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Figure S1. The DFT calculated isomers of Rh2V2O3–5
–. The zero-point vibration corrected energies 

(∆H0, eV) are given. Mx (x = 2 and 4) represents different spin multiplicities.
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Figure S2. The DFT calculated isomers of Rh3V2O3–5
–. The zero-point vibration corrected energies 

(∆H0, eV) are given. Mx (x = 1, 3, and 5) represents different spin multiplicities. 
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Figure S3. The DFT calculated isomers of Rh4V2O3–5
–. The zero-point vibration corrected energies 

(∆H0, eV) are given. Mx (x = 2, 4, and 6) represents different spin multiplicities.
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Figure S4. The DFT calculated isomers of Rh5V2O3–5
–. The zero-point vibration corrected energies 

(∆H0, eV) are given. Mx (x = 1, 3, and 5) represents different spin multiplicities.
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Figure S5. The DFT calculated potential energy profile for the reaction Rh2V2O3
– + 2NO (a, b). 

Relative energies (ΔH0, eV) for Is and TSs are shown. Bond lengths are given in pm.
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Figure S6. The DFT-calculated potential energy of profile for reaction Rh3V2O3
– + NO. Relative 

energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S7. The DFT-calculated potential energy of profile for reaction Rh3V2O3NO– + NO. Relative 
energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S8. The DFT-calculated potential energy of profile for reaction Rh4V2O3
– + 2NO. Relative 

energies (ΔH0, eV) are for Is and TSs are shown. Bond lengths are given in pm. 
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Figure S9. The DFT-calculated potential energy of profile for reaction Rh5V2O3
– + NO. Relative 

energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S10. The DFT-calculated potential energy of profile for reaction Rh5V2O3NO– + NO. Relative 
energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S11. The DFT-calculated potential energy of profile for reaction Rh5V2O3NO– + NO. Relative 
energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S12. The DFT-calculated potential energy of profile for reaction Rh2V2O5
– + CO. Relative 

energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S13. The DFT-calculated potential energy of profile for reaction Rh2V2O4
– + CO. Relative 

energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S14. The DFT-calculated potential energy of profile for reaction Rh3V2O5
– + CO. Relative 

energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S15. The DFT-calculated potential energy of profile for reaction Rh3V2O4
– + CO. Relative 

energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S16. The DFT-calculated potential energy of profile for reaction Rh4V2O5
– + CO. Relative 

energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S17. The DFT-calculated potential energy of profile for reaction Rh4V2O4
– + CO. Relative 

energies (ΔH0, eV) are for Is and TSs are shown. 
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Figure S19. The HOMO and HOMO-1 of Rh3V2O3⁻. 
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Methods

The DFT calculations with M06L1 functional by using the Gaussian 092 program were 

carried out to investigate the structures of RhnV2O3
– (n = 2–5) and the mechanisms on the 

reactions of RhnV2O3
– (n = 2–5) with NO and RhnV2O4–5

– (n = 2–4) with CO. For all the 

calculations, the polarized split-valence basis set TZVP3,4 for V, N, C, O, and the 

Stuttgart/Dresden relativistic effective core potentials (denoted as SDD in Gaussian software)5 

for Rh atom were adopted. In mechanism calculations, reaction intermediates (Is) and transition 

states (TSs) were optimized. The TSs were optimized by using the Berny algorithm method6 

and its initial guess structures were obtained by relaxed potential energy surface scans using 

single or multiple internal coordinates. In order to verify that each TS connects the appropriate 

local minima, intrinsic reaction coordinate calculations were used.7 Vibrational frequency 

calculations were performed to confirm that Is have zero and TSs have only one imaginary 

frequency, respectively. The zero-point vibrational corrected energies at T = 0 K (H0 in eV) 

were reported in this work. The electrostatic potential (ESP) maps and the spin populations of 

V2O3 and RhnV2O3
– (n = 2−5), and the selected molecular orbitals of RhnV2O3

– (n = 2−5), 

RhnV2O3(NO)– (n = 2−5) and RhnV2O3(NO)2
– (n = 2−5) were performed by using the Multiwfn 

program8 and were drawn by the Visual Molecular Dynamics program.9
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