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S1. *H NMR spectroscopic data

All 'H NMR spectra data were collected using dimethyl sulfoxide-d6 as solvent. The peaks at
2.50 ppm and ~3.3 ppm are the residue DMSO and water peaks, respectively.
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2-(1H-benzo[d][1.2,3]triazol-1-y1)-N,N,N-trimethylethan-1-aminium Iodide
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Figure S1. Structure and *H NMR spectrum of bttme I.
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5-(1H-benzo[d][1,2,3]triazol-1-y1)-N,N,N-trimethylpentan-1-aminium Iodide
(bttmpe 1)
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Figure S2. Structure and *H NMR spectrum of bttmpe 1.
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Figure S3. *H NMR spectra of dissolved compound 2 (bottom marron line) and free ligand bttme

I (top green line).
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Figure S4. *H NMR spectra of dissolved compound 4 (bottom, marron) and free ligand bttmpe |
(top, green).



S2. Structures, crystal images and optical absorption spectra of

compounds 1-4.
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Figure S5. View of crystal structures along the chain direction. (a) 1, (b) 2, (c) 3 and (d) 4.



Figure S6. Optical images of single crystals of compounds 1-4.



S3. DFT calculation details

(a) Electronic structure calculation details: Band gaps and density of states of selected
compounds were calculated using the Cambridge Serial Total Energy Package (CASTEP) in
Materials studio package! using the crystal structures obtained from single crystal X-ray analysis.
Generalized gradient approximations (GGA) with Perdew-Burke-Ernzerhof (PBE) exchange-
correlation functional (xc) were used for all calculations.? The plane-wave kinetic energy cutoff
was set as 351 eV, ultrasoft pseudopotentials were used for all chemical elements and the total

energy tolerance was set to be 2x107° eV/atom.

Table S1. Calculated compositions of VBM and CBM in compounds 1-4.

Cu X N&C
VBM (%) 84.4 12.4 3.1
CusBrs(bitme), (1) CBM (%) 7.1 2.2 88.3
Difference (%) 77 10 -85
VBM (%) 77.4 19.4 3.0
Cuals(bttme), (2) CBM (%) 5.9 2.5 89.2
Difference (%) 72 17 -86
VBM (%) 85.2 11.6 3.0
CusBrs(bttmpe), (3) CBM (%) 6.5 1.7 89.2
Difference (%) 79 10 -86
VBM (%) 78.1 18.6 3.0
Cuals(bttmpe)2 (4) CBM (%) 54 2.1 90.0
Difference (%) 73 16 -87

The percentage contributions were calculated by integrating the PDOS plots. VBM is the highest

occupied band and CBM is the lowest unoccupied band.




Table S2. Summary of DFT calculation results.

Main Main
contribution of | contribution of
Compound atomic states atomic states MLCT (%) XLCT (%)
in VBM in CBM
CusBre(bttme)> (11) 77 10
Cusle(bttme); (2) 72 17
Cu 3d,
I 5p or Br 4p C2pand N 2p
CusBre(bttmpe)2 (3) 79 10
Cusls(bttmpe): (4) 73 16

MLCT: Metal to ligand charge transfer. XLCT: Halogen to ligand charge transfer.
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Figure S7. Band structures of compounds (a) 1 and (b) 3.
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Figure S8. Total density of states (DOS) and projected density of states (PDOS) for compounds

(@) 3and (b) 4.

11



(b) pKa calculation details: Gé’q (A) and Gé’q (HA™) for each structure at N1 and N2 site were

performed using density functional theory (B3LYP/6-31+G(d)) as implemented in Gaussian 16.3
All the geometries were fully optimized and calculated under SMD model using water as solvent.

The temperature for the calculations was set to be 298 K.

AG°
PKa = 5303RT
K, = 14 — pK,
AG°(HA™) = GJ(A) + GJ(HY) — G (HA) + AGY, (A) + AGY, (HY) — AGY, (HA*Y),
Where,
AGgy (A) = GRq(A) — Gg(A)
AGg, (HAY) = G, (HAY) — GJ(HA™)
AG°(HA™) = GJ(H') + G3,(A) + AGH,(HT) — GO (HA™Y)
Where,
Gy (H*) = -6.28 kcal/mol
AGY,(H*) =-265.6 + 1 kcal/mol

Table S3. Calculated pKa and pKp values of N1 and N2 of the ligands.

# of carbon in
Ligand the alkyl chain | pKaof N1 pKb of N1 pKa of N2 pKb of N2
of the ligand (n)

bttme 2 -11.91896 25. 91896 -5.50168 19. 50168

bttmpe 5 -9.99068 23.99068 -3.28723 17.28723
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(c) Calculation details for HOMO and LUMO energies of ligands: Density functional theory

(DFT) calculations were applied to the neutral precursors of all cationic ligands by deducting an

alkyl group from the quaternary nitrogen. All the calculations were performed by Gaussian 09°

with B3LYP hybrid functional and 6-31+G(d) basis set. A frequency calculation was always

performed after geometry optimization of all ligand molecules to confirm that the calculations

resulted in a true minimum.

Table S4. Calculated HOMO and LUMO energies of ligands.

HOMO | LUMO
Full Name Abbrev
(eV) (eV)
2-(1H-benzo[d][1,2,3]triazol-1-yl)-N,N,N-
] o bttme -6.3672 | -1.4708
trimethylethan-1-aminium
5-(1H-benzo[d][1,2,3]triazol-1-yl)-N,N,N-
) o bttmpe -6.1171 | -1.4123
trimethylpentan-1-aminium
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