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ABSTRACT 
The current global energy scenario and consumption rate is alarming greatly as the tremendous increase in 
population causes a sharp increase in electrical energy demand. The exhaustive extraction and production of 
fossil energy is the main reason and contributor to many environmental issues. As these fuels will ultimately get 
depleted resulting into increased energy shortfall, climate change and energy insecurity. In this regards every 
country is putting an effort to increase energy efficiency as well as switching over to new and renewable energy 
technologies. Among such solar energy from the sun is free and abundant. It offers number of strategic benefits 
which replaces the fossil-fuel combustion for the various electrical and thermal needs by minimizing the 
emissions of harmful gases and air pollutants. Currently, solar energy’s contribution to the total global energy 
supply is very low and small but the potential is enormous. Historically solar systems suffer from huge initial 
cost than conventional energy sources but once the solar technologies are installed, they have very low 
operating costs and require minimal input this provides security against conventional fuel supply disruptions 
and their prices. However present innovation and supports for solar manufacturing and sales prices have 
dropped greatly from the past few decades resulting into at energy price parity. Shockley-Queisser limit is the 
theoretical maximum efficiency that a single junction solar cell can exhibit. The current research in this 
direction is going on to find out the best substitute materials and technology to improve the performance of 
solar cells. The study of light spectrum and different absorption levels in semiconductor material, special 
coating, application of nano technology and use of organic polymers have led to greater saving and rapid 
production. 
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INTRODUCTION 

Every location on the Earth receives sunlight to a very good extent of the year and the quantity of solar radiation 
reaching any one point on the Earth's surface varies with respect to the followings namely, Geographic location, 
Time of day, Season, Local weather and landscape. A particular point on the Earth's surface gets maximum 
possible energy when sun is closer and rays are vertical as well varies with slant angles. The radiation data 
required for solar photovoltaic systems is expressed in terms of kilowatt-hours per square meter (kWh/m2) and 
for solar heating systems it is British thermal units per square foot (Btu/ft2). French physicist Edmond Becquerel 
discovered the concept of Photovoltaic conversion early in the year 1839. Solar PV cells are the basic building 
blocks of all PV systems made up of Photovoltaic (PV) materials and devices to convert sunlight into electrical 
current by photoelectric effect. Several PV cells of various sizes and shapes, from a smallest postage stamp to 
several centimetres drawn from semiconducting materials are often connected to form PV modules and in turn 
Arrays [1]. The other accessories like, electrical connections, mounting mechanisms, power-handling and 
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ABSTRACT:
Zinc oxide is a promising semiconductor, due to the chemical bonds; they are between cova-
lent and ionic. This bonding plays a dramatic role in thermodynamic properties under extend-
ed pressure and temperature. In this work we analyze the behavior of the effect of pressure 
on the system temperature of ZnO wurtzite structure; we have been investigated equilibrium 
parallel molecular dynamics technique and dlpoly_4, using RAVEN supercomputer of Cardiff 
University(UK), to simulate the evolution in time of system temperature and its equilibrium 
time in isothermal and isobaric ensemble. Our system contains 2916 atoms of ZnO wurtz-
ite type, under the ranges of pressure 0-200(GPa) and temperature 300-3000(K), where the 
interatomic interactions are modeled by Buckingham and Coulomb potential for short and 
long-range interactions respectively; we used equilibrium time of system temperature to know 
the effect of pressure. Due to the lack of information about the effect of pressure on system 
temperature, under previous conditions, our results are still a prediction which needs confir-
mation in future. The thermodynamic behaviors of ZnO have huge importance in nanoscale 
and macroscale, especially in medicine, pharmacy and geophysics fields.

Keywords: ZnO, MD, phase transition, pressure, temperature.

INTRODUCTION 

Zinc oxide is a promising semiconductor in technology, giophysics, and recently in last decade is used in nanotech-
nology; nano helices [1, 2], nano pins [3-10], nano rods [11-15], tetraped, nano whiskeres [16], nanocompbs [17, 
18]. The most stable phase of ZnO is the Wurtzite structure (B4); defines by unit cell parameters a=b= 3.2496(Å), 
C= 5.204(Å), µ=3/8, and c/a=1.633 where each atom of Zinc is surrounded by four atoms of Oxygen and vice 
versa [19, 20]. The parameter values of unit cell vary from 3.2475 to 3.250(Å) and from 5.2042 to 5.2075(Å) for 
the parameters a and c respectively [21]. This deviation due to the volume of unit cell which depend on the free 
electrons concentrations, on concentrations of foreign atoms and defects, external strains, and temperature [22].

Beside many experimental and theoretical studies on ZnO; this material needs more investigations to know its 
thermodynamic behavior in nanoscale, especially under extended conditions of pressure and temperature [11, 35], 
where the heat transfer in nanoscale and the effect of pressure on system temperature still a challenge subject. In 
this work, the interatomic potential is modeled by Buckingham-Coulomb potential [23, 24], the range of pressure 
0-200GPa and temperature 300-3000K product a phase transition from wurtzite to rocksalt at around 10GPa,from 
rocksalt to wurtzite at around 2GPa, and from rocksalt to zinc blend at 260GPa[4, 6-9]. In this paper, we focus on 
evolution of system temperature in time and its equilibrium time of isothermal and isobaric ensemble; in order to 
analyze the effect of pressure on system temperature and the main parameter which control this effect.
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II. Calculation Method

In order to save time of calculations, parallel molecular dynamics becomes a powerful tool for simulation; in this 
work the calculations have been run in RAVEN supercomputer of Cardiff university, using dl_poly_4 software. 
In this calculations, our sample contains 2916 atoms of ZnO (1458 atoms of Zn2+ and 1458 atoms of O2-), the 
short-range and long-range interactions are modeled by Buckingham and Coulomb potential respectively [23, 
25], where the interactions will be neglected outside the cutoff rc=12(Å). The ensemble of Nose-Hoover (nST) is 
used to control the relaxation of pressure (10ps) and temperature (10ps)[23]. The timesteps Δt is 0.001ps and for 
equilibrium and measurement the time is 30000ps, respecting the periodic conditions. The range of pressure and 
temperature are 0-200GPa and 300-3000K respectively [14]. The crystallographic component vectors of wurtzite 
according X, Y, and Z are respectivelya(1/2,√3/2,0), a (1/2,-√3/2,0),  and a (0, 0,c/a). The bases of atoms in Carte-
sian coordinates are (0,0,0), (0,0,uc), a(1/2,√3/6,c/a),  and a(1/2,√3/6,(µ+1/2)c/a) 5, where the dimensions of  the 
simulation box are (9a)x(9b)x(9c). The MD technique consists of numerically solving a group of differential equa-
tions of Newton second Law over all atoms of a simulation box; Thus given an initial configuration of positions 
and velocities at the time (t), the positions, velocities, and acceleration can be calculated at a later time t + ðt [26].

III. Results and Discussion

We focus in this work to show the evolution of system temperature in time, to extract the equilibrium time depends 
to pressure and temperature; in order to see the effect of pressure, the dependence of system temperature in time 
of ZnO wurtzite structure under the range of temperature 300-3000K and low pressure 0.1MPa-15GPa is shown 
in figure1.  

Figure1: Evolution in time of system temperature of ZnO wurtzite structure under low pressure (0.1MPa-15GPa) 
and under low and high temperature (300-3000K).

As it is noticed from figure 1, the period of time of 300ps is enough for equilibrium state, which confirm the valid-
ity of interatomic potential of Buckingham-Coulomb; this objective permit us to extend the conditions of pressure 
to high values under the range of 0-200GPa.

Under low temperature 300K and 500K and the pressure of 0.1MPa; the system temperature is approximately 
linear, where the fluctuations are insignificant, while increasing the temperature to 1500K 2000K, the system 
temperature is started to fluctuate, which means that the effect of temperature is more than the effect of pressure. 
However it is clear that under high temperature of 2500K and 3000K; there is a dramatically fluctuations, due to 
the phase transition from solid to liquid [21], where the effect of pressure (0.1MPa) is neglected.

Under isobaric ensemble of 5GPa and under the range of temperature 300-3000K; the evolution of system tem-
perature in time tends to equilibrium as shown in figure 2, under high temperature, it becomes bit linear less than 
under lowest one, also the effect of temperature on the system atoms need around 100ps for influencing; it is the 
required time for the heat transfer.
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Figure2: Evolution of system temperature in time under low and high temperature 300-3000K and at 5GPa.

The effect of pressure on system temperature is becoming clear, under increasing the pressure from 5GPa to 10 
and 15GPa (see figure 3 and 4); we use here an isobaric ensemble as previous cases and we change the temperature 
from low to high value.

Figure3: The evolution of system temperature in time under the 10GPa and low and high temperature 300-3000K.

Figure4: The evolution of system temperature in time, under 15GPa and low and high temperature (300-3000K).

We extend the low pressure (0.1MPa-15GPa) to high value 0-200GPa using always isobaric ensemble, with chang-
ing the temperature from low to high degree, as shown in figures 5-7 

Figure5: The evolution of system temperature in time under 40GPa and low and high temperature (300-3000K).
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Figure6: The evolution of system temperature in time under 100GPa and low and high temperature (300-3000K).

Figure7: The evolution of system temperature in time under 200GPa and low and high temperature (300-3000K).

In previous isobaric ensemble in figures1-7 and under the low and high temperature; due to the influence of high 
pressure, the atoms of ZnO wurtzite structure become closer to each other, which prevent the impact of tempera-
tures, therefore it can be neglected under high pressure, while under low pressure and high temperature the conse-
quence of temperature is significant especially down more than melting degree of ZnO (2228K)[27]. 

We have been seen that the period of time 300ps is enough to achieve the equilibrium of system, beneath the range 
of temperature 300-3000K and 0-200GPa range of pressure; we extract the equilibrium time to see the relationship 
with the applied pressure. 

Figure 8 shows dependence between equilibrium time and low pressure (0.1MPa-15GPa), and low, and high tem-
perature in the range of 300-3000K; it is noticed that the equilibrium time increases with increasing temperature, 
beneath low pressure (0.1MPa and 5GPa), while it decreases with increasing the pressure (10GPa and 15GPa), in 
these isobaric ensembles, the curves are bit linear, due to the proportionality between equilibrium time, pressure 
and temperature.

Figure 8: Equilibrium time of system temperature in isobaric ensembles(low pressure) versus temperature under 
the range of 300-3000K.

In isothermal ensembles under the range of temperature 300-3000K and low pressure as shown in figure 9; under 
300K and less than 5GPa the equilibrium time is constant till 5GPa, which means the same phase structure of ZnO 
wurtzite type, while between 5GPa and 10GPa there is dropping of equilibrium time; it is the area of phase transi-
tion from wurtzite to rocksalt. After 10GPa there is a stability of equilibrium time, due to the same phase of rock-
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salt [4, 6].Down 1000K and 1500K, the equilibrium time has the same variations till 5GPa, where it is changed 
at 10GPa, because the phase transition. However under high temperature 1500-3000K and less than 5GPa; there 
is nearly the same values of equilibrium time , in other side the system tends approximately the same limit under 
2500K and 3000K[21]. It is noted that under all temperatures at 15GPa, the equilibrium time of system tempera-
ture converges to one limit (one phase of rocksalt) [4, 6].

Figure 9: Equilibrium time of system temperature in isothermal ensembles (low pressure) versus pressure under 
the range of 300-3000K

IV.  Conclusion

Equilibrium parallel molecular dynamics, dl_poly_4 software, and Buckingham- Coulomb are investigated to 
analyze the impact of pressure on system temperature of 2916 atoms of ZnO type; we have seen that the evolution 
of system temperature in time achieved the equilibrium in enough time of 300ps. It is noticed that beneath low 
pressure 0.1MPa, and at low temperature (300K and 500K); the influence of pressure is more than the trace of 
temperature, due to no fluctuations. However, increasing temperature (1500-3000K), increases the fluctuations 
under 0.1MPa, but under the range of pressure 5-15GPa, the fluctuations are dropped and tends to be bit linear 
and limit to one value. Generally, we can conclude that; high temperature is insignificant under high pressure, and 
becomes only a weak function. The equilibrium time decreases with increasing the pressure and vice versa with 
temperature. Using equilibrium time of system temperature can be used to justify the phase transition, which needs 
confirmation in future. 
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