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S1. General Information for Experiments

Materials and General Procedures. Tetrahydrofuran and triethylamine were distilled from CaH,. Other solvents
and chemicals were of reagent-grade quality, purchased commercially and used without further purification unless
otherwise noted. Column chromatography and thin-layer chromatography (TLC) were performed with UltraPure
Silica Gel (230 — 400 mesh, SiliCycle Inc.) and Silica gel 60 F,s4 (Merck), respectively. Melting points were recorded
on a Yanagimoto micro-melting point apparatus and not corrected. TiO, electrodes for electrochemical measurements
were prepared by doctor blade techniques, while TiO; electrodes for photoelectrochemical and transient absorption
measurements were prepared by screen printing techniques as previously reported.Sl

Electrochemical Measurements. Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) were
performed on an ALS660A electrochemical analyzer in deaerated sodium phosphate buffered aqueous solution (NaP1,
pH 7.3, 0.1 M, 1.87 g of NaH,PO,4 and 6.45 g of Na,HPO4 in 300 mL of water) or deaerated dichloromethane
containing 0.1 M of tetrabutylammonium hexafluorophosphate (TBAPF¢). A conventional three-electrode cell
consisted of a modified FTO/Ti0, working electrode (or a glassy carbon working electrode), a Ag/AgCl (3 M NaCl
aqueous solution) reference electrode, and a Pt wire counter electrode. The measured potentials were recorded with
respect to the reference electrode, and redox potentials were reported according to following equation: Enpgg =
Engagar +0.207 V.5

Photoelectrochemical Measurements. Photoelectrochemical measurements were performed using an ALS660A
electrochemical analyzer and the standard three-electrode electrochemical cell with the FTO/TiO,/SP+RuWOC,
FTO/TiO,/SP, or FTO/Ti0,/RuWOC working electrode, the Pt wire counter electrode, and the Ag/AgCl (3 M NaCl
aqueous solution) reference electrode. The photocurrent was measured at 0.207 vs NHE without stirring and iR
compensation.>> A 100 W halogen lamp (MEJIRO PRECISION, PHL-100) coupled with a 380 nm long-pass filter
was used as a white light source (1ex > 380 nm; input power, 100 mW cmfz) for the DSPEC with I'/I; redox couple
(A Pt wire covered with a glass ruggin capillary, whose tip was located near the working electrode and a Pt coil were
used an quasireference and counter electrodes, respectively). An LED Light Source (Hayashi Watch-Works Co., Ltd,
LA-HDF158AS) was used as a white light source (dex > 420 nm) for the photoelectrochemical water oxidation
analysis. A 500 W Xe lamp (USHIO, XB-50101AAA) was used for the IPCE measurements. A 300 W Xe lamp
(Asahi Spectra Co., Ltd., MAX-303) coupled with a 400 nm long-pass filter was used as a white light source (1ex >
400 nm) for the long-term photolysis of water. Monochromatic light was obtained through a monochromator (Ritsu,
MC-10N) and used to illuminate the modified area of the working electrode (0.28 cmz). The light intensity was
monitored by an optical power meter (Anritsu, ML9002A) and corrected to calculate the IPCE values.

XPS. The data were collected using a ULVAC-PHI 5500MT instrument with a Mg Ka X-ray source (1253.6 ¢V) and
a hemispherical energy analyzer as previously reported.”’ The spectra were reported with reference to the In 3ds,

peak of In foil as an internal reference with a binding energy of 443.8 eV.
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S2. Quantum Chemical Calculations

Gas phase DFT calculations on SP were carried out using the Gaussian 03 package of program® with the B3LYP
functional and the 3—21G basis set, followed by the 6—311++G(d,p) basis set, which is often used for calculations
involving push—pull type molecules.>> The frequency analyses were carried out at the same level. The molecular

orbitals were visualized by Molstudio 3.0 software.
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Figure S1. Structure and the selected molecular orbitals of the push—pull SP calculated at the
B3LYP/6—311++G(d,p) level of theory. (left) The optimized structure, (center) Kohn—Sham highest occupied
molecular orbital (HOMO), and (right) lowest unoccupied molecular orbital (LUMO) of SP. White: hydrogen, green:
boron, gray: carbon, blue: nitrogen, and red: oxygen. The dihedral angle between the meso-phenyl ring and the
macrocycle plane was 48.8 — 55.2 °, thus achieving an efficient expansion of the n-system.

As shown in Figure S2, the TD-DFT calculation at the B3LYP/6-311++G(d,p) level of theory predicted that a
lowest-energy transition with an oscillator strength of 0.2055 would occur at 511 nm with 80% HOMO-to-LUMO
transition and 20% HOMO-3-to-LUMO+1 transition. The theoretical simulation is in good agreement with the

experimental UV-vis absorption spectrum of SP (Figure S7), supporting the electronic structure of the push—pull

sensitizer.
1.0 Selected transitions of SP simulated by TD-DFT.
0.8 A/ nm transition f
. 1 511.44 HOMO-3 to LUMO+1 0.16240  0.2055
| HOMO to LUMO 0.67620
0.6 2 500.39 HOMO-3 to LUMO —0.17456  0.4068
HOMO-1 to LUMO —0.10028
0.4+ HOMO to LUMO+1 0.66718
3 35822 HOMO-3 to LUMO 0.39770  0.6399
0.2 HOMO-3 to LUMO+1 0.18108
1 | HOMO-3 to LUMO+2 0.15755
0 T | HOMO-2 to LUMO —0.15327
300 400 500 600 700 HOMO-2 to LUMO+1 0.44307
A/nm — HOMO to LUMO+8 0.10625

Figure S2. Calculated transition of SP by TD-DFT at the B3LYP/6—311++G(d,p) level of theory. The atom
configuration shown in Figure S1 was used for this calculation.
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S3. Synthesis and Characterization
RuWOC was prepared according to the literature.>® SP was synthesized as follows (Scheme Sl):S7 The structure was
verified by spectroscopic analyses including 'H, ''B, and 13C{IH} NMR, ESI-HRMS, IR, steady-state absorption and

emission spectra, fluorescence lifetime, and electrochemical measurements.
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Scheme S1. Synthesis of the push—pull contracted porphyrin, SP.

Synthesis of SP: A flask containing pyridine—tri—N—pynrolylboraneSg (PPB, 1.01 g, 3.50 mmol),
4-(diphenylamino)benzaldehyde (1.91 g, 6.99 mmol), and 4-formylbenzoic acid (0.520 g, 3.46 mmol) in
1,2-dichlorobenzene (130 mL) was degassed for 20 min at 0 °C, and trifluoroacetic acid (TFA, 0.87 mL, 11 mmol)
was added dropwise via a syringe. After stirring at 0 °C for 1.5 h under Ar, pyridine (0.86 mL, 11 mmol) was added
to the reaction mixture, and the resulting solution was heated to reflux. After stirring for 1 h, the solution was cooled
to room temperature, and the solvent was removed in vacuo. The black tar residue was dissolved in 200 mL of
tetrahydrofuran/methanol (v/v = 1/1) and stirred at 50 °C for 10 min. The solvent was then evaporated, and the crude
mixture was purified on a silica gel column chromatography with dichloromethane/acetone = 3/1, then 5/1 as an
eluent. After recrystallization from dichloromethane/methanol/hexane, SP was obtained as an orange crystalline solid
(13.8 mg, 15.7 umol, 0.5%). m.p. >300 °C; 'H NMR (600 MHz) in CD,Cl,/CDs0OD (v/v = 4/1) with a drop of
CD;CO;,D: 6 8.34 (d, J = 8.4 Hz, 2H), 8.21 (d, J = 4.2 Hz, 2H), 8.20 (s, 2H), 8.13 (d, /= 8.4 Hz, 2H), 8.11 (d, J=4.2
Hz, 2H), 7.92 (d, J = 8.4 Hz, 4H), 7.35-7.32 (m, 12H), 7.24 (d, J = 8.4 Hz, 8H), 7.09 (t, J = 7.5 Hz, 4H); ''B NMR
(193 MHz) in CD,Cl,/CD;0D (v/v = 4/1) with a drop of CD;CO,D: & —15.2 (s, 1B); "C{'H} NMR (151 MHz) in
CD,Cl,/CD;0D (v/v = 4/1) with a drop of CD;CO;,D: & 148.6, 148.0, 142.3, 141.2, 141.1, 140.9, 134.3, 133.4, 130.7,
130.5, 129.9, 125.5, 124.0, 123.3, 123.2, 122.8, 122.3, 121.6; HRMS (ESI): m/z calcd for CsgH3gBNsO, 848.3191
[M—OMe]"; found: 848.3201; IR (neat): 1714 cm™'; UV/Vis (THF): Anax (€) = 356 (33 600), 400 (70 200), 510 nm
(19300 M ' cm ™).
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S4. NMR of the Push—pull Contracted Porphyrin
'H, "B, and 13C{IH} NMR spectra were measured on a JNM-ECA600 (JEOL, Japan) spectrometer, and the chemical

shifts were recorded relative to the internal reference of tetramethylsilane (0.00 ppm) for 'H, the external reference of

borane trifluoride (0.00 ppm) in dichloromethane-d> for ''B, and the internal reference of dichloromethane (53.8

ppm) for “C{'H}.
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Figure S3. 'H NMR (600 MHz) spectrum of SP in CD,Cl,/CD;0D (v/v = 4/1) with a drop of CD;CO,D at 295 K.
Because of the axial ligand exchange via the subporphyrin borenium cation under acidic conditions,”’ the proton

signals of the methoxy group were not observed.
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Figure S4.''B NMR (193 MHz) spectra of SP in CD,Cl,/CDsOD (v/v = 4/1) with a drop of CDsCO,D (top and

middle) and borane trifluoride in CD,Cl, (bottom) at 303 K.
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Figure S5. "C{'H} NMR (151 MHz) spectrum of SP in CD,Cl,/CD;OD (v/v = 4/1) with a drop of CD3CO,D at
296 K.
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S5. HRMS of the Push—pull Contracted Porphyrin

ESI-HRMS were obtained on a Thermo Fischer Scientific EXACTIVE spectrometer.
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Figure S6. ESI-HRMS of SP (top) and simulation pattern calculated for [M—OMe]" (bottom).
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S6. Optical Properties of the Push—pull Contracted Porphyrin

UV-vis absorption spectra were measured with a Lambda 900 (Perkin-Elmer) UV/vis/NIR spectrometer with a data
interval of 0.5 nm. Steady-state fluorescence spectra were measured with a FluoroMax-3 (JOBIN YVON, HORIBA)
spectrofluorophotometer with a data interval of 1 nm. Time-correlated single-photon-counting was recorded on a
HORIBA Jobin Yvon FluoroCube Fluorescence Lifetime System equipped with NanoLEDs and LDs. Hamamatsu
(R3809 U) photomultiplier and a thermoelectrically cooled TBX-04-D detector was used to detect the emitted

photons. These spectra were taken in ca. 10°—10"° M solutions in a quartz cell with a path length of 1 cm.
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Figure S7. UV-vis absorption (solid) and fluorescence spectra (dashed) of SP in methanol. Excitation wavelength:
400 nm. The slpectra showed a large Stokes shift, indicating the large structural change of the macrocycle in the
excited states.®"’
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Figure S8. Time-correlated single photon counting of SP in methanol at 298 K (green trace) and the fitted line with
a lifetime (7r) of 3.72 ns (green line). The gray trace is the instrumental response function (IRF). Excitation
wavelength: 416 nm. Monitor wavelength: 605 nm.
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S7. Electrochemical Properties of the Push—pull Contracted Porphyrin
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Figure S9. Cyclic voltammogram of SP in deaerated dichloromethane containing 0.1 M TBAPF. Scan rate: 100

-1
mVs .
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S8. Photoanodes (FTO/TiO,/SP) Characterization

1.4 4
1.2 1

10 20 30 40
t/ mn ———>

0 ! ! — 1 1
400 500 600 700 800
Alnm ——>

Figure S10. Time course of SP adsorption on the surface of an FTO/TiO; electrode. Stock solution: 0.18 mM SP in
THF/EtOH (v/v = 7:3). The TiO, electrodes were prepared by screen printing techniques, and the TiO; thickness was
2 pum.

Meyer’s method. The surface loading of molecules on the surface of the FTO/TiO; electrode (Iy’) was determined

using the following equation:Sll

o Ay -2
Iy = x10° mol cm (S1H)

where A4, is the absorbance of the electrode and ¢ is the molar extinction coefficient of the molecules at the

wavelength in solution.
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Figure S11. (left) CV and DPV of the FTO/TiO,/SP electrode in deaerated dichloromethane containing 0.1 M
TBAPF,. Scan rate: 100 mV s . (right) Cathodic current at 0.54 V-square root of the scan rate plot for the electrode
when all conditions were the same except for the scan rate. The TiO, electrodes were prepared by doctor blade
techniques, and the thickness of the TiO, film was 9 — 10 um.

10 | Supporting Information



S9. Photoelectrochemical Properties of the FTO/TiO,/SP Electrode under the Three-electrode Setup
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Figure S12. (left) Current density vs potential curve of the FTO/TiO,/SP electrode (TiO; thickness: 12 um) under
white light illumination (input power of 100 mW cm >, Ao > 380 nm, solid line) and in the dark (dashed line).
(center) Current density vs time curve under white light illumination. (right) Photocurrent action spectra (solid) and
LHEs (dashed) of the photoanodes. Conditions: counter electrode: Pt wire; reference electrode: Pt coil; external bias:
0.207 V vs NHE; electrolyte: 0.1 M Lil and 0.05 M 1, in acetonitrile (I /I3 redox couple).

S10. Preparation and Characterization of Photoanodes (FTO/TiO,/SP+RuWOC)
The SP-sensitized TiO; electrode was immersed into an ethanol solution of RuWOC (0.34 mM) for 1 min at 298 K
(Figures S13 and S14). The electrode was then washed several times with ethanol and water and dried in the dark at
room temperature to yield the working photoanode of FTO/Ti0,/SP+RuWOC.

TiO, film (2 um) was immersed in 0.18

mM of SP in THF:EtOH = 7:3 solution.
FTO —

g O HO g0

RuWOC solution

The TiO, film was immersed in 0.34 mM of
RuWOC EtOH solution.

Figure S$13. Schematic illustration of the preparation of the FTO/TiO,/SP+RuWOC electrode.
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Figure S14. UV-vis absorption spectra of FTO/TiO/SP+RuWOC (solid), FTO/TiO,/SP (dashed), and
FTO/TiOo/RuWOC (dotted) electrodes.
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Figure S15. XPS of the FTO/TiO/SP+RuWOC (black) and FTO/TiO,/SP (red) electrodes in the P 2p (left) and Ru
3ds), regions (right). The presence of P (binding energy of 133 ¢V) and Ru (binding energy of 280 eV) atoms on the
surfaces was confirmed.
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Figure S16. CV of the FTO/TiO/RuWOC electrode in the aqueous NaPi solution (0.1 M, pH 7.3). Scan rate: 100
mV s . The TiO, film with a TiO, thickness of 9 — 10 um was prepared by doctor blade technique.
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S11. Photoelectrochemical Water Oxidation
Current data upon irradiation were collected in the three-electrode electrochemical cell with the Pt wire counter
electrode and the Ag/AgCl reference electrode. The photolysis was performed at 0.207 vs NHE without stirring and

. . S3
1R compensation.
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Figure S17. Current vs potential curves of the FTO/TiO,/SP (black) and FTO/TiO,/SP+RuWOC (red) electrodes in
the aqueous NaPi solution (0.1 M, pH 7.3) under 0.5 Hz chopped green light illumination (512 nm, Wiypy = 0.31 mW

cmfz) and in the dark. The TiO, electrodes were prepared by screen printing techniques, and the TiO, thickness was 2
pm.

Both the photocurrent and the dark current of the FTO/TiO,/SP+RuWOC electrode increased significantly at

1T

approximately 0.6 V vs NHE (Figure S17). This corresponds to a redox peak of the Ru /Ru" pair, supporting the

attachment of RuWOC on the surfaces of TiO».
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Figure S18. Current density vs time curves of the FTO/TiO,/SP+RuWOC electrodes in the various aqueous
solutions (electrolyte concentration: 0.1 M) with different pH under white light illumination (ex > 420 nm, 100 mW
cmfz). The TiO; electrodes were prepared by screen printing techniques, and the TiO; thickness was 2 um.
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S12. Gas Detection
Analytical GC was performed using a Shimadzu GC-2014 instrument with a thermal conductivity detector

(TCD-2014). A molecular sieve column was used as the stationary phase, and Ar gas was employed as the mobile
phase. The Ar flow rate was 25 mL min ', and the column temperature was 40 °C. Aliquots (500 pL) of gas from the
headspaces of the DSPECs (25 mL) after the measurements were delivered to the GC system using a Hamilton
SampleLock syringe to quantitatively analyze the O, and H, evolution. A FireSting Oxygen Monitor (BAS Inc.) was

used for the time-course measurement of O, evolution. Ar containing 10% O, purchased from Sumitomo Seika

Chemicals Co., Ltd. (Lot No. JTC1520066) was used for the calibration.
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Figure S19. Gas chromatograms of the photoanode compartment (left) and cathode compartment (right) after
photolysis under white light illumination (black trace, 100 mW cm °; photoanode active area: 0.38 cm®) and
background air (red trace). Retention time: 0.85 min for H,, 1.35 min for O,, 1.9 min for N,.
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S13. Photolysis of H2180 and 1802 Detection by GC-MS

80-labeled water (HngO, 98 atom%) was purchased from Rotem Industries Ltd. (Lot No.: 15-1257), and used as 0.1
M NaF solution for the photolysis experiments. GC-MS spectra were collected on Bruker SCION SQ 436-GC.
Bruker BR-Swax (length: 30 m, diameter: 0.25 mm) was used as the stationary phase, and He gas was employed as

the mobile phase. The He flow rate was 1.3 mL min "'

, and the column temperature was 40 °C. The split ratio was 20,
and the mass spectra were obtained with m/z values from 20 to 120. Aliquots (500 pL) of gas from the headspaces of
the PECs (25 mL) after the measurements were delivered to the GC-MS system using a Hamilton SampleLock

syringe to qualitatively analyze the evolved gases.
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Figure $20. GC-MS of the photoelectrochemical products after 1 h of photolysis of 98 atom% H,'*O under white
light illumination (lex > 400 nm, 100 mW cmfz) using the FTO/TiO,/SP+RuWOC photoanode (black) and
background air (gray).

The background showed almost no 00 (0.2%) and %0, (0.0004%) peaks, whereas the gas fraction from the
photoanode compartment after the photolysis of H,'°O using the FTO/TiO,/SP+RuWOC as the photoanode revealed
remarkable evolution of '*O, (Figure S19). '%0-lableled CO, (Mw = 48) was also detected, indicating the oxidative
degradation of SP and RuWOC on the surfaces with H,"O as an oxygen source.’'? The oxidative degradation

explains the nonunit Faradaic efficiency of the photoanodic reactions.
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S14. Catalytic Turnover

The "*0, evolution by the photoelectrochemical H,"®O oxidation using visible light was confirmed by GC-MS
analysis (Figure 4a and S19); therefore, we determined the catalytic turnover in the photoelectrochemical conversion
of water to O,. The integrated charge over 1 h of white light irradiation was 20.0 mC, and the GC analysis revealed

that 33 nmol of O, was evolved. The Faradaic efficiency was determined as follows:

4Xng, _ 4x33[nmol]
Q T 20.0x1073 [Aes]

96485 [Aes/mol]

= 64%

Faradaic Efficiency =

The catalyst loading onto the FTO/Ti0, electrode is (3.2 £ 0.6) x 10” mol cm 2 according to the optical analysis and
Equation S1, and the active area for the photoelectrochemical analysis was 0.38 cm’. The TON is determined as

follow:

no, 33 [mol] — 27

NRUWOC 3.2x10~9[mol/cm?]x0.38 [cm?]

TON =

The TON was divided by 60 min to provide the average turnover frequency (TOF,.): 0.45 min .

Considering the O, liberation rate from Ru""-00-Ru" species during heterogeneous Ru-bda-catalyzed water
oxidation, 5.8 371,813 and the surface loading of the catalyst, 3.2 x 10~° mol cmfz, a maximum current density of 7.2
mA cm ~ was expected for the electrochemical and photoelectrochemical water oxidation. However, the obtained
steady current was at most 60 pA cm ° under white light illumination (Aex > 420 nm, 100 mW cmfz). If the

rate-determining step is the intermolecular ET reaction, the rate would be 3.8 x 10 s ™.
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S15. Spectroelectrochemistry for the Assignment of SP™ Radical Cation

Spectroelectrochemical measurements were performed using an ALS660A electrochemical analyzer and a
three-electrode electrochemical cell with the FTO/TiO,/SP working electrode, the Pt wire counter electrode, and a
Ag/AgNO; reference electrode with a Lambda 900 (Perkin-Elmer) UV/vis/NIR spectrometer. The absorption spectra

of the electrode before and after the spectroelectrochemical measurements remained almost the same.
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0.55V
06 - — 0.60V
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Alnm —m—>

Figure S21. Change in the absorption spectra of the FTO/Ti0,/SP electrode during electrochemical oxidation at an
applied potential of 0.20 — 0.60 V vs Ag/AgNO; in CH,Cl; containing 0.1 M of TBAPF¢. The TiO; electrodes were
prepared by screen printing techniques, and the TiO; thickness was 2 um.
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S16. Transient Absorption of SP in Solution and SP Adsorbed to TiO; Electrodes (with and without RuWOC)
TA measurements were carried out using a home-built pump-probe setup. Laser pulses (800 nm, 80 fs pulse length, 1
kHz repetition rate) were generated by a regenerative amplifier (Spitfire XP Pro) seeded by a femtosecond oscillator
(MaiTai, both Spectra Physics). Excitation pulses at the wavelength of 530 nm were acquired using an optical
parametric amplifier (Topas C, Light Conversion). The maximum used excitation photon flux was 9 x 10"
photons/cmz/pulse. The probe, a broad supercontinuum spectrum, was generated by the 800-nm fundamental beam
focused in a CaF, plate and split by a beam splitter into a probe and a reference beams. The probe and the reference
beam were then dispersed in a spectrograph and detected by a double diode array (Pascher Instruments). To avoid
photodegradation, the films were automatically shifted to a fresh spot after each kinetic scan. Maximum measurable
delay in the femtosecond setup is determined by the optical length of a delay stage, which is 10 ns in this case (1.5 m,
double pass).

For recording the us dynamics an externally triggered Q-switched Nd: YVO4 laser (Advanced Optical Technology,
532 nm, 1 ns pulses) was used as a pump source, while the ordinary femtosecond detection with supercontinuum
probe was used to record the transient changes in the absorption. The experimental conditions were very similar as
for the femtosecond measurements.

SP in solution and SP adsorbed to TiO, electrodes (with and without RuWOC) were investigated on ultrafast and
fast time scales, spanning from ~100 fs to 300 ps, probed by white-light continuum in the visible region. The
transient spectra (Figure 5a) consist of four distinct spectral features — (i) SP singlet excited state in solution with
strong ground state bleaching (GSB, negative signal) at 400 and 500 nm of the Soret-like and Q-like bands,
respectively and broad positive excited-state absorption (ESA). The ESA is overlapped by stimulated emission (SE)
of the SP (negative contribution at around 610 nm), matching the fluorescence spectrum (Figure S7). The singlet state
(dashed line in Figure 5a) decays into a (ii) triplet spectrum when SP is in solution (Figure 5a, dash-dotted line) with
~ 4 ns lifetime, being consistent with that obtained from time-resolved fluorescence measurements (Figure S8). The
SP triplet then decays single-exponentially back to the ground state with an ~1 us time constant (kinetic in Figure

S22).
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Figure S22. TA kinetic trace of SP in solution (at 760 nm) showing the decay of excited singlet state of SP into a
triplet state (change of the spectrum (i) to (ii) in Figure 5a). The decay is in good agreement with time-correlated

single photon counting of SP (Figure S8).
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Figure S23. TA kinetic trace of SP on TiO; illustrating electron injection from SP to TiO,. The kinetic at 685 nm
shows the disappearance of the SP singlet state (spectrum (iii) in Figure 5a); the remaining, nondecaying signal is the

oxidized dye (spectrum (iv) in Figure 5a).

S17. Fitting of the Time-dependent 2nd Order Reaction Dynamics
After the initial ultrafast electron injection (SP™ formation), the fast decay (few ps to 300 ps) of the TiO,/SP and
TiO/SP+RuWOC clectrodes is at best described by time-dependent 2™ order reaction dynamics. The fit is

calculated as

_ Yo
Yo =

and the results are in the Table S1, with ¢ in ps. The y is time-dependent 2" order rate, expressed in Abs ' ps ' unit
(since the molar extinction coefficient for S™ and the thickness of the film are not known precisely under this
conditions). Thus the rate at 1 ps is equal to the y (1520 Absfl/us for SP and 2810 Absfl/us for SP + RuWOC). The
a expresses how y is changing with the time, thus if @ would be equal to zero then the decay would be normal o
order reaction, but that is not the case here, however. This shows that (for the system measured) the recombination is

driven by the hole diffusion as the hole “jumps” dye-to-dye towards the catalyst.
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Table S1. Fit parameters for time-dependent 2™ order rate

System V4 a
SP 1520 0.726
SP + RuwOC 2810 0.645
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