 0.1 M tetrabutylammonium hexafluorophosphate (Fluka) as conducting salt using an Autolab (PGSTAT204, Metrohm). A glassy carbon disk electrode (d = 2 mm) was used as working electrode, a Pt-electrode as the counter electrode and an Ag/AgCl/LiClsat. in EtOH-system as the reference electrode (all electrodes: Metrohm). All potentials mentioned in this paper were measured with respect to this reference system and were checked by using the ferrocenium/ferrocene-internal reference system (potential of Fc+/FcDPV: 0.53 V vs. Ag/AgCl/LiClsat. in EtOH). The CV scans were done three times at a scan rate of 40 mVs−1. For the DPV measurements following parameters were applied: scan rate of 10 mVs-1, modulation amplitude of 25 mV, modulation time of 0.05 s, and interval time of 0.5 s. All measurements were performed with 1 mM compound dissolved in the electrolyte.
[image: ][image: ][image: ]	Comment by Hilario Diego Huerta: Color was added and background removed from figures SI-18 to SI-20. Data and values remained unchanged.
Figure SI-18. CV (left), DPVred (middle) and DPVox (right) of PS 1.
[image: ][image: ][image: ]
Figure SI-19. CV (left), DPVred (middle) and DPVox (right) of PS bcp.
[image: ][image: ][image: ]
Figure SI-20. CV (left), DPVred (middle) and DPVox (right) of PS dppe.


	Table SI-7. Overview of redox potentials of different PS.

	
	E1-ox
	[bookmark: _Hlk124146069]E1-ox
	IP
	E2-red
	E2-red
	EA
	EEC

	
	[V vs Fc+/Fc]
[a]
	[V vs NHE]
[b]
	[eV]
[c]
	[V vs Fc+/Fc]
[a]
	[V vs NHE]
[b]
	[eV]
[c]
	[eV]
[c]

	PS 1
	0.79
	1.52
	5.92
	-2.02
	-1.29
	3.11
	2.81

	PS 28
	0.93
	1.58
	5.98
	-2.05
	-1.40
	3.00
	2.98

	PS bcp
	0.81
	1.54
	5.94
	-2.03
	-1.30
	3.10
	2.84

	PS dppe
	0.82
	1.55
	5.95
	-1.99
	-1.26
	3.14
	2.80


[bookmark: _Hlk124146201][a] Potentials were measured using differential pulse voltammetry (DPV) relative to Fc+/Fc. [b] Referenced to NHE by adding 0.73 V to the value relative to Fc+/Fc.9 [c] Calculated by IP = E1-ox + 4.4 eV (HOMO), EA =E2-red + 4.4 eV (LUMO), and EEC = IP – EA 9
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