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Experiments on the phase transitions and on the dizintegration at low temperatures of single orysials aad
polycrystalline ferrocene are reported. They show that these two are separate phencmienn,

Ferrocene [Fe{CgHz)y] crystals undergo vio-
lent disintegration into yellowish powder when
cocled near liquid nitrogen temperziures. This
has been considered to have some connection

ith a k-point in the specific heat which has been
observed at 163.99K [1]. Stephenson and
Winterrowd have presented a method of retaining
very thin crystals down to 77°K [2]. This method
has recently been used to obtain the absorption
spectrum at 4.29K [3]. Anomalous narrowing in
proton resonance between 115 - 2259K has also
been reported [4]. Duscker and Lippincott have
observed a pressure induced phase transiorma-
ticn at 1% kbar [5].

This communication repor:s various investi-
gations on ferrocene which were undertaken in
order to obtain additional information about the
phase transition and the disintegration. The
single crystals were grown from solution in tolu-
ence and other solvents.

a) Diffevential thermal analysis (DTA): The
phase transition at 164°K was detected, using a
DTA apparatus built for this purpose. Through
repeated slow cycling the transition proved to be
reversible. The single crystals did not "explode”
though held for twelve hours at 1309K. However,
when the crystals were slowly cooled down to

80K, the disintecration could be detected by a
large momentary temperafure gradient, near
1100K (fig. 1a). The exact temperature at which
the disintegration occurred dependend cn the
rate of cooling. The lowest disintegration tem-
perature was observed at 108K and the highest
(using rapid cooling) at 125°K. The disintegra-
tion effect itgelf couid not be repeated, even af-
ter the powder had been raised to room tempeara-
ture for several days. Nevertheless, the phase
transition at 164°K was observed after disintegra-
tion, with an intensity reduction of aboui 40%
(fig. 1b). The weakening of the signal can be pos-
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Fig. 1. Differsntial thermal analysis of ferrocense as
functicr of temperature: 1) Single crystals cocled

through phase transition and disintegration. b) Same
sample after disintagraiion.

sibly explained by the lower heat conduciion f
the powder.

Singie crystals grown from powder wiich
sulted from disintegration exhibited similar be-
haviour as the original crystals using the DTAL
These effects were also cbserved on annen:sd
crystals. Single crystals crushed o :
line powder of less than 0.0117 =i

re-
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Fig. 2. Integrated intensity of Raman lines as function

of temperature.

integration of the large crystal could be cooled
to 77K without further disintegration.

From the above resulis it is clear thai the
phase transition at 164%K and the disintegration
at 1100K are two separafe phencmens.

b} Raman spectra: Raman spectra of ferro-
cene single crystals have been reported down to
200°K [7]. The Raman spectrum of a fragment of
& disintegraied crystal was found to be identical
tc that of an untreated single crystal. The gener-
al features of the intra-molecular spesctrum were
unchanged as the fragment was cooled down to
8GCK axcept for narrower line widths which en-
abled beiter resclution of the crystal fisld spiit-
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ting. Heowever, the intensity of the two strong
lines at 310em-1 (ring-metal stretch) ané 1150
cm-! (ring breathing) showed an anomalous tam-
perature dependence near 164°K {fig. 2).

¢} Uniaxial pressure:; Cooling the crystal slow-
ly under applied pressure of the order of 10 bar
prevenied disintegration. This expariment was
done by simply clamping the crystal betwzen two
glass plates. Thin single erysials thus traaied
were only mildly fractured. After removing pres-
sure, these crystals could then be cooled down o
809K for exiended periods without disintegration.
Repetitive temperature cycling causad further
fracturing.

These experiments seem to indicate domaln
structure which finally disintegrates into single
domain crysialiites near 110°K.

A detailed discussion of the experiments de-
scribed wiil be publishad.

References

1] J.W. Edwards, G, L. Kingicn and B Mason, Tranz,
Faraday Soc. 56 {1580) 880.

{21 P.B. Stephenson and W, £. Wisterrowd, J. Chem,
Phys. 52 {1570) 330&.

{31 Y.35.80hn, D. N, Rendrickson, J. Hart Smith and
H.B. Gray, Chem. Phye, Letters 6 (1570) 499,

{4] L. N. Mulay and & Attells J. Am. Chem. Soc. 85
(1563) 152,

i3] H.C. Dussrer and E. R, Lippincoit, J. Chen. Phys.
48 {1887 3881,

i8] J.D. Dunitz, L. E. Orgel and A. Rich, Acts Cryst. 8
{19586) 373.

{7} J. Bodenheimer, E. Lowenthal and W, Low, Chem.
Phys. Letters 3 (1568) 718.

R

b
wn
a2



