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The  emiss ion  in  organic  e lec t ro luminescent  (EL)  mater ia l  o r ig ina tes  

f rom the  charge  recombina t ion  reac t ion  be tween  pos i t ive  and  nega t ive  

charge  car r ie r s .    These  car r ie r s  a re  o rganic  rad ica l  ions  of  a  s ing le  

molecu le ,  such  as  t r i s  (8-hydroxyquinol ine)  a luminum,  Alq3 ,  o r  a  un i t  o f  

o rganic  po lymers ,  such  as  po lyphenylenevinylene  (PPV) .    S ince  these  

car r ie r s  have  no t  on ly  charges  bu t  a l so  e lec t ron  sp ins ,  the  sp in  

conserva t ion  mus t  be  ho ld  in  the  charge  recombina t ion .    Therefore ,  the  

modula t ion  of  the i r  e lec t ron  sp ins  by  s ta t ic  and  a l te rna t ing  magnet ic  f ie lds  

induces  many effec t s  on  the i r  emiss ion  dynamics .    Such  phenomena  a re  

ca l led  to  be  “sp inchemica l” .  

The  EL in tens i ty  of  the  PPV mater ia l  i s  enhanced  by  the  appl ica t ion  of  

the  ex te rna l  magnet ic  f ie ld  (c f .  F ig .  1 ) .    I f  the  sp in  s ta tes  o f  car r ie r s  a re  

f ixed  a t  the i r  in jec t ion ,  the  y ie ld  of  s ing le t  emiss ion  should  be  25  % and  

invar ian t .    Th is  observa t ion  ind ica tes  tha t  the  magnet ic  f ie ld  can  modi fy  

the  sp in  s ta te .    The  energy  separa t ion  be tween  s ing le t  and  t r ip le t  exc i tons  

i s ,  however,  too  la rge  to  modi fy  the i r  popula t ion  by  magnet ic  f ie lds ,  which  

was  the  c lass ica l  a rgument  aga ins t  the  ex te rna l  magnet ic  f ie ld  e ffec t s .    The  

or ig in  of  th i s  separa t ion  i s  the  exchange  in te rac t ion  be tween  e lec t ron  sp ins ,  

which  decreases  exponent ia l ly  wi th  increas ing  the  d i s tance  be tween  sp ins .   

Therefore  tha t  be tween  the  separa ted  double t  spec ies  i s  much  smal le r  than  

those  in  exc i tons  and  i t  enab les  the  modi f ica t ion  of  sp in  s ta te  by  the  

magnet ic  f ie lds .    Th is  i s  the  concept  o f  “ rad ica l  ion  pa i r”  o r  “ rad ica l  pa i r”  

in  sp inchemis t ry.  



In  l iqu id  phase ,  the  mot ion  of  rad ica l  i s  f ree  and  thus  the  d i s tance  

be tween  rad ica l s  i s  random.    Consequent ly,  the  magni tude  of  the  exchange  

in te rac t ion  i s  neg l ig ib le  except  fo r  the  cha ined  rad ica l s  o r  conf ined  

rad ica l s  in  a  smal l  reg ion .    On  the  o ther  hand ,  even  an  amorphous  so l id  has  

a  re la t ive ly  f ixed  d is tance  be tween  molecu les  o r  po lymer  un i t s ,  which  

makes  a  se r ies  o f  the  magni tudes  of  exchange  in te rac t ion .    Therefore ,  the  

cont r ibu t ion  of  exchange  in te rac t ion  in  sp inchemica l  phenomena  i s  an  

in te res t ing  sub jec t  in  so l id .  

The  ex te rna l  magnet ic  f ie ld  e ffec t  

(MFE)  on  the  EL in tens i ty  shown in  F ig .  

1  i s  induced  by  the  b lock ing  of  the  sp in  

convers ion  in  the  presence  of  magnet ic  

f ie lds  as  observed  in  l iqu id  phase  

reac t ions .    I t s  opera t ing  vo l tage  

dependence  has  no  para l le l  case  in  

so lu t ion .    Fur thermore ,  the  la rger  MFE in  

l iqu id  phase  impl ies  a  longer  l i fe t ime of  the  emiss ion  precursor.    Th is  

s lower  charge  recombina t ion  i s  an  unwanted  charac te r  fo r  EL mater ia l s  and  

i s  hard ly  acceptab le  as  an  in te rpre ta t ion  for  es tab l i shed  EL mater ia l s .  

 The  e lec t ron  sp in  resonance  

( i . e .  a l t e rna t ing  magnet ic  f ie ld )  

reduces  the  EL in tens i ty  by  

conver t ing  the  s ing le t  rad ica l  ion  

pa i r  to  the  t r ip le t  one .    Th is  

microwave  e ffec t  becomes  la rger  

when  the  opera t ing  vo l tage  i s  

removed  f rom the  dev ice  as  shown 

in  F ig .  2 .    The  magni tude  of  the  

microwave  e ffec t  shown as  the  b lue  l ine  in  F ig .  2  should  be  propor t iona l  to  
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the  amount  o f  the  emiss ion  precursor  and  i t  mus t  be  the  same to  the  decay  

of  emiss ion  in tens i ty  shown as  the  dashed  l ine .    On  the  o ther  hand ,  the  

MFE of  EL in tens i ty  shown as  the  red  l ine  increases .    These  phenomena  

ind ica te  tha t  the  c i rcumstance  of  the  emiss ion  precursor,  the  rad ica l  ion  

pa i r,  changed  by  the  removal  o f  opera t ing  vo l tage .    The  mos t  p laus ib le  

in te rpre ta t ion  i s  tha t  the  magni tude  of  exchange  in te rac t ion  increases  wi th  

increas ing  the  appl ied  vo l tage .    Thus  the  removal  o f  the  opera t ing  vo l tage  

enhances  the  microwave  e ffec t  and  MFE of  EL as  shown in  F ig  2 .    Th is  a l so  

expla ins  the  opera t ing  vo l tage  dependence  of  MFE shown in  F ig .  1 .    These  

resu l t s  ind ica te  the  impor tance  of  exchange  in te rac t ion  in  so l ids .  

F ig .  3  shows  the  energ iz-

a t ion  t ime dependence  of  the  EL 

in tens i ty  and  i t s  MFE of  a  f resh  

dev ice .    In  the  ear ly  s tage  of  the  

energ iza t ion ,  the  in tens i ty  

increases  wi th  t ime  and  i t s  MFE 

was  found  to  increase  more  

s lowly.    The  re ta rda t ion  of  

charge  recombina t ion  as  an  

or ig in  of  the  enhancement  o f  

MFE cont rad ic t s  tha t  o f  EL in tens i ty  because  i t  p romotes  para l le l  

quenching  processes  compet ing  the  charge  recombina t ion .    The  reduc t ion  

of  the  exchange  in te rac t ion  expla ins  th i s  observa t ion .    The  increase  of  the  

average  d is tance  of  the  charge  recombina t ion  induces  bo th  the  reduc t ion  of  

exchange  in te rac t ion  and  the  expans ion  of  the  recombina t ion  a rea  of  each  

reac t ion  cen te r.    In  th i s  contex t ,  the  increase  of  MFE and  tha t  o f  EL 

in tens i ty  a re  symbio t ic .  

The  cont ro l  o f  exchange  in te rac t ion  by  the  appl ied  vo l tage  wi l l  b r ing  

in  f ru i t fu l  in format ion  on  conduct ion  process  in  o rganic  semiconductors .   
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