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Characterization

The Fourier transform infrared (FT-IR) spectroscopy was collected on KBr disks
using a Tensor 27 spectrometer in transmission mode. The structural order of samples
was tested by Powder X-ray diffraction (PXRD, DX-2700). Field-emission scanning
electron microscopy (SEM, JSM-7001F) and high-resolution transmission electron
microscopy (TEM, H-7650) were employed to observe the nanomorphology of

samples. The binding energies determined by XPS (Bruker, D8 Advance) were
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corrected by reference to the adventitious carbon peak (284.8 eV) for each sample.
The energy dispersive spectroscopy (EDS) was obtained on an Apollo XLT SDD
detector. The content of Pd in sample was measured by ICP-OES/MS (Agilent
720ES). The UV-vis diffuse reflectance spectra (DRS) of was recorded by a UV-vis
spectrophotometer (UV-Lambda 950). Photoluminescence (PL) spectra were
measured under excitation wavelength at 420 nm (Shimadzu F-7000 PC). Time-
resolved PL spectra were obtained on an Edinburgh Instruments FLS 980
fluorescence  spectrometer. Electrochemical impedance spectroscopy (EIS)
measurements were carried out using a standard three-electrode cell system.
Time-Resolved Transient Absorption Measurements

The femtosecond resolved transient absorption measurements are based on a
regeneratively amplified femtosecond laser system. The detailed description of the
femtosecond laser system has already been published.!?> Here some important features
of the setup will be described in brief. The seed beam is generated by a commercial
Ti:sapphire oscillator and amplified by a Nd:YLF pumped regenerative amplifier to
produce the fundamental pulse. The fundamental pulse is centered at 800 nm with a
repetition rate of 1 kHz, 35 fs pulse width and energy up to 1mJ/pulse. The 400 nm
excitation pulses were obtained by the second harmonic generation in a 0.5 mm BBO
crystal and were subsequently attenuated to be ~ 2 pJ/pulse. A small portion of the
fundamental pulses passed through an optical delay line and were focused into a 1
mm CakF, plate to generate a white continuum 450-700 nm. In order to eliminate the

effect of the background and improve the measuring sensitivity, the white light was



split into the probe and the reference beams by being reflected from the front and
back surfaces of a quartz plate. All the measurements were carried out under magic
angle (54.7°) to avoid the rotational decay processes and effect of polarization. To
minimize interference by the photoproducts formed during the experiments, the
sample was put into a flow cell, which includes 0.2 mm quartz windows. The pump
and probe pulses were spatially overlapped in the sample with an intersection angle of
< 4° and the reference pulses passed through the sample at a different spot. Finally, all
the pulses were collected in a CCD camera (PI-MAX, 1024x256 pixel array)
equipped with a spectrometer (Princeton, SpectraPro 25001) and the final transient
absorption spectra were detected. To obtain the cross correlation between the pump
and probe pulses which determined the instrumental response function of the system
and precise the zero time-delay at every probe wavelength, the optical Kerr-gate
experiments were carried out. The cross correlation in our measurements is about 250
fs.

Apparent quantum yield (AQY) measurement

The AQY measurement for the photocatalytic experiment was carried out using
monochromatic Xe lamp with band pass filter. The light intensities at 420, 450, and
500 nm are 26, 32, 30 mW cm™2, respectively. During the photocatalysis,
PDBTSO@TiO, (10 mg) nanocomposite was suspended in 100 mL aqueous solution
in the presence of TEOA (20 vol%) and hexachloroplatinic acid (3 wt %). The AQY

was calculated based on following equation:

AQY (%) = 2 X Number of evolved Hz molecules » 100%
o Number of incident photons °
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Figure S1. FTIR spectra of TiO,, PDBTSO and PDBTSO@TiO,.
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Figure S2. PXRD patterns of TiO,, PDBTSO and PDBTSO@TiO,.

Figure S3. SEM images of TiO,, PDBTSO and PDBTSO@Ti0,-10.
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Figure S4. Effect of TiO, loading amount on the hydrogen production activity over
PDBTSO@TiO, without Pt co-catalyst. Conditions: 10 mg sample, 100 mL 20 vol%
TEOA/H,0, visible light irradiation.

Figure S5. EDS spectra of PDBTSO@Ti0,-10, the signal of Cu is from the substrate

of quartz.



(a) PDBTSO@Ti02-10 containing 0.23 wt% Pd (b) PDBTSO@Ti02-10 containing 0.23 wt% Pd
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Figure S6. XPS spectra of PDBTSO@Ti0,-10, (a) Survey spectra, (b) Pd 3d.
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Figure S7. Compared HER of PDBTSO@TiO,-10 composites containing varied

amounts of residual Pd as determined by ICP-OES.



Figure S8. TEM images of (a) PDBTSO@TiO,-5, (c) PDBTSO@TiO,-10, (e)
PDBTSO@TiO,-15, and (g) PDBTSO@Ti0,-25 before in-situ photodeposition of Pt,
and (b) PDBTSO@Ti0O,-5, (d) PDBTSO@TiO,-10, (f) PDBTSO@TiO,-15, and (h)



PDBTSO@Ti0O,-25 after in-situ photodeposition of Pt.
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Figure S9. HER of PDBTSO@TiO,-10 nanocomposite and the physically blended
sample PDBTSO+TiO,-10 with same phase composition. Experimental conditions:

10 mg sample; 3 wt% Pt co-catalyst; visible light irradiation.
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Figure S10. Wavelength dependence of AQY on hydrogen production and UV-vis
absorption spectra of PDBTSO@TiO,-10.
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Figure S11. XRD patterns of PDBTSO@TiO,-10 before and after the photocatalytic

reaction.
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Figure S12. FTIR spectra of PDBTSO@Ti0,-10 before and after the photocatalytic

reaction.
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Figure S13. UV-vis absorption spectra for PDBTSO@TiO,-10 before and after the

photocatalytic reaction.
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Figure S14. TEM (a, b, d, €) and HRTEM (c, f) images of PDBTSO@TiO,-10 (a, b, ¢)
before in-situ photodeposition of Pt and PDBTSO@TiO,-10 (d, e, f) after in-situ

photodeposition of Pt.
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Figure S15. Two—dimensional transient absorption spectra of raw TiO, .with delay

time up to 1400 ps. Experimental conditions: aqueous solution containing 20 vol%

TEOA; 400 nm laser irradiation.
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Figure S16. EIS of PDBTSO and PDBTSO@Ti0,-10.



Table S1. Comparison of representative polymer-based composite photocatalysts with
ultrahigh HER activity (HER > 10 mmol h™! g™!)

Photocatalysts . HER
Photocatalysts Cocatalysts Light source o Ref.
mass (mg) (mmolh™! g™
. This
PDBTSO/TiO, Pt (3 wt%) 10 A>420 nm 51.5
work
CZysS@50ZS- Ni,P and g-
0:5@ " anes 10 A> 420 nm 55.43 S3
3N/8CN C5Ny
CNS-COF Pt (3 wt%) 10 A>420 nm 46.4 S4
TxPP1@T-10 Pt (1 wt%) 100 UV-Vis 21.945 S5
S5@Pt/TiO, Pt 20 A>420 nm 21.5 S6
Ni,P-SNO/CdS-D  Ni,P (1 wt%) 30 A>420 nm 11.992 S7
NZIS-3 - 20 A>420 nm 11.086 S8
Ti0,-TpPa-1-COF Pt (3 wt%) 10 A>420 nm 11.19 S9
CdS-CTEF-1 Pt (1 wt%) 20 A>420 nm 11.43 S10
3D CCNS Pt (3 wt%) 10 UV-vis 27.035 S11
Ni,P/Ni@C/g- . .
Ni,P/Ni 10 A>420 nm 18.04 S12
C;3N4-550
g_
C3Ny/C@Ni;S4/Ni Ni;S4/Ni,P 10 A>420 nm 14.49 S13
»P-30
g_
C;Ny/Fe,O;3@FeP- Fe,O;@FeP 10 A>420 nm 12.03 S14
60
BE-Au-TiO, Au (1wt%) 30 A>420 nm 26.04 S15
g-C3N4/TiO/rGO rGO (1 wt%) 5 UV-Vis 23.143 S16
. NiS (0.76
NiS/g-C3Ny 5 AM1.5G 16.4 S17
wt%)
P3/CN - 50 A>420 nm 13 S18
PY-2/g-C3N,4/Pt Pt (1 wt%) 80 A>420 nm 11.885 S19
NZCN30 - 5 UV-Vis 18.836 S20
a-Fe,03/g-C5Ny Pt (3 wt%) 10 A>420 nm 314 S21
TiO,@COP64 Pt (3 wt%) 20 UV-vis 15.02 S22




1 wt% catechol-

) - 30 Solar light 10.925 S23
TIOZ

Table S2. Fitted decay time of PDBTSO and PDBTSO@TiO,-10.

Sample T (ns) Rel(%) T, (ns) Rel(%) T(ns)

PDBTSO 0.4795 58.56 2.479 41.44 1.308

PDBTSO@TiO,-10 0.5735 50.95 2.778 49.05 1.654
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