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ELECTRON SPIN ECHO EXPERIMENTS ON THE QUASI O F  DIMENSIONAL 
ORGANIC METAL: (Perylene)2X1.2/3 THF (X = AsF6, PF6) 

D. MEENENGA, K. P. DINSE.; D. SCHWEITZER 
Max-Planck-Institut, Abt. Mol. Physik, 
D-6900 Heidelberg, FRG 

H. J. KELLER 
Anorganisch-Chem. Institut der Universitat, 
D-6900 Heidelberg, FRG 

Abstract The analysis of the electron spin echo decay func- 
tion shows an exceptionally good quasi one dimensional beha- 
viour for the electron spin diffusion. 

1-5 It has been demonstrated recently 

used advantageously to study details of spin transport processes in 

a variety of organic conductors. Extremely narrow ESR linewidths in 

the order of 0.1 to 1 pT are found in the case of radical cation 

salts, being composed of pure hydrocarbons as constituents for the 

aromatic stacks and of suitable anions like PF;, AsF~, SbFi. 

that time resolved ESR can be 

The analysis of detailed ESR linewidth and relaxation data 

resulted in a microscopic picture of the electron spin transport in 

these systems, especially in the diffusion constant DII paral- 

lel to the aromatic stacks. 

Maresch et al.' have determined D,', directly by analysing the 

electron spin echo decay function in a field gradient for the sys- 

tern (fluoranthenyl 1' AsF- and found D,, 

ment with our earlier estimate . 

2 -1 
= 1.3 cm ' s  , in agree- 

2 6 4  

From the crystal structure of this compound a large anisotro- 

py of the charge transport can be inferred. It was expected from 

analogy to the similar trans-poly-acetylene systems that the off- 

+ Now permanent address: Lehrstuhl fur Experimentelle Physik 111, 
Universitat Dortmund 
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244 D. MEENENGA et al. 

s t a c k  hopping rate would be so slow that t h e  c h a r a c t e r i s t i c  

e x p ( -  ( y t) 3 / 2 )  t i m e  dependence o f  t h e  r e l a x a t i o n  f u n c t i o n  o f  a h i -  

gh ly  one dimensional e l e c t r o n  s p i n  d i f f u s i o n  might be  d i r e c t l y  ob- 

se rveable .  

Owing t o  t h e  dead t i m e  of  t h e  ESE spectrometer, echoes could  

be  observed wi th  an e f f e c t i v e  dead t i m e  o f  2ps o n l y ,  t h u s  ash ing  

f o r  a c h a r a c t e r i s t i c  t i m e  t d e f i n i n g  t h e  cu t -of f  o f  t h e  one d i -  

mensional d i f f u s i o n  of  a t  l e a s t  10 pus. This  i s  t h r e e  o r d e r s  of  ma-  

gn i tude  longer  than t h e  va lue  observed f o r  t rans-(CHIx from l i n e  

shape a n a l y s i s 7  and from p r o t o n  r e l a x a t i o n  d a t a  . 

0’ 

8 

I t  is obvious t h a t  ,only e x c e l l e n t  c r y s t a l s  w i t h  a minimum o f  

l a t t i ce  d e f e c t s  and/or  paramagnet ic  i m p u r i t i e s  can be  expected t o  

l e a d  t o  a n  observable  expCt3l2)  e f f e c t ,  because only  t h e  extreme 

long t i m e  behaviour  o f  t h e  one dimensional  c o r r e l a t i o n  f u n c t i o n  i s  

t e s t e d .  

I t  w a s  t h e  purpose o f  our  s tudy  t o  demonstrate  t h a t  t h e  exp 

C t 3 l 2  

t e d  c r y s t a l s  grown under c o n t r o l l e d  c o n d i t i o n s  and w i t h  a s p e c i f i c  

composition of  an ions .  For  t h e  s tudy  w e  have choosen t h e  donor pe- 

decay c h a r a c t e r i s t i c  can  reproducebly be observed f o r  selec- 

r y l e n e  and have grown c r y s t a l s  of  t h e  type  ( P e ) 2 ( A s F G ) o . 4 5 ( P F 6 ) ~ . ~ ~  

‘ 2 / 3  THF ( 1 ) ;  (Pel  PF .2/3 THF (2) ;  and (Pe)  A s F  ‘2/3 THF (21, (Pe - 2 6  2 6  
= pery lene  , THF = t e t rahydrofurane)  . 

Figure  1 shows t h e  ESE decay f u n c t i o n  o f  a s i n g l e  c r y s t a l  of  

a t  205 K ,  which i s  i n  t h e  “ m e t a l l i c “  range  o f  t h e  d c  conduct i -  (1) 
v i t y  and a t  92  K ,  w e l l  below t h e  t r a n s i t i o n  tempera ture  t o  t h e  non- 

metall ic range. 

The d e v i a t i o n  o f  t h e  s h o r t  t i m e  v a l u e s  from an a t tempted  ex- 

p o n e n t i a l  f i t  by more than  a f a c t o r  2 i s  much l a r g e r  than  t h e  ex- 

per imenta l  error. P o s s i b l e  n o n - l i n e a r i t i e s  o f  t h e  d e t e c t i o n  channel  

w e r e  excluded by a t t e n u a t i n g  t h e  s i g n a l  by 2 0  dB d i r e c t l y  a f te r  t h e  

microwave c i r c u l a t o r .  The l i n e a r i t y  o f  t h e  d e t e c t i o n  channel  i s  al-  

so demonstrated by t h e  p u r e  e x p o n e n t i a l  decay f u n c t i o n  observed f o r  

t he  same sample, j u s t  lowering t h e  tempera ture  t o  9 2  K .  
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205 K 

. .  
27 

Fig .  1) ESE decay f u n c t i o n  o f  a s i n g l e  c r y s t a l  of (1) 

ESE decay f u n c t i o n s  of s i n g l e  c r y s t a l s  of  t h e  " s i n g l e  anion" 

type  (L,?) always could be  f i t t e d  wi th  a s i n g l e  e x p o n e n t i a l .  I t  

should be noted, ,  t h a t  we had s e v e r a l  samples o f  t h e  "mixed anion" 

type  (L), which a lso showed a s i n g l e  e x p o n e n t i a l  decay.  

Apparently minor modi f ica t ions  i n  c r y s t a l  growth can r e s u l t  i n  

e f f e c t s  masking t h e  expCt3") behaviour .  I n  o r d e r  t o  v e r i f y  o u r  an- 

a l y s i s  which p r e d i c t s  an extremely small cu t -of f  f requency w = 
10 ' s - ' ,  t h e  pro ton  n u c l e a r  r e l a x a t i o n  ra te  TIN has  been meazured 5 
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246 D. MEENENGA e! al. 

as a func t ion  of t h e  pro ton  larmor frequency w ’. T h i s  method h a s  

t h e  advantage t h a t  T i s  only  s e n s i t i v e  t o  the d i f f u s i v e  s p i n s .  

Cont r ibu t ions  from s p i n  i n t e r a c t i o n s  between v a r i o u s  mobile and lo- 

c a l i z e d  e l e c t r o n i c  s p i n s  a r e  n o t  seen. 

( w  ) shows a d e f i n i t e  w-’’~ depen- 

MHz measured f o r  (1)’. A n  a d d i t i o n a l  

N 

1N 

-1 
I N  N 

The r e l a x a t i o n  rate T 

dence f o r  t h e  range 270 t o  2 0  

va lue  h a s  been determined i n  the r o t a t i n g  frame f o r  rtjNr/2x = 2 0 0  

kHz, which e x t r a p o l a t e s  from t h e  TIN 

e r r o r  , showing t h a t  t h e  a n a l y s i s  o f  t h e  ESE decay f u n c t i o n  i n  

terms of  an extremely one dimensional  d i f f u s i o n  p r o c e s s  i s  b a s i c a l -  

l y  c o r r e c t .  The a n a l y s i s  of t h e  r a t i o  of  t h e  i n - s t a c k  t o  out-of- 

s t a c k  d i f f u s i o n  rates4 r e s u l t s  i n  t h e  c a s e  of (1) i n  a va lue  o f  

D , ,  / D , >  10 with  D , ,  = 1 an * s  . 

-1 
v a l u e s  w i t h i n  exper imenta l  

9 

7 2 -1 
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