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Table S1. Summary of PF-PEC data with polymer-PSII on flat and IO-ITO electrodes 

during illumination (λ = 685 nm; Ee = 10 mW cm−2) at Eapp = 0.5 V vs. SHE (pH = 6.5, T = 

25 °C). 

 

Abbreviations: Jmax - maximum photocurrent density (defined as the baseline-corrected 

photocurrent peak density after the third light exposure), TOFPSII – theoretical initial PSII-

based TOF (assuming 100% Faradaic efficiency), τ1/2 - photocurrent density half-life time, 

EQE - external quantum efficiency, ΓPSII - PSII loading and Γpolymer - redox-active centres 

loading on flat ITO or IO-ITO electrodes. N.D. - values not determined. 



 
S3 

 

Figure S1. Photographic and scanning electron microscopy (SEM) images of the 

unmodified IO-ITO electrode (a), IO-ITO|POs-PSII (b) and IO-ITO|PPhen-PSII (c) with an IO-

ITO film thickness of 20 µm in all cases. The hierarchical ITO morphology stays intact 

during the integration of PSII and polymer. Unmodified IO-ITO electrodes with 12, 20, 40 

and 80 µm film thickness measured at 60⁰ tilt angle are shown in (d). 
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Figure S2. 1H-NMR spectra and molecular structures of the polymer backbones of POs (a) 

and PPhen (b) in DMSO-d6 and acetone-d6, respectively, measured with a proton resonance 

frequency of 200.13 MHz; the residual solvent peak was used as internal standard. Inset in 

(a) shows a magnification of the region between 1 to 1.6 ppm; the integral ratios c/g (150), 

b/g (38.5) and a/g (94.5) were used to estimate the molecular weight of the polymer 

backbone of POs (neglecting the allyl amine content y). 
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 Figure S3. UV-vis spectroscopy characterisation (a, b and d) of the polymers and the 

chemical structure of the freely diffusing mediators (c). Normalised UV-vis spectra of (a) 

POs (solid line) and the freely diffusing Os complex reference (dashed line) in MES buffer 

(20 mM, pH 6.5); (b) representative plot of the absorption at 531 nm of the freely diffusing 

Os complex reference in DMSO as a function of concentration for the calculation of the Os 

complex loading within POs (note, the absorption measurements of POs for calculating the 

Os-complex content were also conducted in DMSO); (c) molecular structures of the freely 

diffusing reference compounds; (d) normalised UV-vis spectra of PPhen (solid line) and the 

hexafluorophosphate salt of toluidine blue in DMSO; the PF6
– salt of toluidine blue was 

prepared by a metathesis reaction with toluidine blue chloride and NH4PF6 in water to 

enhance the solubility in DMSO and the purity of the dye (note that the commercial 

available chloride salt has only a ~80 % dye content); DMSO stock solutions of the freely 

diffusing compounds were used for the measurements. 
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Figure S4. Estimation of the hydrodynamic diameter of POs and PPhen suspended in MES 

solution (20 mM, pH 6.5) by dynamic light scattering. Particle size distribution (by number) 

of POs (a) and PPhen (b), respectively. Particle size distribution (by number) of filtered (200 

nm PES-membrane filters) solutions of POs (c) and PPhen (d), respectively; PPhen seems to 

form loosely bound agglomerates which can be dissociated when passing the solution 

through the membrane. After filtration the size of the agglomerates is still higher than the 

pore size of the used filters indicating fast re-agglomeration. 
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Figure S5. Electrochemical characterisation of the redox hydrogels on IO-ITO electrodes. 

Cyclic voltammetry (CV) scans of POs adsorbed on 20 μm thick IO-ITO as a function of the 

scan rate (ν) is shown in (a) and CV scans with POs on IO-ITO electrodes with varying 

thicknesses in (b) at a scan rate of 10 mV s–1. CV scans of PPhen adsorbed on 20 μm thick 

IO-ITO as a function of the scan rate (ν) is shown in (c) and CV scans with PPhen on IO-ITO 

electrodes with varying thicknesses in (d) at a scan rate of 10 mV s–1. The first three cycles 

of CV scans of PPhen adsorbed on 20 μm thick IO-ITO compared to PPhen on flat ITO at a 

scan rate 10 mV s–1 is shown in (e) and the linear dependence of the peak current density 

of IO-ITO|PPhen with the scan rate in (f). All CV scans were recorded in the absence of 

light. The amount of POs (10 μg μL–1) and PPhen (10 μg μL–1) deposited: 1 μL on flat ITO 

and 1 μL per 20 μm thickness of IO-ITO electrodes. All experiments were carried out in a 

MES electrolyte (pH = 6.5, T = 25 °C). 



 
S8 

 

Figure S6. UV-vis spectra (λ = 550 - 750 nm) of (a) Chl a from PSII entrapped on the 

modified IO-ITO|polymer-PSII photoanodes and extracted by MeOH. Briefly, following the 

chronoamperometry experiments, polymer-PSII was scratched off the glass substrate, 

washed with MeOH (500 μL) into a vial and centrifuged. The UV-vis spectrum of the 

supernatant was then recorded and the band with an absorption maximum of λmax = 665 

nm assigned to Chl a was used to calculate the amount of PSII monomers assuming 35 

Chl a molecules per PSII monomer. UV-vis spectra of (b) polymer solutions (0.02 mg 

mL−1) in both MES electrolyte solution and MeOH, show negligible absorption at the 

irradiation wavelength used in PF-PEC (λ = 685 nm). A bar diagram showing the PSII 

loading on 20 μm thick modified electrodes measured after PF-PEC experiments: 162 ± 17 

pmol cm−2 (IO-ITO|PSII), 144 ± 21 pmol cm−2 (IO-ITO|POs-PSII) and 149 ± 7 pmol cm−2 

(IO-ITO|PPhen-PSII) is shown in (c). 
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Figure S7. Action spectra showing the photocurrent density dependence on the irradiation 

wavelength of (a) IO-ITO|POs-PSII (red) and IO-ITO|PPhen-PSII (blue) and IO-ITO|PSII 

(black) electrodes (20 μm thickness) recorded with the monochromatic light (λ = 500 to 

760 nm measured in 20 nm steps; Ee = 3.25 - 6.26 mW cm−2). (b) Control experiments 

with bare (PSII-free) IO-ITO (black), IO-ITO|POs (red) and IO-ITO|PPhen (blue) electrodes 

showing no significant photocurrent density contribution. The plot of J vs. λ of the IO-ITO, 

IO-ITO|POs, and IO-ITO|PPhen electrodes is shown in (c). Short irradiation times (chopped 

30 s dark and 10 s light irradiation time) are used in all experiments to prevent excessive 

PSII photodegradation over time. All chronoamperograms were recorded at Eapp = 0.5 V 

vs. SHE (pH = 6.5, T = 25 °C) in a MES electrolyte solution. 
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Figure S8. Stepped potential chronoamperometry for 20 μm thick IO-ITO|polymer-PSII 

and IO-ITO|PSII photoanodes (a, b and c) and PSII-free electrodes (d). Larger applied 

potential Eapp step size (0.1 V) and range (0.0 - 0.7 V vs. SHE) of chronoamperometry 

(chopped 30 s dark and 30 s light irradiation times) in (a) show the limiting photocurrent 

density for each system while in (b) the onset potential for each system is emphasised 

(0.05 V steps in Eapp range 0.0 - 0.5 V vs. SHE). Shorter irradiation times (chopped 30 s 

dark and 10 s light irradiation times) are used in (c) and (d) to prevent excessive PSII 

photodegradation over time. The PSII loading on each modified electrode was 

comparable: 162 ± 17 pmol cm−2 (IO-ITO|PSII), 144 ± 21 pmol cm−2 (IO-ITO|POs-PSII) and 

149 ± 7 pmol cm−2 (IO-ITO|PPhen-PSII). The redox-active centres loading was 25 ± 4 nmol 

cm–2 (POs) and 17 ± 4 nmol cm–2 (PPhen). All chronoamperograms were recorded at pH = 

6.5, T = 25 °C. 
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Figure S9. Characterisation of electrochemical stability of the IO-ITO|polymer-PSII 

photoanode during irradiation. The photocurrent density dependence on Eapp for the IO-

ITO|polymer-PSII photoanodes is shown in (a) with a measurement re-taken at 0.5 V vs. 

SHE following the scan to determine the extent of PSII degradation. CV scans of POs-PSII 

(1 μL of 10 μg μL–1 POs mixed with 1 μL of 2.6 μg μL–1 Chl a in PSII) adsorbed on 20 μm 

thick IO-ITO (ΓPSII = 144 ± 21 pmol cm−2 and ΓOs = 25 ± 4 nmol cm–2) during the first three 

scan cycles in the dark are shown in (b) and during irradiation (λ = 685 nm; Ee = 10 mW 

cm−2) in (c) at a scan rate 10 mV s–1. All measurements were carried out at pH = 6.5, T = 

25 °C. 
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Figure S10. Photostability of the IO-ITO|POs-PSII photoanode. Photocurrent decay of IO-

ITO|POs-PSII photoanodes with different film thicknesses during 60 min continuous 

illumination (λ = 685 nm; Ee = 10 mW cm−2) at 0.5 V vs. SHE without any additional 

mediator in (a) and in the presence of a redox mediator (1 mM DCBQ) in (b). All 

measurements were carried out at pH = 6.5, T = 25 °C. 

 

End of Electronic Supplementary Information 

 


