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Electrocatalytic hydrogen evolution by a novel copper(II) complex: influence of pH and mechanistic insight via DFT
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Synthesis of 2,2'-(((pyridin-2-ylmethyl)azanediyl)bis(ethane-2,1-diyl))bis(isoindoline-1,3-dione) (c1): 2-picolylamine (2 g, 18.49 mmol), N-(2-Bromoethyl)phthalimide (9.4 g 36.97 mmol), anhydrous K2CO3 (20.44 g, 147.90 mmol), KI (6.137 g, 36.97 mmol) were added to a freshly distilled 300 mL of CH3CN in a 500 mL RB flask under N2 atmosphere. The mixture was refluxed for 24 h and filtrated. The solvent was removed by a rotatory evaporator to yield a brown oil. The oil was dissolved in 200 mL CHCl3 and washed with brine water (200 mL × 3). The organic layer was concentrated to yield a brown solid. The white solid product (4.9 g, 10.78 mmol, 58%) was obtained by a silica-gel chromatography separation using 80% ethyl acetate/hexane. 1H NMR (400 MHz, CDCl3): δ = 8.42 (d, J = 4.8 Hz, 1H), δ = 7.70 (m, 8H), δ = 7.07 (t, J = 4.76 Hz, 3H), δ = 3.86 (s, 2H), δ = 3.77 (d, J = 6.1 Hz, 4H), δ = 2.48 (t, J = 6.3 Hz, 4H), Selected IR frequencies (ATR, cm−1): 3064(w), 2981(w), 2941(w), 2825(w), 1771(m, νC=O), 1703(vs, C=O), 1467(m), 1432(m), 1393(vs), 1240(s), 1082(m), 1042(m), 1009(m), 715(vs), 528(vs).
Synthesis of N1-(2-aminoethyl)-N1-(pyridin-2-ylmethyl)ethane-1,2-diamine (c2): The c1 (3 g, 6.60 mmol) was dissolved in 100 mL ethanol. Then, hydrazine monohydrate (0.825 g, 6.60 mmol) was added to the above solution. After that, the solution was refluxed for 3 h, where a white precipitate was observed. To the mixture, 20 mL 10 M HCl was added and refluxed for another 2 h. The mixture was concentrated under reduced pressure and partitioned by water and chloroform. The aqueous layer was made basic by 20% (w/w) NaOH. A brown oil was separated. It was extracted with CHCl3 (50 mL × 4) and the organic layer was dried over Na2SO4. The organic solvent was removed by a rotatory evaporator to yield the product as a yellow oil (0.840 g, 4.3 mmol, 65%).1H NMR (400 MHz, CDCl3): δ = 8.53 (d, J = 4.05 Hz, 1H), δ = 7.66 (t, J = 7.6 Hz 1H), δ = 7.43 (d, J = 7.8 Hz, 3H), δ = 7.16 (t, J = 6.0 Hz, 3H), δ = 3.76 (s, 2H), δ = 2.77 (t, J = 5.9 Hz, 4H), δ = 2.60 (t, J = 6.6 Hz, 4H), δ = 1.79(s, 4H). Selected IR frequencies (ATR, cm−1): 3362(w, νN-H), 3280(w, νN-H), 3051(w), 3010(w), 2936 (m), 2813(m), 1588(vs), 1568(m), 1472(m), 1361(m), 1045(m), 858(m), 754(m). 
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Figure S1: FTIR of spectrum of powder sample of c1 at RT using diamond ATR.
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Figure S2: FTIR of spectrum of liquid sample of c2 at RT using diamond ATR.
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Figure S3: 1H NMR spectrum of c1 in CDCl3 at RT.
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Figure S4: 1H NMR spectrum of c2 in CDCl3 at RT.
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Figure S5: FTIR spectrum of liquid sample of H2L at RT using diamond ATR.
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Figure S6: 1H NMR spectrum of H2L in CDCl3 at RT.
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Figure S7: ESI-Mass spectrum of H2L in MeOH at RT.
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Figure S8: FTIR spectrum of the powder sample of 1 at RT using diamond ATR.
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Figure S9: Snapshot of the microcrystalline 1.
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Figure S10: ESI-Mass spectrum of 1 in methanol solvent at RT. Peak at m/z = 403.2198, and 464.1508 corresponds to [(H2L)+H]+, [Cu(HL)]+, Inset: Isotopic mass distribution, experimental (red trace) and simulated (black trace) of the molecular peak [Cu(HL)]+.
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Figure S11: Cyclic voltammograms of 1mM solution H2L Ligand in acetonitrile solvent containing 0.1 M [(n-Bu)4N]ClO4 as the supporting electrolyte at 298 K with a 3 mm diameter glassy carbon working electrode using non-aqueous Ag/Ag+ as the reference electrode at a scan rate of 100 mV s−1.
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Figure S12: UV-Vis spectrum of 1 in acetonitrile solvent.
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Figure S13: Extended controlled potential electrolysis of 1 (10.0 M) in 0.1 M phosphate buffer at pH 4.6, showing cumulative charge over time for applied potentials of -1.5 V over 130 minutes and the control experiment in the absence of catalyst at -1.5 V (black).
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Figure S14. UV-Vis spectra of 1 in different aqueous pH medium: black (pH 7), red (pH 4.6) and green (pH 2.5) traces. Blue trace shows that the reduction of CuII to CuI at a constant potential of -0.430 V at pH 2.5.
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Figure S15: FTIR spectrum of the powder sample of 1 and its one-electron reduced species.
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Figure S16: DFT optimized FTIR spectrum of 1.
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Figure S17: DFT optimized FTIR spectrum of one-electron reduced form of 1.
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Figure S18: Electrocatalytic mechanism of H2 generation by 1 at pH 2.5.
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