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APPROACHES TO O R G A N I C  FERROMAGNETS 

RONALD BRESLOW 
Department of Chemistry, Columbia Universi ty ,  New York, 
N.Y. 10027 

Abstract  Two spec ies  have been prepared a s  d i ca t ions  
t h a t  exist  i n  t he  ground t r i p l e t  s t a t e .  These can be 
used t o  explore one proposal for  t he  production of 
organic f er romagnet s . 

INTRODUCTION 

Cyclic compounds w i t h  4n p i  e l ec t rons  a r e  exo t i c  spec ies  of 

considerable i n t e r e s t .  Our ea r ly  work focused on t h e  energy 

content of these  molecules. We suggested the  word 

 antiar aroma ti city" t o  descr ibe  t h e  f inding t h a t  some of them 
were des tab i l ized  by conjugat ion. '  

f ea tu re  of these  spec ies  i s  t h e i r  e l ec t ron ic  s t r u c t u r e .  When 

these spec ies  have C or grea te r  symmetry, t he  highest  two 

e lec t rons  can occupy a degenerate pa i r  of o r b i t a l s  ( i n  the  

simple HMO descr ip t ion)  and the  molecule can have a ground 

t r i p l e t  s t a t e .  

The other  i n t e r e s t i n g  

3 

Our work and t h a t  of o the r s  has confirmed t h a t  such a 

4 pi  e lec t ron  species  a s  the  cyclopentadienyl ca t ion  indeed 
e x i s t s  a s  a ground s t a t e  t r i p l e t  molecule.2 

intr igued by the  suggestion t h a t  such spec ies  could play a 
key ro l e  i n  the  preparat ion of organic  ferromagnets. 

Thus we were 

THE McCONNELL MODEL 

In a b r i e f  discussion,  Harden McConnell suggested t h a t  an 
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2 62 R. BRESLOW 

i on ic  organic  s o l i d ,  cons i s t ing  of a ca t ion  r a d i c a l  and an 

anion r a d i c a l ,  could be ferromagnetic i f  charge t r a n s f e r  
mixed the  s t r u c t u r e  with a neu t r a l  s t a t e  i n  which one of t he  

neu t r a l  component8 was a ground s t a t e  t r i p l e t  m ~ l e c u l e . ~  In 
t he  normal s i t u a t i o n  i n  which mixing occurs  w i t h  a s i n g l e t  

s t a t e ,  t h i s  k i n d  of i n t e r a c t i o n  l eads  t o  ant i ferromagnet ic  
order ing.  We decided t h a t  t h i s  model deserved se r ious  

explora t ion .  
In  its o r i g i n a l  formulation it  seemed a problem, since 

donor-acceptor complexes w i t h  on ly  p a r t i a l  charge t r a n s f e r  
of ten  e x i s t  i n  t he  s o l i d  s t a t e  a s  separa te  donor and acceptor 

s tacks .  However, a vers ion t h a t  seemed l i k e l y  t o  work 
combines a ca t ion  r a d i c a l  with an anion r a d i c a l  b u t  w i t h  

t h e i r  p o t e n t i a l s  matched so t h a t  forward charge t r a n s f e r  
occurs.  That i s ,  t h e y  m i x  w i t h  a s t a t e  represented by  t h e  

d i ca t ion  and dianion. With t h e  spec ie s  a t  a l l  times car ry ing  
a t  l e a s t  a f u l l  charge one would expect an a l t e r n a t i n g  
s t r u c t u r e  i n  t h e  s o l i d  s t a t e .  Thus it  seemed t o  us very 

a t t r a c t i v e  t o  look a t  d i c a t i o n s  w i t h  t r i p l e t  ground s t a t e s  a s  
a component of an organic  ferromagnet. 4.5 

- +  t -  + +  - 
D+ A- D A 

+ u t -  * t t  
D+ A- D A 
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APPROACHES TO ORGANIC FERROMAGNETS 263 

TRIPLET STATE DICATIONS 

Wasserman had demons t r a t ed  t h a t  t h e  d i c a t i o n  d e r i v e d  from 

hexachlorobenzene  was a ground s t a t e  t r i p l e t ,  a s  expec ted  
from s imple  c o n s i d e r a t i o n s . '  
u n s t a b l e ,  and it i s  hard  t o  imagine  an e l e c t r o n  a c c e p t o r  t h a t  
could  g e n e r a t e  it in a c h a r g e  t r a n s f e r  i n t e r a c t i o n .  However, 
w i t h  e l e c t r o n  donor s u b s t i t u e n t s  such  a s  amino g roups  we 
expec ted  t h a t  t h e  s i t u a t i o n  shou ld  be d i f f e r e n t .  We prepa red  

The s p e c i e s  is t e r r i b l y  

a benzene r i n g  c a r r y i n g  s i x  d imethylamino g r o u p s ,  b u t  it was 
no t  e a s i l y  o x i d i z e d  t o  t h e  d i ~ a t i o n . ~  Apparen t ly  t h e  

crowding o f  t h e s e  g roups  t w i s t e d  them so t h a t  t h e y  cou ld  n o t  

f u l l y  c o n t r i b u t e  t o  s t a b i l i z i n g  t h e  h ighe r  o x i d a t i o n  s t a t e  o f  
t h e  benzene r i n g .  However, we d i d  d e v i s e  t h e  s y n t h e s i s  o f  a 
novel  s t r u c t u r e  w i t h  t h r e e f o l d  symmetry i n  which  s i x  n i t r o g e n  
atoms a r e  s u b s t i t u t e d  on a t r i p h e n y l e n e  n u c l e u s .  The 

s p e c i e s ,  which we nickname HET, cou ld  be  o x i d i z e d  q u i t e  

r e a d i l y  t o  t h e  c a t i o n  r a d i c a l  and f a i r l y  r e a d i l y  t o  t h e  
d i c a t i o n .  A s  expec ted ,  t h i s  d i c a t i o n  showed a t r i p l e t  ESR 

spec t rum,  and Cur i e  Law s t u d i e s  i n d i c a t e d  t h a t  t h e  t r i p l e t  
s t a t e  was t h e  ground s t a t e .  I n t e r e s t i n g l y ,  it was a l s o  

p o s s i b l e  t o  o x i d i z e  t h i s  sys tem r e v e r s i b l y  t o  t h e  t r i c a t i o n  
and even t h e  t e t r  a c  a t  i on, 
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264 R.  BRESLOW 

Very r e c e n t l y  we have  been able t o  p r e p a r e  a n i t r o g e n  
a s u b s t i t u t e d  s i m p l e  benzene  compqund wi th  similar p r o p e r t i e s .  

We developed an improved s y n t h e s i s  o f  the  v e r y  u n s t a b l e  

hexaaminobenzene, and conve r t ed  it t o  t h e  comple t e ly  c y c l i c  
compound t h a t  we c a l l  HOC. 

remarkably  s e l e c t i v e  c y c l i z a t i o n  series.  
The s y n t h e s i s  i nvo lved  a 

HOC o x i d i z e d  ex t r eme ly  r e a d i l y  t o  i ts c a t i o n  r a d i c a l ,  

and t h e  o x i d a t i o n  t o  t h e  d i c a t i o n  involved  a lmos t  t h e  same 
p o t e n t i a l  a s  was r e q u i r e d  t o  make t h e  d i c a t i o n  of HET. 
d i c a t i o n  o f  HOC a l s o  showed a t r i p l e t  ESR spec t rum,  and a s  
expec ted  t h e  zero-field s p l i t t i n g  parameter  D was l a r g e r  f o r  
t h i s  t r i p l e t  s t a t e  t h a n  it had been f o r  t h e  HET d i c a t i o n  
t r i p l e t  s t a t e .  Cur i e  Law s t u d i e s  o f  t h e  HOC d i c a t i o n  over  a 

l i m i t e d  t empera tu re  r e g i o n  i n d i c a t e d  t h a t  it was a ground 
s t a t e  t r i p l e t ,  b u t  f u r t h e r  work is needed wi th  b o t h  HOC 

d i c a t i o n  and HET d i c a t i o n  t o  conf i rm t h i s  ground s t a t e  

ass ignment  comple t e ly .  I n t e r e s t i n g l y ,  HOC cou ld  a l s o  be 

e l e c t r o c h e m i c a l l y  o x i d i z e d  r e v e r s i b l y  t o  t h e  t r i c a t i o n  and 
a l s o  t o  t h e  t e t r a c a t i o n .  In t h i s  l a t t e r  s p e c i e s  we have 

removed a l l  f o u r  e l e c t r o n s  from t h e  d e g e n e r a t e  p a i r  o f  
o r b i t a l s  i n  t h e  o r i g i n a l  mo lecu le ,  c o n v e r t i n g  t h e  system from 

a d e r i v a t i v e  of benzene t o  a d e r i v a t i v e  o f  t h e  benzene 

The 
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APPROACHES TO ORGANIC FERROMAGNETS 265 

t e t r a c a t i o n ,  t h a t  is from a 6 p i  e l ec t ron  conjugated sys t em 

t o  a 2 pi  e l ec t ron  aromatic conjugated system ( ignor ing  t h e  
e l ec t rons  of the  ni t rogen atoms). 

HOC noc2* H O C ~ '  

SALTS OF HOC AND HET THAT COULD BE FERROMAGNETIC 

Of course t h e  syn thes i s  of these spec ie s ,  even i f  indeed the  

t r i p l e t  d i ca t ions  a re  t h e  ground s t a t e s ,  i s  only par t  of t h e  

problem involved i n  t e s t i n g  the  McConnell model. A s u i t a b l e  
e l ec t ron  acceptor m u s t  be se lec ted  t h a t  can f u l l y  accept one 

e l ec t ron  from each of these  neu t r a l  spec ies ,  and p a r t i a l l y  
accept a second e l ec t ron  so a s  t o  m i x  t h e  ca t ion  r a d i c a l  and 
d i ca t ion  s t a t e s  of t h e  donors.  ' It seems t h a t  t he  e l e c t r o n  

acceptor should a l s o  have a t  l e a s t  C symmetry, so t h a t  t h e  

environment of t h e  donors i n  t h e  c r y s t a l  could s t i l l  have t h e  

co r rec t  symmetry for  t h e  t r i p l e t  s t a t e  t o  be the  ground 

s t a t e .  The best candidates  so fa r  seem t o  be a s e r i e s  of 
e l ec t ron  acceptors  prepared by Fukunaga.' As an example, t h e  

reac t ion  of malononi t r  i l  e w i t h  t e  t r  achlor ocycl opr opene yie  I d s  

a hexacyano compound t h a t  i s  a good e l ec t ron  acceptor .  I t  

r ead i ly  forms t h e  anion r a d i c a l  and e a s i l y  picks u p  a second 

e l ec t ron  t o  form the  d ian ion .  
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266 R.  BRESLOW 

The so lu t ion  p o t e n t i a l s  for  t h i s  uptake of a second 
e lec t ron  match very well w i t h  t h e  so lu t ion  p o t e n t i a l s  

required t o  remove t h e  second e l ec t ron  from HET or  HOC. Thus 

t h i s  would seem t o  be an i d e a l  par tner  i n  a t e s t  of t h e  

McConnell mechanism. However, simple s o l u t i o n  p o t e n t i a l s  
should not be pe r fec t  guides t o  t h e  behavior of  these spec ie s  
i n  t h e  s o l i d  s t a t e ,  and one can make an argument t h a t  a 
somewhat weaker e l ec t ron  donor would be b e t t e r .  For t h i s  

reason we have examined a number of o ther  e l ec t ron  acceptors  
r e l a t ed  t o  t h i s  hexacyano compound. I t  has not yet  been 

poss ib le  t o  grow a s i n g l e  c r y s t a l  of any of these  spec ie s ,  so 

we cannot y e t  confirm t h e  d e t a i l e d  s o l i d  s t a t e  s t r u c t u r e  of  

t he  complexes. However, i n  two of t h e  complexes t h a t  have 
been prepared so f a r  ant i ferromagnet ic  order ing has been 

observed, not  the  des i red  ferromagnetism. When we can grow 
good c r y s t a l s  of such  complexes and determine t h e i r  s o l i d  

s t a t e  s t r u c t u r e s ,  we w i l l  be i n  a pos i t ion  t o  determine 
whether t h i s  approach t o  the  McConnell model can indeed lead 
t o  t h e  production of t h e  f i r s t  organic  ferromagnetic 
mater ia l s .  

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:
54

 2
0 

Fe
br

ua
ry

 2
01

3 



APPROACHES TO ORGANIC FERROMAGNETS 261 

REFERENCES 

1. 

2. 

3. 

4. 

5. 
6. 

7. 
8. 

9. 

R .  Breslow, Accounts of Chemical Research, 6 ,  393 
(1973). 
M. Saunders, R.  Berger, A. J a f f e ,  J .  M. McBride, 
J. O’Neill, R .  Breslow, J.  M. Hoffman, C. Perchonock, 
E. Wasserman, R .  S. Hutton, and V. J .  Kuck, Journal - of 
- t he  American Chemical Society,  95, 3017 (1973). 
H. McConnell, Proceedings of t he  Robert A. Welch 
Foundation Conference 0” Chemical Research, n, 144 
(1967). 
R .  Breslow, B. Jaun, R.  Q. Klut tz ,  and C-Z. Xia, 
Tetrahedron, z, 863 (1982). 
R .  Breslow, Pure  and Applied Chemistry, 54, 927 (1982). 
E. Wasserman, R .  S. Hutton, V.  J .  Kuck, and E.A. 
Chandross , Journal of t he  American Chemical Society , 
R .  Johnson, Ph.D. thesis ,  Columbia Universi ty ,  1976. 
R .  Breslow, P. Maslak, and J .  Thomaides, Journal of t he  
American Chemical Society,  106, 6453 (1984). 
T. Fukunaga, ib id . ,  98, 610 (1976). 

- 96, 1965 (1974). 

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:
54

 2
0 

Fe
br

ua
ry

 2
01

3 


