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The atomistic understanding of chemistry is based on chemical structure, spectroscopic properties,

and reaction kinetics. There is a large amount information on

the kinetics of heterogeneous catalysis.

Then, too, various different methods of spectroscopic amalysis have been ingeniously applied to pro-

blems in surface chemistry. It is the purpose of this paper to show how spectroscopic methods,

particularly infrared and electron ensrgy loss spectoroscopy, may help to identify the structure of

surface species which are closely related to the heterogeneous catalysis of carbon monoxide hydroge-

nation, formic acid decomposition, and olefin isomerization.
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Fig. 1 (a) The 2r and 5¢ orbitals of CO are indi-
cated by dashed and full lines, respectively. The
CO molecule is supposed to bond with the ca-
rbon atom closest to the surface. Oniy the orbi-
tals participating in the surface bonding are in-
dicated. (b) The approximate shape and size
of the 4o orbital (full line) and 1z orbital (das-
hed) of CO. These orbitals do not participate
significantly in bonding to the metal surface.
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Table 1 Assignments of adsorbed species of carbon monoxide

IO 4o WEEk Db o

IR (cm-iy#x EELS {cm™4H)#** UES (eV) Heat of
Metal Type* adsorption
vC-O c-0 M-C Al —4e) {kecal/mol)
Cu L 2,120 2, 075~2, 095 9
B 1,830
Ir 2.8 48
Pt L 2,070 2,105 470 2.6 48
B 1, 870 365
Pd L 2,050 2.9 43
B 1,830, 1,920 1, 825~1, 950 405
Rh L 2,040 2, 060 420 46
B 1, 860 1, 870 420
T 2,100, 2,020
Ni L 2,030 2,065 485 3.1 42
B 1,908 1, 800~1, 935 360, 660
Ru L 2,040 1,980 3.2 28
B 1,800
T 2,140, 2,080
Fe L 1, 960 3.5 46
Mo 3.5 74
W L 1, 995~2, 080 365 3.2 129
CO (gas) 2,143 2,75

* Adsorption type L: Linear, B: Bridge, T: Twin

## Silica gel supports were used for infrared spectroscopy except
for Rh.

Rh, and alumina gel support was used

*** As the frequencies are dependent on face and coverage, the maximum and minimum values are showr.
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Tig. 2 Sections of the Periodic Table showing the
room temperature adsorption behavior of CO.
M denotes molecular adsorption and D dissocia-
tive adsorption on at least one surface, single
crystal or polycrystalline, The thick line in the
Periodic Table gives the borderline between mo-
lecular and dissociative adsorption at room te-
mperature, The numbers show the average va-
lue for the energy seperation of the 4¢ and 1%
peaks. A(1z-40), according to Table 1.
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Fig. 3 EELS spectra for CO on Ft (111) at 150 K.
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Fig. 4 Different positions of the observed su-
rface unit meshes with respect to the subs-
trate. The combination b-f is favored by the
vibration spectra

Fig. 5 Real space representations of CO che-
misorbed on a Rh (111} surface: (a) (V'3 x
V'3) R30° overlayer structrure visible at
low exposures; {(b) (2x2) structure seen at
relatively high background pressures.
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Table 2 Relation between adsorption site geometry and observed vibration frequencies
of the C-0 and Ni~CO stretching modes for CO and Ni [5{111)x(110)]
Site C-O stretching Ni-CO stretching

{em ™1 . {em™h)

On-top 2, 020-2, 060 460-480
2-fold bridge 1, 900-1, 960 400-420
3-fold bridge {(step site) 1, 510-1, b40 ~~350
2-fold and 3-fold bridge on (111) terrace 1, 820-1, 900 ~400

{ARB. UNITS}
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1000
ENERGY LOSS (cm]

0 500
Fiz. 6 Energy loss spectra for CO on Ni [B{111)

® (17031 after CO exposure of 0.21 at 310 K.
The spectra were taken at a sample temperature

of 310, 270 and 160K, respectively.
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Table 3 Assignments of adsorbed species of carbon monoxide on a Ni (111}

thermal desorption

EELS (em™) temp(fiéa)ture products adsorbed species
1,780 (1, 780)* 30 CO Carbon monoxide absorption
2 2,920 (2, 180) 180 H2+4+CO Oxyhydrocarbonated complex
1,435 (1, 385)
1,355 (1, 265)
3 3,030 (2, 240) 280 H- Hydrocarbonated complex
765 { 565)

#* The values of parentheses shows the experimental results of D2 as adsorbate,

Table 4 Most significant frequencies of the modes
associated with the oxygenated intermediates
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Fig. § Spectra of ethylene adsorbed on Pt (111) at
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the rest of the CaH: spectrum is identical. The
spectrum of CzDa af saturation exposure is shown
for comparison,
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Table 5 Proposed reaction mechanisms

Carbon monoxide dissociation theory
I[. Carben monoxide non-dissociation theory
1. Dehydration scheme
2. Carbon monoxide insertion scheme
3, Dehydration-condensationn. scheme
. Carbon monoxide dissociation-non-dissociation

=

theory
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Fig. 1t Summary of Reaction Mechanisms
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Fig. 11 Mechanism of carbon monoxide dissociation
and carbon monoxide insertion,
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Fig, 12 Mechanism of formic acid decomposition
on ZnQO
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Fig. 14 Infrared intensities of surface species
formed from l-butene versus time.
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