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Scheme S1. Synthesis of 4-amino-3,5-bis(pyridin-2-yl)-1,2,4-triazole (L).

Z=Z

— )
N N-N N

20O
- P:IHZ — Os
CNE\WN/Y‘@ + CH;OH N
- — Qa2

Scheme S2. Synthesis of pyrene-L.
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Fig. S1. '"H NMR spectrum of L (4-amino-3,5-bis(pyridin-2-yl)-1,2,4-triazole).
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Fig. S2. LC-MS of L in CH30H solution, where the peak at m/z 239.11 can be assigned to the

species of [L+H]".
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Fig. S3. 'H NMR spectrum of pyrene-L in CDCls.
i 4520
+
[Co(C4eH33S0;)+(CH;0H),+H,0]
2
447 21
M52
L 521
i 76037 115.56
89.5]| 1120318599 597 29 OB ggea 786 jrerer g5 109555 | 1409.72 174492
500 200 300 T ab0 sk %0 700 | 8% | 90 | 1000 | 1100 | 1200 | T30 | 1400 1800 | 1800 1700 1800

Fig. S4. LC-MS of Cobalt cetylsulfonate in CH3OH solution, where the peak at m/z 446.20 can be

assigned to the species of [Co(C16H33S03)+(CH30H),+H>0]".
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Fig. S5. LC-MS of CoL. in CH30H solution, where the peak at m/z 267.56 can be assigned to the

species of [CoL2]*".
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Fig. S6. LC-MS of CoL, in CH3OH solution, where the peak at m/z 386.6 can be assigned to the

species of [Co2Lo+H(OH)3+(CH30H)2+(CH3CN)+(Na)]?*.
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Fig. S7. The powder X-ray diffraction (PXRD) pattern of CozLo.
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Fig. S8. LC-MS of Co(pyrene-L), in CH30H solution, where the peak at m/z 479.63 can be

assigned to the species of [Co(pyrene-L),]**.
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Fig. S9. LC-MS of Coz(pyrene-L), in CH3OH solution, where the peak at m/z 451.17, and 704.70
can be assigned to the species of  [pyrene-L+H']", [Coz(pyrene-L),
(H20)(CH30H)(CH3;CH>OH)(Na*)2(NO3)4]*, respectively.
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Fig. S10. FT-IR spectra of Co(pyrene-L), and [Co(H20)2(C16S03)2].
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Fig. S11. Results of photocatalytic H> evolution by pyrene after illumination for 12 h.
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Fig. S12. Results of photocatalytic H> evolution by Cox(pyrene-L), at different concentrations

after illumination for 12 h.
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Fig. S13. (a) Photocatalytic H> evolution of Cox(pyrene-L), and Co>Lo&pyrene. (b) Photocatalytic

H; evolution of Coz(pyrene-L); by the addition of fresh BIH and TEA in 24 h.
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Fig. S14. UV-Vis spectra of Cox(pyrene-L), before and after catalysis.
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Fig. S15. (a) CV curves for 50 uM Co(pyrene-L)z; (b) Differential pulse voltammetry (DPV).
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Table S1. The summary of photocatalytic activity of Coa(pyrene-L), and corresponding

catalysts.[®

Samples H; yield (pmol)
Cox(pyrene-L), 10.32
Co(pyrene-L)> 1.07
CozLo&pyrene 3.15
Coz2L2&[Ru(phen)s](PF¢)2 1.83

(2] Trradiation for 12 h, Ar atmosphere, 25 °C, catalyst (30 uM), BIH (0.025 M), TEA (0.3 M), and 5 mL
CH3CN/CH30H/H,0 (v/v/v = 3:1:1) solution.

Table S2. The summary of photocatalytic activity of Coa(pyrene-L), and corresponding

catalysts.[®

Sample H; yield (pmol)
30 uM Coa(pyrene-L)> 10.32
30 uM Co2L2&600 puM pyrene 5.03

(21 Irradiation for 12 h, Ar atmosphere, 25 °C, BIH (0.025 M), TEA (0.3 M), and 5 mL
CH3CN/CH30H/H0 (v/v/v = 3:1:1) solution.

Table S3. The summary of photocatalytic activity of Coa(pyrene-L), and corresponding

catalysts.[

Sample Concentration (nM) H: yield (umol)

30 1.07
Co(pyrene-L)>

60 2.36
[ Trradiation for 12 h, Ar atmosphere, 25 °C, BIH (0.025 M), TEA (0.3 M), and 5 mL
CH3CN/CH30H/H20 (v/v/v = 3:1:1) solution.
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Table S4. The summary of self-photosensitizing metal complexes performance in photocatalytic

hydrogen evolution.

Entry  Photocatalyst Light Source TON Reference
1 [RuPt]** A>350 nm 4.8 (10 h) 1
2 [PtCl(terpy)]Cl-2H20 550nm>A>350nm 3 (7h) 2
3 [PtClx(4,4’-MV2)]** A>400 nm 14 (12 h) 3
4 [PtC12(4,4’-MV4)]¥* A >400 nm 18 (12 h) 3
5 [PtCl(5,5°-MV4)]¥* A >400 nm 27 (12 h) 3
6 [PtCl2(4,4’-MP1)]* A >400 nm 2.7(6h) 3
7 [PtClx(4,4°-MP2)]** A >400 nm 3.2(6h) 3
8 [PtClx(5,5°-MP2)]** A >400 nm 3.8(6h) 3
9 [PtCl(tpy)]* 800 nm>A>400nm 0.1 (10 h) 4
10 Pt2(bpia)Cls 800nm >A>400nm 93 (104 h) 4
11 Pt(bpca)Cl 800 nm>A>400nm 1.1 (34h) 4
12 Rhz(dfpma);Cl2(PPhs) A>338 nm 130 (12 h) 5
13 cis-[Rho(DPhF)2(bnen) 2](BF4)2 LED A =670 nm 170 (24 h) 6
14 [Rha(DTolF)2(L)(p)][BF4]2 LED A =655 nm 23 (24 h) 7
15 cis-[Rha(DTolF)2(bpnp)(L)]** LED A =670 nm 16 (24 h) 8
16 CuAA LED A =450 nm 6820 (20d) 9
17 CuPP LED A =450 nm 3738 (12d) 9
18 CuAHA LED A =450 nm 2240 (8 d) 9
19 [HFex(pdt)(CO)4(dppv)]* A>400 nm 4(4h) 10
20 Mn(bpy)(CO)3:Br Xe lamp 3400 (72h) 11
21 W(pyNHC)(CO)4 780 nm>A>380nm 17.2 (3 h) 12
22 Cox(pyrene-L), A>320 nm 68.8(12h)  This work

Entries [1-15]: Noble-metal molecular photocatalysts for HER in the literatures.

Entries [16-21]: Noble-metal free molecular photocatalysts for HER in the literatures.
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Table S5. The summary of photocatalytic performance.[?

Photocatalytic .
o H: yield (pmol)
condition.
Normal 10.32
No Coa(pyrene-L)> 0
No Light 0
No BIH and TEA 0.06

[ Irradiation for 12 h, Ar atmosphere, 25 °C, BIH (0.025 M), TEA (0.3 M), and 5 mL

CH3CN/CH30H/H20 (v/v/v = 3:1:1) solution.

Table S6. Multi-exponential fitting parameters for the time-resolved PL decay traces in Fig. 3f

after excitation at 375 nm.

11 (ns) T2 (ns) 73 (nSs)
Sample Tave (NS)
(A1) (A2) (A3)
0.062 0.321 2.000
Coa(pyrene-L), 0.112
(84.57%) (14.84%) (0.59%)
S 16.000 3.000 13.000 oo
(0] Tene .
2asby (11.59%) (17.39%) (71.02%)

Ai+Azx+As=1; The calculation formula of average lifetime Tae = XTi*A,.
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