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T E M P E R A T U R E S  O F  T H E  I M P U L S E  

C O M P R E S S I O N  O F  I O N I C  C R Y S T A L S  

V .  A .  Z h d a n o v  a n d  V .  V .  P o l y a k o v  UDC 539.21 

In [1, 2] a n o n p a r a r n e t r i c  c a l c u l a t i o n  o f  i m p u l s e  a d i a b a t i c s  of  ion ic  c r y s t a l s  in B1 and B2 p h a s e s  w a s  

g iven .  The  r e l a t i o n s  PH = PH (V) ob ta ined  enab le  the t e m p e r a t u r e  of  the  i m p u l s e  c o m p r e s s i o n  T H to  be  o b -  

t a i n e d  fo r  the  c r y s t a l s  c o n s i d e r e d  in both  p h a s e s  and enab le  the e f f e c t  of  the B1 - -  B2 phase  t r a n s i t i o n  on 

the  T H = T H (PH) c u r v e s  to be  i n v e s t i g a t e d .  

T a k i n g  the  e n e r g y  of  the  t h e r m a l  v i b r a t i o n s  in the f o r m  C v T  wi th  c o n s t a n t  hea t  c a p a c i t y  C V and w r i t -  

ing the  i n t e r n a l  e n e r g y  us ing  the i m p u l s e  a d i a b a t i c  e q u a t i o n  we ob ta in  the fo l lowing  e q u a t i o n  for  the  t e m p e r a -  

t u r e  of  the i m p u l s e  c o m p r e s s i o n  [3]: 

TABLE 1 

Crystal 

LiF 

NaF 

NaC1 

KCI 

B1 phase , B2 phase 

v H, kbar TH,~ V H, kbar ] TH'~ 

64 
i75 
335 
569 
9i5 

54 
li5 
202 
325 
501 

i2 
3i 
56 
9i 

i36 
t98 

3i9 
366 
502 
792 

i420 

329 
389 
505 
788 

t340 

308 
337 
384 
473 
643 
944 

548 
94i 

i550 
2540 

199 
352 
582 
937 

t503 

t08 
17i 
263 
393 
587 
886 

527 
t490 
3430 
7330 

Ol4 
998 

2 130 
4 150 
7 880 

533 
100 

1 850 
3 140 
5 380 
9 140 

282 

27 
50 
80 

t20 
176 
253 
362 

i520 

3i3 
343 
452 
627 
970 

1630 
2650 

1370 

56 
99 

163 
255 
394 
614 
979 

t5 940 

362 
7t5 

i 370 
2 400 
4 280 
7 430 

i3 280 

KBr 

26 
44 
69 

toi 
i45 
206 

3i7 
35i 
444 
614 
989 

i460 

51 
89 

i42 
2i9 
333 
51i 

435 
803 

i 430 
2 460 
3 396 
7 322 

T o m s k .  T r a n s l a t e d  f r o m  Z h u r n a l  P r i l d a d n o i  Mekhan ik i  i T e k h n i c h e s k o i  F i z i k i ,  No. 4,  pp. 102-105 ,  
J u l y - A u g u s t ,  1979. O r i g i n a l  a r t i c l e  s u b m i t t e d  Ju ly  3, 1978. 
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TABLE 2 

Calculamd 
I for T = ' .: 

Crystal" I K*Pt' kbar 

LiF 540 
NaF t50 
NaE1 63 
HC1 27 
HBr 240 

,Calculation from the 
�9 impulses adiabatic 

Pt, kbar Tt,  o K 

920 1400 
270 700 
105 5i3 
55 370 
40 350 

, =  

Experl- 
mentl" n, 
kbar ~t 

m 

240 
300 
20 
i7 

* F r o m  [5, 9]. 
t Data for NaF f rom [10] f rom impulse m e a -  
surements ,  for NaC1 f rom [6] and KC1 and KBr 
f rom [11] f rom stat ic  measuremen t s  at  room 
tempera tu re .  
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Fig. I 

where E x ( V )  is the energy  of the latt ice at  absolute zero ,  and E 0 and V0 a r e  the energy and volume of the 
f ree  c rys t a l  at  room tempera ture .  Table 1 shows file resu l t s  of a calculation using Eq. (1) of the t e m p e r a -  
tu res  T H for c rys ta l s  of LiF,  NaF, NaC1, KC1, K B r  in B1 and B2 phases.  To calculate the t empera tu res  
for the B1 lat t ices we used as  PH(V) and Ex(V) the functions defined in [1, 2] without including exper i -  
menta l  data, while the quantities E 0 and V0 were  found f rom the energy minimum of EX(V).  The t e m p e r a -  
tu res  of impulse compres s ion  for the B2 lat t ices were  calculated f rom Eq. (1) in which the values of PH (V) 
and E x ( V )  were  taken f rom [1, 2] for the B2 phase,  while the initial cha rac te r i s t i c s  of E 0 and V0 were  r e -  
lated to the B1 phase corresponding to the free crys ta l .  

The resu l t s  of the calculat ion of T H for NaC1 and KC1 a re  shown in the figure, where it can be seen 
that in the case of NaCI up to 600 kbar there  is good ag reement  between the T H = T H (PH) curve of the B1 
phase and the expermenta l  values of the t empera tu re s  measu red  in [4] (points 1 and 2 a r e  taken f rom [4]). At 
a p r e s s u r e  of about 600 kbar the NaC1 melts  which causes  a divergence between the calculated curve and the 
exper imenta l  data, which suffer a sharp  discontinuity. Note that for NaC1 the B1 ~ B2 phase t ransi t ion p r e -  
dicted by theory  [5] and recorded  in stat ic  measu remen t s  [6] do not appear  in experiments  on impulse c o m -  
p res s ion  [4, 7]. A c ry s t a l  of KC1 at  a p r e s su re  of ~20 kbar suffers  a t ransi t ion to the B2 phase, expressed  
in the form of a discontinuity in the impulse adiabatic PH = PH (V }. As can be seen f rom Fig. 1 the exper i -  
menta l  points [4], which re la te  to the dense phase,  a re  ve ry  close to the calculated curve of the B2 phase. At 
a p r e s s u r e  of around 400 kbar KC1 mel ts ,  producing a discontinuity in the tempera ture  curve and d i sag ree -  
ment  with the calculation. In the case of a KBr c rys ta l ,  which suffers  a phase t ransi t ion at a low p res su re ,  
the ag reemen t  between the calculated curves  of the B2 phase and the exper imental  data [8], relat ing to the 
dense phase,  is a lso good. We do not know the exper imental  values of TH for other c rys ta l s .  
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The results obtained were used to estimate the pressures Pt and the temperatures Tt of the phase 
transition. Since at the phase-transition point the pressures and temperatures of both phases are the same, 
the curves of TH = TH (PH) of the two phases should intersect, which enables one to estimate the quantities 
Pt and T t. The results of these estimates for crystals of LiF, NaF, NaCI, KCI, KBr are shown in Table 2, 
where we also show the transition pressures calculated in [5, 9] at absolute zero, and the experimental values 
[6, 10, 11]. It follows from a comparison of the second and third columns of Table 2 that the B1 -* B2 t ransi-  
tion pressures increase as the temperature increases. There is good correlation between the values of Pt 
calculated from the impulse adtabatics, as calculated in [5, 9], and the values found experimentally* in [6, 10, 
11]. 
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