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Using an atom superposition and electron delocalization molecular orbital (ASED-MO) method, we have investigated 
the vibrational and chemisorptive properties of adsorbates on a Pt(lOO) surface during CO oxidation. The calculated 
vibrational stret사ling frequency for a predicted structure of [CO-이후 complex is 1642 cm-1. The CO bond stretches 
by 0.05 A when adsorbed on one-fold site, and is tilted by 30 A from the surface normal. We find the decrease 
in CO vibrational frequency on going from the one-fold to the high coordination sites. Bindin음 at the two-fold s辻e 
is predicted to be favored for Pti8(100) and at the 1-fold site for Pt^QOO). From 나]e calculations of 아】e steric interac
tions, we have found that pre-adsorbed oxygen modifies the surface so that CO is adsorbed on the one-fold site 
ordered in a (1/2XX/2)R45°. Our results are in good agreement with recent experimental findings of Hong et al. 
[J. Phys. Chem. 1993, 97, 1258丄

Introduction

Chemisorption of carbon monoxide on Pt surfaces has re
ceived considerable attention since the early days of Lang
muir1. Recently, P. Gardener et al.2 have studied infrared 
spectra of CO adsorbed on a Pt(lOO) surface. At the initial 
adsorption, two vibrational bands at 1864 cm-1 and 2062 cm-1 
have been assigned to CO adsorbed on two-fold and one
fold sites, respectively. As the exposure is increased, both 
vibrational bands shift to higher frequencies. They explained 
this observation on that 사le (y^2X\/~2)R45o structure like 
Figure 1(a), which is often referred to the c (2X2) structure, 
rapidly fades away upon further exposure, and eventually 
transformes into a well ordered c (4X2) structure like Figure 
1(b) at saturation.

The oxidation reaction of CO to CO2 on group VIII metals 
is one of the most thoroughly studied heterogeneous catalytic 
reactions to date3~10. However, the structure for the reaction 
intermediate complex are still not well known. Ray and An
derson11 calculated theoretically binding energies, bond leng
th and charges of CO molecules on a Pt(lll) surface, and 
predicted the Langmuir-Hinshelwood complex geometry for 
the oxidation reaction of CO. More recently, Hong and Ri
chardson12 reported spectroscopic measurements of the com
plex formed during the reaction of CO and Oz on a Pt(lOO) 
surface. In their results, three bands were observed in the 
infrared spectra at 400 and 430 K. The first band at ~163如 

cm-1 was assigned to a complex involving adsorbed CO and 
oxygen. The second and the third bands at ~2087 and 1880 
cm-1 were assigned to CO adsorbed on the one-fold and 
the two-fold sites ordered in a (、/万X /2)R45° adlayer, res
pectively. Alternative assignments might be that the band 
at 1630 cm-1 is from CO adsorbed on the high coordination 
site (four-fold site in this mod시) on the surface13, or is from 
CO adsorbed on or near a surface contaminant. Thus, it is 
interesting to examine whether the band at 1630 cm-1 re-

Flgure 1. The structures for CO on Pt(lOO); (a) The c (2X2) 
structure at 0=0.5, the positions of adsorbed CO molecule have 
expressed as a, b, c and d. (b) The c (4X2) structure at 0=0.75; 
The sites of adsorbed eleven CO molecules are consisted of 
six asymmetric two-fold and five one-fold sites. The positions 
of adsorbed CO molecule have expressed as the numbers of 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11. The five one-fold sites to CO 
adsorbed are CO(1), CO(5), CO(6), CO(9), CO(10), and the six 
asymmetric two-fold sites are CO(2), CO(3), CO(4), CO(7), CO(8)( 
CO(ll). Intermolecular distance for CO(1)-CO(2) is 3.46 A and 
for CO(1)-CO(3) is 3.70 A.



934 Bull. Korean Chem. Soc. 1994, Vol. 15, No. 11 Sang Joon Cheo et al.

Table 1. Atomic Parameters: Principal Quantum Number (n), Valence State Ionization Potential (IP), Orbital Exponents (Q and 
Respective Coefficient (C) -d only-used to produce results in Table 2; for all Adsorption Studies, Pt Ionization Potentials are increased
by 1.5 eV and 0 and C Ionization Potentials are decreased by 1.5 eV; Further discussion is in ref. 25

Atom
s P d

n Ip n Ip n Ip Ci C2 &

Ca 2 20.00 1.66 2 11.26 1.618
0° 2 28.48 2.25 2 13.62 2.227
pr 6 9.00 2.55 6 4.96 2.250 5 9.60 0.6567 6.013 0.5765 2.39

aRef. 11.

Table 2. Calculated Bond Lengths (RJ, Vibrational Energies (q) 
and Dissociation Energies (DJ for Pt2 and CO

Molecule R, (A) CDe (cm-1) De (kcal/mole)

Pt2 2.45(234)。 252(218Z 94.08(85.4/
CO 1.11(1.13)。 2221(2169)° 220(257?

flRef 18. 6 From thermodynamical measurements (ref. 19).

suits from the [CO…0]* complex or the CO adsorbed on 
the high coordination site.

In this paper, we have calculated vibrational stretching 
frequencies for the reaction intermediate complex and com
pared them with the experimental and characterized theore
tically the structure of [CO…0]* complex formed during 
CO oxidation on a Pt(lOO) surface. We also investigated the 
vibrational frequencies of CO in the presence of preadsorbed 
oxygen and discussed roles of oxygen. We have chosen the 
Pt(lOO) modeled by clusters and ged the atom superposition 
and electron delocalization molecular orbital(ASED-MO) 
theory111214-16.

Theoretical Method

The ASED-MO theory is a semiempirical approach for de
termining approximate molecular structures, force constants, 
bond strengths, electronic spectra, and reaction energy sur
faces, and orbitals starting with experimental atomic valence 
ionization potentials and corresponding Slater orbitals. This 
theory identifies two energy terms for the chemical bond 
formation. One is a pairwise atom-atom repulsion energy cal
led Er. The other is an attractive energy due to electron 
delocalization and bond formation. This energy is approxima
ted by a one-electron molecular orbital energy, Emo, obtained 
by diagonalizing a Hamiltonian similar to the extended Huc-
kel:

E=Er+Emo (1)

Hr= - VSIP,a (2)

"=0 (3)

= 1.125 ㈤严+上**)S镇 exp( 一 0.13砂) (4)

In Eq. (2) the VSIP are the atomic valence state ionization 
potentials, and in Eq. (4) S” is the overlap intergr치 between 
atomic orbitals i and j on atoms a and b, and R* is the 
intemuclear distance in A unit. For further details, the lite
rature17 may be consulted. The parameters in the theory

Hgure 2. 18-atom cluster models of Pt(lOO) and 23-atom 이uster. 
Clusters are bulk superimposable with Pt-Pt nearest neighbor 
distances of 2.77 A.

are given in Table 1. Predicted bond distances, vibrational 
frequencies and dissociation energies for these system (Ptz 
and CO) are given in Table 2. The calculated values for 
the bulk systems are in reasonable agreement with experi
mental data18,19. To produce reasonable frequencies and 
charge transfers in this adsorption study, Pt ionization poten
tials11 are increased by 1.5 eV and 0 and C ionization poten- 
ti지s are decreased by 1.5 eV to mimic self-consistency.

J. P. Biberian22 has proposed the patterns of structure as 
in Figure 1. In order to use these patterns for CO molecules, 
we model the Pt(lOO) surfaces with 18-atom and 23-atom 
clusters shown in Figure 2. The clusters are bulk superimpo- 
sa비e with Pt-Pt nearest neighbor distance of 2.77 A. The 
patterns of the c (2X2) structure at the coverage of 0=0.5 
and the c (4X2) structure at 8=0.75 are shown in Figure 
1(a) and 1(b), respectively. For Figure 1(a), four CO m이ecu- 
les are located in the 아이d sites with a, b, c, d-positions. 
For Figure 1(b), the eleven CO m이ecules are consisted of 
six asymmetric two-fold sites and of five one-fold sites. The 
five one-fold sites for CO adsorption are CO(1), CO(5), CO(6), 
CO(9), CCKlOXpositions, and the six asymmetric two-fold si
tes 죠re CO(2), CO(3), CO(4), CO(7), CO(8), CO(ll)-positions. 
Intermolecular distances for CO(1)-CO(2) and CO⑴・CO(3)



CO Chemisorption and Oxidation

Table 3. Calculated Binding Energies (BE), Heights (h), Bond 
Lengths (R), Charges (q), and Mulliken Overlaps for CO on Pti8 
and Pt23 (Parentheses) Models of Pt(lOO) Surface

l-fold 
(top site)

2-fold 
(bridged site) high-coordination

BE (eV) 1.98(1.86)° 2.00(1.75)"
1.866

1.46(1.32)°

h (A) 2.03(2.03) 1.64(1.64)
1.83d

1.24(1.24)

R (A) 1.11(1.11) 1.13(1.13)
LI才

1.14(1.14)

1.53(1.53) 1.44(1.44)
1.4驴

1.36(1.39)

Pt^CsS珀 0.70(0.70) 0.86(0.84)
0.73d

0.92(0.88)

q 0.47(0.50) 0.26(0.33)
0.424

0.13(0.20)

aSee ref. 11, 21, 23 for the further discussion. 6 These are calcu
lated results for a single asymmetric two-fold site (2-position).

are 3.46 A, and 3.70 A, respectively.
In the present calculations, the structure optimizations for 

the CO adsorption and oxidation have been carried out using 
the Ptig cluster model. In addition, the Pt^ model has only 
been carried out to investigate the CO adsorption in the 
c (4X2) arrangement.

For the vibrational analysis, we have calculated the vibra
tional frequencies using an elementary formula for force con
stant, 知=(AE/A7?2)卽 where AR increments are 0.01 A for 
the C-0 and the Pt-C bonds. The bending frequency has 
been calculated using the formula kee=36O°/2n/?(AE/A0)l?, 
where AO increments are 1° for the CO bond in a plane 
perpendicular to the surface.

Results and Discussion

CO adsorption on Pt(lOO) surface. The results for 
the adsorbed CO are given in Table 3. It can be seen that 
the adsorbed CO molecule can occupy the one-fold, the two
fold, and the high coordination sites; their binding energies 
in the Pti8 cluster model are 1.98, 2.00, and 1.46 eV, respecti
vely. The one-fold and the two-fold sites are equally favored 
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for CO adsorption on the Pti8 cluster, in agreement with 
experimental studies at low coverage옹 for unreconstructed 
structures.21,22 For the Pt23 cluster, the binding energies are 
1.86, 1.75, and 1.32 eV, respectively. It indicates that the 
one-fold site is also favored for the larger cluster. These 
results are in reasonable agreement with the cluster size 
effects discussed by Anderson.11,23

Table 4 shows the calculated and the observed vibrational, 
q (cm*1), for adsorbed CO on the Pti8 and the Pt23 (paren
theses) clusters. For the P0 cluster, the calculated vibratio
nal for the one-fold, the two-fold, and the high coordination 
sites are 2057, 1827, and 1723 cm-1, respectively. For the 
Pt23 cluster, the vibrational are 2059, 1837, and 1725 cm-1, 
respectively. For the asymmetric two-fold sites, the calcula
ted CO vibration energy is 1952 cm-1. This frequency is 
worth to note because the asymmetric two-fold sites are 
found in the c (4X2) arrangement. In order to form the 
c (4X2) arrangement, we must use the Pt% cluster. In this 
case, the binding energy and the vibrational energy of the 
asymmetric two-fold site on a clean surface have been found 
larger than those of the two-fold site as shown in Table 
3, and 4. Although we have not been able to explain comple
tely the band shift suggested by P. Gardner et al., we suggest 
the possibility of shifting to higher frequency. However, the 
calculated C-0 vibrational energies are very close to the ex
perimental results.212 The C-0 vibrational energies decrease 
on going from the one-fold to the high-coordination sites. 
Table 3 lists the optimized CO bond length and the C-0 
overlap population. Noteworthily as the Pt-C overlap popula
tion increases on going from the one-fold to high coordina
tion sites, the C-0 overlap population decreases and CO bond 
length increases. Thus, the C-0 vibrational energies depend 
on the overlap population and the bond strength.

As mentioned earlier by Ray11, with the valence electronic 
configuration 4c2ln45o2n°, all CO molecules bind to the clean 
Pt(100) surface vertically with C atom closest to the surface. 
The bond is formed by electron transfer from the 5a orbital 
of CO to metal orbitals and electron back-donation from oc
cupied metal orbitals to unoccupied antibonding n orbital 
of CO. Thus on going from the one-fold to the high coordina
tion sites, C-0 bond strength decreases as shown in Table
3. These results are in reasonable agreement with the discu
ssion of Ray et al24. However, part of the calculated bond 
stretchings for the two-fold site, the high coordination and 
the asymmetric two-fold are results of atomic ionization po

Table 4. Calculated and Observed Vibrational Energies, s (cm- 0, for Adsorbed Carbon Monoxide on Pti8 and P&3 (Parentheses) 
Models of Pt(lOO) Surface

1-fold (top site) 2-fold (bridged site) high coordination

Cal Exp Cal Exp Cal Exp

tt>e(C-O)stretch 2057(2059) 2087° 1827(1837) 1880° 1723(1725)
206% 186#

1952， 195俨
(Oe(Pt-C)stretch 762(765) 975(636) 480(473)

669「

11 Ref. 12. ”Ref. 2. Calculated value for asymmetric two-fold site (2-position). dExperimental value for asymmetric two-fold site, (see 
ref. 2).
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tential shifts introduced for mimic self-consistency. With 
these parameters, the bond length of the free CO is stret
ched by 0.03 A from the value in Table 2. Thus on the 
one-fold site a 0.03 A shrinking has occurred, despite the 
n mixing. This is a result of stabilizing the 5。orbital, which 
is antibonding in behavior24. In other words its energy rises 
as CO bond length decreases.

The steric interactions of adsorbed species. Late
ral interactions of adsorbed species have been considered 
in studying CO adsorption and the role of oxygen on surface. 
Pt 18 cluster has been used for the calculation of CO interac
tion. The calculation shows a single CO binds to the one
fold site (a-position in Figure 1(a)) with 1.98 eV, and b, c, 
d-positions shown in Figure 1(a) with 1.84 eV, 1.86 eV, and 
1.84 eV, respectively. This small difference of binding energy 
between a-position and edge sites (b, c, d-positions) illustra
tes small edge effects. Four CO's have been found to bind 
in the c (2X2) arrangement as shown in Figure 1(a) with 
an average energy of 1.83 eV. The calculated position of 
one-fold site as shown in Table 3, 4 is a-position in Figure 
1(a).

The Pt23 cluster has been used to examine CO interaction 
in the c (4X2) arrangement. The calculation shows a single 
CO binds to the one-fold site (the center of this 이uster, 
10-position) with 2.12 eV, also illustrating small edge effects, 
and four CO's (1, 5, 6, 9-positions in Figure 1(b)) are located 
at the same site with a binding energy of 1.86 eV. The bin
ding energies of the asymmetric two-fold site for a single 
CO (2, 11-positions in Figure 1(b)) are 1.86 eV, and four 
CO's are located at the same site (3, 4, 7, 8-positions in 
Figure 1(b)) with a binding energy of 1.89 eV, respectively. 
On Pt23 cluster, the calculated positions of the one-fold and 
the asymmetric two-fold sites as shown in Table 3, 4 are 
CO(l)-position and CO(2)-position. Eleven CO's have been 
found to bind in the c (4X2) arrangement as shown in Fi
gure 1(b) with an average energy of 1.69 eV. In order to 
demonstrate the role of oxygen, we have compared binding 
energies and bond lengths for the c (4X2) arrangement and 
the c (2 X 2). In the former arrangement the CO molecules 
occupy the five one-fold sites and the six asymmetric two
fold sites of the R23 cluster. In the latter arrangement only 
the one-fold 옪ite is occupied. To find the arrangement for 
oxidation of CO the surface, Pti8(CO)3 cluster has been used 
to examine the interaction between CO and O. When the 
three CO's bind in the arrangement as in Figure 3(a), the 
average binding energy per CO is calculated to be 1.61 eV. 
When two molecules of CO are moved from the asymmetric 
two-fold site to the one-fold site as in Figure 3(b), the ave
rage binding energy of CO increases by 0.17 eV. Comparing 
the average binding energies of CO in the c (2X2) arrange
ments as in Figure 1(a) and Figure 3(b), the average binding 
energy of CO in Figure 3(b) decrease by 0.05 eV. This illust
rates the small edge effect. However, these results suggest 
the possibility of making up the c (2X2) arrangement.

In case of the pre-adsorbed oxygen, the average binding 
energy per CO molecule is calculated to be 1.73 eV as in 
Figure 3(d). When the three CO's bind in the arrangement 
as in Figure 3(c), 나binding energies of CO(1) on a Pti8(O) 
cluster, CO(2) on a Pti8 (CO(1)+O), CO(3) on a Pti8 (CO(1) 
CO(2) + O) are calculated to be 1.64 eV, 1.58 eV, and —4.19 
eV, respectively, and the average binding energy per CO

Hgure 3. (a) CO molecular positions in part of modified c (4X2) 
arrangement overlayer on Pti8(100). (b) Each CO molecule on 
asymmetric twofold sites shifts to open up an oxygen adsorption 
site, (c) In case of pre-adsorbed oxygen, the arrangement of th
ree CO molecules on 1, 2, 3-positions. The number of positions 
are same numbers as shown in Figure 2(b). (d) In case of pre
adsorbed oxygen, the arrangement of adsorbed three CO mole
cules on one Sid sites. ®; Oxygen.

is —0.32 eV. This negative value implies that the CO(3) is 
desorbed from the surface due to strong repulsion between 
the adsorbed oxygen and CO(3). If we calculate the CO bin
ding energies in case of coadsorption of O in the c (4X2) 
structure of CO, we might obtain such results as one obtai
ned in the arrangement as in Figure 3(c). However, a part 
of strong repulsions is a result of the lateral interactions 
of the adsorbed species. These results suggest that pre-ad
sorbed oxygen modifies the surface so that CO is favored 
on the one-fold site as in Figure 1(a), and these are in agree-
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Table 5. Calculated Binding Energies (BE), Heights (h), Charge 
(q) and Mulliken Overlaps for 0 Atom on Pti8 Model

l-fold
(top site)

2-fold
(bridged site)

high coordination

BE (eV) 4.81， 5.10° 2.2歩
h (A) 1.544 0.80 0.9乎

1.16 1.70 0.88
q -0.39 0.22 -0.72

aSee ref. 23 for the further discussion. 6 Heights optimized to 
nearest 0.01 A.

Table 7. Calculated Activation Energy for the Reaction CQ她 

+ Oads-^COz ads on a Pt(lOO) Surface; O is at a Lf이d site (1.75 
A) and C of CO is at twotHd site (1.91 A); CO bond is tilted 
30° from the vertical, (see Figure 5)

Ptig cluster

Activation energy (eV) 1.55a
Pt-0 overlap 0.45
Pt-C overlap 0.21
C-0⑴ overlap (C=O molecule) 1.26
O(2)"-C overlap 0.78

a See ref. 11. for the discussion.

Table 6. Calculated Results for Adsorbed CO and 0 on Ptig(lOO) 
Surface Models

l-foldfl 
(top site)

2-fold6
(bridged site)

Pt-C overlap 0.70 0.84
Pt-0 overlap 1.16 0.86
C-0 overlap (C=O molecule) 1.53 1.43
C-"O overlap 0 0
CO charge 0.44 0.28
O charge -0.41 0.24
BE (eV) of CO on PtwO 1.79 1.36

a CO and 0 are on top of adjacent Pt atom (CO-O neighbor dista
nce is 2.77 A); CO is vertical with C end down at a height of 
2.03 A; 0 atom is at a height of 1.54 A. ”CO and 0 are on 
bridged of adjacent Pt atoms (CO-O neighbor distance is 2.77 
A); CO is vertical with C end down at a height of 1.64 A; 0 
atom is a height of 0.80 A.

ment with the suggestion by Hong, et al. Now we are much 
interested in predicting the structure of [CO - OJ* complex 
for the CO oxidation, we have studied the oxidation of adso
rbed CO only on Pt頂 cluster with simplicity.

Oxidation of adsorbed CO on Pt(lOO) surface co
vered with oxygen. A theoretical study for the chemi
sorption of O atoms on Pt(lll) has been carried out by Ray 
and Anderson11. Their calculation shows that atomic oxygen 
interacts strongly with Pt(lll) surface, and the one-fold ad
sorption site is the most favorable for the O atom. In this 
calculation as shown in Table 5 and in Table 3, the two-fold 
site is the most favorable for O atom adsorption on Pt(lOO) 
surface. The distances of oxygen from the surface are opti
mized to nearest 0.01 A. In order to demonstrate O-position 
theoretically in Table 6, we have calculated the binding ener
gies of CO on the surface when oxygen is located at the 
one-fold site, the binding energies of CO for the one-fold 
site of adjacent Pt atom (CO-O neighbor distance is 2.77 
A) and for the two-fold (CO-O neighbor distance is L39 A) 
are 1.79 eV and -1.54 eV, respectively. While the oxygen 
is located at the two-fold site, the binding energies of CO 
for the one-fold site (CO-O neighbor distance is L39 A) and 
for two-fold site (CO-O neighbor distance is 2.77 A) are 
—0.16 eV and 1.36 eV, respectively. The negative value of 
binding energy means that CO molecule is not bound to 
Pt surface because of the repulsion between the oxygen and 

the carbon monoxide. Thus, we find that the adsorption of 
CO and O on the one-fold site is the most stable arrange
ment. Comparing the results of Table 3, 5, and 6, the binding 
energy of CO on an oxygen covered surface is smaller than 
that of CO on a clean surface. However, the electronic struc
tures of adsorbed species are nearly similar in Ptis/CO, Pti8 
/O, and Ptis/CO+O. These tendencies are in agreement with 
previous studies.11,23

Table 7 shows the calculated activation energy for reaction 
and the reduced overlap population. The caculated activation 
energy is in reasonable agreement with ref. 11. It is of inte
rest to n어e that (see Tables 6 and 7), on going from the 
adsorbed reactants to the [CO⑴…O⑵]* complex, the Pt-C 
and C-Qi)(in carbon monoxide) reduced overlap populations 
decrease while that for C---O(2)increases. This can be attri
buted to the gradual weakening of Pt-C bond and the forma
tion of a new O-C bond. The structures are shown in Figure 
4(a), (b) and (c). The adsorbed reactants (carbon monoxide 
and oxygen) are shown in Figure 4(a). The reaction interme
diate complex for the oxidation of CO is shown in Figure 
4(b). The CO adlayer has been removed by reacting with 
adsorbed oxygen. The side view of the reaction intermediate 
complex is shown in Figure 4(c). Figure 5 shows the plot 
of an energy versus the reaction coordinate. DE is the ener
gy change for CO passing through the reaction intermdiate 
complex, forming CO2 products over the Pti8 cluster. The 
O, CO and CO2 are bound to the one-fold site. The interme
diate complex is reached when the CO adlayer is transfor
med to the two-fold site, and the ⑴ bond is tilted by 
30° from the surface normal and stretched by 0.05 A. The 
activation energy is 1.55 eV. Table 8 shows the calculated 
vibrational energies ((电 for the reaction intermediate comp
lex on the Pt(lOO) surface, 1642 cm-1 for C・O⑴ stretching, 
406 cm-1 for C・O⑴ bending, and 451 cm-1 for Pt-C stret
ching, respectively. The calculated C-O(i)stretching energy 
is quite close to the experimental value12. Pt-C stretching 
energies decrease compared with Table 4 while the C-O(i) 
distance increases, and the vibrational energy of C-0⑴ ben
ding is less than that of C・O⑴ stretching.

Oribital correlation diagram for oxidation of carbon mono
xide is shown in Figure 6. The energy levels for the free 
reactants (CO and oxygen) are in the first column and those 
for the adsorbed reaction intermediate complex are in the 
third column. The second column is for a free complex struc
ture in the ad욥orbed reaction intermediate complex. Compa
red with the energy level of o^-bonding orbital in carbon
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figure 4. (a) The topview of carbon monoxide and oxygen on 
one fold site (reactants), (b) The topview of [CO⑴•••()⑵]후 comp
lex for oxidation of CO; The CO a히ayer is removed by reacting 
with adsorbed oxygen; The CO molec니e is located in two-fold 
site, (c) the side view of the complex; CO⑴ bond is tilted 30° 
from vertical.

Figure 5. An energy versus reaction coordinate plot for the 
reactants studied. AE is the change for CO passing through a 
complex, forming CQ products over P顷 cluster. The CO and 
CO2 are bound to the one-fold site.

Table 8. Calculated Vibrational Energies, q (cm-1) for a Comp
lex on the Pt(lOO) Surface, (see Figure 5)

Adsobed
Exp

cal

cOe(C-0(i)) stretch 1642 1630s
(De(C-O(i)) bend 406
(oe(Pt-C) stretch 451

flRef. 12.

Figure 6. Orbital correlation diagram for oxidation of carbon 
monoxide complex. The [C0(if0(2)]* column of levels is calcu
lated for a free complex structure in adsorbed reaction interme
diate complex.

monoxide, the energy level in the free transition-state struc
ture increases by 0.77 eV. This result is larg아y from the 
destabilization of the CO⑴ orbital that is caused by increas
ing the CO⑴ distance by 0.05 A. On the surface this orbital 
is stabilized (third column) by mixing with the band 
orbitals. The CO⑴ orbital is greatly stabilized by the
stretch and migrating carbon monoxide. The net result is 
a strong C …0⑵。combination activation. The CO2 molecule 
is found to adsorb on the Pt(lOO) surface vertically at a hei
ght of 1.69 A on the top of a Pt atom, the binding energy 
is 1.76 eV for Pti8 cluster. These results are close to those 
calculated previously for the Pt(lll) surface11.

Conclusion

We have calculated the following terms by using ASED- 
MO theory.

The order of stable binding sites for CO on the Pt23(100) 
cluster is the one-fold, the two-fold, the high coordinate site, 
and on the Pti8(100) 이uster is the two-fold, the one-fold, 
the high coordination sites.
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The calculated vibrational energies for the one-fold, the 
twofold, and the high coordinate sites are in good agreement 
with the experimental values.

We find that the adsorption of CO and 0 on the one-fold 
site is the most stable arrangement.

If oxygen is adsorbed on the one-fold site, the adsorbed 
oxygen modifies the surface so that CO is adsorbed on the 
one-fold site ordered in （、/2X、/2）R45°.

The calculated vibrational energies for complex [CO⑴… 
O（2）]* are 1642 cm^1 for C-O（i）stretching, 406 cm-1 for C- 
0（i）bending, and 451 cm-1 for Pt-C stretching.

The complex [CO⑴…0（蜀]* is reached when the CO adla- 
yer is transformed to two-fold site, and the CO⑴ bond is 
tilted by 30허 from the surface normal. The heights of O（2） 
and C from surface plane are 1.75 A and 1.91 A, respectively. 
The calculated bond angle and the bond length are 127° 
for CO（i）, CO（2）, L16 A for C・O⑴，and the distance for C-Q2） 
is 1.40 A.
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