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ملخص البحث 

كل من لالقيم التجريبية  بحث تم صياغة نموذج امثمية عددية يعتمد عمىفي هذا ال
تأثير وذلك لتوضيح   rfexp=fp/f0 الجزء الخالي من الارتدادو kbar (120-0)التجريبي الضغط 

استنتاج  أمكناذ (, q) الضغط عمى كل من درجة حرارة ديباي ومعامل كرونيشن الأول والثاني 
 مع تقريب دبياي عند درجة حرارة الغرفة المثمى لمنحاس وباستخدام القيمة qم لقيمة المثمى ا

كاما المنبعثة  لأشعة  rftheor=fp/fo تم حساب الجزء الخالي من الارتداد وتحت تاثير الضغط
Fe من 

Cu  (Feفي  57
57

: Cu )من مصادر  المأخوذة وكانت النتائج متطابقة مع القيم العممية
. رىأخ

 

ABSTRACT 

In the present work a numerical optimization model is constructed 

which is based on the experimental pressure (pexp) and experimental 

recoilless fraction ratio (rfexp=fp/f0) data in order to explain the pressure 

effect on Gruneisen parameters(, q) and Debye temperature.The model 

was able to compute the optimum q value for copper, the observed 

optimum value for q was used with Debye approximation at room 

temperature under pressure to calculate the recoilless fraction ratio 

rftheor=fp/fo for (Fe
57

-Cu), It has been found that the calculated results of (f-

fraction) are in good agreement with the experimental data of recoilless 

fraction ratio. 
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1-  INTRODUCTION: 
The Gruneisen parameter  is an important physical quantity in 

solving many research problems of condensed matter physics and  
geophysics. The study of pressure (volume) dependence of  is interesting 

problem from theoretical as well as experimental point of view, 

particularly, due to the lack of a proper theory and enough experimental 

data (Fang 1996). 

In the reduction of shock-wave data to isothermal data, the 

knowledge of pressure dependence of the Gruneisen parameter is very 

useful. The volume variation of  is central in theoretical equation of 

state, geophysical models, ultrasonic measurements and melting of solids 

(Pandya et al 2002). The Gruneisen parameter  varies slowly as a 

function of pressure, it has both a microscopic and macroscopic 

definitions (Vocadlo L., etal 2003), the former rlating it to the virational 

frequencies of atoms in amaterial in the following form 

=-∂lnωi/∂lnv               ………………………………………………….(1) 

Where 

v – volume 

ωi – frequency of the ith mode of vibration of the lattice 

The experimental values of Gruneisen parameters are mostly 

available at normal pressure (Gschneidner 1964). The volume variation of 

 can be obtained from experimental measurements of change of 

temperature with small adiabatic pressure changes (Ramakrishnan et al 

1978). In such an experiment a substance is generally compressed by 

about 10% and for higher compressions,  values are extrapolated by 

using the relation 

=0(Vp/V0)
q 

                          ………………..………………………….(2) 
 

where q is a Gruneisen parameter. V0 and Vpare volumes at zero 

pressure and the pressure under consideration, respectively. Several 

expressions have been proposed in the literature to calculate this 

parameter (Grover et al 1969; Godwal et al 1983; Kumari and Das 1986).  
The volume dependence of γ is given by the relation  

q=dln/dln V                                …………………………..…………..(3) 

the value of  q is generally not equal to unity. Recently, (Nie 2000) 

has suggested the following form for the volume dependence of   

=o exp  q0/n(vp/vo)
n
-1               …….……………………………….(4)  

Where: 

 - Gruneisen parameter at pressure P. 

o- 1st Gruneisen parameter at zero pressure (atmospheric). 

vp - specific volume at pressure p 

vo - specific  volume at zero pressure  

n - value depend on matter  



Dr. Janan F. Ahmad  &  Dr. Mumtaz  M. Saleh  &  Dr. Adnan  M. Al-Sheihk 

110 

Attempts have also been made to compute  and its volume 

dependence using model approaches. Moriarty et al (1984) and Soma et 

al (1983) have computed the volume variation of  for Al and alkali 

metals respectively using the pseudopotential approach (Godwal et al 

1979, 1983). Nagara and Nakamura (1984) have been used the Thomas–

Fermi–Dirac statistical model to compute  for Al and Fe as function of 

volume. Bratkovskii et al (1984) have also carried out similar studies for 

several metals. We are in the present  paper, construct a numerical model 

to compute the volume variation of the Grunisen parameters to get the 

optimum value of q for Copper by using Debye approximation for the 

pressure effect on the recoilless fraction for Fe
57

:Cu.   

 

2-  Theoretical details 
2.1  The f-fraction (recoilless fraction) 

The recoilless fraction are those nuclear transitions in which the 

lattice is in the same quantum state after the transition as before the 

transition i.e no phonon is emitted, thus the f-value for a certain initial 

lattice state  ns  

f ns = < ns g   ns e >
2
    ………………………………(5) 

Where: 

 ns =ns phonon in the Sth lattice mode. 

 The subscripts g and e denote the ground and excited states of the 

nucleus, respectively and   represents non relativistic Hamiltonian 

responsible for this decay. By taking the ratio of those transitions in 

which the lattice remains in the same state of the (zero phonon transition) 

to the total transitions, the nuclear matrix elements cancel and one get  

 f ns = < ns g e
ik.   ns e >

2
    …………………………...(6) 

Where: 

k–   wave vector of the emitted radiation  


 -   center of mass of decaying nucleus 

In Debye approximation, f-fraction of dilute alloy of Fe
57

 in Cu at  

P pressure expressed as (Moyzis 1968) 

fp =exp  -6ERT/kB p
2
        …………(7a)                    

f0= exp  -6ERT/kB D
2         …………(7b)                      T D    ……(7) 

 rftheor=fp/fo                              ………...(7c)                  

Where: 

fp – f-fraction at pressure p-kbar. 

fo -  f-fraction at atmospheric pressure (zero kbar). 

ER – recoil energy of free nucleus due to decay=Eγ
2
/2MC

2
  

M – Nuclear mass 

Eγ - Gamma-ray energy 

C- speed of light 
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T -  300 K 
kB -  Boltzman constant 

 D – Debye temperature at atmospheric pressure (tight lattice binding)  
=314 K 

 p -  Debye temperature at pressure P kbar 
 

2.2  Pressure dependence of Debye temperature: 
The Variation of Debye temperature due to pressure effect is 

(Dubrovinsky et al 2000)  expressed as: 

DP   exp(γ0/q(1-Vp/V0)
q
))       ………………………………………….(8) 

 p - can be calculated as in Eq.(8) while Vp/V0 can be evaluated by 

Murnagphan equation of state. 

Vp/V0=(1+  P/BOS) 
1/

          ………………………………………..(9) 
P - pressure in kbar 
BOS– Adiabatic bulk modulus at atmospheric pressure of copper =1331.5 
kbar. 

 = pressure derivative of adiabatic bulk modulus at atmospheric 
pressure =5.68 (Moyzis 1968). 

 
3-  Computation and results:- 

We are used a computer program for the volume and pressure effect 
on Grunisen parameters (γ,q) as shown in fig. (1) which describe the steps 
of program to calculate the optimum value of q for Copper which is equal 
(1.03) as shown in fig.(2) and by using this value of q, the first Grunisen 
parameter γ0 has been calculated which equal (1.96). 

The variation of first Grunisen parameter γ with compressed volume 
has been obtained by using equ.(2), fig.(3) shows the first Grunisen 
parameter γ decreases slowly with compressed volume and this result is 
the same as the one obtained by (Pandya et al 2002) who take the 

compression volume up to 40% by using another formula, table (1) show 
the comparation of (γ0,q) with experimental and theoretical values for 
copper. Number of authors, in their high pressure studies have used the 
approximation γ(V)=constant (Altshuler etal 1987; Ob etal 1991) 
Murnaghan equation (9) which has been used for low compression up to 
10% i.e. Vp/Vo≥0.9 as shown in fig (3). 

By using the value of γ0,q, the pressure effects on Debye 
temperature has been calculated by equation (8) (Dubrovinsky etal 2002). 

From the value of Debye temperature and Debye approximation we 
calculate the pressure effects on the recoilless fraction ratio rftheor=fp/fo for 
(Fe

57
-Cu) and compare with experimental recoilless fraction ratio 

(rfexp=fp/f0) (Moyzis 1968) as shown in fig. (4) we get good fitting. 
Gruneisen parameter γ decrease slowely with applied pressure for 

Cu which is one of Fcc transition metals and this result agree with the 
other auther result (Pandya et al 2002). 
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Fig.(1): Flow chart to calculate the optimum value q for Copper 

 

START 

Read a set of 

experimental values 

of Pexp, rfexp 

Read the other 

Parameters 

fo, γo, kB, T 

 

For q=05 

Repeat 

Find the values of q 

that gives minimum 

value of  δq 

END 

fp =exp  -6ERT/kB p
2
    ;T≥θD     

f0=exp  -6ERT/kB D
2          

rftheor=fp/fo,rfexp=fp/fo(Moysiz,1968)         

δq = ∑ (rf theor - rfexp) 

          Pexp 
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Fig (2): optimum value q for Cu 

 
Table -1: Comparation of experimental and theoretical values(γ0,q) for copper in 

pressure range (0-100)kbar  
  

 Theoretical results Experimental results  

γ0 

              q                         γ0   

Present work) )1.96 1.03 1.96,2±0.06 

(Gschneidner 1964) 

 

(C V Pandya etal,2002) 1.93 1.08 1.97,1.96,2±0.08 

(Gschneidner 1964) 

(Ramakrishnan etal, 1978) 2.01 1.33  

(Barrera and Batana 1993b) 1.84   

(Daniels and Smith 1958) 1.73   

(Harrison and Wills 1983) 1.19   

(Pal and Sengupta 1979) 1.9   

(Pal and Sengupta 1979) 2.15   

(Pal and Sengupta 1979) 2. 16   
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Fig(3): The volume variation of first Gruneisen parameter  γ 

 
Fig (4): Fitting between the theortical  and expermental values of recoilless 

fraction  ratio (fp/fo) for (Fe
57

-Cu)  
  

 
4-  Conclusions 

We use one of the application of the Mossbauer effect 

(experimental recoilless fraction ratio (rfexp=fp/f0) data) to study the 

pressure effect on Gruneisen parameters (γ,q) by proposing a numerical 

program to find the optimum value of q. 

The obtained value of q give a good fiting between the theoretical 

and experimental recoilless fraction ratio fp/f0. The theoretical recoilless 

fraction ratio fp/f0 increased slowly with the applied pressure. 

Debye temperature P  increased linearly with applied pressure from 

D =314K to P =358.68 K when the pressure was increased from           

(0-120)Kbar.  
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