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Resistivity of nanocrystalline lead selenide prepared by sonochemical process is studied under high pressure using
opposed Bridgman Anvil Cell upto 10 GPa. The high pressure studies are carried out both at room and at high temperature
upto 300°C using an external heating arrangement. On application of pressure and temperature a remarkable change in the
resisitivity curve is observed. The resistivity of the nanocrystalline lead selenide increases and then drops down under high
pressure. The sharp increase in the graphs indicates the structural phase transition of the lead selenide. The bulk PbSe is
transformed from B1 to B16 structure at pressures of 4.2 GPa whereas, the same transition is obtained at 6.2 GPa for
nanocrystalline PbSe. Further increase of pressure results in decrease of resistivity which indicates the transition from
semiconductor to metallic nature of nanocrystalline PbSe. The high temperature results in shifting of pressure required for
the transition towards lower values. According to the result obtained for both bulk and nano PbSe, an enhancement in the
transition pressure with decreasing grain size is observed.
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Introduction
Semiconductors of nanosize have been the focus of
scientific research in the past two decades because
of their special properties such as surface-volume
ratio, increased activity, special electronic properties
and unique optical properties as compared to those of
the bulk materials [1, 2]. Among them selenides have
attracted considerable attention due to their interesting
properties and potential applications. They have been
widely used as thermoelectric cooling materials, optical
filters, optical recording materials, solar cells, super
ionic materials, sensors and laser materials [3-6]. PbSe
is one of the most attractive selenides for a wide variety
of applications in IR detectors, photographic plates,
selective and photovoltaic absorbers [7]. Many
conventional methods are reported for the preparation
of selenides and have some limitations [8-13]. The

*Author for Correspondence: E-mail: frenystephen@gmail.com

sonochemical method is an attractive method used
extensively to generate novel materials in nanosize.
PbSe nanocrystals have been successfully prepared
via sonochemical route from an aqueous solution [14].
It is found to be a convenient and efficient route to
produce mono dispersed PbSe nanoparticles with
controllable morphologies in a single step.
The application of high pressure and high
temperature brings a change in the lattice spacings
that leads to the discovery of new phenomena, new
phases and new forms of electronic order [15]. Here
the nanocrystalline PbSe prepared by sonochemical
method is studied for its properties upto a maximum
pressure of 10 GPa and a maximum temperature of
300°C. The variation of electrical resistivity of
nanocrystalline PbSe is compared with that of the
bulk PbSe. It is found that the transition is pressure
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enhanced and as the temperature is increased the
transition pressure shifted towards the lower pressure
value.
2. Experimental Procedure
The high-pressure electrical resistivity measurements
for PbSe are carried out using the standard two-probe
method by using Bridgman Opposed anvil device. The
sample is placed between the two anvil face using a
gasket material pyrophyllite of 10 mm diameter with
2 mm hole drilled at the centre. Steatite is used as
pressure transmitting medium. The overall thickness
of the sample cell is about 0.5 mm. Two copper leads
are used to measure the resistivity. The resistivity
measurements are carried out up to a pressure of 10
GPa. In order to produce high temperature a circular
heating coil made up of Kanthal wire over laid with
brass shield is used [16]. The temperature is sensed
with the help of K-type thermocouple and a
temperature controller is used to maintain the
temperature. The coil is heated using 220 V power
supply. The temperature stability obtained was ±2°C.
The experiment is carried out in steps of 100°C for
different pressures up to a temperature of 300°C.
3. Results and Discussion
The high temperature and high pressure studies were
conducted for the nanocrystalline PbSe of 8 nm in
size at temperatures 100°C, 200°C and 300°C. The

observed data is shown in the Fig. 1. The resistivity
of the sample is found to be few kilo ohms cm at
normal temperature and pressure. From the graph it
is inferred that the resistivity remained almost
unchanged up to a pressure of 5.4 GPa. At 6.2 GPa
the onset of the transition starts and there is a sharp
rise in the value of resistivity. On further increase of
pressure the resistivity increases up to 8.45 GPa and
then it decreases. The sudden rise in the resistivity
shows that the PbSe undergoes a structural transition
from low pressure phase (B1) to high pressure phase
(B16). Bulk-PbSe undergoes a phase transition from
NaCl (B1) to orthorhombic phase (B16) at a pressure
of 4.2 GPa [17, 18]. The transition pressure of the
nanocrystalline PbSe obtained at room temperature
is compared with that of the bulk PbSe and it is found
that there is an increase in the transition pressure.
When the temperature is increased from room
temperature to 300°C in steps of 100°C the resistivity
follows the same path as that of the previous result.
From the graph, we infer that the transition pressure
decreases towards the lower pressure range on
increase of temperature. Fig. 2 shows the temperature
and pressure phase diagram for different temperatures
and pressures. Above 300°C the nanocrystalline PbSe
will have the nature of bulk PbSe by undergoing a
transition at 4.2 GPa. At high temperature and high
pressure the nanocrystals coagulate to form crystallites
of larger size. The result obtained is consistent with
the most recent studies on the finite size effects on
the transition pressures of nanocrystals reported
earlier [19, 20]. For nanoparticles, the surface to
volume ratio is large and the surface energy plays a
vital role in the enhancement of transition pressure.
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Fig. 2: Temperature-Pressure phase diagram of nano PbSe
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Thus, the effect of reduced particle size in PbSe
nanocrystals elevates the transition pressure and
increase the sluggishness of the transition. The

transition pressures are largely controlled by the
surface energy of the particles associated with any
given phase of the nanocrystalline particles. The
transition pressure decreases with increase in
temperature.
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