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HIGH-PRESSURE CONDUCTIVITY AND STRUCTURE OF ~HTSF-TCNO* 

H. E. KING, Jr.*, S. W. TOZERt, C. R. SAFINYA*, J. P. STOKES, 
D. A. WEITZ*, A. N. BLOCH*, 0. 0. COWANt 
* Exxon Research & Engineer ing Co., Annandale, NJ 138801 USA 
t The Johns Hopkins I l n i v e r s i t y ,  Ral t imore,  Mn 21218 IlSA 

Abs t rac t  Four-probe r e s i s t i v i t y  measurements on o rgan ic  con- 
duc to rs  have been extended t o  6 GPa. The o rgan ic  meta l  WTSF- 
TCNO appears t o  undergo a phase t r a n s i t i o n  t o  a three-dimen- 
s i o n a l l y  ordered conduc t ing  s t a t e  near  4 GPa. X-ray and Raman 
s c a t t e r i n g  c o n f i r m  t h e  t r a n s i t i o n .  I lnexpectedly, t h e  degree 
o f  charge t r a n s f e r  i n  HMTSF-TCNO i s  r e l a t i v e l y  i n s e n s i t i v e  t o  
pressure. 

Both t h e  h i g h  c o m p r e s s i b i l i t y  o f  t h e  low-dimensional o rgan ic  
conductors  and t h e  dependence o f  t h e i r  p r o p e r t i e s  upon a d e l i c a t e  
ba lance o f  l a r g e  e n e r g i e s r l ]  makes one expect  t h a t  t h e  a p p l i c a t i o n  
o f  h igh  pressure cou ld  s i g n i f i c a n t l y  a l t e r  t h e i r  behavior .  I n -  
deed, i t  has been found t h a t  r e l a t i v e l y  moderate pressures (P < 
1.5 GPa) can induce s i g n i f i c a n t  changes i n c l u d i n g  t h e  p r o d u c t i o n  
o f  s u p e r c o n d u c t i v i t y  [2J and changes i n  t h e  degree o f  band f i l l i n g  
(charge t r a n s f e r )  [3]. Here we s tudy  t h e  h igh -p ressu re  e l e c t r i c a l  
r e s i s t i v i t y ,  Raman s c a t t e r i n g  and X-ray s c a t t e r i n g  o f  one such 
m a t e r i a l  HMTSF-TCNO. One m o t i v a t i o n  was a d e s i r e  t o  m o n i t o r  t h e  
behav io r  o f  a m a t e r i a l  as t h e  degree o f  charge t r a n s f e r  i s  f o r c e d  
towards u n i t y  through h i g h  pressure.  S u r p r i s i n g l y ,  we f i n d  t h a t  
i n  t h e  p ressu re  range 0-10 GPa t h e r e  i s  no evidence f o r  a substan-  
t i a l  charge t r a n s f e r  increase.  This i s  c o n t r a r y  t o  e x p e c t a t i o n s  
based upon low pressure exper iments performed on TTF-TCNO C31. We 
d i d  f i n d  however, i n d i c a t i o n s  f o r  two h i g h  pressure, room-tempera- 
t u r e  t r a n s i t i o n s .  

S i  n g l  e-c r y s t  a1 e l e c t  r i  c a l  conduct i v i  t y  measurements on these  
t ypes  o f  m a t e r i a l s  were p r e v i o u s l y  1 i m i t e d  t o  h y d r o s t a t i c  p res -  
sures o f  3.5 GPa [ZJ .  A new technique has been developed t o  s t u d y  
t h e  h igh-pressure e l e c t r i c a l  t r a n s p o r t  p r o p e r t i e s  o f  t h e s e  f r a g i l e  
c r y s t a l s  which uses t h e  diamond-anvi l  pressure c e l l  (41. Th is  
techn ique  a l l o w s  h y d r o s t a t i c  4-probe r e s i s t i v i t y  measurements t o  
be made on s i n g l e - c r y s t a l  samples i n  t h e  0-6 GPa p ressu re  range. 

* This work was suppor ted i n  p a r t  by NSF Grant # DMR 8307693. 

101 



H. E. KING et a1 I02 

3.5 

f 1.6 

1 
d 
B 

1.5 

0.5 

I I 

I I 
2.0 4.0 

Pmswm (OR1 

Low-pressure data show 
a p o s i t i v e  d d d P  ( u  = con- 
d u c t i v i  t y )  i n  q u a n t i t a t i v e  
agreement w i t h  a p rev ious  
s tudy  C21. As seen i n  F ig .  
1, t h e  da ta  show a change i n  
s l o p e  a t  about 2 GPa c l o s e l y  
corresponding t o  t h e  p res -  
su re  a t  which changes i n  
d'u/dP a re  seen i n  t h e  Raman 
s c a t t e r i n g .  

Higher-pressure data i n  
Fig. 1 suggests s t r u c t u r e  a t  
P = 4GPa. Repeated e x p e r i -  
ments on s e v e r a l  samples 
c o n f i r m  a r e g i o n  o f  ,7 6Pa 
where du/dP = 0. It i s  a t  4 
GPa where b o t h  Raman and X- 
r ay  s c a t t e r i n g  i n d i e a t e  t h a t  
a s i g n i f i c a n t  + r d n s i t i o n  
takes place. Note t.rlat a t  
t h e  h i g h e s t  pressures t h e  
room temperature c o i d u c t i  y i  - 
t y  can exceed 7500 Q cm)- . 

Fig. 1 Normalized 
c o n d u c t i v i t y  vs. pressure. 

The r e s u l t s  from t h e  h igh-pressure Raman s c a t t e r i n g  s tudy a re  
shown i n  Fig. 2. I n  t h i s  s tudy  we examined t h e  behav io r  o f  f o u r  
modes, each o f  which i s  assigned t o  a t o t a l l y  symmetric v i b r a -  
t i o n s  o f  t h e  TCNO molecule. Tf ieir f r e q l e n c i e s  a t  P = 0 a r e  716.5, 
967.5, 1412.5, and 1602.5 cm- . The exper imenta l  techniques have 
been desc r ibed  e l  sewhere C5l. 

There a re  two impor tan t  pressures-at  which abrupt  changes 
take  place. A t  P = 2 GPa changes i n  au/aP f o r  two o f  t h e  modes 
a re  found (F ig.  2); however, t h e r e  a r e  no accompanying changes i n  
l i n q w i d t h .  Then, a t  P = 4 GPa we f i n d  t h a t  t h e  716.4 and 1412.5 
cm- modes s p l i t  i n t o  w e l l  reso lved  doub le ts  and a l though  i t  i s  
d i f f i c u l t  t o  determine d e f i n i t e l y ,  t h e r e  may be h y s t e r e s i s  i n  t h e  
t rans i t i on . ,  I n  t h e  same pressure range t h e  l i n e w i d t h  ofi t h e  
1602.5 cm- mode increases whereas t h a t  o f  t h e  967.5 cm' one 
remains narrower  than  t h e  spect rometer  r e s o l u t i o n .  

The X-ray s c a t t e r i n g  measurements were made on a s i n g l e -  
c r y s t a l  sample which was mounted i n  a m i n i a t u r e  diamond a n v i l  
pressure c e l l .  We made two t ypes  o f  measurements: c r y s t a l l o -  
graphic  ones, i.e., u n i t  c e l l  symmetry and s ize,  and d i f f u s e  
s c a t t e r i n g  ones. I n  t h e  f i r s t  instance,  we found t h e  compres- 
s i b i l i t y  t o  be h i g h l y  a n i s o t r o p i c  and a smooth f u n c t i o n  o f  pres-  
sure, but  t h e r e  was no evidence i n  t h e  s u b - s t r u c t u r e  s c a t t e r i n g  
f o r  a symmetry change i n  t h e  p ressu re  range s tud ied ,  O<P<5 GPa. 
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F i g .  2 Dependence o f  v i b r a t i o n a l  f requenc ies  on pressure.  
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F ig .  3 
3 GPa (dashed l i n e ) .  

F o r  t h e  d i f f u s e  s c a t t e r i n g  s t u d i e s  we u t i l i z e d  a ro ta t i ng -anode  Mo 
X-ray source c o n f i g u r e d  t o  givel a Gaussian rei;olut ion f u n c t i o n  
w i t h  FYHM o f  doh , =  0.05 s ineA '  , dok =0.1 A' , and dOi = 0.05 
c o s W  . Geometric c o n s t r a i n t s  l i m i t e d  our measurements t o  t h e  
h O i  sec t i on ,  and w i t h i n  t h a t  plane, an ex tens i ve  search was made 
f o r  s u p e r - s t r u c t u r e  s c a t t e r i n g  a t  two pressures, 3 and 5 GPa. 

X-ray s c a t t e r i n g  f rom HMTSF-TCNO a t  5 GPa ( s o l i d  l i n e )  and 



104 H. E. KING er al. 

For  P = 5 GPa we found a new, incommensurate peak a t  a = 0.65 
whose w i d t h  i s  equal t o  t h e  r e s o l u t i o n  (F ig .  3), a c o r r e l a t i o n  
l e n g t h  o f  - 200 A. I n  a d d i t i o n ,  t h e  w id ths  i n  t h e  h and k d i r e c -  
t i o n s  were a l s o  r e s o l u t i o n  l i m i t e g .  TherefQre, a new 30 long -  
range o r d e r i n g  i s  presen t  w i t h  a x b' x 2 . 8 ~  modu la t i on  o f  t h e  
s t r u c t u r e ,  where c i s  t h e  h i g h  c o n d u c t i v i t y  d i r e c t i o n .  Th is  c o u l d  
be r e l a t e d  t o  a s i m i l a r  zero-pressure modu la t i on  r e p o r t e d  a t  24 K 
[Z]. Attempts t o  measure a d d i t i o n a l  peaks assoc ia ted  w i t h  t h i s  
o r d e r i n g  gave ambiguous r e s u l t s .  We a t t r i b u t e  t h i s  bo th  t o  t h e  
weak s c a t t e r i n g  from t h i s  m ic roscop ic  s i z e d  sample and t o  t h e  
l i m i t e d  access t o  r e c i p r o c a l  space a f f o r d e d  by t h e  diamond c e l l .  
Reduction o f  t h e  pressure t o  3 GPa caused t h i s  s u p e r - s t r u c t u r e  
peak t o  disappear, Fig. 3. The expected r e t u r n  t o  1D t y p e  s c a t -  
t e r i n g  was not detected. 

One es t ima te  o f  t h e  change i n  charge t r a n s f e r ,  dz/dP, can be 
obta ined from t h e  Raman s c a t t e r i n g .  Our modelC51 a l l ows  us t o  
separate t h e  two e f f e c t s  which cause t h e  mode f requenc ies  t o  
change w i t h  pressure:  t h e  anharmon ic i t y  o f  t h e  mo lecu la r  poten- 
t i a l s  ( o f t e n  c h a r a c t e r i z e d  by t h e  Grl lneisen parameter, y) and 
dz/dP. The zero-pressure va lue  f o r  dz/dP I s  found t o  be about 
0.02 e/GPa which i s  c o n s i s t e n t  w i t h  t h a t  measured f o r  TTF-TCNO 
u s i n g  neutron s c a t t e r i n g ,  0.05 e/GPa r31. Above 2 GPa i n d i c a t i o n  
o f  charge t r a n s f e r  a re  ambiguous. One Raman band shows a c o n t i n u -  
i n g  i nc rease  a t  .n3 e/GPa, w h i l e  t h e  o t h e r  g i ves  a decrease o f  .03 
e/GPa. D i f f u s e  X-ray s c a t t e r i n g  i f  i n t e r p r e t e d  as an ordered 
P e i e r l s  s t a t e  g i ves  a charge t r a n s f e r  of .71 a t  5 GPa. 

Near 4 GPa t h e  s i g n a t u r e  o f  a change i n  t h e  l a t t i c e  t r a n s l a -  
t i o n  l e n g t h  i s  found i n  b o t h  t h e  Raman and X-ray s c a t t e r i n g  making 
i t  l i k e l y  t h a t  t h e  changes, i n  f a c t ,  occur a t  t h e  same t r a n s i -  
t i o n .  While t h e  n a t u r e  o f  t h i s  3D o r d e r i n g  i s  n o t  understood i t  
i s  i n t e r e s t i n g  t o  note t h a t  t h e  m a t e r i a l  remains h i g h l y  conduct- 
ing.  This suggests t h a t  t h e  modu la t i on  does n o t  open a gap a t  t h e  
e n t i r e  Fermi s u r f a c e  and p o i n t s  t o  a h i g h e r  d i m e n s i o n a l i t y  f o r  
HMTSF-TCNO a t  t hese  pressures. F u r t h e r  work, e s p e c i a l l y  a t  l ow  
temperature, i s  now underway i n  an e f f o r t  t o  understand t h i s  
behavior. 

We would l i k e  t o  acknowledge Marsha Lee f o r  t h e  samples used 
i n  t h i s  study. 
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