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P r e p a r a t i o n  a n d  M a g n e t i c  P r o p e r t i e s  of N o v e l  T r i a r y l -  
m e t h a n e  R e s i n  c o n t a i n i n g  F e r r o c e n e  M o i e t y  

* * * 
M i c h i y a  O T A * ,  Y o s h i k o  USHIJIMA , M i t s u k o  H O R I G U C H I  , 
Y u u k i  K A W A I  a n d  S u g i o  O T A N I +  
* G u n m a  C o l l e g e  o f  T e c h n o l o g y ,  T o r i b a - c h o ,  

+ D e p t .  o f  M a t e r i a l  S c i e n c e  a n d  T e c h n o l o g y ,  
M a e b a s h i ,  Gunma 371 ,  J a p a n  

T o k a i  U n i v e r s i t y ,  N i s h i n o ,  Numazu,  S h i z u o k a  4 1 0 - 0 3 ,  
J a p a n  

A b s t r a c t  N e w  t r i a r y l m e t h a n e  r e s i n s  were  p r e p a r e d  by 
t h e  c o n d e n s a t i o n  o f  p y r e n e  a n d  a z u l e n e / f e r r o c e n e -  
c a r b o x a l d e h y d e (  FCA), r e s p e c t i v e l y .  C o n t r a r y  t o  d i a m a g -  
n e t i c  f e r r o c e n e  a n d  F C A ,  p y r e n e / F C A  b a s e d  r e s i n  g a v e  
w e a k  m a g n e t i c  p r o p e r t i e s .  P a r a m a g n e t i c  b e h a v i o r  was 
o b s e r v e d  f o r  t h e  a z u l e n e / F C A  b a s e d  r e s i n .  T h e s e  
m a g n e t i c  p r o p e r t i e s  r e l a t e d  w i t h  c h a r a c t e r i s t i c s  
o f  t h e  r a w  a r o m a t i c s .  

I N T R O D U C T I O N  

T h e  n e t w o r k  s t r u c t u r e  o f  m e t a - s u b s t i t u t e d  t r i a r y l m e t h y l  

r a d i c a l  a s  a t e n t a t i v e  m o d e l  s t r u c t u r e  f o r  t h e  

u n d e r s t a n d i n g  of o r g a n i c  f e r r o m a g n e t  h a s  b e e n  p r o p o s e d  by 

M a t a g a .  l a  M a g n e t i c  b e h a v i o r  o f  t h e  p o l y m e r  I b a s e d  o n  t h e  

p r o p o s a l s  o f  M a t a g a  a n d  I t o h l b  h a s  b e e n  r e p o r t e d  b y  t h e  

p r e s e n t   author^.^ T h e  s t r u c t u r e  o f  t h e  p o l y m e r  I a s  a 

n e t w o r k  of r a d i c a l s  p r o m p t s  u s  t o  p r e p a r e  new t w o  k i n d s  o f  

t r i a r y l m e t h a n e  r e s i n s  c a r r y i n g  p o l y r a d i c a l s .  

One i s  t h e  p o l y m e r  I I a  r e p l a c e d  m - p h e n y l e n e  m o i e t y  of  

t h e  p o l y m e r  I w i t h  a m e t a l l o c e n y l e n e  m o i e t y  s u c h  a s  

f e r r o c e n y l e n e .  

A n o t h e r  i s  t h e  p o l y m e r  I I I a  i n  w h i c h  p h e n y l  g r o u p  i n  

t h e  b e n z y l i d e n e  m o i e t y  o f  p o l y m e r  I i s  r e p l a c e d  b y  a 

f e r r o c e n y l  g r o u p .  
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314 M. OTA ET AL. 

Ferrocene is chemically and thermally stable and is 

a n  o r g a n o m e t a l l i c  c o m p o u n d  p o s s e s s i n g  a r o m a t i c  

character.’ A s  an a r o m a t i c  h y d r o c a r b o n ,  f e r r o c e n e  is as 

s u s c e p t i b l e  to e l e c t r o p h i l i c  s u b s t i t u t i o n  a n d  is easily 

a n d  e l e c t r o n  a c c e p t o r s 4  b e c a u s e  of its highly e l e c t r o n  
d o n a t i n g  property. T h e r e  h a v e  been m a n y  i n v e s t i g a t i o n s  
a b o u t  t h e  c h a r g e - t r a n s f e r  c o m p l e x e s  o f  f e r r o c e n e  w i t h  
e l e c t r o n  a c c e p t o r s  s u c h  a s  2,3-dichloro-5,6-dicyanoqui- 

o x i d i z e d  to p r o d u c e  a f e r r o c e n i u m  ion by s e v e r a l  a c i d s  3 

none( DDQ) and 7,7,8,8- te tracyano-p-quinod i m e  t hane( T C N Q  1. 5 

T h u s ,  t h e  f o r m a t i o n  o f  p o l y m e r s  I I b  a n d  I I I b  is 
expected by t h e  r e a c t i o n  o f  p o l y m e r s  I I a  a n d  IIIa w i t h  
T C N Q  and so on, w i t h o u t  c a u s i n g  d e c o m p o s i t i o n  of the 
ferrocene moiety. 

In t h e s e  p o l y m e r s  I I b  and IIIb, r a d i c a l s  w o u l d  form 
a *-conjugated system by connecting between the magnetic 
m o m e n t s  a t t r i b u t e d  t o  i r o n ( I I 1 )  i n  f e r r o c e n i u m  i o n  

moieties. T h u s ,  t h e  a l i g n m e n t  o f  t h e  m a g n e t i c  m o m e n t  
combined with the radicals shown in I I b  and IIIb s e e m s  to 
be a n a l o g o u s  to t h e  s p i n  a r r a n g e m e n t  c h a r a c t e r i z i n g  
ferromagnetism of metal. These results about I I b  and IIIb 
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TRIARYLMETHANE RESIN CONTAINING FERROCENE MOIETY 315 

X :  e l e c t r o n  a c c e p t o r  

m 

0: T-  c o n j u g a t e d  s y t e m  

M+ 

w i l l  b e  r e p o r t e d  i n  d e t a i l  e l s e w h e r e .  

T h i s  p a p e r  d e s c r i b e s  t h e  p r e p a r a t i o n  a n d  p r o p e r t i e s  

o f  t h e  p o l y m e r s  I I a  a n d  1 1 1 - a ,  a n d  t h e i r  m a g n e t i c  

p r o p e r t i e s .  

E X P E R I M E N T A L  

1. P r e p a r a t i o n  

The  t r i a r y l m e t h a n e  r e s i n s  c o n t a i n i n g  f e r r o c e n e  m o i e t y  w e r e  

p r e p a r e d  f r o m  t h e  r a w  m i x t u r e s  w i t h  t h e  r e a c t i o n  

c o m p o s i t i o n s  a n d  c o n d i t i o n s  s h o w n  i n  T a b l e  1 t h r o u g h  

h e a t i n g  w i t h  s t i r r i n g  u n d e r  a r g o n  a t m o s p h e r e .  

T h e s e  c r u d e  r e s i n s  w e r e  p u r i f i e d  i m m e d i a t e l y :  a f t e r  

t h e  r e s i n  c o m p l e t e l y  d i s s o l v e d  i n  t e t r a h y d r o f u r a n ( T H F ) ,  

t h e  i m p u r i t i e s  s u c h  a s  t h e  u n r e a c t a n t  a n d  t h e  c o m p o n e n t  o f  

l o w  m o l e c u l a r  w e i g h t  w e r e  f i l t e r e d  o f f  t h r o u g h  a m e m b r a n e  

f i l t e r  o f  0 . 5  p m  i n  p o r e  s i z e .  T h e  p u r i f i e d  r e s i n s  w e r e  

p r e c i p i t a t e d  when  t h e  f i l t e r e d  THF s o l u t i o n s  w e r e  p o u r e d  

i n t o  h e x a n e  o f  2 0  t i m e s  v o l u m e .  
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316 M. OTA ET AL. 

2. Characterization 
The structural characteristics of these purified resins 
were identified by IR, 13C NMR, Field Desorption(FD) and 

Laser Desorption-Time of Flight( LD-TOF) mass spectrometry 
(JEOL JMS-LD1700). The molecular-weight distribution of 
t h e  r e s i n s  i n  T H F  s o l u t i o n  w a s  d e t e r m i n e d  by g e l  

permeation chromatography(CPC, polystyrene standard). 

Table 1. Preparation condition of the triarylmethane resin 
containing ferrocene moiety. 

Aromatic Compound FCA*l/Aro Acid * 2  Reaction Temp. 

(Are 1 (molar ratio) (wt%) (OC) 
Pyrene 1.25 2 . 5  160 

(PY) 
Azulene 1 . 2 5  1 130 

*1 FCA : Ferrocenecarboxaldehyde 
* 2  Acid : p-Toluenesulfonic acid 

The content o f  iron in the resins was analyzed by 
using Inductively Coupled Plasma( ICP) emission spec- 

trometer. The radical generation was detected by ESR 
spectroscopy, and magnetic properties were measured at 

room temperature with Vibrating Sample Magnetometer(VSM). 

RESULT AND DISCUSSION 

1. Reaction and Chemical Structure 
The raw mixture o f  pyrene and FCA melted to give clear 
liquid at the reaction temperature and changed to highly 

viscous fluid after 2 h. On the contrary, the reaction o f  

azulene with FCA was very fast and vigorous under the same 

condition as pyrene. Therefore, the reaction w a s  carried 
out under the relatively mild condition shown in Table 1. 
The heating o f  FCA gave no polymer. 

The condensation reaction o f  pyrene with FCA under 
acid catalyst proceeds through the eq.(l) i n  the same 
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TRIARYLMETHANE RESIN CONTAINING FERROCENE MOIETY 317 

m a n n e r  a s  t h e  p y r e n e / b e n z a l d e h y d e  r e s i n . '  T h e  

p o l y c o n d e n s a t i o n  o f  a z u l e n e  w i t h  F C A  a l s o  p r o c e e d s  t h r o u g h  

t h e  s i m i l a r  r e a c t i o n  t o  t h e  e q . ( l ) .  

I n  t h e  p u r i f i e d  p y r e n e / F C A  r e s i n ,  t h e  a b s o r p t i o n  a t  

1 7 0 0  cm a n d  7 5 0  cm i n  I R  s p e c t r u m  d i s a p p e a r e d .  T h e s e  

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

n e i g h b o r i n g  h y d r o g e n s  o n  t h e  p y r e n e  r i n g ,  r e s p e c t i v e l y .  

T h e  d i s a p p e a r a n c e  o f  t h e s e  h y d r o g e n s  was a l s o  c o n f i r m e d  by  

1 3 C  N M R  s p e c t r u m .  S i g n a l s  r e l a t e d  t o  f e r r o c e n e  n u c l e u s  

f r o m  6 5  p p m  t o  7 0  p p m  w a s  b r o a d e n e d .  T h e  p u r i f i e d  

a z u l e n e / F C A  r e s i n  g a v e  r e l a t i v e l y  s h a r p  t w o  s i g n a l s  a t  6 7  
ppm t o  68  ppm t o  b e  a t t r i b u t e d  t o  f e r r o c e n e  n u c l e u s .  T h e s e  

t w o  s i g n a l s  s u g g e s t  t w o  p a t t e r n s  i n  t h e  c r o s s l i n k i n g  b y  

F C A  o n  t h e  a r o m a t i c  r i n g s .  

-1 -1 

T h e  m o l e c u l a r - w e i g h t  d i s t r i b u t i o n  o f  t h e  p u r i f i e d  

p y r e n e / F C A  r e s i n  by  CPC was b r o a d  a n d  s y m m e t r i c  a r o u n d  c a .  

1 0 0 0  o f  Mn. 

FD a n d  L D - T O F  m a s s  s p e c t r a  o f  t h e  p u r i f i e d  

p y r e n e / F C A  a n d  a z u l e n e / F C A  r e s i n s  r e v e a l e d  t h e  p r e s e n c e  o f  

t h e  r e p e a t i n g  u n i t  o f  p o l y m e r  c h a i n ,  T h e s e  r e s i n s  

c o r r e s p o n d i n g  t o  t h e  r e s u l t s  o f  1 3 C - N M R  s p e c t r a  c o n s i s t  o f  

t w o  m a i n  t y p e s  w h i c h  f o r m u l a t e d  s u c h  a s  t y p e  A a n d  

B ( F i g u r e  1 ) .  LD-TOF mass s p e c t r u m  o f  t h e  a z u l e n e / F C A  r e s i n  

IV i s  s h o w n  i n  F i g u r e  1. 

T h e  c o n t e n t  o f  i r o n  i n  t h e  p y r e n e / F C A  r e s i n  w a s  14% 
a c c o r d i n g  t o  t h e  r e s u l t  o f  I C P  e m i s s i o n  s p e c t r o m e t r i c  

a n a l y s i s ,  a n d  t h i s  v a l u e  a l m o s t  a g r e e d  w i t h  t h e  c a l c u l a t e d  

v a l u e  b a s e d  o n  t h e  s t r u c t u r e  I I I a .  

On t h e  b a s i s  o f  t h e  a b o v e  r e s u l t s ,  t h e  m o s t  p o s s i b l e  

s t r u c t u r e s  o f  t h e  p y r e n e / F C A  a n d  a z u l e n e / F C A  r e s i n s  w e r e  

d e d u c e d  i n  I I I a  a n d  IV d e s c r i b e d  a b o v e .  
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318 M. OTA ET AL. 
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F I G U R E  1. The LD-TOF mass s p e c t r u m  o f  a z u l e n e / F C A  r e s i n .  

2 .  M a g n e t i c  P r o p e r t i e s  

I n t e r e s t i n g  m a g n e t i c  p r o p e r t i e s  f o r  t h e  p y r e n e / F C A  a n d  

a z u l e n e / F C A  r e s i n s  w e r e  o b s e r v e d  b y  VSM. C o n t r a r y  t o  

d i a m a g n e t i c  f e r r o c e n e ,  t h e  p u r i f i e d  p y r e n e / F C A  r e s i n  g a v e  

w e a k  m a g n e t i c  p r o p e r t y ,  a n d  m a g n e t i c  c u r v e  b a s e d  o n  

m a g n e t i c  s a t u r a t i o n  w a s  f o u n d  o u t  a t  r o o m  t e m p e r a t u r e .  

H o w e v e r ,  m a g n e t i c  s a t u r a t i o n  o f  t h e  c u r v e  w a s  n o t  

p e r f e c t l y  h o r i z o n t a l  a n d  was p o s i t i v e l y  i n c l i n e d  t o  t h e  

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

p a r a m a g n e t i c  s p e c i e s .  The  r e p r o d u c i b i l i t y  o f  t h e  m a g n e t i c  

b e h a v i o r  was i n v a r i a b l y  g o o d  b u t  t h e  i n t e n s i t y  o f  m a g n e t i c  

p r o p e r t y  s o m e w h a t  d e p e n d e d  on  t h e  d e l i c a t e  d e v i a t i o n  o f  

r e a c t i o n  c o n d i t i o n . 6  T h i s  m a g n e t i c  p r o p e r t y  was o b s e r v e d  

f o r  t h e  r e s i n  w i t h  n o  t r e a t m e n t  o t h e r  t h a n  p u r i f i c a t i o n .  

T h e  c o m p o n e n t  o f  l o w  m o l e c u l a r  w e i g h t  w h i c h  d o e s  n o t  

p r e c i p i t a t e  on  p u r i f i c a t i o n  was s e e m i n g l y  p a r a m a g n e t i c .  

On t h e  o t h e r  h a n d ,  a z u l e n e / F C A  r e s i n  g a v e  w e a k  

p a r a m a g n e t i c  p r o p e r t y .  T h e  r e s u l t  o f  m a g n e t i c  m e a s u r e m e n t  

o f  t h e  p y r e n e / F C A  r e s i n  i s  s h o w n  i n  F i g u r e  2 .  

I n  ESR s p e c t r u m  o f  t h e  p u r i f i e d  p y r e n e / F C A  r e s i n  
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TRIARYLMETHANE RESIN CONTAINING FERROCENE MOIETY 319 

H / k O e  

F I G U R E  2 .  T h e  m a g n e t i c  p r o p e r t y  o f  p y r e n e / F C A  r e s i n .  

s h o w n  i n  F i g u r e  3 ,  t h e  s i g n a l  f o r  6 5  mT o f  p e a k - t o - p e a k  

l i n e w i d t h ,  AH a t  3 4 2  mT o f  c e n t e r  f i e l d  s i m i l a r  t o  t h a t  

o f  f e r r o c e n e ,  p o s s e s s i n g  a s h o l d e r  s i g n a l ,  was o b s e r v e d  a t  

room t e m p e r a t u r e .  The  s i g n a l  a r o u n d  3 4 2  mT t h e r e f o r e  was  

a t t r i b u t e d  t o  F C A .  We h a v e  r e p o r t e d  o n  t h i s  r e s i n 7  t h a t  

t h e  s i g n a l  o f  ~ - r a d i c a l ( g - v a l u e = c a . 2 . 0 0 3 , A H  = 1 . 4  mT a t  

3 4 2  mT o f  c e n t e r  f i e l d )  c o u l d  n o t  b e  s e p a r a t e d  f r o m  t h e  

s i g n a l  a t t r i b u t e d  t o  FCA by  o v e r l a p p i n g .  

PP 

P P  

On t h e  o t h e r  h a n d ,  ESR s p e c t r a  o f  t h e  a z u l e n e / F C A  

r e s i n s  s h o w n  i n  F i g u r e  3 g a v e  t h e  s i g n a l  d i f f e r e n t  f r o m  

t h a t  o f  t h e  p y r e n e / F C A  r e s i n .  T h i s  s i g n a l  i n  F i g u r e  3 
c o n s i s t s  o f  t w o  k i n d s  o f  s i g n a l s .  One i s  a t t r i b u t e d  t o  T -  

r a d i c a l  w i t h  g - v a l u e  o f  2 . 0 0 3  a n d  AH o f  2 m T  a n d  

a n o t h e r  w h i c h  i s  b r o a d  a n d  a t t r i b u t e d  t o  FCA o f  t h e  same 

a s  t h e  p y r e n e / F C A  r e s i n .  T h e  f o r m e r  s i g n a l  e x h i b i t s  h i g h e r  

i n t e n s i t y  t h a n  t h e  l a t e r  o n e .  

PP 

T h e  m a g n e t i c  b e h a v i o r s  o f  t h e s e  r e s i n s  m u s t  m o s t  

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

o f  t h e  i s o l a t i o n  o f  i r o n  b y  d e c o m p o s i t i o n  f r o m  t h e  

f e r r o c e n e  m o i e t y  o n  t h e  w a y  t o  p r e p a r a t i o n  a n d  t h e  

f o r m a t i o n  o f  i r o n  o x i d e s  by  o x i d a t i o n .  

H o w e v e r ,  t h e  f o r m a t i o n  o f  i r o n  o x i d e s  was n o t  d e t e c t e d  
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pyrenelFCA 
based  
resin 

I \ I  
30 300 W E  

Field mT 
H3 

FIGURE 3. ESR spectra of the purified pyrene/FCA and 
azulene/FCA resins. 

from ESCA spectra. The further detail investigation is 

under consideration by Mossbauer spectrometry and s o  on. 

The three origins are proposed for the origin of 

magnetic property of the pyrene/FCA resin, that is, (i)the 

magnetic property essentially based on the resin, (ii)the 

effect of iron condensated by the decomposition on o r  

after heating f o r  preparation, (iii)the resulting 

interaction by the presence of iron atom o r  cluster, which 

dose not contribute to the macroscopic magnetism, closest 

to the matrix molecule of the resin. 

The hypotheses (ii) and ( i i i )  give an negative 

impression from our experimental results, that is, the 

magnetic properties of the aromatics/FCA resins seem to 

be essentially influenced by the kind of aromatics such as 

pyrene and azulene. The detectable radical could also 

relate to be magnetic interpretation. The characteristics 
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o f  t h e s e  r e s i n s  i s  s u m m a r i z e d  i n  T a b l e  2 .  

T a b l e  2. T h e  c o m p a r i s o n  b e t w e e n  p y r e n e / F C A  a n d  a z u l e n e /  
FCA r e s i n s .  

R e s i n  EsR* '  N M  R* VSM 

P y r e n e / F C A  f e r r o c e n e  m o i e t y  b r o a d e n i n g  p o s i t i v e  

A z u l e n e / F C A  * - r a d i c a l  s h a r p  p a r a m a g n e t i c  

*1 d o m i n a n t  s i g n a l  o f  * - r a d i c a l  a n d  f e r r o c e n e  m o i e t y ,  "2 
a b o u t  f e r r o c e n e  n u c l e u s ;  p y r e n e / F C A : 6 5 - 7 0  p p m ,  a z u l e n e /  
F C A : 6 7  a n d  68 p p m ( t w o  l i n e s ) ,  * 3  m a g n e t i c  p r o p e r t y  by VSM 
m e a s u r e m e n t ,  * 4  m a g n e t i c  c u r v e  o v e r l a p p e d  w i t h  
p a r a m a g n e t i c  l i n e  a n d  m a g n e t i c  s a t u r a t i o n .  

* 3  
* 4  

T h e  p r o p e r t i e s  s h o w n  i n  T a b l e  2 w e r e  f u r t h e r  

r e g e n e r a t e d  by t h e  CT c o m p l e x e s  w i t h  TCNQ.  

A t  t h e  p r e s e n t  s t a g e ,  we c a n  n o t  r e a c h  t h e  d e f i n i t e  

c o n c l u s i o n  b u t  a l l  t h e  f a c t o r s  c o n s i d e r e d  i n  t h e  

h y p o t h e s i s ( i )  s e e m s  t o  b e  m o r e  r e a s o n a b l e  t o  a c c o u n t  f o r  

t h e  p r e s e n t  m a g n e t i c  p r o p e r t y  o b s e r v e d  f o r  t h e  p y r e n e / F C A  

r e s i n ,  

F u r t h e r  r e s e a r c h  i s  g o i n g  o n  t o  u n d e r s t a n d  o r i g i n  o f  

t h e  m a g n e t i c  p r o p e r t y  a n d  i n t e r a c t i o n  b e t w e e n  t h e  *- 
r a d i c a l  a n d  t h e  f e r r o c e n i u m  m o i e t y  o f  t h e  s t r u c t u r e  IIIb. 
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