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Abstract: Based on the atomic and molecular reaction statics, the ground electronic states of XO™ (X=Ru, Rh, Pd; n=0,
1) and their corresponding dissociation limits were systematically examined. Using the density functional B3P86
method in conjunction with the LANL2DZ basis set for X atoms and aug-cc-pVTZ basis set for O atom, we investigated
molecular equilibrium geometries and dissociation energies for these systems. Analytical potential energy functions of
XO™ (X=Ru, Rh, Pd; n=0, 1) were determined using the Murrell-Sorbie function. Spectroscopic data for XO™ (X=Ru, Rh,
Pd; n=0, 1) and the first vertical ionization potentials of the neutral XO (X=Ru, Rh, Pd) molecules were calculated as well.
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Table B3P86 calculated results of ground state X0™
(X=Ru, Rh, Pd; n=0, 1)
Electronic state r/mm E(a.u.)
RuO XA 0.1718 —-169.5530
RhO X'3 0.1715 —185.2014
PdO X3 0.1836 —202.4393
RuO* X3 0.1755 —169.1946
RhO* X3 0.1658 —184.8526
PdO* X'3 0.1787 —202.0885
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PdO*(X'3")—Pd(D,)+0*(*D,) (4)
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Table 2 Dissociation channels and dissociation energies of X0™(X=Ru, Rh, Pd; n=0, 1)

Dissociation channel DJ/eV Dg(expt)/eV D (theol)/eV D(theo2)"/eV
RuO RuO(X°’A)—Ru(°F)+O(’P,) 4.9995 4.2000=" 4.3620 4.8160
RhO RhO(X*Y")—Rh(‘F)+0(’P,) 4.2027 4.2000=" 3.3130 3.9090
PdO PdO(X*3)—Pd('S)+OCP,) 2.5425 2.91802" 2.0680 2.3860
RuO* RuO*(X°3)—Ru*(*F)+O(CP,) 3.2803 3.8105*
RhO* RhO*(X*3)—Rh*(*F,)+O(*P,) 2.8212 3.0251%
PdO* PdO*(X'3)—Pd*(*D,)+OCP,) 2.0159 1.5700"

D.: dissociation energy; a) from Ref.[23], theoretical data by modified coupled pair functiona(MCPE) method, b) from Ref.[23], theoretical data by
B3P86 method and SDD/6-311+G(d) basis set
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Table 3 Spectroscopic data for ground state X0™
(X=Ru, Rh, Pd; n=0, 1)

Electronic state RJ/nm wJem™  w.xJem™ BJem™ afem™

RuO(°A) 0.1718  916.5333 4.4571  0.4134 0.0025
0.1721  888.3

RhO('Y") 0.1715  857.3214 4.8187 0.4139 0.0029
0.1723  826.2

PdO(*Y") 0.1836 6259515 4.4517 0.3593 0.0032
0.1851  595.9

RuO*(°Y") 0.1755  797.7970 5.6603  0.3959 0.0032
0.1773  777.8

RhO*(’Y) 0.1658  843.0784 9.0434 0.4432 0.0047
0.1666 963.1

PdO*('>") 0.1787  664.7931 6.7568 0.3801 0.0041

0.1802  665.4
R.: internuclear distance, w,: vibrational frequency, wyx.: anbrational
frequency, B.: rigid constant, «,: non-rigid constant; The italic data are
obtained by B3P86 method and SDD/6-311+G(d) basis set in Ref.[23].
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%4 XO(X=Ru, Rh, PA)JE—EEH
Table 4 The first ionization potentials of X0 (X=Ru, Rh, Pd)
E, I(VIP) TI'(AIP) I'(Theol)* I(Theo2)"
RuOCA)—RuO* 3 0.05696 9.7202 9.7510 9.5180 9.1690
RhO(*3")—RhO*(*3") 0.05300 9.5132 9.4912 9.6840 9.1600
PAO(3")—PdO*("3") 0.03867 9.5284 9.5462 9.6140 9.0860

E,: zero point energy, I'(VIP): vertical ionization potential, I*(AIP): adiabatic ionization potential; a) from Ref.[23], theoretical data by B3P86
method and SDD/6-311+G(d) basis set; b) from Ref.[23], theoretical data by B3LYP method and SDD/6-311+G(d) basis set
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