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MAGNETIC ANISOTROPY OF Hg,Cl,
SINGLE CRYSTALS*

MILOS MATYAS**, CESTMIR BARTA**, Praha

The paper reports results of the measurement of the magnetic susceptibility in
dependence upon the magnetic field, the temperature and the crystallographic orienta-
tion of Hg,Cl, single crystals. The explanation is based on the assumption that the crystals
contain molecules with the following bond structure : CI'Hg" - Hg*Ql™.

MATHUTHAA AHU30TPOIMA MOHOKPUCTAJLJIOB Hg.Cl,

B pa6ote npusonsaTcs pesymbTaThi H3MEpeHHit MarHKTHO BOCAPHHMYHBOCTH MOHO-
Kkpuctanios Hg,Cl, B 3aBUCHMOCTH OT MATHHTHOTO NOIS, TEMINEPATYPh! H KX KPUCTAN-
norpagutieckoit opueHTaiun. OB BACHEHHE NONYYEHHBIX TaHHbIX OCHOBAHO Ha npen-
TIOAOKEHHH, HTO MOHOKPHCTAIIbI OGPA30BAHBI MONIEKYNAMH CO ClIeAyIOWed CTPYKTYpO#
cesswr: CI'Hg™ —~ Hg*Cl™. :

L INTRODUCTION

The single crystal of mercurous chloride have an important property, e.g.
birefringence, which makes it possible to use this material in the construction of
optical elements. Because of this useful property the single crystal of mecurous
chloride is now intensively studied, both experimentally and theoretically. Up to
now, negligible attention has been paid to their magnetic behaviour
Farquharson et al. [1] reported that its material is diamagnetic and its magnetic
susceptibility per gram at room temperature is —2.20x 10”7 cm’g™’. Later
Prasad et al. [2] and Kido [3] published similar results and for the susceptibility
reported values of ~2.45x 107" em’g™ and -2.53x 107 em’g?, respectively.
Further results were published by Bhatnagar et. al. [4], Grillot [5] etc. and their
susceptibility values were in the range of values quoted above. In the present paper
the magnetic susceptibility of a pure and well defined single crystal of mercurous
chloride was measured as a function of the magnetic field, temperature and
crystallographic orientation at temperatures 77—300 K.

* Dedicated to academician Vladimir Hajko on the occaxion of this 0™ birthday.
** Institute of Physics, Czechoslovak Academy of Sciences, Na Slovance 2,(CS-180 40 PRAGUE.
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1. EXPERIMENTAL PART

Single crystals of mercurous chloride were grown from commercial calomel of
Spectrostopic purity which was several. times recrystallized by sublimation in
vacuum. The method published earlier [6, 7] was used with the following modi-'
fications: The distance between the growing crystal face and the evaporated
material was diminished down to 3 cm and the temperature difference to 3 degrees.
The crystal was grown at a temperature of 450 °C at a rate of 0.3 cm per 24 hours.
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Fig. 1. Two different crystallographic orientations of the samples measured

The magnetic susceptibility was measured on single crystals of mercurous
chloride of the shape of a parallelepiped 3 X3 x 10 mm attached to a quartz
filament in the magnetic microbalance described earlier [8). This material crystal-
lizes in the tetragonal structure and the crystallographic orientation of samples is
shown in Fig. 1. The magnetic field rotates perpendicularly to the longitudinal axis
Z of the samples. The method makes possible to detect a change of susceptibility
Ax =0.01x107" cm’g".

The measurement indicates that the magnetic susceptibility of mercurous
chloride samples is independent of the magnetic field (up to 5 kG) and the
temperature (77—300 K). From these results it is possible to conclude that this
material is strictly diamagnetic and that it contains no measurable concentration of
any paramagnetic component. Since the method permits to detect a susceptibility
change Ay = 0.01 x 10~ cm’g™", the concentration of any impurity having on the
average the magnetic moment S u, must be lower than 1 x 10® em™. .

The dependence of the susceptibility upon the crystallographic orientation
indicates anisotropy. Because the susceptibility is temperature independent, the
measured dependences are the same, both at 77 K and 300K. In Fig. 2 the
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dependence of the susceptibility per gram upon the angle between the magnetic
field B and the crystal axis ¢ is shown for two samples (Fig. 1). We see that the
diamagnetic susceptibility measured for the orientation B||c is lower than for the
orientation B1C. The corresponding susceptibility values are y,yc =

—245x107 om’g™" and y,,. = —2.56x 10" em’g™". If we compare these
values with those measured earlier [1—3] we see a good agreement in spite of the

fact that we observe the anisotropy of the diamagnetic susceptibility.
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Fig. 2. Dependence of the magnetic susceptibility Fig. 3. Structure of mercurous chioride

Per gram upon the angle between the directions of
the magnetic field and the ¢ axis

III. DISCUSSION OF RESULTS

The mercurous chloride crystalizes in a tetragonal structure which is shown in
Fig. 3. We see that it contains Hg,Cl, molecules. We suppose that the binding in
these molecules can be described in the form CI"Hg"—Hg*CI". This scheme is in
agreement with the results obtained, indicating that this material is diamagnetic
because CI™ ions as well as the complex Hg*—Hg* are both diamagnetic. We
suposse that one s-electron from each mercury atom is transferred to the chlorine
atoms to convert them into CI” jons. The remaining s-electrons of the mercury
atoms form a bond between the mercury atoms which is similar probably to
a delocalized covalent bond ar a metallic bond. If we had a pure covalent bond in
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the complex Hg"—Hg", then the shared electron pair could be displaced along the
bond.However, the anisotropy of the magnetic susceptibility indicates that its value
is greater if the magnetic field is perpendicular to the ¢ axis. Therefore we must
suppose the delocalized covalent or metallic bond in the complex Hg*—Hg"*.
This conclusion is supported further by the measurement of the dielectric
permitivity of the mercurous chloride reported recently by Kocéka [9]. He obtained
the anisotropy £,. =10 . 06 and £,.=13.33. If we used theory of diamagnetic

susceptibility developed by Kirkwood [10], we can write A = kl(e —1)/(e - )2,

For the ratio Xa.1c/Xq. )1 We obtain then 1.04 which is in good agreement with the
experiment giving the value 1.045.
~ Finally we checked the absolute values of susceptibility. Corresponding mo-

lar  susceptibilities are  Yoje =~ 115X 10" ecm’mol™"  and Tt
= —120x10"° cm’mol ™", According to the Pascal rule [11] we take Ayq-=
—23.3%x10™° cm’mol™" and AXngs = —45%107° cm®mol ™" giving the value

Xmbec, = —136.6 X 10 cm’mol™". All these values Ay correspond to atomic
entities having a spherical distribution of the electron density around nuclei. The
difference between the calculated and experimental values is due to the existence
of the complex Hg"—Hg" in which the mercury atoms share a delocalized electron
pair responsible for certain, though smail asymmetry in the electron distribution.
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