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The pressure volume relationships for samarium chalcogenides have been studied at high pressure (140 kbar -160kbar). 

An insulator to metal transition occurred due to an 
n-1f atomic configuration and promoted an f-electron to a d-state. The 

density of state of a d-electron is small compared to the f-state. In this method, we numerically plotted the graph pressure 
versus fractional volume and obtained a trend similar to that of the experimental results. From the graph, we have 
determined the theoretical transition pressure and fractional volume during transition pressure. Using transition pressure and 

fractional volume, we calculated the deformation potential and 
Eg
P

∂
∂ . The calculated values are compared with the 

experimental results.  
 

1.     Introduction 

A notable property of samarium chalcogenides is 
that it is found to be in a semiconducting state 
when a samarium ion is divalent, and metallic 
when it is trivalent [1,2,3]. The pressure-volume 
studies in samarium chalcogenides [1,4,5] have 
shown that compounds undergo a pressure induced 
valence change from 2+ towards 3+ state due to the 
promotion of 4f electron. This method correlates 
the theoretical transition pressure, fractional 
volume at transition pressure, deformation 

potential, and 
Eg

P

∂

∂
. Since the valence 

transformation involves the delocalization of the 4f 
electron and its merging with the conduction band 
at some high pressure, the occurrence and 
nonoccurrence of valence transformation in a 
certain range of pressure is determined by the 
magnitude of the 4f  conduction band separation 
and the rate at which it decreases with pressure 
[6,7,8,9,10]. 

2.     Theoretical Methodology 

We have developed a model for determining the 
transition pressure, deformation potential, average 

frictional valence, and 
Eg

P

∂

∂
 of samarium 

chalcogenides. From the numerical pressure-
volume relationship data, we studied the theory of 
phase transition (Insulator to metal) in Samarium 
chalcogenides. We have analyzed the energy as a 
function of both the average number of s-d electron  
__________________ 
*drajadhikari@yahoo.com 

per atom Z and the average volume per atom V. 
The contribution to the energy is the sum of 
contributions of primarily electronic in nature and 
those that are primarily of lattice origin and is 
given by, 
 

( ) ( ) ( )E V,Z E V,Z E V,Ze l= +                          (1) 

 
Since volume depends strongly on the valence of 
the samarium ion, this distribution is hardly 
precise. We emphasized the special features of the 
transition in the samarium chalcogenides, which 
may be said to arise from lattice effects. The 
process is limited by the fact that the density of 
state of d-electron is small as compared to that of 
the f-state, so that an increasingly larger energy is 

required to create a new n-1f d  state. A 
microscopic derivation of this picture has been 
given by Heine and the author [11]. Related work 
on this problem has been done by Hirst [12] . We 
can write the lattice contribution of energy as:  
 

( ) ( )2V V0E B Vl 2V0

−
=                                        (2) 

 
Where, V0 is the equilibrium volume. 

We have included the variation of Bulk 
modulus on the volume [13], 

 

( ) ( ) V
B V B V

V

γ

′ =
′

 
 
 

                                       (3) 
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with 1.3γ = . 

The physics of a non linear term is that there 
will be the elastic interaction energy between ions 
of the same size. This interaction energy is always 
attractive if the lattice is purely harmonic, leading 
to a contraction of the lattice. The non-harmonic 
term can make a repulsive contribution to the 
interaction energy [14]. One-electron is contributed 

to ( )E V,Zl  of the promotion energy Eg  from the 

f-level to the conduction band and the binding 

energyEB . ( )E V,Zl  can be expressed in terms of 

promotion energy ( )E Vg  and exchange energy 

and it is given by  
 

( ) ( ) ( )E V,Z Z E V E E Eg g xcBl θ= + + 
 

     (4) 

 

Where, ( )E 1gθ = , for ( )E V 0g > , (i.e., bottom 

of the conduction band above the f-level), and 

( )E 0gθ = , for ( )E V 0g < . 

We assume that the decrease of gE  with 

decreasing volume [11] is given by  
 

( ) ( )
5/3

V V
E V E V 1g g

V
β

−
′−′= + ′

 
 
 

             (5) 

 
The coefficient β  is adjusted by comparing the 

linear term with experimentally observed results. 
The variation of the d-electron bandwidth 

( )W V is taken to be 

 

( ) ( )
5/3

V
W V W V

V
′=

′
 
 
 

                                 (6) 

The band energy EB  depends on volume and 

fractional valence [11] and the relation is given by 
 

( )
2 2
33 3 3E W V ZB 5 π

=  
 
 

                                   (7) 

 
The non-linear dependence may be taken to be of 
the same form as the bandwidth of the d-electrons. 
The total electronic energy must be calculated 
using the chemical potential for conduction 
electrons. The total energy is a function of average 

fractional valence Z, the volume V and the 
equilibrium condition  

( )E Z,V
0,for Z 0

V

∂
= >

∂
                                      (8) 

This provides the relationship ( )Z V  at 

equilibrium. For the equilibrium position to be 
stable, the determinate of the second derivatives of 
E with respect to Z and V must be positive. This 
condition can be easily shown to be equivalent to 

the condition that
dP

0
dV

< . One may write 

 
22E

2 Z VdP E
02 2dV V E

2Z

∂

∂ ∂∂
− = − >

∂ ∂

∂

 
  
                             (9) 

 

for stability. Inserting ( )Z V obtained from (8) into 

(9) and integrating the equation of state, P versus V 
can be calculated. The calculations have been done 
numerically using MATLAB. The finite value of Z 
show the even transition in SmS. This is due to the 

5/3Z contribution of the binding energy. The phase 
transition in SmS is to be expected at higher 
pressure in this material near the point when the 
bottom of the s-d band is far enough below the f-
band and it can accommodate one electron per 
atom. The deformation potential can be calculated 
using the following formula [13], 
 

Eg

V/V 10
Σ =

−
                                                     (10) 

 

Where,V/V0 is the fraction of volume when the 

transition starts. Also we have 
 

Eg

P B0

∂ Σ
=

∂
                                                        (11) 

 

With the help of 
B0

Σ
, we can  calculate 

Eg

P

∂

∂
. In 

Fig. 1, we have plotted the graph pressure versus 
fractional volume and we determined the 
theoretical transition pressure of samarium 
chalcogenides. Using Table 1, we have calculated 
transition pressure, fractional volume, deformation 



African Physical Review (2010) 4: 0002                                                                                                                                   11 

potential, and 
Eg

P

∂

∂
. These calculated values are in 

close agreement with the experimental results and 
listed in Tables 2 and 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: P−V relationship for the samarium 
monochalcogenides. 

 
 
 
 

3.     Conclusions 

Pressure-volume studies helped understand and 
established the pressure-induced insulator to metal 
phase transition in samarium chalcogenides. We 
have calculated and studied the transition pressure 
and fractional volume at transition pressure (see 
Fig. 1). With the help of transition pressure and 
fractional volume, we can determine the 

deformation potential and 
Eg

P

∂

∂
. The transition 

pressure, fractional volume at transition pressure, 

deformation potential and 
Eg

P

∂

∂
 are calculated and 

listed in Tables 2 and 3. When we plotted the graph 

P versus 
V

V0
(Fig. 1), we obtained the trend similar 

to that of the experimental result. The variation of 
fractional valence with pressure is shown in Fig. 2. 
The fractional valence increases at first linearly 
with an increase in pressure and increases slowly 
above the transition pressure. The transition 
pressure plays a major role in the theory of phase 
transition in samarium chalcogenides. 
 

 

Table 1: Parameters used to calculate the equation of state in Figure 1. 

Compd B0 (kbar) γ  ( )E P 0g =  eV ( )W P 0=  eV 

SmS 476 1.3 0.1 2.5 

SmSe 520 1.3 0.5 2.5 

SmTe 400 1.3 0.7 2.5 

Ref. [11] 

 

 

Table 2: Calculated transition pressure and volume changes of samarium monochalcogenides. 

Compounds 

Transition pressure (kbar) Volume collapse (%) 

Present Others’ works 
Present 

work 
Others’ work 

SmS 8.06 6.5a, 12.4b, 10e 13 13.5a, 13.8b, 11.1e 

SmSe 20-60 40a, 34b, 30-90c, 26-40d, 33e 8 8a, 11c, 7d, 9.8e 

SmTe 20-57 20-80a, 52b, 60-80c, 46-75d, 62e 12 9c, 7d, 8.4e 

aRef. [15], bRef. [16], cRef. [17], dRef. [18], eRef. [19] 
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Table 3: Deformation potential and E / Pg∂ ∂  of samarium chalcogenides. 

Compounds 
Deformation potential (eV) E P/g∂ ∂  (meV/kbar) 

Present Others’ work Present Others’ work 

SmS −3.6 −4.7a −7.5 −10a 

SmSe −6.25 −5.7a −12 −11b 

SmTe −3.89 −4.7a −9.72 −11b, −11.9c 

aRef. [13], bRef. [4,5], cRef. [20] 

 

 

 

 

 

 

 

 

 

 

 

Fig.2: Fractional valence vs pressure for samarium 
monochalcogenides. 
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