
This article was downloaded by: [University of Haifa Library]
On: 13 August 2012, At: 20:27
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Structural peculiarities and
raman vibrational modes in the
C 60 films
O. P. Dmytrenko a , M. M. Bilyi a , V. O. Gubanov a ,
M. P. Kulish a , T. V. Rodionova a , Ya. I. Vertsimakha
b , L. A. Matveeva c , Yu. I. Prylutskyy d , P. Scharff e

& T. Braun f
a Department of Physics, Kyiv National Shevchenko
University, Volodymyrska Str., 64, Kyiv, 01033,
Ukraine
b Department of Molecular Photoelectronics,
Institute of Physics, Ukrainian NAS, Prospect Nauky,
46, Kyiv, 03650, Ukraine
c Department of Semiconductor Heterostructures,
Institute of Semiconductors, Ukrainian NAS,
Prospect Nauky, 45, Kyiv, 03650, Ukraine
d Department of Biophysics, Kyiv National
ShevchenkoUniversity, Volodymyrska Str., 64, Kyiv,
01033, Ukraine
e Institute of Physics, Technical University of
Ilmenau, Ilmenau, D-98684, Germany
f Institute for Inorganic and Analytical Chemistry, L.
Eotvos University, Budapest, 1443, Hungary

Version of record first published: 18 Oct 2010

To cite this article: O. P. Dmytrenko, M. M. Bilyi, V. O. Gubanov, M. P. Kulish, T.
V. Rodionova, Ya. I. Vertsimakha, L. A. Matveeva, Yu. I. Prylutskyy, P. Scharff & T.
Braun (2002): Structural peculiarities and raman vibrational modes in the C 60 films,
Molecular Crystals and Liquid Crystals, 385:1, 43-49

http://www.tandfonline.com/loi/gmcl20


To link to this article:  http://dx.doi.org/10.1080/713738795

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 2
0:

27
 1

3 
A

ug
us

t 2
01

2 

http://dx.doi.org/10.1080/713738795
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


STRUCTURAL PECULIARITIES AND RAMAN

VIBRATIONAL MODES IN THE C60 FILMS

O. P. Dmytrenko, M. M. Bilyi, V. O. Gubanov,

M. P. Kulish and T. V. Rodionova

Department of Physics, Kyiv National Shevchenko University,

Volodymyrska Str., 64, Kyiv 01033, Ukraine

Ya. I. Vertsimakha

Department of Molecular Photoelectronics, Institute of Physics

of Ukrainian NAS, Prospect Nauky, 46, Kyiv 03650,

Ukraine

L. A. Matveeva

Department of Semiconductor Heterostructures, Institute of

Semiconductors of Ukrainian NAS, Prospect Nauky, 45,

Kyiv 03650, Ukraine

Yu. I. Prylutskyy*
Department of Biophysics, Kyiv National Shevchenko

University, Volodymyrska Str., 64, Kyiv 01033, Ukraine

P. Scharff

Institute of Physics, Technical University of Ilmenau,

D-98684 Ilmenau, Germany

T. Braun

Institute for Inorganic and Analytical Chemistry L. Eotvos

University, 1443 Budapest, Hungary

Mol. Cryst. Liq. Cryst., Vol. 385, pp. [163]/43–[169]/49

Copyright # 2002 Taylor & Francis

1058-725X/02 $12.00+.00

DOI: 10.1080/10587250290113051

This work is carried out within the framework of collaboration between the Ukrainian and

Hungarian Academy of Sciences (Grant N 24).

*Corresponding author. E-mail: prylut@biocc.univ.kiev.ua

[163]/43

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 2
0:

27
 1

3 
A

ug
us

t 2
01

2 



The influence of thermal annealing in the air at the temperatures of 393, 453

and 473 K on the morphological and crystalline structure of fullerene C60 films

was investigated using the X-ray, electron-diffraction and electron-microscopic

methods, and also the Raman spectroscopy. It is established that the annealing

of C60 films leads to the orientation of grains of the fcc phase by plane (110) in

parallel to the substrate, the considerable increase of the fcc lattice parameter,

the decrease of the hdp phase content and the deformation (change in the form)

of C60 molecules, which is confirmed by an increase in the intensity of vibra-

tions 1399 and 1425 cm�1 and by the appearance of new bands 934, 1592 and

1685 cm�1 in the Raman spectra.

Keywords: C60 film; thermal annealing; X-ray and electron-diffraction methods; Raman
spectroscopy

INTRODUCTION

It is known that at temperatures, which exceed 260 K, the vacuum con-
densates of the fullerene molecules are crystallized into the polymorphous
heterophasic structure, which consists of the face centered cubic (fcc)
phase and the layers of the hexagonal densely packed (hdp) structure,
appearing due to the high density of packing defects [173].

Undoubtedly, that carrying out of the thermal annealing can lead to a
change of orientation of the crystallites, content of phases and parameters
of their lattices, structural defects and deformation of fullerene C60 mole-
cules. However, the carried out earlier measurements did not give response
to these questions, since the studies were carried out only by one or two
methods, and the data about the influence of thermal annealing on the
Raman spectra are not known to us. Therefore, in the present work for
studying the change in the structure and form of C60 molecules during the
thermal annealing the comprehensive investigations of a change in the
morphology, crystal structure and form of molecules were carried out using
the X-ray, electron-diffraction and electron-microscopic methods, and also
the Raman spectroscopy.

The investigated C60 films were obtained by the method of the thermal
vacuum evaporation of C60 powder with a purity not worse than 99.9%. The
sublimation temperature from the quartz crucible, heated by tungsten
spiral, was equal to 730 K. The films were brought to the NaCl crystals with
the chippings (100), mica (0001) and shears of (100) Si, (0001) SiO2. The
thickness of films was tested on the frequency shift of the calibrated quartz
vibrator and equal to 100, 400 and 2000 nm.

The thermal annealing of C60 films in the air was carried out at the
temperatures of 393, 453 and 473 K during from 20 to 300 minutes with the
subsequent slow cooling up to 293 K. The morphological and structural
peculiarities were studied by use the X-ray, electron-diffraction and
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electron-microscopic methods, and also on the change in the Raman
vibrational spectra of C60 films, which passed identical heat treatment. The
measurements were carried out at room temperature. During the mea-
surement of Raman spectra as the source of excitation was used argon laser
with a wavelength of emission 514.5 nm.

RESULTS AND DISCUSSION

Before the annealing the C60 films have the fine-crystalline structure
(Fig. 1a) with the starts of separate crystallites (Fig. 1b). The films, applied
into NaCl, form the axial texture with the imposition of densely packed
planes (111) of fcc phase and (0001) hdp structure across the surface of
the substrate (Fig. 2a). The analysis showed, that the following orienta-
tional relationship is fulfilled for these planes of fcc and hdp modifications:

½110�fccII½100�hdp:

The habitus of the projection of separate grains on the plane of substrate
has the pentagonal form, that it is possible to explain by the presence of
many twins as the consequence of shifts in the sequence of pilling of hdp
phase planes.

The crystallographic analysis of X-ray and electron-diffraction pictures
for the fcc structure of fullerite C60 gives the following value of lattice

FIGURE 1 Morphology of grains of the C60 film: electron-microscopic (a) and

atomic-force (b) images (thickness of film is 100 nm).

Structural Peculiarities and Raman Vibrational Modes [165]/45
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parameter a¼ 1.414 nm, and for the layers of hdp modification we have
a¼ 0.998 nm and c¼ 1.620 nm.

As a result of annealing at the temperatures of 453 and 473 K the
majority of grains are oriented in the plane (110) of fcc phase across
the substrate (Fig. 2b), and the hdp structure is not established. Besides
the separate large crystallites in the annealed films, the fine dispersed
grains, which give Debye scattering, are also remained. The lattice para-
meter, calculated from the X-ray and electron-diffraction spectra, notice-
ably rises and as a result of annealing at 473 K during 120 minutes equals to
1.650 nm.

The breathing Ag(1) mode at the frequency of 495.7 cm�1 caused by
the radial displacement of all atoms, and the Ag(2) mode at the fre-
quency of 1470.8 cm�1, connected with the symmetrical vibrations of
pentagons along the surface of molecule, and also eight intramolecular
Hg modes are observed in the Raman spectrum of fullerene C60 films
before the annealing. The frequencies of all modes agree well with those
given in the paper [3]. Furthermore, in the Raman spectrum for all films
the additional vibration with a frequency of 295.2 cm�1 (Fig. 3) is
observed, whose intensity substantially changes during the thermal
annealing.

FIGURE 2 The electron diffraction of grains of the C60 film: in the initial state of

spraying (a) and after the annealing at 473 K during 120 minutes (b) (thickness of

film is 100 nm).
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The substantial changes in the Raman spectra of C60 films are observed
already at a temperature of 393 K, which increase with an increase in the
temperature of annealing.

The annealing at 453 K during 60 minutes (Fig. 3, curve 2) in the low-
frequency region of the spectrum leads to the softening of both the
breathing Ag(1) and the intramolecular Hg(1) modes, that undoubtedly
caused by the changing of Van-der-Waals interaction, connected with the
influence of planar packing defects, whose correlation lead to the origin of
hdp modification of the crystal structure. The increase during the annealing
of the scattering intensity at the frequency of 295,2 cm�1, connected with
the hdp crystalline structure, testifies about the same.

The annealing at 473 K during 120 and 300 minutes leads to increase in
the intensity of scattering on the vibrational mode at the frequency
934.3 cm�1 and decrease in the intensity of vibration with a frequency of
295.2 cm�1. Taking into account that at the annealing indicated the dif-
fraction pattern of scattering testifies about the stabilization of fcc struc-
ture and the disappearance of hdp phase, natural to assume that the noted
changes in the Raman spectra are caused by the structural transformations
in the crystalline C60 films.

FIGURE 3 Low frequency Raman spectra of the C60 films in the initial state of

spraying (1) and annealed (2) (Si substrate, thickness is 2000 nm).

Structural Peculiarities and Raman Vibrational Modes [167]/47
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With an increase in the temperature of annealing a total increase in the
background both in the region of the low and high frequencies of the
Raman spectra at the conservation of the fullerene vibrational modes is
observed. In this case should be noted the complex behavior of the
vibrational Ag(2), Hg(7) and Hg(8) modes in the region of high frequencies
(Fig. 4).

First, with an increase in the temperature of annealing the half-width of
these lines is noticeably changed. Second, the frequency of the intramo-
lecular Hg(8) mode is displaced to the side of high values, i.e. it approaches
to the frequency of 1592 cm�1, which is typical for the fully symmetrical
vibrations of graphite. Thirdly, the appearance of additional wide lines of
scattering at the frequencies near 1399 and 1685 cm�1 takes place.

This complex behavior of Raman spectra is the result of the imposition
of the simultaneous action of several factors, connected with the change of
crystal lattice parameters of films and form of C60 molecules. A noticeable
increase in the lattice parameter of fcc phase at an increase in the tem-
perature of annealing determines the background growth with frequency
increase. From other side, it becomes obvious, that already during the heat
treatment indicated the C60 molecules are deformed, which is accompanied

FIGURE 4 High frequency Raman spectra of the C60 films in the initial state (1)

and annealed at 393 K during 20 minutes (2), at 453 K during 60 minutes (3) and at

473 K during 300 minutes (4).
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by the noted transformations in the high frequency region of the Raman
spectrum.

Thus, the annealing of C60 films in the air in the temperature range of
(3937473) K leads to the preferred orientation of the crystallites of fcc
phase by plane (110) in parallel to the substrate, the considerable increase
of the fcc lattice parameter (from 1.414 to 1.650 nm), the decrease of the
hdp phase content, and the deformation (change in the form) of fullerene
C60 molecules, which leads to a considerable (in 273 times) increase in the
intensity of vibrations 1399 and 1425 cm�1 and the appearance of new
bands 934, 1592 and 1685 cm�1 in the Raman spectra.
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