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The ana lys i s  and in te rp re ta t ion  of expe r imen ta l  data  re la t ing  to the s ta t ic  and shock c o m p r e s s i o n  of 
sol ids ,  as wel l  as  a t heo re t i ca l  desc r ip t ion  of t he i r  behav io r  under  p r e s s u r e ,  is connected in an e s s e n t i a l  
way with the  de te rmina t ion  of the Gri ineisen coeff ic ient .  Calculat ion of  the Gri ineisen coeff icient  f r o m  equa-  
t ions of  s ta te  or  f r o m  shock adiabats  is  usual ly  done with the aid of  model  r ep re sen t a t i ons  for  the bonding 
fo r ce s  in the given m a t e r i a l  [1, 2]. I t  is des i r ab le ,  when studying m a t e r i a l s  with a compl ica ted  in terna l  s t r u c -  
t u re ,  as in the ca se  of a l loys ,  comPosi te  m a t e r i a l s ,  and rocks ,  to de t e rmine  the Gri ineisen coeff icient  inde-  
pendent ly  of  spec i f ied  r e p r e s e n t a t i o n s  for  the bonding fo rces .  In this  p a p e r  we calcula te  the Grt ineisen co-  
eff icient  f r o m  sta t ic  and shock  c o m p r e s s i o n  da ta  d i rec t ly  without using speci f ic  phys ica l  m o d e l s .  

In obtaining e x p r e s s i o n s  for  the Gri ineisen coeff ic ient  we employ  fo rmu la s  re la t ing  the f i r s t ,  second,  
and th i rd  d e r i v a t i v e s  of  the shock adiabat  pH(V) and the i sen t rope  ps(V) at an equi l ibr ium point V 0 (see [3, 4]): 

p~ (vo) = ps(Vo) ,  p ~  (vo) - p s  (vo); (1) 

(V0) ~- # / ) n  (V.) = Ps' (Vo), (2) P~ 

whe re  To is  the Gr~ne i sen  coeff ic ient  of the unper tu rbed  m a t e r i a l .  

Our  calcula t ion of  the quanti ty To is  based  on an e x p r e s s i o n  which follows f r o m  Eqs.  (1) and (2): 

( U  (vo) p~ (Vo)) . . . .  
Yo 2V~ t ~ " p~ (Vo) p~ (vo)) (3) 

In expression (3) the shock adiaba~ PII(V) is represented by the formula 

c ~ (v o - v) 
P n  ( V )  ~ [v ~ _ ~ (v ~ _ v)12, (4) 

which c o r r e s p o n d s  to a l i nea r  dependence of the shock wave speed D on the pa r t i c l e  ve loc i ty  U 

D = C + k U .  (5) 

F o r  the i sen t rope  ps(V) we employ  the e x p r e s s i o n s  

- k ) )  '~ - 

ps (v) ~ t'V,s 

ps(V) E~176 
- vo v j t T )  j, (7) 

cor respond ing  to the Morse  fo rm u l a  [Eq. (6)] and the Lenna rd - Jones  fo rmula  [Eq. (7)]; E 0 and V 0 a re  the in-  
t e r n a l  ene rgy  and the vo lume of the m a t e r i a l  under  n o r m a l  conditions; a and n a r e  p a r a m e t e r s  cha rac te r i z ing  
the bonding fo r ce s  in the m a t e r i a l .  I f  now we invoke the re la t ion  

- -  (~z + 2 ) I4  = (n  § i)t2, 

obtained with the aid of  the Eqs .  (1), (6), and (7), we obtain, in the case  of  Eq. (6), 

Y0 = ( 25a~ ~- 36a - -  92)/(36a + 72) {Sa) 
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T A B L E  1 

Material 

Li 
Na 
AI 
t{ 
Ti 
v 
Fe 
Co 
Ni 
Cu 
Zn 
Rb 
Y 
Mo 
Ag 
8n 
La 
Au 
Pb 
Th 

: ! 
2,3~. 
2.91 
3,48 
2,84 
3,49 
3,53 
3,91 
3.7~ 
3189 
4,02 
5.07 
3132 
3,t0 
4.28 
4156 
3182 
2153 
4,55 
4,62 
3,01 

t 
from ft~o~ 
Oa) (ga) 

t,67 0,83 t,0i 
i ,89 1,27 1,33 
2,20 1 ,70  t,81 
t,96 t,47 1,44 
2,21 t,71 1,82 [ 
2,24[ 1,74 1,87 I 
2 40 2 ,02  2,10 ] 
2133 ~9o  "~~l 
2,41 2,01 2,12 I 
2,45 2,t0 2,18 [ 
2,92 2 ,88  2,88 I 
2,02 [ 1,58 t,52 
2 , 0 3  t,4t 1,54 
2,57 2 ,30  2,36 
2,70 [ 2,50 2135 
2,36 1,96 i 2,04 I 
t,77 0,98i t,t5 I 
2,74 2 ,50  2,61 

2,56 2,7t 2 ,55  1,48 
1,99 1,34 

70T 

0,89 
t,31 
2,14 
1,3~ 
1.28 
1,38 
1,70 
i .95 
1183 
,96 

2,03 
t,85 
i ,00 
1,61 
2,43 
2,22 
0,66 
3,06 
2,74 
1,34 

T A B L E  2 

?0v Material 

LiF t ,6 
LiC1 t,5 
LiBr t,.l 
NaF 1 .i2 
Na('I 1,37 
NaBr 1,39 
KCI 1,53 
KBr 1,53 
PbCI t,50 
Fb3r 1,56 

~ f ,  om 
~" (Sb) (9b) 

2,39 l .~,) 
2,09 i, 50 
t,79 '.20 
1,85 1.26 
1,71) L 11 
t,49 !).9 i) 
2,18 1,59 
2,t5 1.59 
2.09 ! .5,:) 
.) 97 

t ,63 
1,81 
i ,94 
1,51 
t,62 
t ,65 
t,49 
! ,50 
1,39 
1,42 

o r  

in the c a s e  of  Eq. (7) 

o r  

Yo = ( 2 5 s  16)~ + 4)~9~; 
(8b) 

% = (3/2)(n - -  1) (9a) 

Yo = 3 ( ~ - -  t) .  (gb) 

T h i s  a p p r o a c h  m a k e s  i t  p o s s i b l e  to  c o n s i d e r  t h e  f i r s t  and  s u b s e q u e n t  d e r i v a t i v e s  w i th  r e s p e c t  to t h e  
t i? v o l u m e  of the equi l ibrium Griineisen coef f ic ient ,  v i z . ,  70, T0, e tc . ,  e x p r e s s i o n s  for  wh{ch are obtained f rom 

for mulas  connect ing the h i g h e r - o r d e r d e r i v a t i v e s  of  pH(V) and 10s(V) at the point V 0 (see  [4]). F r o m  the 
quantit ies  y~, y~,  e t c .  we can cletermine,  with the required accuracy ,  the dependence of  the Gri ineisen c o -  
ef f ic ient  on the v o l u m e  with the aid of  the expansion 

i ,, (v - Vo) ~ + 7 (v) = Vo + V'o (v  - Vo) + T 7o . . . .  

W e  c a l c u l a t e d  t h e  G r i i n e i s e n ,  c o e f f i c i e n t s  f o r  20 m e t a l s  u s i n g  s t a t i c  c o m p r e s s i o n  d a t a  and  t he  f o r m u l a s  
(8a) and  (9a).  In  o u r  c a l c u l a t i o n s  we  d e t e r m i n e d  t h e  p a r a m e t e r s  a and  n f r o m  e x p e r i m e n t a l  i s o t h e r m s  o f  
s t a t i c  c o m p r e s s i o n ,  w h i c h  w e r e  m e a s u r e d  i n  [5-7]  w i th  p r e s s u r e s  up to  45 k b a r .  In  t r e a t i n g  t he  e : x p e r i m e n t a l  
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points by means of Eq s. (6) and (7) we replaced the quantity E 0 by the free energy corresponding to isother-  
mal compression of the undeformed mater ia l  from [8] while the values of a and n were taken to be the same 
on the isentrope and the isotherm. As to the accuracy of these approximations we note, in particular,  the 
agreement to within several  percent  of the bulk modulus K0, calculated from Eqs. (6) and (7), with the exper-  
imental values given i n [9]. The fact that we can use the isothermal values of c~ and n in the Eqs. (6) and 
(7) is corroborated by the proximity of the adiabatic and isothermal derivatives of the bulk modulus with r e -  
spect to the pressure ,  viz., K~ (see [10]), the lat ter  being connected with the parameters  c~ and n through 
the relations K~ = 2n + 1, K~ = c~ + 1. 

The calculated values of the parameters  ~ and n, along with the Griineisen coefficients T0 determined 
from them, are  displayed in Table 1. Presented also in this table are the values of ToT, obtained from the 
thermodynamic definition of the Griineisen coefficient (see [11]). It is evident from Table 1 that for the ma- 
jori ty of the metals the quantities To and T0T agree well with one another. One of the reasons for the noti- 
ceable deviation in the cases of Ti, Zn, Y, and Mo is, apparently, the insufficient accuracy of the linear r e l a -  
tion (5); one can expect that by taking into account the quadratic t e rm  in the D versus U relation the agree-  
ment with experiment will be improved (see [12]). 

We remark  that the use in [5, 7] of polynomial expressions for calculating the Griineisen coefficient in- 
stead of expressions (6) and (7) leads to negative values for T0. This is due to the fact that a t h ree - t e rm 
polynomial does not afford sufficient accuracy for calculating the third derivative of the pressure .  

We used shock compression data and formulas (Sb) and (gb) to calculate the Griineisen coefficient for 
ten ionic crystals .  For  the parameter  X, in the case of lithium and sodium compounds, we took the experi-  
mental values from [1] (from [13] for NaF); in the case of potassium and rubidium compounds, for which the 
phase transition from a B1 lattice to a B2 lattice was investigated, we employed the theoretical  values for the 
B1 phase calculated in [2, 13]. The parameters  • from [1, 2, 13, 14], as well as the values of Y0 calculated 
from them, are  shown in Table 2 along with the ~'0T values from [2, 14]. As can be seen from Table 2, there 
is a good correlat ion between the values of 70 and the thermodynamic values of ToT. 

Comparison shown here of our calculated resul ts  with experimental data confirms the accuracy of our 
approach and also its potential usefulness for materials  with a complex structure.  
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