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ABSTRACT:

Nanostructured orthorhombic mercury oxide is prepared by sonochemical reaction. The
influence of pressure on the structural properties are investigated by Energy Dispersive X-
ray Diffraction upto 15 GPa. For the increasing pressure no transition is observed. The
volume fraction decreases monotonically as the pressure increases. It has been observed that
the particle size reduction enhances the first order transition pressure and the stability of the
phase has increased.
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Introduction: The systematic high-pressure studies of II — VI semiconductors have revealed
several new structures and phase transitions'", leading to new insights in the structural
systematic of these materials as well as prompting computational studies of the structural
behaviour using first principle methods®. Among II — VI semiconductors, mercury oxide is
the most unusual one in terms of its ambient — pressure structural properties. In fact mercury
oxide has attracted attention because of its low — pressure chain like structure with linear O-
Hg-O units™.

Under ambient conditions, HgO crystallizes in a orthorhombic structure (space group
Pnma) with cell constants a = 6.61A, b= 5.52 and ¢=3.52 as reported®® and it undergoes
phase transition at 14 GPa from an orthorhombic to a tetragonal cell. A recent study by San
Miguel 7 using EXAFS and EDXRD reported two transitions of mercury oxide at 2 and 5
GPa. Subsequently EDX / Raman study found no transition of mercury oxide below 10 GPa
but crystallization mercury from mercury oxide is observed”. The influence of pressure on
bulk HgO was studied by many researchers for pressures upto 35 GPa®'" and reported
three transitions at 2GPa, 5GPa, 13GPa respectively and at 28 GPa it undergoes electronic to
metallic transition.

As per literature the thermodynamic conversion efficiency of a material can be
improved by reducing the crystallite size to a nanometric dimension(<100nm). From
structural point of view, nanostructured materials have two components one crystalline,made
of crystallites of nanometric dimensions with the same structure as the bulk counterparts and
another interfacial made of different types of defects (grain boundaries, interphase boundaries
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and dislocation etc). The nanosized semiconductor exhibit particle size dependence of
electrical and optical properties, making them potential candidates for application 12 The
issue of the effects of crystallite size on structural stability in these nanocrystals is of
considerable interest from fundamental point of view and also with respect to the
applicability of these materials. Pressure act as a tool to study the structural stability of these
materials.

In this paper, the effect of high pressure on nanocrystalline mercury oxide phase
stability is investigated by EDXRD and the results obtained are reported and discussed.
(Vasanthy and Jeganathan 2007, Vasanthy et.al., 2008, Raajasubramanian et.al., 2011,
Jeganathan et.al., 2012, 2014, Sridhar et.al., 2012, Gunaselvi et.al., 2014, Premalatha et.al.,
2015, Seshadri et.al., 2015, Shakila et.al., 2015, Ashok et.al., 2016, Satheesh Kumar et.al.,
2016).

2. Experimental Procedure

Nanocrystalline mercury oxide prepared by sonochemical reaction and
characterized by XRD, TEM etc" with particle sizel5nm is loaded in to a Mao- Bell type
diamond — anvil cell. The high pressure powder X-ray diffraction experiments are performed
using the Mao-Bell Diamond anvil cell which is mounted on the Rigaku 12 kW Rotating
anode X-ray generator with energy dispersive X-ray diffraction system as explained '*. The
face diameter of the diamond anvil is 600 um. The samples are placed in between the
diamonds with the help of a stainless steel plate of grade T 301 which acts as gasket and the
sample hole diameter is 300 pm along with methanol-ethanol (4:1) pressure transmitting
medium. The pressure is applied slowly. The experiment is carried out at room temperature.
The sample is pressurized to various pressures up to 15 GPa. The detector angle is fixed to 20
=16°.

3. Results and Discussion

According to literature, the bulk HgO undergoes a structural transition from
orthorhombic to a phase that has been tentatively characterized as a slight tetragonal
distortion of the NaCl structure with space group I4/mmm or a very close variant of NaCl
structure at 14 GPa and the second transition is expected to be at 26 GPa.

The nanocrystalline mercury oxide crystallizes as that of bulk HgO with the same
crystal structure and the sequence of phase transition as that of bulk is expected. At ambient
pressure a X-ray diffraction pattern of mercury oxide is collected and indexed in an
orthorhombic structure with lattice constant a = 6.621A, b= 5.577A and c=3.55A of space
group Pnma. This result is in good agreement with the results reported by Zhou et al for bulk
mercury oxide. Fig. 1 shows the EDXRD pattern of the nanostructured mercury oxide upto
the highest pressure of 15 GPa. It has been found that nano — HgO doesn’t undergo any
structural transition upto the working pressure range. As per literature in most cases the
nanocrystalline materials shows an enhanced transition pressure or reduced transition
pressure when compared with bulk materials. In this case the first order transition is not
obtained. With increasing pressure all the diffraction peaks shifts towards the lower 20
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values and the peaks are all well separated. This confirms that the interatomic distance

decreases and the lattice constant decreases with the increase in pressure.

Due to the application of pressure the volume decreases monotonically and calculated
as 131.13A3. The volume as function of pressure V(P) was obtained by fitting to Birch-
Murnaghan equation of state. Figure 2 shows the pressure — volume change of nano — HgO.
The bulk modulus (Bo) is calculated as 41.89 (4) GPa and the compressibility of the nano —

HgO is found to be 2.3% at 4 GPa.
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Fig 1. EDXRD pattern of nano HgO at high pressure.
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Fig 2. Pressure Vs Volume graph of nano — HgO.

From the above results it is evident that there is discrepancy in the transition pressure for both
bulk and nano crystalline materials. The driving force for the phase transformation is the
thermodynamical reduction of Gibbs free energy from the initial phase to the final phase.
Moreoverfor bulk materials the internal energy is contributed by each and every crystallite
separately whereas for nano crystalline materials the internal energy consists of contribution
from the core as well as from the surface. Also the surface to volume ratio of nanocrystalline
materials is more than that of bulk materials. These factors produce a difference between the
transition pressures of both bulk and nanocrystal. This provides information about the
surface tension and surface energy difference of the nano materials. In most cases the
volume collapse and surface energy difference at the transition pressure is considered to be
dominating force leading to the observed enhancement of transition pressure for nanocrystals.
(Manikandan et.al., 2016, Sethuraman et.al., 2016, Senthil Thambi et.al., 2016, Ashok et.al.,
2018, Senthilkumar et.al., 2018).

4. Conclusion: The nanocrystalline mercury oxide by sonochemical method is subjected to
high pressure and no structural phase transformation is observed. The reduction of particle
size has enhanced the transition pressure which in turn increases the surface energy. Due to
the application of pressure the volume is reduced and the compressibility has enhanced. The
volume collapse, internal energy and surface to volume ratio plays a vital role in enhancing
the transition pressure.
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