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Abstract The reactionsof Y, Zr", Nb"with CO,, producing the metal oxide ion and CO, are taken as a
representative examples to elucidate the overall mechanisms of reactions of second-row early transition
metal ions with CO,. The reactions in both ground and excited states are studied by using the UB3LY P den-
sity functional method with the Stuttgart pseudopotentials and corresponding basis sets for the metals and
the standard 6-311+ G(2d) basis sets for C and O. The geometries for reactants, the transition states and the
products are completely optimized. The result shows that the reaction mechanism between second-row early
transition metal ions and CO, is an insertion-elimination mechanism. The potential energy curve crossings,
which dramatically affect reaction mechanisms, are discussed in detail. The reactions are all exothermic due
to the participation of the metal ions, to be compared with the strong endothermic process of the unimolecu-
lar CO, decomposition.
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Figurel Geometries of the critical on the potential energy surface (bond length in nm, bond angle in degree)
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Tablel Energy of various speciesin the reaction of M +CO,
Species  Eg/(kJmol %) E7/(kJmol %)| Species Er/(kJemol 1) E7/(kJmol %) | Species Ex/(kJemol 1) E™/(kJsmol %)
Y *+co, 0.00 47r*4-Co, 0.00 *Nb*+CO, 0.00
y*+co, 117.42 27r"4-CO, 100.22 SNb*+C0, 134.14
IM1 —81.091 M1 —25.85 SIM1 —78.69
TS, 40.88 122.79 TS, 76.38 102.23 5TS, 125.68 204.37
IM2 17.56 M2 41.25 SIM2 103.32
3TSs3 80.35 62.79 TSy 139.38 98.13 SIM1 —0.75
M3 62.59 M3 130.92 TS, 26.97 27.72
him1 —38.01 M1 —25.85 SImM2 —234.22
18, —28.65 9.36 TS, 76.38 20.89
him2 —259.37 AM2 41.25
TS, 139.38 81.13
M3 130.92
5yOo'+Cco 170.72 4Zr0*+COo 198.69 SNbO*4CO 289.39
Yo'+co —175.83 2z2r0'+CO  —159.33 SNbO'+CO  —108.99
2 Eg: relative energy; E”: activating energy.
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Figure2 Diagram for thereaction of Y™, Zr"™ and Nb"with CO, on both spin state PESs
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