[ 2]3FA833HA
Korean Journal of Materials Research
Vol. 8, No. 8 (1998)

Electronic Absorption Spectra of the Fullerene Ce: From
a Molecule to Crystals

Cheong- A Baek, O. P. Dimitriev*, V. I. Vlaskin, Ju-Hyeon Lee, Hee-Dong Nam** and Sung Park**

Department of Materials Science and Engineering, Sun Moon University, Asan City Choongnam 336-840
*Institute of Semiconductor Physics, Kiev 252028, Ukraine
** Department of Inorganic Materials Engineering, Myong Ji University, Yongin-kun, Kyunggi-do 449-728

Fullerene Cs®] RAALEFS 29 EY : Bajoj A AA7)R

) Hol - O. P. Dimitriev* - V.. Vlaskin - o]F& - 3] 5** . 5} A]**
Aty )= 3e3}
*$-HAetolel Wiz A AF4
Aty FrlAaTEH

(1998 54 304 k2, 19984 64 17 HFFAHE 2Hg)

= &

o

FAHg o] 4o ol A9 clustert} what oll 2] clusters} ZFo| o} & cluster2 FHHE o, 7HA1RAIS 2l
oJ ol 4 fullerene Co®] AALES A8 ey #Hs)r) Ba s o). 2.73eVail 4 4 Ha5e] Ba=gded], ojaig a5 5
HE FAER FE 2 o] ople FAEY AHAA 4EAE 02 B 2 Aoz Azhyc}. Grained fullerene Bt = F4

AAGo| 3.35eVAXE F U o|#3 HZEL graing] APl A Ex1E a0 FH & 708 Yz} o|2gt
%9 Dichroism-& v¥]5%4 macrostructure® = Al g A s =),

Abstract The change of electronic absorption spectra of the fullerene Ce in the visible-near UV range was examined
when the molecules aggregated into different clusters such as clusters in solution and clusters in thin films. Absorption
peaks were observed at 2.73 eV. These peaks did probably not come from the feature of the isolated molecules but
from the direct interaction of the molecules. Absorption peaks were also observed at 3.35 eV from grained fullerene
films. We think these peaks came from the interaction of the molecules at interfaces of grains. Dichroism of this

absorption was also found from samples with anisotropic macrostructures.

1. Introduction

Growing interest Is being attracted to the condensed
systems of fullerenes due to their photoconducting and
superconducting properties."'? Full understanding of
these properties requires knowing how electronic levels
of the molecule transform when the molecule forms a
crystal.

Electronic absorption spectra provide information
about the energy levels and the electronic density of
states. It is known that the absorption by Cy starts at
the visible energy region near 1.6 ¢V and followed by a
series of strong bands in the UV energy region above 3
eV. The strong bands are usually observed at the
absorption spectra of both the isolated fullerene mole-
cules and condensed fullerene systems which are single
crystals or polycrystalline thin films.¥ Main differences
between the two cases appear at the energy region
which is lower than 3.5 eV. Unlike i1solated molecules,

condensed species show strong absorption at the visible
energy region. Such a discrepancy has a great impor-
tance to understand how electronic excitations of Cs
transform. However, no unique explanation about the
phenomenon has been provided yet. Some authors refer
the changes in spectra to the breakdown of the initial Th
symmetry of the molecule.**¥ Others have attributed
those to solid state effects.” This means that the forma-
tion of the bands in the electronic structure of the Cg,
crystal should be attended with additional substruc-
tures with allowed transitions.®”

To clarify this problem in more details we have com-
pared electronic absorption spectra of the material in
molecular form to those in various condensed states.
The molecular form was prepared as monomers in dilut-
ed solution, while the condensed form was prepared as
small aggregates in binary solution or as sublimed and
cast films of different thickness.
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2. Experimental

In this work, we used the fullerene which was
synthesized by Ioffe Physico-Technical Institute (St.Pe-
tersburg). Benzene and butyl alcohol were used as sol-
vents. The fullerene powder was dissolved in benzene to
prepare its solution.

To obtain aggregated species, binary solution and
solid films were prepared. The binary solutions were
prepared by gradually adding butyl alcohol to the solu-
tion of Cg. After mixing, the mixture was kept in the
air for spontaneous evaporation of the solvents. The
volume of the solution was kept constant (107° M) by
adding necessary amount of butyl alcohol. Thus the
benzene component in the mixture was reduced. Howev-
er, during this process a little amount of the fullerene
diffused upwards over the wall of the cuvette and the
final concentration of the fullerene slightly decreased
(~10"°% M). Thin films with different thickness were
prepared by sublimation of the material onto glass
plates. Details of the preparing method were given else-
where.?

The dual-beam spectrometer SPECORD M-40 was
used for optical measurements in the visible-near UV
range. Here the absorption of transmitted light was re-
corded. Diffusion reflection spectra were also obtained

from films, which have relatively large grains.
3. Results

The absorption spectra from diluted solutions and
cast films of the fullerene are shown in Fig. 1. It shows
that the absorption of isolated fullerene molecules is sig-
nificantly different from that of aggregated ones. In
this figure we have obtained the absorbance of
equimolar amount of the material in the solution and in
the cast film using extinction coefficient at 3.7 eV.'®

The spectra can be separated into the three energy
ranges. (1) near UV range at 4.0-3.2 eV, where
strong absorbance i1s observed from both isolated and
aggregated molecules; (2) 3.2-2.3 eV region, where
significant absorbance from only aggregated species is
observed ; (3) 2.3-1.6 eV region, where the absorption
from both isolated and aggregated species is weak.

The binary mixture of benzene/butyl alcohol provides
weak aggregation of Cg molecules. Since the fullerene
1s subjected to complete dissolution only with the ben-
zene component, the greater the content of butyl alco-
hol, the greater the fraction of aggregates should be ex-
pected in the solution. This process gives rise to a
marked absorption band centered at 2.73 eV(Fig. 2).

12
1(x10); 2

w10 |
=
2 0e |
£ o8
N2
3
206
o 1
L
2
202 [
«

0 L

. . . " L o
10 15 20 25 30 s 40 45
Energy(eV)

Fig. 1. Optical absorption spectra of equimolar amounts of Cg
calculated from the data (1) in solution and (2) in cast film.
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Fig. 2. Optical absorption spectra of Ce solutions (1) in benzene
and (2) in a binary mixture of (10%) benzene/(90%) butyl alco-
hol with a high fraction of butyl alcohol. Concentration of Ceo in
the latter case is 1077 M. Arrow indicates the appearence of a
new peak.

The further development of this band was observed
from films. In Fig. 3, the 2.73 eV absorption band from
the thick sublimed film 1s greater compared to that
from the thin submonolayer film. The cast film demon-
strates the further increase of this band.

As shown in Fig. 1, the absorption spectrum of isolat-
ed species is different from that of aggregated species.
A single peak with a maximum at 3.72 eV was ob-
served from the isolated molecules in solutions. For the
case of aggregated species this peak was shifted to 3.60
eV. Furthermore it depends on the way of preparation
method and thickness of films. The spectra from thick
films show broadening of the low energy side of the
band. From the second derivative of the spectrum with
respect to the energy, this broadening can be identified
as a new peak at 3.35 eV. The dichroism of absorption
spectra was found in the cast films with anisotropic
structure(Fig. 4). This dichroism should be assigned
just to the 3.35 eV band. The preferable direction of the
dipole transition moment corresponding to this band
was observed to be perpendicular to the direction of

strips in the film.
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Fig. 3. Optical absorption spectra of (1) submonolayer sublimed,
(2) thick sublimed 50nm and (3) cast film of Cs 500nm. The
spectra were normalized to the same absorption maximum,
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Fig. 4. Dichroism of optical absorption spectra of cast fullerene
films. (1) Electric vector is parallel and (2) perpendicular to the
direction of strips in the film. Arrow indicates the 3.35 eV band
marked by the 3.7 eV peak.

The features of the submonolayer, thick sublimed and
cast films were qualitatively reproducible from differ-

ent series of samples.
4. Discussion

It has been reported that the comparison of the
absorption spectra of isolated and aggregated molecules
of Cg shows two groups of absorption bands. The first
group includes bands attributed to the both isolated and
aggregated species. These bands are at 3.7 eV and 2.0
eV and should be assigned to intramolecular transitions
which were discussed in details elsewhere.”*'¥ The sec-
ond group shows bands at 3.35 and 2.73 eV, which are
observable only from aggregated species.

The 2.73 eV band comes from the aggregates in the
solution(Fig. 2). The features of monomers are present
together at the spectrum. The small peak suggests that
aggregation is weak. Here only a few molecules may be
involved to form an aggregate. Evidently, true crystals
are not formed yet in this process. Therefore the small
peak is not associated with characteristics of the band

structure in solid Cg.
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The nature of this band seems to be still open ques-
tion. Several authors attribute the band to the
mtramolecular transition where electrons are strongly
screened by the isolated molecules due to collective exci-
tations of 7 —electrons. Indeed, theoretical calculation
predicts the lowest energy transition allowed by molecu-
lar symmetry, h,~t,, at about 3.0 eV.*? This transition
can be identified with the small peak at 3.04 eV of the
spectra of the diluted solution(Fig. 1). The higher peak
from solid films might be due to the decrease of the
screening effect(Fig. 1).

Moreover, we could not find any intermediate form
between the 3.04 eV band of the molecule and the 2.73
eV band of the aggregate(Fig. 2). We therefore con-
clude that this band is due to intermolecular excita-
tions. This Is consistent with the previous work in which
it is predicted that the intermolecular charge-transfer
exciton appears in the visible range of solid Cg.'¥ Ross
and his coworkers have reported that pronounced pho-
toconductivity was observed from thick Cg films in the
region of 2.5 to 3.1 eV.' This fact also supports our
conclusion.

The bond at 2.73 eV in the Fig. 3 may be related to
the increase of the film crystallinity. The sublimed films
have large amorphous area. This area decreases as the
film thickness increases.>'”"*¥ However, the cast films
mainly consist of crystals. Therefore, the strong correla-
tion between the molecules within a crystal leads to the
increase of the 2.73 eV peak as shown inFig. 3.

As mentioned about, The thick sublimed and cast
films display marked absorption at 3.35 eV. This
absorption, however, is not observed in small aggregat-
ed species in solution and in submonolayer sublimed
films. In the case of solution true crystals are not
formed. In sublimed films large amount of the material
is in the amorphous state. Therefore, interaction of
crystals or grains should be taken into account to ex-
plain the band at 3.35 eV. The molecules at the surface
of grains are in asymmetrical position compared with
the molecules inside the grains. Therefore the 3.35 eV
band seems due to the breakdown of the I, symmetry of
the surface molecules. The interface between two
grains gives the preferable direction to the molecular di-
poles of adjacent grains, which interact with. Since
there are more grains in the direction of the strip than
across it, such an interaction leads to macroscopic opti-
cal anisotropy explaining the dichroism at the 3.35 eV
band.
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5. Conclusion

- 1t * excitations are dominant in absorption spec-
tra of the molecule. The interaction probably leads to
overlap with the 7 -electron density of neighbouring
molecules.®” On the other hand, the @~ 7 * excitations
may contribute to intermolecular interaction, forming

the C¢, crystal.
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