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Supplementary Text
1. The experimental method of transient photovoltage (TPV)

The TPV measurements were conducted under room temperature on platinum net
covered with powder sample (1 cm x 1 cm) as the working electrodes and Pt wire as
the counter electrodes. The in-situ TPV measurements were carried out under room
temperature with indium-tin oxide (ITO) glass (1 cm X 2 cm) as the working electrodes
and Pt wire as the counter electrodes. The working electrodes were prepared by
depositing samples (100 pL, 2 mg mL!, dispersion liquid: 79.5% water, 20%
isopropanol and 0.5% Nafion solution(v/v), respectively) on ITO glass substrates.
During the testing process, the working electrodes were kept wet with anhydrous
acetonitrile (or adding H,O, N, saturated). The samples were excited by a laser
radiation pulse (A=355 nm, pulse width 5 ns) from a third-harmonic Nd: YAG laser
(Polaris I, New Wave Research, Inc.). The photocurrent is the ratio of the photovoltage

to the internal resistance of the test system.

2. Characterization

Powder X-ray diffraction (XRD) was employed to characterize the crystal structure
of the as-prepared products by using a PIXcel3D X ray diffractometer (Empyrean,
Holland Panalytical) with Cu Ka radiation (A=0.154178 nm). The Fourier transform
infrared (FTIR) spectra of the samples were performed with a Hyperion
spectrophotometer (Bruker) with the scan range of 400-4000 cm™'. High-resolution
transmission electron microscopy (HRTEM) and transmission electron microscopy
(TEM) were measured by using a FEI-Tecnai F20 transmission electron microscope
with an accelerating voltage of 200 kV. X-ray photoelectron spectroscopy (XPS)
measurements were carried on a KRATOS Axis ultra-DLD X-ray photo-electron
spectroscope with a monochromatic Al Ka X-ray source (hv = 1486.6 eV). All
electrochemical measurements were performed on a CHI 920C workstation (CH

instruments, Shanghai, China), using a standard three electrode system, which are a
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carbon electrode as the counter electrode, a saturated calomel electrode (SCE) as the
reference electrode, and a glass carbon (GC) electrode as working electrode. The
photoresponse-time curves under open circuit potential (OCP) were obtained in 0.1 M
sodium sulfate (Na,SOy) solution with 100 W light-emitting diode (LED) lamp as light
source. Electrochemical impedance spectra (EIS) measurements were carried out at
open circuit potential as well, with a frequency range from 1 MHz to 0.01 Hz and Ac
voltage amplitude of 5 mV in ultra-pure water. UV/VIS/NIR spectrophotometer
(Lambda 750, Perkinelmer) was carried out to acquire the UV—Vis absorption spectra.
TPV was measured on a home-made system. The TPV was excited with a nanosecond
laser radiation pulse (wavelength of 355 nm and the repetition rate is 5 Hz) from a third
harmonic Nd:YAG (Beamtech Optronics Co., Ltd). The signal of the TPV was
amplified by the amplifier and recorded by the oscilloscope. All the measurements were

performed at room temperature and under ambient pressure.

3. Electrochemical measurements for the determination of HOMO and LUMO
Cyclic voltammetry (CV) was operated using a standard three-electrode system with
CHI 760E workstation (CH Instruments, Shanghai). A carbon electrode and an
Ag/AgCl (3 M KCl) electrode were used as the counter electrode and the reference
electrode, respectively. A glassy carbon (GC) electrode (3 mm diameter) was
thoroughly cleaned by polishing to mirror finish, and dried before further use. 4 pL
catalyst solution (2 mg mL-!) and 5 puL of 0.5 wt % Nafion solution were dropped onto
the working area of a cleaned GC electrode and put naturally to dry. The CV curves
were measured in N,-saturated 0.1 M BMIMPF6 solution with a scan rate of 50 mV s
I. Ferrocene was added into the above solution as an internal standard with a

concentration of 1 mg mL-!. The HOMO and LUMO energy levels were calculated

0X RED
from the onset oxidation (E onset) reduction (E onset ) potential and the reference energy

level for ferrocene (4.8 eV below the vacuum level) as determined by CV according to

the following equations:
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EH0M0= _(Eonset_EFc+4'8) ev (1)
onset

Eumo= - (E RED Eo.+ 4.8) eV )

Where EFe is the onset of the oxidation potential (vs. Ag/AgCl) of ferrocene.

4. Transient photocurrent responses (TPR) measurement

The TPR measurement was conducted with a three electrodes system. The test was
performed at the open circuit potential with a 30-second light on/off cycle (A > 420 nm).
Typically, L-type glassy carbon electrode was used as the working electrodes, which
was loaded with CQM-1, Quercetin-1, and Methyl bule-1 (100 pg cm2). The carbon
rod was treated as the counter electrode and the saturated calomel electrode (SCE) was
used as the reference electrode. The light was provided by a Xe lamp with a 420 nm

filter.

5. Electrochemical impedance spectroscopy (EIS) measurement

The EIS was measured in a water solution with a three electrodes system at the open
circuit potential. The glassy carbon electrode (GCE) coated with different catalysts (100
pg-cm2?) was used as the working electrode. The carbon rod and saturated calomel
electrode (SCE) were served as the counter electrode and the reference electrode. High

frequency: 106 Hz, low frequency: 0.01 Hz.

6. Calculation of apparent quantum yield (AQY)

For AQY valuations, 10 mg photocatalyst, 15 mL ultra-pure water and a stir bar were
put into a quartz photo-reactor vial with a total volume of 40 mL. Afterwards, the
system was sealed and the vials were set under constant stirring with light-emitting
diode (LED) applying a band-pass filter (=365, 420, 535 or 630 nm) for 1 h. The
acidic potassium permanganate titration method was used to determine the amount of
the generated hydrogen peroxide. The average intensity of irradiation was determined

by an ILT 950 spectroradiometer (International Light Technologies) and the average
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intensity of 365, 420, 535 and 630 nm irradiation were 32.23, 30.22, 1.52, 19.28
mW/cm?, respectively and the irradiation area was 10.17 cm?. The amount of H,O,
generated in 1 h of 365, 420, 535 and 630 nm irradiation are 61.8, 81.4, 3.0 and 40.7
pmol.

The number of incident photons (N) was calculated by Eq. (3)

N5 ®

In Eq. (3), E is the average intensity of irradiation, A stands for the wavelength (365,
420, 535 and 630 nm) of the irradiation, 4 represents the Planck (6.626 x 1073* J-s =
4.136x10715 eV-s) constant and ¢ (3.0x108 m-s™!) is the speed of light.

The quantum efficiency was calculated from Eq. (4).

2 X number of evolved H,0, molecules 4
AQY = - x 100% 4)
number of incident photons

7. Determination of the electron transfer number

The electron transfer number was determined by rotating disk-ring electrodes
(RRDE) testing system (RRDE-3, ALS Co., Ltd). To determine the electron transfer
number of photocatalytic oxygen reduction reaction, RRDE experiment was carried out
in ultrapure water (O, saturated) with a scan rate of 10 mV s™! and rotating speed of
1600 rpm. The disk potential was set at open circuit potential to avoid photochemical
and electrochemical catalysis process for water oxidation. For photocatalytic water
splitting, RRDE experiments were conducted in ultrapure water (N, saturated) with a
scan rate of 10 mV s! and rotating speed of 1600 rpm. The disk potential was set at a
positive bias potential to avoid the oxygen reduction reaction. The ring potential was
kept at 0.9 V vs. SCE, which can oxidize the generated H,O, from the disk into O,. All
the process and data were collected by a CHI 760E electrochemical workstation (CH
Instruments, Shanghai, China), using carbon electrode and saturated calomel electrode

(SCE) as the counter electrode and the reference electrode, respectively.
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4A1

disk
N9
AL (5)
Algige * rmg/ N
where ling is the current of ring electrode, Aldisk is the current of disk electrode, which

test in four electrode system in H,O electrolyte, with 1600 rpm rotate speed.
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Supplementary Figures

Fig. S1. (a) TEM image of Quercetin-1. (b) TEM image of Methyl blue-1.
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Fig. S2. The mapping images for (a) S and (b) Na elements of CQM-1.
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Fig. S3. XRD patterns of CQM-1, Quercetin-1 and Methyl blue-1.
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Fig. S4. XPS survey spectrum (a) and high-resolution XPS spectra of CQM-1: (b) O 1s

and (c) N 1s.
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Fig. S5. High-resolution XPS spectra of Quercetin-1: (a) C 1s and (b) O Is.
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Fig. S6. High-resolution XPS spectra of Methyl blue-1: (a) C 1s and (b) N 1s.
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Fig. S7. (a) VB state of CQM-1 measured by XPS spectroscopy. (b) UV-Vis absorption

spectrum of CQM-1 (inset is the corresponding Tauc plot).
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Fig. S8. TEM image of CQM-1 after five cycles.
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Fig. S9. The electron transfer number (n) during the photocatalytic reaction of CQM-
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Fig. S10. Rotating ring-disk electrode (RRDE) voltammograms obtained in 0.1M
Na,SOy, solution (pH=7) with a scan rate of 10 mV s! and a rotation rate of 1,600 r.p.m..

The oxidation current observed during RRDE tests indicates the oxidation of H,0O,

occurs at the ring electrode.

S16



Supplementary Tables

Table S1. Elemental compositions of samples from XPS results.

Sample Contents (at. %)
C N Na O S
CQM-1 60.59 3.42 0.46 31.36 4.18
Quercetin-1 71.32 / / 28.68 /
Methyl blue-1 | 51.86 1.07 11.2 33.93 1.95
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Table S2. List of electron attenuation constants (7), the maximum extraction rate (tpax)
of charge and the maximum charge extraction efficiency (4) of CQM-1, Quercetin-1

and Methyl blue-1.

Sample T L A ne=A*t/t 4
CQM-1 0.443 0.085 0.185 0.964
Quercetin-1 0.164 0.008 0.062 0.127
Methyl blue-1 0.186 0.043 0.016 0.069
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Table S3. The AQY values with different incident light wavelengths.

Wavelength  Light intensity 0, AQY
(nm) (mW-cm2) (umol) (%)
365 32.23 61.8 4.33
420 30.22 81.4 5.30
535 1.52 3.0 3.05

630 19.28 40.7 2.77
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Table S4. ICP-MS of CQM-1, Quercetin-1 and H,0, product.

ICP-MS results (at. %)
Fe Co Ni Cu Mn Al K Mg Ca Zn
CQM-1 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
Quercetin-1 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
H,0; solution BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

BDL: below detection limit.
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Table S5. Recent studies reported for the use of photocatalysts in H,O, production.

H,O0,
Catalyst Scavenger Production Cycle Ref.
pmol g1 h-!
CQM-1 / 3676 5 This work
CoP/Co@NP
C. Isopropanol 940 3 s1]
15/g-C5Ny (IPA)
CNKO0.2 w Methanol 1010 / [S2]
Organic electron
C3N/AQ donor (2- 361 / [S3]
propanol)
PEI/C5Ny / 208.1 / [S4]
g-C3N,/MTI49 / 22.9 / [S5]
Au/C3Ny C,HsOH 168 / [S6]
CPN / 1968 / [S7]
PIx-NCN Methanol 1240 10 [S8]
Cu,(OH),CO35/
¢-CN, / 1277 [S9]
K*and Na*
are doped into / 375 [S10]
2-C3Ny
Graphene / 666 / [S11]
oxide
BP/g-C3Ny Isopropanol 540 / [S12]
CdS/rGO Isopropanol 2134 / [S13]
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