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

On: 18 February 2013, At: 13:26

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
e Liquid Crystals

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

Scanning Tunneling Microscopy
Study of Granular Intercalated
Fullerenes

H. P. Lang ®, V. Thommen-geiser ®, K. Liiers ® , M. Kraus °
M. Baenitz ® & H.-J. Guintherodt ®

& Univ. Basel, Condensed Matter Physics Dept., Basel,
Switzerland
® Freie Universitat Berlin, Fachbereich Physik, Berlin,

Germany
Version of record first published: 23 Oct 2006.

To cite this article: H. P. Lang , V. Thommen-geiser , K. Liers , M. Kraus , M. Baenitz & H.-J.
Guntherodt (1994): Scanning Tunneling Microscopy Study of Granular Intercalated Fullerenes,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals

and Liquid Crystals, 245:1, 289-294

To link to this article: http://dx.doi.org/10.1080/10587259408051703

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/10.1080/10587259408051703
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 13:26 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 13:26 18 February 2013

Mol. Cryst. Lig. Cryst. 1994, Vol. 245, pp. 289-294
Reprints available directly from the publisher
rhotocopying permitted by license only

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

SCANNING TUNNELING MICROSCOPY STUDY OF GRANULAR
INTERCALATED FULLERENES

H.P. LANG*, V. THOMMEN-GEISER*, K. LUDERSS, M. KRAUSS,
M. BAENITZ$ AND H.-J. GONTHERODT*

* Univ. Basel, Condensed Matter Physics Dept., Basel, Switzerland.

§ Freie Universitit Betlin, Fachbereich Physik, Berlin, Germany.

Abstract =~ We have studied by scanning tunneling microscopy (STM) the
surface of polycrystalline powders of Rb3Cego, (KT, .5)3Ceo and (RbTI,; 5)3Ceo
(nominal compositions) in a high purity argon environment at 295 K. Large
scale STM images reveal eflective grain sizes of some hundred nanome-
ters. This small grain size strongly reduces the superconductivity frac-
tion of the diamagnetic shielding. On a molecular scale, the STM images
show ball-shaped features which can be identified with individual fullerene
molecules in case of Rb3Ceo(111) and (311) facets, but in case of (KT, 5)3Ceo
and (RbTl;5)3Ceo their apparent diameter (1.7 nm) is significantly larger.
Since AC-susceptibility and X-ray diffraction have traced metallic Tl in the
(KT1.5)3Ce0 and (RbTI, 5)3Ceo samples, we interpret the larger apparent di-
ameter of the ball-shaped units as a complex of T]1 and Rb3Cqo.

INTRODUCTION

The discovery of superconductivity in alkali-metal doped Cgo fullerites' at temper-
atures up to 33 K? has initiated widespread research activities. The search for new
doped fullerene compounds is often stimulated by previous results obtained from
other doped materials such as graphite intercalation compounds (GIC’s). Among the
GIC’s with the highest critical temperatures to superconductivity T. are KT, 5Cy
(2.7 K) and KTI;5Cs (2.45 K)3. Cgo fullerites doped with thallium-alkali metal
alloys also show superconductivity®®. Their T.’s, however, coincide in most cases
with those of the non-thallium-containing K- and Rb-doped fullerites. Regarding
the similar T.’s of the Tl-containing and non-Tl-containing K- and Rb-fullerites, it
is rather straightforward to assume that the Tl-metal has little or no influence on

superconductivity in these compounds. A recent report® has proved the presence of
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metallic T] in (RbTl, 5)3Ceo. Within the scope of this paper, we present scanning
tunneling microscopy (STM) images which support the presence of Tl-metal in doped
fullerites with the nominal composition (MTl, 5)3Ce0 (M = K, Rb).

EXPERIMENTAL

Polycrystalline Cgo/70 and the respective dopants (Rb, KTl 5 and RbTl 5) in the
molar ratio 1:3 are heated in a pure argon atmosphere at 450 °C for 40 h (Rb3Ceq),
340 °C for 62 h ((KTl, 5)3Ceo) and 450 °C for 18 h ((RbTl;5)3Ce0). The powders
are sealed under vacuum and characterized within the sealed glass tubes by AC and
DC susceptibility measurements*®.

Pellets are pressed at moderate pressure from the powders without exposure
to air and moisture in a stainless-steel glove box filled with 1 bar of high-purity ar-
gon. A two-stage gas purification system keeps the O, N; and H;O levels below our
detection limit of 1 ppm. For the STM experiments in the argon-filled glove box’,
these pellets are mechanically cleaved to remove any contaminations introduced to
the surface layers during compaction. Mechanically prepared Ptgolrio STM tips are
used. The STM images show no significant dependence on the applied bias voltages
(100-1000 mV) and tunneling currents (0.5-2 nA).

RESULTS AND DISCUSSION

Granular Rb3Cgo
Pressed pellets of Rb3Cgp (T = 27 K) exhibit by STM on a large scale a surface

dominated by grains of a size of a few hundred nanometers (see fig. 1). This granu-
larity might be responsible for the low diamagnetic shielding observed in that sample.
J.R. Clem and V.G. Kogan® have calculated the effects of the finite grain size upon
the temperature dependence of magnetization of a sample consisting of spherical
grains. Grains with sizes R that are comparable to the magnetic field penetration
depth A(T—0) give only small contributions (magnetic suppression factor P=0.2 for
R/A(0) = 2) to the signal observed in a magnetization experiment®. A typical value
for the magnetic field penetration depth A(T—0) in Rb3Cgo is 247 nm®. This often
leads to an underestimation of the superconducting volume fractions of doped ful-
lerite superconductor powders if the fraction is determined from zero-field-cooling

magnetization experiments without grain size corrections.
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FIGURE1l. Large scale STM image of Rb3Cgo showing grains with
typical sizes of a few hundred nanometers.

r

FIGURE 2.  Molecular resolution STM images of a Rb3Cqg grain.
(a) (111) facet with a hexagonal arrangement of Cgp molecules. The
nearest-neighbour-distance is about 1 nm, the apparent size of the
molecules is 0.7 nm. The white triangle is the (111) mesh unit. (b)
Schematic view of the fcc(111) plane. (c) (311) facet showing an
oblique Cgo lattice (a = 1 nm, b = 1.7 nm). (d) Schematic view
of the fcc(311) plane. The white parallelogram is the (311) mesh unit.
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Molecularly resolved STM images of Rb3Cgo grains show ball-shaped features
with an apparent diameter of 0.7 nm. We assign these features to individual Cgg
molecules. Different crystallographic faces are observed (see fig. 2). Figure 2a shows
the (111) face with a hexagonal arrangement of fullerene molecules with a nearest-
neighbour-distance of 1 nm. A schematic view of the (111) plane in the fcc lattice
is shown in fig. 2b. Figure 2c shows an oblique lattice (¢ = 1 nm, b = 1.7 nm),
which is interpreted as the fcc(311) face (see for comparison the schematic view of
the fcc(311) plane in fig. 2d).

Gra.nula.r (KT115)3050 and (RbT115)3CGO

The (MT115)3050 (M=K,Rb) powders ((KTll_s)acsoZ Tc = 17.6 K, (Rlel_s):;Cso:
T. = 27.5 K) have been investigated by AC-susceptibility as a function of tempera-

ture *5. Figure 3 shows the temperature dependence of the AC-susceptibility at v =
107 Hz of (RbTl,.5)3Ce0 powder sample. The T, (27.5 K) is very similar to that of
Rb3Ce (T = 28 K). A second transition is observed at 2.4 K which coincides with
the T, of metallic thallium. The shielding fraction of the Tl indicates that approxi-
mately 90 % of the Tl used for preparation of the (RbT], 5)3Ceo sample contributes
to the diamagnetic signal.
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FIGURE 3. Temperature-dependent AC susceptibility data for a

(RbTl; 5)3Ce0 powder sample. T, (onset) is at 27.5 K. A second tran-
sition assigned to metallic thallium is observed at 2.4 K.
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X-ray diffraction of RbTl-doped Cgo samples shows, in addition to the Rb3;Cgp
reflections, peaks for both hexagonal and simple cubic thallium®. This implies that
the initially homogeneous RbTl; 5 alloy has separated into its components during
the preparation of (RbT, 5)3Ceo, and mainly Rb3Cgp is formed. Consequently, the
Rb3Cep powder contains metallic thallium.

A synthesis of Rb3Cgp using binary alloys can still be useful since the binary
alloys are handled more easily (grinding, weighing) and processed at lower reaction
temperatures. Zhang et al.® have used RbHg alloy to prepare RbsCgo at 200 °C.

STM images of the Tl-containing compounds show similar grain sizes as the
non-Tl-containing compounds (see the large scale STM image of (RbT], 5)3Ceo in fig.
4a). However, a clear difference from the non-Tl-containing compounds is observed
on a molecular scale. Figure 4b displays a STM image of (KTl, 5)3Cso showing ball-
shaped features of an apparent diameter of 1.7 nm. This value is significantly larger
than that of a single Cgo molecule (0.7 nm).

We interpret these larger units as aggregates of Cgo and the intercalant metals.
Actually, a rough estimate of the diameter of a (KTl 5)3Ceo complex as composed
of metal atoms and a Cgy molecule in a close-packed-arrangement of hard spheres

with the respective van-der-Waals radii gives a diameter of about 1.5 nm.

FIGURE 4. (a) STM image of (RbTl, 5)3Ceo showing grain bound-
aries (marked by arrows). (b) Molecular resolution STM image of
(KT, 5)3Ce0. The apparent diameter of the ball-shaped features is
significantly larger (1.7 nm) than that of a Cg molecule (0.7 nm).
This might be explained by assigning the balls to a complex of Cgo
and the intercalant and/or electronic structure effects.
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Since STM measures the local density of states at the Fermi level, the elec-
tronic structure of (KTl; 5)3Ceo may also influence the size and shape of the spherical
features in fig. 4b. No structure which could be assigned to metal intercalant atoms
has been resolved within the ball-shaped units.

In summary, we have presented large scale STM images of alkali metal doped
fullerite powder samples which show grain sizes of several hundred nanometers. This
small size which is comparable to the magnetic field penetration depth may account
for the observed small shielding fractions in magnetization experiments. Molecu-
lar scale STM images of Rb3Cg reveal (111) and (311) arrangements of fullerene
molecules, but no indications of the Rb intercalant are found. In (KTl 5)3Ceo, how-
ever, the significantly larger molecular units can be explained by the AC susceptibility
and X-ray diffraction evidence of metallic thallium in the thallium-alkali metal doped
fullerites.
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