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Materials. All commercially received reagents and solvents were used without further purification.

Tris(4-aminophenyl)amine, Pd(PPhs)s, Pd(PPhs).Cl; and cuprous iodide were acquired from Sigma-

Aldrich Chemical Co. n-Bromobutane, iodine monochloride, hydroguinone, ethynyltrimethylsilane,
tetrahydrofuran (THF), acetonitrile and triethylamine (NEts) were purchased from Spectrochem Pvt.
Ltd., India. 1,4-dibutoxy-2,5-diiodobenzene (1),* 4-ethynylbenzaldehyde (2)? and 4'-ethynyl-2,2":6',2"-
terpyridine (4)® were synthesized using literature reported procedure.

Physical Measurements

'H NMR spectra were recorded either on a JEOL 400 MHz spectrometer or JEOL 500 MHz
spectrometer operating, and mentioned in each synthesis procedure. The following notations have been
used to describe splitting patterns of *H NMR signals: s = singlet, d = doublet, t = triplet, m = multiplate,
dd = doublet of doublets and ddd = doublet of doublet of doublets. High Resolution Mass Spectra
(HRMS) were recorded on a Agilent 6538 Ultra High Definition (UHD) Accurate-Mass Q-TOF-LC/MS
system using electrospray ionization (ESI) mode. Elemental analyses were carried out using a Thermo
Fischer Flash 2000 Elemental Analyzer. Thermogravimetric analyses (TGA) were performed using
Metler Toledo instrument under N, atmosphere (flow rate = 50 mL min™*, temperature range 30-800 °C
and heating rate = 3 C min®). FT-IR spectra were measured utilizing a Bruker IFS 66v/S
spectrophotometer (KBr pellets, 4000-400 cm™). UV-Vis spectrum was recorded on Perkin Elmer
Lambda 900 UV-Vis Spectrometer. Fluorescence measurement of TPA-Zn was carried out using
Perkin Elmer Ls 55 Luminescence spectrometer. The absolute fluorescence quantum yield of TPA-Zn
as aqueous dispersion was measured by using an integrating sphere, developed by Horiba Jobin Yvon.
Lifetime measurement was conducted on Edinburgh instrument utilizing EPL-405 ps pulsed diode laser
as the excitation source (Aexc= 405 nm). Powder X-ray diffraction (PXRD) patterns of the coordination
polymer TPA-Zn was collected using a Bruker D8 Discover instrument using Cu—Ka radiation.
Morphological studies have been carried out using Lica-S4401 Field Emission Scanning Electron
Microscope (FESEM) by placing samples on aluminium foil under high vacuum with an accelerating
voltage of 100 kV. Gold coating on the sample was done prior FESEM analysis. Transmission Electron
Microscopy (TEM) analysis has been performed using JEOL JEM-3010 with an accelerating voltage at
300 kV. Energy dispersive spectroscopy (EDS) analysis was performed with an EDAX genesis
instrument attached to the FESEM column. Sample for the imaging studies was prepared by dispersing
TPA-Zn in water.

Adsorption Measurements. N adsorption study of TPA-Zn was carried out using
QUNATACHROME QUADRASORD-SI analyzer at 77 K. In the sample tube, TPA-Zn (76 mg) was

placed which had been degassed at 120 °C under a 1x10* Pa vacuum for about 12 h prior to

1 K. Wariishi, S. I. Morishima and Y. Inagaki, Org. Process Res. Dev., 2003, 7, 98.
ZW. Fu, L. Dong, J. Shi, B. Tong, Z. Cai, J. Zhi and Y. Dong, Macromolecules, 2018, 51, 3254.
3 V. Grosshenny, F. M. Romero and R. Ziessel, J. Org. Chem. 1997, 62, 5, 1491.
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measurement of the isotherms. Helium gas (99.999% purity) at a certain pressure was introduced in the
gas chamber and allowed to diffuse into the sample chamber by opening the valve. The amount of gas
adsorbed was calculated from the pressure difference (Pca - Pe), Where P is the calculated pressure
with no gas adsorption and Pe is the observed equilibrium pressure. All the operations were computer-

controlled.

General Procedure for photocatalysis

1.5 mg of TPA-Zn was dispersed in 38 mL water and 2 mL triethylamine. The resulting dispersion was
taken in a photocatalytic cell and degassed by pursing argon for 10 min. After degassing, the cell was
placed in a photocatalytic chamber and irradiated with light (source: 290 MW xenon lamp, Oriel
Instrument) to perform catalysis. Quantification of the produced dihydrogen was detected every hour

by gas chromatography (Agilent Technologies, 7890B).

Quantum Efficiency Calculation

To determine quantum efficiency, a 400 nm filter having 0.8 mW cm™ s™ power was utilized for
photoirradiation. A total of 1.77 umol dihydrogen was produced after 1 h of light irradiation through a
tubular shaped sample cell (d = 4 cm). Therefore, total energy flashed into the sample in 1 h =0.8 mW
cm? st x 3600 s x 3.14 x 4 cm™?= 3.62 x 10* mW.

Total number of photon flashed into the sample cell = 7.3 x 10*° [applying E= (nhc)/A]

Total number of H, molecules produce in 1 h = 1.77 x 10° x 6.023 X 10 = 1.1 x 10'®

Quantum efficiency = {[No. of H, formed x 2]/ No. of photons } x 100 = 2.9%

Synthesis
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OH 70°C,48 h 78% THF, 70 °C,12 h o THF, 70 °C, 12 h | |
91% \H 54% o 86
%
I
3

Scheme 1. Synthesis scheme of compound 5.
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Synthesis of 4-((2,5-dibutoxy-4-iodophenyl)ethynyl)benzaldehyde (3): 1,4-
dibutoxy-2,5-diiodobenzene (1) (546 mg, 1.15 mmol), 4-ethynylbenzaldehyde (2)
(100 mg, 768 umol) and Pd(PPhs)s (88.7 mg, 76.8 umol) was taken in a double-
neck round-bottomed (25 mL) under argon atmosphere. A mixture of
tetrahydrofuran (5 mL) and triethylamine (5 mL) was thoroughly degassed using
freeze-pump-thaw process and added to the reaction vessel. The reaction mixture

was heated at 70 °C using oil bath for 12 hours for completion of the cross-coupling

reaction. The resulting mixture was evaporated to dryness and the crude compound was treated for flash
column chromatography (silica gel, n-hexane/ethylacetate = 90:10, Rt = 0.52) to obtain semi-pure
compound 4 as pale yellow solid. The thus obtained solid was further purified by ultrasonication in
methanol (50 mL) which selectively dissolves only 3 from the impure mixture. The methanolic solution
of compound 3 was filtered through Whatman 40 filter paper and evaporated to dryness to afford
compound 3 as white solid. mp = 78-80°C, yield: 54% (0.62 mmol, 296 mg). IR ( KBr, 1/vma): 2957,
2928, 2871, 2730, 2209, 1702, 1600, 1560, 1506, 1485, 1464, 1380, 1301, 1269, 1165, 1100, 1066,
1025, 973, 844, 827, 771, 528 cm™; *H NMR (500 MHz, CDCl3) § = 0.97-1.01 (m, 6H, a-, h-H ), 1.61-
1.45 (m, 4H, b-, g-H), 1.90-1.73 (m, 4H, c-, f-H), 3.89 - 4.12 (m, 4H, d-, e-H), 6.91 (s, 1H, i- or j-H),
7.32 (s, 1H, j- or i-H), 7.65 (d, ®J = 8.2 Hz, 2H, k-H), 7.85 (d, 3J =8.2 Hz, 2H, I-H), 10.01 (s, 1H, m-H)
ppm; 2C {*H} NMR (100 MHz, CDCl3) 6 = 13.9 (2C), 19.2, 19.3, 31.3, 31.3, 69.5, 69.8, 88.8, 89.8,
93.2, 112.7, 115.9, 123.9, 129.6, 129.8, 131.9, 135.4, 151.9, 154.6, 191.4 ppm. Anal. Calcd for
Ca3H2s103: C, 57.99; H, 5.29. Found: C, 56.82; H, 5.40.

Synthesis of 4-((4-([2,2":6",2"-terpyridin]-4'-ylethynyl)-2,5-
dibutoxyphenyl)ethynyl)benzaldehyde (5). Compound 3 (100 mg, 209 umol), 4
(54 mg, 209 pumol) and Pd(PPhs)s (24.2 mg, 20.9 pumol) were taken into a two-neck
round-bottomed flask. A mixture of tetrahydrofuran (5 mL) and triethylamine (5 mL)
was thoroughly degassed using freeze-pump-thaw process and added to the reaction
vessel. The resulting mixture was stirred at 75 °C for 12 h for completion of the cross-

coupling reaction. The reaction mixture was then evaporated to dryness and the crude

compound was ultrasonicated in methanol. The solid residue was then filtered

through Whatman 40 filter paper to afford semi-pure desired compound. It was further purified through
column chromatography (neutral Al.03, CH,Cl,, Rs = 0.35) to produce compound 5 as yellow solid. mp
= 140-142°C, yield: 86% (180 pumol, 109 mg). IR (KBr, 1/umax): 3055, 2957, 2928, 2870, 2731, 2210,
1699, 1599, 1583, 1566, 1510, 1495, 1466, 1445, 1419, 1390, 1301, 1278, 1207, 1165, 1119, 1095,
1068, 1026, 924, 889, 848, 828, 792, 775, 743, 690, 660, 619, 563, 520, 404 cm™; *H NMR (500 MHz,
CDCls) 6 = 1.01-1.06 (m, 6H, a-, h-H), 1.57- 1.64 (m, 4H, b-, g-H), 1.84-1.91 (m, 4H, c-, f-H), 4.06-
4.09 (m, 4H, d-, e-H), 7.04 (s, 1H, i- or j-H), 7.07 (s, 1H, j- or i-H), 7.35 (ddd, 2H, %) = 7.4 Hz,3) = 4.5
Hz, *J = 0.9 Hz, n-H), 7.68(d, 3J = 8.5 Hz, 2H, p-H), 7.85-7.88 (m, 4H, 10-H, m-, g-H), 8.58 (s, 2H, k-
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H), 8.62 (d, 3J = 8.0 Hz, 2H, I-H), 8.72 (dd, 3J = 4.5 Hz, *J = 1.0 Hz, 2H, 0-H), 10.02 (s, 1H, r-H) ppm.
13C {*H} NMR (100 MHz, CDCls) 6 = 13.9, 13.9, 19.3, 19.4, 31.3, 31.4, 69.3, 69.6, 90.1, 90.3, 93.1,
94.2, 113.9, 117.1, 117.2, 121.2 (2C), 122.8, 124.0, 129.6, 129.8, 132.0, 133.4, 135.4, 136.9, 149.2,
153.9, 153.9, 155.6, 155.7, 191.4 ppm. Anal. Calcd for C4H3sNsOs: C, 79.31; H, 5.82; N, 6.94. Found:
C, 79.58; H, 5.66; N, 7.28.

Synthesis of the coordination polymer TPA-Zn. A solution of 5 (94.0 mg, 0.15 mmol) and tris(4-
aminophenyl)amine (14.8 mg, 0.05 mmol) in acetonitrile (5 mL) was refluxed for 6 hours. The
procedure resulted in an orange-red precipitate of TPA-tpy (Figure S1). Then Zn(OTf), was added and
the reaction mixture was further refluxed for 6 hours. The black colored precipitate of TPA-Zn was
formed. The precipitate was filtered and washed with methanol, acetonitrile and dichloromethane, and
dried under vacuum to afford 91% yield of TPA-Zn. Anal. Calcd. for CosH7sFsNses010S2Zn: C, 65.17;
H, 4.54; N, 7.00; S, 3.70. Found: C, 65.41; H, 4.50; N, 7.23; S, 3.84. FT-IR (KBr, 1/umax): 3059, 2952,
2871, 2201, 1689, 1599, 1571, 1541, 1492, 1473, 1418, 1390, 1377, 1314, 1277, 1206, 1164, 1059,
1011, 973, 880, 831, 789, 726, 691, 658, 578 cm™.

Figure S1. Chemical structure of TPA-tpy ligand.

Figure S2. EDAX analysis of TPA-Zn.
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Figure S4. FT-IR spectrum of TPA-Zn.
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Figure S5. XPS analysis of TPA-Zn.

S7



—179.1
—151.8
—130.7
—90.4
—49.5
—29.8

Zn(ll)-
complexed  imine-C
pyridyl a-C

alkyl-C

alkyne-C

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
ppm

Figure S6. Solid state 13C NMR spectrum of TPA-Zn.
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Figure S7. PXRD patterns of TPA-Zn, before (red) and after (black) photocatalysis.
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Figure S8. (a) N, adsorption isotherm of TPA-Zn at 77 K and (b) pore diameter distribution.
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Figure S10. TEM images of TPA-Zn.

Table S1. Heterogenous photocatalytic water-splitting activity of several benchmark metal-organic

hybrids.
No. Photocatalyst H. production | Quantum yield Reference
(umol g* h)
1 Ti-MOF-NH; 170 -- Catal. Sci. Technol. 2013, 3,
2092
2 | 1.5wt.% Pt/Ti-MOF-NH; 500 1.3 at 420 nm Catal. Sci. Technol. 2013, 3,
2092
3 Small-sized Ni NPs 3022 7.8 at 520 nm Appl. Catal. B: Environ. 2016,
anchored in MOF- 190, 12
4 Ui0-66/CdS 1700 -- Chem. Commun. 2014, 50, 8533
Ui0-66/CdS/1% RGO 2100 -- Chem. Commun. 2014, 50, 8533
5 MoS,/Ui0-66/CdS 32500 23.6 at 420 nm | Appl. Catal. B: Environ. 2015,
166-167, 445
6 Ti-MOF-Ru(tpy) 200 0.2 at500 nm | Chem. Commun. 2014, 50, 6779
7 Pt complex immobilized 58000 1.63 at 440 nm Energy Environ. Sci. 2013, 6,
MOF-253 3229
8 ErB dye-sensitized 0.25at420 nm | Appl. Catal. B: Environ. 2015,
Pt/UiO-66 octahedrons 168-169, 572
9 C0304/TiO2 p—n 7000 -- J. Mater. Chem. A 2015, 3,
heterojunction 20288
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10 | Hollow Fe;0s-TiO2-PtOx 1100 - Phys. Chem. Chem. Phys. 2014,
16, 5937
11 Pt@UiO-66 3.9 -- Mater. Sci. Semicond. Process.
2014, 23, 144
12 Pt@Cds@Cd(ll)- 1416 2.05% at 420 Chem. Commun., 2015, 51,
MOF@TIiO; in Cd-MOF nm 15906
13 | NiS/CdS/h-TiO; in NHa- 2149.15 - Appl. Surf. Sci., 2019, 476, 378
MIL-125
14 Zn0/ZnS-30 in MOF-5 435 -- Adv. Sci., 2018, 5, 1700590
15 | 30 wt% CdS/ZnxCoz—xO4 3978.6 - Nanoscale, 2018, 10, 4463
in ZnCo-ZIF
16 Cu(ll) -rhodamine CP 7.88 -- Angew. Chem. Int. Ed. 2016, 55,
2073-2077
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Figure S11. UV-Vis spectra of TPA-Zn as aqueous dispersion before (black) and after (red)
photocatalysis.
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Figure S12. (a) PL spectrum of TPA-Zn as aqueous dispersion. Image of the dispersion under UV
light is provided as inset. (b) Excited state fluorescence decay profile of TPA-Zn.

S10



50091  —=-TPANI
> 1 -eTPA-Co
E 4004, TPA-Fe
2 300+
c
°
g 200
S
Q 100'
T
0.

0 2 4 6 8 10 12
Time /h

Figure S13. Photocatalytic dihydrogen production utilizing Ni" (TPA-Ni), Co" (TPA-Co) and Fe"
(TPA-Fe) catalyst.
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Figure S14. *H NMR spectrum (CDCls, 500 MHz) of compound 3.
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Figure S21. Structure of the model system considered for DFT computation at D3-B3LYP/6-31G(d)
level (LANL2DZ: basis set and electron core potential of Zn; solvent = water)
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Figure S27. Structure of the charge-separated model system considered for DFT computation at D3-
B3LYP/6-31G(d) level (LANL2DZ: basis set and electron core potential of Zn; solvent = water)

XYZ coordinate of the charge-separated model system model structure

Overall charge 2, multiplicity 1
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