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Figure S1. Mass spectra of mass-selected [TM]+ (TM=Ir, Rh, Co, Os, Fe) (a1-a5). The bare 

metal ions react with CH4 or C2H4O to form ions with mass spectra shown in b1 ([Ir]++CH4), 

b2 ([Rh]++C2H4O), b3 ([Co]++C2H4O), b4 ([Os]++CH4), and b5 ([Fe]++C2H4O). The [TMCH2]+ 

ions are mass-selected by the ion trap (shown in Figures c1-c5). The most abundance isotope 

is selected for [Ir]+, [Os]+, and [Fe]+ ions (193Ir, 192Os, and 56Fe).   
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Figure S2. Mass spectra showing the reactions of [TMCH2]+ (TM = Rh, Co and Fe) with He 

(a1, a2 and a3), C2H4 (b1, b2 and b3), 13C2H4 (c1, c2 and c3), and C2D4 (d1, d2 and d3), 

respectively. 1, 2 and 3 denote [RhC3H2D2]+, [RhC3HD3]+ and [RhC3D4]+ ions in Figure d1. 

The peaks marked with * and # in Figures a1-d1 and a3-d3 are trace of [RhC2H4]+ and 

[54FeCH2]+.   
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Figure S3: The predicted low-lying isomers of [TMCH2]+ (TM = Ir, Rh, Co, Os, and Fe). The 

relative energies are given in eV with respect to the most stable isomer.  
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Figure S4: The predicted low-lying isomers of [TMC2H2]+ (TM = Ir, Rh, Co, Os, and Fe). The 

relative energies are given in eV with respect to the most stable isomer. 

  



S6 
 

 

Figure S5: The predicted low-lying isomers of [TMC3H4]+ (TM = Ir, Rh, Co, Os, and Fe). The 

relative energies are given in eV with respect to the most stable isomer. 
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Figure S6. Potential energy profiles of the reaction of [HIrCH]+ and C2H4. The energies are 

given in eV. 
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Figure S7. Potential energy profiles of the reaction of [HOsCH]+ and C2H4. The energies are 

given in eV. 
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Figure S8. Potential energy profiles of the reaction of [RhCH2]+ and C2H4. The energies are 

given in eV. 
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Figure S9. Potential energy profiles of the reaction of [CoCH2]+ and C2H4. The energies are 

given in eV. 
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Figure S10. Potential energy profiles of the reaction of [FeCH2]+ and C2H4. The energies are 

given in eV. 
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Figure S11. The reaction pathways from intermediates 2 to 8 for Ir (a) and Os (b). 

 

 

Figure S12. The reaction pathways for the direct dehydrogenation for Ir (a) and Os (b). 
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Figure S13. The IRC for the transition states 3TS5 in Figure S9 and 4TS5 in Figure S10. 
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Figure S14. Mass spectra from the reactions of [PtCH2]+ with He (a) and C2H4 (b). 


