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Abstract: Comparative study of near edge X-ray absorption fine structure spectra

(NEXAFS) of fluorinated fullerenes C60Fx (x 5 0, 18, 36) has been implemented.

Local density of unoccupied states was obtained and an accurate boundary

between p* and (p+s)* states was determined. The experimental evidence was

found that unoccupied p*- states of C60Fx are delocalized ones and form cluster

shells that sequentially disappear in fluorination starting from the highest state.

As a result, the density of the lowest p* - state (LUMO) was revealed to remain

being constant in fluorination despite the p -electron subsystem exhaustion.
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INTRODUCTION

Fluorination of fullerenes seems to be interesting from the fundamental

point of view, as this process makes it possible to clarify the role of

different electron subsystems, p and p+s, in forming the electronic struc-

ture of the cluster. During the last decade, electronic structure of different

fluorinated fullerenes C60Fx have been extensively studied by UV photo-

emission spectroscopy (UPS) (1) and X-ray photoelectron spectroscopy

(XPS) (2–4) by UV-visible absorption spectroscopy (2, 5) and by
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reflection electron-energy-loss (EEL) spectroscopy (6). Of particular

interest is the comprehensive research of the dependence of electronic

structure of fluorinated fullerenes C60Fx and C70Fx on the number of

fluorine atoms in molecule (x 5 11 4 48) (2). Correlation of the inten-

sities of p* and (p*+s*) conjugated states in the spectra of unoccupied

states with the number of fluorine atoms has been revealed: higher

number (x) resulted in lowering intensities of the p* and enhancement of

the (p+s)* conjugated states. To clarify details of this correlation, near

edge X-ray absorption fine structure (NEXAFS) spectra of fluorinated

fullerenes C60Fx with well defined number of fluorine atoms (x 5 18, 36)

and well known atomic structure have been studied (7, 8).

EXPERIMENTAL DETAILS

The experiment was performed at BESSY II storage ring (Berlin) on the

Russian-German synchrotron radiation (SR) beamline equipped with the

plane-grating monochromator (PGM) and the experimental station of

the Russian-German laboratory (9). NEXAFS spectra were measured

with the energy resolution Dhn , 100 meV. Thin (,10 monolayers) films

of C60, C60F18, and C60F36 were grown on SiO2/Si substrate in prepara-

tion chamber of the spectrometer by evaporation of high-purity soot onto

substrates just before measurements. Thin SiO2 layer was used to prevent

chemical interaction of adsorbates with the substrate. The vacuum during

deposition falls up to , 5?1029 Torr. Powders of C60F18 and C60F36 were

synthesized by the technology described earlier (7, 8). The rate of the film

growth was estimated by controlling the weakening of the substrate

photoelectron lines. Heating SiO2/Si substrates up to 700uC enabled

purifying of the substrate surface.

RESULTS AND DISCUSSION

Figure 1 shows the C 1s edge NEXAFS spectra of C60F18 and C60F36

measured at the photon incidence angle a , 45u in comparison with C60

spectrum. The spectra correspond to the dependence of probability of

photoadsorption due to excitation of C1s core-level electron into

unoccupied p* (sharp peaks) or s* (broad peak) states on the photon

energy. The spectra were corrected to the dependence of the photon flux

on the photon energy by normalization of experimental data to the

adsorption spectrum of silicon measured in the same photon energy

range. In addition, all the spectra were normalized to the intensity of high

energy background at hn 5 320 eV. Intensities of broad s* peaks of the

spectra proved to be close to each other after these normalizations.
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Positions of the lowest energy p*- peak (state 1 or lower unoccupied

molecular orbital (LUMO) state) of all the spectra coincide just as in Ref.

(2), though the energy of the LUMO (284.5 eV) proved to be 0.4 eV

higher. Figure 1 illustrates the transformation of the electronic structure

of unoccupied states due to fluorination. Creation of C-F bond must

modify the bonding states of carbons from sp2 to sp3 hybridization type.

As a result, the number of p-electrons and the density of p*-states should

diminish in molecule proportional to the fluorine content, and the density

of s*-states should increase. Such a transformation was reported in Ref.

(2), in which the increase of s*-peak and drastic reduction of the relative

intensity of LUMO - peak were observed. However, Figure 1 shows a

somewhat different behavior. Relative intensity of LUMO peak (1)

diminished by only 20% in attachment of 18 fluorine atoms by C60 and

remains the same after attachment of additional 18 fluorine atoms, which

results in 60% exhaustion of the p- conjugated system. To explain the

observed NEXAFS spectra transformation, the following assumption

was made. The p*- states of fluofullerenes are delocalized at large extent

Figure 1. NEXAFS spectra of ordinary fullerene C60 and of fluorinated

fullerenes C60F18 and C60F36.

590 V.M. Mikoushkin et al.



and form cluster shells. These shells are created in the course of enlarge-

ment of the p- electron system starting from low energy states and

disappear in the course of the p-electron system exhaustion starting from

high energy states. Indeed, p*- high energy states 2 and 3 rapidly dis-

appear when p-electron system is reduced due to fluorination, whereas

the intensity of low energy state 1 (LUMO) remains practically constant
even at high degree of fluorination. Figure 1 also shows states 1, 2 and 3

are pure p*- states and state 4 is the mixture of p* and s* orbitals.

In summary, local density of unoccupied states was measured for

fluorinated fullerenes C60Fx (x 5 18, 36) in comparison with that of

ordinary fullerenes C60. Accurate boundary between p* and (p*+s*)

states was determined. The conducted study of fluorinated fullerenes with

different content of fluorine atoms evidences for relatively simple atomic-

like structure of fluorine derived states and for vanishing the p* -states
due to the diminution of the p- electron number in the course of

fluorination. The conclusion was made that unoccupied p*- states of

C60Fx are delocalized ones and form cluster shells. These shells sequenti-

ally disappear due to p-electron subsystem exhaustion in enlargement of

fluorination extent starting from the highest state. This mechanism

unexpectedly keeps constant the density of LUMO state in the course of

fluorination.
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