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Scheme S1. Synthetic procedures of complex 2.
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Figure S1. '"H NMR (400 MHz, DMSO-dg) of complex 2.
'"H NMR (DMSO-dg): 8 8.72 (dd, J = 6.2 and 2.8 Hz, 1H), 8.59 (m, 6H), 8.26 (dd, J = 7.0 and
3.5 Hz, 3H), 8.02 (d, J = 8.3 Hz, 2H), 7.83 (m, 3H), 7.61 (dd, J = 6.2 and 2.8 Hz, 4H), 7.53 (m,
2H), 7.49 (dd, J = 7.0 and 3.5 Hz, 4H), 4.48 (s, 6H, -CHj; protons). ESI-HRMS: m/z 862.1424
(C43H3:NgO4Ru + Na, found), m/z 862.1446 (calculated).
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Figure S2."H NMR comparison of the mononuclear and oligonulear complex in DMSO-ds.
* refers to the NMR signals from the bipyridine units.
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Figure S3. (a) Experimental isotope pattern of the major singly charged species at 862.1424,
(b) corresponding calculated isotope pattern of the molecular formula C4;3H3;NoO4RuNa
(2+Na*), and (c¢) ESI-HRMS: Calculated for C43H;;NgO4NaRu [M + Na]™: m/z 862.14, found:
m/z 862.14. Err 1.1 ppm.



Complex 2 at pH 2.0
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Figure S4. Normalized UV-vis spectra of 2 at pH 2.0 and pH 7.0. For the UV-Vis spectra of 1,

see reference 1.
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Figure S5. CV response of 2 at pH 7.0, in homogeneous condition, showing characteristic
reversible Ru™ redox wave at 0.69 V followed by water oxidation. Ru'™V™ redox couple gets
hidden under the WO catalytic wave. The scan rate was 100 mV/s. The working electrode (WE)
was a glassy carbon disk. A Pt disk and an Ag/AgCl were used as counter electrode and

reference electrode, respectively.
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Figure S6. After 10 CV scans of 0.1 mM solutions of 1 and 2 (pH 7.0), the electrodes were
removed, washed with water, and dried. These electrodes were reinvestigated at pH 7.0 without
the presence of any catalysts. Inset is the zoomed-in (0.28 V to 1.12 V) redox response of
complex 2 on the GC electrode. Characteristic Ru™ (at 0.47 V) and Ru™V" (at 0.68 V) redox
waves confirm the molecular features of the catalyst. The scan rate was 100 mV/s. The working
electrode (WE) was a glassy carbon disk. A Pt disk and an Ag/AgCl were used as counter

electrode and reference electrode, respectively.
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Figure S7. Bulk electrolysis using type A or type B electrodes with catalyst 2 as working
electrode (black) and without catalyst 2 (red) in a phosphate-buffered solution at pH 7 at 1.4 V
vs. NHE. (A) charge accumulation with time for electrode A, (B) change in current density over
time for electrode B and (C) charge accumulation over time for electrode B. (D) (zoomed-in
spectra of figure 3A of the manuscript) shows characteristic Ru"™ and Ru™" redox waves
proving that molecular structure of catalyst 2 remains intact after immobilizing onto the glassy

carbon electrode through MWCNTs.
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Figure S8. Scanning transmission electron microscopy (STEM) image of electrode type A

with 2 and corresponding elemental mappings using energy dispersive X-ray spectroscopy

(EDX).
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Figure S9. Raman spectral analysis of MWCNTs and electrode B with 2 before and after

electrolysis.
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Figure S10. High-resolution XPS spectra for Ru 3p of (A) electrode A and (B) electrode B

before and after electrolysis.



Figure S11. Two different orientations (a and b) of the fully optimized [by DFT, aqueous
medium-SMD model, without any restriction] structure of 2 (cartesian coordinates are provided
below) in aqueous medium. Blue, red, grey and turquoise colours represent nitrogen, oxygen,
carbon and ruthenium atoms respectively. Two different Ru-N (benzimidazole) distances are

depicted in Figure b.

Computational details: The standalone functional B97D3 (as implemented in the Gaussian09
package)?! was used for the optimization of the geometries and for the calculation of the
frequencies. The def2-TZVP basis set (and associated effective core potential) for the
ruthenium atom and 6-31G(d,p) basis set for C, H, N and O atoms were used for the
optimization.[34! Solvation effects were evaluated using the SMD model on the optimized
geometries at the same level of theory as the geometry optimizations with water as the

surrounding solvent.

Cartesian coordinates of the DFT optimized (unrestricted) geometry of 2 in aqueous medium

0 1 (Charge Multiplicity)
Ru -0.00004000  -0.20056900 0.10254800
N 0.00007200 1.90721800 0.56831400
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