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Figure S1. 'H NMR spectrum of complex 1 in acetone-dg at 298 K.
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Figure S2. 3C NMR spectrum of complex 1 in acetone-dg at 298 K.
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Figure S3. H-H COSY NMR spectrum of complex 1 in acetone-dg at 298 K.
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Figure S4. FT-IR of complex 1.
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Figure S5. Mass spectrum of complex 1 in H,0 at positive mode.
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Figure S6. 'H NMR spectrum of complex 2 in DMSO-dg at 298 K.
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Figure S7. 3C NMR spectrum of complex 2 in DMSO-dg at 298 K.
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Figure S8. H-H COSY NMR spectrum of complex 2 in DMSO-dg at 298 K.
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Figure S9. FT-IR of complex 2.
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Figure S10. Mass spectrum of complex 2 in H,0 at positive mode.
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Figure S11. UV-Vis spectral changes of complex 1 in pH 1 aqueous solution (adjusted by CF3SOsH) over a
period of 180 min.
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Figure S12. UV-Vis spectra of complex 2 and the species after complete transformation.
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Figure S13. Differential pulse voltagrams for complex 1 at various of pH.

Table S1. Redox potentials of complex 1 and 2 in pH 1.0 CF3SO;H aqueous solution*.

Complex Ru'" (V) Ru/1 (V) Ru/1 (V) RuY/V (v)
1 - - 0.942 1.250
2 0.464 0.623 - 0.886
*Redox potentials were attained from differential pulse voltammetry.
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Figure S14. Differential pulse voltagrams for complex 1 and 2 in pH 1.0 CF3SOsH aqueous solution.
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Figure S15. Top: cyclic voltammograms of complex 1 at different scan rates in pH 1.0 CF;SOsH aqueous
solution. Bottom: linear fitting of E,, versus Inv.

Potential for redox couple at E,, = 1.059 V (vs. SSCE, 50 mV/s) varied linearly with Inv, according to
the following equation(S!J:

Epq = E? + RT/(anF)-In[RTkY/(anF)]+ [RT/(anF)]- InvE
a is transfer coefficient, k is standard rate constant of the reaction, n is electron transfer number
involved in the rate determining step, v is the scan rate, and E? is formal potential, T=298 K, R = 8.314
J:mol1-K?, and F = 96480 C-mol™. From the plot of E,, versus Inv, a slope of 0.02227 was attained, which
equals to RT/anF. Thus, assuming that « is 0.5[52], n = 2.28. This redox couple is a 2-electron redox

process.
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Figure $16. DLS measurements for (a) Ce"V solution without catalysts and catalytic systems incorporating
(b) complex 1 and (c) complex 2 after 3.5 h catalysis.
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Figure S17. (a) Absorbance changes (360 nm) at various concentration of 1. Conditions: initial [Ce'] = 3.2
mM, pH 1.05 CF3SO;H aqueous solution. (b) Absorbance changes (360 nm) at various concentration of [Ce"V]
in the presence of 1. Conditions: initial [1] = 0.08 mM, pH 1.05 CF3SOsH aqueous solution.
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Figure S18. Kinetics data for [Ce'V] catalysed by complex [1]PFs in pH 1.05 CF3SOsH aqueous solution. a)
Natural logarithm of initial rate of [Ce'V] consumption versus natural logarithm of concentration of [1]. b)
Initial rate of [Ce'V] consumption vs. concentration of [1]PF6. c) Natural logarithm of initial rate of [Ce'V]
consumption versus natural logarithm of concentration of [Ce’] in the presence of 1.

It is known that concentrations of catalyst ([cat]) and oxidant ([Ce'V]) play roles on the initial rate,
thus the rate law of Ce!V consumption could be expressed as :

Initial rate = k-[cat]™[Ce]",
In(initial rate) = In(K) + m-In([cat]) + n:In([Ce"]

herein, m and n are the orders of Ce" consumption (namely, water oxidation) depending on [cat] and
[CeV]. Therefore, from the plot of In(initial rate) vs. In([cat]) and In(initial rate) vs. In([Ce"]), we could
know that the water oxidation at initial stage is of pseudo-first order on concentration of both complex
1 and CeV.
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Figure S19. 'H NMR spectral changes of complex 2 in (a) 6 — 10 ppm and (b) 2- 3 ppm titrated with CeV
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and AA. Conditions: [2] = 10 mM, 70 equivalents of CF;SO3H, 0.5 mL D,0.
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Figure S20. Calculated structures of complex [1]* (left) and [2]* (right).

Computational details. The geometry optimizations in the present study were performed using the
Gaussian 09/%3] package and the B3LYPI functional. 6-31G(d,p) basis set and 6-31G*(d,p) basis set
were applied for the C,N, O, H, S elements for complex 2 and 1, respectively. And the SDDI53!
pseudopotential was applied for Ru.

Table S2. Cartesian coordinates for 1*.

X Y Z

1 6 0 -2.270193 -1.549502 1.373416
2 6 0 -3.001843 -2.692254 1.715608
3 6 0 -2.456861 -3.960032 1.535723
4 6 0 -1.164027 -4.049857 1.024186
5 6 0 -0.50876 -2.879483 0.665639
6 7 0 -1.043188 -1.640705 0.798683
7 1 0 -3.02225 -4.84825 1.799

8 1 0 -3.99455 -2.57835 2.138626
9 1 0 -0.669527 -5.006186 0.887901
10 1 0 0.487185 -2.906602 0.242942
11 6 0 -2.837122 -0.220488 1.842088
12 1 0 -3.913528 -0.341976 1.984502
13 1 0 -2.412877 -0.028865 2.839633
14 6 0 -3.483368 2.071622 1.061054
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-1.543153

-4.40897
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-3.209437

-2.642932
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-0.863511

-0.776594
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5.735886

2.713139

3.356708

1.071928

-0.013389

1.21446

2.077475
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4.027816

0.959984

2.492257

3.203389

4.242107
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2.7255

1.556677

3.514187

-0.453557
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0.289586
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0.702621
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0.492319
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-0.960522
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-1.513208

1.376866

1.70175

0.53195

0.001435

0.252638

1.615839

0.308089

0.058049

1.014855

-0.172299

-1.150662

-0.820266

-2.108986

-1.443247

-1.060484

-2.099696

0.38023

-1.51151

0.129287

-1.816303

0.781875

-2.692897
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2.656382

2.601212

3.723584
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2.567262
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47 1 1.58788 -2.07844 -2.148183
48 8 -2.417922 0.270756 -2.394105
49 6 -0.003543 0.074274 -3.608974
50 1 -0.078994 -0.670917 -4.405652
51 1 -0.394775 1.03236 -3.959491
52 1 1.02151 0.206521 -3.261147
53 6 -1.366742 -2.156191 -2.620807
54 1 -0.42601 -2.708822 -2.677993
55 1 -2.013209 -2.585691 -1.852783
56 1 -1.882553 -2.166753 -3.583048
57 16 -1.084766 -0.400732 -2.192014
Table S3. Cartesian coordinates for 2*.
X Y Z

1 6 -0.616735 -2.351501 1.818391
2 6 -0.488975 -3.142584 2.961815
3 6 0.2489 -2.691998 4.053847
4 6 0.849545 -1.438573 3.963854
5 6 0.696256 -0.704276 2.795313
6 7 -0.017187 -1.13093 1.72371

7 1 0.349766 -3.302001 4.94535

8 1 -0.976183 -4.111693 2.991323
9 1 1.433061 -1.026989 4.780152
10 1 1.152579 0.271716 2.687664
11 6 -1.518846 -2.837219 0.697214
12 1 -1.794314 -3.875031 0.892217
13 1 -2.443892 -2.247385 0.702376
14 6 -1.063991 -3.717253 -1.650454
15 6 -0.316051 -1.645506 -1.091964
16 1 -1.538779 -4.673958 -1.499179
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-1.380313

-2.209069

1.87505

-2.322109

2.947395

2.145191

4.240788

3.424933

5.035031

3.600168

-0.190705

1.918001

-0.209695

-0.209713

4.484867

5.483669

0.004533

2.717351

0.526834

-2.758436

-3.756381

-0.634727

-2.401239

-3.293708

-4.316824

-3.226538

-3.077999

-1.896885

-4.073869

0.130102

-0.365425

0.062416

-0.442126

-0.528542

0.25118

-0.66463

1.103421

0.49745

1.268414

0.630769

1.57237
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-0.098318

0.724854
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-0.289691
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49 6 0 -2.612961 1.022546 -1.139851

50 6 0 -4.063326 0.939837 1.168373
51 1 0 -2.230774 0.166168 1.995507
52 6 0 -3.936043 1.448615 -1.152167
53 1 0 -1.989556 1.080428 -2.022543
54 1 0 -4.588279 0.895247 2.11782
55 1 0 -4.356672 1.818279 -2.082208
56 6 0 -4.706896 1.411536 0.015394
57 7 0 -2.004887 0.552737 -0.027563
58 6 0 -6.149849 1.838612 0.02995
59 1 0 -6.347202 2.603874 -0.725001
60 1 0 -6.802864 0.985353 -0.190535
61 1 0 -6.442765 2.229977 1.007739
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