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Supplementary Figures and Tables

Fig. S1 a TEM and b SEM images of BCN. ¢ SEM image of Zn-PCN
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Fig. S2 a N2 adsorption-desorption isotherms at 77 K and the corresponding pore size
distribution curves (inset) of BCN and Zn-PCN. b Specific surface area and pore volume of
BCN and Zn-PCN
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A typical IUPAC type 1V adsorption isotherm, commonly regarded as a sign of the mesoporous
structure [S1], is observed for Zn-PCN in Fig. S2a. Thus, it could be inferred that Zn-PCN owns
a mesoporous structure, and the average pore diameter could be determined to be ~30 nm from
the corresponding pore size distribution. With the increasing amounts of ZnCO3 precursor (i.e.,
Zn loading contents), the adsorption isotherm is steepened and the loop area is increased
gradually (Fig. S2a), meaning the increased pore volume. As further shown in Fig. S2b, the
pore volume is increased from 0.06 m® g for BCN to 2.19 m® g for Zn-PCN(4.79%).
Moreover, the specific surface area reaches 224.99 m? g as high for Zn-PCN(4.79%), which
is almost 24 times that for BCN (9.46 m? g1), demonstrating the well developed 3D porous
structure obtained by the intermediate coordination strategy.
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Fig. S3 XRD patterns of BCN and Zn-PCN. The structures of the obtained samples were
characterized by XRD patterns

As shown in Fig. S3, BCN displays two feature diffraction peaks at 260 = 13.1°and 27.3 < which
correspond to the (100) plane of the in-plane structural packing of tri-s-triazine units and the
(002) plane of interlayer stacking for conjugated aromatic systems, respectively [S2].
Remarkably, both the two peaks show intensities gradually weakened for Zn-PCN with the
increasing Zn loading contents, implying the inhibited agglomeration of PCN with the
introduction of Zn single atoms through the intermediate coordination strategy [S2].

Transmittance (a.u.)

500 1500 2500 3500
Wavenumber (cm™)

Fig. S4 FTIR spectra of BCN and Zn-PCN. The molecular structures of the as-prepared
samples were disclosed by FTIR spectra
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As shown in Fig. S4, BCN presents a peak at 810 cm™ typical for the out-of-plane bending
mode of tri-s-triazine rings [S3], whilst the peaks locating between 900 and 1800 cm originate
from the stretching modes of aromatic C-N heterocycles [S3]. Additionally, the multiple broad
peaks in the region of 3000-3500 cm™ correspond to the N-H stretching vibrations [S3]. Zn-
PCN shows the very similar characteristics in the FTIR spectra as compared to BCN,
demonstrating the good retention of both tri-s-triazine ring and trigonal C-N(-C)-C/bridging C-
NH-C units of PCN in Zn-PCN.
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Fig. S5 High-resolution O 1s XPS spectra of Zn-PCN and ZnO
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Fig. S6 a Ultraviolet-visible-near infrared diffuse reflectance spectra of CNN and Zn-PCN. b
Corresponding Tauc plot for Zn-PCN(4.79%) using (F(R)Av)*? (Kubelka-Munk parameter) as
a function versus the photon energy. ¢ Mott-Schottky plots for Zn-PCN(4.79%). d Band
structure alignments for Zn-PCN(4.79%)
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As determined from the transformed Kubelka-Munk function [S4, S5], the intrinsic bandgap of
Zn-PCN(4.79%) is calculated to be 2.80 eV (Fig. S6a-b). Moreover, a bandgap of 2.00 eV,
corresponding to the electronic transition from the VB to the midgap state (MS), is identified
for Zn-PCN(4.79%) (Fig. S6b). As revealed by the Mott-Schottky plots (Fig. S6¢), the flat band
potential of Zn-PCN(4.79%) is -1.04 V (versus the reversible hydrogen electrode, RHE). In
principle, the CB potential of n-type semiconductor is considered to be ~0.1 eV more negative
than that of the flat band potential [S6]. Accordingly, the CB potential for Zn-PCN(4.79%) is -
1.14 V (versus RHE). The VB potential then can be calculated to be 1.66 V (versus RHE).
Based on these results, Fig. S6d schematically illustrates the band structures of Zn-PCN(4.79%)
with the water splitting redox potential as a reference. Obviously, the band structures of Zn-
PCN(4.79%) could satisfy the thermodynamic requirement for photocatalytic water splitting
into Hz and Oo.
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Fig. S7 Structure models of a Zn-PCN-low and d Zn-PCN-high. The gray, blue, and yellow
spheres represent the C, N, and Zn atoms, respectively. b,e Calculated band structures and c,f
corresponding DOS of Zn-PCN-low and Zn-PCN-high, respectively. g Calculated work
functions of Zn-PCN-low and Zn-PCN-high. h,i Transition dipole moments for Zn-PCN-low
and Zn-PCN-high, respectively. The insets in h,i illustrate the different transition paths

Theoretical calculations for PCN coordinated with different loading contents of Zn single atoms
(i.e., Zn-PCN-low and Zn-PCN-high) were carried out. As shown in Fig. S7a-g, with bandgap
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keeping almost unchanged, both the CB and VB energy levels are negatively shifted, the Zn-
related midgap state (MS) energy level is positively shifted, and work function (®) is reduced
for Zn-PCN-high, as compared to Zn-PCN-low. It is notable that the transition dipole moment
related to the intrinsic excitation (transition path a) of Zn-PCN-high is increased as compared
to that of Zn-PCN-low (Fig. S7h-i), implying that the more Zn single atoms would contribute

to the stronger electron excitation in Zn-PCN [S7, S8].
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Fig. S8 Cycling of photocatalytic overall water splitting over Zn-PCN(4.79%), where each

cycle was started with a one-hour argon flush

a b
( ) Zn K-edge ( ) Zn 2p

A Zn 2py
= \-\ = Zn 2py,
8 \ T 8
> \ >
2 / 2
f o f oy
g g
= — (1) before water splitting =

9660 9680 9700 9720 9740 1015 1025 1035 1045 1055
Photon energy (eV) Binding energy (eV)

c d
( ) ( ) N K-edge

Zn-N

‘ N1 7* C-N=C
N2 7* N-3C

IFT (K'x(k)l (a.u.)
Intensity (a.u.)

R(A)

Fig. S9 a Zn K-edge XANES spectra, b high-resolution Zn 2p XPS spectra, ¢ Zn K-edge k*-
weighted FT-EXAFS spectra and d N K-edge XANES spectra of Zn-PCN (1) before and (2)

after photocatalytic overall water splitting reaction
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Table S1 Specific surface area, pore volume and pore size of BCN and Zn-PCN

Samples Specific surface area (m?g+) Pore volume (cm3-g?) Pore size (nm)
BCN 9.46 0.06 20.38
Zn-PCN(2.09%) 26.39 0.18 24.36
Zn-PCN(3.63%) 72.66 0.62 29.29

Zn-PCN(4.79%) 224.99 2.19 33.80

Table S2 Structural parameters extracted from the Zn K-edge FT-EXAFS fitting

Coordination

-3 A2
Samples Path number R (A) o2 (103A2) AE (eV)
Zn foil Zn-Zn 6.000 2.542 1.268 -1.402
Zn-PCN Zn-N 5.824 1.995 0.7260 1.580

Table S3 Kinetic parameters of the emission decay analysis of BCN and Zn-PCN

Samples 71 (NS) A 72 (NS) A, 73 (NS) A; Tavg (NS) X
BCN 135 0.160 7.71 0.178 2.49 0.662 8.48 1.13
Zn-PCN(2.09%) 141 0.114 3.62 0.472 1.01 0.414 7.83 1.02
Zn-PCN(3.63%) 12.3 0.171 4.09 0.455 1.58 0.374 7.53 0.997
Zn-PCN(4.79%) 13.9 0.0776 4.30 0.274 1.02 0.648 7.09 0.995

Table S4 Parameters of the EIS analysis of various catalyst electrodes

Samples Rs () Ret ()
BCN 74.16 6143
Zn-PCN(2.09%) 81.51 2591
Zn-PCN(3.63%) 81.28 1688
Zn-PCN(4.79%) 71.05 930
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