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Technical  p r o g r e s s  is l a rge ly  determined by the 
creat ion of new ma te r i a l s  with special  physical  p ro -  
pe r t i e s  sui table for se rv ice  under ex t reme conditions. 
Such requi rements  have led to the acce le ra ted  develop- 
ment of h igh -p re s su re  technology, the use of which in 
physical  r e s e a r c h  has,  in turn, had an important  ef- 
fect on theoret ica l  questions of the s t ruc ture  of mat ter .  

Table 1 

Phase  Trans i t ions  

Substance Pressure, kb 

BaTiO 3 
Bi 
Fe 
KC1 
KBr 
P 
S 
H20 
NaCI 
CaCO 3 
SiO2-rnolten 
SiO 2-crys t .  
C-graphite 
I 

~ 8  
17--30 
19.130 
20 
20 
25.80 
67--106 

115 
120 
150 
250 
4OO 
400,600 
7O0 

The two- or  threefold compress ion  of a solid leads  
to fundamental changes in the e lec t ronic  s t ruc tu re  of 
the atoms,  in pa r t i cu la r ,  to the poss ib i l i ty  of over -  
lapping of the valence band and the conduction band 
and d isp lacement  of the e lec t rons  into deeper  l a ye r s .  
Whereas  chemis t ry  is concerned with the outer  e lec-  
t rons ,  and nuc lear  physics  with the components of the 
nucleus, the physics  of superhigh p r e s s u r e s  opens up 
to the inves t iga tor  the region of the inner e lec t ron  
shel ls  of atoms,  a region s t i l l  unexplored.  

Table 2 

C onductivity 

Substance Pressure, kb 

H20 
LiAIH4 
S 
I 
P-red 
KI 
RbI 
CsI 
NaCI 
Teflon 
CsCI 
CsBr 
Paraffin 
Plexiglas 

30--125 
50 

70--200 
80--130 

<lOO 
170 
200 
200 

">210 
>210 

270 
270 
700 
820 

*Presented  at a meet ing of the Physicotechnical  
Section on P r e b l e m s  of Power Engineering AS USSR, 
22 March 1966, Novosibirsk.  

The study of the behavior  of ma t te r  under p r e s s u r e  
is useful not only for  l abo ra to ry  p rac t i ce  but in under-  
standing a number  of geological  and cosmic  phenomena.. 

Table 3 

Refrac t ion  of Water  

Pressure, kb n d R 

110 
144 

1.333 
1,48 
t . 52  
1.55 

1-00 
1.42 
t .64 
1.79 

3.70 
3.60 
3.34 
3.20 

This aspect  of high--pressure r e s e a r c h  has recent ly  
been a t t rac t ing  increas ing  attention. 

There  a re  two bas ic  independent methods of c r e a t -  
ing high p r e s s u r e s :  s ta t ic  and dynamic.  Whereas ,  
since Br idgman ' s  work, the fo rmer  has become an 
es tabl ished branch of knowledge with an extensive l i t -  
e ra tu re ,  r ep resen ted  in the Soviet Union by the school 
of L. F.  Vereshchagin,  the applicat ion of impulsive 
p r e s s u r e s  to physicochemical  p rob lems  rea l ly  began 
only 10-15 y e a r s  ago and is s t i l l  in i ts infancy. 

Table 4 

Alkal i  Halides 

Com- 
Substance Rin Rcomp premion 

LiF 
NaCI 
Kcl 
KBr 
CsBr 

2.69 
8.52 

10.82 
13.97 
18.48 

2.10 
6.52 
8.23 

10.92 
15.07 

1.39 
1 . 5 6  
1.68 
1.70 
1 _63 

The genera l  theory of the physics  of explosions 
and shock waves has been developed by Academic ians  
L. D. Landau, M. A. Lavren t ' ev ,  Ya. B. Zel 'dovich,  
and N. N. Semenov , and thei r  fo l lowers .  The gasdy-  
namic bas i s  of shock wave theory has been quite fully 
examined in monographs by Zel 'dovich [1], Courant 
and F r i e d r i c h s  [2], Baum, Stanyukovich, and Shekhter 
[3], and Zel 'dovich and Ra ize r  [4], and accordingly  
there  is no need to r e - e xa m i ne  it here .  The state of 
the theory is such that the qual i tat ive nature  of the 
phenomena can be predic ted  in a lmos t  al l  cases ;  how- 
ever, it is still virtually impossible to make quantita- 
tive predictions about the behavior of matter under im- 
pulsive pressures. The basic reason for this is the 
dependence of such mechanical parameters as mass 
velocity, Gruneisen constant, compressibility, etc., 
on the atomic-electronic structure of matte.r. Attempts 
at a theoretical analysis of this dependence have only 
just begun, and the only real way of establishing it is 

still experimentation. 
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T h e r e  a r e  two a p p r o a c h e s  to the e x p e r i m e n t a l  in-  
ve s t i ga t i on  of the behav io r  of m a t t e r  under  condi t ions  
of shock c o m p r e s s i o n .  One i s  to d e t e r m i n e  the c o m -  
p r e s s i b i l i t y  c u r v e s  by m e a s u r i n g  the wave and m a s s  
ve loc i t i e s ;  the o the r  i s  to make  a d i r e c t  p h y s i c o c h e m i -  
ca l  s tudy of s u b s t a n c e s  sub jec ted  to the ac t ion  of an 
explos ion .  The f i r s t  app roach  began  to be  deve loped  
20 y e a r s  ago in the United Sta tes  and the Soviet  Union; 
the second approach  was  p r o p o s e d  in the Sovie t  Union 
10 y e a r s  ago and r a p i d l y  began  to be  deve loped  ab road .  

a 
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l/ 

g 

1/ 
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Fig .  1. Shock c o m p r e s s i o n  of  a c y l i n d e r :  
a) d i a g r a m  of e x p e r i m e n t ,  b) d i a g r a m  show-  
ing p ropaga t ion  of  shock wave ;  1) exp los ive ,  

2) bomb,  3) de tona to r .  

Without  dwel l ing  on the p r i n c i p l e s  and p r a c t i c a l  a s -  
pec t s  of methods  of r e g i s t e r i n g  v e l o c i t i e s  under  con-  
d i t ions  of dynamic  c o m p r e s s i o n ,  which a r e  d e s c r i b e d  
in A l ' t s h u l e r ' s  r ev i ew  [5], I sha l l  b r i e f l y  d i s c u s s  the 
b a s i c  r e s u l t s  obta ined in such e x p e r i m e n t s .  

H i s t o r i c a l l y  the s i tua t ion  was  such that  dynamic  
methods  w e r e  appl ied  f i r s t  and m o s t  e x t e n s i v e l y  to 
m e t a l s .  In the f i r s t  f o re ign  pub l i ca t ions  [ 6 - 9 ]  shock 
ad iaba t s  w e r e  obtained up to p r e s s u r e s  of 500 kb,* 
A l ' t s h u l e r  and c o w o r k e r s  [10, 11] r a i s e d  the upper  
l i m i t  f i r s t  to 5 mb**,  and then to 9 - 1 0  mb [12, 13]. 

As  a r e s u l t  of these  s tud ies  i t  was  shown that  the 
de ns i t y  of monol i th ic  s a m p l e s  exposed  to supe rh igh  
p r e s s u r e s  i n c r e a s e s  by a f a c t o r  of two o r  m o r e  (in 
the c a s e  of a lka l i  m e t a l s  by a f a c t o r  of 2 . 7 - 3 . 4 ) .  Th is  
c o m p r e s s i o n  c o r r e s p o n d s  to an i m p o r t a n t  r educ t ion  in 
i n t e r a t o m i c  d i s t a n c e s :  fo r  e x a m p l e ,  fo r  a lka l i  m e t a l s  
the a tomic  r a d i i  d e c r e a s e  by a f a c t o r  of 1 . 4 - 1 . 5  and 
a p p r o a c h  the v a l u e s  of the r a d i i  of the c o r r e s p o n d i n g  
ca t ions .  

At  the s a m e  t ime  the app l i ca t ion  of i m p u l s i v e  p r e s -  
s u r e s  of even a few m e g a b a r s  to l o o s e  tungs ten  pow de r s  
fa i led  to c o m p r e s s  them even to the n o r m a l  dens i t y  of 
the m e t a l  [14] owing to the deve lop ing  t h e r m a l  p r e s -  
s u r e .  

P a r t i c u l a r l y  i n t e r e s t i n g  a r e  the p h a s e  t r a n s i t i o n s  
o b s e r v e d  in a n u m b e r  of m e t a l s  exposed  to dynamic  

*kb, k i l o b a r ,  equ iva len t  to one thousand  a t m o s p h e r e s .  
**rob, m e g a b a r ,  equ iva len t  to one mi l l i on  a t m o s -  

p h e r e s .  

loading.  T h e s e  t r a n s i t i o n s  a r e  r e v e a l e d  by a d i s c o n -  
t inui ty in the shock ad i aba t  due to a change in wave  
ve loc i ty  in the modif ied  med ium.  This  d i scon t inu i ty  
was  f i r s t  o b s e r v e d  in i r on  at  a p r e s s u r e  of 130 kb [15]. 
In th is  connec t ion  i t  is  i m p o r t a n t  that to de t ec t  new 
p h a s e s  in dynamic  e x p e r i m e n t s  the t r a n s i t i o n  t ime  
mus t  be much l e s s  than the du ra t ion  of ac t ion  of the 
superh igh  p r e s s u r e s  on the m a t e r i a l ,  i. e . ,  l e s s  than 
1 Izsec. Th i s  i nd i ca t e s  that  changes  in a tomic  s t r u c -  
t u r e  can take  p lace  du r ing  shock c o m p r e s s i o n  and thus 
sugges t s  the p o s s i b i l i t y  of a new d i s c i p l i n e ,  name ly ,  
the c h e m i s t r y  of impu l s ive  p r e s s u r e s .  

S tudies  of the shock ad iaba t s  of nonmeta l l i c  e l e -  
men t s  and ionic  c r y s t a l s  have  a l so  r e v e a l e d  phase  
t r a n s i t i o n s .  A l ' t s h u l e r  [5] p r e s e n t s  da ta  on a lka l i  h a -  
l ides  obtained by Soviet  and A m e r i c a n  s c i e n t i s t s .  An 
i n c r e a s e  in dens i ty  by a f a c t o r  of 2 - 3 . 3  and a d i s c o n -  
t inui ty  of the adaba t i c  cu rve  ind ica t ing  a t r a n s i t i o n  
f r o m  a NaC1 to CsC1 type l a t t i c e  w e r e  r e g u l a r l y  ob-  
s e r v e d .  

As  A l d e r  points  out, phase  t r a n s i t i o n s  take p l ace  
at  any c r y s t a l  o r i en ta t ion ,  but  when the (III) ax is  i s  
o r i en ted  at  r igh t  angles  to the shock f ront  the t r a n s i -  
t ion t akes  p l a c e  at  l o w e r  p r e s s u r e s .  Th i s  i s  b e c a u s e  
the s t r u c t u r a l  t r a n s i t i on  NaC1 --* CsC1 is  equiva len t  
to c o m p r e s s i o n  of the unit  ce l l ,  i . e . ,  to d i s p l a c e m e n t  
of the a t o m s  a long the (III) ax i s .  

Af t e r  the r e m o v a l  of p r e s s u r e  the a lka l i  ha l i de s  r e -  
tu rn  to the in i t i a l  s t a t e .  However ,  this  m e c h a n i s m  is  
not  g e n e r a l ,  and in the c a s e  of c a rbon  De C a r l i  and 
J a m i e s o n  [17] found s m a l l  c r y s t a l s  of d iamond in the 
shock c o m p r e s s i o n  p roduc t s  of g raph i t e ,  i . e . ,  the 
t r a n s i t i o n  was  i r r e v e r s i b l e .  Th i s  fac t  was  a l so  used 
as  a b a s i s  for  f u r t h e r  a t t e m p t s  to p r e s e r v e  the p r o -  
ducts  of dynamic  c o m p r e s s i o n ,  i . e . ,  the p r e s e r v a t i o n  
s tud ies  d i s c u s s e d  in the next  s e c t i on  of th is  r ev iew.  

To conclude  our  d i s c u s s i o n  of phase  t r a n s i t i o n s  we 
p r e s e n t  a s u m m a r y  of the r e s u l t s  ach ieved  so f a r  
(Table  1). 

As  a l r e a d y  ment ioned ,  the s h a r p  i n c r e a s e  in c r y s -  
tal  dens i ty  du r ing  dynamic  e x p e r i m e n t s  i s  a c c o m p a n -  
ied by an a p p r e c i a b l e  change in a tomic  d i m e n s i o n s  
and hence  in the na tu re  of the c h e m i c a l  bonds .  

Table  5 

Shock C o m p r e s s i o n  P a r a m e t e r s  of NaC1 

d, g/era 3 I Explgsive, o a 0 p, kb t, OC 

1.14 

1.68 

1.92 

50 
I00 
150 

50 
100 
/50 

50 
100 
150 

2.28 
2.50 
2.50 

1.67 
1.83 
1.87 

1.60 
1.69 
1.74 

1,20 
1,30 
1,30 

1,29 
1,42 
1.45 

1.41 
1.50 
1.55 

240 
500 
500 

170 
330 
370 

250 
360 
420 

1330 
1650 
1650 

570 
730 
800 

400 
610 
660 

Since ,  a s  a ru le ,  the anion r a d i i  a r e  much g r e a t e r  
than the ca t ion  d i m e n s i o n s  in many c oo rd ina t i on  c r y s -  
t a l s ,  we may  a s s u m e  that  the c r y s t a l l i n e  r eg ion  i s  
c o m p o s e d  of an ions ,  whi le  ca t ions  occupy the i n t e r -  
a tomic  space .  Hence  i t  is  c l e a r  tha t  i t  is  ma in ly  the 
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Table  6 

Decomposi t ion  Topography of Shock-Compressed  CdCO3 

Ex 1 " ] p gSlVe, Weight  o f  
sample ,  g 

30 1 
1,5 

I50 I 
1.5 

64.3 
64 .3  
64.3  
64.6 

Cd in s tar t in C d C O  3 = 63.5 

65.2 
64.7 
65.8 
65.0 

65.4 
65.4 
67.6 
66.3 

67.4 
65.8 
68.8 
67.7 

Mean 

65.6 
65.0 
66.6 
65.9 

anions that are  compres sed  dur ing  the c o m p r e s s i o n  of 
c ry s t a l s .  Phys ica l ly  this is under s t andab le ,  s ince  the 
e l ec t ron  she l l s  of the anions  a r e  l oose r  than those of 
the ca t ions ,  so that the i r  compre s s ion  is more  f avor -  
able f rom ~he energy  standpoint .  

As compres s ion  i n c r e a s e s  and the d i m e n s i o n s  of 
the anions dec r ea se ,  the ra t io  k = r c / r a ,  which con-  
t ro l s  the geomet r ic  s t r u c t u r e  of the c rys t a l ,  will  in -  
c r ease .  Thus,  at va lues  of k f rom 0.41 to 0.73 the 
octahedral  conf igura t ion is  s tab le ,  while at k = 0 . 7 3 -  
1.37 the cubic conf igurat ion is  s table .  

Actual ly ,  sodium sal ts  have the fol lowing va lues  of 
k: NaI 0 .45,  NaBr 0 .50,  NaC1 0.54;  the va lues  for  
po tass ium sa l t s  a re  KI 0.60,  KBr 0.68,  KC1 0.73.  
Consequent ly ,  in o rde r  to a t ta in  the c r i t i ca l  value k = 
= 0.73, above which a s t r u c t u r e  of the CsCI type is  
s table,  it  is n e c e s s a r y  to obtain the following com-  
p r e s s i o n  fac tors :  N a I - 4 . 2 ,  N a B r - 3 . 1 ,  NaC1-2 .5 ,  
KI - -1 .8 ,  K B r - - 1 . 2 ,  KCI- -1 .0 .  The expe r imen ta l  data 
a re  in qual i ta t ive  ag r eemen t  with this  conclus ion.  

In the case  of subs tances  whose coordina t ion  n u m -  
b e r  is  8, condensa t ion  may take place as a r e su l t  of a 
fu r the r  i n c r e a s e  in coordinat ion  and a reduc t ion  in f r ee  
f ree  space; s i m i l a r  p r o c e s s e s  also r e s u l t  f rom f u r -  
ther  c o m p r e s s i o n  of the alkal i  ha l ides  enumera ted  
above. 

Shortening of the d imens ions  of the anions may  r e -  
sul t  not only f rom squeez ing  of the outer  e l ec t ron  
shel ls  but may  also r e s u l t  f rom t r a n s i t i o n  of some of 
the va lence  e lec t rons  into the conduct ion band. On the 
other hand a d e c r e a s e  in ionic rad i i  may lead to an 
apprec iab le  i n c r e a s e  in ion mobi l i ty  with r e spec t  to 
diffusion. The re fo r e  i t  is na tu ra l  to expect  that unde r  
conditions of shock compression the electrical con- 

ductivity of the sample may increase. 
The conductivity of dynamically compressed sub- 

stances was first measured by Alder and Christian 
[18], and then by Brish, Tsukerman and Tarasov [19] 

on several organic and inorganic samples. A summary 

of the r e su l t s  based on the data of Dura l  and Fowles  
[20] is  p resen ted  in Table  2. 

~ \ \ \ \ \ \ \ \ x  

i: :': ~:4" . . .  
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. .  

| 

Fig.  2. Topo-  
graphy of red 
phase in sodium 

n i t r a t e .  

The na tu re  of this effect is s t i l l  not comple te ly  
unders tood.  Alder  and Chr i s t i an  see the cause in a 
t r ans i t i on  f rom the d i e l ec t r i c  to the me ta l l i c  s tate.  
K o r m e r  et al. [21], improv ing  on this idea, suggest  a 
t r a n s i t i o n  f rom the d i e l ec t r i c  to the semiconduc t ing  
state  followed by the fo rma t ion  of f ree  e l ec t rons  as a 
r e s u l t  of the rmal  exci ta t ion.  

On the other  hand,  David and Hamann  [22] cons ide r  
it poss ib le  for the conduct ivi ty  of, for  example ,  wa te r  
to i n c r e a s e  as a r e s u l t  of an i n c r e a s e  in the ioniza t ion  
cons tan t  of H20 unde r  p r e s s u r e .  Al t t shuIer  et al.  [23] 
a lso cons ide r  an ionic conduct ion m e c h a n i s m  most  
p robable  in the case  of s h o c k - c o m p r e s s e d  NaC1. 

R e f r a c t o m e t r i c  data obtained in dynamic  exper i -  
ments  [24, 25] apparen t ly  indica te  that  conduct ion in 
the shock c o m p r e s s i o n  of d i e l e c t r i c s  is ionic in na -  
ture .  Table  3 p r e s e n t s  va lues  of the r e f r ac t i ve  index,  

Table  7 

I ron Content  of C o m p r e s s e d  NaNO3 

Weight ,  g Part  o f  b o m b  S tandard ,  % A1 inser t ,  % Cu inser t ,  % 

1.3 

0.23 
0.05 
0.27 
] .45 

0.05 
0.03 
0.05 
0.62 

0.14 
0.11 
0.13 
0.37 

0.008 
0.014 
0.027 
0.030 

0.055 
0.034 
0.071 
0.078 

0.00i 
0.006 
0.006 
0.008 
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Substance 

NaNOs 
(7.1) 

KN03 
(4,5) 

Table 10 
Die lec t r ic  Constants of Compressed  Ni t ra tes  

Part o f  bomb, 
from top to 

bottom 

Loose packing 

after after 
explosion remelting 

7.7  7 .3  
7 .2  7.1 
7.3 7.1 
8 .3  7 ,4  

5 .3  4 .7  
5-2 4 .7  
5 .7  5 ,0  
6 .2  5 ,6  

Dense packing 

after 
explosion 

7.0 
7.2  
7 .2  
7 .4  

5.0 

after 
remelting 

7.0  
7.1 
7,1 
7.1 

4,6 

density [24], and mole re f rac t ion  (electronic p o l a r i z -  
ability) of water  under normal  conditions and i n s h o c k  
compress ion.  It is  c l ea r  from the table that the e lec -  
tronic po lar izab i l i ty  of water  d e c r e a s e s  monotonically 
with inc rease  in p r e s s u r e  and is comparable  in value 
with the re f rac t ion  of water  of c rys ta l l i za t ion  (3.40 =~ 
• 0.2) [26], i. e . ,  water  molecules  without hydrogen 
bonds. Thus, the compress ion  of water  takes place at 
the expense of breakage of the hydrogen bonds and 
c loser  packing of the H20 molecules .  However, the 
appearance of a meta l l ic  component in H20 should also 
lead to an apprec iable  inc rease  in the e lec t ronic  po- 
l a r i zab i l i ty  of water. 

A similar situation is also observed in the case of 

compressed crystals of alkali halides: corresponding 
data [25] are presented in Table 4. 

The data presented also contradict the hypothesis 
concerning the presence of free electrons in shock- 
compressed crystals (up to pressures of about 700 kb). 

The first studies of substances preserved after 
shock compression were reported by Ryabinin in 1956 
[27~ 28]. In these studies samples were placed in am- 
puls which in turn were inserted in metal cylinders 

surrounded with explosives. As a result of the explo- 
sion a convergent cylindrical wave was formed inside 
the ampul and, according to Ryabinin's estimate, this 
compressed the material to pressures of 500 kb. 

Fig. 3. Diagram of "cold" 
bomb. 

The chemical  substances  thus compressed  pa r t ly  
decomposed (NaCI, CuSQ, MgCO3, Pb(NO~) 2, paraf- 

fin), underwent phase t ransi t ion (sulfur), or remained 
unchanged (graphite).  The absence of changes in the 
l a t t e r  case  was at tr ibuted by the author to lack of time: 
shock compress ion  takes microseconds ,  although it is 
now known that phase t rans i t ions  take much less  t ime,  
10 -11 sec [25]. The reason  for  the lack  of success  in 
synthesizing diamond will be considered below. 
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Fig. 4. IR spectra of sodium ni- 
trate (absorption A in %; v in 
cm-1): a) af ter  exposure to X- 
radiat ion,  b) af ter  shock com- 
p ress ion ,  c) af ter  addition of 

sodium ni t ra te .  

In 1958 Nicholls et al. [29] repor ted  that shock 
compress ion  is accompanied by a p r oc e s s  of decompo- 
sit ion with a reduction in metal  valence: Fe203 

Fe304. 
Two y e a r s  l a t e r  publicat ions appeared giving ex- 

amples  of subs tances  and m a t e r i a l s  of p rac t i ca l  value 
obtained under conditions of shock compress ion .  Thus, 
Dharmate ja  [30] repor ted  that as a r e su l t  of the de-  
composi t ion of organosi l icon compounds o~ and 3 forms 
of SiC were  obtained. Montgomery and Thomas [31] 
desc r ibe  the poss ib i l i ty  of an explosive technique for  
p r e s s i n g  m~etallic and nonmetal l ic  powders.  Final ly ,  
in 1961 De Car l i  and Jamieson  [17] obtained smal l  
c r y s t a l s  of diamond f rom the dynamic compress ion  of 
natura l  graphite  (about 300 kb). It is in te res t ing  to 
note that they were  unable to obtain diamond by com- 
p re s s ing  pure hexagonal graphite .  In 1964 Coleburn 
[32] compressed  synthetic (pyrolytic) graphite  to 500 
kb and did not observe  a phase t rans i t ion  to diamond, 
the shock adiabat  of this m a t e r i a l  dif fer ing substan-  
t ia l ly  f rom the data of Alder  and Chr i s t i an  [33] for 
Ceylon graphi te  in the p r e s s u r e  range above 100 kb. 
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Table 11 

New Modification of UFa 

Property 

Refractive indices 

Dielectric constant 
Density 
Thermogram 
IR spectrum 
Crystal system 

Starting substance 

1.550, 1.584, 1.596 

13.3 
6.7 

Nothing up to 500 ~ 
J=58% 

Monoclinic 

I 
After explosion t After annealing 

! 

1.62--1.68 i t.550, 1.584, 1.596 
I 

18.5 [ 13.2 
7.7 6.7 

Exo at 320 ~ Nothing up to 500 ~ 
J :21% I J :54% 

Cubic Monoclinic 

Hence it follows that the s t ruc ture  of the s ta r t ing  sub- 
stance is of fundamental impor tance  in re la t ion to 
phase t ransi t ions  during dynamic compress ion  (and not 
only time as suggested by Ryabinin). 

An important  step forward was the invest igat ion of 
the'defects formed in a solid af ter  the passage  of shock 
waves. Thus, an e l ec t ron -mic roscope  study of com- 
p ressed  ~ - F e  showed that the dis locat ion density in- 
c reased  by two orders :  before  compress ion  it was 
about 108/cm 2, af ter  compress ion  (70 kb) about 101~ 
/ c m  2 [34]. An inc rease  in the defects in a single c r y s -  
tal  af ter  shock compress ion  has been observed by the 
EPR method in MgO [35] and f rom the magnetic sus-  
cept ibi l i ty  in ZnS [36]. In the l a t t e r  case it was shown 
that the number of unpaired e lec t rons  in the ma te r i a l  
p rog re s s ive ly  inc reases  with inc rease  in the number of 
explosive compress ions ,  the defects  being completely 
annealed at t empera tu re s  of 570~ ~ C. An in t e r e s t -  
ing technical  feature  was the dynamic compress ion  of 
samples  of ZnS in evacuated quartz ves se l s  which 
withstood up to 15 success ive  explosions.  

In 1963 the f i r s t  a t tempt was made to synthesize  the 
chemical  compound ZnO + Fe203 by dynamic compres -  
sion in a cy l indr ica l  bomb [36]. The author noted that 
the chemical  p r o c e s s e s  at the bottom of the bomb are  
much more  intense than at the top. Final ly ,  in 1965, 
Soviet phys ic is t s  [37] demonst ra ted  the poss ib i l i ty  of 
polymer iza t ion  under conditions of shock compress ion .  

Thus the ini t ial  poss ib i l i t i e s  of dynamic h i g h - p r e s -  
sure technology include the p r e s s i n g  of powders ,  the 
synthesis  and decomposi t ion of chemical  compounds, 
the formation of defects  and the rea l iza t ion  of phase 
t r ans i t ions .  The uniqueness of the conditions,  enor-  
mous t empera tu res  and p r e s s u r e s  and the instantan-  
eous action of these fac tors  leading to nonequil ibrium 
s ta tes ,  suggests  the poss ib i l i ty  of obtaining important  
resu l t s .  

Following the publication of the data of Ryabinin, 
De Carl i ,  and Jamieson ,  in 1963 in the i r  l abora to r i e s  
at the Novoskbirsk Scientific Center  the author of this 
a r t i c l e  and A. A. Der ibas  began work on tes t ing ex- 
plosive compress ion  sys t ems  that allowed the com- 
p ressed  samples  to be p re se rved  for  investigation.  
The f i r s t  s tage of this r e s e a r c h ,  completed in 1963, 
produced a r a the r  s imple and re l i ab le  sys tem (Fig. 1) 
and in 1964 sys temat ic  physicochemical  studies of ma-  
t e r i a l s  subjected to the action of an explosion were  
begun. F ina l ly ,  in 1965 on the ini t ia t ive of Academi-  
cian M. A. Lavren t ' ev  and P ro fe s so r  S. S. Kutateladze 
a depar tment  of super-high p r e s s u r e s  with the neces -  

sa ry  complement  of spec ia l i s t s  in modern physico-  
chemical  methods of studying the s t ruc ture  of mat te r  
was set  up at the Institute of Thermophysics  Siberian 
Division AS USSR~ During this period the dynamic ex- 
per iments  themselves  were  conducted in the labora tory  
of A. A. Der ibas  at the Insti tute of Hydrodynamics,  
and therefore  the scientif ic  resu l t s  obtained in this di-  
rect ion are  the joint  achievements  of the groups in 
question. 

1. It is s t i l l  not poss ible  to make a d i rec t  de te rmin-  
ation of t he  thermodynamic p a r a m e t e r s  of shock com- 
press ion  in a cyl indr ica l  bomb. Therefore ,  in o rder  
to es t imate  p r e s s u r e  and t empera tu re  var ious  indi rect  
methods a re  employed. At the Insti tute of Thermophys-  
ics  we have developed a method of p las t ic i ty  indica-  
to rs ,  which can be used to de termine  the p r e s s u r e  and 
t empera tu re  inside the bomb in the case  of compres -  
sion of a substance with a known equation of s tate .  

Copper disks  with an a r ea  equal to the bomb section 
a re  placed inside the bomb at equal in terva ls  at r ight  
angles to the axis of the cyl inder .  After  the explosion 
as a r esu l t  of the action of the shock waves the walls of 
the cyl inder  move and compress  the copper d isks .  The 
unloading wave and e las t ic  deformation of the com- 
p ressed  ma te r i a l s  expand the walls  of the bomb, but 
as a resu l t  of its high p las t ic i ty  the copper disk remains  
in the state of minimum compress ion .  The ra t io  of the 
a reas  of the copper disk before  and af ter  compress ion  
indicates  the degree  of compress ion  of the mate r ia l ,  
and from the shock adiabat  it  is  easy to find the p r e s -  
sure  corresponding to this compress ion .  

The resu l t s  of our exper iments  a re  presented  in 
Table 5, which also contains values of the shock com- 
press ion  t empera tu re  calculated from the formula T 

T0(y 2 [4]. 

It is  c l ea r  f rom Table 5 that in complete confor-  
mity with the theory the p r e s s u r e  and t empera tu re  in- 
side the bomb inc rease  with dec rease  in the packing 
density of the sample.  Thus, to prevent  thermal  de-  
composit ion it is  n e c e s s a r y  to pack very tightly, using 
p r e c o m p r e s s i o n  or even fusion. Table 6 p resen ts  the 
r e su l t s  of complexometr ic  analyses  for  cadmium of 
samples  of CdCO a subjected to the action of an explo- 
sion, the contents of the bombs being divided into four 
equal par t s  at r ight angles to the axis of the cyl inder  
(1, 2, 3, and 4 f rom the top). 

The tabulated data show that decomposit ion inc reases  
f rom top to bottom, but is  somewhat reduced-with de-  
c r ea se  in the weight of the charge and with inc rease  in 
the packing of the bomb. The l a t t e r  is per fec t ly  natural ,  
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Tab le  12 
New Modi f i ca t ions  of Neodymium Oxide and Boron  N i t r i de  

Substance Property 

Nd,~Or 

BN 

Refractive index 
I R  spectrum 
X-ray spectrum 

Refractive index 
Density 
Refraction 

Starting phase New phase 

2 . 1 0  1 . 4 9  
Max at 4 0 0  cm - I  No  absorp t ion  a t  4 0 0  c m  -1 

A L H z  ~ 1 eV 

1 . 7 8  1 . 4 8  
1 . 9 7 5  2 . 6 0  
5 . 2 7  em 3 2.76 cm 3 

s ince  an i n c r e a s e  in the amount  of m a t e r i a l  r e d u c e s  
the t e m p e r a t u r e  as  a r e s u l t  of the d e c r e a s e  in f r i c t i o n  
and b e c a u s e  of the i n c r e a s e  in the hea t  c apac i ty  of the 
c o m p r e s s e d  s a m p l e .  In this  connec t ion  i t  p roved  v e r y  
convenient  to add a s m a l l  amount  of w a t e r  which has  a 
high hea t  c apac i ty  and a low dens i t y  in a m i x t u r e  with 
CdCO 3. E x p e r i m e n t s  showed that  in m i x t u r e s  of 1 g 
CdCO 3 + 0.27 g H~O and I. 5 g CdCO 3 + 0.17 g H20 
(occupying equal volumes) the content of Cd is 63.7 • 

0.1%, i.e., there is practically no decomposition. 
Other liquids have a similar effect. 

Analogous results were also obtained in experi- 
ments with mercuric oxide. Dynamic compression of 
pure HgO leads to its decomposition, but when water, 

f luo r ina ted  o i l s ,  and c e r t a i n  l iqu ids  a r e  added d e c o m -  
pos i t i on  c e a s e s .  

Since these  l iqu ids  a r e  e a s i l y  r e m o v e d  f rom the 
p roduc t s  of shock c o m p r e s s i o n ,  the ind ica t ed  method 
may  be r e c o m m e n d e d  for  i n c r e a s i n g  the p u r i t y  of 
c o m p r e s s e d  s a m p l e s .  

However ,  the c o m p r e s s e d  s a m p l e s  m a y  be  c o n t a m -  
inated not  only by the p r o d u c t s  of t he i r  own d e c o m p o -  
s i t ion  but a l so  by the m a t e r i a l  of the bomb,  i . e . ,  in 
the s t anda rd  s y s t e m ,  i ron .  An examina t i on  of the 
bombs  a f t e r  dynamic  c o m p r e s s i o n  showed that  in the 
bo t tom plug the re  is  a s m a l l  c r a t e r ,  a d e p r e s s i o n  ap -  
p a r e n t l y  f o r m e d  by the r e f l e c t e d  wave .  S p e c t r a l  a n a l -  
y s i s  of the bomb conten ts  fo r  i r on  r e v e a l e d  that  i t  is  
p r e s e n t  in an amount  a p p r o x i m a t e l y  c o r r e s p o n d i n g  to 
the i ron  sp l i t  off the bo t tom plug.  It was  t h e r e f o r e  
na tu ra l  to t ry  and p r o t e c t  the c o m p r e s s e d  m a t e r i a l  by 
p l ac ing  a d i sk  of m o r e  p l a s t i c  m e t a l  in the bo t tom of 
the bomb.  Tab le  7 p r e s e n t s  the r e s u l t s  of a s p e c t r a l  
a n a l y s i s  of NaNO 3 fo r  i r on  a f t e r  dynamic  c o m p r e s s i o n  
in a s t e e l  bomb;  the a c c u r a c y  of the a n a l y s e s  was  5 - 1 0  
r e l .  ~ [38]. The ana ly t i ca l  da t a  show that d e n s e  p a c k -  
ing of the m a t e r i a l  in the bomb in the p r e s e n c e  of a 
coppe r  i n s e r t  at the bot tom p r o t e c t s  the c o m p r e s s e d  
m a t e r i a l  f r om con tamina t ion  with i r on  to within thou- 
sandths  of a p e r c e n t .  

The above r e s u l t s  a r e  not f inal ;  we r e q u i r e  both 
addi t iona l  s t a t i s t i c a l  da t a  and an ex tens ion  of the r ange  
of t es t  m a t e r i a l s .  However ,  i t  is  a l r e a d y  p o s s i b l e  to 
get  an idea  of the t h e r m o d y n a m i c  p a r a m e t e r s  by this  
method and to d i s c o v e r  ways  of p r e s e r v i n g  the p u r i t y  
of the c o m p r e s s e d  m a t e r i a l s .  

2. The p h y s i c o c h e m i c a l  p o s s i b i l i t i e s  of dyna mic  
c o m p r e s s i o n  a r e  be s t  examined  f r o m  the s tandpoin t  of 
the mode of ac t ion  of a shock wave on m a t t e r .  

If the bomb is  f i l l ed  with a l o o s e  powder ,  the p r i n -  
c ipa l  effect  of the shock wave wi l l  be to c o m p r e s s  i t  to 

the de ns i t y  of the m a t e r i a l  i t se l f .  Th is  is  the b a s i s  fo r  
the use of dynamic compression in powder metallurgy, 
but now there is a technically important trend in the 
direction of obtaining pressed crystals of a nonmetal- 
lic nature. 

After the shock wave has compressed the sample to 
the crystalline state, it begins to propagate through a 
dense medium. In Alder's graphic expression, the 
shock front acts like a mill refining the material and 
creating a dense packing which is stable only under 
given conditions. In this case there is no need to des- 
troy all the interatomic bonds, it being sufficient 
merely to raise the atoms to a higher vibration level, 
so that they can overcome the potential barrier of the 

previous structure. As dynamic experiments have 
shown, the density of matter in a shock front may ex- 

ceed the normal density by a factor of 1.5-3.5. 
Upon unloading the material may either return to 

the initial state or go over into another crystalline 
form. The latter possibility is discussed below, but 
for the time being we will consider a substance that 
returns to the initial state. Since at the instant of com- 
pression the material is a superdense continuum, it 
is natural that after sufficiently smooth unloading it 

should return to the monocrystalline state and there- 
fore should not contain defects, microcracks, pores, 
and similar imperfections. This process of crystalliza- 

tion is also assisted by the heat released as a result 
of compression of the solid. However, in the ease of 

chemically unstable substances, which also have a low 
heat capacity, the heat of shock compression may 
play a leading part and decompose the material. In 
the intermediate case decomposition may be so slight 
that it is more correct to speak of the formation of 

defects in the material without an appreciable change 

in composition. 
Thus, depending oll the stability of the chemical 

bonds the compressed material either approaches a 
defectless crystal or the number of defects and dis- 

locations increases. For compounds of the type 
MeEOn, which candecompose into MeO x and EOn-x, 

th is  b o u n d a r y  has  been  found; i t  i s  equal  to AH = 50 
k c a l / m o l e .  Tab le  8 p r e s e n t s  a l i s t  of such s u b s t a n c e s ,  
the change  in the n u m b e r  of de f e c t s  be ing  c h a r a c t e r -  
ized  by the v a l u e s  of the X - r a y  and in i t i a l  d e n s i t i e s  of 
the c o m p r e s s e d  m a t e r i a l ,  t oge the r  with the r a t i o  of 
the i n t e n s i t i t e s  of the IR s p e c t r a  [39]. 

We have  o b s e r v e d  the r e f i n e m e n t  of p o l y c r y s t a l l i n e  
m a t e r i a l s  in r e l a t i o n  to BN, Nd203, SiO 2 and-BeO. Af -  
t e r  e x p l o s i v e  c o m p r e s s i o n  b e r y l l i u m  oxide ,  which X-  
r a y  a n a l y s i s  showed to be  a m o r p h o u s ,  is  c o n v e r t e d  to 
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a c r y s t a l l i n e  powder  with g r a i n  s i ze  of hundred ths  of 
a m i l l i m e t e r ,  a s h a r p  r o e n t g e n o g r a m ,  and op t i ca l  a n -  
i s o t r o p y .  Thus,  in a t ime  of the o r d e r  of 10 -e  sec  the 
ind iv idua l  g r a i n  g rew f r o m  a s i ze  of about 10 -Y c m  to 
10 -s cm,  i . e . ,  c r y s t a l l i z a t i o n  p r o c e e d s  at  a ve loc i ty  
of about 10 m / s e c .  In the  c a s e  of boron  n i t r i d e  and 
neodymium oxide the c r y s t a l  g r a i n s  r e a c h e d  d i m e n -  
s ions  of about 10 -2 cm,  i . e . ,  the c r y s t a l s  g rew at a 
r a t e  of about  100 m / s e t .  

A c c o r d i n g  to A l d e r  [16], the in tens i f i ed  mot ion  of 
the a toms  in the shock f ron t  s h a r p l y  r e d u c e s  the nuc-  
l ea t ion  t ime ,  which is f r equen t ly  the l i m i t i n g  s t age  of 
c r y s t a l l i z a t i o n  at  s t a t i c  p r e s s u r e s .  

The p r o b l e m  of obta in ing  d e f e c t l e s s  c r y s t a l s  i s  a 
c e n t r a l  p r o b l e m  of s o l i d - s t a t e  p h y s i c s  and r e l a t e d  
b r a n c h e s  such as  s e m i c o n d u c t o r  dnd l a s e r  p h y s i c s ,  
and much r e m a i n s  to be  done b e f o r e  i t  is  so lved ,  i t  is  
n e c e s s a r y  to be  able  to con t ro l  unloading (for  example ,  
i t  has  been  noted that the b e s t  r e s u l t s  a r e  obta ined at  
m a x i m u m  loading  d e n s i t i e s  and m a x i m u m  cha rges )  and 
to o r i en t  the c r y s t a l  g r a i n s  and b locks  du r ing  shock 
c o m p r e s s i o n  or  unloading  (or  b e f o r e  the expe r ime n t ) .  
However ,  the r e s u l t s  so f a r  obta ined m a y  find a p p l i c a -  
t ion in c h e m i c a l  eng inee r ing  for  conve r t ing  a m o r p h o u s ,  
f inely  d i s p e r s e d  subs t ances  that  p e n e t r a t e  f i l t e r s  into 
g r a n u l a r  m a t e r i a l s  m o r e  convenien t  for  handl ing,  
packing ,  and t r a n s p o r t i n g .  

As  f a r  as  de fec t s  a r e  c o n c e r n e d ,  a de ta i l ed  s tudy 
has  only j u s t  begun, and much r e m a i n s  u n c l e a r .  In our  
l a b o r a t o r i e s  a t ten t ion  has  been  concen t r a t ed  on the f o r -  
ma t ion  of de fec t s  in n i t r a t e s  of the a lka l i  m e t a l s ,  
which a r e  o x i d i z e r s  in many  i m p o r t a n t  p r o c e s s e s .  
Shock c o m p r e s s i o n  of the  n i t r a t e s  c a u s e s  a change in 
e x t e r n a l  a p p e a r a n c e ;  a new r e d d i s h  phase  i s  f o r m e d  
along the axis  and n e a r  the bo t tom of the bomb (Fig .  2). 
This  r eg ion  in the c y l i n d e r  r e p r e s e n t s  the zone of 
m a x i m u m  p r e s s u r e s ,  this  is  whe re  the c y l i n d r i c a l  
wave and the wave r e f l e c t e d  f r o m  the bo t tom plug con-  
v e r g e .  

A f t e r  be ing  d i s s o l v e d  in w a t e r  s a m p l e s  of shock-  
c o m p r e s s e d  n i t r a t e s  d i s p l a y  an a lka l ine  r eac t i on ,  not  
o b s e r v e d  in the s t a r t i n g  m a t e r i a l s ,  a l though the c h e m i -  
cal  c o m p o s i t i o n  of the c o m p r e s s e d  n i t r a t e s  i s  unchanged.  
Tab le  9 shows the topography  of a lka l in i ty  (%) as  a 
function of the bomb loading  dens i t y  fo r  a cons tan t  
cha rge  of 130 g [40, 39]. It fo l lows f rom the table  that  
a topography  deve lops  only at low loading  d e n s i t i e s ,  the 
va lue  of the a lka l i n i t y  i n c r e a s i n g  f r o m  top to bo t tom.  
Shock c o m p r e s s i o n  of  the s a m e  n i t r a t e s  in b o m b s  
made  of coppe r  led to the s a m e  va lues  of the a lka l in i ty ,  
i. e . ,  the l a t t e r  is  a r e s u l t  of c h e m i c a l  c o n v e r s i o n  of 
the c o m p r e s s e d  m a t e r i a l  and not of i m p u r i t i e s  f rom the 
bomb wa l l s .  

In the c a s e  of NaNO 3 the a lka l i n i t y  d e c r e a s e s  with 
annea l ing  of the s a m p l e ,  the m o r e  s t r o n g l y  the h i g h e r  
the annea l ing  t e m p e r a t u r e .  A study of the k ine t i c s  of 
th is  p r o c e s s  has  made  i t  p o s s i b l e  to d e t e r m i n e  i ts  
ac t iva t ion  ene rgy ,  3 .6  k c a l / m o l e .  

The c o m p r e s s e d  NaNO 3 has  a dens i ty  l e s s  than that  
of the s t a r t i n g  s amp le ,  2.19 as  aga in s t  2.27 g / c m  ~, 
but  a f t e r  annea l ing  the dens i ty  r e t u r n s  to the in i t i a l  

va lue .  Th is  i s  c h a r a c t e r i s t i c  of the behav io r  of de fec t s  
in so l i d s .  

As fo r  the na tu re  of the de fec t s  f o rmed  in n i t r a t e s  
of the a lka l i  m e t a l s ,  in our  opinion they a r e  F c e n t e r s  
r e s u l t i n g  f rom c h a r g e  t r a n s f e r  f rom anion to ca t ion:  

Na+NO~-~ Na ~ q- NO 0 

with subsequent  decompos i t i on  of NO3 to NOn, O, and 
t h e i r  combina t ion  p r o d u c t s ,  tn w a t e r  NaOH is  f o r m e d  
as  a r e s u l t  of the r e a c t i o n  

Na + H~O ~ NaOH + 1/2H~. 

The a p p e a r a n c e  of m e t a l l i c  sod ium should i n c r e a s e  
the e l e c t r i c a l  conduct iv i ty  of the s a m p l e  and s i m i l a r l y  
i t s  d i e l e c t r i c  cons tant .  Th is  was conf i rmed  by m e a -  
s u r e m e n t s  of s ,  as  m a y  be  seen  f r o m  Tab le  10 [39]. 

In o r d e r  to de t ec t  the NO 2 group the s a m p l e s  w e r e  
t e s ted  with G r i e s s  r e a g e n t s ,  which r e v e a l e d  the p r e -  
sence  of a s m a l l  amount  of n i t r i t e ,  and, in addi t ion,  
w e r e  inves t iga t ed  s p e c t r o s c o p i c a l l y .  

The UV s p e c t r a  d i s t i nc t l y  d i sp l a y  two max ima :  at  
270-300  and at  355 nm for  NaNO3, 297 and 360 nm for  
KNO3, etc .  The longwave m a x i m a  a r e  c h a r a c t e r i s t i c  
of NO 2 g roups ,  a c c o r d i n g  to pub l i shed  da ta  which we 
have checked,  but  the r e a s o n  for  the sho r twave  m a x i -  
mum s t i l l  r e m a i n s  u n c l e a r .  

R e g i s t r a t i o n  of IR a bso rp t i on  s p e c t r a  a l so  r e v e a l e d  
the p r e s e n c e  of a sp ike  c o r r e s p o n d i n g  to the NO 2 group,  
t oge the r  with ano the r  m a x i m u m  of unknown or ig in .  

Since the de fec t s  in n i t r a t e s  a r e  annealed  at t e m p e r -  
a t u r e s  of 150~ ~ C, while  1 . 5 - 2  min  a f t e r  the ex-  
p los ion  the s t anda rd  bomb has  a t e m p e r a t u r e  of the 
s a m e  o r d e r  [41], we made  an a t t e mp t  to a c c e l e r a t e  
cool ing  of the bomb a f t e r  the explos ion .  To this  end, 
we des igned  a "cold"  bomb (Fig .  3), which was s c r ewed  
to a heavy  s t ee l  p la te .  A f t e r  the exp los ion  the r e s i d u a l  
hea t  is  t r a n s f e r r e d  to the whole p la te ,  and t h e r e f o r e  
the bomb r e m a i n s  p r a c t i c a l l y  cold [42]. 

R e g i s t r a t i o n  of the UV s p e c t r a  of n i t r a t e  c o m p r e s s e d  
in a cold bomb r e v e a l e d  a t tenua t ion  of the m a x i m u m  
c o r r e s p o n d i n g  to the NOz group and the a p p e a r a n c e  of 
two o the r  s p i k e s ,  fo r  e x a m p l e ,  at  280 and 335 nm in 
the ca se  of NaNOa. It  was found that  these  m a x i m a  a lso  
a p p e a r  in sod ium n i t r a t e  a f t e r  i t  is  exposed  to X - r a y s  
(10 000 roen tgens  at room t e m p e r a t u r e ) .  R e g i s t r a t i o n  
of the IR s p e c t r a  of i r r a d i a t e d  N a N Q  showed that  r a d -  
ia t ion  caused  the s a m e  m a x i m u m  as  a p p e a r e d  in NaNO 3 
sub jec ted  to the ac t ion of an explos ion  (Fig.  4). 

Thus, in the compressed nitrates of alkali metals 
radiation defects as well as defects of thermal origin 
have been observed. It is possible to explain this 
on the basis of ideas concerning the metallization of a 
material under impulsive pressure. If we assume that 
free electrons appear during compression and disap- 
pear during unloading, we can appreciate the possi- 
bility of bremsstrahlung inside the compressed ma- 
terial, which is capable of producing radiation defects. 
Of course, this hypothesis requires experimental ver- 
ification. 

Defect-enriched substances may have practical ap- 
plications in heterogeneous catalysis, where solids 
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with an act ive sur face  a re  r equ i red .  However,  the i m -  
puls ive  techniques  of shock c o m p r e s s i o n  p rev ious ly  
developed proved incapable  of e n s u r i n g  the un i fo rm 
sa tu ra t ion  of subs tances  with defects  in suff ic ient ly  
la rge  quant i t ies .  We therefore  developed a new plane  
sys t em of explosive compres s ion ,  in which high p r e s -  
su re  a l te rna ted  with rapid expansion,  which favors  
the fo rmat ion  of defects .  This  sys t em was used to 
study TiO 2, one of the mos t  p r o m i s i n g  e lec t ron ic  ca t -  
a lys t s .  The inves t iga t ions  were  made in co l l abora t ion  
with the Inst i tute  of Cata lys i s .  

As a r e su l t  of plane c o m p r e s s i o n  white TiO~ powder 
acquired a grayish  blue color  owing to the pa r t i a l  r e -  
duct ion of t i tanium,  as a r e s u l t  of which the ac tua l  
composi t ion  came to cor respond  to the fo rmula  
TIO1.999. A study of the cata lyt ic  p rope r t i e s  of this " de-  
fect ive" ma te r i a l  showed that i ts  act ivi ty  had i nc rea sed  
by a factor  of 100-1000.  The inves t iga t ion  of this m a -  
t e r i a l  cont inues .  

Another  i n t e r e s t i ng  topic is  the ques t ion of the ef-  
fect of defects  induced in a subs tance  by shock com-  
p r e s s i o n  on its l uminescen t  p rope r t i e s .  Accord ing  to 
A. M. Prokhorov ,  when this  effect is posi t ive,  it may 
be useful  for  i n c r e a s i n g  the eff iciency of l a s e r  i n s t r u -  
ments ;  however ,  the technical  solut ion of the p rob lem 
will become poss ib le  only a f te r  the in t roduc t ion  of 
means  of dynamica l ly  c o m p r e s s i n g  s ingle  c r y s t a l s  
that do not entail their mechanical destruction. 

3. As already mentioned, as a result of unloading 
the system may return not to the initial state, but to 

some other, generally speaking, metastable state. The 

latter may persist at low, and sometimes even at room 

temperatures. 
It follows from the data presented above that up to 

the commencement of our research 13 substances had 

been obtained and preserved in new modifications as a 
result of dynamic compression, and of these only four 

were obtained for the first time. 

In the course of our experiments on compressed 

nitrates of alkali metals we have observed and to some 

extent studied new modifications of NaNO 3 and KNO 3 
[40, 42]. In the first case this was an isotropic phase 

with a refractive index of 1.52, in the second case a 

rhombic phase with indices ng = I. 513, n m = ].485, 

and np = I. 333. Thermographic study reveals that the 

new phase of NaNO 3 annea ls  with an endo-effec t  at 
170-210 ~ C, and the new modif ica t ion  of KNO 3 at 55 ~ C. 
The re fo re  this modif ica t ion  was obtained in a cold 
bomb.  At room t e m p e r a t u r e  the new fo rm of KNO 3 
" l ives"  for s eve ra l  days,  and that of NaNO 3 for  months .  
The sp l i t t ing  of the r e f r ac t i ve  ind ices  in the case  of 
KNO 3 and the i sot ropy of NaNO 3 indicate  the escape  of 
NO~" ions f rom para l l e l  p lanes  and the i r  m o r e  random 
d i s t r ibu t ion  in space.  This  approach is cons i s t en t  with 
the reduct ion  in dens i ty  for the two modif ica t ions :  
2.190 for  NaNO 3 (as aga ins t  2. 257 g / c m  3 for  the s t a r t -  
ing ma te r i a l )  and 2. 098 for KNO3 (as agains t  2. 106 g /  
/ c m  3 ). An X - r a y  study of these  two modi f ica t ions  gave a 
pos i t ive  r e s u l t  only in the case  of KNO 3, two new l ines ,  
whereas  in the case  of NaNO 3 nothing new was detected.  
The r eason  for this is a fundamenta l  one; the fo rma t ion  

of defects  i m p a i r s  the qual i ty  of the r o e n t g e n o g r a m s  
and, m o r e o v e r ,  the new phases  a re  quite probably  
formed p r e c i s e l y  as a r e s u l t  of the appearance  of de-  
fects  or even at these defects .  

More success fu l  f rom the X - r a y  s tandpoint  was a study 
of a new modif ica t ion  of UF 4 obtained as a r e s u l t  of shock 
c o m p r e s s i o n .  Table  11 p r e s e n t s  compara t ive  data on the 
in i t ia l  and new modif ica t ions ,  together  with the p r o p e r -  
t ies  of the c o m p r e s s e d  m a t e r i a l  af ter  anneal ing .  

The appearance  of new phase was also observed  
following shock c o m p r e s s i o n  of CeF 3. The s t a r t i ng  
subs tance  had r e f r ac t ive  indices  n m = 1. 607 and ng = 
= 1. 612 and s = ] 5 . 2 ,  while for  the new f o r m n  = 1.57 
and e = 18.0.  However,  the new phase is  the s ame  with 
r e spec t  to dens i ty  and roen tgenogram.  Inves t iga t ion  of 
the new fo rm of CeF~ is  cont inuing.  

Phase  t r a n s i t i ons  have also been  detected in oxides 
of the r a r e  ear th  me ta l s  (REM) af ter  shock c o m p r e s -  
sion.  Oxides of the REM c r y s t a l l i z e  in three  fo rms :  
A, B, C, where  A is hexagonal ,  B monocl in ic ,  and C 
cubic, the A and B modifications being distinguished 

by their higher density as compared with the C form. 
The latter form is known for all 14 REM, the A form 

for La, Nd, Pr, and Ce, and the B form for Sin, Eu, Gd~ 
Gd, Tb, and Dy. 

The phase diagram for the oxides of Ho, Er, Tu,Yb, 

and Lu shows that the transition C~B must be realized 

above the melting point and therefore cannot take place 

at normal pressures [43]. However, at high pressures 

the melting point increases and there is reason to hope 
that the C ~ B transition can be realized. Experiments 

have justified this expectation--as a result of triple 

explosive compression it proved regularly possible to 

detect the appearance of the B phase, the degree of 

conversion decreasing with increase in the atomic 
number of the REM. The refractive indices, density, 

IR spectra, and roentgenograms were taken as the ex- 

perimental criteria of formation of the B phase. 

This was not the first time that these transitions 

had been obtained; in 1964 American scientists were 

able to obtain the same modifications on static presses 

[44], although they did not make a detailed study of 

the physical properties. 

Interesting phases were obtained in syntheses of 

Cr + S, Cr + Se, and Cr + Te. The chromium chalcides 

obtained had much lower densities than the ordinary 

modifications, but the same roentgenograms, while 

on heating endo-effects were observed in the region 

300~ ~ C, af ter  which all the subs t ances  r e tu rned  
to n o r m a l  dens i ty .  Thus,  as a r e s u l t  of dynamic  syn -  
thes is  " incomple te"  c r y s t a l l i n e  f o r m s  of CrX were  
formed.  The inves t iga t ion  of these modi f ica t ions  is  
cont inuing.  

Fundamen ta l  changes  in opt ical  p r o p e r t i e s  a s s o c i -  
ated with po lymorphic  t r a n s f o r m a t i o n s  have been  ob- 
se rved  in new modi f ica t ions  of Nd203 [45] and BN [46]. 
Table  12 s u m m a r i z e s  the c h a r a c t e r i s t i c s  of the s t a r t -  
ing and newly obtained modi f ica t ions ,  which we have 
cal led E f o r ms  f rom the Lat in  word for  explosion.  

A study of the s t r u c t u r e  and o ther  phys icodhemica l  
p rope r t i e s  of E f o r m s  may  throw l ight  on the de ta i l s  
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of their electronic structure.  However, such investi- 
gations have been complicated by the extremely low 
yield of new phase. It has barely been possible to ob- 
tain 0 . 6 - 1 . 0  mg of modified substance from as many 
as 10-20 experiments. 

These results  of the activity of the Department of 
Superhigh P res su res  are, of course,  prel iminary,  
but, in our opinion, they confirm the need for a con- 
tinued effort in this field. 
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