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Ethylene on Clusters and Transition Metal Surfaces 

Arthur Pismenny Literature Seminar , March 20, 1997 

For many years people have known that rates of catalytic reactions vary substantially 
as the surface structure of the catalyst changes.I However, more recent data show that the 
mechanism of the reaction also varies substantial} y with surface structure. 2 Eth~ lene 
decomposition on transition metals is one of the most heavily studied examples. The 
decomposition of ethylene on metal surfaces is quite different than on small metal clusters. 
The reaction pathway varies much more substantially with crystal face than with metal. This 
shows that the geometry of the surface can control the reaction pathway. Therefore, there is 
the opportunity for catalyst optimization. 

On a supported metal catalyst, various reaction pathways can be observed depending 
on pretreatment procedures or reaction conditions. Yet, the reaction follows only one 
pathway of them on a well-defined surface of the metal under ultrahigh vacuum (UHV) 
conditions. 

The reactions of ethylene on transition metal surfaces have been studied for more than 
30 years. The earliest studies included Arthur's and Hansen's4 field ion microscopy (FIM) 
studies of ethylene adsorption on Ir, Ertl's5 low energy electron diffraction (LEED) studies of 
ethylene adsorption on Cu(l 11), (100), and (110), and Morgan and Somorjai's6 LEED studies 
of ethylene adsorption on Pt(ll 1) and (100)(5xl). 

In general, ethylene decomposition on transition metals follows the pathway shown in · 
figure 1.7 At low temperatures the ethylene adsorbs molecularly. Upon heating, the ethylene 
sequentially loses hydrogens to form a series of molecular species. Eventually, at high 
enough temperatures the ethylene completely dissociates to yield clarbon and hydrogen. 
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Figure 1. The mechanism of ethylene decomposition on Pt(l 11) proposed by 
Kesmodel et aI7 and confirmed by Ibach and Lehwald8 and Anson et al.9 

Different intermediates are seen on different surface structures. The available 
evidence suggests that the reaction pathway is different on different surface structures even 
though the reactants and the products are the same. Figure 2 summarizes the data for ethylene 
adsorption at lOOK. 

Figure 2. The molecular state of ethylene on the closed packed, 
stepped and kinked faces of the transition metals. 2 
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The interaction between ethylene and transition metal surfaces has been generally 
understood by referring to analogous ligand-transition metal coordination. IO · 
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Figure 3. A schematic representation of the structure of Zeise's salt.11 

In terms of the DCD model, the di-0' complex can be considered as an extreme of the 
7t-bonded complex in which the back-bonding is carried far enough so that the hybridization 
of the carbon atoms changes to sp3. In the organometallic cluster model, this change results in 
a metallacyclopropane, such as Fe(C0)4(C2H4), in which the two carbon atoms bond to one 
carbon atom.12 

In the DCD model, the electron density of the metal is considered a critical factor that 
changes the relative importance of the O' bonding and 7t-back bonding between ethylene and 
the metal atom. Ittel and Ibers13 found that the C=C bond length in the ethylene complexes 
correlates with the first ionization potential of their central atoms; the lower the ionization 
potential, the longer the bond.13 However, the 7t-bonded ethylene species observed so far on 
transition metal surfaces do not correlate with the ionization potential.14 Newns15 suggested 
that the interstitial charge density would correlate with the bonding of ethylene. Figure 4 
shows a plot of the bulk interstitial electron density for a number of metals as calculated by 
Moruzzi et al 16 and DeBoerl 7 as a function of the position of the element in the periodic table. 
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Figure 4. The interstitial electron density of the metals in the d-block of the periodic table. 
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