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The phase transition in methylmercdty halides CHHgX,(X=CI,Br,l) has been studied using Raman
spectroscopy in the temperature range from 10 to 390 K. A soft mode was observed in all studied compounds.
The low-frequency Raman spectra of all methylmerfljphalides(MMH) show several common features. On
these grounds and available structural data we conclude that all methylni#nchatides are isostructural,
with a high-temperature tetragonal phase and a low-temperature orthorhombic one. The possible mechanism of
the phase transition is described. The transition is ferroelastic, driven by the softening of a phonon at the
Brillouin zone boundary. We assume that the transition is induced by the freezing of the eigenvector of a zone
boundary transversal acoustic phonon, causing the cell doubling in the low-temperature phase.
[S0163-18298)08529-4

. INTRODUCTION CH;HgBr one® The authors of Ref. 6 concluded that there
was no phase transition in GHgl and that its crystal struc-

Structural phase transitions in solids have been exterture was different from the structure of chlorine and bromine.
sively studied both experimentally and theoretically over the Solid state properties of methylmercdty halides
past decades® The most studied type of structural phase CH;HgX(X= Cl,Br,l) have not been yet extensively studied.
transition is the displacive phase transition, associated with @he aim of the present work is therefore to study the ob-
small displacement of atoms from the equilibrium position,served phase transitions in the broadest possible temperature
which cause a change of crystal symmetry. Raman spectrosange(from 10 K to the vicinity of the melting temperatyre
copy is particularly suitable for the study of this type of in order to elucidate the mechanism of the phase transition.
transition, since a change of the symmetry associated with
the phase transition affects the Raman spectroscopy selection
rules, and different phases are characterized by different Il. EXPERIMENT
spectra A change of symmetry is usually a consequence of
the freezing of a soft mode, i.e., a mode whose frequency The low-frequency Raman spectra of ¢HgCl and
decreases to zero on approaching the temperature of ti@H;HgBr crystals were recorded in the temperature range
phase transition. from 10 to 330 K, and the Raman spectra of {££igl were

In molecular solids there are relatively few examples ofrecorded in the temperature range from 10 to 390 K. The
displacive phase transitions, and biphérarid chloranit are spectra were recorded using a DILOR Z 24 single-channel
the most studied and best understood examples. instrument and a Coherent Innova 100-15 argon ion laser.

A sequence of phase transitions in &HCl and The low-temperature environment was produced by a CRI
CH;HgBr crystals was observed using Raman spectroscoplyake Shore closed cycle helium cryostat. The polycrystalline
and the transitions were associated with a well pronouncedample was enclosed in a sealed glass capillary mounted on
temperature- and pressure-dependent soft rfiofie.zero  a custom-made brass holder attached to the cryostat. Al-
pressure, the temperature of the phase transition was found tbough the powder sample was used, it was possible to
be 162 K for the CHHgCI crystal and 310 K for the record the low-frequency Raman spectra down to 5 tm
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FIG. 1. Low-frequency Raman spectra of ¢HfCl in the tem-

perature range 10—-200 K.

owing to the excellent suppression of elastically scattere

laser light.

Ill. RESULTS

The low-frequency Raman spectra of MMH crystals at
different temperatures are shown in Figs. 1-3. The observed
spectra of all MMH crystals studied show several commo

features.

The first feature, found in the low-frequency Raman spec-
tra of all studied MMH crystals, is the existence of a well-
pronounced soft modérig. 4). An interesting feature ob-
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FIG. 2. Low-frequency Raman spectra of gHi¢yBr in the tem-

perature range 10-320 K.
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FIG. 3. Low-frequency Raman spectra of ¢Hgl in the tem-
(ﬁ)erature range 10-360 K.

served in the present study is the existence of a soft mode in
the CHHgl crystal too. We have not been able to determine
the temperature of the phase transition. More precisely, it is
not clear if the CHHgl crystal first melts T,,=416 K) or
ndergoes a phase transformation to the high-temperature
hase before melting. The existence of a soft mode is usually
a sign of a phase transition.

The second common feature is the similarity between the
low-frequency Raman spectra of different MMH, particu-
larly at the temperatures close to the phase transition tem-
peratureT..

The third common feature is the fact that the low-
frequency Raman spectra of all systems show nearly the
same number of lines in the low-temperature phase far from
the transition. At the lowest experimental temperat(@

K), seven Raman lines are observed in the low-frequency
spectra of CHHgCI and eight lines in the spectra of
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FIG. 4. Temperature dependence of the soft mode in MMH
crystals.
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FIG. 5. The room-temperature structure of £tgCl crystal.
FIG. 6. The room-temperature structure of &gl crystal. The
CH,HgBr and CHHgl. The observed Raman bands at 10 Kproposed eigenvector of the Raman active soft mode is shown by
are shown by the arrows in Figs. 1-3. The basic obstacle iwe arrows.

understanding the mechanism of the phase transition is lack o . .
of accurate structural data. A structural study of MMH crys- MMH crystals. We propose that the transition is a displacive

tals was made by Grdeniand Kitaigorodsky, who deter- ferroelastic transition, accompanied by a spontaneous defor-
mined the room-temperature structure of, EH4CI as mation of the crystal lattice in the low-temperature phase. In

tetragonal, the space groufP4/nmm The structural results Hg, X, crystals,_the transition is _drivgn by the condensation
of Kotur et al® showed that at room temperature 4l of a soft acoustic mode at the Brillouin zone boundary of the

crystallized in the orthorhombic system, the space grou[51igh—temperature phase. We propose that the phase transition

Pmab (Pbcmin standard notation(Fig. 6). The structural in MMH crystal; is ?"50 driven by softening of an acou§§ic
data for CHHgBr at room temperature are still controver- mode at the Bnlloum_ zone boundary. The phase transition
sial. This is probably due to the fact that the phase transitioff24S€S the cell _doublmg in the I.‘T phase with four molecules
temperature is close to room temperatufe.£310 K) in the unit cell, in agreement with a large number of Raman
making the determination of the crystal structure difficult. I'mft observted at IO‘;V ten;n:peraltqres. the low-t t

The room-temperature structure of MMT crystals is charac- h Loomb_ emr;])era ut;]e $Hgl is r?l)n e bowlssmperqtlﬁre
terized by layers of molecules in the crystdi plane in both, orthorhombic phase, the space gro@mab (Pbcm) wi

the tetragonal phas€HsHgCl (Fig. 5 and the orthorhom- four molecules in the unit celFig. 6), which is also a prob-
bic phas& CHsHg! (Fig. 6). able room-temperature space group of the;8¢Br crystal.
The number of Raman active modes in the low-temperature

orthorhombic phase is given by
IV. DISCUSSION AND CONCLUSION

In the present study we considerably extended the tem- I r=3Ag+3Bg+2Byy+2B3,.
perature range in which the low-frequency Raman spectra
have been measured so far. On the grounds of the preseh€n bands should be observed in the low-frequency Raman
spectroscopic results and available structural ‘dfatee pro- ~ spectrum, which is close to the number actually observed in
pose a model for the phase transition in MMH crystals. ~ the Raman spectra at lowest temperatuFegs. 1-3 (seven
Since the present study shows that the low-frequency Rdines in the low-frequency spectrum of GHgCI, eight in
man spectra of MMH crystals have a number of similarities,CHzHgBr, and eight in ChHgl). Some of the observed lines
we propose that all MMH crystals are isostructural. Thisare probably very closét is not possible to resolve them
means that the low-temperatufieT) phase is orthorhombic €ven at 10 K; some are very weak lines, and it is difficult to
and the high-temperatu@®T) phase is tetragonal. At room observe them in the polycrystalline sample.
temperature CkHgBr and CHHgl are in the LT orthorhom- In the high-temperature tetragonal phase there are two
bic phase, while CkHgCl is in the HT tetragonal phase. molecules in the unit cell. This is the room-temperature
The similarity between the molecular packing of MMH structuré of CHzHgCl. In the tetragonal phase the number of
crystals and another class of relatively well studied mercuryRaman active modes is given by
compounds HgX,(X=CI,Br) (Refs. 10—1% has enabled us
to propose a microscopic model of the phase transition in [yr=Aq+2E,.
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Only three modes should be observed in the low-frequencgependence of the elastic constants, structural data as a func-
Raman spectrum of the high-temperature phase of MMHion of temperature, or specific-heat measurements.
crystals (£4 and Ag), which is in agreement with all the Besides the structural phase transition, MMH crystals
observed spectra and the previous measureméritaree  have a number of additional interesting properties. The first
low-frequency Raman bands have been observed iis alarge splitting of intramolecular vibrations in the crystal,
CH3HgCl atT>162 K and in CHHgBr atT>310 K(Figs. i.e., the splitting betweeg (Raman activeandu modes(IR
1 and 2. active modes The observed splittifg is of the order of
For a given HT phase, group theory considerations restric20 cm !, indicating the strong intermolecular interactions in
possible LT space groups for the ferroelastic type of thaMMH crystals. The second interesting feature is an unusual
phase transitiod.The ferroelastic phase transition betweentemperature dependence of the C-H stretching modes
the HT space grougP4/nmm and the LT space group (3000 cm! region and the CH group torsional mode
Pmab (Pbcm) is allowed by symmetry, and is associated (100—200 cm? region.’® The changes of the frequencies
with a two-dimensional order parameter. The transition isand intensities of those modes most likely reflect different
driven by a phonon instability at thé point on the bound- rotational dynamics of the methyl group at different tempera-
ary of the Brillouin zone(Table VII, p. 1158 of Ref. 8 It  tures. The motion of the methyl group is probably influenced
means that the MMH crystals are “improper” ferroelastics. both by the methyl-methyl and methyl-halogen interactions
The proposed model is also in agreement with the factFigs. 5 and & We hope that the future spectroscopic and
that the Raman active soft mode is present only in the spectrstructural studies at different temperatures will give more
of the LT phase. In the HT phase, the soft transverse acousti@mmplete information about the phase transitions, intermo-
mode is at the Brillouin zone boundari(point), and it is  lecular interactions, and methyl group dynamics in this class
not active in Raman spectra. This mode was observed in thef molecules.
HT phase of HgCl, crystal (X point) using inelastic neutron
scattering:>~® The doubly degenerate soft mode of the HT
phase has two components in the LT phase. They gve
and A; symmetry in the LT phase. The Raman active soft The author is indebted to Professor J. Mink for providing
mode in the LT orthorhombic phase is a translational modehe samples of CkHgBr and CHHgl. The unpublished
of the Ay symmetry (Fig. 6) and was also observed in structural results provided by Professor M. Sikirica were
Hg,Cl, and HgBr, crystalsi®'2151€The A, mode is not valuable in putting forward the mechanism of the phase tran-
active in Raman or infrared spectroscopy, i.e., it is a sosition in MMH crystals. The author also thanks Professor Z.
called “silent” mode. Meic for numerous fruitful discussions. This work was sup-
There are only a few studies of MMH molecules in the ported by the Croatian Ministry of Science and Technology
crystal phase. There are no measurements of the temperatuneder Contract No. 009803/03.
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