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Figure S1. Time-of-flight (TOF) mass spectra for the reactions of mass-selected Vn

+ 

(a1−5) and VnO+ (c1−5) with C2H6. The pressures of C2H6 are shown. The reaction 

times are around 1.8 ms for V5,6
+, 1.9 ms for V5,6O+, 4.8 ms for V7

+, 1.9 ms for V8,9
+, 

and 2.0 ms for V7−9O+. The VnX+ and VnOX+ (X = C2H2, C2H4, C2H6, etc) species are 

labeled as +X, respectively. Peaks marked with asterisks are due to water impurities in 

the gas handling system. 
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Figure S2. Variation of relative ion intensities with respect to the C2H6 pressures in the 

reaction of V2O+ with C2H6. The solids lines are fitted to the experimental data points 

by using the equations derived with the approximation of the pseudo-first-order reaction 

mechanism. 
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Figure S3. Variations of relative ion intensities with respect to the effective C2H6 

pressures in the reaction of VnO+ (n = 3–7) and V5
+ with C2H6. The solid lines are fitted 

to the experimental data points by using the equations derived with the approximation 

of the pseudo-first-order reaction mechanism. 
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Figure S4. BPBE optimized structures of V+ (a), V2
+ (b), V3

+ (c), V4
+ (d), V5

+ (e), and 

V6
+ (f). The relative energies are given in eV. Superscripts denote the spin multiplicity.
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Figure S5. BPBE optimized structures of V7
+ (a), V8

+ (b), and V9
+ (c). The relative 

energies are given in eV. Superscripts denote the spin multiplicity.
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Figure S6. BPBE optimized structures of VO+ (a), V2O+ (b), V3O+ (c), and V4O+ (d). 

The relative energies are given in eV. Superscripts denote the spin multiplicity.
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Figure S7. BPBE optimized structures of V5O+ (a) and V6O+ (b). The relative energies 

are given in eV. Superscripts denote the spin multiplicity.
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Figure S8. BPBE optimized structures of V7O+ (a), V8O+ (b), and V9O+ (c). The relative 

energies are given in eV. Superscripts denote the spin multiplicity.
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Figure S9. BPBE-calculated potential-energy curves (PECs) for spin conversions 

occurring in the first C−H activation of ethane by V2
+ (4I1 → 2TS1) and the first C−H 

activation of ethane by V2O+ (8I3 → 6TS2), respectively. 
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Figure S10. Molecular orbital interactions in the reaction of V3O+ with C2H6 (see I15 

in Figure 5 in the main text).
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Table S1. DFT calculated and experimental bond dissociation energies of C−H, V−C, V−H, H−H, 
V−V and V−O. The values are in units of eV. 
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