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O R G A N I C  METALS FROM SIMPLE AROMATIC HYDROCARBONS: 

PERYLENE RADICAL SALTS 

D .  SCHWEITZER, I .  H E N N I G  a n d  K .  B E N D E R  
M a x - P l a n c k - I n s t i t u t ,  A b t .  M o l .  P h y s i k ,  
D-6900 H e i d e l b e r g ,  FRG 

H. ENDRES a n d  H .  J. KELLER 
A n o r g a n i s c h - C h e m .  I n s t i t u t  d e r  U n i v e r s i t a t ,  
D-6900 H e i d e l b e r g ,  FRG 

A b s t r a c t  C r y s t a l  s t r u c t u r e s ,  temperature  dependent  t h e r -  
mopower and c o n d u c t i v i t y  measurements o f  s e v e r a l  me ta l l i c  
pery lene  r a d i c a l  s a l t  phases  a r e  d i s c u s s e d .  

Organic  metals from simple a romat ic  hydrocarbons ( r a d i c a l  c a t i o n  

sa l t s )  have caused c o n s i d e r a b l e  i n t e r e s t  because of  t h e i r  e a s y  pre-  

p a r a t i o n  and t h e i r  s p e c i a l  e l e c t r o n i c  and magnetic p r o p e r t i e s  . 
One of t h e  more i n t e r e s t i n g  donors  f o r  t h e  p r e p a r a t i o n  of such m e -  

tals  by e lec t rochemica l  methods i s  p e r y l e n e ,  due t o  t h e  f a c t  t h a t  

a l a r g e  number of  d i f f e r e n t  r a d i c a l  sa l t s  vary ing  i n  s toichiome- 

t r ies  and c r y s t a l  s t r u c t u r e s  b u t  wi th  r e l a t i v e l y  h i g h  e l e c t r i c  

c o n d u c t i v i t i e s  can be obta ined .  

1-12 

The two most impor tan t  parameters  i n  t h e  e l e c t r o c h e m i c a l  c r y s -  

t a l l i z a t i o n  which h a s  t o  be opt imized i n  o r d e r  t o  o b t a i n  good qua- 

l i t y  c r y s t a l s  o f  d i f f e r e n t  r a d i c a l  s a l t  phases  are t h e  concent ra -  

t i o n  of t h e  donor molecules o r  t h e  donor c a t i o n s  i n  t h e  s o l u t i o n  

and t h e  s o l v e n t .  So, e . g .  from dichloromethane ( C H 2 C 1 2 )  s a t u r a t e d  

wi th  p e r y l e n e  (pe)  and a n i a n s  l i k e  X = PF; o r  A s F ~  o n l y  one type  o f  

c r y s t a l s  i s  obta ined:  (pe)  2x1. -0 .8 CH2C12 (1) *. Using t r i c h l o r -  

e thane  i n s t e a d  of  dichloromethane r e s u l t s  i n  isomorphous c r y s t a l s  

b u t  due t o  t h e  l a r g e  s o l v e n t  molecules w i t h  a d i f f e r e n t  s t o i c h i o -  

metry: (pe)2X1-4 (2). The more p o l a r  s o l v e n t  t e t r a h y d r o f u r a n e  (THF) 

d i s s o l v e s  about  10 t i m e s  a s  much p e r y l e n e  a s  t h e  mentioned ch loro-  
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2 14 D. SCHWEITZER d al. 

hydrocarbons i n  order t o  obtain a saturated solution. In THF a 

number of d i f f e ren t  compounds can be obtained] depending on the 

concentration of the donor during the e l ec t roc rys t a l l i s a t ion .  C r y -  

s t a l s  of the following composltions have been characterized: 

(pe)6X1(z) l  (peIjX1(+) I (pe)2X1-2/3 THF 

and (peIlX1 (1). By choosing the r igh t  concentration it is possible 

t o  prepare only one of those phases which have a l l  d i f f e r e n t  crys- 

t a l  s t ructures  and d i s t i n c t  e l e c t r i c a l  and magnetic propert ies .  

(Pe)2X1.5'0.5 THF (6) 

a )  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
39

 2
0 

Fe
br

ua
ry

 2
01

3 



ORGANIC METALS FROM SIMPLE AROMATIC HYDROCARBONS 2 15 

F i g .  l a )  shows t h e  p e r y l e n e  s t a c k s  i n  crystals of 1, 2 and gpro- 

j e c t e d  p e r p e n d i c u l a r l y  t o  t h e  s t a c k i n g  ax is ' .  A s t e r e o  p r o j e c t i o n  

o f  t h e  u n i t  c e l l  of  c r y s t a l s  of 2 o n t o  t h e  ac-plane i s  shown i n  

F ig .  l b )  13,  of 4 onto  t h e  ab-plane i n  F i g .  I c )  l 3  and a p r o j e c t i o n  
13  

of t h e  u n i t  c e l l  of  c r y s t a l s  o f  2 o n t o  t h e  ab-plane i n  F ig .  l d )  

I n  c r y s t a l s  of  1, 2 and 6 r e g u l a r  p e r y l e n e  s t a c k s  occur  w i t h  

. 

t h e  molecules  i n c l i n e d  t o  t h e  s t a c k i n g  a x i s  r e s u l t i n g  i n  a "her-  

r i n g  bone" arrangement ( F i g .  l a ) .  Those c r y s t a l s  show a metal l ic  

behaviour  a t  room temperature  wi th  c o n d u c t i v i t y  v a l u e s  up t o  1400 

( ldcm)  -' . 
The semiconducting 6: l  phase 2 (F ig .  l b )  c o n t a i n s  t h r e e  d i f f e -  

r e n t  p a i r s  of  pery lene  molecules  which are ar ranged  i n  a n e a r l y  

perpendicular  way. I n  t h e  3 : l  phase 4 ( F i g .  l c )  two t y p e s  of pery-  

l e n e  molecules are observed.  T e t r a d i c  s t a c k s  of  p e r y l e n e  molecules  

wi th  only  a weak o v e r l a p  between t h e  t e t r a d e s  occur  f lanked  by 

o t h e r  pery lene  species and by anions13.  Along t h e  s t a c k  d i r e c t i o n  

a n  e l e c t r i c  conduct ion can be observed.  The c o n d u c t i v i t y  ranges  a t  

about  0 . 5  (12cm) . -1 

I n  t h e  2 : l  phase 2 ( F i g .  Id)  p e r y l e n e  molecules  form n e a r l y  

r e g u l a r  i n f i n i t e  s tacks  p a r a l l e l  t o  t h e  c -ax is .  Within a s t a c k  t h e  

molecules  a r e  p a r a l l e l  and t h e  c r y s t a l l o g r a p h i c a l l y  i n t e r p l a n a r  

d i s t a n c e s  a r e  i d e n t i c a l  (3 .4  8 ) .  Addi t iona l  pery lene  u n i t s  n e a r l y  

p e r p e n d i c u l a r  t o  t h e  s t a c k  molecules  form "channel-wal ls"  t o g e t h e r  

wi th  THF-molecules and t h e  anions". The room tempera ture  conduc- 

t i v i t i e s  o f  c r y s t a l s  of  2 t y p i c a l l y  range between 50 and 

100 ( 12 c m ) - ' .  

C r y s t a l s  of  1, 2 and 6 are q u a s i  one-dimensional o r g a n i c  me- 

t a l s  down t o  about  180 K f o r  1, and 2 and t o  about  110 K f o r  6 as 

i t  was shown by s e v e r a l  s p e c t r o s c o p i c  methods . The iso- 

morphous c r y s t a l s  of 1, 2 and 6 w i t h  d i f f e r e n t  s t o i c h i o m e t r i e s  have 

a lmost  i d e n t i c a l  bandwidths o f  t h e  conduct ion band b u t  vary ing  

b a n d f i l l i n g s .  The n e a r l y  i d e n t i c a l  bandwidths of t h e  conduct ion 

band could be demonstrated by thermopower measurements. F ig .  2a) 

1 , 4 , 6 , 9 , 1 0  
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216 D. SCHWEITZER er al. 

and b) show the temperature dependence of the thermopower of typi- 

cal crystals of 1 and 6. 
In a one-dimensional case the thennopower S for an electron 

gas in a tight binding band t = 1/2 Wcos (ka) is given /14/  by k 
eq. 1 )  7 

W = bandwidth; p = number of holes per site; p = 0.55 for crystals 

of 1 and p =  0.75 for crystals of 6. Using these p , the thermopor 
er S of 6 should be smaller than S of 1 as actually found (see 
Fig. 2a,b). From the linearly dependent parts of S in Fig. 2a) and 

b) we obtain a bandwidth W = 

in a good agreement with optical reflectance measurements - 
1.2 eV for 1’ and W = 1.35 eV for 6 

6 

Fig. 3a) shows the temperature dependence of the conductivity 

normalized to the room temperature value for (peI2AsF -2/3 THF (k) 
crystals. A very similar conductivity behaviour is observed for 

(pe) 2 6  PF -2/3 THF (b) or (pe)2(AsF6)0.45(PF6)0.55’2/3 THF (XI. N e  

vertheless, a few excellent crystals of the mixed anion type % b e  

haved like shown in Fig. 3b). The steep conductivity increase can 

not be observed in a second temperature cycle. 

6 

3 0 ]  25 *. 

100 200 300 4( 
1-8 

f 

Fig. 2a) Thermopower of crys- Fig. 2b) Thermopower of crys- 
tals of 1. tals of 6. 
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ORGANIC METALS FROM SIMPLE AROMATIC HYDROCARBONS 2 17 

A s i m i l a r  behaviour  w a s  a l r e a d y  observed i n  mixed an ion  t y p e  c r y s -  

tals o f  i4. There are f u r t h e r  i n d i c a t i o n s  t h a t  c r y s t a l s  o f  

have s p e c i a l .  ESR-experiments show t h a t  t h e  s p e c i a l l y  s e l e c t e d  cry- 

s t a l s  of  2 a r e  e x c e p t i o n a l l y  good q u a s i  one-dimensional systems . 
While t h e  ESR-linewidth of  c r y s t a l s  of  and are 34 resp. 26 

mG those  of if: a r e  t y p i c a l l y  17  mG and i n  s p e c i a l l y  s e l e c t e d  c rys-  

t a l s  even s m a l l e r .  E l e c t r o n  s p i n  echo decay experiments  of t h e  lat-  

ter specimens i n d i c a t e  a ra t io  of  t h e  in-s tack  to  out-of-s tack d i f -  

f u s i o n  ra te  of  D , , / D l > 1 0  . 

be- 

15 

7 15 

The thermopower of  c r y s t a l s  of  & i s  non- l inear  i n  t h e  tempe- 

r a t u r e  range i n  which t h e  c o n d u c t i v i t y  i n c r e a s e s  (see Fig .  4 ) . T h i s  

non- l inear  behaviour  resembles very much t h e  phonon d r a g s  u s u a l l y  

appear ing  i n  meta ls  a t  tempera tures  below 2 0  K .  

F i g .  3a) Temperature dependent c o n d u c t i v i t y  o f  c r y s t a l s  of  +. 
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218 D. SCHWEITZER er al. 

-1 
300 200 , , 100 5p K 

Fig. 3b) Temperature dependent conductivity of exceptionally 
good crystals of 2 (see text). 

16,17 It was shown 

be expected at high temperatures if electron-libron interactions 

play a dominant role and if the libron-libron collision time is 

larger than the libron-electron collision time so that the librons 

cannot reach thermal equilibrium. In such a case the quadratic 

electron-libron interactions 

tivity increase l6 

below 110 K (Fig. 4 )  probably is caused by a phase transition which 

is also evident in the conductivity data (Fig. 3a). The conductivi- 

ty below 110 K is typically as for a semiconductor. 

that such a phonon drag-like behaviour can also 

might explain the steep conduc- 

7. The non-linear behaviour of the thermopower 
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ORGANIC METALS FROM SIMPLE AROMATIC HYDROCARBONS 219 

Fig. 4) Thermopower of crystals of z. 
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