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ABSTRACT 

In the present work, temperature dependence of isothermal bulk modulus (KT) of zinc oxide (ZnO)  nanomaterials 

has been studied. For this purpose, a linear relationship to show the variation of isothermal bulk modulus (KT)  with 

respect to temperature (T) has been modified to preset a non-linear model of isothermal bulk modulus with the 

change in temperature. The values of isothermal bulk modulus for ZnO nanomaterials (rock salt phase and wurtize 

phase) have been calculated in the temperature range from 300 K to 1800 K. The theoretical results obtained have 

been compared to the existing findings. The results obtained in the present work are found to be in close agreement 

with the experimental results which in turn reveals the validity of present work.  
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I INTRODUCTION 

Potential of nanomaterials is immense and encompasses virtually every field of life. The technologists and 

researchers all across the globe have realized this and call these materials of the future. The nanomaterials are 

expected to be the turning point of the next technological revolution in solid state electronics and to have a 

considerable impact practically in all domains of science. 

Recently, zinc oxide (ZnO) has attracted much attention within the scientific community as a ‘future material’. This 

is however, somewhat of a misnomer, as ZnO has been widely studied since 1935 [1] with much of our current 

industry and day-to-day lives critically reliant upon this compound. The renewed interest in this material has arisen 

out of the development of growth technologies for the fabrication of high quality single crystals and epitaxial layers, 

allowing for the realization of ZnO-based electronic and optoelectronic devices. 

Zinc oxide (ZnO) is an inorganic compound and occurs as a white powder. It belongs to the family of wide-band-

gap semiconductors with strong ionic character of chemical bonds. At ambient conditions ZnO has wurtzite 

structure (P63 mc, w-ZnO) that transforms into rock-salt one (Fm3m, rs-ZnO) at pressures above 5 GPa [2,3].  Upon 

pressure release rs-ZnO reverts back to wurtzite phase[4]. Recently, it has been shown that nanocrystalline rs-ZnO 
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synthesized at high pressures and high temperatures can be completely recovered at normal conditions[3]. ZnO 

exhibits interesting morphologies and structure such as nanorods[5], nanotubes[6], nanorings[7], nanowires[8], 

pencil-like[9], whisker[10], tetrapods[11], nano-needles and nano-flowers[12]. 

Some experimental scientists have studied the various properties of ZnO. Bulk modulus of ZnO nano at room 

temperature has been estimated by many workers[13,14]. Recently, the bulk modulus for ZnO have been calculated 

in the temperature range from 300 K to 1200 K from the data on the propagation velocities of  ultrasonic waves[15]. 

The analysis of the experimental data reveals that with rising temperature, the value of bulk modulus decreases 

almost linearly. Very recently, using powder x-ray diffraction, the bulk modulus of ZnO nanomaterials has been 

determined [16] and found to decrease with increase in temperature. It is also observed that the wurtzite-to-rock salt 

phase transition occurred in the pressure range 6.4 GPa- 8.3 GPa. 

Sufficient theoretical studies on temperature dependence of bulk modulus of ZnO are still lacking. However, there 

are very few theoretical work in this direction. Very recently, using pseudopotential and plane wave basis based on 

the density functional theory, the effect of temperatures on isothermal bulk modulus for both two structures of ZnO 

has been investigated [17]. It is found that the wurtzite structure phase of ZnO is with the smaller isothermal bulk 

modulus comparing with the rocksalt structure phase of ZnO under the same conditions and for both forms of ZnO, 

the isothermal bulk modulus decreases almost linearly with temperature. 

A very few work on temperature dependence of bulk modulus of ZnO has been done while sufficient studies in this 

direction are required. Therefore, it is planned to study the temperature dependence of isothermal bulk modulus of 

ZnO nanomaterials which is very important from the scientific and industrial point of view. The method of analysis 

of the present study is given in section 2, results and discussion in section 3 and in section 4, the work is concluded. 

 

II METHOD OF ANALYSIS 

 

A linear relationship to show the variation of isothermal bulk modulus (KT) with respect to temperature has been 

reported by many workers [18, 19] in the following way- 

                                                           T     [ -    T
 (T-T )]                                                                                     (1) 

 

Where KT, K0,  0 and  T
 

 are isothermal bulk modulus at temperature T, bulk modulus at T=T0 (i.e. at room 

temperature 300 K), volume thermal expansively at room temperature and Anderson-Gruneisen parameter at T= T0 . 

The above relationship can be modified in the following format- 

                                   KT = K0 [1-  0  T
 
 (T-T0)]

m
                                                                            (2) 

where m is a material dependent empirical constant and is introduced to preset a non-linear model of isothermal bulk 

modulus with the change in temperature. 
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Taking in on both sides of relation (2), we get- 

  (
  

  
) = m ln [ -    T

 (T-T )] 

                                                or      m =  
  (

  
  
)

  [         
 
 (    )]

                                                                            (3) 

Thus, the value of empirical constant m is computed by measuring the slope of plot between   (
  

  
)  and ln 

[ -    T
 (T-T )] . The plot between   (

  

  
)  and ln [ -    T

 (T-T )]  is sketched with the help of available 

experimental data from literature[15]. Using equation (2), the temperature dependence of isothermal bulk modulus 

of ZnO rock salt phase and ZnO wurtzite phase has been studied. 

III RESULTS AND DISCUSSION 

 

The values of isothermal bulk modulus (KT) have been calculated as a function of temperature (T) using equation (2) 

for both the phases of zinc oxide (ZnO) i.e. ZnO rock salt phase and ZnO wurtzite phase in the temperature range 

from room temperature (300 K) to 1800 K. The input parameters used in the computation have been shown in table 

1. The values of isothermal bulk modulus (KT) have been calculated in the temperature range starting from room 

temperature 300 K upto 1800 K for both the phases of ZnO (i.e. rs-ZnO and w-ZnO). Fig.1(a) represents the 

variation of isothermal bulk modulus (KT) with temperature (T) for rs-ZnO while Fig. 1(b) shows the variation of 

isothermal bulk modulus (KT) with temperature (T) for w-ZnO . 

From Fig. (1), it is obvious that the isothermal bulk modulus (KT) decreases with increase in temperature (T) almost 

linearly for both rs-ZnO and w-ZnO and the rate of decrease of KT is almost same for both phases. These theoretical 

results on temperature dependence of KT for ZnO are in good agreement with the existing experimental observations 

[15] and theoretical results [17] which in turn reveals the validity of present work. 

 

IV CONCLUSION 
 

In the present study, a linear relationship to show the variation of isothermal bulk modulus (KT)  with respect to 

temperature (T) has been modified to preset a non-linear model of isothermal bulk modulus with the change in 

temperature. The values of isothermal bulk modulus for rs-ZnO and w-ZnO nanomaterials have been calculated in 

the temperature range from 300 K (room temperature) to 1800 K. It is observed that the isothermal bulk modulus 

(KT) decreases with rising temperature (T) almost linearly for both rs-ZnO and w-ZnO and the rate of decrease of KT 

is almost same for both phases. The theoretical results found are in good agreement with the available experimental 

observations and theoretical findings which proves the validity of the present work. 
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Table 1: Input Parameters Used In Computation 

Material Empirical constant, m Bulk modulus at room 

temperature, K0 (GPa) 

Volume thermal 

expansivity at 

room temperature,  

 0 (K
-1

) 

Anderson-Gruneisen parameter 

at room temperature,  T
 
 

rs- ZnO 0.54 [17] 264 [20,21] 4.7 x 10
-5

 [22] 5.5 [24,25] 

w-ZnO 1.80 [17] 294 [20,21] 1.57 x 10
-5

 [23] 505[24,25] 

 

 
 

            Fig. 1: Variation of isothermal bulk modulus (KT) with temperature (T) for (a) rock       

                            Salt phase of ZnO: solid square (b) wurtzite phase of ZnO: solid triangle 
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