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NOTES 

Comments on the Crystal Field Surface Orbital-Bond Energy 
Bond Order (CFSO BEBO) Approach 

The CFSO BEBO approach, introduced 
t.o surface science and catalysis by Wein- 
berg et al. (1-G), seems to represent a 
quantitative semiempirical exploitation of 
the qualitative “chemical” description of 
surface processes in terms of localized 
surface orbitals. Working with a minimum 
of mathematical apparatus, it enables one 
to obtain the potential energy wrsus reac- 
tion coordinate (or the bond order) curves, 
and thereby the activation energies and 
reaction heats. Some very optimistic judg- 
ments of the CFSO BEBO method have 
appeared (Y-10) and in some cases the 
bond energy values obtained by this 
method have been referred to as wcll- 
established values (11). It seems therefore 
useful to summarize and to comment on the 
assumptions and limits of the CFSO 
BEBO approach. 

The CFSO BEBO method starts with 
energy balance considerations, where the 
dependence of the individual energy twms 
on distances between particles (or the 
react,ion coordinate) follows from the 
BEBO correlations in the gas molecules. 
In chemisorption various chemical bonds 
are dissociated and newly formed. However, 
the relevant BEBO correlations arc avail- 
able for a limited number of bonds only. 
The interrelation of all bond orders in- 
volved in the investigated process has 
therefore to be found. The final equation 
of the potential energy curve for a given 
surface process then usually rests upon 
only a single BEBO correlation. 

The application of the BEBO approach 
(12) in the field of surface interactions is 
based on the following assumptions. 

i. Partially occupied orbitals, localized on 
individual atoms, occur on. solid surjaces, 
including metals. 

The occurrence of such orbitals on transi- 
tion metal surfaces [for which the CFSO 
BEBO method has been exclusively used 
(I-S)] cannot be substantiated from the 
crystal field theory [we, e.g., (a)], as 
originally suggested (1-6). It thus seems 
reasonable to omit ‘(crystal field” from 
the name of this approach. Howwr, some 
experimental indications for the validity 
of this assumption can be found (14-IT), 
viz, that the surface atoms in the vcrl 
moment of the interaction with the ap- 
proaching gas particle can bc represented 
by spatially directed localized orbitals 
(5, 18, 19). 

ii. I’he occupation of the localized surface 
orbitals by electrons is postulated. 

The physical basis for the fractional 
occupation numbers of localized surface 
orbitals is far from being obvious, and 
reliable data for this quantity even for the 
bulk atoms arc lacking, particularly for 
high electron density metals [we, e.g., 
(.20)]. The partially occupied localized sur- 
face orbitals are needed in the CFSO 
BEBO approach for the description of the 
first step of adsorption (see, e.g., HZ-l%2 
interaction (S), mentioned in Sect. (v) of 
this note J. 
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iii. The BEBO correlation for a particular 
bond, estimated in a gas molecule, holds 
exactly for that molecule iu the adsorbed 
state. 

Bocausc of a complete lack of relevant 
experimental data, it is difficult to judge 
the validity of this assumption. Howevw, 
it is known from the literature [e.g., 
Iirfs. (21, 22)] for analogous systems that 
the equilibrium geometry of an isolated 
molecule may undergo substantial distor- 
tion when exposed to the field of a complf~x 
metal ion. Moreover, thr experimental 
basis for the BEBO correlation ewn for 
the gas molecule is sometimes not a very 
reliable one: for cxamplcb, the BEBO cor- 
relat.ion for the gaseous hydrogw molcculc 
(which often plays an important role in 
various surface processes) is bawd on three 
experimental points only, namely, the 
hydrogen mfJkcuk in the ground and ex- 
cited states (bond lengt.hs 0.8 X lo-l0 and 
1.0 X lo-‘” m) and the He-He molecule 
(bond length 2.9 X 1O-‘0 m) (3, 12). 

iv. One particular bond splitting and 
another bond formation is investigated by 
the BEBO method for an a priori postulated 
geometricaL configuration of the system, w- 
sulting neither from the CFSO BEBO 
procedure itself, nor from the experiment’. 

The choice of a particular syst’em con- 
figuration is speculative unless WC take 
into account many alternat.ivcs of t.hc 
mutual geometrical arrangement of t.he 
approaching gas molecule and the surface 
atoms, giving the best value of one (or 
better more than one) observable quantity, 
e.g., adsorption heat. This purely empirical 
optimization proccduw has not been per- 
formed yet. 

It is assumed, e.g., for the H2-Pt2 intcr- 
action, that the two hydrogen atoms of the 
hydrogen molcculc, adsorbing on the pla- 
tinum (111) plane (represented by two 
pIatinum atoms only), are approaching the 
surface in the plane of platinum tzg orbit:& 
(3). The equilibrium position of the hydro- 
gen atoms with respect to the two platinum 

atoms is postulated and the computation 
is stopped there. Then the result can be 
fitted to the experimental value of the 
adsorpt,ion heat, for csnmplc, by sppro- 
priatc choice of the pl:ltinunl-hydrogc~l1 
single bond energy. 

v. The mechanism of the particular surface 

process (the scquonw of the reaction steps 
in which some bonds are split and others 
ntwly formctd) is postulated and dew not 
rcwlt from t.hc CFSO BEBO comput.ation. 

The mathematical relations among the 
bond orders in t,hc gas molecule, in the 
surface and in the chcmisorption complex 
(necessary for the evaluation of the potcn- 
tial energy curves) can be formulated only 
after the mechanism of the process and the 
geometrical arrangcmwt~ of the reactants 
haw been postulated. Since no optimiza- 
tion proceduw (analogous to the one sug- 
g&cd in the prcccding section) has been 
performed yet, the rcsu1t.s of the CFSO 
BEBO computation can be fitted to the 
values of experimental quantities by appro- 
priate choice of the reaction mechanism, 
thus losing predictive power. 

The arbitrariness of this proccdurck can 
be seen, for instance, in the case of hydro- 
gen adsorption on platinum (3). It is first 
assumed that the hydrogen molecule is 
adsorb(ld n-it’hout changing the bond order 
of the l’t2 clustw, using partially occupied 
surface orbitals only-. Then the hydrogen 
molccult~ is dissociated. During this step 
the P-H bond energy (bond order) in- 
creases with no change of P-H distance, 
at variance with the general BEBO prin- 
ciples. Finally the hydrogen atoms mow: 
t,o a priori postulated equilibrium positions, 
with additional incrrase of the P-H bond 
energy (bond order). The P-H distance in 
this last step increases, in contrast to the 
BEBO cxpwtxtion. Intuitively one could 
understand this paradox in t’erms of multi- 
ple bond formation with furt,her plat,inum 
atoms. Howwr, no additional platinum 
atoms wre taken into account in t’he 
nunwrical calculation (3). The CFSO 
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BEBO procedure is thus in this particular 
case invalidated by internal inconsistency. 

vi. Reliable values for single bond energies 
are mostly unknown and it is supposed that 
the simpli&ed Pauling “mixing rules” (3) 

can be used for obtaining them. 
In some cases the single bond energy 

is claimed to bc the only adjustable param- 
eter of the CFSO BEBO approach (6) (see 
the preceding section). This statement, is 
questionable, as can be seen in the ease of 
the 1%I’t single bond, for which the value 
RPt-Pt, single = 43.6 kcal/mole has been 
chosen (1-6) in contrast to 20-22 kcal/mole 
generally used in the literature (23, 24). 
Consequently, the agreement concerning 
the value Ert-n, hingre = 67 kcal/mole, 
obtained both in (3) and (Q), is mraning- 
less, due to the following reasons. This 
value has been obtained in (3) as a geo- 
metric average of En-n, singer = 103.2 kcal/ 
mole and firt-rt, s+,-,B = 43.6 kcal/mole. 
In (2.4) it has been obtained as an arith- 
metic average of the same E1n-n,singre and 
EPt-Ptj single = 20.7 kcal/mole, taking into 
account the empirical correction for R-H 
dipole moment. Thus t’he different forms 
of the same Pauling “mixing rule” (25) 
have been used with different values for 
EPt-Pt, single (and diff went corrections). 
Similarly the procedure of obtaining the 
value Ept-C:, single = 62.5 kcal/mole by 
arbitrary combination of geometric and 
arithmetic averages, as described in (B), 
is hardly justifiable. 

In conclusion it. should bc mentioned 
that the CFSO BEBO potential curves 
have unrealistic shapes, since they do not 
take into account repulsive interactions 
(with the exception of that part of the 
potential energy curve representing phys- 
ical adsorption (S), where the ordinary 
Lennard-Jones potential has been used, 
having no relation to the CFSO BEBO 
procedure itself). In this connection 
one should compare the potential energy 
curves of Fig. 8 in (3) and Fig. 2 in (5) with 
each other and both of them with the 

generally accepted type of potential energy 
curves for adsorption [SW, e.g., Fig. 4.10, 
p. 68 in (2C)]. The CFSO BEBO equations 
represent monotonic functions, exhibiting 
no extremes. The complete potential energy 
curve is constructed with respect to the 
postulated reaction mechanism and the 
system configuration by discontinuous com- 
bination of intervals (postulated reaction 
steps) with monotonically increasing 0) 

dec~~asi/~g~~~tctio72s (polynoms, constructed 
from HERO correlations), which intersect 
at the interval boundaries. Those intersec- 
t’ions are considered in the CFSO BEBO 
formalism to bc (‘maxima” (related to the 
activation energies) and “minima” (re- 
lated to the reaction heats) and their 
coordinates directly follow from t’hr postu- 
lated system configurations during the 
individual react)ion steps. The absolute 
values of both activation energies and 
reaction heats (heats of adsorption) are 
thus uncertain (3, fi). The CFSO BEBO 
approach contains a considerable number 
of assumptions, which until now are mostly 
of a speculative character, giving a \vide 
variety of possibilities for successful fitting 
of the formal description to some cxperi- 
mental data. Its predictive power is thus 
very limited. 

Empirical or semiempirical approaches 
arc useful, n-hen they help to find some as 
yet unknown relations among the experi- 
mental data, or if the empirically found 
relations can substantially lower the num- 
bcr of measurements necessary for the 
exact description of a given process. As 
shown in this note, the CFSO BEBO 
approach does not meet these requirements. 
Therefore it seems reasonable to con- 
centrate efforts on the more sophisticated 
theories, though they are based on sim- 
plified models, too (27-W). In the field of 
surface chemical in&s&ions it seems 
promising to include into the models of 
transition metal surfaces used in the 
theoretical considerations both t,he par- 
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tially localized d-electrons and the high 
dcnsit~y of the nearly free rlcctrons (Z!L5’6). 
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