
Indian J. Phys. 73A (4). 521-531 (1999)

UP A

Analysis of volume expansion with temperature for 
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Ahstract : In the present study, we have determined the volume expansion with 
temperature in case of LiF. NaF and CsCl crystals along isobars. A formulation has been 
developed for calculating the isobaiic volume expansion with temperature by taking into account 
the volume dependence of the Anderson*Gnineisen parameter The calculations have been 
performed in the temperature range 298-1073 K along isobars in the pressure range 0-90 kbar. 
The results have been found to present good agreement with the expenmental data available for 
the crystals under study.
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1. Introdoctloii

Thermal expansivity o f  solids plays a significant role in understanding the thennodynam ic 
and theim oelastic properties o f solids under high pressure and high temperature [1-3). An 
analysis o f  therm al expansiv ity  o f  solids at sim ultaneously elevated  pressure and 
tem perature, can be presented  by studying the expansion in volum e due to rise in 
temperature along an isobar, Le, at a constant pressure. The thermal expansivity or volume 
thermal expansion coefficient a  for a  material is defined as follows :

( 1 )

The volume dependence of a  is related to the Anderson-Gruneisen parameter Sr  [4-6] 
given below

(2)
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w h e re  K j  is ih e  iso th e rm a l b u lk  m o d u lu s . It h as been  o b se rv e d  e x p e r im e n ta lly  th a t fo r 

s o l id s , a  in c re a s e s  w ith  te m p e ra tu re , an d  K j  d e c re a s e s  w ith  in c re a se  in te m p e ra tu re  

su ch  th a t the  p ro d u c t a K f  rem a in s  n early  c o n s ta n t a t h ig h  te m p e ra tu re s  [ 1 J ) .  T h u s , w e can  

w rite

^d{aKr)
dT =  0 .

E q. (3 ) y ie ld s

( d K A
y d T

dl^T ( d a  \
-  a  [dTjp-

N o w  u sin g  eqs. ( I )  an d  (4) in cq . (2 ), w e g e l

a \d V I

(3)

(4)

(5)

A ssu m in g  th e  A n d e rso n -G ru n c ise n  p a ra m e te r  to  rem ain  co n s tan t, w c can  in teg ra te  eq . (5 ) 

to  o b ta in

a
(6)

w h ere  and  Vo are  the v a lu es  at 7  =  Tq =  298  K. Eq. (6 ) w as firs t o b ta in ed  by  A n d e rso n  

1 4] an d  h as  been  d is c u sse d  m o re  recen tly  in the lite ra tu re  [5 ,6 ]. R ecen t s tu d ie s  [8 .9 ] have , 

h o w e v e r, re v e a le d  th a t tioes n o t rem ian  c o n s ta n t bu t c h a n g e s  s ig n if ic a n tly  w ith  th e  

c h a n g e  in  v o lu m e . In th e  p re se n t s tu d y , w e tak e  in to  a c c o u n t th e  v a ria tio n  o f  w ith  

v o lu m e  and  o b ta in  an ex p re s s io n  fo r the iso b a ric  v o lu m e  e x p a n s io n  w ith  the  te m p e ra tu re . 

T h e  m e th o d  o f  a n a ly s is  is g iv en  in S ec tio n  2. R e su lts  a re  d i.scussed  an d  c o m p a re d  w ith  

av a ilab le  e x p e rim en ta l d a ta  in S ec tion  3.

2. M ethod o f analysis

T he v o lu m e  d e p e n d e n c e  o f  the A n d e rso n -G ru n c isen  p a ra m e te r  ^ ^ c a n  be e x p re sse d  w ith  the 

h e lp  o f  the fo llo w in g  re la tio n sh ip  [8,9]

5r(T,P)  + 1 = A ■y j T z f l  

w h ere  A = Sj-{Tq,P) + \ .

W ith  the  h e lp  o f  the  re la tio n sh ip  (7 ), w e can  rew rite  eq . (5 ) as fo llo w s

I s  (T P) ^  _  , -  V(T,P) \ da{T,P) ]
[ O r ^ / o - n  -  a( .T,P)[dV(T.P)\p-

O n in te g ra tin g  eq . (9 ), w e g e t

a(T,P)
a(T^t.P)

V(T„,P)
V(T,P) e x p  ( 5 , . ( r „ . P ) + l )  X ~

(7 )

(8)

(9)

( 10)



N ow  tak in g  a  =  (1 /  V)(dV t clT)p in eq . (1 0 ) an d  in teg ra tin g  o n ce  ag a in , w e fina lly  ob ta in
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V(T^.P)  “ P) + 1)

ln { l -  a { T o , P ) { S r ( T o , n  +  0  ( ^ ' - T ’o )} ]. ( 11)

It sh o u ld  b e  m e n tio n e d  th a t eq . (1 1 ) is v a lid  a t a l t  v a lu e s  o f  p re s su re  P. It red u ces  to  the 

e q u a tio n  re p o r te d  by  K u sh w a h  et. a i  [10] a t P  =  p  i f  w e tak e  5 p ( T q , P ) = ^  S j^  . T h u s  eq. 

( I I )  o b ta in e d  in  th e  p re s e n t s tu d y  is  a n  i m p r o ^ m e n t  o v e r  th e  e q u a tio n  re p o r te d  by 

K u sh w ah  et. al. [10] as w e  h av e  tak en  in to  a c c o u n t th e  p re s su re  d e p e n d e n c e  o f  a long  

d if fe re n t iso b a rs . V a lu e s  o f  S j { T q , P )  w h ic h  rerfta in  c o n s ta n t a lo n g  a g iv en  iso b a r a re  

o b ta in ed  fro m  th e  fo llo w in g  re la tio n sh ip  g iv en  by C h o p e la s  an d  B o eh le r [8]

( 12)

Eq. (1 2 ) h as  re c e n tly  b een  u sed  by  K u m a r [1 1 ,1 2 ] fo r in v e s tig a tin g  the  th e rm o d y n am ic  

b eh av io u r o f  so lid s  u n d e r  h ig h  p re ssu re s . W e  h av e  c a lc u la te d  the  v a lu es o f  d f i J ^ y P )  from  

cq. (1 2 ) u s in g  ih c  e x p e r im e n ta l  d a ta  re p o r te d  by  Y ag i [13 ]. V a lu e s  o f  d p i T ^ . P )  th u s 

o b ta in ed  are  g iv en  in T a b le  1 a lo n g  w ith  th e  in p u t da ta .

3. R esults an d  discussions

W e h a v e  c a lc u la te d  V{T,P) f V(Tq,P),  th e  e x p a n s io n  o f  v o lu m e  w ith  te m p e ra tu re  in 

the ra n g e  2 9 8 -1 0 7 3  K  a lo n g  is o b a rs  c o r r e sp o n d in g  to  th e  p re s su re  ra n g e  0 - 9 0  k b a r at 

an in te rv a l o f  10 k b a r fo r  L iF , N a F  an d  C sC l c ry s ta ls . V a lu e s  o f  in p u t d a ta  g iven  in T ab le  1 

arc  u se d  in  e q . (1 1 )  to  o b ta in  th e  r e s u l ts  r e p o r te d  in  T a b le  2 a n d  c o m p a re d  w ith  

the c o rre s p o n d in g  v a lu e s  o b ta in e d  fro m  th e  e x p e r im e n ta l d a ta  [13 ], It is fo u n d  th a t the 

v a lu es c a lc u la te d  fro m  eq . (1 1 ) p re s e n t c lo se  a g re e m e n t w ith  th e  e x p e rim e n ta l d a ta  for 

the e n tire  r a n g e  o f  te m p e ra tu re  an d  p re s s u re  in  c a se  o f  a ll th e  th re e  c ry s ta ls  u n d e r  

study . T h e  is o b a r ic  v o lu m e  e x p a n s io n s  c a lc u la te d  in  th e  p re se n t s tu d y , are  re la te d  to  th e  

v o lu m e s  V{T, P) a t s im u l ta n e o u s ly  e le v a te d  p re s s u re s  a n d  te m p e ra tu re s  by  th e  

fo llo w in g  re la tio n sh ip

V(T,P) _ V{To,P) V(T,P)  
V{To,0) V{To,Oyv{To,P) '

(13 )

In eq. (13), the term  V{To,P)l  V{Tq, 0)  represents the isotherm al com pression with 

pressure al T  = Tq and it can be determ ined with the help o f an isotherm al equation of 

state such as the B irch-M um aghan equation o f state [14]. How ever in the present study, 

we have concentrated on determ ining the isobaric expansion o f volum e with temperature 

along isobars, i.e. the change in volume from V(Tq,P)  to V(T,P),  at constant pressure P.
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Eq. (11) obtained in the present study, represents an isobaric equation o f  state yielding the 

relationship between volume and temperature at constant pressure. A t T  =  Tq, we have the 

initial boundary condition

V ( T , P )  _  j

V'(7'o.^)
(14)

which satisfies eq. (11).

We have thus demonstrated that eq. (11) can be used to predict the expansion in 

volume with the rise in temperature at P  — 0 as well as at higher pressures along isobars 

with the help o f  input data at the initial temperature T  = T q and at a pressure P  

ccaresponding to each isobar. The results reported in Table 2 reveal that the rate o f  increase 

o f  volume with temperature becomes smaller at higher pressures. This is consistent with the 

prediction made earlier [1] that for solids the thermal expansivity decreases with pressure. 
On the other hand, at a given pressure the thermal expansivity  is higher at higher 

temperatures. Thus for example, for a crystal under study, the change in volume in raising 

the temperature from 873 K to 1073 K is higher than the corresponding change in volume 

from 473 K to 673 K. These predictions are consistent with the experimental data on the 

temperature dependence and pressure dependence o f  thermal expansivity for solids

[1,4.5.9].

Finally, it should be mentioned that the formulation developed in the present study is 

based on the assumption that the product o f oXj-  is independent o f temperature along an 

isobar (eq. 3). Thus, the present method is applicable for solids for which this assumption 

holds good. The alkali halides are the example o f such solids. For solids like MgO and 

CaO, the assumption (eq. 3) holds good only at temperatures higher than their Debye 

temperatures. The present formulation is therefore applicable for these solids only at higher 

temperatures. Recently, Anderson [IS] has discussed the variation o f o K f  with temperature 

in different types o f solids. There are several solids including alkali halides for which the 

product ocK t  does not change with temperature appreciably [IS] and for such solids the 

present formulation i.s valid.

4. Conclusions

We have thus presented an analysis o f the volume expansion with temperature for LiF, NaF 

and CsCI along isobars at high pressures. We have derived a relationship for calculating the 

isobaric volume expansion with temperature by taking into account the volume dependence 
o f the Anderson-Gruneisen parameter Sr- The present formulation is based on the 

assumption that the product aJiffdoes not change with temperature. The {nesent method is 

thus applicable for solids for which this assumption holds good. The results obtained for the 

isobaric volume expansion in case o f LiF, NaF and CsCl have been found to present good 

agreement with the available experimental data [13].
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