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Report:
The  insu la to r -meta l  phase  t r ans i t ion in  so l id  oxygen  was  f i r s t  r epor ted  a t

96  GPa  f rom re f lec t iv i ty  s tud ies  [ l ] .  More  recen t ly ,  th i s  meta l l i c  s ta te  was
reported to be superconductor at  0.6 K [2].  The two important  propert ies of
t h i s  m e t a l  t h a t  r e m a i n  u n k n o w n  a r e  i t s  s t r u c t u r e a n d  w h e t h e r  i t  i s  a
molecu la r  o r  an  a tomic  meta l .  A  recen t  ang le -d i spers ive  x - ray  d i f f rac t ion
study at  the ESRF has proposed a structural phase transit ion within the same
monoclinic lat t ice (space group A2/m) high pressure phase [3].  Nevertheless,
t h i s  r e s u l t  w a s  s p e c u l a t i v e  d u e  t o  t h e  s m a l l  n u m b e r  o f  d i f f r a c t i o n  l i n e s
obse rved .  On  the  o the r  hand ,  a  r ecen t  ab - in i t io  ca lcu la t ion  has  p roposed  a
d i sp lac ive  phase  t r ans i t ion  f rom a  monoc l in ic  to  an  o r thorombic  s t ruc tu re
PI.
We have  per formed  very  accura te  s t ruc tu ra l  measurements  o f  so l id  02  wi th
the  s ing le  c rys ta l  x - ray  t echn ique  in  the  energy  d i spers ive  mode  up  to  115
GPa. The single-crystal  of a-02  was embbeded in helium so as to reduce its
f r a g m e n t a t i o n  a n d  t o  a s s u r e a  q u a s i - h y d r o s t a t i c  c o m p r e s s i o n  (  c o m p l e t e
immisc ib i l i ty  o f  He  and  02  was  exp lo i ted  in  a  mix ture  con ta in ing  2 .6% of
oxygen in helium). Pressure was generated in a membrane diamond anvil  cell
with a 76” x-ray aperture on both sides. Beveled diamonds with culets of 100



urn and 150 pm were used to go in the 100 GPa range and the single crystal
of  oxygen was  typica l ly  of  15  urn d i a m e t e r . The  p ressu re  was  de te rmined
b o t h  w i t h  t h e  SrB407:Sm2+  l u m i n e s c e n c e  g a u g e  a n d  w i t h  t h e  x - r a y
determination of the volume of Au.
Six classes of reflexions were followed to 96 GPa (see figure 1).  Up to 96
GPa ,  these  re f lex ions  were  wel l - re la ted  wi th  the  A2/m or ien ta t ion  mat r ix .
However,  a smaller compressibil i ty than previously reported was measured.
A reason for this discrepancy could be the crossing of d-spacings,  as seen in
f igure  1 ,  tha t  was  no t  observed  in  the  ADX s tudy .  At  96  GPa ,  the  l a t t i ce
parameters show a trend to a structural  change with an associated change of
the  in tens i ty  of  the  re f lex ions . At  110  GPa ,  mos t  o f  the  d i f f rac t ion  l ines
have disappeared, and a new one is observed with strong intensity at  angle
e x p e c t e d  f o r  t h e  ( 0 2 - 2 ) .  T h e  t h r e e  r e m a i n i n g  l i n e s  d o  n o t  f i t  w i t h  t h e
monoclinic structure,  both for the d-spacings and the angles.  This is  due to
the  f a l l  i n  d - spac ing  va lues  o f  (O-2-2 )  and  ( -122)  a t  110  GPa ,  and  to  the
c h a n g e  o f  t h e i r  d i f f r a c t i o n  a n g l e s  (  i l l u s t r a t e d  i n  f i g u r e  3  b y  t h e  ( 0 2 - 2 )
rocking curve at  different  pressures).  In a second experiment,  the (100) peak
has been followed through the phase transition without any discontinuity in
the angles or the energy of the peak. These observations clearly indicate a
d i sp lac ive  phase  t rans i t ion  wi th  s l id ing  o f  the  [  1001  p lanes  tha t  seems  i n

good agreement with recent ab-initio simulations.  Yet,  only four peaks were
observed that is not enough to refine the structure.
In conclusion, we obtained: -  Very accurate V(P) data in the a-phase.  -Clear
evidence of a displacive phase transition at metallization from a monoclinic
to a possible orthorombic structure.
Unfortunately,  the diamond anvils broke at  116 GPa. Further experiments are
needed .
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