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Chart S1. List of Compounds used in this study

Synthesis of complexes Ru-1 to Ru-6

The desired ligands and complexes Ru-1, Ru-2, Ru-3, Ru-5 and Ru-6 were prepared
according to reported literature procedures and characterized by '"H NMR spectroscopy.'-*

Complex Ru-4 was characterized by Single Crytal X-Ray Diffraction, NMR, ESI-MS and

FT-IR.
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Complex Ru-1: The complex was synthesized following the reported procedure.! Yield: 58
mg (57%). Melting point (MP): > 300 °C. 'H NMR (400 MHz, Acetone-ds) 0 (ppm) 8.48 (m,
4H), 8.29 (s, 1H), 8.04 (td, /= 6.4, 1.6 Hz, 2H), 7.97 (td, J= 6.4, 1.6 Hz, 2H), 7.84 (d, /= 5.6
Hz, 1H), 7.68 (d, J = 6.4 Hz, 1H), 7.64 (d, J = 6.4 Hz, 1H), 7.39 (m, 2H), 7.23 (m, 2H), 7.08

(d, J= 6 Hz, 1H).

Complex Ru-2: The complex was synthesized following the reported procedure.? Yield: 36
mg (58%). Melting point (MP): > 300 °C. 'H NMR (400 MHz, Acetone-dg) J (ppm) 8.80 (t,.J
= 7.6 Hz, 2H), 8.70 (s, 1H), 8.52 (d, J = 5.2 Hz, 1H), 8.46 (d, J = 6.4 Hz, 1H), 8.42 (s, 2H),

8.37 (d,J = 5.2 Hz, 1H), 7.96 (d, J = 5.6 Hz, 1H), 7.82-7.78 (m, 2H).

Complex Ru-3: The complex was synthesized following the reported procedure.’ Yield =
0.23 g (60 %). Melting point = >300°C. 'H NMR (400 MHz, DMSO-dj): & (ppm) = 8.84—
8.80 (m, 2H, Hs3), 8.31 (s, 1H, Hs), 8.15 (t, J = 8.5 Hz, 1H), 8.07 (t, /= 7.2 Hz, 3H,), 7.85
(d,J=5.2Hz, 1H), 7.72 (d, J = 5.1 Hz, 3H), 7.52 (t, /= 7.1 Hz, 1H), 7.41 (t,J = 7.1 Hz, 1H),

7.29 (d,J= 6.4 Hz, 1H), 6.81 (d, J= 6.6 Hz, 1H), 3.55-3.54 (m, 2H), 3.10 (t, /= 6.2 Hz, 2H).

Complex Ru-5: The complex was synthesized following the reported procedure.* Yield: 63
mg (82%). Melting point (MP): > 300 °C. 'H NMR (400 MHz, DMSO-dy) J (ppm) 8.85 (d, J

=8.4 Hz, 1H), 8.18 (t, J= 7.6 Hz, 1H), 7.73 (d, J = 5.6 Hz, 1H), 7.53 (t, J = 6.4 Hz, 1H).

Complex Ru-6: The complex was synthesized following the reported procedure.* Yield: 81
mg (87%). Melting point (MP): > 300 °C. 'H NMR (400 MHz, Acetonitrile-d;) 0 (ppm) 8.63

(d, J=8.4 Hz, 1H), 8.27 (s, 1H), 8.05 (d, /= 4.8 Hz, 1H), 7.66 (t, J= 8.3, 5.6 Hz, 1H).
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Figure S1: '"H NMR spectrum Ru-1 in Acetone-ds (400 MHz).
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Figure S2: 'TH NMR spectrum Ru-2 in Acetone-dg (400 MHz).
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Figure S3: 'H NMR spectrum Ru-3 in DMSO-d; (400 MHz).
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Figure S5: '"H NMR spectrum Ru-6 in Acetonitrile-d; (400 MHz).
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Figure S8: ESI-HRMS spectrum of DAP in CH3OH

S8



0s'T—

6E'E—

mm.w
?m.uv

e~
ET8~

e
EV'E® v

E
z Z ;
=z
coll-
. |
4
T
769~
¥6'9— —00'T
me— ( I
£T'8— ~90'T
I8~
cv'g— ~£0'T

7.0

8.3 8.2 8.1 8.0
3 (ppm)

8.4

=00°T

Fest
90T
~E0'T

T
4.0

6.0 55 5.0 4.5
& (ppm)

6.5

7.0

9.0

'"H NMR spectrum of L4 in DMSO- ds (400 MHz).

Figure S9

5'S0T—

L9TT~
S'8TT—

S'8ET—

'SP —

T'SST—

NH,

H,N

N=

150 140 130 120 110 100

160

180

20 10

30

60

70

920
&(ppm)

170

Figure S10: 3C NMR spectrum of L4 in DMSO-ds (100 MHz).
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Figure S11: ESI-MS of L4 in CH;OH.
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Figure S12: '"H NMR of Ru-4 in CD;CN (400 MHz).
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Figure S13: 3C NMR of Ru-4 in Acetonitrile-d; (100 MHz).
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Figure S14: ESI-MS spectrum of Ru-4 in CH;CN.
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Table S1: Single crystal data and refinement details of DAP:

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.000°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/>2sigma(/)]?
R indices (all data)?
Extinction coefficient

Largest diff. peak and hole

Ci3H7C;3Ng

381.62

293(2) K

0.71073 A

Triclinic

P-1

a=9.1563(11) A o =84.532(9)°.

h=9.6598(11) A B =70.930(11)°.
c=9.7144(10) A y=189.659(10)°.
808.08(17) A3

2

1.568 Mg/m?

0.580 mm!

384

0.180 x 0.120 x 0.080 mm?

3.302 to 26.372°.

-10<=h<=11, -9<=k<=12, -12<=I<=11

5144

3271 [R(int) = 0.0239]

99.4 %

Full-matrix least-squares on F?
3271/0/217

1.034

R1=10.0722, wR2 =0.1392
R1=0.1195, wR2 =0.1638
n/a

0.368 and -0.427 e. A3

aR1 =Z||Fo| - |F¢||/Z|Fo|; wR2 = {Z[w(Fo2 - Fe2)2]/Zw(Fo2)2} 112
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Table S2: Single crystal data and refinement details of Ru-4:

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/>2sigma(/)]?
R indices (all data)?
Extinction coefficient

Largest diff. peak and hole

C37H;C13F 1,NgPoRu

1081.02

293(2) K

0.71073 A

Monoclinic

P2/c

a=155602) A  a=90°.
b=13.6055(10)A B =102.396(13)°.
c=21.3023)A y=90°.
4404.7(9)A3

4

1.630 Mg/m?

0.700 mm!

2152

0.250 x 0.210 x 0.120 mm?
3.151 to 25.054°.

-18<=h<=6, -16<=k<=16, -24<=1<=25
10785

6143 [R(int) = 0.0446]
Semi-empirical from equivalents
1.00000 and 0.81204
Full-matrix least-squares on F?
6143 /0/568

1.033

R1=0.0999, wR2 =0.2413
R1=10.1470, wR2 = 0.2782

n/a

0.801 and -0.841 e. A

*R1=Z\Fy| - |[FlVEIFol; wR2 = {Z[W(Fo* - FPVEW(F?)? 2
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Figure S15: UV-vis spectra of Ru-4 (25 uM) in 0% and 90% (a) H,O and (b) PEG.
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Figure S16: Solvatochromism spectra of Ru-4 (25 uM) in different solvents.
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Figure S19: High-resolution XPS spectra of of Ru-4.
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Figure S20: BET surface area curves of (a) Ru-4 and (b) Ru-3.

S16



pay ooNa @10 mA/cm®

pH:7

Ru-6

Ru-5

< 600-
E
3 500-
3 4004
o -
2
5 300
> -
3

N

o

o
1

-5 y T . T . T v T Y
1.0 1.2 1.4 1.6 1.8 2.0
E(V) vs R.H.E

Figure S22: OER study of the state-of-art catalyst and carbon cloth.
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Figure S23: Plausible mechanism of OER for Ru-4.

Figure S24: Image of GC-MS setup.
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Figure S25: (a-f) scan rate dependent CV curves obtained for calculating the Cg4 value in

non-faradaic region of 0.4-0.5 V vs Hg/HgO for Ru-1 to Ru-6.

Table S3: Comparison of OER Overpotential, Tafel slope, R, Cq, ECSA and TOF of Ru-1,
Ru-2, Ru-3, Ru-4, Ru-5 and Ru-6

Catalyst Overpotential Tafel Rt Ca ECSA TOF
N@10mA/cm?  slope ohm pnF/cm?
(mV) (mV/dec)
Ru-1 720 208 16.715 05.72 0.173 1.27X10°
Ru-2 750 253 34.279 06.93 0.143 2.81X10¢
Ru-3 560 168 8.650 13.97 0.313 2.27X10°
Ru-4 490 157 8.15 12.52 0.349 4.16X10
Ru-5 600 176 9.98 11.17 0.279 1.80X107
Ru-6 630 188 12.90 08.92 0.223 1.59X10-

S19



Table S4: Comparison table with previous reports.

Materials Electrolytes | Overpotential | Tafel Stability Reference
(mV) at 10 slope (V or mA
mA cm2 (mV cm~2 @h)
dec™!)
Ru nanoparticles 0.5 M H,SO, | 202 ~70 10 mA 5
cm? @ 10
h
Ru@IrOy 0.05M 282 ~69 1.55V@ 6
H,S0, 24 h
Ru,(OH)(OH,) 530 7
MWCNT- 1 M KOH 436 77.2 - 8
bpyRutpy
cis- 0.1 M HNO; | - - - 9
[Ru(bpy)(5,5'-
debpy)(H,0),]
2+
Ru-1 0.5 M PBS 720 208 - This
Work
Ru-2 0.5 M PBS 750 253 - This
Work
Ru-3 0.5 M PBS 560 168 - This
Work
Ru-4 0.5 M PBS 490 157 24 This
Work
Ru-5 0.5 M PBS 600 176 - This
Work
Ru-6 0.5 M PBS 630 188 - This
Work

Computational Studies

The geometry optimization of Ru-4 was performed with the Gaussian 16

program package using density functional theory (DFT). The B3LYP/6-31G+(d,p)!°
basis set was used for C, H, N, O together with the LANL2DZ!! for ruthenium. Time-

dependent density functional theory (TD-DFT) calculations at the ground-state

geometry in acetonitrile were performed in conjunction with the conductor-like

polarizable continuum model (CPCM)!? for acetonitrile with a spin-restricted

formalism to examine low-energy excitations at the same level of calculation, which
employed for geometry optimizations with 50 number states. Triplet-state TDDFT

calculations for complex Ru-4 were performed using the ground-state optimized

geometry, and the UB3LYP/6-31G (d,p) basis set was used for C, H, N, and O

S20




together with the LANL2DZ for Ru. The conductor-like polarizable continuum model

(CPCM) for acetonitrile with a spin-unrestricted formalism was employed for singlet—

triplet transitions to understand the nature of the weakly emissive states of Ru-4
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