Sci. Annals, Fac. Sciences, Univ. Thessaloniki, 28, 31 {1983)

THE EXISTENCE OF A NEW HIGH TEMPERATURE PHASE OF
Hgl: AND THE PREPARATION OF « - Hgl: SINGLE CRYSTALS
(GROUP THEORY ARGUMENTS)

By
S.N. TOUBEKTSIS, EXX. POLYCHRONKIADIS and N.A., ECONOMOU
AUniversity of Thessaloniki)
and A TOURIMIS (Biedynamics Laboratory)

Abstract: The main principles coneerning the transition of the yellow phase 8-Hgl,
to the red phase a-Hgly are analyzed. This establishes that no genealogical relation
exists between the two phases and a new phase was sought that would lead to a
parental compound. This was confirmed by DTA measurements whick indicated
that the yellow phase iransform to a new phase ai the temperature 259°C leading
to a red phase presumably of tetragonal symmetry. Single crystals of this high tem-
perature phase quenehed in tce water lead to single erystals of the a-Hgl,, without
pessing through the p-phase transition.

Hgls apart from its technological importance imposes a real pro-
blem concerning its physical behaviour. It is well known that Hgls
undergoes a phase tramsition, which depending on the purity of the
material, lies in the vicinity of 127 °C. The low temperature phase is
tetragonal with a space group D:f: and the high temperature phase is
orthorhombic with a space group C;:. Apart from that, two other
phases have been reported, a tetragonal phase of space group D:: and
a superstructure of the x - Hgl: phase which is considered metastablel.
In seeking the genealogical relation among these structures we applied
Lapndau and Lifshits criterion? which states that for group Ge to
transform into G: through a second order transition, Gi < Go. This
criterion is a necessary condition as proved by Birman®. He also
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2. G. La Lynbarskii. The application of Group Theory in Physics, Pergamon
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3. J.L. Birman, J. Physique (Coll. Intern. sur le composes IV-VI, ;29 (Suppl.)
151 (1968).
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introduced a subduection criterion. Applying Seitz’s symbolism the
operators for the four space groups are

yellow phase B - Hgle (C;_i) {ox/003} {ay /000}
red phase - Hgla (DY) {C]/003} {C, /53 0} {l/5 40}
tetragonal metastable phase (D 43) {C:'Z/O%O} {sz}]; %O} {1 /—: 5 0}

which can hardly fulfill the Landau-Lifshits criterion while the super-
structure phase obviously is directly related to the « phase. Thercfore
a real problem is imposed, what is the parental structure of this com-
pound. Of course the B - Hgla to « - Hglz transition due to the abrupt
volume change was proposed to be a first order transition? and pre-
sumably the metastable phase occurs through a transition of similar
order. Nevertheless the stability of the « - phase, the possible existence
of a superstructure of the « - Hgls phase, and the stability enhance-
ment with increased purity leads to thoughts that the tetragonal phase
s a starting point in seeking for a parental structure.

We proceeded in a carefull study of the thermal behaviour of Hgla
up to the melting point. For this a DTA (DSC-2 Perkin-Elmer) in-
strument was used and slow scanning measurements were taken. We
used Merck proanalysis material. The measurements showed three
deviations from the base line (tig. 1). The first one at a temperature
133°C, which coincided to the previous established eritical temperature
for the o - Hgl: to p - Hgl: transition. The second one occured 4 de-
grees before the last one which was due to the melting transformation.
Therefore a new phase occured just prior to the melting.

Visual inspection of the sample during heating, showed that the
material at 133 9C changed from red to yellow as expected for the
« - Hgla to B - Hgle transition. At the temperature 259°C the yellow
B - Hgl; phase turned to a red solid material and at the temperature
263°C the material melted to a high viscous liquid which immediately
lost its high viscosity.

We attempted an X ray powder analysis of the high temperature

4. A, Gaumann, Chimia {Aarau)} 20, 82 (1966).
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solid phase but due to the high volatility of the compouad and the
small temperature range of stability we obtained only evidence that
this high temperature red phase was fetragonal.

Quenching the material from the temperature 259¢ C were the high
temperature phase is stable to room temperature the phase obtained
was the red «-phase of Hgls, without passing through the f-phase, as
proved by x-ray powder analysis (fig. 2).

After establishing these facts the procedure of growing single cry-
stals of « - Hglz was confined into growing single crystals at the tem-
perature range of the stability of tne high temperature red phase
and quenching them to ice temperature.

By using a quartz ampoule with a tapered end and the charge ma-
terial under vacuum 10-5 mmHg we were able to grow single crystals
ot a counical shape of 0,6cm length and 0,6cm base diameter (fig. 3).

We are proceeding now further to develop a suitable metbod in
order to grow cryetals at any desired volume.
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Fig. 1. Thermogram of Hgl, showing the three phase transition lemperatures
at 133 °C (a), 259 °C and the melting at 263 °C (&)
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Fig. 2. X-ray powder diagram of the quenched material tdentifying the red
a-phase of Hgl,

Fig. 3. Single crysials of a-Hgk.
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H YIIAPEH KAINOYPITAY PATHE TYHAHIE GEPMOKPAZIAY
TOT Hgl: KAl H ITAPAZKETH MONOKPYZTAAAQN o - Hgle
(SYZHTHZH ME AEAOMENA THZ OEQPIAY OMAAQN

Z.N. TOTMIEKTEIHE, EK. IOATXFONIAAHZ, N.A. OQIKONOMOT
(Havemotijpo Oeocalovixg)

A. TOYZIMHY (Bicdynamics Laboratory)

Ov apyée wou apopoldv n uetatpory) TNs xitpune pdang B - Hgle oy
b, gaon o - Hgle avaddovrar. Awé mv avdiuer auth) mpoxbmter 6TL Ye-
veahoyixt] oxéon perabd Twv e Jopv e Sbvarar v umdplel xar yeuthd
wvalnreitar 7 pnrewd, dopd. Bpdlnxe amd petphoeis Stagopixns Oepuixds
avahuenc 6Tt 1 xltpivy pdon petatpémetal ge win véa o%ov ot Oepuoxpaoix
259 °C mou odypyel oe pa nbxxntvy aon pe reTpayevird doud. Movoxpbatah-
Aot quThe e LYMANG phams pe mayopx oto plype TwEyou xat vepod odrnyolv
ce povoxpuatairous s « - Hgle gdone, ywptc va Suédouy amé m B - Hgle
PpaoY.
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