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ABSTRACT 

The current work examined the pressure equation of state of SnO2 using two 

equations of state (EOS) from the literature: the Birch-Murnaghan (B-M) EOS and 

the Barden EOS. The latter is based on the solid mechanics concept of finite strain, 

while the former is based on interstellar atomic potentials. In order to determine 

the effects of high pressure on the bulk modulus B, and compaction volume , all of 

which are characteristics of SnO2, the EOSs were processed. A perfect agreement 

was ultimately observed after a fair comparison of the current findings with the 

generalized gradient approximation approach and the first principle approximation. 

It was shown that pressure standards could be calibrated using SnO2 EOS. 

Keywords: Bulk modulus, compression volume, lattice constant and Debye 

temperature. 

 ة لثاني أكسيذ الكبريث النانوي جحث ضغط عالٍ باسحخذام معادلات الحالةدراسة الخواص المرن

 هانت صلاح انذٌٍ أ. انُعًًٍ

 ملخص

يٍ انًزاجع  (EOS) باستخذاو يعادنتً حانت (SnO2) درس هذا انعًم يعادنت ضغط حانت أكسٍذ انقصذٌز

وباردٌ. تعتًذ الأخٍزة عهى يفهىو يٍكاٍَكا انًىاد انصهبت  (B-M) يىرَاغاٌ-انعهًٍت: يعادنتا حانت بٍزش

نلإجهاد انًحذود، بًٍُا تعتًذ الأونى عهى انجهذ انذري بٍٍ انُجىو. نتحذٌذ آثار انضغط انعانً عهى يعايم 

، تًت يعانجت يعادنتً (SnO2) وحجى انضغط، وهًا يٍ خصائص أكسٍذ انقصذٌز (B) انضغط انكهً

تىافق تاو بعذ يقارَت دقٍقت نهُتائج انحانٍت يع َهج تقزٌب انتذرج انًعًى وتقزٌب انًبذأ نىحظ  .(EOS) انحانت

 .(SnO2) الأول. وقذ تبٍٍ أَه ًٌكٍ يعاٌزة يعاٌٍز انضغط باستخذاو يعادنتا حانت أكسٍذ انقصذٌز

 .ي: يعايم انضغط انكهً، حجى انضغط، ثابت انشبكت، ودرجت حزارة دٌباالكلمات المفحاحية

1.Introduction 

Tin dioxide (SnO₂) is a wide-band gap semiconductor with applications in gas 

sensors, transparent conductive electrodes, and lithium-ion batteries [1]. At the 

nanoscale, SnO₂ exhibits unique mechanical, optical, and electronic properties due 

to quantum confinement and surface effects [2]. Understanding the elastic 

properties of nano SnO₂ under high pressure is essential for designing robust 

nanodevices. This study employs equations of state to model the pressure-

dependent elastic behavior of nano SnO₂ [3]. Small crystallites with a diameter of 

1–100 nm make up nanocrystals, which frequently exhibit unique physical and 

chemical characteristics that set them apart from their equivalent bulk materials 

[5]. One Nanoscale semiconductors, for instance, have electrical and optical 
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characteristics that vary with particle size, which makes them promising options 

for applications requiring electronic or optical property tunability.2, 3 From a 

fundamental perspective and in relation to the materials' potential applications, the 

question of how crystallite size affects structural stability in these nanocrystals is 

of great interest. In comparison to bulk materials, how would the relative stability 

of various potential solid structures alter for nanocrystals? Applying pressure to 

nanostructured materials to make them change from one solid structure to another 

is one method of answering this question. Tolbert and associates, the researchers 

[6-7], used surface-energy differences between the phases to explain why the 

transition pressure for the nanocrystals increased. Reduced grain size in PbS 

nanocrystals raises the transition pressure, according to Qadri et al.[8], whereas 

decreasing grain size enhances compressibility. In refrence [9], an increase in 

transition pressure was also noted. However, Jiang et al.[10] found that the phase 

transition pressure from α-Fe
2
O3 to γ-Fe2O3 is significantly lower for nanometer-

sized γ-Fe2O3 particles than it is for bulk material. Bulk tin dioxide, or SnO2, 

crystallizes in a rutile-type structure at ambient conditions [11].  

The impact of high SnO2 pressure is examined in this study. Using modified Birch-

Murnaghan (B-M EOS) and Bardin-EOS, several properties were calculated, 

including compressibility (V⁄Vo) figures 1, bulk modules (B) figures 2, the 

outcomes of these three equations were then compared with the experimental 

findings in the pertinent published scientific research.  

where the bulk modulus and lattice constant for SnO2 under high pressure were 

determined using the Bardin EOS. In order to observe the difference in the 

outcomes for the identical variables, bulk modulus and V/Vo, with high pressure, 

the Barden and B-M EOS were then merged. In order to observe the differences in 

the outcomes for the identical variables, bulk modulus and V/Vo, at high pressure, 

the Barden EOS and B-M EOS were then merged.  

In this study, Sn was considered a transition element. Sn is a metal that is hard, 

brittle, and has a high melting point, making it a great choice for cutting tools and 

coating materials. Its position in the periodic table between groups 1 and 2. This 

explains why Sn has an atomic number of 22 and possesses two electrons at the 

end of its (s) shell [12].  

2. Solid material equation of state (EOS): 

Two equations were utilized in this study to get the necessary data. (Birch-

Murnaghan and Bardeen EOS) are these equations. The basis of the so-called 

Birch-Murnaghan EOS is that, at any temperature, the bulk modulus of elasticity 

varies as a linear function of pressure when the temperature remains constant [12]. 

The foundation of this EOS is the idea that a solid's strain energy under 

compression can be represented as a Taylor series in limited strain [13].  
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3.Equations of state    

3.1. Bardeen EOS 

 Bardeen EOS had moved on from potential function (Er)[14].  
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 The Bardeen equation can be expressed as follows when (r) is the position 

function and (a, b, and c) are constant values: 
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3. The elastic bulk modulus: 

It is the proportion of compliance stress to bulk stress. The following formula can 

be used to clear it, and it is assessed in Gpa [15].  
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2.2. Vinet EOS 

 This equation is derived from "general inter-atomic potential" [16], and (Vinet et 

al) [17] derived it to be as: 
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4. Results and discussion 

The aim of this research is to study nanomaterial properties "volume compression 

and bulk modulus" under high pressure using the EOS model. The two parameters 

" are listed in Table. 1, with its references, which are used to study volume 

compression and bulk modulus behavior under high pressure forSnO2. 

Table. 1: The input parameters used in the present work with the references 

Nano materials   (GPa)   
  References 

SnO2 228 5.6 [18-19] 

The variation of V/Vo was calculated under high pressure using deferent equation 

of state (B-M, Bardeen and Vinet EOS) and it illustrate in figure. 1, while the 

variation of bulk modulus evaluated using same equations, again it illustrated in 

figure 2.    
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Figure.1: variation of volume comparison V/Vo via pressure for SnO2 using 

deferent  EOS 
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      Bardin EOS 
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Figure 2. Variation of bulk modulus (B) with pressure for SnO2 

under high pressure 

5. Conclusions 

The compressibility  and bulk modulus of the nanomaterial SiO2 were calculated 

under high pressure up to 40 GPa, to protect the material from transforming into 

another phase after this high pressure value. The results showed that the Bardeen 

equation was more suitable than the Vinet equation and the B-M equations. This is 

because the Bardeen  and Vinet equations depends on the mechanical properties of 

the material under atmospheric pressure, while the B-M equation and the Vinet 

equation depend on the interatomic potential. Therefore, the results of the Bardeen 

equation were more suitable and can be used in theoretical calculations to obtain 

good results that are compatible with practical experimental calculations. 

References  

1- Dalapati, G. K., Sharma, H., Guchhait, A., Chakrabarty, N., Bamola, P., Liu, 

Q., ... & Sharma, M. (2021). Tin oxide for optoelectronic, photovoltaic and energy 

storage devices: a review. Journal of materials chemistry A, 9(31), 16621-16684.  

2- Deng, H. X., Li, S. S., & Li, J. (2010). Quantum confinement effects and 

electronic properties of SnO2 quantum wires and dots. The Journal of Physical 

Chemistry C, 114(11), 4841-4845.  

3- Das, P. K., Chowdhury, A., Mandal, N., & Arya, A. (2016). First-principles 

characterisation of the pressure-dependent elastic anisotropy of SnO2 

polymorphs. Philosophical Magazine, 96(18), 1861-1882.  

4- Burda, C., Chen, X., Narayanan, R., & El-Sayed, M. A. (2005). Chemistry 

and properties of nanocrystals of different shapes. Chemical reviews, 105(4), 1025-

1102.  



 

510 
 

5- Trindade, T., O'Brien, P., & Pickett, N. L. (2001). Nanocrystalline 

semiconductors: synthesis, properties, and perspectives. Chemistry of 

Materials, 13(11), 3843-3858.  

6- Hunyadi Murph, S. E. (2017). Anisotropic metallic and metallic oxide 

nanostructures-Correlation between their shape and properties. Anisotropic and 

Shape-Selective Nanomaterials: Structure-Property Relationships, 105-151.  

7- Fernandez-Garcia, M., Martinez-Arias, A., Hanson, J. C., & Rodriguez, J. A. 

(2004). Nanostructured oxides in chemistry: characterization and 

properties. Chemical reviews, 104(9), 4063-4104.  

8- Qadri, S. B., Yang, J., Ratna, B. R., Skelton, E. F., & Hu, J. Z. (1996). 

Pressure induced structural transitions in nanometer size particles of PbS. Applied 

Physics Letters, 69(15), 2205-2207.  

9- Prakapenka, V. P., Shen, G., Dubrovinsky, L. S., Rivers, M. L., & Sutton, S. 

R. (2004). High pressure induced phase transformation of SiO2 and GeO2: 

difference and similarity. Journal of Physics and Chemistry of Solids, 65(8-9), 

1537-1545.  

10- Zhang, W., Xue, Y., Fu, Q., Cui, Z., & Wang, S. (2017). Size dependence of 

phase transition thermodynamics of nanoparticles: a theoretical and experimental 

study. Powder Technology, 308, 258-265.  

11- Masuda, Y. (2020). Ceramic nanostructures of SnO2, TiO2, and ZnO via 

aqueous crystal growth: cold crystallization and morphology control. Journal of 

the Ceramic Society of Japan, 128(10), 718-737.  

12- Sn has an atomic number of 22 and possesses two electrons at the end of its 

(s) shell. 

13- F. Birch, “ Finite elastic strain of cubic crystals,” phys. Rev. 71 ; 809 – 

824,1947. 

14- Bardeen, J. (1936). Theory of the work function. II. The surface double 

layer. Physical Review, 49(9), 653.  

15- compliance stress to bulk stress. The following formula can be used to clear 

it, and it is assessed in Gpa. 

16- Vinet, P., Smith, J. R., Ferrante, J., & Rose, J. H. (1987). Temperature 

effects on the universal equation of state of solids. Physical Review B, 35(4), 1945.  

17- Vinet, P., Rose, J. H., Ferrante, J., & Smith, J. R. (1989). Universal features 

of the equation of state of solids. Journal of Physics: Condensed Matter, 1(11), 

1941.  

18- Liu, C. M., Chen, X. R., & Ji, G. F. (2011). First-principles investigations on 

structural, elastic and electronic properties of SnO2 under pressure. Computational 

Materials Science, 50(4), 1571-1577.  



 

511 
 

19-  Abdullateef, R. T., Jalal, S. K., Al-Saqa, R. H., & Pandy, A. K. (2025). 

Vibrational characteristics of ZnS phase B1 under high pressure. Indian Journal of 

Physics, 1-8.  

 


