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I S  THE ORTHOGONALITY OF PARTIALLY F I L L E D  ORBITALS I N  A REGULAR 
C H A I N  A PROPER STRATEGY TOWARDS HIGH S P I N  MOLECULES? 

JAUME VECIANA'. JOSE V I D A L  and NATHALIE JULLIAN 
c e n t r o  de l n v e s t i g a c i b n  Y D e s a r r o l l o  ( C S I C ) .  C. J o r d i  Girona, 18- 
26, 08034 Barcelona. Spain. 

A b s t r a c t  The Hartree-FOCk band theory  p r e d i c t s  t h a t  t h e  FM s t a t e  
would be e n e r g e t i c a l l y  f avo red  over t h e  A F  and s t a t e s  a t  t h e  
l i m i t  case where t h e  ove r lap  between t h e  i n t e r a c t t n g  Semlocuped 
o r b i t a l s  i s  r e a l l y  zero ( o r t h o g o n a l i t y ) .  I n  order  t o  t e s t  ex- 
p e r i m e n t a l l y  t h i s  s t r a t e g y  towards o rgan ic  h igh Spin molecules,  
we addressed ourse lves  t o  s a l t s  o f  Po1y rad ica i - ca t i ons  1. 

Mono- and d i -  r a d i c a l - c a t i o n  generated f r o m  pe rch lo ro -  
biphenyl/SbFg have been s t u d i e d  a t  severa l  temperatures w i t h  UV- 
Vis  and ESR SpeCtroSCoDieS. The s p e c t r a l  data agree With a D2d 
w o u n d - s t a t e  t r i p l e t  With two l o c a l i z e d  e l e c t r o n s ,  each one 
p laced  (and de loca l i zed )  o n l y  on one Dnenyl mo ie ty .  

INTRODUCTION 

The search f o r  fe r romagnet ic  o rgan ic  COmpOUndS (VOleCUlar s o l i d s  or 

polymers) i s  an area o f  i nc reas ing  i n t e r e s t .  F e r r o m g n e t i s m  i s  a m c -  
roscop ic  p r o p e r t y  which r e q u i r e s  a Sp in  a l ignment  t h r O U g h O U t  t h e  

S o l i d .  Therefore,  t h e  ex i s tence  o f  fe r romagnet ic  coup l i ngs  among 
open-shel l  molecules ( i n  molecu la r  s o l i d s )  or c o n s t i t u e n t  u n i t s  ( i n  

po lymer ic  chains o r  networks) i s  a necessary p r e r e q u i s i t e  f o r  t h i s  
p roper t y .  Three w e l l - t h e o r e t i c a l l y  founded approaches a r e  be ing  f o l -  

lowed i n  order t o  ach ieve  these fe r romagnet ic  coup l i ngs  among t h e  
r e p e t i t i v e  u n i t s :  ( 1 )  s t r o n g  c o n f i g u r a t i o n a l  admixing w i t h  s p i n .  con- 
s e r v a t i o n  o f  a v i r t u a l  e x c i t e d  s t a t e  w i t h  t h e  ground s t a t e , '  (2) 

He i t le r -London Spin exchange between P o s i t i v e  and n e g a t i v e  Spin den- 
~ i t i e s , ~  and (3) The so-cal i e d  " t o p o l o g i c a l  degenerat ion" approach 

which c o n s i s t s  on l a r g e  n o n - d i s j o i n t  a i t e r n a n t  hydrocarbons w l t h  

p a r t i a l l y  occupied degenerate non-bonding molecu la r  o r b i t a l s . 3  

M i l l e r  and CO-Workers have r e c e n t l y  demonstrated t h a t  b u l k  f e r -  

romagnetism i s  ach ievab le  i n  mo lecu la r  s o l  i dSs4  Nevertheless,  exten- 
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444 JAUME VEC I ANA, JOSE V I  DAL and NATHAL I E J U L L  I AN 

s i v e  exper imenta l  and t h e o r e t i c a l  s t u d i e s  a r e  s t i l l  r e q u i r e d  in  order  

t o  g e t  a deeper understanding and even t o  c o n t r o l  t h e  coopera t i ve  
phenomena i n  o rgan ic  s o l i d s .  Those concern ing  W i t h  t h e  d i f f e r e n t  
mechanism f o r  t h e  S t a b i l i z a t i o n  o f  fe r romagnet ic  coup l ings  would be 

Part iCUlarY promising. 
Whangbo has descr ibed w i t h i n  t h e  HartI'ee-FOCk band theo ry  t h e  

problem o f  t h e  r e l a t i v e  stab1 I i z a t i o n  o f  meta l  I i c  (H I  versus rrMgnetiC 
i n s u l a t i n g  ( fe r romagnet ic ,  FM, and a n t i f e r r o m g n e t i c .  AF) S ta tes  i n  a 
regu la r  Essen- 

t i a l l y  t h i s  problem i s  reduced on how w e l l  e l e c t r o n - e l e c t r o n  r e p u l -  
s ions  a r e  screened by t h e  bonding i n t e r a c t i o n s  between t h e  repea t  

u n i t s .  So, when t h e  r e s u l t i n g  b8nd wide, W, o f  a cha in  o f  h a l f - f i l l e d  
i n t e r a c t i n g  o r b i l t a l s  i s  smal le r  than o n - s i t e  e l e c t r o n - e l e c t r o n  r e p u l -  

s i o n  term, V, ( i , e , ,  W<V) t h e  i n s u l a t i n g  FM and A F  s t a t e s  a r e  ener- 
g e t i c a l l y  favoured over t h e  M s t a t e .  A t  t h e  l i m i t  case Where t h e  
ove r lap  between t h e  i n t e r a c t i n g  o r b i t a l s  i s  r e a l l y  zero, and hence 
w-0, t h e  p r e f e r r e d  s t a t e  would be t h e  FM where t h e  e l e c t r o n s  would be 

f e r r o m a g n e t i c a l ~ y  coup led  and l o c a l  i zed  on each repea t  u n i t . 6  Th is  

cha in  w i t h  one (or more) p a r t i a l l y  f i l l e d  band ( s ) ~ .  

s t a b i l i z a t i o n  t u r n s  o u t  t o  be q u i t e  analogous t o  t h a t  p r e d i c t e d  f o r  
t w i s t e d  e thy lene  (D2d) Where t h e  t r i p l e t  would be t h e  ground S t a t e  . 7  

TO our Knowledge t h i s  approach t o  FM c o u p l i n g  s t a b i l i z a t i o n  ha9 
n o t  heen exper imen ta l l y  t e s t e d  i n  o rgan ic  comounds. Thus, we addresecr 

ourse lves  t o  d i -  and p o l y  rad i ca l -Ca t ions  w i th  t h e  c o n v i c t i o n  t h a t  
neighbour r i n g s  would be canted perpend icu la r  t o  one another due t o  
t h e  bu lky  o r tho -ch lo r i nes ,  as i s  indeed observed for perch lo rob ipheny l  
(can t  angle ca. 8 ~ 1 . 8  

SCHEME I 

d 'u I 
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ORTHOGONALITY TOWARDS HIGH S P I N  NOLECULES 445 

RESULTS AND D I SCUS I ON 

Synthes i 3 

Dehydrocoupl ing (Schol I )  r e a c t i o n s ,  us ing  SbF5 as t h e  Lewis a c i d  
c a t a l y s t - o x i d a n t  agent, were c a r r i e d  o u t  w i th  DentachlorObenZene and 
1,2,4,5-tetrachlorobenzene y i e l d i n g  pe rch lo rob ipheny l  3 and p o i y ( p -  

perc:hloropnenYlene) 3 (degree of pol~mer i z a t i o n ,  5551, r e s p e c t i v e l y .  

SCHENE 2 

c1 c1 c1 c1 c1 c1 
2 (93 $ 1  - 

SbF5 

l B ' C ,  lh 
C l - ( @ H  - 

c1 c1 c1 c1 c1 c1 

c1 c1 c1 c1 
SbF5 

BO'C, 22h - 
c1 c1 C l  C l  

The appearance o f  t h e  uv spec t ra  o f  polymer 3 i s  ve ry  c l o s e  t o  
those o f  Cgc16 and 3;9 c o n s i s t i n g  o f  a s t r u c t u r a t e d  m e d i u m i n t e n s I t y  

secondary band and an In tense pr imary band w i t h o u t  t h e  presence O f  any 
in tense ConJugatton band around 300 nrn. consequent ly,  i n  2 a complete 
i n h i b i t  on o f  resonance between t h e  phenylene m i e t ~ e s  occurs  Uue t o  

s t e r i c  n t e r a c t i o n a  among t h e  f o u r  _o-cnlor lnes causing t h e  r i n g s  t o  be 
perpend c u l a r  t o  each o ther  and, t h e r e f o r e ,  spectroscoptC811Y Indepen- 

dents. 

Rad ica l -ca t ions  qenera t i on  

Treatment o f  w i th  SbF5 under Ar atmospnere BfPOrded a deep b l u e  ESR 

a c t i v e  s o l u t i o n  due t o  r a d i c a l - c a t i o n s  f o r m t i o n .  These spec ies  a r e  
c o m l e t e l y  s t a b l e  i n  t h i s  ox idan t  media even a t  nigh temperatures.  
Thus, Quenching ( i n  aq H C I )  t h e  SbF5 s o l u t i o n  a f t e r  h e a t i n g  at, 80 OC 
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446 JAUHE VECIANA, JOSE VIDAL and NATHALIE JULLIAN 

dur ing 15 days af forded_2.  

TWO d i f f e r e n t  r a d i c a l  species a re  fOPm3d dur ing Oxidat ion o f  2, 
as ascer ta ined from ESR studies.  Thus, dur ing t h e  course o f  t h e  
ox ida t i on  two d i s t i n c t  s igna ls  a r e  s imultaneously developed (Figure 
1 1 :  an asymnetrical c e n t r a l  l i n e  (MrKed w i th  A) and four  broad l i n e s  
(marked With A) c h a r a c t e r i s t i c  o f  a t r i p l e t .  The i n t e n s i t y  o f  c e n t r a l  
l i ne ,  r e l a t i v e  t o  those o f  t he  t r i p l e t  ones, i s  almost reduced t o  zero 
by sample d i l u t i o n  With pure SbF5 and, fur thermore, t h e  s a t u r a t i o n  be- 

haviour o f  cen t ra l  l i n e ,  when inc iden t  microwave power i s  changed, i s  

d i f f e r e n t  (saturates f a s t e r )  t o  t h a t  observed f o r  t he  t r i p l e t  I ines. 

a 10 min. 
b 20 - 
C 40 - 
d 70 I 

e 190 " 

+ X I 0  

Id77 

i i  
I 

i i i  
3310 

, looOl(u. 

FIGURE 1 .  Evo lu t i on  w i th  t ime o f  t h e  ESR a b s o r ~ t i o n s  i n  the  
o x i d a t i o n  o f  _1 w i t h  SbF5 a t  80 _PC. The spectra 
where r e g i s t e r e d  i n  g lass SbF5 ( a t  -130 O-C) a f t e r  
quenching the  o x i d a t i o n  by f ree2 ing. 

Such r e s u l t s  c l e a r l y  demonstrate t h a t  a two-step o x i d a t i o n  o f  2 
takes Place producing a r a d i c a l - c a t i o n  and a doubled-Charged t r i p l e t .  
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ORTHOGONALITY TOWARDS HIGH SPIN MOLECULES 441 

ESR and uV-V is ib le  Charac te r i za t i on  

The average g-value, 2,0131, o f  r a d i c a l - c a t i o n  i s  ve ry  c l o s e  t o  t h a t  

p r e v i o u s l y  r e p o r t e d  fo r  r a d i c a l - C a t i o n  o f  hexachlorobenzene, g= 

2.0156,1° p e r m i t t i n g  the re fo re  t o  ass ign  t h i s  a b s o r p t i o n  t o  2. The 

$ 1  i g h t  asymne t ry  observed fo r  t h i s  s i g n a l  has been t e n t a t i v e l y  
adscr ibed t o  an a n i s o t r o p i c  g-tensor (Lineshape has been s imu la ted  

w i t h  g,, =2.0019, g ~ = 2 , 0 1 8 7  and lorentz ian h a l f - w i d t h  a t  h a l f - h e i g t h ,  

Wo= 15 Gauss). 

Z e r o - f i e l d  s p l i t t i n g  parameters o f  t h e  double-charged t r i p l e t ,  

ID/hcl= 0.013 cm-1 and IE/hcl!  0.002 cm-1 (g =g =2.0157) have been 

determined by a s imu la t i on  procedure (F igu re  2b). A S  occurs f o r  
t r i p l e t  m l e c u l e s  d i s s o l v e d  in  a host-matr ix  w i th  a markedly d i s -  

s i m i l a r  geometry, the l i n e w i d t h  o f  t r i p l e t / S b F g  spectrum i S  ve ry  
broad. so, i t  appears l i k e l y  t ha t  a range o f  solute-so lvent  con- 
f i g u r a t i o n s  i s  t o l e r a t e d  w i t h  the va r ious  c o n f i g u r a t i o n s  d i s p l a y i n g  a 
d i s t r i b u t i o n  o f  D values w i t h  a mean o f  0.013 cm-1. Such mean va lue  

i s  w e l l  below t o  t h a t  o f  t h e  t r i p l e t  heXaChlorobenZene d i c a t i o n ,  

ID/hCl=O.lOlE cm- l , l o  i n d i c a t i n g  t h a t  t h e  two e lec t rons  a r e  on 

average f u r t h e r  a p a r t  than i n  c6c15+2* From the r e l a t i o n s h i p  , D ’ =  

2.79*104/r3 where D ’ i s  in  Gauss and r in  A,  it i s  p o s s i b l e  t o  es t ima te  

t h e  average i n t e r s p i n  d i s tance  o f  the t r i p l e t ,  r 1 , 2  w 5 .9 i0 .3  A. 
Such d i s tance  i s  somewhat l a r g e r  than tha t  between the cen te rs  o f  

two phenyl r i n g s ,  4.2 A ,  suggest ing  t h a t  each e l e c t r o n  i s  deloca1 i zed  

on t h e  carbon and c h l o r i n e  atoms o f  o n l y  one phenyl mo ie ty ,  as i n s .  
The n e g l i g t b l e  E va lue  agrees w i t h  an a x i a l  S Y t ? m t r Y  (D2 or D2d) as i s  

expected f r o m  t h e  l a r g e  r e p u l s i o n s  between 9-ch lo r ine  atoms. 

X Y  2 
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448 JAUME VECIANA, JOSE VIDAL and NATHALIE JULLIAN 

a 

FIGURE 2. a )  Observed ESR spectrum o f  i n  g lass SbF5 ( a t  
-130 O C ) .  b) sum o f  s imulated spectra o f  ran- 
domly o r i e n t e d  species: 1 )  tr l p l e t s  (95%) 
w i t h  Dt=135 Gauss, E’=o, 9=2.0157, and w0=42 
Gauss and 2) r a d i c a l s  ( 5 % )  w i t h  g,,=2.0019, 
u=2.0187,  and w0=15 Gauss. 

The UV-v is ib le  spectra o f  rad i ca l -Ca t ion  and t r i p l e t 2  i n  SbF5 

s o l u t i o n  a t  r . t .   bow absorpt ion m a x i m  a t  247, 275, 335, 555 and 600 

nm. A p o i n t  worth n o t i c i n g  i s  t h a t  t r i p l e t  2 does n o t  show any addi-  

t i o n a l  absorpt ion ne i the r  S i g n i f i c a n t  band s h i f t  w i t h  respect  t o  
rad i ca l - ca t i on  3 .  Therefore, t he  two r a d i c a l - c a t i o n  SubStUCtureS o f  3 
a r e  not  i n  conjugat ion w i t h  one another in  a c l a s s i c a l  n sense , i n  

s p i t e  themselves a re  c l a s s i c a l l y  delocal ized. ACCOrdinglY, t r i p l e t  5 
belongs t o  p o i n t  group D2d w i t h  both pnenyl groups or tnogonal ly  d i s -  

posed. 

The Curie-Weiss p l o t  o f  t h e  i n t e n s i t y  o f  t he  Am,=2 l i n e  vs l / T  

over t he  range 139-233K g ives a S t r a i g h t  l i n e  ( P =  0.997). Such r e s u l t  
agrees w i t h  a ground- s t a t e  t r i p l e t  f o r  5. 
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ORTHOGONALITY TOWARDS HIGH S P I N  MOLECULES 449 

Expansion o f  t he  above descr lbed r e s u l t s  t o  extenaes) systetn.r;, 
such as  pe rch lo ro te rpheny l ,  perChlori)qUdterphefiyl  and p o i y ( y -  

perchloropt iet iy lene) 2, i s  i t1 p rogress .  

CONCLUDING REMARKS 

TtieSe p r e l t m l n a r y  r e s u l t s  show t h a t  OPthOgOnalttY o f  partially f l l l e n  

o r b l t a l s  tn a r e g u l a r  Chain I S  a p romls tng  s t r a t e g y  I n  o rder  t o  

a c t i l e v e  fe r romagnet ic  coup1 tngs,  I n  agreement w l t t i  t h e o r e t t c d l  expec- 

t a t l o n s .  So, ex tens lon  o f  t h l s  s t r a t e g y  t o  o ther  ~ e r l e ~  o f  o ryan tc  

coMuounds, Specially t o  n e u t r a l  p o l y r a d t c a l s ,  1 3  encouraged. 
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