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A Density Functional Theory Study on Co-adsorption
of CO and O on Rh 111 Surface
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Abstract CO and O adsorption and co-adsorption on Rh 111 surfaces were studied by density functional theory
calculations. Three types of co-adsorption systems 2X2 - CO+ O 2X2 -2C0+0 and 2X2 - CO+
20  were considered from energy geometry work function and chemical shift points of view. The interac-
tions between CO and O are repulsive which is explained in terms of bonding competition. The calculated
chemical shift of CO and O agrees well with experimental studies which convince that it is a powerful method to
predict the adsorption from theoretical chemical shifts.
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Fig 1 Top and side views of optimized structure of CO and O
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Table 1 Binding energy E . and variation of work function a 1
Ag for CO and O adsorption on clean Rh 111 1b CO
surface h
Sorbent Adsorption site E.. kJ Ap eV O cp
co top ~200.79 0.72 a b 2 a
(0] fee —210.43 0.42 b 10.14 kJ a
O hep —203.96 0.37
a b
cO C Rh AE 13.23 23.37
Rh—C 0.182 nm C-O k] co o
0.117 nm S fee O 3 b a
Rh Rh-O 0.199 2x2 - CO0+0 a
3
CcO cCO O
CO Cil1s Ols
0eV.
2.2 2X2-CO+0 2 DFT
LEED cO O Rh 111 a CO Cls CO
2X2 - CO+0 —-0.07 eV 2
CO O fcc b CO C 1s
r 2x2 - CO+0 —0.04 eV CcO O 1s
2 2X2 - CO+0 Rh 111

Table 2 Binding energy variation of work function and chemical shift for 2x2 - CO+ O structure on clean Rh 111 surface

Geometry E.i k] AE k] Ag eV

Chemical shift of C 1s eV Chemical shift of O 1s eV

DFT Exp. 2 DFT Exp. 2
a —397.99 13.23 0.990 -0.07 -0.06 0.04 0
b —387.85 23.37 0.925 -0.04 -0.06 0.09 0

AE — The interaction energies between CO and O.
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Table 3 Binding energy variation of work function and chemical shift for 2X2 - 2CO+ O structure on clean Rh 111 surface
Geometry E. K AE K A eV CO site Chemical shift of C 1s eV Chemical shift of O 15 eV
DFT Exp. 2 DFT Exp. 2
c —535.30 81.78 1.66 top -0.03 -0.08 0 0
hep -0.51 -0.68 -1.49 -1.5
d —515.90 83.77 1.61 top —0.06 -0.08 -0.02 0
fcc -0.54 -0.68 —1.45 -1.5
1 c CO Rh-C fee hep
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Table 4 Binding energy variation of work function and chemical shift for 2X2 - CO+20 structure on clean Rh 111 surface
Chemical shift of C 1s eV Chemical shift of O 15 eV
Geometry E. kJ AE k] Ap eV
DFT Exp. 2 DFT Exp. ?
e -519.25 95.94 1.25 -0.06 -0.04 0.05 0
f —462.09 159.56 0.78 0.35 -0.04 0.43 0
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Fig 2 TIsosurfaces of the difference of electron density
Rh a CO adsorption b O atom adsorption
d ¢ Co-adsorption of CO and O

17

Deep contours indicate electron depletion and shallow

contours indicate electron accumulation.
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