This article was downloaded by: [Tomsk State University of Control Systems and
Radio]

On: 18 February 2013, At: 13:30

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
e Liquid Crystals

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

Recent Data Concerning the
Intercalation of Thallium Alloys into
Graphite

Brahim Outti # , Jose Clement ?, Claire Herold ? & Philippe
Lagrange ®

# Laboratoire de Chimie du Solide Minéral (U.R.A. CNRS
158). Université de Nancy, I. B.P. 239., 54506, Vandoeuvre-

Iés-Nancy Cédex, France
Version of record first published: 23 Oct 2006.

To cite this article: Brahim Outti , Jose Clement , Claire Herold & Philippe Lagrange (1994):
Recent Data Concerning the Intercalation of Thallium Alloys into Graphite, Molecular Crystals
and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
244:1, 281-286

To link to this article: http://dx.doi.org/10.1080/10587259408050118

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



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259408050118
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 13:30 18 February 2013

caused arising directly or indirectly in connection with or arising out of the use of
this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 13:30 18 February 2013

Mol. Cryst. Lig. Cryst. 1994, Vol. 244, pp. 281-286
Reprints available directly from the publisher
Photocopying permitted by license only

© 1994 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

RECENT DATA CONCERNING THE INTERCALATION
OF THALLIUM ALLOYS INTO GRAPHITE

BRAHIM OUTTI, JOSE CLEMENT, CLAIRE HEROLD, PHILIPPE LAGRANGE
Laboratoire de Chimie du Solide Minéral (U.R.A. CNRS 158). Université de Nancy 1.
B.P. 239. 54506 Vandoeuvre-lés-Nancy Cédex. France.

Abstract The ternary graphite-potassium-thallium and graphite-rubidium-thallium sys-

tems were systematically studied. New compounds were observed, and the ¢-axis and
2D structures of all the ternary phases were determined and compared.

INTRODUCTION

The potassium-thallium and rubidium-thallium alloys intercalate very easily into graphite.
The ternary phases, which are obtained in most cases, contain very thick intercalated
metallic sheets, whose structure was considered, in a first time, as completely disordered.
It is now well established that the intercalated alloy, in these compounds, is well
organized : it is constituted by five superimposed atomic layers. On the other hand, we
have recently prepared new ternary phases, whose intercalated sheets are thiner and
present a lower thallium amount (only three superimposed atomic layers in each
intercalated sheet). In this paper, we describe all the ternary compounds belonging to
both ternary systems.

GRAPHITE-POTASSIUM-THALLIUM SYSTEM

In this system, two stage 1 phases are known. The first one, denoted a, can be isolated
very easily : it is obtained by action of the liquid Kg 33Tl 47 alloy on graphite, at 400°C
during 3 or 4 days. Its chemical formula is written KTl; sC,, and its interplanar distance
is 1210 pm. Its intercalated metallic sheets are of course very thick, and, in a first time,
we believed that their structure was entirely disordered!, because the X-ray examination
did not show any hkO reflection. In fact, the absence of these reflections was due only to
the strong absorption of the radiation by the heavy thallium atoms. Some more refined
measurements exhibited now the presence of numerous hkO reflections, and we have to
consider that the intercalated alloy is very well crystallized : its 2D arrangement can be
described by a square unit cell, not commensurate with that of graphene planes, and
whose parameter is equal to 1095.5 pm (Figure 1). Along the c-axis, the stacking of the
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metallic atoms corresponds to a "five-layered" intercalated sheet, according to the
sequence / K Tl Tl TI K /. We compare, in Figure 1, this model with the entirely
disordered metallic sheet. The electronic density profiles are obtained by Fourier
transform of nine 001 structure factors.
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!

FIGURE 1 2D and c-axis structures of first stage a-KTl; sC4 compound.
a) 2D unit cell (in black : graphene unit cell).
b) c-axis structure : disordered metallic sheet.
c) c-axis structure : five-layered metallic sheet.
(solid line : experimental ; dashed line : model).

The second phase, denoted x, is always obtained as a mixture with o. compound. It is
prepared using the K 44Tlj s¢ liquid alloy, at 350°C during 3 days. This compound
possesses an interplanar distance of 1076 pm only. By Fourier transform of its 00]
structure factors (six reflections are used), it was possible to determine (1) its chemical
formula and (2) the c-axis atomic stacking of its intercalated sheets. In this phase, the
thallium amount is weak, so that the thallium central three-layer, in the intercalated sheet,
is reduced to a simple thallium mono-layer. The formula of the compound is KTl ¢7Cy,
and it possesses three-layered metallic sheets : / K T1 K / (Figure 2).
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FIGURE 2 c-axis structure of first stage x-KTl; 7C4 compound.
(solid line : experimental ; dashed line : model).

Two stage 2 phases are also known. The first one, denoted o, corresponds exactly to the
first stage o compound : it exhibits the same interplanar distance, the same five-layered
intercalated sheets and the same 2D square structure ; its chemical formula is of course
KTl 5Cg. This compound is obtained by action on graphite of the Ky 39Tl 79 alloy
during 3 or 4 days at 400°C.

FIGURE 3 2D and c-axis structures of second stage -KTICg compound.
a) 2D unit cell (in black : graphene unit cell).
b) c-axis structure (solid line : experimental ; dashed line : model).

The second stage 2 compound is denoted B. It is obtained in the following manner : the
second stage a. compound is submitted to an annealing under vacuum and without free
alloy, between 200 and 300°C for 5 or 6 days ; the result is the 8 compound, which
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contains however some inclusions of pure hexagonal thallium. Its chemical formula
(KTICg) is of course determined by Fourier transform of its 00l structure factors ; it
shows clearly that its thallium amount is smaller than that of o phase. During the
annealing, the thallium excess remains as inclusions in the sample, because this metal
presents a very small volatility. The interplanar distance of this B compound is very high
(1291 pm), so that its intercalated metallic sheets are also five-layered according to the
sequence / K Tl Tl T K /, but the central thallium plane is here particularly little dense
(the Fourier transform exhibited in Figure 3 was obtained using thirteen 00! reflections).
On the other hand, the study of its hkO reflections allowed to determine its basal plane
structure. It is described by means of a 2D oblique unit cell, with the following
parameters : a =516 pm, b =890 pm and y = 107° (Figure 3).

In Table I, are collected and compared the c-axis structural data concerning the
intercalated sheets of x, o and B ternary graphite-potassium-thallium compounds.

TABLE I c-axis structural data for x, o and  potassium-thallium sheets.

X a B

Interplanar distance 1076 pm 1210 pm 1291 pm
Central thallium layer

Tl/4C 0.67 0.82 0.24
Second thallium layer

Tl/4C - 0.35 0.38

Distance from central layer - 167 pm 149 pm
Potassium layer

K/4C 05 0.5 0.5

Distance from central layer 236 pm 312 pm 362 pm

GRAPHITE-RUBIDIUM-THALLIUM SYSTEM

In this system, two stage 1 phases are observed. They are denoted o and B, and their
interplanar distances are respectively : 1265 and 1340 pm. The intercalated metallic
sheets correspond exactly to their potassium homologous.

The o compound is obtained using the Rbg 40Tj ¢ liquid alloy at 400°C for 2 days.
When the reaction time is higher, one obtains a mixture containing both o and B
compounds. In order to prepare the 8 compound, it is necessary to carry out the
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annealing of o compound (or o and B mixture) at 200-300°C during 2-3 days, without
free alloy. As in potassium case, this  phase contains also some hexagonal thallium
inclusions, because the o and B phases do not possess the same thallium compositions.
Indeed, their chemical formulas are respectively RbTl; 5C4 and RbTIC,. Their electronic
density profiles are exhibited in Figure 4 (nine and ten reflections are respectively used
for o and B compounds) : they show clearly that the intercalated sheets are five-layered
in both cases, according to the c-axis sequence / Rb Tl Tl T Rb /. As in potassium
compounds, the central thallium layer contains particularly few atoms in B phase, which
paradoxically possesses the largest interplanar distance.

Structural data concerning the intercalated metallic sheets of o and 3 graphite-rubidium-
thallium compounds are gathered in Table II.

o

FIGURE 4 c-axis structures of first stage a-RbTl; 5C4 and B-RbTIC,.
(solid line : experimental ; dashed line : model).
a) o compound.
b) B compound.

On the other hand, the study of the hkO reflections of these compounds allowed to
conclude that they possess the same 2D structures to -those, which are described in
Figures 1 and 3, for o and 8 potassium compounds.
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Table II e¢-axis structural data for a. and P rubidium-thallium sheets.

o B

Interplanar distance 1265 pm 1340 pm
Central thallium layer

T1/4C 0.82 0.18
Second thallium layer

Tl/4C 0.34 0.41

Distance from central layer 165 pm 158 pm
Rubidium layer

Rb/4C 0.5 0.5

Distance from central layer 338 pm 403 pm

CONCLUSION

The intercalation into graphite of potassium-thallium and rubidium-thallium alloys leads
to numerous ternary phases, whose intercalated sheets can be three- or five-layered.
These five-layered sheets are the most stable. On the other hand, these compounds are
very little sensitive to air and water. Finally, we have also to underline that both a-
KTl sC4 and a-KTl; 5Cg become superconducting? respectively below 2.70 and 2.45 K.
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