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Additional experimental results
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Fig. S1. Time-of-flight mass spectra for the reactions of mass-selected RhTaC,0O~ (a—), RhTaC,0,~
(d—f) and RhTaC,0; (g-1) with CO,. The time period for the reactions of RhTaC,0~, RhTaC,0,~
and RhTaCO;5;~ with CO, is about 1.7 ms, 1.7 ms, and 3.8 ms, respectively. The reactant gas pressures
are shown in mPa (= 103 Pa).
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Fig. S2. Variations of ion intensities with respect to the CO, pressures on the reactions of products
RhTaC,0~ (a), RhTaC,0,~ (b), and RhTaC,0;~ with CO, (c). The solid lines are fitted to the
experimental data points by using the equations with the approximation of the pseudo-first-order
reaction mechanism.
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Fig. S3. Collision-induced dissociation (CID) spectra of mass-selected RhTaC,0;~ and RhTaC,0,~
clusters with 40 mPa Xe in the collision cell. The center-of-mass collision energy (£.) is given.
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Fig. S4. Time-of-flight mass spectra for the reactions of mass-selected RhTaC~ (b,c) and Ta,C,™ (e,f)
with CO,. The reaction time for both reactions is about 1.7 ms. The reactant gas pressures are shown
in mPa (= 107 Pa).
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Fig. SS. The photoelectron spectrum of RhTaC,  measured with 410 nm at 10 K (a) and the simulated
density of state spectra for the low-lying RhTaC,™ isomers (b-e) are shown. The relative energies of
the RhTaC,™ isomers are given and more details can be found in Fig. S6. The superscripts represent
the spin multiplicities. The vertical electron detachment energies (in the square brackets) in unit of
eV are given.
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Additional theoretical results
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Fig. S6. Density functional theory (DFT) calculated isomers for RhTaC,0,, (n = 0—4) at the B3LYP

level. The relative energies with respect to the lowest-lying isomer are given in eV. Bond lengths are
given in pm. The superscripts represent the different spin multiplicities.
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Fig. S7. The DFT-calculated potential energy profiles for the reactions RhTaC,~+ CO, (a) RhTaC,0O-
+ CO; (b) on the doublet state. The zero-point vibration corrected energies of intermediates (Iz) and
transition states (TSn) relative to the separate reactants are in units of eV. Bond lengths are given in
pm.
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Fig. S8. The DFT-calculated potential energy profiles for the reactions RhTaC,O,~ + CO, (a)
RhTaC,0;™ + CO; (b) on the doublet state. The zero-point vibration corrected energies of In and TSn
relative to the separate reactants are in units of eV. Bond lengths are given in pm.
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Fig. S9. The DFT-calculated potential energy profile for the reaction of the lowest-lying RhTaC,0,"
isomer (IS11) with CO, on the doublet state. The zero-point vibration corrected energies of In and
TSn relative to the separate reactants are in units of eV. Bond lengths are given in pm.

S9



Table. S1. Experimental and calculated bond dissociation enthalpies (in eV).

Rh-Ta  Rh-C Rh-O Ta-C Ta-O C-0O

EXP. ~ 5.97 4.16 ~ 8.66 11.12
B3LYP 3.78 5.30 3.80 4.94 7.91 10.80
MO6L 4.73 6.06 4.35 5.34 8.06 10.93
BPWO1 5.07 6.31 4.64 5.50 8.46 11.19
BLYP 4.75 6.18 4.66 5.27 8.31 11.12
BP86 5.24 6.49 4.81 5.70 8.64 11.37
TPSS 5.11 6.22 4.59 5.34 8.24 10.78
PBEPBE 5.27 6.56 4.87 5.78 8.66 11.43
BPBE 5.10 6.34 4.65 5.53 8.48 11.20
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Table S2. The estimated rate constants (in unit of s7!) of internal conversion (k;,)) and CO desorption

(kq) for reactions RhTaC,0y.3~ + CO, based on the RRKM and VTST theories.

Reactions kg Kint
RhTaC,” + CO, 4.8 x101 -
RhTaC,O + CO, 3.0 x10° -
RhTaC,0, + CO, 1.5 x106 6.9 x 102 (I8 — TS6)
RhTaC,05 + CO, 1.1 108 5.4 x10! (115 — TS13)
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