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Supplementary Figures:
Figure S1. 1H NMR spectrum of complex 1 (R = H).
Figure S2. 13C and DEPT NMR spectra of complex 1 (R = H).
Figure S3. H-H COSY spectrum of complex 1 (R = H).
Figure S4. HMQC spectrum of complex 1 (R = H).
Figure S5. HMBC spectrum of complex 1 (R = H).
Figure S6. 1H NMR spectrum of complex 2 (R = OCH3).
Figure S7. 13C and DEPT NMR spectra of complex 2 (R = OCH3).
Figure S8. H-H COSY spectrum of complex 2 (R = OCH3).
Figure S9. HMQC spectrum of complex 2 (R = OCH3).
Figure S10. HMBC spectrum of complex 2 (R = OCH3)
Figure S11. 1H spectrum of complex 3 (R = NO2).
Figure S12. 13C and DEPT spectra of complex 3 (R = NO2)
Figure S13. H-H COSY spectrum of complex 3 (R = NO2)
Figure S14. HMQC spectrum of complex 3 (R = NO2).
Figure S15. HMBC spectrum of complex 3 (R = NO2)
Figure S16. Theoretical absorption spectra of [Ru(phen)2(phen-n-ph-OCH3)]²⁺ (A2-F2) and [Ru(phen)2(phen-n-ph-NO2)]²⁺(A3-F3) complexes with n = 0, 1, 2, 3, 4, or 5.
Figure S17: Simulated FMOs with energy levels of complex A1-A3 that contribute to the MLCT excitation in the visible region.
Figure S18: Simulated FMOs with energy levels of complex B1-B3 that contribute to the MLCT excitation in the visible region.
Figure S19: Simulated FMOs with energy levels of complex C1-C3 that contribute to the MLCT excitation in the visible region.
Figure S20: Simulated FMOs with energy levels of complex D1-D3 that contribute to the MLCT excitation in the visible region.
Figure S21: Simulated FMOs with energy levels of complex D1-D3 that contribute to the MLCT excitation in the visible region.
Figure S22: Simulated FMOs with energy levels of complex E1-E3 that contribute to the ILCT excitation in the visible region.
Figure S23: Simulated FMOs with energy levels of complex E1-E3 that contribute to the ILCT excitation in the visible region.
Figure S24: Simulated FMOs with energy levels of complex F1-F3 that contribute to the ILCT excitation in the visible region.
Figure S25: Simulated FMOs with energy levels of complex F1-F3 that contribute to the ILCT excitation in the visible region.
Figure S26. Simulated transition density of [Ru(phen)2(phen-n-ph-R)]²⁺ complex (B1-B3) with n = 1 and R = H (B1), OCH3, (B2), and NO2 (B3). Isosurface level: 1×10-4.
Figure S27. Simulated transition density of [Ru(phen)2(phen-n-ph-R)]²⁺ complex (C1-C3) with n = 2 and R = H (C1), OCH3, (C2), and NO2 (C3). Isosurface level: 1×10-4.
Figure S28. Simulated transition density of [Ru(phen)2(phen-n-ph-R)]²⁺ complex (D1-D3) with n = 3 and R = H (D1), OCH3, (D2), and NO2 (D3). Isosurface level: 1×10-4.
Figure S29. Simulated transition density of [Ru(phen)2(phen-n-ph-R)]²⁺ complex (E1-E3) with n = 4 and R = H (E1), OCH3, (E2), and NO2 (E3). Isosurface level: 1×10-4.
Figure S30. 3D molecular electrostatic potential of [Ru(phen)2(phen-n-ph-OCH3)]²⁺ (A2-F2) with n = (a) 0, (b) 1, (c) 2, (d) 3, (e) 4, or (f) 5. The color scheme for the MESP surface is blue, electron rich, partially negative charge; red, electron deficient, partially positive charge; yellow, slightly electron deficient region; light blue, slightly electron rich region; green, neutral; respectively.
Figure S31. 3D molecular electrostatic potential of [Ru(phen)2(phen-n-ph-NO2)]²⁺ (A3-F3) with n = (a) 0, (b) 1, (c) 2, (d) 3, (e) 4, or (f) 5. The color scheme for the MESP surface is blue, electron rich, partially negative charge; red, electron deficient, partially positive charge; yellow, slightly electron deficient region; light blue, slightly electron rich region; green, neutral; respectively.
Figure S32: Simulated (a) absorption spectra and (b) optimized geometries with dihedral angle of  [Ru(phen)₂(phen-N-ph)]²⁺ (N=CH) and [Ru(phen)₂(phen-p-HCA)]²⁺ (NHCO) complexes in their neutral and protonated states, respectively.
Figure S33: Simulated FMOs with energy levels of [Ru(phen)₂(phen-N-ph)]²⁺ in neutral (N=CH) and protonated (+NH=CH) states, that contribute dominantly to the lowest energy absorption band in the visible region. The isosurface value = 0.25.
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Table S1. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex A1-A3 (n = 0), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
Table S2. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex B1-B3 (n = 1), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
Table S3. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex C1-C3 (n = 2), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
Table S4. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex D1-D3 (n = 3), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
Table S5. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex E1-E3 (n = 4), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
Table S6. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex F1-F3 (n = 5), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
Table S7. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex [Ru(phen)2(phen-N-n-ph)]2+, where n=2 (complex G2), 3 (complex G3), and 4 (complex G4), accompanied by corresponding orbital number and energy levels, respectively. The isosurface value = 0.25.
Table S8. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex [Ru(phen)₂(phen-N-ph)]²⁺ in neutral (N=CH) and protonated (+NH-CH) states, accompanied by corresponding orbital number and energy levels, respectively. The isosurface value = 0.25
1D an 2D NMR spectra complex 1 (R = H).
[image: ]Figure S1. 1H NMR spectrum of complex 1 (R = H).
[image: ]Figure S2. 13C and DEPT NMR spectra of complex 1 (R = H).


[image: ]Figure S3. H-H COSY spectrum of complex 1 (R = H).

[image: ]Figure S4. HMQC spectrum of complex 1 (R = H).
[image: ]Figure S5. HMBC spectrum of complex 1 (R = H).
1D an 2D NMR spectra complex 2 (R = OCH3).
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Figure S6. 1H NMR spectrum of complex 2 (R = OCH3).
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Figure S7. 13C and DEPT NMR spectra of complex 2 (R = OCH3).


[image: ]Figure S8. H-H COSY spectrum of complex 2 (R = OCH3).
[image: ]Figure S9. HMQC spectrum of complex 2 (R = OCH3).

[image: ]Figure S10. HMBC spectrum of complex 2 (R = OCH3).
1D and 2D NMR spectra of complex 3 (R = NO2).

[image: ]Figure S11. 1H spectrum of complex 3 (R = NO2).

[image: ]Figure S12. 13C and DEPT spectra of complex 3 (R = NO2).
[image: ]Figure S13. H-H COSY spectrum of complex 3 (R = NO2).
[image: ]Figure S14. HMQC spectrum of complex 3 (R = NO2).
[image: ]Figure S15. HMBC spectrum of complex 3 (R = NO2).
Table S1. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex A1-A3 (n = 0), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
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[image: ]Table S2. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex B1-B3 (n = 1), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
Table S3. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex C1-C3 (n = 2), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
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Table S4. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex D1-D3 (n = 3), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
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Table S5. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex E1-E3 (n = 4), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
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Table S6. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex F1-F3 (n = 5), accompanied by corresponding orbital number and energy levels. The isosurface value = 0.25.
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Theoretical absorption spectra of [Ru(phen)2(phen-n-ph-OCH3)]²⁺ (A2-F2) and [Ru(phen)2(phen-n-ph-NO2)]²⁺ (A3-F3) complexes with n = 0, 1, 2, 3, 4, or 5.
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Figure S16. Theoretical absorption spectra of [Ru(phen)2(phen-n-ph-OCH3)]²⁺ (A2-F2) and [Ru(phen)2(phen-n-ph-NO2)]²⁺(A3-F3) complexes with n = 0, 1, 2, 3, 4, or 5.
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Figure S17: Simulated FMOs with energy levels of complex A1-A3 that contribute to the MLCT excitation in the visible region.
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Figure S18: Simulated FMOs with energy levels of complex B1-B3 that contribute to the MLCT excitation in the visible region.












[image: ]
Figure S19: Simulated FMOs with energy levels of complex C1-C3 that contribute to the MLCT excitation in the visible region.
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Figure S20: Simulated FMOs with energy levels of complex D1-D3 that contribute to the MLCT excitation in the visible region.
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Figure S21: Simulated FMOs with energy levels of complex D1-D3 that contribute to the MLCT excitation in the visible region.
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Figure S22: Simulated FMOs with energy levels of complex E1-E3 that contribute to the ILCT excitation in the visible region.












[image: ]Figure S23: Simulated FMOs with energy levels of complex E1-E3 that contribute to the ILCT excitation in the visible region.
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Figure S24: Simulated FMOs with energy levels of complex F1-F3 that contribute to the ILCT excitation in the visible region.
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Figure S25: Simulated FMOs with energy levels of complex F1-F3 that contribute to the ILCT excitation in the visible region.































Simulated transition density for each absorption band in visible regions of [Ru(phen)2(phen-n-ph-R)]²⁺ complex with n = 1-4.
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Figure S26. Simulated transition density of [Ru(phen)2(phen-n-ph-R)]²⁺ complex (B1-B3) with n = 1 and R = H (B1), OCH3, (B2), and NO2 (B3). Isosurface level: 1×10-4.


[image: ]Figure S27. Simulated transition density of [Ru(phen)2(phen-n-ph-R)]²⁺ complex (C1-C3) with n = 2 and R = H (C1), OCH3, (C2), and NO2 (C3). Isosurface level: 1×10-4.












[image: ]Figure S28. Simulated transition density of [Ru(phen)2(phen-n-ph-R)]²⁺ complex (D1-D3) with n = 3 and R = H (D1), OCH3, (D2), and NO2 (D3). Isosurface level: 1×10-4.

[image: ]Figure S29. Simulated transition density of [Ru(phen)2(phen-n-ph-R)]²⁺ complex (E1-E3) with n = 4 and R = H (E1), OCH3, (E2), and NO2 (E3). Isosurface level: 1×10-4.


3D molecular electrostatic potential (MESP) maps of [Ru(phen)2(phen-n-ph-OCH3)]²⁺ (A2-F2) and [Ru(phen)2(phen-n-ph-NO2)]²⁺ (A3-F3) complexes with n = 0, 1, 2, 3, 4, or 5.


[image: ]Figure S30. 3D molecular electrostatic potential of [Ru(phen)2(phen-n-ph-OCH3)]²⁺ (A2-F2) with n = (a) 0, (b) 1, (c) 2, (d) 3, (e) 4, or (f) 5. The color scheme for the MESP surface is blue, electron rich, partially negative charge; red, electron deficient, partially positive charge; yellow, slightly electron deficient region; light blue, slightly electron rich region; green, neutral; respectively.


[image: ]Figure S31. 3D molecular electrostatic potential of [Ru(phen)2(phen-n-ph-NO2)]²⁺ (A3-F3) with n = (a) 0, (b) 1, (c) 2, (d) 3, (e) 4, or (f) 5. The color scheme for the MESP surface is blue, electron rich, partially negative charge; red, electron deficient, partially positive charge; yellow, slightly electron deficient region; light blue, slightly electron rich region; green, neutral; respectively.







[image: ]Table S7. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex [Ru(phen)2(phen-N-n-ph)]2+, where n=2 (complex G2), 3 (complex G3), and 4 (complex G4), accompanied by corresponding orbital number and energy levels, respectively. The isosurface value = 0.25.
Comparison of [Ru(phen)2(phen-p-HCA)]2+ and [Ru(phen)2(phen-N-ph)]2+ complexes in neutral and protonated states.
The simulated geometries and absorption spectra changes upon protonation of [Ru(phen)₂(phen-N-ph)]²⁺ compared with [Ru(phen)₂(phen-p-HCA)]²⁺ [], are illutrated in Figure S32.  As shown in Figure S33, the lowest energy band is mainly originated from MLCT and ILCT transitions. The dominant transition in the neutral state originates from MLCT, whereas in the protonated state it arises from ILCT. Referring to Table S8, protonation of [Ru(phen)₂(phen-N-ph)]²⁺ induces a red shift in the lowest-energy absorption band together with an increase in ε, in contrast to the trend observed for [Ru(phen)₂(phen-p-HCA)]²⁺. This phenomenon might be attributed to stabilization of the LUMO through lowering the energy level (-4.014 eV), which exhibited lower energy than the neutral complex (-2.837 eV).  Moreover, protonation narrows the HOMO–LUMO gap from 3.432 eV to 2.413 eV relative to the neutral complex, thereby promoting electronic excitation in the lower-energy region. Despite previous studies have concluded the dihedral angle between phen and extended segment as a significant factor affecting ε, protonation in this case leads to insignificant change, from 43.9 to 43.3°, suggesting that orbital stabilization rather than structural distortion governs the observed spectral response. 
[image: ]
Figure S32: Simulated (a) absorption spectra and (b) optimized geometries with dihedral angle of  [Ru(phen)₂(phen-N-ph)]²⁺ (N=CH) and [Ru(phen)₂(phen-p-HCA)]²⁺ (NHCO) complexes in their neutral and protonated states, respectively.




[image: ]Figure S33: Simulated FMOs with energy levels of [Ru(phen)₂(phen-N-ph)]²⁺ in neutral (N=CH) and protonated (+NH=CH) states, that contribute dominantly to the lowest energy absorption band in the visible region. The isosurface value = 0.25.

























[image: ]Table S8. DFT-derived isosurface of FMOs (from HOMO-2 to LUMO+2) for complex [Ru(phen)₂(phen-N-ph)]²⁺ in neutral (N=CH) and protonated (+NH-CH) states, accompanied by corresponding orbital number and energy levels, respectively. The isosurface value = 0.25.
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