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OVERHAUSER SHIFT ON RADICAL CATION SALTS OF FLUORANTHENE 

G .  DENNINGER, W. STOCKLEIN, E. DORMANN and M. SCHWOERER 
Physikalisches Institut and Bayreuther Institut fur Makro- 

molekulforschung (BIMF), Universitat Bayreuth, D-8580 Bay- 

reuth, BRD 

Abstract Hyperfine interaction, proton spin relaxation and 

dynamic proton spin polarization were determined for the 

radical cation salts of fluoranthene: (FA)?PFh and (FA)jSbF6 

by observation of the Overhauser shift. 

+ -  

INTRODUCTION 

The radical cation salts (FA) PF 2 6  
conducting crystals with a good 2:l stoichiometry. They show a 

quasi metallic phase above T .. 180 K and a semiconducting phase 
below Tc. Their strong single line ESR spectrum originates from 

the charge carriers2j3. It is motionally narrowed with a width 
AH =lOmGaussfor T = 300 K and 7.5 mGauss for T = 190 K. Due to 
this extremely narrow line its shift due to the nuclear field of 

the protons (Overhauser shift) can be analyzed in detail . 

and (FAI2SbF6, respectively are 

1 

PP 

4 

EXPERIMENT 

After recording a conventional ESR spectrum the external fieldB,is 

fixed to the center of the line. By applying an additional radio- 

frequency field andsweeping through the range of the proton Lar- 

mor frequency a shift of the ESR resonance field is observed. This 

shift ABov, predicted by Overhauser , is due to switching off the 5 
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234 G. DENNINGER et al. 

average n u c l e a r  f i e l d  of  the pro tons  by s a t u r a t i n g  t h e  pro ton  NMR. 
I n  f i r s t  o rder  approximation t h e  s h i f t  AB 

(N = 20 f o r  (FAl2PF6) per  e l e c t r o n  i s  g iven  by 

produced by N p ro tons  ov 

where i s  the averaged z-component of  t h e  p r o t o n ' s  hyper f ine  

t e n s o r s .  I f  the  ESR i s  s a t u r a t e d  t h e  p o l a r i z a t i o n  i s  a dynamic 

nuc lear  p o l a r i z a t i o n  (DNP) and thus  exceeds t h e  thermal n u c l e a r  

s p i n  p o l a r i z a t i o n  'Po. 

RESULTS 

1. The magnitude of t h e  s h i f t  ( z  1 mGauss a t  T = 293 K f o r  

(FA) PF ) y i e l d s  t h e  product  y*xzz .  We observe a dependence on the  

zz 

2 6  
i n c i d e n t  microwave power P :  

7 

- 
V = zax/po -1 i s  the  Overhauser 

enhancement f a c t o r .  By measuring 

A B  (P) down t o  small microwave 

powers P the  enhancement f a c t o r  

V was determined. For (FA)2PF6at 

T = 185 K we deduced a va lue  o f  

V = 400+60. This  y i e l d s  xzz/gepB 

= -1.1 Gauss. 

2 .  A f t e r  sudden switch-off  of t h e  

r f - f i e l d  a monoexponential decrea-  

s e  o f  t h e  s h i f t  i s  observed ( i n s e t  

ov 

I I 1 I 1 I I  
160 209 2LO 280 

TI  K 
f i g . 1 ) .  I t  can be shown experimen- FIGURE 1 Pro ton  l /TY v e r s u s  T 

determined by t h e  Overhauser 
and that One s h i f t  method. (.) (FA)2SbF6, 

observes  d i r e c t l y  the  l o n g i t u d i n a l  ( X I  (FA),PF6 

s p i n  l a t t i c e  r e l a x a t i o n  t i m e  TP 

of  the pro tons .  F i g .  1 shows l / T Y  v e r s u s  T.  The s t r a i g h t  l i n e  i n d i -  

c a t e s  t h e  Korringa l a w  TY*T = cons t .  t o  be obeyed f o r  T > 200 K .  

Below Tc the  r e l a x a t i o n  r a t e  r i s e s  because f u r t h e r  r e l a x a t i o n  m e -  
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OVERHAUSER SHIFT ON RADICAL CATION SALTS OF FLUORANTHENE 235 

chanisms f o r  t h e  protons '  become i m p o r t a n t .  A consequence i s  t h e  

d e c r e a s e  of ABov ( f i g , 3 ) .  

3 .  By a p p l y i n g  r f - p u l s e s  o f  v a r i a b l e  l e n g t h  T t h e  DNP can  be mani-  

p u l a t e d  a s  u s u a l  i n  NMR s p e c t r o s c o p y .  F i g .  2 shows t h e  v a r i a t i o n  

of t h e  ESR l i n e  s h i f t  w i t h  t h e  p u l s e  l e n g t h  T. The e x p e r i m e n t a l  

d a t a  ( * )  a r e  f i t t e d  by: 

AB (T) = AB (m)[l-cos{-} l T . T  - e x p ( - ~ / Z * T ; ~ ~ ) l  
T180° ov ov ( 3 )  

T180° where AB (m)  i s  t h e  s h i f t  f o r  an  i n f i n i t e l y  l o n g  r f  p u l s e .  

i s  t h e  t i m e  f o r  a n  180° -pu l se .  The 1 I I 
ov 

e f f  i 16 p s .  The v a l u e  
e f f  2 f i t  y i e l d s  T 

2 i s  i n  good agreement  w i t h  t h e  T 

deduced from t h e  l i n e  wid th  o f  t h e  

s h i f t  s i g n a l  ( T I f f  1 3  u s ) .  

4 .  I t  shou ld  be p o i n t e d  o u t  t h a t  

a l l  t h e  r e s u l t s  are  o b t a i n e d  w i t h  

t i n y  s i n g l e  c r y s t a l s  and show a 

2t.i , -.: , , , 1 clear  a n i s o t r o p y  w i t h  r e s p e c t  t o  

t h e  c r y s t a l  a x i s .  We o b s e r v e  
'0 10 20 30 LO 50 

Ty*/Ty,, = 1 . 1 5  and (AB /(ABov)l, T /us 
ov L 

3 ,  where "J." and "u" d e n o t e  t h e  FIGURE 2 s h i f t  A B ~ ~  
d i r e c t i o n  of  t h e  n e e d l e  a x i s  w i t h  r f - P u l s e  l eng th  T 

r e s p e c t  t o  Bo .  

5 .  The t empera tu re  dependence o f  ABov shows a s t r o n g  v a r i a t i o n  

n e a r  T 2 185 K .  Above 190 K one o b s e r v e s  (l /ABov) = T + c o n s t .  

Below 190 K t h e  s h i f t  d e c r e a s e s  s imi l a r  t o  t h e  d e c r e a s e  o f  t h e  

E S R - i n t e n s i t y  ( f i g .  3 ) .  

6 .  The r a t i o  v e / v  

on t h e  e l e c t r o n s  and p r o t o n s .  Thus t h e  a n i s o t r o p y  of v / v  r e -  

f l e c t s  t h e  a n i s o t r o p y  of  t h e  s p i n  o r b i t  c o u p l i n g  and i s  u n a f f e c t e d  

by d e m a g n e t i z a t i o n  e f f e c t s .  

7 .  No s h i f t  ABov induced by t h e  phosphorus o r  f l u o r i n e  n u c l e i  w a s  

i s  independen t  on t h e  magne t i c  f i e l d  which a c t s  
P 

e P  
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I I I I I I I  d e t e c t e d  o u t s i d e  t h e  e r r o r  li- 

m i t  of  0.5 % of t h e  p r o t o n  value.& 
a 

CONCLUSION 

-1  
P9' ' ?.'I. 0 . 

(I ;+, 
L -  (( y, 

1 ' 4, ' +, 

E 

+ 
h i g h l y  s e n s i t i v e  t o  de t e rmine  ; I  '9 *. 

The Overhauser s h i f t  method i s  P I  I ?  

t h e  p ro ton  s p i n  r e l a x a t i o n  t imes  2 -  , c n 

dependence i n  t i n y  s i n g l e  c r y -  '0- 

; 4  'Q 

-0. 
T1 and T I f f  and t h e i r  a n g u l a r  =n. 

n-0. 

'El 1 ,  I I I I _  
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