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Abstract. In this paper the influence ofgg geometry on low-energy elastic scattering and
attachment of free electrons is studied. Strong resonances in the total capture cross sections are
found for energies corresponding to negative-ion resonances. The resonance structure is shown
to be very sensitive to the actual geometry of the molecular core, the icosahedral symmetry of
which is completely taken into account.

In recent years, intensive investigations of free-electron interaction with the fullerene
molecule Gg has been carried out. The experimental and theoretical study of these processes
supplies additional information about the electronic structure of the target, which cannot be
obtained from photoabsorption measurements.

Low-energy electron scattering is of particular interest because in this energy range there
are no core electron excitations, and electron attachmenggtes €he most effective process
which yields long-lived anions §g. The capture process was observed experimentally within
a remarkably broad electron energy region, ranging from near zero up to 13-14 eV (Lezius
et al 1993, Jaffkeet al 1994, Huanget al 1994, Elhamidiet al 1997). Theoretically this
process was studied within models treating the fullerene molecule as a spherically symmetric
target (Tosatti and Mannini 1994, Mateja#t al 1995). Similar models were used for the
calculations of the optical response of gg@olecule. They revealed reasonable agreement
with experimental data and showed the dominant role of collective effects (\Whaa
1993, Alasiaet al 1994). One could expect collective effects to also be very important
in electron—fullerene collision processes. However, at electron energies below the plasmon
resonance energy, the influence of the target structure is expected to be more important or
comparable with the influence of collective resonance and polarization effects. The goal of
this letter is to exhibit the role of the fullerene structure in low-energy electron attachment.

It was found for electron attachment tgqQhat the probability of capture is proportional
to the cross section for elastic electron scattering (Tosatti and Mannini 1994, Magegdik
1995), though it is well known that the near-threshold cross section behaviour of these
processes should normally differ. Therefore in the present work we study the capture through
elastic collisions of free electrons with fullerenes in the range of projectile energies up to
6 eV. The present calculations are performed within the local density approximation (LDA)
using both the simple spherical model and the approach accounting for the icosahedral
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symmetry of Go molecules. The comparison between these two calculations has shown
that the target structure significantly affects the cross section behaviour of elastic scattering
and capture processes, respectively.

The mean-field potential in which the extra electron moves is calculated by taking
into account the 240 delocalized electrons of neutrgl Within the LDA by solving the
Kohn—-Sham equations (Kohn and Vashita 1983) for the target ground state. The centrifugal
potential together with electron—cluster interaction form a potential barrier which, in turn,
leads to the appearance of quasi-stationary states of the incident electron.

Theoretical approach

In the present work, to describe thgg&alence electrons we use the following Kohn—Sham
equation (Kohn and Vashita 1983)

(T + U C(r, [p]) ¥ (r) = ex Y (r) (1)
with the local potential
UC(r, [p]) = Vee(r, [p]) + Vie(r, [p]) + Vex(™). 2

Here, Vee is the Hartree Coulomb potential, and the exchange-correlation potential
Vie(T, [p]) is used in the LDA following the parametrization of Perdew and Zunger (1981).
The object of interest of our work is the effect of the geometry of the external potential
formed by N = 60 positive carbon ions disposed on the truncated icosahedron:

N
Vexi(r) = Y upduad|m — Ril). 3)
i=1

Here, R; are the equilibrium positions of the carbon nuclei with respect to the centre
of the molecule, andbggud(gr) is the local part of the pseudo-potential caused by the two
tightly bound 1s core electrons of each carbon atom.

In the next step, we expand the external potential in spherical harmonics with respect

to the centre of gravity of g3 (Alasiaet al 1994)

Lmax L

Veu(™) =Y Y Sew Vi) Yo u(r) @

L=0M=—-L

with coefficientsS;y = 3, Y/ y(R;) (Alasiaet al 1994). The radial functions are given
by Vi(r) = 21 1, u%,0dy) PL(x)dx, y2 = r2 + R2 — 2rRx, R = |R;| and P, (x) is a

" pseud
Legendre polynomial.
Because of the symmetry of the system, we expand the wavefunctions of bound states

Yy as followsyry(r) = > C,’jlm Gum (1), Whereg,;,,(r) = Ry (r) Y;,,(r) and R, (r) are the

nlm
solutions of equation (1), taking into account only the spherical compodent {4 = 0)
of U°¢, and correspondingly the partial-wave expansion of the scattered wavefudction
is given as follows:

1 00 !
vz IZ Y ek, )Y (). ®)

=0 m=—I
The radial equation for the partial waye(k, r) is

d2 2 2Vtot(l, l")
(@‘i‘k —E—2>¢)z(k,r)=0 (6)
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wherek? = 2E and E is the incident electron energy (atomic units are uged= me =
h=1).

In our model we neglect polarization effects because the investigation of their role in
the electron scattering process is not the main subject of this letter, as far as the considered
projectile energies are significantly lower than the energies of plasmon resonancgs in C
molecule (Wanget al 1993). The other reason for this simplification is the relatively low
static dipole polarizability for gz (Wang et al 1993, Alasiaet al 1994) in comparison
with metal clusters (Knighet al 1985), where the polarization interaction (Amusia and
Cherepkov 1975, Amusia 1990) plays an important role (lvaebal 1996, Ipatovet al
1998a, b). So the total effective potential for the scattered electron is given by
Id+1

22 )
where Uesi(r, Lmax) IS determined via the self-consistent solution of the Kohn—-Sham
equation (1) for the target cluster with maximal angular momeniugy in expansion
(4) as a parameter, and the influence of high harmonics in the external potential on the
elastic electron scattering was studied. The potential (7) is used for calculation of the
phaseshifts of partial waves and elastic scattering cross sections.

Viot(, 1) = Ueft(r, Lmax) +

Results and discussion

Partial phaseshifts and elastic scattering cross sections were found by numerical integration
of the radial equation (6) for two models; taking into account only the= M = 0
component ofU-°(r, [p]), i.e. for the spherical target, and including angular momenta of
Vext(T) (4) up to Lmax = 20. The results of calculations are presented in figures 1-4.

Due to the icosahedral symmetry ofdCthe coefficientsS; ,, = (=1)MS; _y are
different from zero only for selected values of the angular momenta (Aktsé 1994)
L =0,6,10,12 16, 18 20, etc. From angular expansion of the Kohn—Sham equation for
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Figure 1. Partial phaseshifts;, for / = 0 to 8 as a function of the incident electron energy for
the e—Gp system calculated within the spherical target modgldx = 0).
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the incident electron (5) it is easy to find that onlly= M = 0 harmonics ofU'°¢ (2)

and Ve and the higher harmonics &ty with S, » = —S..—» make a contribution to the
effective potentiaViy; (7). So for the incident partial waves with= 0, 1, 2, the influence of

the non-spherical target geometry on the scattering cross sections reflects only the changes
in Hartree and exchange-correlation parts of (2), i.e. the sensitivity of the ground state
electron system to the higher harmonics of the core potential (4).

Figure 1 presents the partial-wave phaseshiftas functions of the incident electron
energy calculated within the spherical approximation for the target electron system. The
low-energy asymptotic behaviour of the s-wave phaseshift is shown in the inset. For small
energies, the phaseshifts go to ther values, wherey; (in accordance with Levinson’s
theorem (Joachain 1983)) is the number of bound states for the angular moniertam

inset displays the asymptotic behavic&grki>0 47 meaning that four s-states are bound.

100 —r—rrry S —— S

80

o]
[«

Cross section , Gb
D
o

]
(=]

Energy, eV

Figure 2. Partial and total free-electron capture cross sections as functions of the incident
electron energy for the esgsystem within the spherical target modéh{ax = 0). Curves 1-8
correspond td-wave contributions.

Partial and total cross sections for elastic scattering of electrons are plotted in figure 2.
For very low projectile energies the main contribution to the cross section arises from the
s-wave part (see also curve 1 in figure 3) where we have the zero-energy resonance with
extremely large scattering lengih= 255 au defined by , = 47a%. Thel = 3 resonance
gives rise to a well defined peak in the cross section at the erfergy0.5 eV. A broad
peak atE ~ 1.5 eV is due to mutual contributions of partial waves witk- 1, 2, 4. More
narrow resonances are also revealedifes 7 (E = 3.7 eV) and/ = 8 (E ~ 6.5 eV).
Resonance scattering for the partial wave witk 6 is practically negligible. Waves with
higher angular momenta are not considered here, because their contribution is only important
for higher energies of the incoming electron where the resonance structure is affected by
inelastic processes (Huamrg al 1994, Elhamidiet al 1997).

Figure 3 illustrates the sensitivity of the s-wave partial cross section to the higher
harmonics in the core potential (4). As long as the effective potential (7) is more attractive
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Figure 3. Partial s-wave elastic electron scattering cross sectionsmdyx = 0; 2, Limax = 20.

due to the ground state electronic charge redistribution, the strong s-wave resonance becomes
much smaller with the corresponding scattering lengthuof 25 au, but nevertheless
dominates in the low-energy region. The latest experiments have observed the s-wave
contribution to the free-electron capture cross sectiongghtlecules (Elhamidét al 1997),

but because of the absence of a direct proportionality between scattering and attachment
and symmetry properties, this contribution may be significantly lower than it is in elastic
scattering cross section.

The comparison of the calculated partial (figure)}(and total (figure 4§)) cross
sections, within the spherical model and with account of higher potential harmonics
(Lmax = 20) brings out the redistribution of resonance strengths taking place for higher
values of the angular momentuimas well as the corresponding shift of the peaks to lower
projectile energies. The strongest f-wave resonance pBak 0.27 eV) is significantly
higher and narrower than fdt,x = O (figure 2). A similar effect is seen also for= 7
(E ~ 3.2eV)and = 8 (E ~ 5.7 eV) whose contribution to the total cross section becomes
more pronounced (see figurebd) than in the spherical approximation. The position of
the broad peak aE ~ 1.5 eV does not change. The results obtained are in reasonable
agreement with part of the experimentally observed peaks in the total electron capture
spectrum (Elhamidet al 1997). The other part of the experimentally detected resonance
peaks could be attributed to the influence of target polarization effects and splitting of the
resonance peaks due to interaction of the electron quasi-bound states with different core
oscillation modes.

Concluding remarks

The total cross section of slow electrons elastic scatteringspglGsters exhibits a resonance

structure. It is shown that the positions and widths of these resonance peaks associated with
guasi-bound extra electron states depend sensitively on the geometry of the target molecule
core. The resonance structure obtained is believed to be revealed in the electron attachment



L516 Letter to the Editor

120 S ———
(@)

T T T T T T T

100 -

o]
[+
T

D
o
T

Cross section , Gb
B
(e}
1

20

120

()

100 |-
80 -
60 -

40 -

Cross section, Gb

20 -

0 e L : IR S S T T X X PR S YU W YO |

0.1 1 10
Energy, eV

Figure 4. (a) Partial and total free-electron capture cross sections as functions of the incident
electron energy for the egg system calculated taking account of higher harmonics in the core
potential {max = 20). Curves 1-8 correspond fewave contributions. k) Total free-electron
capture cross sections for the ge@ystem: 1.Lmax = 0; 2, Lmax = 20.

cross section to the fullerene. Comparison with experimental electron capture cross sections
shows that the peaks may be attributed to corresponding resonances in elastic scattering.
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