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2 M i c h i y a  O t a l ,  M a s a h a r u  F u j i i ' ,  T e t s u y a  H o r i g u c h i  
S u g i o  O t a n i 2 ,  A k i r a  K o j i m a '  a n d  Y u t a k a  T a k a h a s h i  
1 Gunma 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 ,  

2 D e p t .  o f  M a t e r i a l s  S c i e n c e  a n d  T e c h n o l o g y ,  T o k a i  

3 MS L a b . ,  J E O L  L T D . ,  M u s a s h i n o ,  A k i s h i m a ,  Tokyo  196,  

, 
3 

M a e b a s h i ,  Gunma  3 7  1 ,  J a p a n  

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  

J a p a n  

A b s t r a c t  A p o l y f l u o r o t r i a r y l m e t h a n e  p o l y m e r  w a s  
p r e p a r e d  by t h e  r e a c t i o n  o f  3 , 5 - d i f l u o r o p h e n o l  
( 3 , 5 - D F P h )  w i t h  p e n t a f  l u o r o b e n z a l d e h y d e  ( P F B A ) . T h e  
p o l y m e r  o b t a i n e d  w a s  c h a r a c t e r i z e d  by N M R ,  F T - I R ,  U V -  
V i s ,  MS a n d  G e l  P e r m e a t i o n  C h r o m a t o g r a p h y  ( G P C ) .  I t  
was f o u n d  t h a t  p h e n o l i c  r i n g  i n  t h e  p o l y m e r  was  
c o n n e c t e d  a t  m e t a - p o s i t i o n  b y  m e t h i n e  c a r b o n ,  a n d  
t h a t  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 o l y m e r  
c o n s i s t s  o f  m a i n l y  f o u r  c o m p o n e n t s  r a n g i n g  f r o m  6 , 0 0 0  
t o  c a .  1 , 0 0 0 , 0 0 0 .  F u r t h e r  o x i d a t i o n  o f  t h i s  p o l y m e r  
g e n e r a t e s  t h e  r a d i c a l s  w h i c h  a r e  s t a b l e  i n  a i r  f o r  
a t  l e a s t  3 m o n t h s .  

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

M e t a - c o n n e c t e d  t r i a r y l m e t h a n e  p o l y m e r s '  a r e  k n o w n  a s  

p r e c u r s o r s  o f  p o t e n t i a l  f e r r o m a g n e t s 2 .  M a g n e t i c a l l y  i n t e r -  

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

011 
H o w e v e r ,  t h e  m a g n e t i c  p r o p e r t y  w a s  w e a k  a n d  g r a d u a l l y  

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

[389]/167 
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16843901 M. OTA,et al. 

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

B e c a u s e  o f  t h e  t h e r m a l  s t a b i l i t y  o f  f l u o r i n a t e d  
p o l y m e r s ,  p o l y f l u o r o t r i a r y l m e t h a n e  p o l y m e r s  111, I V ,  V ,  

a n d  V I  d e p i c t e d  i n  F i g u r e  1 a r e  a n t i c i p a t e d  t o  g e n e r a t e  
t h e r m a l l y  a n d  c h e m i c a l l y  s t a b l e  p o l y r a d i c a l s  . The  p r e p a -  

r a t i o n  a n d  c h a r a c t e r i z a t i o n  o f  p o l y f l u o r o t r i a r y l m e t h a n e  
p o l y m e r  I11 a r e  d e s c r i b e d  i n  t h i s  r e p o r t ,  b e c a u s e  t h i s  

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

4 

F i g . 1  T y p i c a l  u n i t  s t r u c t u r e s  o f  polyfluorotriarylmethane 

p o l y m e r s  . 5 

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

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

model ' .  

EXPERIMENTAL 

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

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

i n o r g a n i c  f e r r o m a g n e t i c  s p e c i e s .  
P e n t a f l u o r o b e n z a l d e h y d e  (PFBA) was p u r i f i e d  by vacuum 

d i s t i l l a t i o n  a n d  3 , 5 - d i f l u o r o p h e n o l  ( 3 . 5 - D F P h )  was d i s -  
t i l l e d  u n d e r  a t m o s p h e r i c  p r e s s u r e .  T h e  p o l y m e r  w a s  

p r e p a r e d  f r o m  3 ,5 -DFPh  a n d  PFBA u n d e r  t h e  c o n d i t i o n s  s h o w n  
i n  T a b l e  1. P h e n o l /  b e n z a l d e h y d e  p o l y m e r  was a l s o  p r e p a r e d  

i n  o r d e r  t o  c o m p a r e  w i t h  3,5-DFPh/PFBA p o l y m e r .  
T h e  m i x t u r e  o f  3 , 5 - D F P h ,  P F B A  a n d  a c i d  c a t a l y s t  w a s  

h e a t e d  a t  1 3 0  C 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 .  The  

r e s u l t i n g  p o l y m e r  w a s  s t i r r e d  i n  2 0  m l  o f  t e t r a h y d r o -  
f u r a n e  ( T H F )  a n d  t h e n  t h e  r e s i d u e  i n s o l u b l e  i n  T H F  w a s  

0 

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

1:
20

 1
8 

Fe
br

ua
ry

 2
01

3 



Polyfluorotriarylmethane Polymers [391]/169 

Table 1 Composition and condition of polyfluorotri- 
ary lme t han e p o 1 y m e r s . 
Monomers Monomer/PFBA Acid*’ Reaction Reaction Yield * 2  

(molar ratio) (wt%) Temp. (OC) Time (min) ( % )  
~ ~~ 

3,S-DFPh 1 / 2  2 130 120 40 
Ph 1/1.25*3 1 130 120 7 0  

*1 PTS : p-Toluenesulfonic acid. 
*2 Yield : purified polymer/(Monomer+PFBA) xlOO(%). 
* 3  Molar ratio o f  Monomer/benzaldehyde. 

removed by filtration. Reddish precipitate was taken out 

by pouring the filtrate into cyclohexane. The light- 
yellowish powder was obtained, followed by reprecipitating 

with distilled water from ethanol solution of the reddish 
precipitation. 

We expect that the polymer polyradicals can be 
obtained by oxidizing with iodine after the treatment with 

NaH in 15% dimethylsulfoxide/diethylether solution (Scheme 

2 .  Characterization 

Monomers and polymers were detected by FT-IR (Perkin 
Elmer, Paragon 1000). ‘H-NMR (Varian, Gemini Z O O ) ,  and 

Field Desorption (FD) and Laser Desorption-Time of Flight 
(LD-TOF) Mass(JEOL, JMS-LD 1700) spectra. Molecular weight 
distribution o f  the p o l y m e r s  in THF solution w a s  
determined by gel permeation chromatography (GPC, poly- 

styrene standard, Shimadzu, LC 6AD GPC system). U V -  
Visible spectra were also recorded on a JASCO Ubest-50 

spectrometer. Electron spin resonance (ESR) o f  the 
polyradical powders was measured with a JEOL R E 2 X  at room 

temperature. 

RESULT AND DISCUSSION 

1. Reaction and structure of polyfluorotriarylmethane 
p o  lyme r s 
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170/[392] M. OTA,et al. 

T a b l e  1 s h o w s  t h a t  f l u o r i n e - c o n t a i n i n g  p h e n o l ,  DFPh 

i s  l e s s  r e a c t i v e  t h a n  p h e ' n o l  a n d  t h a t  t h e  y i e l d  o f  t h e  
r e s u l t i n g  p o l y m e r  i s  l o w e r  t h a n  t h a t  o f  Ph /BA p o l y m e r .  

T h e s e  p o l y m e r s  w e r e  s o l u b l e  i n t o  o r g a n i c  p o l a r  s o l v e n t s  
s u c h  a s  T H F ,  m e t h a n o l ,  e t h a n o l ,  a n d  DMSO. 

P o l y m e r s  i n s o l u b l e  i n t o  t h e  a b o v e  p o l a r  s o l v e n t s  w e r e  
o b t a i n e d  b y  h e a t i n g  f o r  l o n g e r  p e r i o d ,  a t  h i g h e r  t e m p e r -  

a t u r e s ,  o r  i n  t h e  p r e s e n c e  o f  e x c e s s  a c i d  c a t a l y s t  t h a n  
t h o s e  i n  T a b l e  1. S u c h  p o l y m e r s  s e e m  t o  c o n s i s t  o f  r i g i d ,  

t h r e e  d i m e n s i o n a l  n e t w o r k  s t r u c t u r e  w h i c h  h a s  b e e n  
o b s e r v e d  f o r  p h e n o l / f o r m a l d e h y d e  r e s i n .  I t  i s ,  c o n s e q u e n t -  

l y ,  e x p e c t e d  t h a t  t h e  p o l y m e r s  s o l u b l e  i n  p o l a r  s o l v e n t s  
p r e p a r e d  u n d e r  t h e  c o n d i t i o n s  o f  T a b l e  1 c o n s i s t  o f  l i n e a r  

c h a i n  s t r u c t u r e  w i t h o u t  c r o s s l i n k i n g .  > 
1; PhlBA polymer 

5 I0 15 2 0  
Re tention Time ( min ) 

F i g u r e  2 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  3 , 5 -  
DFPh/PFBA a n d  Ph/BA p o l y m e r s .  ( M o b i l e  p h a s e :  THF) 

F i g u r e  2 s h o w s  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  3 , 5 - D F P h / P F B A  a n d  Ph/BA p o l y m e r s .  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  3,5-DFPh/PFBA p o l y m e r  was c o n s i s t e d  

o f  f o u r  e l u t e d  p e a k s  a n d  t h e  f i r s t  e l u t i o n  ( p e a k  1 )  was  
d e t e c t e d  o v e r  t h e  r e t e n t i o n  t i m e  f r o m  6 t o  8 m i n .  T h e  

r e t e n t i o n  t i m e  o f  t w o  p e a k s ,  3 a n d  4 ,  was  s i m i l a r  t o  t h a t  
o f  Ph /BA.  T a b l e  2 s h o w s  t h e  m o l e c u l a r  w e i g h t  o f  t h e s e  

p o l y m e r s  c a l c u l a t e d  f r o m  t h e  r e t e n t i o n  t i m e  o f  p e a k  
maximum u s i n g  c a l i b r a t i o n  c u r v e  w i t h  p o l y s t y l e n e .  I t  i s ,  

t h e r e f o r e ,  c o n c l u d e d  t h a t  t h e  3,5-DFPh/PFBA p o l y m e r  a l s o  
c o n t a i n s  l a r g e r  m o l e c u l a r  w e i g h t  c o m p o n e n t ,  c o m p a r e d  w i t h  

t h a t  o f  Ph/BA. 
A l t h o u g h  t h e  a m o r p h o u s  s t r u c t u r e  o f  t h e s e  p o l y m e r s  

i s  e s s e n t i a l l y  c o m p l i c a t . e d  b y  t h e  e n t a n g l e m e n t  b e t w e e n  
l o n g  m o l e c u l a r  c h a i n s ,  t h e  c h e m i c a l  s t r u c t u r e s  c l o s e l y  
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Polyfluorotriarylmethane Polymers r3931/171 

Table 2 The molecular weight of the polymers converted - -  
from - .. calibration - curve with polystylene. 
Polymer Molecular Weight 

Peak 1 Peak2 Peak3 Peak4 

3,5-DFPh/PFBA 1,680,000*1 102,400 25,000 6,250 

- - Ph/BA*2 12,000 3,390 
'1 It was determined with dimethylformamide including 10 

mmol/l of LiCl as mobile phase. 
*2 No peaks corresponding to the peaks 1 and 2 of the 

3,5-DFPh/PFBA polymer were detected in the Ph/BA 
polymer. 

related to the electrophilic reaction of carbocation 

produced by aldehyde group in PFBA with phenolic rings. 
The reaction mechanism of 3,5-DFPh with PFBA w a s  

i n v e s t i g a t e d  by the c a l c u l a t i o n  of a c h a r g e  a n d  a n  
electron density o f  each atom in DFPh with MNDO/PM3 

method, Table 3 shows that charges of aromatic carbon in 
3,5-DFPh are small at C2, C4, and C6, and hence it can be 

presumed that these carbons are subjected to attack o f  
electrophiles. In this reaction, the carbocation resulting 

from PFBA in the presence of acid catalyst behaves as an 
electrophile and will attack electrophilically C 2  since 

t h e  c h a r g e  o f  C 2  i s  l o w e s t  a m o n g  C 2 ,  C 4 ,  a n d  C6. 
Furthermore, a small difference of the atomic charge in 

mono-substituted phenolic ring between -0.2207 of C4 and 
-0.2085 o f  C 6  w a s  a n t i c i p a t e d  b y  t h e  M N D O / P M 3  

calculation7. The polymerization proceeds by the second 

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  to t h e  m o n o - s u b s t i t u t e d  
phenolic ring. It is difficult to specify the position of 

C4 o r  C6 in phenolic ring at which the substitution takes 
place. Therefore, the polymer may contain structural 

i s o m e r s  such as IIIa and IIIb shown in Figure 3 ,  which 
a r e  e s s e n t i a l l y  c o n n e c t e d  a t  m e t a - p o s i t i o n s  i n  t h e  

aromatic ring. 
According to the assignments of FT-IR spectra to the 

polymers in Table 4, the absorption of CH deformation 
vibration of out-of-plane represents the characteristic of 

meta-connected triarylmethyl structure predicted from the 
calculated data with MNDO/PM3 in Table 3. 

The isomers IIIa and IIIb in Figure 3 can not be 
distinguished by FT-IR spectra, nor by 'H-NMR spectra. CH 
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172/[394] M. OTA,et al. n;, t; a;, ""b. 
1; /I; 

F b :  F 1IIb F 

111 I 
Figure 3 Structural isomers of meta-substituted polymer. 

Table 3 Calculated electron density and charge of 3,5- 

Structure Atom Charge Electron Density 
DFPh (MNDO/PM3). -__ 

c1 0.1538 3.8462 
C2 -0.2490 4.2490 
c3 0.1366 3.8634 'yJ!'' C4 -0.2116 4.2116 

9 H  5' c5 0.1316 3.8684 
C6 -0.1939 4.1939 

;I 

I f  
f;o 

Table 4 FT-IR spectra of 3,5-DFPh/PFBA and Ph/BA. 

Assignment Polymer 
(cm 1 
1.OH stretching splitted split t ed 

3,5-DFPh/PFBA Ph/ BA - 1  

3430*l (broad) 
3600*2 (sharp) *4 

3365( shoulder peak) *3 

*6 

(CH deformation) 1.805, 683*7 
850*~ '920, 829 

I 
2.0ut-of-plane 

3.C=O stretching disappeared disappeared 

*1: interhydrogen bond, *2: intrahydrogen bond, *3: inter- 
hydrogen bond (polymeric association), *4: interhydrogen 
bond (sharp, dimeric association) *5: one isolated ring 
(substituted at 1,3,4,5,6 positions), *6: one isolattjd 
ring ( 9 2 0  cm-') and t w o  adjacent ring (829 c m -  ) 
(substituted at 1,2,4 positions), *7: three adjacent ring 
(substituted at 1,2,6 positions) 

Deformation vibration o f  o u t - o f - p l a n e  o f  the Ph/BA 

polymer, on the contrary, suggests the occurrence of two 
types o f  isomeric connection analogous to IIIa and IIIb. 

'H-NMR spectrum of 3,5-DFPh/PFBA polymer shows the 

low field shift of hydroxy proton by intramolecular 
hydrogen bond formation from 5.4 ppm of monomer to ca. 11 
ppm of the polymer. Methine proton interposed between 3,5- 
DFPhs was observed at around 6 ppm with aromatic proton 
around 6.5 - 7 ppm. The intramolecular hydrogen bond of 
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Polyfluorotriarylmethane Polymers [395]/173 

t h e  Ph/BA p o l y m e r  was n o t  s u g g e s t e d  b y  ' H - N M R  s p e c t r u m .  

LD-TOF mass s p e c t r u m  l e s s  t h a n  m / z  = 9 , 0 0 0  o f  t h e  
3,5-DFPh/PFBA p o l y m e r  u n d e r  a n e g a t i v e  i o n s  d e t e c t i o n  mode 

was o b t a i n e d  a t  i n t e r v a l s  o f  m / z  = c a .  3 0 0  ( f o r m u l a  w e i g h t  
o f  t h e  r e p e a t i n g  u n i t  i s  3 0 8 )  f r o m  c a .  1 5 , O O  t o  c a . 9 , 0 0 0 .  

N o  p e a k s  w e r e  d e t e c t e d  w i t h  F D  a n d  FAB m a s s  
s p e c t r o m e t r y .  

T h e s e  r e s u l t s  a r e  s u g g e s t i v e  o f  t h e  m i x e d  s t r u c t u r e  
o f  I I I a  a n d  I I I b  i n  F i g u r e  3. f o r  t h e  3 , 5 - D F P h / P F B A  

p o l y m e r .  

2 . P o l y r a d i c a l s  f r o m  polyfluorotriarylmethane p o l y m e r  

0 100 200 300 400 500 600 700 f 
H ( m T  1 

F i g u r e  4 E S R  s p e c t r a  
o f  t h e  r a d i c a l s  from 
3,5-DFPh/  PFBA p o l y m e r .  

D 

F i g u r e  4 s h o w s  E S R  s p e c t r a  o f  t h e  p o l y r a d i c a l s  f r o m  

3,5-DFPh/PFBA p o l y m e r  p r e p a r e d  a c c o r d i n g  t o  t h e  s c h e m e  1. 
T h e  s h a r p  s i g n a l  o f  p o l y r a d i c a l s  w i t h  4 mT o f  p e a k -  

t o - p e a k  l i n e w i d t h , A H  was o b s e r v e d  a t  338 mT,  w h i c h  i s  

d i f f e r e n t  f r o m  t h e  v e r y  w e a k  a n d  b r o a d  s i g n a l  o f  t h e  
u n o x i d i z e d  p o l y m e r .  

P P  

The  p o l y r a d i c a l s  a r e  s t a b l e  m o r e  t h a n  t h r e e  m o n t h s  i n  
a i r .  A U V - V i s i b l e  s p e c t r u m  s h o w e d  t h e  a b s o r p t i o n  a t  

a r o u n d  5 0 0  nm. T h i s  i s  s i m i l a r  t o  t h a t  o f  p e r c h l o r i n a t e d  
t r i p h e n y l m e t h y l  r a d i c a l  r e p o r t e d  b y  B a l l e s t e r  e t  a l .  . 
A c c o r d i n g  t o  t h e  U V - V i s i b l e  s p e c t r u m ,  r a d i c a l  c o n c e n -  
t r a t i o n  s e e m e d  n o t  t o  b e  l a r g e ,  C a r e f u l  e x a m i n a t i o n  o f  FT- 

I R  s p e c t r a  p o i n t e d  o u t  t h a t  t h e  l o w  r a d i c a l  c o n c e n t r a t i o n  
w a s  c a u s e d  b y  t h e  p r o d u c t i o n  o f  q u i n o i d  s t r u c t u r e  ( 1 7 4 0  

-1 cm ) .  

6 

C o n s e q u e n t l y ,  t h e  p r e s e n t  r e s u l t  o n  p r e p a r a t i o n  o f  
p o l y r a d i c a l s  s u g g e s t s  t h a t  p h e n o l i c  O H  b r i n g  t h e  
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s a t i s f a c t o r y  e f f e c t  on  m e t a - c o n n e c t i o n  o f  a r o m a t i c  r i n g  

b u t  a t  t h e  same t i m e  d e c r e a s e  t h e  r a d i c a l  c o n c e n t r a t i o n  b y  
t h e  f o r m a t i o n  o f  q u i n o i d  s t r u c t u r e .  

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