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Mechanically induced chemical decomposition of C60-n-pentane clathrate
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We report the mechanically induced chemical decomposition of Ceo-n-pentane. This material is
a typical C6o clathrate with a well-characterized structure and is stable up to 400 K. However, at
room temperature the grinding of C6O-n-pentane induces the loss of n-pentane from the originally
orthorhombic structure and the material transforms to pure C6o with the face-centered-cubic struc-
ture. The average crystallite size of the 6nal powder is quite small, from x-ray powder diffraction
peak widths it is estimated to be 150 A. This unusual chemical decomposition at room temperature
points to the highly strained nature of the structure. Similar chemical decomposition might exist
for other C6o clathrates such as C6o acetone.

I. INTRODUCTION

C6p-n-pentane crystals were first found in their highly
twinned form. Good quality single crystals were grown
soon and it was realized that it is a clathrate-type molec-
ular compound. The structure can be envisaged as a
skeleton C6o structure that contains channels. However,
this structure only exists if n-pentane molecules are situ-
ated in the channels and stabilize the structure. Thermal
decomposition of C6O-n-pentane occurs at 400 K, which
is much higher than the boiling point of n-pentane. This
proves the van der Waals nature of the intermolecular
forces in this material typical to clathrates.

Later followed the successful synthesis of a series
of C6O-based clathrates formed by five-member linear
molecules other than n-pentane. Among this class of
clathrate-type molecular compounds C6O-n-pentane can
be taken as the model material showing a wide range of
interesting structural characteristics. The full structural
characterization of C6O-n-pentane at room temperature
and its low-temperature phase transition is now nearly
complete.

In this paper we report the mechanically induced chem-
ical decomposition of C6O-n-pentane powder at room
temperature.

First samples were powdered for very short times (10 sec)
in agate mortar and then placed in 0.5 mm glass cap-
illary. Powder-diffraction experiments were performed
both in parallel beam geometry (A = 1.19929 A.) at beam-
line 9.1 Daresbury Laboratory and in focusing geometry
(A = 1.54056 A. ) in our laboratory. In both experiments
the capillary was spinning during the measurement. Al-
though the diffraction data reproduced quite well in both
experiments (see Fig. 1), serious crystallite size problems
were present.
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II. EXPERIMENT

C6O-n-pentane crystals were grown as describ ed in
Ref. 2. This method results in n-pentane single crystals
which grow in the form of small plates (0.1—1 mm2 area,
0.01—0.05 mm thickness) with shiny black faces. X-ray
diffraction experiments were performed on both as-grown
single crystals ' and on powdered samples. Powder work
was necessitated to determine the structural homogeneity
of our samples used for further low-temperature differen-
tial scanning calorimetry measurements.

It proved to be a difBcult task to obtain good quality
powders from the initial batch of as-grown single crystals.
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FIG. 1. Powder diffractogram of C6O-n-pentane powder
measured (a) in parallel beam geometry at the Daresbury
synchrotron source, and (b) in focusing geometry with Cu
K q radiation.
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III. DISCUSSION

Our results can only be explained with chemical de-
composition of the original sample. Both the known
structure o 60-n-pen anef C — - tane and the small crystallite size
of the end product support this view.
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FIG. 2. Powder difFractograms of C6O-n-pentane measure
on the same sample after successive g
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FIG. 3. Powder diKractogram of C6o-ace-acetone measured in
parallel beam geometry at the Daresbury synchrotron.
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chemical decomposition is induced by pressure and not
heat, that means, thermal decomposition of the sample
can be ruled out.

The mechanically induced chemical decomposition de-
scribed is probably not unique to C6p-n-pentane since in
most of the clathrate samples measured after grinding
we have seen traces of fcc C60. As an example we show
in I ig. 3 a synchrotron spectrum of C60-acetone which
has a very similar unit cell to n-pentane (a = 10.10 A,
6 = 10.20 A. , c = 31.37 A). Although this clathrate is
not investigated in great detail yet, its powder diffrac-
togram shows two phases: one that can be indexed with
the above mentioned unit cell and the other fcc C6o with
much smaller crystallite size. It is very likely that the
second phase is the result of grinding again.

IV. SUMMARY

In this paper we have reported the mechanically in-
duced chemical decomposition of C60-n-pentane. A qual-
itative understanding of the phenomenon can be reached
on the basis of the known structure of the material. This
surprising phenomenon might be not unique to C60-n-
pentane only, but characteristic to similar C60 based
clathrates.
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