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Scattering cross section

High~resolutioﬂ electron energy loss spectroscopy of
molecules adsorbed on metal surfaces has recently been the
subject of extensive investigationsl_lo). This method is
capable of giving important information on the structure and
bonding of adsorbates. In many cases, adsorbed molecules of
very low concentration can be treated as dipoles in the first
approximation. We may assume the following: (i) 'fhe nolecule
is describea as a point dipole oscillating nariconically with
frequency woi it is plaad at z, above the metal surface and
couples to the electron by the electron-dipole interaction.
(ii) The‘molecule is screened by the metal through the clas-
sical image term. (iii) Above the metal surface (z>0) the
electron wave function is represented as a "reflected plane
wave":
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Here (+,-) refer to the inconing and outgoing state, respect-
ively. a;(z,iki ) is the free-electron wave vector divided in-
to a parallel (k) and a normal (k>0) component. R2 is the
reflectivity and 6 is the phase shift for surface potential
scattering in the specular direction.

The differential cross 'section in the first Born approxima-
tion is simply defined as the ratio of the one-loss to no-loss
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where the scattering amplitude describing the angular
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dependence of the scattered electrons is

a T

r
£@,09 = 5 <v3l % g > . (3)
The wave vector O (0°) of the incoming (outgoing) electron
with energy E (E"= E-fiwo) forms an angle © (0 °) with the sur-
face normal; m is the electron mass, M the vibrator reduced
mass and s the vibrator normal coordinate. 3=uﬁ° is the
dipole rmoment of the real and inage dipole and it generally
contains both the parallel (ﬁ“) and the normral (ﬁl) corponent.
seff=s cos © is the effective normalization area,where S is the
metal surface per one adsorbeé¢ molecule. The factor k% nor-
malizes the spectrum (2) per one elastically reflectea electron

in the specular direction.

Results

Insertion of (1) into (3) gives four terms contributing
to £, as shown schematically in fig. 1. The first terr: re-
presents the scattering from the éipole, with zero surface
reflectivity and no phase change. For the corresponding yas-
phase case, tnis term gives a cross section peakec in the for-
ward direction, and it contributes little in the forward direc-
tion of observation. This is also valicd for the fourth term
(VRR) .

The second (third) term proportional to ¥ (R”) represents
the electron-dipole scatterin¢ after (pvefore) rcflection omn
the surface, with phase change 6(¢°). The scatteriny [ezh is
in the specular direction. These terms contribute rost of tae
inelastic spectrur; they civerge for elastic scattering, leac-
ing to celwnz, as expected.

Apart from the usual interference hetween the four tcris
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Fig.l. The four confriobutiong to the gcattcring amglituce.
nbbreviations: R=R(C), R=K(C7), 8=¢(2), 6§ =6 (L").
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in Fig. 1 there is.also the interference between the normal
and parallel dipole scattering. However, for randomly
orianted dipole there is no such interference effect. The
same holds in the limit R=R°‘=1.

We may say that the maximum of |f|2 is very close to the
specular direction when the second and third term in fig. 1
dominate, i.e. for all reflectivities except for R<<1l. Theé
shift € of the maximum of |f|2 from the specular direction
is a consequence of the momentum and energy conservation in
inelastic scattering, i.e. €+0 when E” + E.

The first term dominates in the limit R<<1l, and the
scattering is rather diffuse with the maximum shifted from
the specular to the horizontal direction.

Although Ifl2 depends strongly upon R , one can show
that it is rather insensitive to the choice of §. Let us
now explain how £ depends on 2, In the limit Qz°<< 1, the
image term gives the same contribution to £, as the real di-
pole and completely cancels f, . By increasinyg on, f starts
to oscillate. In the limit Qz°>>1, the image term does not
contribute to f. Furthermore, the total cross section calculat-
ed in the limit R=R°=1 is exactly twice larger than for the
free Gipole. For perfect absorption (R=R“=0), the differential
and total cross sections are the same as for the backward
scattering from the free dipole. )

The total cross section ¢ is obtained by integrating
(2) around the specular direction and over the space angle
defined by the aperture of the analyzer. Usually, g; >>g,
Moreover, for elastic scattering g, diverges for each L
while g, diverges logarithmically only in the free-dipole
limit (z° + =), This means that the "metal-surface selection
rule" from infrared absorption is still valid for elastic
electron scattering, i.e. only the normal vibration is
practically excited. It may be concluded that this rule holds
generally if the dipole is not too far from the surface whose
reflectivity is not too low and if the excitation energy is
small compared with the incoming electron energy.

Let us point out how o'\:[flz/R2 depends on R. (i) If R
is not too low (Rzao.l), Ifl2 is roughly proportional to Rz,
so 0 depends weakly on R. (ii) If R2<<1, then ifl2 depends
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weakly on R, so 0 becomes a strongly dependent function
of R.
Discussion

Fig. 2 shows the energy dependence of the total cross
section. The parameters are chosen so as to correspond to CO
molecules adsorbed on a Ni surfacel'lo-la).
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Fig.2. The total cross section g with its normal o, and
parallel ¢, components for CO adsorbed on a Ni surface.
Experimental data are represented by dots.

For experimental energies ER1.4 eV1’14), the second and

third term in Fig. 1 dominate. This means that (a) o depends
weakly on R and (b) the electron momentum transfer occurs
mostly in the reflection on the surface. (a) explains the
agreement of our theory with the perfect-reflectivity
resultA-G), while (b) explains the agreement with the clas-
sical trajectory calculationsz'3)u The results are in good
agreement with experiment, as it can be seen from Fig. 2.
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