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Figure S1. PXRD patterns of TpBpy-Cu/Co synthesized in a) CH3CN and b) MeOH before and

after recrystallization.
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Table S1: ICP-MS data of TpBpy-Cu and TpBpy-Cu/Co.

Cu/Co molar ratio

Sample Cu(wt%) Co(wt%)
TpBpy-Cu 3.51 / /
TpBpy-Cu/Co 3.45 1.77 1.8:1
TpBpy-Cu/Co-2 3.24 2.84 1.1:1
TpBpy-Cu/Co-3 5.92 1.93 2.8:1
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Figure S2. Solid-state '>*C NMR spectrum of TpBpy-Cu.

S5



Figure S3. a) SEM image and b) TEM image of TpBpy.
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Figure S4. a) SEM image and b) TEM image of TpBpy-Cu.
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Figure S5. EDS mapping images for TpBpy.

Figure S6. EDS mapping images for TpBpy-Cu.
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Figure S7. XPS survey of TpBpy, TpBpy—Cu and TpBpy—Cu/Co.
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Figure S8. O 1s XPS spectrum of a) TpBpy and b) TpBpy—Cu/Co.
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Figure S9. Photocatalytic H> evolution of TpBpy-Cu/Co with different content of Cu and Co
under visible irradiation in 3 mL DMF/AcOH = 19/1. A 300W Xenon lamp with a 420 nm cut off

filter (light intensity: 520 mW cm™) was used as light source.
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Figure S10. Photocatalytic H> evolution of TpBpy-Cu/Co under visible irradiation in 3 mL

DMF/AcOH = 19/1 or 3 mL DMF/H,0 = 19/1. A 300W Xenon lamp with a 420 nm cut off filter

(light intensity: 520 mW cm) was used as light source.
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Table S2. Photocatalytic HER experiments in 6 hours.

Entry Catalyst H2 (mmolg1) TON TOF (h?)
1 TpBpy-Cu/Co 50.88 339.2 56.5
2 TpBpy-Cu 13.44 / /
3 TpBpy 1.60 / /
4 TpBpy-Cu + Co(bpy)Cl: 32.08 213.9 35.6
5 TpBpy + [Cu(mestphen)(bpy)]*+Co(bpy)Cl2 11.64 77.6 12.9

Unless noted, HER reactions were conducted with COF or homogeneous catalysts containing 0.136 pmol
Cu site and 0.075 pmol Co site, and 90 mg BIH, in 45 uL. AcOH + 2.955 mL DMF, a 300W Xenon lamp
with a 420 nm cut off filter (light intensity: 520 mW cm2) was used as the light source. TON =

TON
hours of irradiation’

no.of moles of Hp, producedX 2

; TOF =

no.of moles of Co sites
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Figure S11. a) Time-dependent H. production under visible light irradiation and b)
photocatalytic Ho evolution initial rates (0.0136 umol Cu site and 0.0075 pumol Co site, and 90 mg
BIH, in 45 pL. AcOH and 2.955 mL DMF). A 300W Xenon lamp with a 420 nm cut off filter (light

intensity: 520 mW cm) was used as light source.
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Table S3. Photocatalytic HER experiments at low concentrations in 24 hours.

Entry Catalyst Hz2 (mmolg?) TON TOF (h?)
1 TpBpy-Cu/Co 222.40 1483 61.8
2 TpBpy-Cu + Co(bpy)Cl> 157.60 1051 43.8
3 TpBpy + [Cu(mestphen)(bpy)]*+Co(bpy)Cl2 111.60 744 31
4 [Cu(mestphen)(bpy)]* + Co(bpy)Cl: 78.74 267 11.1

Unless noted, HER reactions were conducted with COF or homogeneous catalysts containing 0.0136 pmol

Cu site and 0.0075 pmol Co site, and 90 mg BIH, in 45 uL. AcOH + 2.955 mLL DMF, a 300W Xenon lamp
with a 420 nm cut off filter (light intensity: 520 mW cm) was used as the light source. TON =

no.of moles of H, producedXx 2 TON

hours of irradiation’

no.of moles of Co sites
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Table S4. Photocatalytic HER performance of some reported metalation COFs in water.

Light source

_ Hydrogen
Entry Catalyst Metal (300 W Xe- Experimental productionrate oy
lamp with conditions -
filter) (wmol h™* g%
Cu(l) BIH, DMF/AcOH This
1 TpBpy-Cu/Co >420 nm 12160 work
Co(ll) (1.97:0.03)
2 Pt-Tpy-COF Pt(I) >400 nm ascorbic acid, H.0 7800 !
3 Ni-Py-COF Ni(ll) >420 nm ascorbic acid, H.O 626 2
4 TpBpy-Ir Ir(111) >400 nm ascorbic acid, H.0 760 3
) Cu(ll)
5 CuCoz04/TpPa >420 nm ascorbic acid, H20 8346 4
COF
Co(ll)
Co(ll)
6 Co/Zn-Salen-COF >420 nm ascorbic acid, H.O 1378 5
Zn(ll)
-30, -1-
7 Mo %ggppa 1 Mo(lv)  >420nm  ascorbic acid, H;0 5585 6
8 20%CdS-CTF-1 Cd(n >420 nm lactic acid, H.0O 11430 !
Ni(OH).- . Sodium ascorbate, 8
9 2.5%/TpPa-2 Nicl) >420 nm PBS buffer solution 1896
Zn(ll)
ZnPor-DETH- TEOA, phosphate 9
10 COF Pt(Co- >400 nm buffer solution 413
catalyst)
Sodium ascorbate, 1
11 P.@TpPa-1 Pt(11) >420 nm PBS buffer solution 719
0 -1-
12 Pd/TpPa-1 Pd(0) >420 nm TEOA, H,0 10400 n
EosinY
AU100%-SAs-  AU@)  ami156  TEOA MeCN/H0 "
13 PAF-164 filter 4820
(0<6<1) (3:1)
14 CO0A-SACITP- ooy 320 780 nm TEOA, H.0 1798.5 13

Tta COF
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Figure S12. Proposed Perrin Jablonski diagram.
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Figure S13. a) CVs of TpBpy-Cu/Co (0.05 mg) coated on electrode surface and Co(bpy)Clz
under photocatalytic HER conditions (10 mL 0.1 M TBAPF¢/CH;3CN solution with 150 pL. AcOH).
b) CVs of TpBpy-Cu coated on electrode surface and [Cu(mestphen)(bpy)]® in 0.1M

TBAPF¢/CH3CN. c) Potential energy diagrams of TpBpy-Cu/Co catalyzed photocatalytic HER.

S16



/7] TpBpy-Cu/Co
8.1 mmolgth?

H, (a.u.)

trace trace trace

normal noAcOH noBIH no light

Figure S14. Control experiments of photocatalytic H> evolution under visible irradiation.
(0.0136 pumol Cu site and 0.0075 umol Co site, and 90 mg BIH, in 45 pL AcOH and 2.955 mL
DMF). A 300W Xenon lamp with a 420 nm cut off filter (light intensity: 520 mW cm) was used

as light source.
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Figure S15. Light On-Off experiments for visible light-driven HER catalyzed by TpBpy-Cu/Co.
(0.0136 umol Cu site and 0.0075 pmol Co site, and 90 mg BIH, in 45 pLL AcOH and 2.955 mL
DMF). A 300W Xenon lamp with a 420 nm cut off filter (light intensity: 520 mW c¢m) was used

as light source.
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Figure S16. EIS Nyquist plots of TpBpy-Cu/Co before and after 24 h photocatalysis.
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Figure S17. a) XPS survey, b) N 1s, ¢) Cu 2p, and d) Co 2p spectrum of TpBpy—Cu/Co after

24 h photocatalysis.
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Figure S18. *H NMR spectrum of [Cu(mestphen)(bpy)]* in DMSO-ds.
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Figure S19. 3C NMR spectrum of [Cu(mestphen)(bpy)]* in DMSO-ds.
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Figure S20. HRMS (ESI, positive mode) spectra of CobpyCl> in CH3CN.
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