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1. Materials
All chemicals were used without further purification unless otherwise stated.

A CHI 760E potentiostat was used for the photoelectrochemical and electrochemical experiments.
A rotating disk electrode/rotating ring-disk electrode (RDE/RRDE) with a disk area of 0.247 cm? was
used for the photoelectrochemical and electrochemical ORR test. Carbon paper (CP) was cleaned with
acetone, then with ethanol at 80 °C and washed with distilled water. For the pH dependent experiments,
electrolytes with different pH values were prepared by selecting the appropriate buffer solution that
would provide buffering capacity for the required pH range. The ion strength was kept constant at 0.1
M. At pH 4.0-9.4, phosphate buffer could be obtained by mixing sodium dihydrogen phosphate
(NaH,PO,) with sodium phosphate dibasic (Na,HPO,); while at pH<4.0, solutions were prepared with
5M H,S0, adding into 0.1 M NaH,PO, solution. For electrolytes of pH>9.4, SM KOH was added to
0.1 M Na,HPO, solution to tune the pH.

2. Methods
Preparation of pTTh electrodes

pTTh electrode was prepared using TTh as the monomer by electropolymerization method. The
electropolymerization method has been proven to be an especially useful approach for the preparation
of electroactive and conducting polymer films. Generally, the precursors are oxidized
electrochemically and the coupling reaction between the precursors occurs at the electrode surface
with deposition of the polymer film onto the electrode. In this work, polymerization of TTh on disk
electrode was conducted in a three-electrode cell with a saturated calomel electrode (SCE) reference
electrode and a Pt foil counter electrode. Before polymerization, the GC electrode was polished using




aqueous alumina suspension on felt polishing pads and then washed with copious of water, blow with
compressed air. The polymerization was proceeded in the acetonitrile solution containing 30 mmol L-!
TTh monomer and 0.1 M LiClO,. Prior to polymerization, the solution was purged with argon gas for
1h, and subsequently performed cyclic voltammetry between 0 and 1.2 V at a scan rate of 50 mV s-!
for 30 cycles. The pTTh electrode was then rinsed with acetonitrile solution and water, followed by
drying in air. Polymerization of TTh on CP was the same as that on disk electrode. Except that a larger
Pt foil counter electrode was used to enable the uniform electropolymerization on the working
electrode. For comparison, graphite rod counter electrode was also used for the electropolymerization
of pTTh to rule out the influence of Pt. The Inductively Coupled Plasma (ICP) of the resulting pTTh
shows only 0.02 ppm of Pt, which is nearly neglectable. In addition, during the electropolymerization
and the growth of pTTh, the reaction on the Pt counter electrode is a reduction reaction, which means
that Pt is hardly been oxidized and redeposited on the pTTh surface. The photoelectrochemcial
performance of pTTh electropolymerized from graphite rod counter electrode exhibited a similar
selectivity and activity (Figure S25), elucidating the use of Pt does not influence the conclusion of our
work.

Preparation of BiVO,electrodes

The BiVO, electrodes were fabricated according to the methods reported elsewhere!- > with a few
modifications. The FTO substrate was rigorously washed with acetone, isopropyl ethanol, ethanol and
distilled water, respectively. Then, the FTO substrate was purged with compressed gas. The BiOI
precursor for BiVO, electrode was electrodeposited on the FTO substrate in a three-electrode cell with
a saturated SCE reference electrode and a Pt counter electrode. The deposition solution was prepared
by mixing 50 mL of pH 1.2 HNOj aqueous solution containing 0.03 M Bi(NOs); and 0.4 M Nal, with
20 mL of 0.3 M p-benzoquinone in ethanol, and was vigorously stirred for a few minutes. To ensure
even deposition, an initial 10 s cathodic deposition was performed potentiostatically at -0.35 V vs SCE
without stirring, with the reference electrode being placed right behind the glass side of FTO working
electrode at a distance of ca. 2 cm. Subsequently, the electrode was conducted at -0.15 V vs SCE at a
total charge of 0.3 C cm™ to complete the deposition, and then rinsed with Milli-Q water and dried in
air.

0.05 mL cm of a dimethyl sulfoxide (DMSO) solution containing 0.4 M vanadyl acetylacetonate
(VO(acac),) was placed on the BiOI electrode with drop-casting and was transferred into a muffle
furnace preheated to 120 °C. The annealing temperature was first raised to 280 °C with a ramping rate
of 1 °C min-!, further to 450 °C with a ramping rate of 2 °C min-!, and was held at 450 °C for 2 h.
Excess V,0s present in the BiVO, was removed by soaking them in 0.1 M NaOH solution for 10 min
with gentle stirring. The resulting pure BiVO, electrodes were rinsed with Milli-Q water and dried in
air.

Photo-assisted electrodeposition of cocatalyst on BiVO,electrodes

NiFeO,-B; was deposited in a three-electrode cell containing a solution of 0.8 mmol L-! iron (II)
acetate and 0.8 mmol L-! nickel (II) acetate in 0.125 mol L-! potassium borate buffer. Prior to the
photodeposition, the solution was purged with argon gas for 1 h. A three-electrode cell was used for
deposition which was composed of a BiVO, working electrode, a Pt counter electrode, and a saturated




SCE reference electrode. The BiVO, electrode was activated by performing cyclic voltammetry
between 0 and 1 V vs RHE at a scan rate of 100 mV s™! for 10 cycles in the dark. At a bias of -0.35 V
vs SCE under AM 1.5 1 sun irradiation (back illumination), NiFeO,-B; cocatalyst was deposited on
BiVOy electrode passing a total charge of 25 mC cm™. The BiVOj, electrode was then rinsed with
Milli-Q water and dried in air.

3. Characterization

Materials Characterization

The UV-visible (UV-vis) diffuse reflectance spectra were recorded on a UV-vis spectrophotometer
(JASCO V-550) equipped with an integrating sphere. X-ray powder diffraction (XRD) was
characterized on a Rigaku D/Max-2500/PC power diffractometer using Cu Ka radiation (operating
voltage: 40 kV, operating current: 200 mA, scan rate: 5° min''). The morphologies of the electrodes
were performed by a Quanta 200 FEG scanning electron microscope (SEM) equipped with an energy
dispersive spectrometer (accelerating voltage of 20 kV). TEM micrographs were taken on a FEI Tecnai
G? F30 transmission electron microscope. The zeta-potential was detected by Zetasizer Nano ZS 90
(Marvern Instruments Corporate).

Mott-Schottky analysis

Electrochemical impedance spectroscopy (EIS) was conducted on the film electrodes on glassy carbon
(GC) substrate using a Princeton PARSTAT™ MC to obtain Mott-Schottky plots. The EIS
measurements were conducted in a 0.1 M KOH solution with AC amplitude of 10 mV at each applied
potential with frequency 500 Hz. Using the Boltzmann distribution to describe the distribution of
electrons in the space charge region and Gauss’ law relating the electric field through the interface to
the charge contained within that region, Poisson’s equation can be solved to give the Mott-Schottky
equation (1):
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Here C and A are the interfacial capacitance and area, respectively, Np the number of donors, V' the
applied voltage, k3 is Boltzmann’s constant, 7 the absolute temperature, and e is the electronic charge.
Therefore, a plot of 1/C? against V should yield a straight line from which ¥, can be determined from
the intercept on the J axis. The value of Np can also be conveniently found from the slope knowing ¢
and A.

HOMO-LUMO test

The electrochemical properties were measured by cyclic voltammetry experiment to determine the
HOMO (Highest Occupied Molecular Orbital) and LUMO (Lowest Unoccupied Molecular Orbital)
energy level of pTTh. The voltammogram experiments were carried out in acetonitrile solution




containing 0.1 M of Tetrabutylammonium Perchlorate as the supporting electrolyte. The energy level
of pTTh were estimated by using the ferrocene/ferrocenium ion (Fc/Fc*) as the internal standard.

Electrochemically active surface area (ECSA) measurements

The electrochemical double layer capacitance (Cg4) of the resulting catalysts was determined to
estimate the ECSA of the catalysts within a potential window without faradaic response. Typically, a
series of CV curves were obtained at various scan rates (5, 10,20, 50, 100 mV s-!) within the potential
range of 0.05-0.15 V (versus SCE). The working electrode was held at each potential vertex for 10 s
before beginning the next step. The double layer charging current is equal to the product of the scan
rate, v, and the electrochemical double layer capacitance, Cp, as given by equation (2):

i.=vCpL (2)
The ECSA of the material is calculated from the double-layer capacitance:
ECSA=Cp/Cs  (3)

where C; is the specific capacitance of the sample of the material. Given that the pTTh material belongs
to the doped carbon material, we used the specific capacitance of 22 uF cm based on the typical
reported value for carbon in alkaline solutions.® 4 It is noted that even though the chosen specific
capacitance values may vary, they are still within the +/- order of magnitude.

Photoelectrochemical test

All of the photoelectrochemical performance were measured in a three-electrode system with a
potentiostat (Iviumstat, [vium Technologies). The PEC performance of pTTh electrode was evaluated
using the custom-made rotating disk electrode/rotating ring-disk electrode (RDE/RRDE) system where
the irradiation from Xenon lamp at the electrode surface was 100 mW cm by the Newport light
intensity meter. For the BiVO, electrodes, the PEC performance was evalutaed under simulated AM
1.5G light irradiation (100 mW cm2, Newport Sol 3A, Class AAA Solar simulator). The fabricated
electrode, a platinum electrode, and SCE were used as working, counter and reference electrodes,
respectively. All measured potentials were converted to V vs. RHE (Egryg=Escg + 0.059 V x pH + 0.24
V).

Rotating disk electrode (RDE) test

For the RDE measurements, pTTh polymerized on disk electrode was prepared by the method as
described before. The RDE measurements were carried out using an RDE system (Pine research
Instrumentation, USA) coupled with an electrochemical workstation (Ivium, Netherlands). The ORR
performance of pTTh was studied using linear sweep voltammetry (LSV) at a scan rate of 10 mV s~
and at different disk rotation rates. All current densities were normalized to the geometric area of the
RDE. The electron transfer number per oxygen molecule involved was calculated based on the
Koutecky-Levich (K-L) equation (Equation (4)), where J is the measured current, J; is the kinetic-
limiting current, and w is the electrode rotation rate. By changing the electrode rotation rate, we




obtained a series of current values (J). A linear plot could then be obtained by plotting J versus . The
electron transfer number (n) per oxygen molecule involved could be calculated from the slope (B) of
the linear plot (Equation (5)), where n is the overall number of transferred electrons in the ORR

C
process, F'is the Faradaic constant (96485 C mol™), %2 is the oxygen concentration (solubility) in 0.1

D
M KOH (1.2 x 107 mol cm™), %2 is the oxygen diffusion coefficient in 0.1 M KOH (1.90 x 105 cm?
s1) and v is the kinematic viscosity of 0.1 M KOH (0.01 cm? s™!).
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For an ideal catalyst, the expected shape of the voltammetric profile would have a sigmoidal shape,
reaching a maximum value, which is called limiting diffusion current. This current value is obtained
when the electrode kinetics is very fast and the reaction rate is controlled by the diffusion of the
reactants to the surface of the electrode. This diffusion-limited current can be easily calculated using
the Levich equation:

ilim = 'O-62HAFD2/3V'1/6wa1/2 (6)

where n is the number of electrons exchanged in the process, A is the geometrical area of the electrode,
D is the diffusion coefficient, v is the kinematic viscosity, ¢, is the bulk concentration of oxygen, and
w 1s the rotation rate. Using the reported values D and c;, for oxygen and v, and the geometrical area
of the electrode (0.197 cm?), a current value of 0.430 mA is obtained when hydrogen peroxide is
formed (n =2) or 0.865 mA for water (n = 4) for 1600 rpm. These values are equivalent to current
density values per geometrical area of 2.19 and 4.39 mA cm™2, respectively.

Rotating ring disk electrode (RRDE) test

For the RRDE measurements, the collection efficiency was determined with K;Fe[CN]¢/K,Fe[CN]¢
as the redox couple (Figure S26). The plots of collection efficiency were collected at -0.2 V and -0.4V
at different rotation rates. pTTh polymerized on disk electrode was prepared by the method as
described by our previous work. The disk electrode was scanned cathodically at a rate of 10 mV s-!
and the ring potential was constant at 1.5 V vs RHE. The HO, % and the electron transfer number (n)
were determined by the following Equations (7) and (8):
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Where [41s disk current, I, is ring current and N is the current collection efficiency (N) of the Pt ring.
N was determined to be 0.38 from the reaction of reduction of K3Fe[CN]¢/K,Fe[CN].

PEC H;0; production from the pTTh photocathode

The production and accumulation of H,0O, were performed in a quartz two-compartment cell
equipped with a Nafion membrane (F117, thickness 183 micrometers) between the working electrode
(WE) and counter electrode (CE) to prevent reoxidation of H,O, back to O,. The SCE reference
electrode was fixed in the WE chamber. The WE was saturated by continuous bubbling with oxygen
for 30 min before the photoelectrochemical reaction and the bubbling was continued during the
reaction. The WE chamber was illuminated under 300 W Xe arc lamp adjusted to 100 mW cm with
an ultra-violet filter and a water filter from the front side of CP. The amount of produced H,O, was
recorded using spectroscopic titration as the following stated.

Unbiased H,0;production by coupling with photoanode

Photoelectrochemical production of H,O, was performed using a two-compartment quartz cell in
which photoanode and photocathode were separated by a Nafion membrane (F117). The photoanode
cell consists of the BiVO, electrode for water oxidation in an Ar-saturated aqueous solution (40 ml)
containing 1M potassium borate buffer, which was prepared by adjusting the pH of a 1M H3;BO;
solution to 9.5 with KOH. The photocathode chamber consists of the as-prepared pTTh/CP electrode
for O, reduction in an O,-saturated solution (20 ml) containing 0.1 M KOH. The two electrodes were
connected with each other without bias and the passed charge was recorded. The photoanode and
photocathode were illuminated under 300 W Xe arc lamp adjusted to 100 mW cm? with an ultra-violet
filter and a water filter from FTO contact (back-side illumination) and the front side of CP,
respectively. The amount of produced H,O, was recorded using spectroscopic titration. Although there
is a mismatch of pH between the photoanode and the photocathode, the potassium ion would transfer
from the photoanode to photocathode through the Nafion membrane. We are working on developing
the bipolar membrane to fabricate more efficient H,O, production.

Reaction equations for the H,0, production One could use an electrolyzer with water oxidation at
the anodic side and oxygen reduction to H,O, at the cathodic side. The H,O, production proceeds via
the reduction of O, in two different ways:

AtpH<11.6

0,+2H"+2¢ —H,0, Uy=0.70V vs RHE 9)

At pH > 11.6, the product of the 2¢  pathway changes from H,0, to HO, , then it yields

HO

0,+H,0+2¢ —HO2 L OH~ U,=0.74 Vs RHE (10)

Hydrogen peroxide detection by spectroscopic titration The concentration of accumulated H,O, was
determined by spectroscopic titration with a hydrochloric acid solution containing TiO(tpypH4)** (the




Ti-TPyP reagent)’. The Ti-TPyP reagent was prepared by dissolving 8.5 mg of the TiO(tpyp) complex
in 250 mL of 50 mmol L-! HCI solution. A solution of concentrated H,O, (ca. 0.1 M) was standardized
by titration with potassium permanganate and then a series of standard H,O, solution (1 uM - 30 uM)
was prepared by diluting concentrated H,O, with water. The diluted H,O, (0.25 ml) was added into an
equivalent volume of HCIO4 and Ti-TPyP reagent, then the mixed solution was allowed to stand for 5
min. Subsequently, the solution was diluted to 2.5 ml with water and used for spectroscopic
characterization. The absorbance at 433 nm was measured (A;) on a spectrophotometer (Jasco V-650,
Japan). A blank solution was prepared in a similar manner, using water instead of the standard H,O,
solution with its absorbance designated as Ag. The difference in absorbance was determined as
follows: AA43= Agp-A,. Based on the above results, the amount of H,0O, was determined
(Supplementary Figure S27).

Solar-to-H,0); efficiency During the operation of the three-electrode system and two-compartment
cell, the accumulation of H,O, was recorded. The solar-to-H,0, efficiency could be defined as the ratio
of the chemical energy stored in H,O, to the solar energy input. The mathematical expression is given
by Equation (11):

Solar-to-H,0, efficiency (%)=

Gibbs free energy change of equation x rate of H,O, production

x 100
density of incident solar light x irradiation area (11)

The chemical energy, the numerator in Equation (5), is calculated by multiplying the rate of H,O,
production by the change in the Gibbs free energy per mole of H,O,. The solar energy input, the
denominator in Equation (8), is calculated by multiplying the power density of the incident light by
the illuminated electrode area.

Faradaic efficiency For both cases of the three-electrode system and two-compartment cell, the ratio
between the charge used for the production of H,O,, N and the overall charge flow through the
external circuit, Nt (as shown in Equation (12)), which reflects the percentage of charges generated
used for H,O, production. To calculate the total number of electrons flowing through the external
circuit (Nt), the photocurrent (J) profile as a function of time (t) is measured. The integration of the

A
f J(O)dt
0

A

J(®H)dt
circuit. Then, Nt can be calculated by 0 /e, in which e is the electrical charge of one electron.
To calculate the number of electrons used for H,O, generation (Ng), the amount of H,O, generated is
measured by spectroscopic titration. Then, N can be expressed as nppor X 2Ny, in which Ny is the
Avogadro constant (6.02 x 1023).

measured photocurrent over time, , represents the total charge flowing through the external

ne=Ng/ Nt x100%  (12)
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Figure S1 The Tauc plot (blue) calculated based on the absorption spectrum (green) of pTTh/CP electrode.

The Tauc plot was used to evaluate the bandgap of semiconductors based on the equation: ahv = A
(hv - Ey)", in which a is the absorption coefficient of the materials, hv is the energy of photons, A and
n are both the constant and E, is the bandgap of the evaluated material. The E, could be estimated by

plotting the (ahv)!» against hv and get the value by the intercept with X axis.
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Figure S2 (a) The cyclic voltammograms obtained in acetonitrile and 0.1M Tetrabutylammonium Perchlorate.
Ferrocenium/ferrocene (Fc/Fc*) redox potential has been measured at the end of each experiment in order to calibrate
the pseudo reference electrode (0.0565V vs. Ag in the present study). (b) Zoom of the voltammograms as shown in
(a). The energetic levels of pTTh is determined as follows: Eyomo (€V) ~ ionization potential = -4.8 - € (Eox_onset-
0.0565) and E ymo (eV) ~ electronic affinity = -4.8 - € (Ered_onset-0.0565). (c) Mott-Schottky plots from an
electropolymerized pTTh film on GC substrate in aqueous electrolyte at pH 12.9. The flat band potential locates at
ca. 0.48 V vs NHE at pH 13. Assuming valence band is 0.1 V positive than the flat band, then the valence band is
0.58 V. (d) Energy band diagram of pTTh under flat-band condition at pH 12.9. Accordingly, the bare GC electrode
exhibited a featureless curve (data not shown), obviously distinct from that of the pTTh/GC electrode.

For pTTh material, we found that the main p-doping (oxidation) and n-doping (reduction) process are
irreversible, and the values of the peak potential versus standard hydrogen electrode (SHE) are -2.1 V
(reduction) and 1.25 V (oxidation), yielding an energy gap of ~3.35 eV. This numerical value is
surprising given that pTTh absorbs visible light. Indeed, a careful analysis of the CV (zoom at lower
current, Figure S2b) reveals oxidation and reduction processes occurring at lower potentials (0.39 V
for oxidative potential). The corresponding HOMO energy level was -5.13 eV by the formula (vide
supra). The LUMO energy was -3.13 eV by adding the optical bandgap (E,) to the calculated HOMO

energy level.
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Figure S3 (a) Schematic diagram of experimental setup. (b) Working principle of the RDE or RRDE electrode.

The characterization of photoelectrochemical ORR could not be achieved through the conventional
RDE/RRDE station. Thus, a custom-made RDE/RRDE station was needed and designed by integrating
with a Xe-lamp, in which the Xe-lamp serves as the light source to excite the photocathode. An optical
cable was connected with the Xe-lamp and used to transmit light to the electrode surface. During the
reaction, light source from the Xe-lamp vertically illuminated at the rotating electrode, where the

photoelectrochemical kinetic information and the formation of peroxide could be obtained.
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Figure S4 J-V curve of pTTh/RDE electrode measured using RDE in O,-saturated and Ar-saturated 0.1 M KOH
under Xe lamp, 100 mW cm? illumination; Rotating rate: 1600 rpm.
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Figure S5 Double-layer capacitance measurements for determining electrochemically active surface area for the
pTTh from voltammetry in 0.1 M KOH. (a) Cyclic voltammograms were measured in a non-Faradaic region of the
voltammogram at the following scan rate: decrease in the order 0.1, 0.05, 0.02, 0.01, 0.005 V/s. The working electrode
was held at each potential vertex for 10 s before the beginning the next sweep. All current is assumed to be due to
capacitive charging. (b) The cathodic and anodic charging currents measured at 0.1 V vs SCE plotted as a function
of scan rate. (c) Current density normalized by ECSA in O, saturated solution at pH 12.9 under 1 sun illumination,
rotation speed 1600 rpm. The ECSA of pTTh was calculated based on the Cp by CVs and the C; of carbon materials
in alkaline solution (equation 3), which are 0.011 mF and 22 uF cm?2, respectively. Thus, the ECSA is calculated to

be 0.5 cm?.
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Figure S6 (a) J-V curve of pTTh/RDE electrode measured in O,-saturated with different rotating rates; (b) K-L plots
at different potentials calculated from the LSVs with different rotating rates.
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Figure S7 (a) Effect of temperature on H,O, degradation in 0.1 M KOH, heating time: 24h; (b) Time course for H,O,

degradation under 100 mW cm? irradiation in 0.1 M KOH.

H,0, is sensitive to the temperature and light wavelength. As can be seen from Figure S6, H,O,
decomposition becomes appreciable when temperature is higher than 40 °C or when the H,O, solution
is irradiated with light source that contains ultraviolet (UV) region. In addition, the decomposition rate
increases rapidly as temperature rises. In order to avoid the effect bought by temperature and UV light,

we kept the temperature constant at 20 °C and irradiated using an UV filter at A > 420 nm.




Table S1. Comparison of semiconductor photocatalysts for oxygen reduction to hydrogen peroxide.

Maximu
Solar-to-
e m H,O, ..
Sacrificial Selectivity H,0,
Entry Catalyst formed . Refs.
reagent (%) efficiency
(mmol
(%)
L
1 CdS alcohol 0.1 — — 6
2 TiO, alcohol <0.1 <0.2 — 7
3 Au-TiO, formic acid 1 — — 8
4 ZnO formate 2 — — 9
5 2-C3Ny alcohol 6 90 — 7
6 g-C;N4/PDI/rGO — 2 90 0.2 10
7 g-C;N4/BDI — 0.4 90 0.13 11
isopropyl
3 O-enriched g-C3Ny PropY 9 73 — 12
alcohol
9 EPI — 3 96 — 13
hydrogen
10 BiVOy/WO, yerog 2 30 _ 14
carbonate
cobalt chlorin
11 sea water 48 70 0.55 15
complex
This
12 pTTh — 110 ~98 —
work

Notes: The Solar-to-H,0, efficiency in the unbiased dual-photoelectrode is 0.3% and peaks at 0.7% at the initial 2h.




Kinetic analysis for H;O, decomposition using K¢ and K4

The formation rate constant (K¢, mmol L-! h'') and decomposition rate constant (K4, h'') follow
the zero-order and first-order kinetics toward [H,O,], respectively. Therefore, the formation rate could

be expressed as ry= k¢, and decomposition rate could be expressed as ry= kg [H,0,]. The concentration
t t

frtdt- frddt

of H,O, can be obtained as a function of ry and rq; [H,O,] = 0 0 . Finally, the equation can

be expressed: [H>O;] = (k¢ kq)[ 1-exp(-kqt)]. The expected maximum concentration is calculated to be

165 mmol L', according to the equilibrium between the formation rate and the decomposition rate,

i.e., Kf: kd [HzOz]
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Figure S8 Current changes upon addition of H,O; in Ar-saturated 0.1M KOH (a) in the dark; (b) under illumination;

(¢) comparison with that in O, under illumination. Light intensity: 100 mW c¢m2.
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Figure S9 (a) Zeta-potential of pTTh dispersed in water of different values; (b) Scheme for pTTh catalyzed H,0,

formation.
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Figure S10 (a) The Tauc plot (blue) calculated based on the absorption spectrum (green) of NiFeO,/BiVO,
electrode. (b) Mott-Schottky plots of the NiFeO,/BiVOy electrode in aqueous borate buffer, pH 9.5.

We carried out the energy levels of BiVO, based on the UV-vis and the Mott-Schottky results. The
light absorption edge of BiVOy, is ca.520 nm, with an indirect bandgap of 2.4 eV, as indicated by the
Tauc plot in Figure S10. The Flat band (Egp) is estimated to be ca. 0.21 eV, according to the Mott-

Schottky analysis. Assuming that the Egg is 0.1 negative that the conduction band edge at ca. 0.11 eV,

then the valence band edge is calculated to be 2.51 eV.
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Figure S11 The schematic energy diagram and the photogenerated carriers transfer process.
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Figure S12 (a) TEM, (b) HRTEM, (c) HAADF-STEM images of NiFeO,/BiVOy, partilces and (d) the Ni, Fe, Bi
and B elemental profiles along the red line across the NiFeO,/BiVOy partilces in c.
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Figure S13 J-V curve of BiVO, (green) and NiFeO,/BiVO, (red) photoanode for water oxidation measured ina 1 M

borate buffer (pH 9.5) under 100 mW cm illumination. Dark current is shown as a black line.




Figure S14 Digital photos of the as-prepared NiFeO,/BiVO,4 and pTTh electrodes.
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Figure S15 Stability of NiFeO,/BiVO, photoanode for water oxidation measured in a 1 M borate buffer under 100
mW cm? illumination at 0.7 V vs RHE. Counter electrode: Pt; reference electrode: SCE.
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Figure S16 XRD patterns of BiVO,/NiFeOy electrode before and after cycles and the corresponding SEM images.

Figure S17 SEM images of PTTh on CFP (a) before cycles and (b) after cycles.
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Figure S18 I-V (red) and I-P (green) curves of the one-compartment H,O, fuel cell with Ni mesh anode and Prussian
blue/carbon paper cathode in the reaction solution containing 100 mmol L-! H,O, produced by the unbiased reaction

in 1 M KCl, pH was tuned with H;SO4 to 1.
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Figure S19 (a) RRDE voltammograms at 1600 rpm with ring potential constant at 1.5 V vs RHE. (b) Percentage of
peroxide and the corresponding electron transfer number (n) at various potentials, based on the RRDE data. The

results were acquired in the dark.
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Figure S20 J-V curve of pTTh electrode measured using RDE in O,-saturated 0.1 M KOH with rotating rate 1600

rpm with illumination.
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Figure S21 (a) LSVs of pTTh electrode measured in O,-saturated electrolytes with different pH values. Rotation
rate: 1600 rpm. (b) Correlation between current densities of ORR at -0.1 and 0 V versus RHE and the pH values. (c)

Correlation between onset potentials at 0.01 mA ¢m and the pH values.

The ORR activities differ dramatically with the pH of the electrolytes and increase with the increasing

pH values (Figure S16a). The current densities at a specific potential for each ORR are extracted and

plotted versus the corresponding pH. Figure S16b exhibits gradually enhanced photocurrent and onset

potential also increases with the increasing pH at all chosen potentials (-0.1 and 0 V), indicating that

the ORR activity in the dark exhibit the same ORR behavior as that under illumination.
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Figure S22 Comparison of the pH dependent hydrogen peroxide selectivity under illumination and in the dark.




4. Calculation Details

Computational Method We carried out density functional theory (DFT) calculations with the CAM-
B3LYP hybrid functional and correlation-consistent basis sets of contracted Gaussian functions
denoted “aug-cc-pVTZ”!%for all elements. We used the program ORCA.!7 Geometries of all species
were fully optimized until forces on all atoms were smaller than 10 a.u./bohr. We used the implicit
SMD solvation model to calculate the solvation effect corrections when modeling the reactions in
aqueous phase. The solvation correction Egop was taken as Egor = E(SMD) - E(gas) where E(gas) is
the CAM-B3LYP energy of the molecule in the gas phase, and E(SMD) is the CAM-B3LYP energy
in the aqueous phase. The smaller basis set ‘cc-pVDZ’1¢ was used to perform the vibrational frequency
analysis by the finite difference method to calculate the zero-point energy and entropy. We applied a
scaling factor y of 0.962 ¥ to the vibrational frequencies to match the zero-point energy to the
experiment. The enthalpy energies were given by H = E + yZPE, in which E is the single point energy
of the optimized geometry and ZPE is the zero-point energy. Then the Gibbs free energies were
calculated with the equation G = H - TS, where S is the entropy term.

We calculated the reaction free energy for the following electrode reaction to assess the accuracy of
the method:
H;0s(aq) +2 H'(aq) + 2 e(g) = 2 H,O(I) (1)

We assumed that the reactions occur under pH = 0 and at a pressure of 1 atm, thus the energy of [
H*(aq) + e(g) ] can be replaced with 1/2 the energy of H,(g). A solvation energy correction of -2.05
kcal/mol or -0.089 eV! was applied to the energy of a water molecule in the gas phase to get the
energy of a water molecule in the aqueous phase. We took also the solvation energy of the proton in
aqueous solution to be = 11.53 eV '°. With these data we found (see Table S4) that the energy of
reaction (1) is in excellent accord with experiment, within 0.1 kcal/mol.




Table S2. Energy, zero-point energy, entropy contribution, and the solvation correction for all species involved in
this work. The ZPEs are unscaled in the list, and the solvation energy were taken from E(cam-b3lyp + SMD @ cam-
b3lyp geometry) - E(cam-b3lyp @ cam-b3lyp geometry). Data are for the most stable structures of the species.

E, au. ZPE, kcal/mol TS, kcal/mol EsoL, €V

H,O -76.43805 13.54 13.44

HOO- -150.96123 8.05 15.69 -3.784
OH- -75.80919 5.33 11.86 -4.016
OH’ -75.74251 5.39 12.28 -0.225
pTTh -1656.61719 102.89 30.48 -0.093
pTTh -1656.64122 100.14 31.71 -1.711
pTTh-OO -1806.91693 106.31 34.48 -0.279
pTTh-OO- -1806.98612 105.20 34.58 -2.749
pTTh-OOH -1807.55793 113.62 34.07 -0.391
pTTh-OOH- -1807.62164 112.83 34.44 -1.876
pTTh=0 -1731.79948 105.80 31.31 -0.257
pTTh-OH -1732.42343 111.78 33.24 -0.280

pTTh-H-OOH -1808.18531 121.93 34.15 -0.398
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Figure S23 Site definition of the TTh model.

Table S3. A comparison of adsorption energies E s on different reaction sites. Site definition is shown in Figure
S3. Adsorption energies are in eV, and bond lengths are given in A.

Adsorption Site (%) O, adsorption to pTTh 0O, adsorption to pTTh-
Cl C2 C3 Cl C2 C3
Eags, g 1.33 1.88 1.54 0.22 0.71
Eags, aq 1.14 1.73 1.38 -0.82 -0.26
C-O bond length 1.48 1.53 1.51 1.32 No bond 1.39
0-0 bond length 1.30 1.30 1.30 1.45 1.44

Table S4. A comparison between the experimental data and DFT result. Numbers are shown in kcal mol-! (for energy)
or V (for potential).

H,0,(aq) + Hy(g) = 2 H,O(1) E(V) delta G (kcal/mol)
Experiment -1.774 -82.4
cam-b3lyp/aug-cc-pVTZ/SMD -1.776 -82.3

As a further assessment of the accuracy of our DFT calculations, we calculated the reaction energy for
2H0() = 0x(g) +2Hx(g) (2

In this way the energy of a ground state oxygen molecule can be related to the energy of a water
molecule in the aqueous phase and a hydrogen molecule in the gas phase. This approach provides a
means to overcome the larger error in the direct calculation of the free energy of O, compared to H,O
and H,. Accordingly, G(O,, g) = 4.92 eV - 2 G(H,, g) + 2 G(H,0, aq), where 4.92 eV is the
experimental dissociation free energy of reaction (2). Lastly, the absolute redox energy of the hydrogen
electrode reaction 2 H, = H* + e obtained from CAM-B3LYP calculations is found to be +4.48 eV
compared to the experimental value of 4.28 eV, using the DFT energy of H, and H.
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Figure S24 Overall reaction energy profile for ORR on pTTh.

] 1.0
a %0 b
-05' O'S-M
& <€ 004 --------m e TTT==
g 101 §,_0_5_
c
E 1.5 g 1.0
- 3 1.5
-2.04 (& Disk Current
2.0
-2.5-
T T T T T -2.5- T T T T
0.2 0.4 0.6 0.8 1.0 1.2 14 0.2 0.4 0.6 0.8 1.0 1.2
Potential(V vs. RHE) Potential (V vs. RHE)
C 24
£ 21l
—
1.8
32 100 ot
N
(@)
N
I 30
0.2 0.4 0.6 0.8

Potential (V vs. RHE)
Figure S25 Photoelectrochemical ORR performance of pTTh using graphite rod in the electropolymerization. (a) J-
V curve of pTTh/RDE electrode measured using RDE in O,-saturated and Ar-saturated 0.1 M KOH under Xe lamp,
100 mW cm? illumination; Rotating rate: 1600 rpm. (b) RRDE voltammograms of pTTh in O, saturated solution at
pH 12.9 under 1 sun illumination with the disc current, ring current. The disk potential was scanned at 10 mV s'! and

the ring potential was constant at 1.5 V vs RHE. (c) Percentage of peroxide and the electron transfer number (n) of

pTTh at various potentials, calculated from RRDE data.
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Figure S26 Determination of correction efficiency of RRDE with K3Fe[CN]s. LSVs of a Ar-saturated aqueous
solution of K3Fe[CN]s (10 mmol L) in the presence of KNOs (0.1 M) recorded at a rorating-ring (Pt) and disk (GC)

electrode. (a) RRDE voltammograms. The disk potential was scanned at 10 mV/s and the ring potential was constant
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Figure S27 (a) Absorption spectra changes of the Ti-TPyP reagent in the reaction of Ti-TPyP (50 uM) with H,O, (0
UM — 30uM) in an aqueous solution containing HCIO,4 (0.5 M). (b) Plot of the absorbance change at A=433 nm as a

function of the concentration of H,O,.
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A. XYZ Coordinates for Optimized Geometries (CAM-B3LYP/aug-cc-pVTZ)

H,0,
O

(0]
H
H

H,0

T O

PTTh

@)

ZHeoloNoNoNoNo N NN OO

0.02453212121097
1.32242416386958
1.80134628195347
-0.08003167703402

-0.00000784319471
-0.75580615608288
0.75576123257759

-0.36985871678117
0.36985871678117

-0.76617771047601
0.73169314393422
-0.99899537795821

-0.00232252558333
-0.75433750681667

0.00195299081540
-0.75861302321540

-5.12769405658470
-4.60338628877458
-3.18726043459544
-2.64699611537006
-3.90129793944914
-1.25033196985176
-0.70591889161389
0.70591927019965
1.25033138838152
2.64699555115053
3.18726068978471
4.60338661703544
5.12769342485136
3.90129655345695

-0.00385446835433

-0.51986781978491
0.24362503459659

-0.01432199645735

0.11535395473805
-0.46122364292789
-0.46126196181015

0.00000000000000
0.00000000000000

0.08612036555583
-0.07381364124897
-0.85075942980686

0.13230503292508
-0.46877391922508

0.13572241553179
-0.47219130183179

-0.14910516024786
-1.39903051510391
-1.39695994500819
-0.14375645709308
1.04947590727815
0.23830275062109
1.48815397397299
1.48815333034789
0.23830165279757
-0.14375766426210
-1.39696079608651
-1.39903041099317
-0.14910470865455
1.04947553550456

-0.02766551245586
-0.18175888776266
-0.49621199748032
0.92111498769884

0.00000000000000
0.00000000000000
0.00000000000000

0.00000000000000
0.00000000000000

0.00000000000000
0.00000000000000
0.00000000000000

0.00000000000000
0.00000000000000

0.00000000000000
0.00000000000000

-0.00000118179383
-0.00000024468500
0.00000054948614
0.00000011989943
-0.00000136913727
0.00000065221688
0.00000070575561
0.00000077533696
0.00000078992156
0.00000042102257
0.00000025756841
-0.00000054686529
-0.00000095147916
0.00000045888654
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-0.07616488961439

-0.19776599033042

0.32489207100593

0.43066502785721

0.42501071956811

0.26135909566221
1.63585413546911

-0.12225598500699
-1.41152363551016




PTTh-OOH

C

T oo XTI IDOoOO@n T OO0 D @D OO0 n.o0non0n

4.49671647242967
3.15514096658423
1.90617843494006
0.55307614234767
-0.70467211206238
-1.95207295481551
-3.33820219853756
-4.59480466290701
-5.81490745846750
-5.28909927540569
-3.87756669792225
-3.27853723749485
-5.88660186845736
-6.85009663776514
-1.40667480304757
-0.01471095127065
0.57681211408571
-2.00704783257138
2.46734610231945
3.80608846882459
4.38641735613289
1.84308830165744
5.10946348888362
5.45693298649629
4.83226529395924
5.08793252896395

PTTh-OOH-

C

S
C
C
S
C
C
S
C
C
C
H
H
H

4.56975166557899

3.21636579594362

1.94443772571917

0.60192726257691

-0.66332394457418
-1.93860426943623
-3.30848690008104
-4.58103761777804
-5.81135828778682
-5.27109236165986
-3.85896334307473
-3.25858079999098
-5.86286216903227
-6.84609924186974

0.07083545098887
-1.17407763794486
0.05586082781822
-0.26692920801462
0.94740723434982
-0.23598886943830
0.14994595639101
-1.03334248737632
0.17205658359439
1.41592838664656
1.40557583376026
2.29771130260298
2.31376128219210
-0.10784242410914
-1.49212297412113
-1.51834111834205
-2.41824909911081
-2.37553111369074
1.34896105162136
1.38933775766306
2.28984298346308
2.23093027414830
-0.16836694698946
-0.01316667541645
0.24340363927936
1.15988156733450

0.04277188184100
-1.18892055132846
0.06028857927419
-0.26560095415190
0.95761678980574
-0.23590880437488
0.15358292287524
-1.02809343011376
0.18664014172130
1.42257511525563
1.41223172517220
2.30249019332867
2.32642953384788
-0.08820469706323

0.54880522159505
0.41773920783310
0.37610880239096
0.22485509841105
0.27395619626703
0.03222620551140
-0.03062638698392
-0.19879873628741
-0.19171399156044
-0.06510666416785
0.02701399599748
0.12930463729861
-0.03897715218586
-0.28137160711873
-0.07539224008422
0.03091481481087
-0.03646395275379
-0.23267891718237
0.54058331284592
0.65512150296214
0.79059829826418
0.57004845167693
1.41877369892932
-0.48882945827065
-1.74687455059057
-1.91191714110824

0.49376467592020
0.49376179965826
0.40852033811378
0.24738891163832
0.23448698400385
0.03081882777761
-0.05545116918575
-0.23649512426452
-0.25780346222141
-0.13180428209736
-0.01665258238702
0.09042358115972
-0.12119854528947
-0.36287370562958




T oo IXZT IZTIZTOOD D OO0

-1.37799367422248
0.01247578657523
0.59734773772252
-1.97843456165470
2.53526535916864
3.89611452759555
4.47180031003514
1.92656331458452
5.29626454701174
5.43116580621688
4.71049182252081
4.20932947681134

PTTh=0

C

T O I@D I T I@DOoOOoO@nD T @D o000 nooononn00n

-4.86315788760788
-4.34402603168614
-2.87638545904544
-2.32682088982770
-3.51831283801380
-0.92070782046379
0.30262962132182
1.57231919387172
2.96105102393536
4.20169197394176
5.42427861335548
4.90719039051255
3.49976385235440
2.90756380164516
5.50673959577337
6.45425689578211
1.05671260182751
-0.35365348286487
-0.93290745778681
1.67245283997164
-2.29743302765874
-4.91492901815440
-4.91420743850610
-5.80747297447721

PTTh-OH
C  -4.84239328271197
S -3.49342466149395
C  -2.22805679794773
C -0.87306704077114

-1.48632751454118
-1.52285071534493
-2.42866858214155

-2.37760069901907

1.31588526476212
1.35877831139580

2.25268365437765

2.21142106121016
-0.22199727547370
-0.01488203775367

0.38971080561033
1.15343085812841

-0.08570021404194
1.28407423756845
1.27472876958256
0.05553464890036

-1.26266595213882

-0.28588220378198

0.92919497578600

-0.24223220297119

0.16425109796263

-0.96768148570715
0.22437861754233
1.43020864785866
1.39668607682989
2.25233142321799
2.31524240785051
-0.03378756473099
-1.49938305910140
-1.52291206938925
-2.42845862778033
-2.38268597366882
2.18319920496358
2.09449945974837
0.74649484619049
-0.42141772858995

0.15982291964097
-1.10751237323070

0.10716740102211
-0.23393728862807

-0.02219787768495
0.09358783130386
0.06253620989254
-0.14770869267293
0.55826315514714
0.65858436371734
0.84650807941141
0.59831729470671
1.26336496681491
-0.66662786435123
-1.83403590245131
-1.49017916453011

-0.11986112386108
-0.20457144594616
-0.26581557616843
-0.21663183111098
-0.18969085160635
-0.17634434205071
-0.01524225260729
-0.09723382217287
-0.02821613351621
0.39019777678770
0.23830480192945
-0.10406594980274
-0.25699554512529
-0.54379887471034
-0.24886381301476
0.41298718760188
-0.21878208478421
-0.26000988681860
-0.35731047426414
-0.29216611873810
-0.33526252364288
-0.63643890508661
1.01120212901319
-0.52472011710445

-0.20718835059161
-0.19753533317851
-0.13714115109206
-0.07740307920536




T OIDZ T T OO0 DT OOO0D T D OO0 n.anwn

0.39095350856708
1.63853833802111
3.02865608648610
4.28332436912229
5.51000254609242
4.98754328858447
3.57340031732488
2.97609939927134
5.58947108612452
6.54627706891101
1.08869787462018
-0.30643986786270
-0.90124947299984
1.68907946440408
-2.78524873484744
-4.12703847111975
-4.70343903378335
-2.15500502334801
-5.43832113941947
-5.74548378262540
-5.27826565069874

PTTh-H-OOH

C

T T DT OO0O@D T DT o000 »no0ononn00n

-0.04907708341101
-0.51440645237520
-1.99347353411083
-2.60967215433231
-1.50097226107347
-4.02725789737869
-5.20857189724480
-6.51384067201316
-7.88453555064991
-9.20522448047683
-10.35774862214033
-9.76045992127222
-8.34752045582986
-7.69515445711392
-10.30610143208448
-11.40949276772082
-6.04140861241210
-4.63421028264536
-4.08260746512706
-6.68316437589821
-2.51637815237119

0.97541333192275
-0.23008558373356
0.14357643099204
-1.05356779855646
0.14339013086826
1.39506392318511
1.39753467900861
2.29667945653574
2.28945621344591
-0.14624235301727
-1.48919349436367
-1.50075106618082
-2.40106837088747
-2.38546941582605
1.41379541363947
1.47272447215473
2.38552329792143
2.29174295240679
-0.00208792039013
0.00977515383355
0.16162729323673

-0.19511952686536
1.19162444385067
1.26134916029437
0.09217419283894

-1.29711578434174

-0.15812326387963
1.06005630981896
0.02514489166977
0.49304348623487

-0.62297901524077

0.64643392732450
1.86325677769973
1.77651452967978
2.63474166486527

2.79395644841558

0.42110219430527

-1.19753343061398

-1.30179481095352

-2.18780817870518

-1.99651288756259
2.20682622759450

-0.06189244099487
0.01487298582752
0.05943402395307
0.05597044786731
0.12265517834542
0.14375726586819
0.10804670637194
0.12122751630089
0.18454154422002
0.14170504307488
0.02340283306987
-0.02837649325220
-0.02847348403255
0.06964341473528
-0.16343000444247
-0.21822043404476
-0.23909060267022
-0.13723320474855
-1.10345709803976
0.85609916360176
1.68443801165678

-0.14910871149396
0.28796201092906
0.08345000147332

-0.06424300552225

-0.01857675051075

-0.23489847655379
0.11148165092127

-0.35982880267159

-0.31375803476504

-0.23880849837528
-0.23028231007294

-0.26859008308651

-0.31690210273577

-0.37172014528733
-0.26952853454923
-0.19550606072834

-0.73458956008575

-0.66025107638153

-0.93435796570112

-1.07335883155096
0.07205395344415




T =T oo =TT

-0.26057491007249
0.74774980362683
0.41317897064107
0.94927899304000
1.85274302793663
0.02559251250977

TS: CH bond cleavage

T oo I DT IDII@DOOoO@nDn T @D OoOOoOcnaooaono»nn00nO0n

-0.08187270011169
-0.64534059619585
-2.00056244068233
-2.62466377970313
-1.48711862719708
-4.01632373118164
-5.17068314652207
-6.50418745877312
-7.86516888656596
-9.21019204880773
-10.34035729823827
-9.72633540014605
-8.31302226290540
-7.64895398354752
-10.26672444550644
-11.40630442856136
-6.07009527719725
-4.68168114792073
-4.16531097556690
-6.74783433792717
-2.56859912156638
0.00676544739968
0.05328478781115
0.14416685524834
1.06158330388771
1.64629801900725
2.35759650146996

TS: CO bond cleavage

C
C
C
C
S
C
S

0.26590628239267

-0.27470121645020
-1.66246242189644
-2.29028171438086
-1.05919508801580
-3.66703939493331
-4.89891381454567

1.34466837909350
-0.60886766162324
-0.05488391513995
-1.32036906105584
-1.06832866907912

1.94523237137523

-0.00442769535148
1.34286268784630
1.39788612581922
0.21776288978721
-0.99550155526741
0.01545319067937
1.23955156326875
0.23745798678655
0.68836650598538
-0.27882808893496
0.89266687803997
1.96876254863695
1.85402287038384
2.60935518923292
2.81726202718019
0.71909429888390
-0.97882523707511
-1.10259527200709
-1.99008142914134
-1.75668619291884
2.27650214904733
2.13843122652798
2.17751498603391
-0.48601714576085

0.00609127677869
-1.29531479876905
-1.14126498569235

0.20231592957099
1.44816446809677
1.51119780771612
0.32627631770887

-0.96464824605582
0.04942985857688
1.28727774683113

1.33994325886005
0.46473275352383
-1.47425960610218
-1.87736819187086
-2.10573746504802
-0.28533309605849

0.07569777297698
0.34412658316286
0.32697788454333
-0.16541949174097
-0.63465570948255
-0.28295579499065
0.21380139872585
-0.24395213179674
-0.07315628396798
-0.62648532772959
-0.06894289081752
0.50995411798736
0.50793462436302
0.92854699540478
0.92621990772105
-0.20381064005541
-0.76063781092125
-0.77999088373477
-1.14483535220638
-1.10781499717958
0.62897402130734
0.69864430249375
-2.12675955356043
1.04360607001414
-0.71974755297388
-0.61474338645883
0.03730621891607

-0.18215128440908
0.25549188051035
0.11645998751807

-0.24540791153492

-0.35725125069727

-0.48944278804759
-0.26459594496334
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-6.19519250688509
-7.57186404208342
-8.85728435706760
-10.05818792065334
-9.50219135550912
-8.08679129493237
-7.47084920749492
-10.08038789138965
-11.10348226290297
-5.67439815408461
-4.26588083311101
-3.69941776648693
-6.29269948015166
-2.23128701749463
0.35360459162543
1.19053671949328
0.91247549015547
1.23510375960704
0.35480960719575

TS: OO bond cleavage

C
C
C
C
S
C
S
C
C
S
C
C
C
H
H
H
C
C
H
H
H
H
H

0.29842506203036
-0.27905465475740
-1.66542013572309
-2.29831880050664
-1.09199635743884
-3.67854867720325
-4.89298238478140
-6.20722628484594
-7.57784172035352
-8.88338434687169
-10.06478613509433
-9.48840754138823
-8.07283637478835
-7.44200919398326
-10.05210874847369
-11.11512383426972
-5.70539599915816
-4.29812325349194
-3.74420764515768
-6.33842625489240
-2.23394642074629
0.35134429971725
1.14758870486272

0.19040438381392
0.64221932361656
-0.42880330411367
0.79889256743474
1.95919550107757
1.87359849734869
2.70170459479256
2.85753985386119
0.58192493879539
-1.04264711158074
-1.13060719505621
-2.03654420878511
-1.88340695207262
2.42809713214266
2.28286489469663
-0.22334962581408
0.46384138662023
-0.82508764969242
-1.24438919953021

0.14142094904832
1.41027339624505
1.45721242497739
0.26941990669720

-1.06041406063679
0.01328554645774
1.27669836001459
0.17927203916141
0.64710550295232

-0.42647832784556

0.82679657956637
1.99659255776335
1.89807397110790
2.73127115661817

2.91098176939866

0.61620992289905

-1.07144689337635

-1.17357001577151

-2.09293283059570

-1.91434085630346
2.37519361820247

2.23458607050944

-0.31633758367271

-0.73375058484735
-0.76692902581824
-1.28387444988199
-1.04384719934254
-0.59638059377926
-0.43734339071121
-0.08675465281869
-0.38134235681353
-1.25328358710498
-1.03387606270858
-0.90276113712845
-1.11575511654703
-1.35187153521747
0.29294701496147
0.56260650279357
0.21341002971058
-1.86320829941203
-2.39816508101775
-2.44780587269270

-0.28170230574696
0.19342460689014
0.06802033483613

-0.27076589606265

-0.37862190567928

-0.49597554019869
-0.30785563802241
-0.72199418068042
-0.75806516233159

-1.21648760641674

-1.01525419594548
-0.62116120093019
-0.47345682269820
-0.16388033015958

-0.43754272824248

-1.20512463412266

-0.98298573721500

-0.86313848174011

-1.04901715499662

-1.26417368050610
0.24115340476222

0.51918934842551
0.24660991483004




O  0.68108892210319 0.64540849478445 -1.53501577214244
O  1.42957199854217 -0.63434901324806 -2.44583617106365
H 0.59205448667018 -1.11447097495371 -2.57522517484277
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