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The  e f f ec t  of shock  c o m p r e s s i o n  on the c r y s t a l  s t r u c t u r e  and the e l e c t r o n  l e v e l s  in m e r c u r y  
ox ide  has  been  s tud ied .  On the b a s i s  of  x - r a y  s p e c t r o m e t r i c ,  x - r a y  r a d i o g r a p h i c ,  and neu -  
t r o n o g r a p h i c  e x a m i n a t i o n s ,  a new s p h a l e r i t e - t y p e  c r y s t a l  f o r m  of m e r c u r y  ox ide  with a l a t -  
t i ce  p a r a m e t e r  a = 5.43 A i s  h y p o t h e t i c a l l y  a s s u m e d  to have  a p p e a r e d  as  a r e s u l t .  

In the s tudy  of  m a t e r i a l s  s u b j e c t e d  to shock  c o m p r e s s i o n  one f inds  p a r t i c u l a r l y  i n t e r e s t i n g  the a p -  
p e a r a n c e  of  m o d i f i e d  c r y s t a l  f o r m s ,  which  a r e  s o m e t i m e s  r e t a i n e d  in the m e t a s t a b l e  s t a t e  and a f t e r  the 
p r e s s u r e  has  b e e n  r e l i e v e d .  In m o s t  c a s e s  t h e s e  m o d i f i c a t i o n s  a r e  a l r e a d y  known o n e s ,  which  a r e  p r o -  
duced  e i t h e r  u n d e r  h igh  s t a t i c  p r e s s u r e s  o r  u n d e r  high t e m p e r a t u r e s .  E n t i r e l y  new m o d i f i c a t i o n s  a p p e a r  
r a r e l y  and,  t h e r e f o r e ,  t h e i r  s tudy  i s  p a r t i c u l a r l y  i n t e r e s t i n g .  An e x a m p l e  of such  a m o d i f i c a t i o n  i s  the 
b r o w n  f o r m  of m e r c u r y  ox ide  p r o d u c e d  fo r  the f i r s t  t i m e  u n d e r  shock  c o m p r e s s i o n  [1]. R e s u l t s  of t h e s e  
s t u d i e s  and s o m e  p r o p e r t i e s  of th is  c r y s t a l  f o r m  w e r e  r e p o r t e d  in [2]. The  x - r a y  L I I  I a b s o r p t i o n  s p e c t r u m  
of  m e r c u r y  in HgO was  e x a m i n e d  in [3], w h e r e  a l a r g e  e n e r g y  sh i f t  of the a b s o r p t i o n  l i m i t  a f t e r  shock  
c o m p r e s s i o n  was  a l s o  d e t e c t e d .  I n a s m u c h  as  such  a sh i f t  cou ld  not  be  e x p l a i n e d  by  p l a s t i c  d e f o r m a t i o n s  
o r  d e f e c t s  [2], f u r t h e r  s t u d i e s  w e r e  u n d e r t a k e n .  

It ha s  b e e n  shown in [4] tha t  the sh i f t  of the x - r a y  a b s o r p t i o n  l i m i t  is  r e l a t e d  to a change  in the e f -  
f e c t i ve  coordination charge, along with a change in valence, in the ionization level of the chemical bond, 
and in the coordination number of the given atom. It has been shown in [2] that the chemical constitution 
and the valence of mercury do not change as a result of shock compression. Following this conclusion, 
the shift of the LII I absorption limit for mercury in HgO after shock compression is hypothetically attri- 
buted in [3] to a local reconfiguration of the oxygen enclosure around mercury toward a higher coordina- 
tion number. 

The authors have made further studies of the brown HgO and have examined the LII I absorption 
spectrum of mercury in HgS, the latter existing in two forms: one hexagonal and analogous to the known 
HgO form (with a chain structure and a coordination number 2 for mercury referred to sulfur) and in the 
other form the enclosure around a mercury atom is tetrahedral. 

The LII I absorption spectra were obtained with a model DRS-2 spectrograph by means of a second- 
order reflection from the 1120 system of quartz planes. The position of point L, the center of the absorp- 
tion band, is shown in Table 1 and is taken here to imply the position of the limit. It can be seen here 
that an increase in the coordination number for mercury in HgO does, indeed, cause a shift of the LII I 
absorption limit toward longer waves. A calculation of the effective coordination charge for mercury in 
HgO as well as in HgS and a comparison with measured shifts has shown that, for mercury, such a shift 
of the LII I absorption spectra is a linear function of the effective coordination charge ~? (Fig. 1), just as in 
the case of various compounds of other elements [4]. 

The absorption spectrum of mercury in HgO subjected to shock compression is made up of super- 
posed absorption spectra, namely, those of mercury atoms whose enclosure has not changed and those of 
mercury atoms whose enclosure has changed. For this reason, the shift of the LII I absorption limit toward 
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F ig .  1. E n e r g y  sh i f t  AE (eV) a s  a funct ion  of the c o o r d i n a -  
t ion c h a r g e  ~1. 

F i g .  2. N e u t r o n o g r a m s  of HgO: 1) o r i g i n a l ;  2) a f t e r  shock  
c o m p r e s s i o n .  W u l f - B r a g g  ang le  0; i n t e n s i t y  I (in r e l a t i v e  
un i t s ) .  

T A B L E  1. E n e r g y  a t  the  L I I  I A b s o r p t i o n  
L i m i t  fo r  M e r c u r y  in I ts  Compounds  

Position of 
Substance the limit, a e ,  eV n 

eV 
I 

HgO original / 12298,3 
H Sex ,losive 1295,2 
HggS cubic 1295,4 
HgS hexagonal 1297,2 

Error _+_ 0,5 

0 
--3,1 
--2,9 
--1,3 

0,78 

--0,30 
0,28 

l o n g e r  w a v e s  can  be  e x p l a i n e d  by  a d e c r e a s e  in the c o o r -  
d ina t i on  c h a r g e  of a t  l e a s t  s o m e  m e r c u r y  a t o m s .  A c c o r d -  
ing  to [2], the v a l e n c y  of m e r c u r y  h a s  not changed ;  a 
h i g h e r  c o v a l e n c e  in th i s  c a s e  i s  i m p r o b a b l e ,  s i n c e  a cha in  
c o o r d i n a t i o n  c o r r e s p o n d s  to the m a x i m u m  p r o x i m i t y  b e -  
tween  m e r c u r y  and oxygen  a t o m s  down to a d i s t a n c e  a p -  
p r o x i m a t e l y  equa l  to the sum of  the c o v a l e n t  r a d i i  d u r i n g  
s p - h y b r i d i z a t i o n  (2.03 A [5]) and f u r t h e r  c ha nge s  in t h i s  
d i r e c t i o n  a r e  i m p o s s i b l e .  Thus ,  by  a na logy  to the sh i f t  
of the  a b s o r p t i o n  s p e c t r u m  of m e r c u r y  in HgS d u r i n g  

c h a n g e s  in the c o o r d i n a t i o n ,  an  e x t r a p o l a t i o n  of the a l r e a d y  e s t a b l i s h e d  AE = f(77) r e l a t i o n  wi l l  l e a d  us  to 
the c o n c l u s i o n  that  a t  l e a s t  one c o n s e q u e n c e  of shock  c o m p r e s s i o n  could  be  the a p p e a r a n c e  of an HgO c r y s -  
t a l  f o r m  with a h i g h e r  c o o r d i n a t i o n  n u m b e r  fo r  oxygen .  

A h i g h e r  c o o r d i n a t i o n  n u m b e r  is  u s u a l l y  a s s o c i a t e d  wi th  a h i g h e r  i o n i z a t i o n  of b o n d s  and with l a r g e r  
i n t e r a t o m i c  d i s t a n c e s .  A h i g h e r  i o n i z a t i o n  of bonds  i s ,  i nde e d ,  in e v i d e n c e  in shock  c o m p r e s s e d  HgO, a c -  
c o r d i n g  to the da ta  shown in [2]: an i n c r e a s e  in the  e f f ec t i ve  c o o r d i n a t i o n  c h a r g e  f r o m  0.62 to 0.89, a s  c a l -  
c u l a t e d  by  the Sz ige t t i  me thod ,  a w iden ing  of the  f o r b i d d e n  zone f r o m  2.27 to 2.62 eV, an i n c r e a s e  in the 
r e f r a c t i v e  index f r o m  2.55 to 2.64, and a sh i f t  of  the l u m i n e s c e n c e  s p e c t r u m  t o w a r d  s h o r t e r  w a v e s .  No 
a n s w e r  cou ld  be  o b t a i n e d  c o n c e r n i n g  a change  in the i n t e r a t o m i c  d i s t a n c e s ,  h o w e v e r ,  b e c a u s e  the  hypo-  
t h e t i c a l  new HgO p h a s e d i d  not  m a n i f e s t  i t s e l f  in t e r m s  of  new l i n e s  on the x - r a y  r a d i o g r a m .  With the 
x - r a y  d i s p e r s i v i t i e s  of oxygen  and m e r c u r y  a t o m s  in the  r a t i o  1 : 8, the  c o n t r i b u t i o n  of a few d i s p l a c e d  o x y -  
gen a t o m s  to the t o t a l  d i s p e r s i o n  could  on ly  be  s l i gh t .  Much b r o a d e r  l i n e s  w e r e  no ted  on HgO d i f f r a c t o -  
g r a m s ,  i n d i c a t i n g  high m i e r o s t r e s s e s  in the l a t t i c e  which  could ,  fo r  i n s t a n c e ,  be  a s s o c i a t e d  with  the a p -  
p e a r a n c e  of f r a g m e n t s  of  a new p h a s e .  A long  with  a b r o a d e n i n g  of d i f f r a c t i o n  l i n e s ,  which  was  much  m o r e  
s i g n i f i c a n t  in the c a s e  of HgO than  in the c a s e  of  any o t h e r  shock  c o m p r e s s e d  t e s t  m a t e r i a l ,  t h e r e  o c c u r r e d  
a l s o  a change  in the i n t e g r a l  i n t e n s i t y  of d i f f r a c t i o n  l i n e s .  The  d i f f r a c t o g r a m s  w e r e  t aken  on a m o d e l  
DRON-1  d i f f r a e t o m e t e r  wi th  f i l t e r e d  r a d i a t i o n  f r o m  a c o p p e r  t a r g e t .  I n a s m u c h  a s  a t e n d e n c y  to g r a i n  
o r i e n t a t i o n  was  no ted  in s p e c i m e n s ,  s p e c i a l  c a r e  was  t aken  in t h e i r  p r e p a r a t i o n :  the p o w d e r  was  d e p o s i t e d  
th rough  a s i e v e  on a v i s c o u s  s u b s t r a t e .  

Since  no new l i n e s  could  be  s e e n  on an  x - r a y  r a d i o g r a m  u n d e r  u n f a v o r a b l e  c ond i t i ons  of m e a s u r e m e n t ,  
c h a n g e s  in the oxygen  e n c l o s u r e  a r o u n d  m e r c u r y  in the t e s t  s u b s t a n c e s  w e r e  r e c o r d e d  by  n e u t r o n o g r a p h y  
with  a much  m o r e  f a v o r a b l e  o x y g e n - t o - m e r c u r y  d i s p e r s i v i t y  r a t i o  (1 : 2.2).  N e u t r o n o g r a m s  of the r e d  and 
of  the b r o w n  HgO f o r m s  a r e  shown in F i g .  2. An a d d i t i o n a l  p e a k  a t  d / n  = 1.92 i s  s e e n  in the c a s e  of b r o w n  

HgO. 

If one p o s s i b l e  p h a s e  t r a n s f o r m a t i o n  d u r i n g  shock  c o m p r e s s i o n  is  a s s u m e d  to be  the f o r m a t i o n  of 
f r a g m e n t s  a n a l o g o u s  to s p h a l e r i t e  (HgS), then to the new l ine  no ted  on the n e u t r o n o g r a m  one m a y  a s s i g n  
the i n d i c e s  0.2.2 of  one a m o n g  the m o s t  i n t e n s i v e  s p h a l e r i t e  l i n e s .  The  p a r a m e t e r  of  a uni t  c e l l  of the 
h y p o t h e t i c a l  cub ic  HgO f o r m  wi l l  be  h e r e  a = 5.43 A (a = 5.84 ~ fo r  HgS), and the H g - O  d i s t a n c e  wi l l  be  
2.35 A,  a s  c o m p a r e d  to 2.53 ~ fo r  HgS. The  v a l u e s  o b t a i n e d  fo r  HgO and HgS a r e  wi th in  a r e a s o n a b l e  c o r -  
r e s p o n d e n c e ,  i n a s m u c h  a s  the s u l f u r  a t o m  and ion r a d i i  a r e  s o m e w h a t  l a r g e r  than the r e s p e c t i v e  oxygen  
r a d i i .  The  d i f f r a c t i o n  p a t t e r n  c a l c u l a t e d  on the b a s i s  of  a h y p o t h e t i c a l  cub ic  f o r m  c o r r e l a t e s  wi th  the d i f -  
f e r e n c e s  b e t w e e n  r e d  HgO and b r o w n  HgO n e u t r o n o g r a m s  i n d i c a t e d  by  a r r o w s  in F ig .  2. 
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It is also interesting to note that during shock compression of hexagonal HgS there occurs a transi- 

tion to cubic HgS [7]. 

The Hg-O interatomic distance r = 2.35 A determined for the hypothetical cubic HgO is equal to the 
sum of ion radii calculated for an Hg 2+ atom (1.06 7~) and an 02- atom (1.29 7~) with corrections made to 

account for the coordination [2]. 

All these findings corroborate the hypothesis concerning the increase in the coordination number 
which follows an increase in the ionization of bonds and in the interatomic distances. 

Thus, on the basis of the shift of the x-ray absorption limit detected in experiments and on the basis 
of changes in the neutronogram of HgO after shock compression, one may state hypothetically that a new 
HgO form is produced whose structure is of sphalerite type. It is a metastable form which appears in 
small quantities and possibly in dispersion, which makes its examination difficult. 

NOTATION 

~I is the effective coordination charge [4]; 
AE is the energy shift at the LII I absorption limit; 
d/n is the interplane distance in a crystal lattice. 
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