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MAGNETIC INTERACTION BETWEEN THE PHOTOCHEMICALLY 

SKELETON OF PPV 
GENERATED TRIPLET CENTERS THROUGH THE JT-CONJUGATED 

TERUYUKI MITSUMORI, NOBORU KOGA, AND HIIZU IWAMURA 
Department of Chemistry,  Faculty of Science,  
The  Universi ty  of Tokyo,  7-3-1 Hongo,  Tokyo 113, Japan  

A b s t r a c t  
theor ies  on  i t s  topological  symmetry and expec ted  t o  have  
in te res t ing  magnet ic  propert ies .  Dini t renes  Zn a n d  3~ w o u l d  
se rve  a s  pro to types  for  eva lua t ing  the  s ign  and magn i tude  of 
the  in t ramolecular  coupl ing i n L .  24 a n d  
chemica l ly  genera ted  from 
found t o  have ground t r iplet  s ta tes  by means of ESR 
spec t roscopy.  

P P V L i s  considered to  be a h igh-sp in  polymer  by 

w e r e  p h o t o -  
a n d  b , respect ively,  and 

Keywords. poly-(phetiylenevinylene), conjugated polymers, dinitreties, high-spin, open-shell, paramag- 
netic 

One of the promising s t ructures  leading t o  organic  molecules  wi th  
supe rh igh - sp in  ground s ta tes  is  a z -conjugated  polymer  hav ing  o p e n  
she l l  cen ters  a s  pendants  in  the s ide  chains . l  PPV (Poly- 
(pheny lenev iny1ene )p  has  been taken  in to  account  i n  th i s  s tudy  a s  a 
ve r sa t i l e  po lymer  main chain for  making poten t ia l ly  h igh-sp in  
o rgan ic  polymers?  While  PPV L i s  predicted to  be supe rh igh - sp in  
by theor ies  on  i t s  topological  symmetry,  it is necessary t o  know the  
s ign  and  magni tude  of the  in t ramolecular  coupl ing  be tween the  two  
ne ighbor ing  open-she l l  cen ters  in PPV L, experimental ly .  For  this  
pu rpose ,  we  p repa red  p ro to type  d imers  2 a n d  and  s t u d i e d  how 
the  two n i t rene  centers  would couple  through the  JC - con juga ted  
chromophores .  Ni t renes  have been chosen  a s  t r ip le t  cen te r s  
because  paramagnet ic  samples  a re  phtochemica l ly  genera ted  f rom 
the  cor responding  d iamagnet ic  azides .  
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52//344] T. MITSUMORI ET AL. 

X : spin source 
20 Xi : N: 

1 
R : OC18 Ha7 

SYNTHESES 

Prepa ra t ion  of c i s  and  t r a n s  isomers  of d i a z i d e s h  a n d  hi a s  
precursors  of n i t renes  is  summarized in Scheme 1. I somer ic  s t i lbene  
d i b r o m i d e s  4 a n d  9 were  prepared by the Wit t ig  reac t ion  t o  g ive  a 
c is-r ich m i x t u r e  ( c i s  : t r a n s  = 7 : 3 ) from whichc i s  a n d  t r a n s  
i somers  were  separa ted  and purif ied by f rac t iona l  recrys ta l l iza t ion  
f rom hexane .  T h e  s teary loxy  subst i tuent  was  in t roduced  t o  increase  
the  so lubi l i t i es  of these compounds and the higher  homologs.  Each  
d ib romide  was  l i th ia ted  wi th  t -bu ty l l i th ium,  fo l lowed by the  
r eac t ion  w i t h p - t o s y l  az ide  to  afford diazides  Za a n d  U i n  55 and  
60 % yields ,  respectively.  Photolysis (A > 420 nm ) of b a n d  h i n  
2-methyl te t rahydrofuran  ( MTHF ) matr ices  a t  c ryogen ic  
tempera ture  was  carr ied out  in  an EPR cavi ty  and fol lowed by EPR 
m e a s u r e m e n t .  

SCHEME I 

N: 
t-BuLi 1) TsN 3 

R & 2 a  R & 2 n  
trans % trans L!II 
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MAGNETIC INTERACTION [345]/53 

GENERATED ISOMERIC DINITRENES 

X-band EPR spec t ra  of ;Ln and  2-n in MTHF matr ix  at 1 0  K are  
reproduced  in  F igures  l a  and l b ,  respect ively . 

qu in te t  d in i t r ene  appeared  at  849 ,  817 ,  and 6 1 8  rnT in  p a i r s  
toge ther  wi th  those  due  t o  isolated mononi t renes  ( X  = Y t rans i t ion  ) 
c a r r y i n g  o - a n d  m -v inyl  subs t i t uen t s  a t  659  and 677  mT,  
respect ively.  Zero f ie ld  spl i t t ing ( zfs ) parameters  for  the  quin te t  
s t a t e s  w e r e  de t e rmined  t o  be  ( D i l h c  I = 0.150 , I E i l h c  I = 0.012 
c m - l  ; ( & / h c  I = 0.159 , IEzlhc I = 0.008 cm- by app ly ing  a third- 
o rde r  per turba t iona l  method t o  the  h ighes t - f ie ld  Z t r ans i t i on  ( m  s = 

- 2  + -1 ) a n d  next  h ighes t - f ie ld  Y t ransi t ion ( m  s = 1 - 2 )? T h e s e  
va les  a re  qui te  s imi la r  to  those o f m , p ’ a n d  m,m’ t rans  i s o m e r ~ . ~ . 9  

Tempera tu re  dependence  of t he  s igna l s  of 3-n due  t o  t h e  
quin te t  s t a t e s  i s  reproduced in  Figure 2a.  The  observed  p lo t s  
obeyed  a Cur ie  law in the temperature  range 13 -85  K, ind ica t ing  
that  t he  qu in te t  spec ie s  a re  e i ther  ground s t a t e s  o r  degene ra t e  wi th  
s ing le t  s ta tes .  S ince  any additional s ignal  due possibly to  an exc i ted  
t r ip le t  s t a t e  was  not de tec ted ,  the la t ter  poss ib i l i ty  was  regarded  t o  
b e  r e m o t e .  

When d iaz ide  was  i r radiated,  s igna l% charac te r i s t ic  of 

In the  case  of Zn, character is t ic  s igna ls  of quintet  d i n i t r e n e d  
were  obse rved ,  t oo ;  peaks a re  a t  1186  and 259  mT. But  on ly  one  
peak  cha rac t e r i s t i c  of a t r ip le t  mononi t rene  was  observed  a t  6 7 6  m T  
tha t  a r e  a t t r i bu ted  t o  rn-vinyl subs t i tu ted  n i t r ene  and i t  w a s  r a the r  
s t rong  , compared wi th  the quintet  s ignals .  It i s  l ike ly  that  t he  
n i t renyl  center  or tho  to  the  double  bond i s  very  reac t ive  aga ins t  i t  
and  the  spec t rum i s  dominated  by m-mononi t rene .  T h e  z fs  
p a r a m e t e r s  of  2-n were  computed  t o  be  IDlhc I = 0.265 cm-1. T h e  
IE lhc  I va lue  cou ld  not  be  de te rmined  because  Y t r ans i t i on  w a s  not  
o b s e r v e d .  

Tempera tu re  dependence  of the  s igna ls  of Zn due  t o  the  
quin te t  s t a t e  i s  reproduced in Figure 2b. The  observed  p lo ts  obeyed  
a Cur ie  law in  the  tempera ture  range 13-85  K. T h e  quin te t  s t a t e  i s  
t he re fo re  a g round  s ta te .  
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FIGURE 1. X-band EPR spectra in MTHF matrix at 10K of 
a )  2 (v = 9.4148 GHz ) and b) Z ( v  =9.4188 GHz ) 
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FIGURE 2. Temperature dependence of the quintet s ignals  
a)  at 1 9  (.) and 265  (A) mT f o r L  and b)  at 19 (.) and 
2 4 6  (A) mT for 2 in EPR spectra 
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MAGNETIC INTERACTION 13471155 

DISCUSSION 

T h e  z f s  pa rame te r s  of the  quin te t  s t a t e s  formed f rom weak ly  
in te rac t ing  t r ip le t  spec ies  depend more on  the  re la t ive  o r i en ta t ion  of 
the  two  t r ip l e t s  ra ther  than the  d is tance  separa t ing  them.  T h i s  i s  
expla ined  in  te rms  of the  sp in  Hamil tonian for  the sys tem cons i s t ing  
of weakly  in te rac t ing  uni ts  a and b a s  wr i t ten  in  eq 1: 

The  d ipolar  coupl ing tensor  DQof the quin te t  i s  then  g iven  by  e q  
H = Ha(1) + Hb(2) + Ha 4192) (1) 

2,596 

DQ = ( DaT+DbT)  / 6 t DabT/3 (2)  
When the  component  t r i p l e t s  a and b have  s t rong  one -cen te r  

interact ion a s  in  ni t renes ,  their  dipolar  coupl ing tensors ,  DaT and  bT, 
are  much l a rge r  than DabT. When the las t  term in eq 2 thus  d rops  
out,  DQ becomes  independent  of t he  d is tance  be tween the  t w o  
t r ip l e t s  a and b but  depends  only  on the i r  re la t ive  o r i en ta t ion?>6  
There fo re  the  zfs parameters  can  be es t imated  fo r  g iven  s t ruc tu res  
of the  d in i t renes  by the sum of the dipolar  coupl ing  tensors  DT o f  
each  t r iplet  spec ies .  

The  or ien ta t ion  can  be def ined by the  ang le  6 m a d e  by  t h e  t w o  
ca rbon-n i t rogen  bonds.  With the z f s  parameters  of the  monon i t r ene  
t r iplet  observed in the spectra  for  the calculat ion of DT, w e  could  
e s t ima te  t h e  pa rame te r s  of the quin te t  wi th  the  s t ruc tu re  6 =  0", 
120" (cis 2) ; 6 = O", 120" ( t rans  3)(Table  1) .  

0.150 0.012 
t r a n s  0.159 0.008 

0.303 0.000 

0.265 0.000 

0.265 

0.265 0.000 
0.303 0.000 

2 n  

( cm- ' )  

TABLE 1. Observed and calculated zfs values for  Zn a n d  U 
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56113481 T. MITSUMORI ET AL 

In the  case  of a the  observed zfs parameter  co r re sponds  
nicely to  that  of the  O =  0" st ructure .  But in  the case  of- t h e  
observed  zfs parameters  are  not c lose t o  the calculated va lues .  T h i s  
sugges t s  that  the las t  term of eq 2 may not be neglected i n h  i n  
which  the  two  n i t rene  uni t s  might interact  s t rongly .  

t r ans - s t i l bene  ske le ton ,  they couple  s t rongly in  a fe r romagnet ic  
fashion,  too? In the  cor responding  m,m ' i somer ,  a qu in te t  s t a t e  i s  
found a s  an  exc i ted  s ta te  higher  in energy  by 6 J =  -84 .6  c m - l  t h a n  a 
s i n g l e t 8  These  resu l t s  together  wi th  those of the present  s tud ie s  o n  
t h e  o ,m'  i somers  demonst ra te  that  topology of the  x -con juga ted  
polyradica ls  is the  most important  fac tor  in  de te rmining  the  s ign  of 
the  magnet ic  coupl ing.  Geometrical  isomerism is less  important  in  
th i s  respec t .  

When two n i t rene  centers  a re  placed a t  the m,p' pos i t ions  of a 

CONCLUSION 

Two isomer ic  d in i t renes  of c is-s t i lbene 2-n a n d  t r a n s - s t i l b e n e  h 
have been genera ted  and s tudied by X-band ESR spec t roscopy.  T h e  
in te rac t ion  of the  two remote t r iplet  n i t rene  uni t s  connec ted  
through the  s t i lbene  skeleton is suff ic ient ly  s t rong  t o  form the  
quin te t  s ta tes .  These  high-spin s t a t e s  a re  ap t  t o  be ground s t a t e s .  
Thus  we have  obta ined  experimental  ev idence  fo r  the co r rec t  
mo lecu la r  des ign;  head-to- ta i l  homopolymer L shou ld  be  a super-  
h igh-sp in  PPV. The t tans- form is  preferable  because of i t s  s tab i l i ty .  
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