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Abstract 

Ab initio calculation with restricted Hartree-Fock method (RHF) for eight-atom zinc blende lattices (BN, BP, AlN, and AlP) 

has been used to study the structural properties and the behavior of the phase transition with increasing pressure and   

temperature. A simple empirical equation is suggested to illustrate this behavior, and also a new parameter, the variation 

rate (ζ), is used to simplify the results. It is found that this rate decreases with temperature. The prominent drawback of this 

paper is the lack of experimental data for comparison.  
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Introduction. 

The nano sized field is a promising trend to get better, unique materials,
1
 and high performance devices,

2,3 
via the dependence 

of these nano-structures’ properties upon the size.
4,5

 In this respect, III-V nano semiconductors seem to be among the most 

interesting type of materials due to their impressive characteristics and applications.
6
 On the other hand, many researchers have 

studied materials on almost the size of lattice,
7-10

 however most of them have investigated the properties of nano sized 

materials either a alone or under a variable.
11-18

 So the aim of the present work is to investigate the structural properties and the  

simultaneous effect of pressure and temperature on the phase transition behavior of some III-V semiconductors in the nano 

scale using restricted Hartree-Fock method (RHF). The calculations are accomplished by means of the GAUSSIAN 03 

program.
19

   

 

Assumption 

The kernel of this proposal is the lattice volume at which a phase transition (PT) occurs. When PT’s pressure is applied the 

volume will reach a limit that turned it into another phase, however, the same volume will be changed due to the temperature, 

so a specific pressure needs to be exerted to get the initial limit of the volume at which the phase transition initiates. Figure 1 

shows our assumption clearly: 

 

Calculations 

Table 1 shows our calculated properties for the four materials.  

After the determination of PT's pressure at zero temperature (Pt),
36 

3]
20
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Where λ is a constant (= 1, 5 and 8 for IV, III-V and II-V groups respectively).
36

  

We calculated the volume at this pressure
37

: 
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Then both of them were fixed. Next, the change of lattice constant with temperature has been calculated from
38 
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Where α is the linear thermal expansion,
38

 Vo and Bo are the volume and the bulk modulus at the fixed conditions of pressure-

temperature (0, 0), P is the pressure, V and a are the volume and the lattice constant of the unit cell at any temperature T 

respectively,
39

 and 
oB  is the derivative of bulk modulus at zero pressure and it is calculated from Eq.(4).

40 

l
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Here l is the length scale and rwse is the radius at the equilibrium [40].  According to Omer (αTm=0.021),
41

 Tm represents the 

melting temperature (= 3000, 2800,
42

 2500,
43

 and 2100,
42

 for BN, BP, AlN, and AlP respectively), then Eq.(3) will be, 
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According to Cohen empirical equation for III-V zinc-blende materials which is:
44 
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Where (d) is the bond length, and it equals for zinc blende materials (= 0.433 a), and I is the ionicity factor (= 0, 1 and 2 for 

IV, III-V and II-V groups respectively).
44

 By gathering this result with Eq.(5) one can get: 
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By combining Eq.(8) and Eq.(7): 
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We have from Eq.(2) and Eq.(5): 
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By substituting Eq.(9) in Eq.(10) we get  the pressure of  phase transition at any temperature  PT: 
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In general a relation between the total phase transition pressure Ptot and the temperature suggested for III-V ZB-materials is: 

Tttot PPP   ( 12 ) 

  

In order to get a better view, a variation rate has been suggested (ζ) as: 

;
TP

X
 (GPa)

-1 
( 13 ) 

  

We can define ζ as the relative change of temperature attributed to the pressure variation. 

 

Results and discussion 

As illustrated in Figure 2, the phase transition pressure increases with temperature, since the increase in temperature leads to 

an increase in volume of the lattice and that entails more pressure to retain the volume at the critical limit.
45 

The variation rate decreases with temperature and pressure, as shown in Figure 3. Here we have two parameters; compression 

and temperature; they will be discussed separately in order to get a complete view of their effects upon the matter: 

 Compression: when it increases the distance between atoms decreases
46

 and so the compressibility, while the bulk modulus 

increases
47

 due to its dependence on the bond length.
48

 According to that the resistance to deformation increases.
49

  

 Temperature: its increment leads to an increment of volume and kinetic energy
50

 which makes the bond weaker
51

 and the 

bulk modulus less.
52

 

According to what mentioned above the results of compression represent anti-compression factors, i.e. the more compression, 

the more resistance of mater. On the other hand, the effects of temperature are opposite to the effects of compression.  
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Conclusions 

The higher the temperature, the higher the pressure for phase transition is needed, so at low temperature and high pressure a 

change into another phase may happen or cause a fracture, whereas the variation rate decreases with the extremely values of 

the exerted conditions and its slope refers to the resistance of the matter to change; this resistance is low at the beginning and 

high at the end. Additionally, a threshold limit appears, next to this limit the distortion almost behaves in ascending way. 
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Table 1. Structural properties of BN, BP, AlN, and AlP. 
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And so forth until melting temperature. 
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Figure (1): Steps of the assumption for phase transition 

volume. 

Figure (2): The change of phase 

transition pressure with temperature 

for: BN, BP, AlN, and AlP.
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Figure (3): The change of variation rate with temperature and pressure for: BN, BP, AlN, and AlP. 
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