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Fig. S2 TEM images of other five constructed Cor-D-A-POPs.

The dipole moments of n-butanol, mesitylene, o-dichlorobenzene and 1,4-dioxane are 1.66
D, 0.32 D, 2.68 D, and 0.40 D, respectively. When a mixed solvent contained a non-polar
solvent of mesitylene and a weak polar solvent of n-butanol (1.34 D difference in their dipole
moments), Cor-BTDA-D-A-POPs-1 and Cor-TDA-D-A-POPs-2 exhibit rough microspheres
regardless of whether the electron donor was BTDA or TDA. When a mixed solvent was
composed of a weak polar solvent of n-butanol and a strong polar solvent of o-dichlorobenzene
(1.02 D difference in their dipole moments), Cor-BTDA-D-A-POPs-3 using BTDA donor
exhibits rough microspheres, while Cor-TDA-D-A-POPs-4 using TDA donor exhibits smooth
microspheres. When a mixed solvent contained two non-polar solvents of mesitylene and 1,4-
dioxane (0.08 D difference in their dipole moments), Cor-BTDA-D-A-POPs-5 using BTDA
donor exhibits smooth microspheres, while Cor-TDA-D-A-POPs-6 using TDA donor exhibits

rough microspheres. The results indicate that if using a weakly polar mixed solvent, the



catalysts will exhibit rough microspheres regardless of using BTDA or TDA donor; if using a
strongly polar mixed solvent, the catalyst will exhibit rough microspheres when using BTDA
donor; if using a non-polar mixed solvent, the catalyst exhibits rough microspheres when using

TDA donor.

DFT computations

The electronic structures for studied molecules (Cor-BTDA-D-A-POPs and Cor-TDA-D-A-
POPs) were studied by DFT, where all structures were optimized by the B3LYP functional and
def2-SVP basis set by using ORCA 5.0.4'*. The long-range van der Waals (vdW) interactions
were handled by Grimme’s DFT-D3 schemel®]. Harmonic vibrational frequency was performed
at the same level. HOMO and LUMO were calculated by Multiwtn 3.8 (dev)%, whose input files

were extracted from molden files from ORCA, and plotted by VMD 1.9.37.

Computational models

Fig. S3 The optimized geometries for (a) Cor-BTDA-D-A-POPs and (b) Cor-TDA-D-A-POPs
model systems, where the white, gray, blue, red, and yellow balls denote H, C, N, O, and S

atoms, respectively.
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Fig. S4 HER polarization curves (a) and ORR polarization curves (b) of TDA, BTDA and

TPAPC.

Table S1. Comparison for HER activity of Cor-BTDA-D-A-POPs-1 with some reported POPs

and COFs. The scale for all measured potentials was an RHE.

Materials nouer / Tafel slope/ R,/ Q Electrolyte References
mV mYV dec!

Cor-BTDA-D-A- 100 83.6 22.7 1 M KOH This work

POPs-1

CoNPs@JUC-625 146 186.0 14.9 1 M KOH 8

JLNU-COFs-302 91 103.4 154 1 M KOH 9

NiTAPP-NiACQ 117 60 1 M KOH 10

c-CNT- 112 160.0 33.7 1 M KOH 11

0.68@TpBpy-Ru

JLNU-300 290 99.0 153 1 M KOH 12

PyTTA-BPyDCA 315 107 31.5 0.5M H,SO, 13

COF film

Cu-TTP 115 98 31.53 0.5MH,SO, 14

TpPAM 250 106 90.34 0.5 M H,SO, 15




Table S2. Comparison for ORR activity of Cor-BTDA-D-A-POPs-1 with some reported POPs

and COFs. The scale for all measured potentials was an RHE.

Materials Eo/V E,/V Tafel slope / mV dec! References
Cor-BTDA-D-A-POPs-1  0.81 0.66 90.0 This work
C-COF 0.86 0.73 144.0 16
C-Fe-COF 0.73 0.55 -

TBPA-phen 0.80 - 56.0 17
H;-POP - 0.71 90.0 18
JUC-527 0.78 0.63 72.3 19
JUC-608 0.8 0.72 85.0 20
BUCT-COF-1/CNT - 0.68 49.1 21
Py-TD-COF 0.83 0.70 252 22
H-TP-COF 0.71 0.65 104 23
TFPB-TAPB-COF - 0.65 90.3 24

All fragment structures of Cor-BTDA-D-A-POPs and Cor-TDA-D-A-POPs and reaction
intermediates of HER and ORR were all optimized under the framework of DFT with B3LYP
functional and 6-31g(d) basis set*>?°. To describe the solvation effect, the SMD (Solvation
Model Based on Density) implicit solvent model was used in all calculations*’. The DFT-D3
dispersion correction method was also used in these calculations. The vibrational frequency
analysis was carried out for the optimized structures with the same calculation method to obtain
the zero-point energy and free energy corrections. The thermodynamic correction terms and
Gibbs free energy of the structures at 298.15 K were then obtained using Shermo program?!. In
order to obtain the electron energy with higher accuracy which has the major impact on the
accuracy of Gibbs free energy, single point calculations for the optimized structures with M06-
2x functional®? and 6-311G(d,p) basis set were performed. Finally, the single point energy was

added to the free energy correction calculated before to obtain the Gibbs free energy. All these



DFT calculations were performed using Gaussian 16 program suite®3. The energy of electron
could not be calculated directly. Therefore, the indirect method of computational hydrogen
electrode®* was applied to calculate the Gibbs free energy change of each electrochemical
reaction step.

The HER proceeds in two steps: (a) adsorption of hydrogen on the catalytic site (H" + ¢ +
*), and (b) release of dihydrogen molecule (1/2H, + *), where * represents the catalytic site.
The Gibbs free energy of hydrogen absorption (4Gy+) can be calculated from the following

equation:
Ey
AGH* = EH* - E* -0.5 2+ AEZPE —TAS

E
where Ey+, E., HZ, AEzpg, T and AS represent the energy of catalyst with hydrogen absorption,
the energy of catalyst, the energy of H,, the difference between zero-point vibrational energy
of H, and catalyst with hydrogen absorption, temperature and the entropy change (AS) of the

system, respectively.
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Fig. S5 Optimized BTDA-TPAPC (a) and TDA-TPAPC (c) structural units.
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Fig. S6 The optimized geometry structures of H* on Cor-BTDA-D-A-POPs at the pyrrolic-N

site (a) and thiophene-S site (b).

Fig. S7 The optimized geometry structures of H* on Cor-TDA-D-A-POPs at the pyrrolic-N site

(a) and thiophene-S site (b).
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Fig. S8 The optimized geometry structures of all possible intermediates on Cor-BTDA-D-A-

POPs (a-c) at the pyrrolic-N site.
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Fig. S9 The optimized geometry structures of all possible intermediates on Cor-TDA-D-A-

POPs (a-c) at the pyrrolic-N site.
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Fig. S10 The optimized geometry structures of all possible intermediates on Cor-BTDA-D-A-
POPs (a-c) at the thiophene-S site.
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Fig. S11 The optimized geometry structures of all possible intermediates on Cor-TDA-D-A-

POPs (a-c) at the thiophene-S site.
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Fig. S12 FESEM images of Cor-BTDA-D-A-POPs-1 after HER (a) and ORR (b) stability tests.
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Fig. S13 XRD patterns of Cor-BTDA-D-A-POPs-1 before and after HER (a) and ORR (b)

stability tests.
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Fig. S14 High-resolution C 1s (a and d), N 1s (b and ¢) and S 2p (¢ and f) XPS spectra of

Cor-BTDA-D-A-POPs-1 after HER and ORR stability tests.
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The C 1s spectra of Cor-BTDA-D-A-POPs-1 (Fig. S14a and d) after HER/ORR stability tests
display four peaks at 284.1 (284.2), 285.5, 287.0 and 288.4 eV, which can be attributed to C-
C/C=C, C-N, C=N and C-S bonds, respectively. In the N 1s spectra (Fig. S 14b and e) after
HER/ORR stability tests, two peaks at 398.7 and 399.6 eV can be assigned to Schiff-base N
and pyrrolic-N species, respectively. Its S 2p spectra (Fig. S14c¢ and f) can be deconvoluted into
S 2ps3, region (163.4 eV) and S 2p,,, region (164.4 eV) of thiophene-S species after HER/ORR

stability tests.
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