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s.r. Accordingly, Eqgs. (4) and (8) of our paper!
4] be multiplied by the factor ey« (e, xe,).

»x'

,.,Nn\, we wish to point out thrce misprints: in

v () K=K should read k,—#%,, Eq. (6) should be

"l‘h‘"l b) — (27)3 and in Lq (7) pjshould read p;.
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SVIDENCE has been presented in this journal' by
11 Okamoto, Chang, and Kantor that ferrocene does
-t have a phase transformation below 20 kbar and
soference is made to carlier work of Van Valkenburg
<] Weir to support this view.

Aetually, evidence for the existence of a phase trans-
Lemation in ferrocene has first presented by Weir,
v.an Valkenburg, and Lippincott,* although no optical
st xeray identification of the transformation was
;-nsible at that time. On occasion we have observed
rrocene in the diamond-anvil, high-pressure cell and
Lamd a rather distinet boundary between the ferrocene
a the high pressure region (in the center of the ccil)
»u0 that near atmospheric pressure at the edge of the

amond, (see Fig. 1). We have recently bun able to
¢ luce the trans{vrmation at will and have determined

¢ pressure of the transformation and the optical
wopertics of the two phases.
The formation of ferrocene I11% can be observed most

=y in the followi ing C\pcrmlcnt A single crystal of

sublimed ferrocene is placed in the diamond-anvil
'--:'n-prcssure cell and the applied pressure is increased
"+ about 20 kbar. As the pressure is applied, the
wundary between ferrocene T and ferrocene I1T can be
“ntly observed. However, the boundary becomes very
“stinct upon decreasing the pressure, since as the
“undary moves inward tou'lrd the center of the cell,
“rrocene T erystallizes from ferrocene 111 in the form
»eryvstallites 1 to 5 p in diameter. These crystallites
2 be easily distinguished from the continuous layver

l' rrocene in the center. One cannot distinguish the
“ase transformation boundary if polyerystalline
~ffocene is used, but infrared and visible absorption
“esurements are identical with those obtained with
““le erystals as above if sufficient time is allowed to
“weh equilibrium,
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Fic. 1. View of ferrocene (ICOX) in diamond-anvil pressure
cell at 16 kbar (applied pressure) showing layer cf ferrocene ITT
in center and polycrystalline ferrocene I around it. The artifact
is a result of handling and unrelated to the observed phenomenon.,

X-ray identification of ferrocene TIT has not been
possible in the diamond-anvil high-pressure cell because
of the low mass of the atoms, thc small amount of the
sample (compared with the mass of the diamonds)
and the fact that we have not as yet been able to grow
ferrocene 111 single crystals in a uniform pressure field.

Two methods have been emploved to evaluate the
pressure of the transformation. In one experiment, a
crystallite of nickel dimethylglvoxime was placed
between the ferrocene crystal and the diamond so that
the application of pressure gave a ferrocene matrix
with a few suspended crystallites of nickel dimethyl-
glyoxime. The position of the absorption band in
nickel dimethylglyoxime at the ferrocene (I-I11)
boundary permitted an assignment of pressure using
the data of Zahner and Drickamer! and confirmed in
the diamond-anvil high-pressure cell by Lippincott
and Duecker? In this manner, the transformation
pressure was determined to be 11.5240.5 kbar.

In another approach, the transformation pressure
was compared with the transformation pressure of
mercuric iodide by the simultaneous compression of
hemicylindrical disks of mercuric iodide and ferrocene.
A comparison was then made of the transformation
pressures by the method of Bassett and Takahashi®
Assuming a nearly linear pressure gradient in the region
of the transformation, we calculate a transformation
pressure of 11.02:0.7 kbar using Drickamer’s mercuric
iodide transformation pressure of 13 kbar these

~ transformation pressures are not far from that predicted

by Weir, Van Valkenburg, and Lippincott, or that found
by Freeman in a fully hydrostatic environment

The phase transformation presents no discontinuity
in the absorption band at 23 100 cm™. Spectra taken
from microsections of ferrocene I and IIT at the phase
boundary both have maxima at 23 450==30 cm™, This
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value agrees with that obtained from spectra taken of
the entire saumple at an applied pressure of 11 kbar.
Using spectral data of the latter type from 0 to 40
kbar, the spectral shift of ferrocene T is determined to
be about 32 ecm~*/kbar while that of ferrocene ITI is
found to be about 18 cm™!/kbar. This spectral shift is
qualitatively in agreement with Weir, Van Valkenburg,
and Lippincott and agrees quantitatively with Zahner
and Drickamer,® except in the region of the phase
transformation which they apparently did not observe.
The lack of discontinuity in the electronic spectra at
the phasé transformation scems to be in harmony with
Okamoto’s inability to detect a transformation by an
electrical conductivity method.!

The infrared spectral data of Weir, Van Valkenburg,
and Lippincott cannot be significantly improved upon
since we were unable to take micro-infrared spectra of
ferrocene I and IIT at the phase boundary. The
1108-cm™ band in ferrocene 1 is observed to shift to
1135 cm™! in ferrocene I11, in agreement with the dis-
continuity reported carlier. This shift was found to be
especially sharp or discontinuous if a single crystal of
ferrocene is compressed as above. On the other hand,
if microcrystalline ferrocene is compressed, the 1108-

cm™! band appears to simply broaden and decrease in

intensity. Upon relcase of the pressure and recompres-
sion, the relative intensity of the 1135-cm™ peak
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increases and with further recompressions, the 1108.
cm™ band virtually disappears.

This result suggests that the formation of ferrocene
IIT may be “shear induced,” especially since the nmost
evident conversion of ferrocene to ferrocene IIT is Ly
the rapid compression of a single crystal and micro-
crystalline ferrocenc transforms sluggishly.

A portion of this work was carried out at the Nationa|
Bureau of Standards, Washington, D.C.
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