This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 12:26

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 Science

and Technology. Section A.
Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Phase Transitions and Chemical
Transformation in Lithium
Fullerides Li,Cgg

Victor V. Avdeev ? | Giouzel Yu. Mitronova ® , Nina A.
Zubareva ® & Yuri A. Velikodniy ?

# Department of Chemistry, Moscow State University,
Moscow, 119899, Russia

Version of record first published: 24 Sep 2006

To cite this article: Victor V. Avdeev, Giouzel Yu. Mitronova, Nina A. Zubareva &
Yuri A. Velikodniy (2000): Phase Transitions and Chemical Transformation in Lithium
Fullerides Li,Cgqo , Molecular Crystals and Liquid Crystals Science and Technology.

Section A. Molecular Crystals and Liquid Crystals, 340:1, 577-582

To link to this article: http://dx.doi.org/10.1080/10587250008025528

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,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008025528
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 12:26 16 August 2012

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.




Downloaded by [University of Haifa Library] at 12:26 16 August 2012

Mol. Cryst. and Lig. Cryst., 2000, Vol. 340, pp. 577-582 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the

Photocopying permitted by license only Gordon and Breach Science Publishers imprint.
Printed in Malaysia

Phase Transitions and Chemical Transformation
in Lithium Fullerides Li,Cgq
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NINA A. ZUBAREVA and YURI A. VELIKODNIY

Department of Chemisiry, Moscow State University, Moscow, 119899, Russia
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Systematic studies were carried out on the properties of lithium fullerides Li,Cgq (0<n<30)
prepared by two different methods: thermal synthesis at ambient pressure and in the tempera-
ture range 455+473 K, and solid phase synthesis at 2.3 GPa and room temperature.

Keywords: lithium fullerides; IR spectra; polymeric structures

INTRODUCTION

The LinCeo System seems to have a very rich phase diagram. Small ionic radius
Li" permits the formation of lithium clusters in the octahedral intestitial voids
of fullerite yielding compounds with great lithium content. Alkali metal
diffusion into Cgo by application under high pressures leads to the formation of
lithium fulleides Li,Csq with n<27 N We have shown that even under thermal
synthesis condition at ambient pressure the maximal content of Li corresponds
to composition of Li3oCeo %!, Thermal or liquid-phase synthesis in the field of
Lin<3Ce0 compositions yields a solid intercalation solution. A further increase in
lithium concentration up to n=12 results in the formation of intercalates of
different structures involving lithium clusters, while fullerene molecules are
polymerized to a different degree®®!. Up to now we have very little experimental
knowledge of the structure and phase equilibrium wich are realized in Li,Cep
system.

EXPERIMENTAL
This paper studies lithium fullerides prepared by two different methods:
thermal synthesis at ambient pressure and in the temperature range 455+473 K,

and solid phase synthesis at 2.3 GPa and room temperature. Detailed
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description is presented in*!

. X-ray diffraction analyses were performed with
FR-552 diffractometer with CuK, radiation. IR spectra were obtained by using

an UR-20 spectrometer.

RESULTS AND DISCUSSION
Thermal synthesized lithium fullerides

The samples in the interval of composition Li,C¢,, 0<n<30, were obtained by

liquid-phase technique. We discussed IR spectra of such samples with n<12 in

our previous work ¥, for n>12 are displayed in Fig. 1.

Transmittance,%
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FIGURE 1 1R spectra of thermal synthesized Li,Cgp. Spectrum of

Liy77Cep was made after heating of sample up to 753K.

The X-ray diffraction data on the samples with n>12 indicate monoclinic (M)
and cubic (with less parameter that for fcc Cgo) phases. IR spectra arc
characterized by much low intensity of IR active modes of pristine Cgy and
polymeric forms (700-800 cm ), appearance of two maxims of the Li-Li
absorption band (860 and 870 cm-!) and the band at 675 cm-! attributed to Li—
C vibrations!®). That is further increase in the lithium concentration in fulleride
leads to destruction of Cgo—Cgo bonds and changing the Li-Li bond type. Li-C

bond vibrations correspond to interaction of Li with “aromatic” carbon rings of
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Cgo. Account all the data we propose that addition Li doping (n>12) leads to
destruction of polymeric forms into several phases, where Cq exists in both
monomer or dimer form and Li clusters occupy not only octahedral sites but
also tetrahedral.

When heating samples LinCeo n>12 up to 713-753 K we have registered
exothermic effect on the DTA thermograms. The reversible transformation
with an endothermic effect at 721+5 K was an evidence to the lithium carbide
formation. X-ray patterns have shown a mixture of Li;C; and fcc Cgp. The IR
spectrum of finished product for the sample of Li;77Ce stoichiometry is
displayed in Fig.1. The volumetric analysis of this system results in the molar
volume of 512+5 cm*/mol Ceo, wich is very close to caiculated datum from the
reaction  Lij77Cep—>8.85L1,Co+0.7Cq0 (5()8(:m3 /molCgp). Thus thermal
destruction of Li,Ceo (n>12) takes place under heating up to 713-753 K and Li
almost completely releases from the fullerene matrix with formation of well

crystallized Li,C,.

Lithium fullerides synthesized under high pressure (HP)

The samples of the composition Li,Ceo 2.1<n< 10.1 were synthesized by solid-
phase method under HP, corresponding IR spectra are shown in Fig.2.

The IR spectrum of Liy Cep sample (Fig.2) testifies the formation of
orthorhombsic (O) polymer (absorption bands at 1100cm™ and the ratio of bands
intensity in the region 700-800cm™ 1*)). X-ray diffraction data of Li,Ce 2<n<3
indicated the formation of O phase also (#=9.128(5) A; $=9.915(6) A;
c=14.71(1) A). Inside chains Cg—Ceo distance (9.128(5)A) is slightly smaller
than that in the fullerene O polymer (¢=9.264")). It is probably caused by
formation of lithium clusters between Cg polymeric chains what was

180 the IR spectrum.

confirmed by the presence of Li-Li band at 870cm
In the spectrum of Lij 1Cgo (Fig. 2) the intensity of the absorption band at

870 cm™' decreases. The sample has the O lattice modification with traces of
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fce. The absorption bands characteristic for polymeric forms of Cgg (the sharp
band at 610 cm™ and low intensity bands in the region 700-800 cm™) testifies a
possibility of existence of orthorhombic and possible cubic phases. We suggest
that for sample of such stoicheometry a mixture of polymeric phase with
lithium clusters between Cgg chains and the cubic phase in which three Li

atoms are homogeneously distributed aver fee sites is formed.
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FIGURE 2 IR spectra of Li,C¢o synthesized under high pressure

X-ray patterns of the fullerides Lis+Ce¢ and Liy,Ceo correspond to the
triclinic (Tk) lattice, parameters are shown in Table 1. In the IR spectra of these
samples the decrease of bands' intensity of Cg molecule and increase of bands'
intensity of polymeric forms have observed. (Fig.2). The intensity of the
absorption band at 870 cm™ increases with increasing of n. It is likely Tk
lithium fullerides were formed by fullerene dimers like those that were fixed in
KiCeo and Rb;Ceo fullerides with lithium clusters between them (Fig.3).
Minimum interfullerene distance 9.34A corresponds to Ceg-Ceo dimer bond.
After several days of storage the dimer phase of LiyCqo as well as in K{Cgg and
RbCeg was transformed in the polymeric O phase with the parameters identical
to those in Li; ;Cqp sample (@ = 9.1 1(1)A, 5= 9.87(1)A, ¢ = 14.76(2)4).
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TABLE 1 X-ray data for dimer structures of K,Ceo, RbyCeo!”! and
LinCgo (triclinic modification).

Parameters dimer K;Cqq dimer Rb,Cgg LinCeo

and angles orthorhombic ! orthorhombic ! triclinic
a 9.63A 9.61 A 9.695(2) A
b 992 A 979 A 9.965(2) A
c 14.15 A 14,194 16.694(5) A
a 90° 90° 86.62(2)°
B 90° 90 99.77(3) °
y 90° 90 114.75(2) °

In some cases X-ray patterns indicated a mixture of Tk and fcc (with less
parameter that for pristine Cg) what infers that the transformation to the

polymeric phase occurs through the intermediate fcc phase.

2a.,k

FIGURE 3 The ac projection of the 2a,b,2¢ supercell of trictinic
LiyCeo. Only the position of the C¢o molecules and the dimers bonds are

shown.

Increase of n up to 10.1 leads to further decrease of bands’ intensity of Cqp
molecule (Fig. 2). The Fy(3) and F;4(4) vibration modes are split by the change
of double bonds state. The bands at 1220, 1325, 1460 cm™ are observed in the

IR spectrum of Li;o1Ceo. The intensity of the band at 870 cm™' is comparable



Downloaded by [University of Haifa Library] at 12:26 16 August 2012

582 VICTOR V. AVDEEYV et al.

with intensity of bands at 1180 and 1425 cm™. Our X-ray results indicate the
existence of M phase like in thermal synthesized LizCgo (n>9). X-ray patterns
registered after 10 hours and 1 day indicate the transition to Tk phase and O
phase correspondingly with traces of Li. IR spectrum of Lijo;Ceo registered
after a day of sample storage under Ar atmosphere hasn’t shown any
differences from the first IR spectrum of this sample. It is possible that the
lithium evolution caused either by the X-ray radiation ore by enviroment.
Locating of large Li cluster between Cg dimers gives rise to increasing
repulsion potential due to overlap between alkali ion core and carbon orbitals
which can promote Li evolution from the dimer M structure.

Thus we can suggest the following scheme of phase transitions in Li,Cgo
synthesized under HP with increasing of n. Doping of small amount of Li
2<n<3 leads to formation of one-dimension (1D) O polymer. Furver increase of
metal doping gives rise to formation of mixture of dimer and polymer phases
caused by increase of lithium concentration. When n reaches the volume of 5.7
only dimer structure is created. Increase of metal concentration up to certain n
in the region 7.1<n<10.1 leads to formation of monoclinic phase where the

fullerene dimers are surrounded by large lithium clusters.
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