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(54)  Polymeric  fluorescent  substance  and  organic  electroluminescence  device 

(57)  Provided  is  a  high  heat-resistant  polymeric  flu- 
orescent  substance  having  a  divalent  condensed  poly- 
cyclic  aromatic  group  of  specific  size  having  a  bonding 
part  at  specific  position  shows  fluorescence  at  a  long 
wave  length  from  orange  to  red,  which  is  useful  for  fab- 
ricating  an  organic  EL  device  having  excellent  proper- 
ties  by  a  coating  method. 
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Description 

[0001  ]  The  present  invention  relates  to  a  polymeric  fluorescent  substance  and  an  organic  electroluminescence  device 
fabricated  by  using  the  polymeric  fluorescent  substance. 

5  [0002]  An  inorganic  electroluminescence  device  (hereinafter,  sometimes  referred  to  as  an  inorganic  EL  device) 
obtained  by  using  as  a  luminescent  material  an  inorganic  fluorescent  substance  has  been  used  for  a  flat  light  source  as 
back  light  and  a  display  apparatus,  such  as  a  flat  panel  display. 
[0003]  This  device,  however,  requires  high-voltage  alternating  current  for  driving. 
[0004]  From  the  standpoint  of  improvement  in  such  an  inorganic  EL  device,  there  have  been  reported  a  device  having 

10  a  two-layer  structure  comprising  a  laminate  of  a  light  emitting  layer  composed  of  an  organic  fluorescent  dye  and  a  layer 
of  an  organic  charge  transporting  compound  (JP-A-59-194393)  and  a  device  using  a  polymeric  fluorescent  substance 
as  a  luminescent  material  (WO  9013148,  JP-A-3-244630).  These  electroluminescence  devices  using  organic  materials 
have  the  feature  that  they  can  provide  multi-color  luminescence  easily  in  addition  to  low  voltage  direct  current  activation 
and  high  luminance  as  compared  with  inorganic  EL  devices. 

15  [0005]  As  polymeric  fluorescent  substance  heretofore  reported,  WO  901  31  48  exemplifies  a  poly-p-phenylenevinylene 
film  obtained  by  forming  a  film  of  a  soluble  precursor  on  an  electrode  and  conducting  heat  treatment,  and  JP-A-3- 
244630  exemplifies  conjugated  polymers  such  as  poly-2,5-dialkoxy-p-phenylenevinylene  which  are  themselves  soluble 
in  a  solvent  and  required  not  heat  treatment.  WO  9610617  exemplifies  as  a  conjugated  polymer  having  a  condensed 
polycyclic  aromatic  group  in  the  main  chain,  a  polyarylenevinylene-based  polymeric  fluorescent  substance  having  a 

20  2,7-pyrenediyl  group  in  the  main  chain. 
[0006]  As  polymeric  fluorescent  substances  showing  luminescent  color  having  a  long  wave  length  from  orange  to  red, 
there  have  been  heretofore  reported  a  polythiophene-based  polymeric  fluorescent  substance  (J.J.  Appl.  Phys.,  30, 
L1938,  (1991))  and  a  poly(arylenevinylene)-based  polymeric  fluorescent  substance  in  which  an  electron  withdrawing 
cyano  group  has  been  introduced  into  a  vinylene  group  (WO  9429883),  however,  there  has  been  reported  no  polymeric 

25  fluorescent  substance  containing  a  condensed  polycyclic  aromatic  ring  having  a  bonding  part  at  specific  position  in  the 
main  chain  of  a  poly(arylenevinylene)-based  polymeric  fluorescent  substance  and  revealing  luminescent  color  having 
a  long  wave  length  from  orange  to  red. 
[0007]  The  poly(arylenevinylene)-based  polymeric  fluorescent  substances  used  in  organic  EL  devices  heretofore 
reported  had  the  restriction  that  when  they  are  obtained  via  intermediates  soluble  in  solvents,  heat  treatment  is  neces- 

30  sary  and  only  substrates  having  high  heat-resistance  can  be  used.  Further,  there  has  been  a  problem  that,  for  obtaining 
a  polymeric  fluorescent  substance  soluble  in  a  solvent,  introduction  of  a  flexible  repeating  unit  into  the  main  chain  or 
introduction  of  a  flexible  side  chain  having  high  affinity  with  a  solvent  is  required  and  heat-resistance  of  the  device 
decreases  when  temperature  is  raised  since  then  the  polymeric  fluorescent  substance  is  easily  softened. 
[0008]  An  object  of  the  present  invention  is  to  provide  a  polymeric  fluorescent  substance  which  shows  fluorescence 

35  at  a  long  wave  length  from  orange  to  red,  has  excellent  heat-resistance  and  is  soluble  in  a  solvent,  and  an  organic  EL 
device  having  excellent  properties  which  can  be  easily  fabricated  by  a  coating  method  using  the  same. 
[0009]  This  object  could  be  achieved  on  the  basis  of  the  finding  that  a  polymeric  fluorescent  substance  having  a  diva- 
lent  condensed  polycyclic  aromatic  group  of  specific  size  having  a  bonding  part  at  a  specific  position  shows  fluores- 
cence  at  a  long  wave  length  from  orange  to  red  and  has  high  heat-resistance,  and  an  organic  EL  device  can  be  easily 

40  fabricated  by  a  coating  method  using  the  above-described  polymeric  fluorescent  substance  and,  further,  this  organic 
EL  device  exhibits  excellent  properties. 
[0010]  The  present  invention  relates  to  [1]  a  polymeric  fluorescent  substance  showing  visible  fluorescence  in  solid 
state  and  having  a  polystyrene-reduced  number-average  molecular  weight  of  103  to  107,  wherein  the  polymeric  fluores- 
cent  substance  comprises  one  or  more  repeating  units  represented  by  the  following  formula  (1)  and  the  amount  of  these 

45  repeating  units  is  from  0.5  %  by  mole  to  100  %  by  mole  based  on  the  total  amount  of  repeating  units: 

-Ar1-CR1=CR2-  (1) 

wherein 
50 

Ar-|  represents  a  condensed  polycyclic  aromatic  group  which  may  be  substituted  with  a  substituent  selected  from 
a  cyano  group,  an  alkyl  group  having  1  to  20  carbon  atoms,  an  alkoxy  group  or  alkylthio  group  having  1  to  20  carbon 
atoms,  an  alkylsilyl  group  having  3  to  60  carbon  atoms,  an  alkylamino  group  having  1  to  40  carbon  atoms,  an  aryl 
group  having  6  to  20  carbon  atoms,  an  aryloxy  group  having  6  to  20  carbon  atoms,  an  arylalkenyl  group  having  8 

55  to  20  carbon  atoms,  an  arylalkynyl  group  having  8  to  20  carbon  atoms,  an  aralkyl  group  having  7  to  14  carbon 
atoms  and  a  heterocyclic  compound  group  having  4  to  14  carbon  atoms,  and  which  satisfies  the  following  condi- 
tions  (a)  to  (c): 

2 
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(a)  the  condensed  polycyclic  aromatic  group  has  two  bonding  parts  which  are  not  adjacent  each  other,  and  the 
number  of  carbon  atoms  forming  conjugated  bonds  excepting  carbon  atoms  of  said  substituent  is  from  16  to  30; 
(b)  a  condensed  polycyclic  aromatic  compound  obtained  by  substituting  all  substituent  on  Ar-,  by  hydrogen  atoms 
and  by  allowing  the  two  bonding  parts  to  be  bonded  to  hydrogen  atoms  has  a  plane  of  symmetry  or  a  twofold  axis 

5  or  threefold  axis  vertical  to  the  plane  including  the  condensed  polycyclic  aromatic  compound  and  contains  only  6- 
membered-ring  structures; 
(c)  two  carbon  atoms  selected  according  to  the  following  method  have  a  bonding  part: 

any  one  of  the  highest  occupied  molecular  orbitals  of  the  condensed  polycyclic  aromatic  compound  of  (b) 
10  determined  by  a  semi-empirical  molecular  orbital  method,  AM1  method  is  selected,  the  sum  of  squares  of 

atomic  orbital  coefficients  of  only  carbon  atoms  to  which  a  hydrogen  atom  is  bonded  among  carbon  atoms  in 
the  condensed  polycyclic  aromatic  compound  of  (b),  and  two  carbon  atoms  are  selected  from  carbon  atoms 
having  the  largest  and  second-largest  sum  value  as  the  carbon  atoms  having  a  bonding  part;  and  Ri  and  R2 
each  independently  represents  a  group  selected  from  a  hydrogen  atom,  an  alkyl  group  having  1  to  20  carbon 

15  atoms,  an  aryl  group  having  6  to  20  carbon  atoms,  a  heterocyclic  compound  having  4  to  20  carbon  atoms  and 
a  cyano  group. 

[001  1  ]  Further,  the  present  invention  relates  to  [2]  a  polymeric  fluorescent  substance  showing  visible  fluorescence  in 
solid  state  and  having  a  polystyrene-reduced  number-average  molecular  weight  of  103  to  107,  wherein  the  polymeric 

20  fluorescent  substance  comprises  one  or  more  repeating  units  represented  by  said  formula  (1)  and  one  or  more  repeat- 
ing  units  represented  by  the  following  formula  (2),  the  sum  of  the  repeating  units  represented  by  the  formula  (1)  is  from 
0.5  %  by  mole  to  95  %  by  mole  based  on  the  total  amount  of  repeating  units,  the  sum  of  the  repeating  units  represented 
by  the  formula  (1)  and  the  repeating  units  represented  by  the  formula  (2)  is  from  50  %  by  mole  to  100  %  by  mole  based 
on  the  total  amount  of  repeating  units,  and  the  molar  ratio  of  the  sum  of  the  repeating  units  represented  by  the  formula 

25  (1)  to  the  sum  of  the  repeating  units  represented  by  the  formula  (2)  is  from  20:1  to  1  :199: 

-Ar2-CR3=CR4-  (2) 

wherein  Ar2  represents  an  arylene  group  or  a  heterocyclic  compound  in  which  the  number  of  carbon  atoms  forming 
30  conjugated  bond  is  from  4  to  20,  and  is  not  the  same  as  the  Ar-|  group  in  said  formula  (1),  and  R3  and  R4  each  inde- 

pendently  represents  a  group  selected  from  a  hydrogen  atom,  an  alkyl  group  having  1  to  20  carbon  atoms,  an  aryl  group 
having  6  to  20  carbon  atoms,  a  heterocyclic  compound  having  4  to  20  carbon  atoms  and  a  cyano  group. 
[0012]  Further,  the  present  invention  relates  to  a  organic  electroluminescence  device  having  at  least  a  light  emitting 
layer  between  a  pair  of  electrodes  consisting  of  an  anode  and  a  cathode  at  least  one  of  which  is  transparent  or  semi- 

35  transparent,  wherein  the  light  emitting  layer  contains  the  polymeric  fluorescent  substance  according  to  [1]  or  [2]. 
[0013]  The  present  invention  will  be  described  in  detail  below. 
[0014]  The  residue  Ar-|  preferably  satisfies  the  conditions  (a),  (b)  and  the  following  condition  (c'). 

(c')  two  carbon  atoms  selected  according  to  the  following  method  have  a  bonding  part: 
40 

any  one  of  the  highest  occupied  molecular  orbitals  of  the  condensed  polycyclic  aromatic  compound  of  (b) 
determined  by  a  semi-empirical  molecular  orbital  method  is  selected,  the  sum  of  squares  of  atomic  orbital  coef- 
ficients  of  only  carbon  atoms  to  which  a  hydrogen  atom  is  bonded  among  carbon  atoms  in  the  condensed  poly- 
cyclic  aromatic  compound  of  (b),  and  two  carbon  atoms  are  selected  from  carbon  atoms  having  the  largest 

45  sum  value  as  the  carbon  atoms  having  a  bonding  part. 

[0015]  Here,  the  phrase  "a  condensed  polycyclic  aromatic  compound  obtained  by  substituting  all  substituent  on  Ar-| 
by  hydrogen  atoms  and  by  allowing  the  two  bonding  parts  to  be  bonded  to  hydrogen  atoms  has  a  plane  of  symmetry  or 
a  twofold  axis  or  threefold  axis  vertical  to  the  plane  including  the  condensed  polycyclic  aromatic  compound"  of  (b) 

so  means  that  when  the  plane  structure  of  the  condensed  polycyclic  aromatic  compound  is  represented  by  a  usually  used 
plane  structural  formula  as  shown  in  Formula  (I)  (each  benzene  nucleus  is  represented  by  a  regular  hexagon),  the  plane 
containing  the  condensed  polycyclic  aromatic  compound  is  the  plane  of  this  paper  where  the  plane  structural  formula 
is  shown,  and  the  compound  has  a  plane  of  symmetry  or  a  twofold  axis  or  threefold  axis  vertical  to  the  above-described 
plane. 

55 
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15  [001  6]  The  judgement  of  symmetry  is  effected  based  on  the  above-described  two-dimensional  plane  structural  for- 
mula.  Herein,  bonds  in  a  regular  hexagon  showing  conjugated  double  bonds  are  not  to  be  taken  into  consideration  in 
judging  symmetry.  For  example,  when  pyrene  is  represented  as  shown  in  Formula  (I)  and  bonds  in  a  regular  hexagon 
are  taken  into  consideration,  pyrene  shall  not  have  symmetrical  plane,  however,  in  the  present  invention,  pyrene  has 
symmetrical  plane  since  bonds  in  a  regular  hexagon  are  no  taken  into  consideration. 

20  [001  7]  The  sum  of  squares  of  atomic  orbital  coefficients  in  the  highest  occupied  molecular  orbitals  (HOMO)  of  carbon 
atoms  in  (c)  and  (c')  (p  mHOMO)  is  obtained  according  to  the  following  formula  by  a  semi-empirical  molecular  orbital 
method,  AM1  method  (Dewar,  M.  J.  S.et.al.,  J.  Am.  Chem.  Soc,  107,  3902  (1985)). 

HOMO  ,r  HOMO.  2 P  m  "  L  ul̂ mu  I 
25 

[0018]  Herein,  m  represents  a  mark  showing  a  carbon  atom,  u  represents  a  mark  showing  atomic  orbital  taken  into 
consideration  in  the  AM1  method  corresponding  to  the  carbon  atom.  CmuHOMO  represents  atomic  orbital  coefficient  rep- 
resented  by  u  of  HOMO  of  the  carbon  atom. 
[0019]  Comparison  of  atomic  orbital  coefficients  is  conducted  in  two  significant  figures.  When  the  highest  sum  of 

30  squares  of  atomic  orbital  coefficients  shown  in  two  significant  figures  is  found  at  several  carbon  atoms,  all  of  these  car- 
bon  atoms  are  admitted  to  have  the  highest  sum  of  squares,  and  other  carbon  atoms  having  the  second-highest  sum 
of  squares  can  be  selected.  When  two  HOMOs  are  present,  any  one  may  advantageously  be  selected  and  comparison 
of  the  sum  of  squared  of  atomic  orbital  coefficients. 
[0020]  Ar-|  may  be  substituted  with  a  substituent  selected  from  a  cyano  group,  an  alkyl  group,  alkoxy  group  or  alkylthio 

35  group  having  1  to  20  carbon  atoms,  an  alkylsilyl  group  having  3  to  60  carbon  atoms,  an  alkylamino  group  having  1  to 
40  carbon  atoms,  an  aryl  group  or  aryloxy  group  having  6  to  20  carbon  atoms,  arylalkenyl  group  or  arylalkynyl  group 
having  8  to  20  carbon  atoms,  an  aralkyl  group  having  7  to  14  carbon  atoms  and  a  heterocyclic  compound  group  having 
4  to  1  4  carbon  atoms,  and  a  substituent  on  a  carbon  atom  adjacent  to  a  carbon  atom  at  bonding  position  is  preferably 
a  hydrogen  atom. 

40  [0021]  As  the  Ar̂   there  are  specifically  exemplified  divalent  condensed  polycyclic  aromatic  groups  or  derivative 
groups  thereof  or  repeating  units  obtained  by  combination  thereof. 

45 
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(wherein,  R5  to  R90  each  independently  represents  a  group  selected  from  a  hydrogen  atom,  a  cyano  group,  an  alkyl 
group,  alkoxy  group  or  alkylthio  group  having  1  to  20  carbon  atoms;  an  alkylsilyl  group  having  3  to  60  carbon  atoms;  an 
alkylamino  group  having  1  to  40  carbon  atoms;  an  aryl  group  or  aryloxy  group  having  6  to  20  carbon  atoms;  an  aryla- 
Ikenyl  group  or  arylalkynyl  group  having  8  to  20  carbon  atoms;  an  aralkyl  group  having  7  to  1  4  carbon  atoms;  and  a  het- 
erocyclic  compound  group  having  4  to  1  4  carbon  atoms.) 
[0022]  Among  them,  preferable  are  a  1  ,6-pyrenediyl  group,  a  1,8-pyrenediyl  group,  a  3,6-perylenediyl  group  and  a 
3,9-perylenediyl  group  and,  which  may  be  substituted  with  a  substituent  selected  from  a  cyano  group,  an  alkyl  group, 
alkoxy  group  or  alkylthio  group  having  1  to  20  carbon  atoms,  an  alkylsilyl  group  having  3  to  60  carbon  atoms,  an 
alkylamino  group  having  1  to  40  carbon  atoms,  an  aryl  group  or  aryloxy  group  having  6  to  20  carbon  atoms,  an  aryla- 
Ikenyl  group  or  arylalkynyl  group  having  8  to  20  carbon  atoms,  an  aralkyl  group  having  7  to  14  carbon  atoms  and  a  het- 
erocyclic  compound  group  having  4  to  1  4  carbon  atoms. 
[0023]  Specific  examples  of  R5  to  R90  other  than  a  hydrogen  atom  and  a  cyano  group  are  listed  below. 
[0024]  Examples  of  the  alkyl  group  include  a  methyl  group,  ethyl  group,  propyl  group,  butyl  group,  pentyl  group,  hexyl 
group,  heptyl  group,  octyl  group,  nonyl  group,  decyl  group  and  lauryl  group. 
[0025]  Examples  of  the  alkoxy  group  include  a  methoxy  group,  ethoxy  group,  propyloxy  group,  butoxy  group,  pentyloxy 
group,  hexyloxy  group,  heptyloxy  group,  octyloxy  group,  nonyloxy  group,  decyloxy  group  and  lauryloxy  group. 
[0026]  Examples  of  the  alkylthio  group  include  a  methylthio  group,  ethylthio  group,  propylthio  group,  butylthio  group, 
pentylthio  group,  hexylthio  group,  heptylthio  group,  octylthio  group,  nonylthio  group,  decylthio  group  and  laurylthio 
group. 
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[0027]  Examples  of  the  alkylsilyl  group  include  a  trimethylsilyl  group,  triethylsilyl  group,  tripropylsilyl  group,  tributylsilyl 
group,  tripentylsilyl  group,  trihexylsilyl  group,  triheptylsilyl  group,  trioctylsilyl  group,  trinonylsilyl  group,  tridecylsilyl  group, 
trilaurylsilyl  group,  ethyldimethylsilyl  group,  propyldimethylsilyl  group,  butyldimethylsilyl  group,  pentyldimethylsilyl  group, 
hexyldimethylsilyl  group,  heptyldimethylsilyl  group,  octyldimethylsilyl  group,  nonyldimethylsilyl  group,  decyldimethylsilyl 

5  group  and  lauryldimethylsilyl  group. 
[0028]  Examples  of  the  alkylamino  group  include  a  methylamino  group,  ethylamino  group,  propylamine  group, 
butylamino  group,  pentylamino  group,  hexylamino  group,  heptylamino  group,  octylamino  group,  nonylamino  group, 
decylamino  group,  laurylamino  group,  dimethylamino  group,  diethylamino  group,  dipropylamino  group,  dibutylamino 
group,  dipentylamino  group,  dihexylamino  group,  diheptylamino  group,  dioctylamino  group,  dinonylamino  group,  dide- 

10  cylamino  group  and  dilaurylamino  group. 
[0029]  Examples  of  the  aryl  group  include  a  phenyl  group,  Ci  to  C-|2  alkoxyphenyl  group  (Ci  to  Ci2  means  that  the 
number  of  carbon  atoms  is  from  1  to  12.  Hereinafter,  the  same),  Ci  to  C-|2  alkylphenyl  group,  1-naphthyl  group  and  2- 
naphthyl  group. 
[0030]  Examples  of  the  aryloxy  group  include  a  phenoxy  group,  Ci  to  C12  alkoxylphenoxy  group,  Ci  to  C12  alkylphe- 

15  noxy  group,  1  -naphthyloxy  group  and  2-naphthyloxy  group. 
[0031]  Examples  of  the  arylalkenyl  group  include  a  phenylethenyl  group,  Ci  to  C-|2  alkoxyphenylethenyl  group,  Ci  to 
C-|2  alkylphenylethenyl  group,  naphthylethenyl  group,  anthrylethenyl  group  and  pyrenylethenyl  group. 
[0032]  Examples  of  the  arylalkynyl  group  include  a  phenylethynyl  group,  Ci  to  C-|2  alkoxyphenylethynyl  group,  Ci  to 
C-|2  alkylphenylethynyl  group,  naphthylethynyl  group,  anthrylethynyl  group  and  pyrenylethynyl  group. 

20  [0033]  Examples  of  the  aralkyl  group  include  a  benzyl  group,  phenylethyl  group,  phenylpropyl  group  and  naphthylme- 
thyl  group. 
[0034]  Examples  of  the  heterocyclic  group  include  a  thienyl  group,  Ci  to  C-|2  alkylthienyl  group,  pyrrolyl  group,  furyl 
group,  pyridyl  group  and  c-|  to  C-|2  alkylpyridyl  group. 
[0035]  In  the  polymeric  fluorescent  substance  of  the  present  invention,  the  amount  of  repeating  units  represented  by 

25  the  formula  (1)  is  from  0.5  %  by  mole  to  100  %  by  mole  based  on  the  total  amount  of  repeating  units.  Preferably,  the 
amount  of  repeating  units  represented  by  the  formula  (1)  is  from  5  %  by  mole  to  100  %  by  mole  based  on  the  total 
amount  of  repeating  units,  though  it  depends  on  the  structure  of  the  repeating  unit.  More  preferably,  the  amount  of 
repeating  units  represented  by  the  formula  (1)  is  from  20  %  by  mole  to  100  %  by  mole  based  on  the  total  amount  of 
repeating  units. 

30  [0036]  Ri  and  R2  in  the  formula  (1)  each  independently  represents  a  group  selected  from  a  hydrogen  atom,  an  alkyl 
group  having  1  to  20  carbon  atoms,  an  aryl  group  having  6  to  20  carbon  atoms,  a  heterocyclic  compound  having  4  to 
20  carbon  atoms  and  a  cyano  group. 
[0037]  Specific  examples  of  R-|  and  R2  other  than  a  hydrogen  atom  and  a  cyano  group  are  listed  below. 
[0038]  Examples  of  the  alkyl  group  include  a  methyl  group,  ethyl  group,  propyl  group,  butyl  group,  pentyl  group,  hexyl 

35  group,  heptyl  group,  octyl  group,  decyl  group  and  dodecyl  group,  and  preferably  include  a  methyl  group,  ethyl  group, 
pentyl  group,  hexyl  group,  heptyl  group  and  octyl  group. 
[0039]  Examples  of  the  aryl  group  include  a  phenyl  group,  Ci  to  C-|2  alkoxyphenyl  group,  Ci  to  C-|2  alkylphenyl  group, 
1-naphtyl  group  and  2-naphthyl  group.  Examples  of  the  heterocyclic  compound  group  include  a  2-pyridyl  group  and  2- 
quinolyl  group. 

40  [0040]  The  polymeric  fluorescent  substance  [2]  of  the  present  invention  is  a  polymeric  fluorescent  substance  showing 
visible  fluorescence  in  solid  state  and  having  a  polystyrene-reduced  number-average  molecular  weight  of  103  to  107, 
wherein  the  polymeric  fluorescent  substance  comprises  one  or  more  repeating  units  represented  by  the  above- 
described  formula  (1)  and  one  or  more  repeating  units  represented  by  the  above-described  formula  (2),  the  sum  of  the 
repeating  units  represented  by  the  formula  (1)  is  from  0.5  %  by  mole  to  95  %  by  mole  based  on  the  total  amount  of 

45  repeating  units,  the  sum  of  the  repeating  units  represented  by  the  formula  (1)  and  the  repeating  units  represented  by 
the  formula  (2)  is  from  50  %  by  mole  to  1  00  %  by  mole  based  on  the  total  amount  of  repeating  units,  and  the  molar  ratio 
of  the  sum  of  the  repeating  units  represented  by  the  formula  (1)  to  the  sum  of  the  repeating  units  represented  by  the 
formula  (2)  is  from  20:1  to  1  :199: 
[0041]  The  amount  of  repeating  units  represented  by  the  formula  (1)  is  from  0.5  %  by  mole  to  95  %  by  mole  based 

so  on  the  total  amount  of  repeating  units.  Preferably,  the  amount  of  repeating  units  represented  by  the  formula  (1)  is  from 
5  %  by  mole  to  95%  by  mole  based  on  the  total  amount  of  repeating  units,  though  it  depends  on  the  structure  of  the 
repeating  unit.  More  preferably,  the  amount  of  repeating  units  represented  by  the  formula  (1)  is  from  30  %  by  mole  to 
95%  by  mole  based  on  the  total  amount  of  repeating  units. 
[0042]  The  amount  of  repeating  units  represented  by  the  formula  (1)  and  repeating  units  represented  by  the  formula 

55  (2)  is  from  50  %  by  mole  to  100  %  by  mole  based  on  the  total  amount  of  repeating  units.  Preferably,  it  is  from  70  %  by 
mole  to  1  00  %  by  mole  based  on  the  total  amount  of  repeating  units,  though  it  depends  on  the  structure  of  the  repeating 
unit. 
[0043]  Further,  the  molar  ratio  of  the  sum  of  the  repeating  units  represented  by  the  formula  (1)  to  the  sum  of  the 
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repeating  units  represented  by  the  formula  (2)  is  from  20:1  to  1:199.  The  molar  ratio  is  preferably  20:1  to  1  :20,  more  pref- 
erably  from  9:1  to  1  :9,  particularly  preferably  from  9:1  to  1  :4,  though  it  depends  on  the  structure  of  the  repeating  unit. 
[0044]  Ar2  in  the  formula  (2)  represents  an  arylene  group  or  a  heterocyclic  compound  group  having  4  to  20  carbon 
atoms  forming  conjugated  bonds. 

5  [0045]  Specifically,  compound  groups  described  in  JP-A  10-46138  are  listed. 
[0046]  Among  them,  preferable  are  a  1  ,4-phenylene  group,  2,6-naphthalenediyl  group,  9,10-anthracenediyl  group, 
2.5-  pyridinediyl  group,  2,5-thienylene  group  or  derivatives  thereof,  1  ,3-phenylene  group,  1  ,3-naphthalenylene  group, 
2.6-  pyridinediyl  group,  2,4-quinolinediyl  group  or  derivatives  thereof,  and  more  preferable  are  a  1  ,4-phenylene  group, 
2,6-pyridinediyl  group,  2,5-thienylene  group,  1,3-phenylene  group,  2,6-pyridinediyl  group,  2,4-quinolinedily  group,  or 

10  derivatives  of  these  compound  groups  obtained  by  substitution  with  a  substituent  selected  from  a  cyano  group,  an  alkyl 
group,  alkoxy  group  or  alkylthio  group  having  1  to  20  carbon  atoms,  an  alkylsilyl  group  having  3  to  60  carbon  atoms,  an 
alkylamino  group  having  1  to  40  carbon  atoms,  an  aryl  group  or  aryloxy  group  having  6  to  20  carbon  atoms,  an  aryla- 
Ikenyl  group  or  arylalkynyl  group  having  8  to  20  carbon  atoms,  an  aralkyl  group  having  7  to  14  carbon  atoms  and  a  het- 
erocyclic  compound  group  having  4  to  1  4  carbon  atoms.  One  or  two  kinds  of  groups  can  be  selected  from  these  groups. 

15  [0047]  Specific  examples  of  the  above-described  substituents  are  listed  below. 
[0048]  Examples  of  the  alkyl  group  include  a  methyl  group,  ethyl  group,  propyl  group,  butyl  group,  pentyl  group,  hexyl 
group,  heptyl  group,  octyl  group,  nonyl  group,  decyl  group  and  lauryl  group. 
[0049]  Examples  of  the  alkoxy  group  include  a  methoxy  group,  ethoxy  group,  propyloxy  group,  butoxy  group,  pentyloxy 
group,  hexyloxy  group,  heptyloxy  group,  octyloxy  group,  nonyloxy  group,  decyloxy  group  and  lauryloxy  group. 

20  [0050]  Examples  of  the  alkylthio  group  include  a  methylthio  group,  ethylthio  group,  propylthio  group,  butylthio  group, 
pentylthio  group,  hexylthio  group,  heptylthio  group,  octylthio  group,  nonylthio  group,  decylthio  group  and  laurylthio 
group. 
[0051  ]  Examples  of  the  alkylsilyl  group  include  a  trimethylsilyl  group,  triethylsilyl  group,  tripropylsilyl  group,  tributylsilyl 
group,  tripentylsilyl  group,  trihexylsilyl  group,  triheptylsilyl  group,  trioctylsilyl  group,  trinonylsilyl  group,  tridecylsilyl  group, 

25  trilaurylsilyl  group,  ethyldimethylsilyl  group,  propyldimethylsilyl  group,  butyldimethylsilyl  group,  pentyldimethylsilyl  group, 
hexyldimethylsilyl  group,  heptyldimethylsilyl  group,  octyldimethylsilyl  group,  nonyldimethylsilyl  group,  decyldimethylsilyl 
group  and  lauryldimethylsilyl  group. 
[0052]  Examples  of  the  alkylamino  group  include  a  methylamino  group,  ethylamino  group,  propylamine  group, 
butylamino  group,  pentylamino  group,  hexylamino  group,  heptylamino  group,  octylamino  group,  nonylamino  group, 

30  decylamino  group,  laurylamino  group,  dimethylamino  group,  diethylamino  group,  dipropylamino  group,  dibutylamino 
group,  dipentylamino  group,  dihexylamino  group,  diheptylamino  group,  dioctylamino  group,  dinonylamino  group,  dide- 
cylamino  group  and  dilaurylamino  group. 
[0053]  Examples  of  the  aryl  group  include  a  phenyl  group,  Ci  to  C12  alkoxyphenyl  group,  Ci  to  C12  alkylphenyl  group, 
1  -naphthyl  group  and  2-naphthyl  group. 

35  [0054]  Examples  of  the  aryloxy  group  include  a  phenoxy  group,  Ci  to  C-|2  alkoxylphenoxy  group,  Ci  to  C-|2  alkylphe- 
noxy  group,  1  -naphthyloxy  group  and  2-naphthyloxy  group. 
[0055]  Examples  of  the  arylalkenyl  group  include  a  phenylethenyl  group,  Ci  to  C-|2  alkoxyphenylethenyl  group,  Ci  to 
C12  alkylphenylethenyl  group,  naphthylethenyl  group,  anthrylethenyl  group  and  pyrenylethenyl  group. 
[0056]  Examples  of  the  arylalkynyl  group  include  a  phenylethynyl  group,  Ci  to  C12  alkoxyphenylethynyl  group,  Ci  to 

40  C-|2  alkylphenylethynyl  group,  naphthylethynyl  group,  anthrylethynyl  group  and  pyrenylethynyl  group. 
[0057]  Examples  of  the  aralkyl  group  include  a  benzyl  group,  phenylethyl  group,  phenylpropyl  group  and  naphthylme- 
thyl  group. 
[0058]  Examples  of  the  heterocyclic  group  include  a  thienyl  group,  Ci  to  C-|2  alkylthienyl  group,  pyrrolyl  group,  furyl 
group,  pyridyl  group  and  Ci  to  C12  alkylpyridyl  group. 

45  [0059]  R3  and  R4  bonded  to  the  vinylene  group  in  the  repeating  unit  of  the  formula  (2)  each  independently  represents 
a  group  selected  from  a  hydrogen  atom,  an  alkyl  group  having  1  to  20  carbon  atoms,  an  aryl  group  having  6  to  20  car- 
bon  atoms,  a  heterocyclic  compound  having  4  to  20  carbon  atoms  and  a  cyano  group. 
[0060]  Specific  examples  of  R3  and  R4  other  than  a  hydrogen  atom  and  a  cyano  group  are  listed  below. 
[0061]  Examples  of  the  alkyl  group  include  a  methyl  group,  ethyl  group,  propyl  group,  butyl  group,  pentyl  group,  hexyl 

so  group,  heptyl  group,  octyl  group,  decyl  group  and  dodecyl  group,  and  preferably  include  a  methyl  group,  ethyl  group, 
pentyl  group,  hexyl  group,  heptyl  group  and  octyl  group. 
[0062]  Examples  of  the  aryl  group  include  a  phenyl  group,  Ci  to  C-|2  alkoxyphenyl  group,  Ci  to  C-|2  alkylphenyl  group, 
1-naphtyl  group  and  2-naphthyl  group.  Examples  of  the  heterocyclic  compound  group  include  a  2-pyridyl  group  and  2- 
quinolyl  group. 

55  [0063]  The  terminal  group  of  the  polymeric  fluorescent  substance  used  in  the  present  invention  is  not  particularly 
restricted.  However,  if  a  polymerization  active  group  remains  as  it  is,  there  is  possibility  of  reduction  of  luminescent 
property  and  life  time  of  a  device  when  the  polymeric  fluorescent  substance  is  used  in  the  device.  Therefore,  it  is  pref- 
erable  that  the  terminal  group  is  a  stable  group.  The  terminal  group  has  more  preferably  a  conjugated  bond  continuous 
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with  conjugated  structure  of  the  main  chain  and  as  a  stable  terminal  group  there  is  exemplified  an  aryl  group  or  a  het- 
erocyclic  compound  group  bonding  to  the  main  chain  via  a  vinylene  group. 
[0064]  Specifically,  there  are  exemplified  aromatic  compound  groups  described  below  or  derivative  groups  thereof, 
and  groups  formed  by  bond  of  a  vinylene  group  with  them. 

[ F o r m u l a   7 ]  

R-127  1̂26 
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[ F o r m u l a   1 0 ]  

wherein  R91  to  R255  each  independently  represents  a  group  selected  from  a  hydrogen  atom,  a  cyano  group,  an  alkyl 
group,  alkoxy  group  or  alkylthio  group  having  1  to  20  carbon  atoms;  an  aryl  group  or  aryloxy  group  having  6  to  20  carbon 
atoms;  an  aralkyl  group  having  7  to  14  carbon  atoms;  and  a  heterocyclic  compound  group  having  4  to  14  carbon  atoms. 
[0065]  Among  them,  a  phenyl  group,  1  -naphthyl  group,  9-anthryl  group,  2-pyridyl  group,  2-thienyl  group,  oxadiazolyl 
group,  benzooxazolyl  group,  4-(N,N-diphenylamino)phenyl  group,  1-pyrenyl  group,  2-fluorenyl  group,  2-quinolyl  group, 
4-(9-carbazolyl)phenyl  group,  9-phenyl-3-carbazolyl  group,  or  derivatives  of  these  compound  groups  obtained  by  sub- 
stitution  with  a  substituent  selected  from  a  cyano  group,  an  alkyl  group,  alkoxy  group  or  alkylthio  group  having  1  to  20 
carbon  atoms,  an  aryl  group  or  aryloxy  group  having  6  to  20  carbon  atoms,  an  aralkyl  group  having  7  to  14  carbon 
atoms  and  a  heterocyclic  compound  group  having  4  to  1  4  carbon  atoms  are  preferable. 
[0066]  More  preferably,  there  are  listed  1  -naphthyl  group,  9-anthryl  group,  oxadiazolyl  group,  4-(N,N-diphe- 
nylamino)phenyl  group,  1  -pyrenyl  group,  2-fluorenyl  group,  2-quinolyl  group,  4-(9-carbazolyl)phenyl  group,  9-phenyl-3- 
carbazolyl  group,  or  derivatives  of  these  compound  groups  obtained  by  substitution  with  a  substituent  selected  from  a 
cyano  group,  an  alkyl  group,  alkoxy  group  or  alkylthio  group  having  1  to  20  carbon  atoms,  an  aryl  group  or  aryloxy  group 
having  6  to  20  carbon  atoms,  an  aralkyl  group  having  7  to  14  carbon  atoms  and  a  heterocyclic  compound  group  having 
4  to  14  carbon  atoms,  and  particularly  preferably,  there  are  listed  1  -naphthyl  group,  9-anthryl  group,  1-pyrenyl  group,  2- 
fluorenyl  group,  or  derivatives  of  these  compound  groups  obtained  by  substitution  with  a  substituent  selected  from  a 
cyano  group,  an  alkyl  group,  alkoxy  group  or  alkylthio  group  having  1  to  20  carbon  atoms,  an  aryl  group  or  aryloxy  group 
having  6  to  20  carbon  atoms,  an  aralkyl  group  having  7  to  14  carbon  atoms  and  a  heterocyclic  compound  group  having 
4  to  1  4  carbon  atoms. 
[0067]  Specific  examples  of  R91  to  R255  other  than  a  hydrogen  atom  and  a  cyano  group  are  listed  below. 
[0068]  Examples  of  the  alkyl  group  include  a  methyl  group,  ethyl  group,  propyl  group,  butyl  group,  pentyl  group,  hexyl 
group,  heptyl  group,  octyl  group,  nonyl  group,  decyl  group  and  lauryl  group. 
[0069]  Examples  of  the  alkoxy  group  include  a  methoxy  group,  ethoxy  group,  propyloxy  group,  butoxy  group,  pentyloxy 
group,  hexyloxy  group,  heptyloxy  group,  octyloxy  group,  decyloxy  group  and  dodecyloxy  group. 
[0070]  Examples  of  the  alkylthio  group  include  a  methylthio  group,  ethylthio  group,  propylthio  group,  butylthio  group, 
pentylthio  group,  hexylthio  group,  heptylthio  group,  octylthio  group,  decylthio  group  and  dodecylthio  group. 
[0071]  Examples  of  the  aryl  group  include  a  phenyl  group,  Ci  to  C-|2  alkoxyphenyl  group,  Ci  to  C-|2  alkylphenyl  group, 
naphthyl  group  and  anthryl  group. 
[0072]  Examples  of  the  aryloxy  group  include  a  phenoxy  group,  Ci  to  C12  alkoxylphenoxy  group,  Ci  to  C-|2  alkylphe- 
noxy  group  and  naphthyloxy  group. 
[0073]  Examples  of  the  aralkyl  group  include  a  benzyl  group,  phenylethyl  group,  phenylpropyl  group  and  naphthylme- 
thyl  group. 
[0074]  Examples  of  the  heterocyclic  group  include  a  2-pyridyl  group  and  2-quinolyl  group. 
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[0075]  The  degree  of  polymerization  of  the  polymeric  fluorescent  substance  of  the  present  invention  is  not  particularly 
restricted  providing  a  polystyrene-reduced  number-average  molecular  weight  is  from  103  to  107,  and  it  differs  depend- 
ing  on  repeating  structure  and  proportion  thereof.  From  the  standpoint  of  film-forming  property,  the  usual  total  number 
of  repeating  structures  is  preferably  from  4  to  1  0000,  more  preferably  5  to  3000,  particularly  preferably  from  1  0  to  2000. 

5  Herein,  the  molecular  weight  is  a  polystyrene-reduced  number-average  molecular  weight  given  by  gel  permeation  chro- 
matography  (GPC)  using  chloroform  as  a  solvent. 
[0076]  The  polymeric  fluorescent  substance  of  the  present  invention  is  a  polymer  or  copolymer  comprising  only  the 
repeating  unit  represented  by  the  formula  (1),  a  copolymer  comprising  the  repeating  unit  represented  by  the  formula  (1) 
and  the  repeating  unit  represented  by  the  formula  (2),  or  a  copolymer  in  which  the  total  amount  of  the  repeating  unit 

10  represented  by  the  formula  (1)  and  the  repeating  unit  represented  by  the  formula  (2)  is  50  %  by  mole  or  more  based  on 
the  total  amount  of  all  repeating  units.  In  the  case  of  the  copolymer,  it  may  be  a  random,  block  or  graft  copolymer,  or  a 
polymer  having  intermediate  structure  thereof,  for  example,  a  random  copolymer  having  block  polymer  tendency.  From 
the  standpoint  of  obtaining  a  copolymer  showing  high  quantum  efficiency  of  fluorescence,  a  random  copolymer  having 
block  polymer  tendency  and  a  block  or  graft  copolymer  are  more  preferable  than  a  complete  random  copolymer,  and 

15  copolymers  having  branched  chain  in  the  main  chain  and  having  three  or  more  terminals  are  also  included. 
[0077]  The  polymeric  fluorescent  substance  of  the  present  invention  can  be  dissolved  in  a  solvent  and  a  film  of  the 
polymeric  fluorescent  substance  can  be  formed. 
[0078]  Examples  of  the  good  solvent  for  the  polymeric  fluorescent  substance  include  chloroform,  methylene  chloride, 
dichloroethane,  tetrahydrofuran,  toluene  and  xylene. 

20  [0079]  The  polymeric  fluorescent  substance  can  usually  be  dissolved  in  these  solvents  in  an  amount  of  0.1  %  by 
weight  or  more  though  the  amount  differs  depending  on  the  structure  and  molecular  weight  of  the  polymeric  fluorescent 
substance. 
[0080]  It  is  advantageous  in  fabrication  to  use  these  solvent-soluble  polymeric  fluorescent  substances  in  fabricating 
an  organic  EL  device,  since  when  a  film  is  formed  from  a  solution,  necessity  is  only  removal  of  a  solvent  by  drying  after 

25  coating  of  this  solution,  and  the  same  method  can  be  applied  also  in  the  case  of  the  polymeric  fluorescent  substances 
mixed  with  a  charge  transporting  material  described  below. 
[0081  ]  For  producing  the  polymeric  fluorescent  substance  of  the  present  invention,  a  polymer  containing  the  repeating 
unit  represented  by  the  formula  (1)  or  the  formula  (2)  is  synthesized  by  carbon-carbon  double  bond  formation  reaction. 
When  a  specific  stable  group  is  introduce  into  the  main  chain  as  a  terminal  group,  the  above-described  reaction  may 

30  advantageously  be  followed  by  a  reaction  with  a  monomer  forming  the  terminal  group.  As  the  carbon-carbon  double 
bond  formation  reaction  used  in  the  present  invention,  there  are  exemplified  Wittig  reaction,  Horner-Wadsworth- 
Emmons  reaction,  dehydrohalogenation  method,  sulfonium  salt  decomposing  method,  Knoevenagel  reaction  and  Heck 
reaction. 
[0082]  In  the  Wittig  reaction,  for  example,  a  dialdehyde  compound  represented  by  the  formula  (3)  and  a  diphospho- 

35  nium  salt  compound  represented  by  the  formula  (4)  are  reacted.  Ar3  and  Ar4  may  be  the  same  or  different.  When  dif- 
ferent,  an  alternating  copolymer  is  obtained.  Further,  when  two  or  more  kinds  of  dialdehyde  compounds  and/or  two  or 
more  kinds  diphosphonium  salt  compounds  are  used,  a  copolymer  comprising  all  of  these  monomers  are  obtained. 

OHC-Ar3-CHO  (3) 
40 

Xr(R256)3P+H2C-Ar4-CH2P+(R256)X1-  (4)  (4) 

wherein  Ar3  and  Ar4  each  independently  is  selected  from  the  groups  represented  by  Ar-|  in  the  formula  (1)  or  Ar2  in  the 
formula  (2),  with  the  proviso  that  the  group  represented  by  Ar-,  in  the  formula  (1)  is  contained  in  given  amount  after 

45  polymerization.  X-f  represents  a  counter  ion  and  halide  ions  are  exemplified.  As  R256,  a  phenyl  group  and  a  butyl  group 
are  exemplified. 
[0083]  In  the  dehydrohalogenation  method,  an  aromatic  compound  having  methyl  halide  groups  bonded  to  both  ends 
is  polycondensed. 

so  X2R257HC-Ar5-CHR258X2  (5) 

wherein  Ar5  has  the  same  definition  as  for  Ar-|  in  the  formula  (1)  or  Ar2  in  the  formula  (2),  with  the  proviso  that  the  group 
represented  by  Ar-|  in  the  formula  (1)  has  to  be  contained  in  given  amount  after  polymerization.  X2  represents  a  halogen 
atom,  R257  and  R258  each  independently  represents  a  group  selected  from  the  group  consisting  of  a  hydrogen  atom, 

55  cyano  group,  an  alkyl  group  having  1  to  20  carbon  atoms,  aryl  group  having  6  to  20  carbon  atoms  and  heterocyclic  com- 
pound  group  having  4  to  1  4  carbon  atoms. 
[0084]  In  the  sulfonium  salt  decomposing  method,  an  aromatic  compound  having  sulfonium  salts  bonded  to  both  ends 
is  polycondensed. 
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X3  R259R26oS+R26lHC"Al6_CHR252S+R263R264X3  (6) 

wherein  Ar6  has  the  same  definition  as  for  Ar1  in  the  formula  (1)  or  Ar2  in  the  formula  (2),  with  the  proviso  that  the  group 
represented  by  Ar-|  in  the  formula  (1)  has  to  be  contained  in  given  amount  after  polymerization.  X3  represents  a  counter 

5  ion,  and  R26i  and  R262  each  independently  represents  a  group  selected  from  a  hydrogen  atom,  cyano  group,  an  alkyl 
group,  alkoxy  group  or  alkylthio  group  having  1  to  20  carbon  atoms;  aryl  group  or  aryloxy  group  having  6  to  20  carbon 
atoms;  and  heterocyclic  compound  group  having  4  to  14  carbon  atoms,  R259,  R260.  R263  and  R264  each  independently 
represents  an  alkyl  group  having  1  to  10  carbon  atoms  or  R259  and  R26o.  R263  anc)  R264  eacn  independently  represents 
a  alkylene  group  having  4  or  more  carbon  atoms  forming  ring  structure. 

10  [0085]  Further,  in  the  Knoevenagel  reaction,  a  copolymer  can  be  obtained  using  the  same  method  described  in  Jour- 
nal  of  Organic  Chemistry,  25,  p.  813  (1959),  Makromolecular  Chemie,  74,  p.  71  (1964). 
[0086]  Namely,  a  dialdehyde  compound  represented  by  the  formula  (7)  and  a  compound  represented  by  the  formula 
(8)  are  polycondensed. 

15  OHC-Ar7-CHO  (7) 

H2(CN)C-Ar8-CH2(CN)  (8)  (8) 

wherein  Ar7  and  Ar8  have  the  same  definition  as  for  Ar-|  in  the  formula  (1)  or  Ar2  in  the  formula  (2),  with  the  proviso  that 
20  the  group  represented  by  Ar-,  in  the  formula  (1)  has  to  be  contained  in  given  amount  after  polymerization. 

[0087]  Specifically,  there  is  an  example  in  which  a  corresponding  diacetonitrile  compound,  for  example,  p-phenylen- 
ediacetonitrile  and  a  corresponding  dialdehyde  compound,  for  example,  2,5-dioctyloxyterephthalaldehyde  are  polymer- 
ized  in  a  tert-butanol/tetrahydrofuran  mixed  solvent  using  tetrabutylammonium  hydroxide.  When  two  or  more  kinds  of 
diacetnitriles  and/or  two  or  more  kinds  of  dialdehyde  compounds  are  reacted,  a  copolymer  comprising  all  of  these  mon- 

25  omers  are  obtained.  Since  both  of  the  Wittig  reaction  and  Knoevenagel  reaction  can  be  carried  out  using  lithium  ethox- 
ide,  when  a  dialdehyde  compound,  a  diphosphonium  salt  compound  and  a  diacetonitrile  compound  are  mixed  in 
suitable  amounts  and  reacted,  all  of  the  copolymers  are  obtained. 
[0088]  When  a  specific  stable  group  is  introduced  into  the  main  chain  as  a  terminal  group,  the  above-described  reac- 
tion  may  advantageously  be  followed  by  a  reaction  with  a  monofunctional  compound  forming  the  terminal  group.  This 

30  monofunctional  compound  is  suitably  selected  depending  on  the  reaction  used  or,  the  amount  of  the  monomers  used 
in  the  reaction  when  two  monomers  having  different  functional  groups  are  used.  Namely,  in  the  Wittig  reaction,  since 
the  terminal  is  composed  of  a  phosphonium  salt  or  aldehyde,  a  monofunctional  compound  having  an  aldehyde  group 
or  phosphonium  salt  is  selected  respectively.  In  the  dehydrohalogenation  method,  the  terminal  is  composed  of  a  methyl 
halide  group,  in  the  sulfonium  salt  decomposition  method,  the  terminal  is  composed  of  a  sulfonium  salt  group,  and  in 

35  the  Knoevenagel  reaction,  the  terminal  is  composed  of  an  aldehyde  group  or  an  active  methylene  group,  for  example, 
an  acetonitrile  group,  therefore,  monofunctional  compounds  reacting  with  respective  polymerization  ends  are  reacted. 
[0089]  Among  them,  the  Wittig  reaction  is  preferable  from  the  standpoints  of  control  of  the  reaction  and  the  yield 
thereof. 
[0090]  When  these  polymer  are  used  as  luminescent  materials  of  an  organic  EL  device,  it  is  preferable  to  conduct 

40  purification  treatment  such  as  re-precipitation  purification  or  fractionation  by  chromatography  after  synthesis  since  the 
purity  exerts  influence  on  luminescent  property. 
[0091  ]  The  structure  of  an  organic  EL  device  fabricated  by  using  the  polymeric  fluorescent  substance  of  the  present 
invention  will  be  described  below. 
[0092]  The  organic  EL  device  [3]  of  the  present  invention  is  an  organic  electroluminescence  device  having  at  least  a 

45  light  emitting  layer  between  a  pair  of  electrodes  consisting  of  an  anode  and  a  cathode  at  least  one  of  which  is  transpar- 
ent  or  semitransparent,  wherein  the  light  emitting  layer  contains  the  polymeric  luminescent  substance  according  to  any 
of  Claims  1  to  3.  Known  structure  can  be  adopted  without  specific  restriction  providing  a  luminescent  material  com- 
posed  of  the  polymeric  fluorescent  substance  of  the  present  invention  is  used  in  the  light  emitting  layer. 
[0093]  Of  them,  preferable  are  an  organic  EL  device  in  which  a  light  emitting  layer  is  provided  between  the  cathode 

so  and  the  anode,  an  organic  EL  device  in  which  a  layer  containing  an  electron  transporting  compound  is  provided 
between  the  cathode  and  the  light  emitting  layer,  an  organic  EL  device  in  which  a  layer  containing  a  hole  transporting 
compound  is  provided  between  the  anode  and  the  light  emitting  layer,  and  an  organic  EL  device  in  which  a  layer  con- 
taining  an  electron  transporting  compound  is  provided  between  the  cathode  and  the  light  emitting  layer  and  a  layer  con- 
taining  a  hole  transporting  compound  is  provided  between  the  anode  and  the  light  emitting  layer. 

55  [0094]  Concretely,  following  structures  of  (a)  to  (d)  are  illustrated. 

(a)  Anode  /  light  emitting  layer  /  cathode, 
(b)  Anode  /  hole  transporting  layer  /  light  emitting  layer  /  cathode, 
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(c)  Anode  /  light  emitting  layer  /  electron  transporting  layer  /  cathode,  and 
(d)  Anode  /  hole  transporting  layer  /  light  emitting  layer  /  electron  transporting  layer  /  cathode. 

Here,  "/"  shows  each  layer  is  laminated  adjacently,  and  a  light  emitting  layer  is  a  layer  having  the  function  of  emitting 
5  light.  The  polymeric  fluorescent  substance  of  the  present  invention  is  used  for  a  light  emitting  layer,  and  it  can  be  used 

two  or  more  light  emitting  layers. 
[0095]  A  hole  transporting  layer  is  a  layer  having  the  function  of  transporting  a  hole,  and  an  electron  transporting  layer 
is  a  layer  having  the  function  of  transporting  an  electron.  In  addition,  an  electron  transporting  layer  and  a  hole  transport- 
ing  layer  are  referred  generically,  to  as  a  charge  transporting  layer. 

10  [0096]  Among  the  charge  transporting  layers  adjacent  to  an  electrode,  the  layer  which  has  a  function  of  improving 
charge  injection  efficiency  from  an  electrode,  and  has  an  effect  of  lowering  a  driving  voltage  of  a  device,  sometimes 
referred  to  as  a  charge  injection  layer  (a  hole  injection  layer,  an  electronic  injection  layer). 
[0097]  Furthermore,  for  improving  adhesion  property  with  the  electrode  and  charge  injection  property  from  the  elec- 
trode,  the  above  charge  injection  layer  or  an  insulator  layer  having  a  film  thickness  of  2nm  or  less,  can  be  provided  adja- 

15  cently  to  the  electrode. 
[0098]  Moreover,  a  thin  buffer  layer  may  be  inserted  in  the  interfaces  of  a  charge  transporting  layer  and  a  light  emitting 
layer  for  improving  adhesion  property  of  the  interface  and  for  preventing  mixing  of  the  interface. 
[0099]  About  the  laminating  order  or  number  of  the  layers,  and  the  thickness  of  each  layer  can  be  used  arbitrarily  with 
taking  into  consideration  of  luminous  efficiency  and  device  life  time. 

20  [0100]  A  polymeric  LED  which  contains  a  charge  injection  layer  (an  electron  injection  layer,  hole  injection  layer)  in  the 
present  invention  include  a  polymeric  LED  having  a  charge  injection  layer  adjacent  to  the  cathode,  and  a  polymeric  LED 
having  a  charge  injection  layer  adjacent  to  the  anode. 
[0101]  Concretely,  following  structures  of  (e)  to  (p)  are  exemplified. 

25  (e)  Anode  /  charge  injection  layer  /  light  emitting  layer  /  cathode, 
(f)  Anode  /  light  emitting  layer  /  charge  injection  layer  /  cathode, 
(g)  Anode  /  charge  injection  layer  /  light  emitting  layer  /  charge  injection  layer  /  cathode, 
(h)  Anode  /  charge  injection  layer  /  hole  transporting  layer  /  light  emitting  layer  /  cathode, 
(i)  Anode  /  hole  transporting  layer  /  light  emitting  layer  /  charge  injection  layer  /  cathode, 

30  (j)  Anode  /  charge  injection  layer  /  hole  transporting  layer  /  light  emitting  layer  /  charge  injection  layer  /  cathode, 
(k)  Anode  /  charge  injection  layer  /  light  emitting  layer  /  electron  transporting  layer  /  cathode, 
(I)  Anode  /  light  emitting  layer  /  electron  transporting  layer  /  charge  injection  layer  /  cathode, 
(m)  Anode  /  charge  injection  layer  /  light  emitting  layer  /  electron  transporting  layer  /  charge  injection  layer  /  cathode, 
(n)  Anode  /  charge  injection  layer  /  hole  transporting  layer  /  light  emitting  layer  /  electron  transporting  layer  /  cath- 

35  ode, 
(o)  Anode  /  hole  transporting  layer  /  light  emitting  layer  /  electron  transporting  layer  /  charge  injection  layer  /  cath- 
ode,  and 
(p)  Anode  /  charge  injection  layer  /  hole  transporting  layer  /  light  emitting  layer  /  electron  transporting  layer  /  charge 
injection  layer  /  cathode. 

40 
[0102]  Concrete  examples  of  the  charge  injection  layer  include: 

a  layer  containing  a  conductive  polymer,  a  layer  provided  between  an  anode  and  a  hole  transporting  layer,  which 
contains  a  material  having  an  ionization  potential  of  the  middle  value  of  between  that  of  the  anode  material  and  that 

45  of  the  hole  transporting  material  contained  in  a  hole  transporting  layer;  and  a  layer  provided  between  a  cathode  and 
an  electron  transporting  layer,  which  contains  a  material  having  an  electron  affinity  of  the  middle  value  of  between 
that  of  the  cathode  material  and  that  of  the  electron  transporting  material  contained  in  a  electron  transporting  layer. 

[0103]  In  the  case  that  the  above  charge  injection  layer  is  a  layer  containing  a  conductive  polymer,  the  electric  con- 
so  ductivity  of  the  conductive  polymer  is  preferably  1  0"5  S/cm  or  more,  and  1  03  S/cm  or  less. 

[0104]  In  order  to  reduce  leak  current  between  light  emitting  pixels,  it  is  preferably  1  0"5  S/cm  or  more,  and  102  or  less, 
and  more  preferably  10"5  S/cm  or  more,  and  101  or  less. 
[0105]  Usually,  in  order  to  make  the  electric  conductivity  of  the  conductive  polymer  10"5  S/cm  or  more,  and  102  or 
less,  a  proper  quantity  of  ions  is  doped  to  the  conductive  polymer.  The  doped  ion  is  anion  in  case  of  a  hole  injection 

55  layer,  and  it  is  cation  in  case  of  an  electronic  injection  layer. 
[0106]  Examples  of  anion  include  a  polystyrene  sulfonic  acid  ion,  an  alkylbenzene  sulfonic  acid  ion,  a  camphor  sul- 
fonic  acid  ion,  etc. 
[0107]  Examples  of  cation  include  a  lithium  ion,  a  sodium  ion,  a  potassium  ion,  a  tetrabutylammonium  ion,  etc. 
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[0108]  As  for  the  film  thickness  of  the  charge  injection  layer,  it  is,  for  example,  1  nm  -  100  nm,  and  preferably  2nm  - 
50nm  . 
[0109]  Materials  used  for  the  charge  injection  layer  can  be  selected  suitably  in  relation  with  the  electrode  and  the 
material  of  the  adjacent  layer.  Examples  of  them  include:  conductive  polymers,  such  as  polyaniline  and  its  derivative, 

5  polythiophene  and  its  derivative,  polyphenylenevinylene  and  its  derivative,  polythienylenevinylene  and  its  derivative; 
metal  phthalocyanine  (copper  phthalocyanine  etc.);  and  carbon. 
[0110]  An  insulator  layer  having  a  thickness  of  2  nm  or  less,  has  a  function  which  improves  a  charge  injection. 
[01  1  1  ]  Examples  of  the  material  for  the  above  insulator  layer  include,  metal  fluoride,  metal  oxide  and  organic  insulat- 
ing  material. 

10  [0112]  Examples  of  a  polymeric  LED  having  an  insulator  layer  whose  film  thickness  is  2nm  or  less,  include:  a  poly- 
meric  LED  having  an  insulator  layer  whose  film  thickness  is  2nm  or  less  adjacent  to  a  cathode;  and  a  polymeric  LED 
having  an  insulator  layer  whose  film  thickness  is  2nm  or  less  adjacent  to  an  anode. 
[01  1  3]  Concretely,  following  structure  of  (q)  to  (ab)  are  exemplified. 

15  (q)  anode/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/light  emitting  layer/cathode, 
(r)  anode/light  emitting  layer/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/cathode, 
(s)  anode/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/light  emitting  layer/  insulator  layer  having  a  film 
thickness  of  2  nm  or  less/cathode, 
(t)  anode/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/hole  transporting  layer/light  emitting  layer/cathode, 

20  (u)  anode/hole  transporting  layer/light  emitting  layer/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/cathode, 
(v)  anode/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/hole  transporting  layer/light  emitting  layer/  insulator 
layer  having  a  film  thickness  of  2  nm  or  less/cathode, 
(w)  anode/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/light  emitting  layer/electron  transporting  layer/cath- 
ode, 

25  (x)  anode/light  emitting  layer/electron  transporting  layer/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/cath- 
ode, 
(y)  anode/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/light  emitting  layer/electron  transporting  layer/  insu- 
lator  layer  having  a  film  thickness  of  2  nm  or  less/cathode, 
(z)  anode/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/hole  transporting  layer/light  emitting  layer/electron 

30  transporting  layer/cathode, 

(aa)  anode/hole  transporting  layer/light  emitting  layer/electron  transporting  layer/  insulator  layer  having  a  film 
thickness  of  2  nm  or  less/cathode,  and 
(ab)  anode/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/hole  transporting  layer/light  emitting 

35  layer/electron  transporting  layer/  insulator  layer  having  a  film  thickness  of  2  nm  or  less/cathode. 

[0114]  The  form,  size,  material  and  fabrication  method  of  the  organic  EL  device  of  the  present  invention  having  such 
structure  are  appropriately  selected  depending  on  use  of  the  organic  EL  device;  and  are  not  particularly  restricted. 
[0115]  Use  of  each  one  layer  of  a  light  emitting  layer  and  a  charge  transporting  layer  and  also  use  of  combination  of 

40  several  layers  are  included  in  the  present  invention.  Further,  for  example,  luminescent  materials  described  below  other 
than  the  polymeric  fluorescent  substance  may  be  mixed  and  used  in  the  light  emitting  layer.  Also,  a  layer  obtained  by 
dispersing  the  polymeric  fluorescent  substance  and/or  charge  transporting  material  in  a  polymeric  compound  can  be 
used. 
[01  1  6]  The  charge  transporting  material  used  together  with  the  polymeric  fluorescent  substance  of  the  present  inven- 

ts  tion,  namely,  an  electron  transporting  material  or  a  hole  transporting  material  is  not  particularly  restricted  and  known 
materials  can  be  used.  Examples  of  the  hole  transporting  material  include  a  pyrazoline  derivative,  arylamine  derivative, 
stylbene  derivative  and  triphenyldiamine  derivative,  and  examples  of  the  electron  transporting  material  include  an  oxa- 
diazole  derivative,  anthraquinodimethane  or  derivative  thereof,  benzoquinone  or  derivative  thereof,  naphthoquinone  or 
derivative  thereof,  anthraquinone  or  derivative  thereof,  tetracyanoanthraquinodimethane  or  derivative  thereof,  flu- 

50  orenone  derivative,  diphenyldicyanoethylene  or  derivative  thereof,  diphenoquinone  derivative  and  metal  complexes  of 
8-hydroxyquinoline  or  derivative  thereof. 
[0117]  Specifically,  there  are  exemplified  those  described  in  JP-A-57-101844,  58-197043,  58-32372,  58-15936,  59- 
15251,  61-170747,  2-36270,  2-210451  ,  2-151605,  63-70257,  63-175860,  2-135359,  2-135361  ,  2-209988,  3-37992  and 
3-1521  84.  As  the  hole  transporting  material,  a  triphenyldiamine  derivative  is  preferable,  and  as  the  electron  transporting 

55  material,  an  oxadiazole  derivative,  benzoquinone  or  derivative  thereof,  anthraquinone  or  derivative  thereof,  and  metal 
complexes  of  8-hydroxyquinoline  or  derivative  thereof  are  preferable.  Specifically,  as  the  hole  transporting  material, 
4,4'-bis(N-(3-methylphenyl)-N-phenylamino)biphenyl  is  preferable,  and  as  the  electron  transporting  material,  2-(4- 
biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole,  benzoquinone,  anthraquinone,  tris(8-quinolinol)aluminum  are  prefera- 
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ble. 
[01  1  8]  Of  them,  either  one  of  electron  transporting  compounds  and  hole  transporting  compounds  may  be  used  or  both 
of  them  may  be  used  simultaneously.  These  may  be  used  alone  or  in  combination  of  two  or  more. 
[01  1  9]  When  a  charge  transporting  layer  (means  generic  name  of  a  hole  transporting  layer  and  an  electron  transport- 

5  ing  layer)  is  provided  between  a  light  emitting  layer  and  an  electrode,  these  charge  transporting  materials  may  be  used 
to  form  a  charge  transporting  layer. 
[0120]  Further,  when  an  electron  transporting  material  is  mixed  in  a  light  emitting  layer,  the  amount  used  of  the  charge 
transporting  material  differs  also  depending  on  the  kind  of  compounds  used,  therefore,  the  amount  used  may  be  appro- 
priately  determined  within  the  range  which  does  not  disturb  sufficient  film-forming  property  and  luminescent  property 

10  with  considering  these  properties.  Usually,  it  is  preferably  from  1  to  40%  by  weight,  more  preferably  from  2  to  30%  by 
weight  based  on  the  amount  of  a  luminescent  material. 
[0121]  Known  luminescent  materials  which  can  be  used  together  with  the  polymeric  fluorescent  substance  of  the 
present  invention  are  not  particularly  restricted,  and  for  example,  a  naphthalene  derivative,  anthracene  or  derivative 
thereof,  perylene  or  derivative  thereof,  dyes  of  polymethyne  type,  xanthene  type,  coumarin  type,  and  cyanine  type, 

15  metal  complexes  of  8-hydroxyquinoline  or  derivative  thereof,  aromatic  amine,  tetraphenylcyclopentadiene  or  derivative 
thereof  and  tetraphenylbutadine  or  derivative  thereof  can  be  used.  Specifically,  known  compounds  such  as  those 
described  in,  for  example,  JP-A-  57-51781  and  59-194393  can  be  used. 
[0122]  Typical  methods  for  fabricating  an  organic  EL  device  using  the  polymeric  fluorescent  substance  of  the  present 
invention  will  be  described  below.  Regarding  a  pair  of  electrodes  composed  of  an  anode  and  a  cathode,  as  a  transpar- 

20  ent  or  semi-transparent  electrode  there  is  used  that  which  is  obtained  by  forming  transparent  or  semi-transparent  elec- 
trodes  on  a  transparent  substrate  such  as  a  glass  and  transparent  plastic. 
[0123]  As  the  material  of  the  anode,  a  conductive  metal  oxide  film  or  a  semi-transparent  metal  film  are  used.  Specif- 
ically,  indium-tin-oxide  (ITO),  films  (e.g.  NESA)  made  of  conductive  glasses  such  as  tin  oxide  (Sn02),  or  a  metal  film  of 
Au,  Pt,  Ag  or  Cu  are  used.  As  the  production  method,  a  vacuum  deposition  method,  sputtering  method  or  plating 

25  method  are  used. 
[0124]  Subsequently,  a  light  emitting  layer  containing  the  above-described  polymeric  fluorescent  substance,  or  the 
above-described  polymeric  fluorescent  substance  and  a  charge  transporting  material  as  luminescent  materials  is 
formed  on  this  anode.  As  the  method  for  forming  the  light  emitting  layer,  there  are  exemplified  a  spin  coating  method, 
casting  method,  dipping  method,  bar  coating  method,  roll  coating  method,  gravure  coating  method,  flexographic  print- 

30  ing  method,  spray  coating  method  and  ink  jet  printing  method  using  melted  liquid,  solution  or  mixed  liquid.  It  is  particu- 
larly  preferable  to  form  a  film  from  a  solution  or  mixed  liquid  by  a  coating  method  such  as  a  spin  coating  method,  casting 
method,  dipping  method,  bar  coating  method,  roll  coating  method,  gravure  coating  method,  flexographic  printing 
method,  spray  coating  method  or  ink  jet  printing  method. 
[0125]  The  thickness  of  a  light  emitting  layer  is  preferably  from  1  nm  to  1  nm,  more  preferably  from  2  nm  to  500  nm. 

35  A  range  from  5  to  200  nm  is  preferable  for  enhancing  luminous  efficiency  by  increasing  current  density. 
[0126]  When  a  film  is  formed  by  a  coating  method,  it  is  desirable  to  conduct  heating  and  drying  preferably  at  a  tem- 
perature  from  30  to  300°C,  more  preferably  from  60  to  200°C  for  removing  a  solvent  under  reduced  pressure  or  inert 
atmosphere. 
[0127]  When  the  light  emitting  layer  and  charge  transporting  layer  are  laminated,  it  is  preferable  that  a  hole  transport- 

40  ing  layer  is  formed  on  an  anode  before  forming  a  light  emitting  layer  by  the  above-described  film-forming  method,  and/or 
after  a  light  emitting  layer  is  formed,  an  electron  transporting  layer  is  formed  thereon. 
[0128]  The  method  for  forming  a  charge  transporting  layer  is  not  particularly  restricted,  and  there  can  be  used  a 
method  of  vacuum  deposition  from  in  the  powdered  state  of  these  compounds,  a  method  of  applying  a  solution  or  a 
mixed  solution  of  these  compounds  by  a  spin  coating  method,  casting  method,  dipping  method,  bar  coating  method,  roll 

45  coating  method,  gravure  coating  method,  flexographic  printing  method,  spray  coating  method  or  inkjet  printing  method, 
and  a  method  of  applying  a  melt,  a  solution  or  a  mixed  solution  of  a  polymeric  compound  and  a  charge  transporting 
material  by  a  spin  coating  method,  casting  method,  dipping  method,  bar  coating  method,  roll  coating  method,  gravure 
coating  method,  flexographic  printing  method,  spray  coating  method,  or  inkjet  printing  method. 
[0129]  The  polymeric  compound  to  be  mixed  is  not  particularly  restricted  and  preferably  is  a  compound  which  does 

so  not  significantly  disturb  charge  transportation,  and  a  compound  which  does  not  reveal  strong  absorption  of  visible  light 
is  suitably  used. 
[01  30]  A  polymeric  compound  having  charge  transporting  property  can  be  used  in  a  charge  transporting  layer  without 
mixing  with  a  charge  transporting  material  having  low  molecular  weight. 
[0131]  As  the  polymeric  compound,  there  are  exemplified  poly(N-vinylcarbazole),  polyaniline  or  derivative  thereof, 

55  polythiophene  or  derivative  thereof,  poly(p-phenylenevinylene)  or  derivative  thereof,  poly(2,5-thienylenevinylene)  or 
derivative  thereof,  polycarbonate,  polyacrylate,  polymethyl  methacrylate,  polystyrene,  polyvinyl  chloride  and  polysi- 
loxane.  A  coating  method  is  preferably  used  since  film-forming  can  be  conducted  easily. 
[01  32]  The  charge  transporting  layer  is  required  to  have  at  least  such  thickness  that  does  not  generate  pinholes,  how- 
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ever,  too  large  thickness  is  not  preferable  since  resistance  of  a  device  increases  and  high  driving  voltage  is  required. 
Therefore,  the  thickness  of  a  charge  transporting  layer  is  preferably  from  1nm  to  1  nm,  more  preferably  from  2  nm  to 
500  nm,  particularly  preferably  from  5nm  to  200  nm. 
[0133]  Then,  an  cathode  is  provided  on  a  light  emitting  layer  or  electron  transporting  layer.  This  cathode  will  act  as  an 

5  electron  injecting  cathode.  The  material  thereof  is  not  particularly  restricted,  and  a  material  having  low  work  function  is 
preferable.  For  example,  Al,  In,  Mg,  Ca,  Li,  Mg-Ag  alloy,  In-Ag  alloy,  Mg-ln  alloy,  Mg-AI  alloy,  Mg-Li  alloy,  Al-Li  alloy,  Al- 
Ca  alloy  or  graphite  film  are  used.  A  vacuum  deposition  method  or  sputtering  method  are  used  for  producing  a  cathode. 
[01  34]  In  the  present  invention,  the  reason  why  the  polymeric  fluorescent  substance  functions  as  a  luminescent  mate- 
rial  having  long  wave  length  is  that  long  wavelength  fluorescence  from  orange  to  red  is  given  since  the  polymeric  f  luo- 

10  rescent  substance  has  a  divalent  condensed  polycyclic  aromatic  group  of  specific  size  having  a  bonding  site  at  specific 
position. 
[0135]  Examples  will  be  described  below  for  illustrating  the  present  invention  in  detail,  however,  the  present  invention 
is  not  restricted  to  them. 

15  <  Calculation  of  atomic  orbital  coefficient  of  highest  occupied  molecular  orbital  and  selection  of  carbon  atom  having 
bonding  part) 

[0136]  Atomic  orbital  coefficients  of  pyrene,  perylene  and  coronene  which  are  examples  of  a  condensed  polycyclic 
aromatic  compound  obtained  by  substituting  all  substitutents  of  Ar-|  by  hydrogen  atoms  and  bonding  hydrogen  atoms 

20  to  two  bonding  parts,  were  calculated  using  a  molecular  orbital  calculation  program,  MOPAC  93  Revision  Number  2 
(JCPE  program  number:  P081)  by  AM1  method  while  optimizing  structure  (key  word:  AM1  PRECISE  EF  LET  DDMIN 
=  0.0  PULAY  VECTORS).  A  calculator,  IBM  RS/6000  39H  was  used.  Position  numbers  of  carbon  atom  of  respective 
molecules  are  shown  in  Formula  (II).  The  calculation  results  are  shown  in  Table  1  . 
[0137]  Two  carbon  atoms  having  bonding  parts  can  be  selected  from  this  table. 

25  [01  38]  Specifically,  in  pyrene,  two  carbon  atoms  which  are  not  adjacent  are  selected  from  position  numbers  of  carbon 
atom  1  ,  3,  6,  8,  4,  5,  9,  10  and  in  perylene,  two  carbon  atoms  which  are  not  adjacent  are  selected  from  position  numbers 
of  carbon  atom  3,  4,  9,  10,  1,  6,  7,  12. 
[0139]  In  coronene,  two  HOMOs  are  present,  and  in  either  case,  two  carbon  atoms  having  bonding  parts  are  two  car- 
bon  atoms  which  are  not  adjacent  of  position  numbers  1,7,6,12. 

30 

Table  1 

Compound  Position  numbers  of  car-  Sum  of  (atomic  orbital  Whether  carbon  atoms  at 
bon  atom  (see  Formula  coefficient)2  of  each  car-  these  position  numbers  can 

II)  bon  atom  p  mHOMO  have  a  bonding  part  or  not 

Pyrene  1,3,6,8  0.12  Yes 

4.5.9.10  0.084  Yes 

2.  7  0.0  No 

Perylene  3,4,9,10  0.086  Yes 

1,6,7.12  0.077  Yes 

2.5.8.11  0.019  No 

Coronene  HOM01  1,7  0.085  Yes 

6,  12  0.079  Yes 

2.  8  0.053  No 

3.  9  0.044  No 

5,  1  1  0.007  No 

4,  10  0.003  No 
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Table  1  (continued) 

Compound  Position  numbers  of  car-  Sum  of  (atomic  orbital  Whether  carbon  atoms  at 
bon  atom  (see  Formula  coefficient)2  of  each  car-  these  position  numbers  can 

II)  bon  atom  p  mHOMO  have  a  bonding  part  or  not 

Coronene  HOM02  1,7  0.087  Yes 

6,12  0.083  Yes 

2.8  0.046  No 

3.9  0.037  No 

5,11  0.011  No 

4.10  0.005  No 

35 

<  Measurement  of  number-average  molecular  weight) 

[0140]  The  polystyrene-reduced  number-average  molecular  weight  was  obtained  by  gel  permeation  chromatography 
40  (GPC)  using  chloroform  as  a  solvent. 

<  Absorption  spectrum,  Fluorescent  spectrum  ) 

[0141  ]  A  0.4%  chloroform  solution  of  a  polymeric  fluorescent  substance  was  spin-coated  on  a  quartz  plate  to  form  a 
45  film  of  a  polymeric  fluorescent  substance.  The  ultraviolet  visible  absorption  spectrum  and  fluorescent  spectrum  of  this 

film  were  measured  by  an  auto-recording  spectrophotometer,  UV  365  manufactured  by  Shimadzu  Corp.  and  a  fluores- 
cent  spectrophotometer,  850  manufactured  by  Hitachi  Ltd.,  respectively. 

<  Evaluation  of  heat-resistance  by  Differential  Scanning  Calorimetry) 
50 

[0142]  Thermal  analysis  of  a  polymeric  fluorescent  substance  was  conducted  using  a  differential  scanning  calorime- 
ter,  DSC  200  manufactured  by  Seiko  Instrument  Inc.  Any  sample  revealed  endothermic  peak  which  is  believed  to  cor- 
respond  to  softening  of  a  polymer. 

55 
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Reference  Synthesis  Example  1 

<  Synthesis  of  dibromopyrene  > 

[0143]  Pyrene  (manufactured  by  Tokyo  Chemical  Industry  Co.,  Ltd.)  was  reacted  with  2-fold  equivalent  of  bromine 
under  reflux  in  a  carbon  teterachloride  solvent  to  synthesize  dibromopyrene.  The  ratio  of  1  ,6-dibromopyrene  to  1  ,8- 
dibromopyrene  was  found  to  be  about  1  :2  by  integration  ratio  of  protons  by  1  H-NMR. 

<  Synthesis  of  dibromoperylene  > 

[0144]  Perylene  (manufactured  by  Tokyo  Chemical  Industry  Co.,  Ltd.)  was  reacted  with  2-fold  equivalent  of  bromine 
under  reflux  in  a  carbon  teterachloride  solvent  to  synthesize  dibromoperylene.  The  ratio  of  3,6-dibromoperylene  to  3,9- 
dibromoperylene  was  found  to  be  about  1  :1  by  integration  ratio  of  protons  by  1  H-NMR. 

Reference  Synthesis  Example  2 

<  Synthesis  of  pyrenedicarboxyaldehyde) 

[0145]  Dibromopyrene  synthesized  in  Reference  Synthesis  Example  1  was  lithiated  with  butyllithium  at  -78°C  in  a  tet- 
rahydrofuran  solvent,  then  reacted  with  N,N-dimethylformaide  to  synthesize  pyrenedicarboxyaldehyde.  The  ratio  of  1  ,6- 
pyrenedicarboxyaldehyde  to  1  ,8-pyrenedicarboxyaldehyde  was  found  to  be  about  1  :2  by  integration  ratio  of  protons  by 
1H-NMR. 

<  Synthesis  of  perylenedicarboxyaldehyde) 

[0146]  Dibromoperylene  synthesized  in  Reference  Synthesis  Example  1  was  lithiated  with  butyllithium  at  -78°C  in  a 
tetrahydrofuran  solvent,  then  reacted  with  N,N-dimethylformaide  to  synthesize  perylenedicarboxyaldehyde.  The  ratio  of 
3,6-perylenedicarboxyaldehyde  to  3,9-perylenedicarboxyaldehyde  was  found  to  be  about  1  :1  by  integration  ratio  of  pro- 
tons  by  1  H-NMR. 

Example  1 

<  Polymeric  fluorescent  substance  1  > 

[0147]  2-methoxy-5-(2'-ethylhexyloxy)-p-xylylene  dichloride  was  reacted  with  tri-n-butylphosphine  in  an  acetone  sol- 
vent  to  synthesize  a  phosphonium  salt.  3.68  g  of  the  resulted  phosphonium  salt  and  1  .29  g  of  pyrenedicarboxyaldehyde 
were  dissolved  in  an  ethanol/chloroform  mixed  solvent.  To  this  solution  was  added  dropwise  a  solution  prepared  by  dis- 
solving  5  ml  of  12%  lithium  methoxide  methanol  solution  into  20  ml  of  ethanol.  After  the  addition,  the  reaction  was  con- 
ducted  subsequently  for  5  hours  at  room  temperature. 
[0148]  After  left  overnight  at  room  temperature,  the  generated  precipitate  was  recovered,  washed  with  ethanol,  dis- 
solved  in  methylene  chloride,  after  removing  insoluble  components,  methanol  was  added  to  this  solution  for  re-precipi- 
tation,  and  the  generated  precipitate  was  recovered.  This  precipitate  was  washed  with  ethanol,  then,  dried  under 
reduced  pressure  to  obtain  0.3  g  of  a  polymer.  The  resulted  polymer  is  called  polymeric  fluorescent  substance  1  . 
[0149]  The  repeating  unit  of  polymeric  fluorescent  substance  1  estimated  by  the  feed  ratio  of  monomers  and  the  kind 
of  polymerization  reaction  is  shown  by  the  following  formula  (9)  wherein  the  pyrenediyl  group  represents  1  ,6-  and  1  ,8- 
pyrenedily  groups. 

Et 

(9) 
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[0150]  The  polystyrene-reduced  number  average  molecular  weight  of  polymeric  fluorescent  substance  1  was  3.3  x 
1  03.  The  1  H-NMR  of  this  polymeric  fluorescent  substance  1  showed  a  spectrum  which  corresponds  to  a  polymer  having 
the  repeating  unit  represented  by  the  formula  (9).  Polymeric  fluorescent  substance  1  could  be  easily  dissolved  in  chlo- 
roform. 

5  [01  51  ]  The  fluorescence  peak  wavelength  of  polymeric  fluorescent  substance  1  was  656  nm  and  the  temperature  at 
which  DSC  endothermic  peak  was  shown  was  57.3°C. 
[0152]  Ar-|  in  polymeric  fluorescent  substance  1  represents  1  ,6-  and  1  ,8-pyrenediyl  groups,  and  the  condensed  poly- 
cyclic  aromatic  compound  is  pyrene  and  has  a  plane  of  symmetry  and  twofold  axis  vertical  to  the  plane  including 
pyrene. 

10  [0153]  The  carbon  atoms  having  a  bonding  part  should  be  two  selected  from  1  ,  3,  6,  8,  4,  5,  9,  10  which  are  not  adja- 
cent,  as  is  known  from  the  calculation  regarding  pyrene. 
[0154]  The  pyrenediyl  group  in  polymeric  fluorescent  substance  1  satisfies  this  requirement  since  it  has  a  bonding 
part  on  1  ,6  or  1  ,8  carbon  atom. 

15  <  Fabrication  and  evaluation  of  device) 

[0155]  A  chloroform  solution  of  polymeric  fluorescent  substance  1  obtained  above  was  coated  by  a  spin  coating 
method  on  a  glass  substrate  on  which  a  200  nm  thick  ITO  film  had  been  provided  by  sputtering  to  form  a  film  of  poly- 
meric  fluorescent  substance  1  having  a  thickness  of  40  nm  as  a  light  emitting  layer.  Subsequently,  this  was  dried  at 

20  120°C  for  1  hour  under  reduced  pressure,  then,  50  nm  of  tris(8-quinolinol)aluminum  (Alq3)  was  deposited  as  an  elec- 
tron  transporting  layer  on  the  light  emitting  layer.  Finally,  100  mm  of  aluminum-lithium  alloy  (Al  :  Li  =  99:1  by  weight)  was 
deposited  as  a  cathode  on  the  electron  transporting  layer,  to  obtain  an  organic  EL  device  having  two-layer  structure. 
The  degrees  of  vacuum  during  the  deposition  were  all  8  x  10"6  torr  or  less. 
[0156]  When  voltage  of  about  10  V  was  applied  to  this  device,  red  EL  luminescence  of  polymeric  fluorescent  sub- 

25  stance  1  was  observed.  The  EL  peak  wavelength  was  680  nm. 

Example  2 

<  Polymeric  fluorescent  substance  2  > 
30 

[0157]  2-methoxy-5-octyloxy-p-xylylene  dichloride  was  reacted  with  triphenylphosphine  in  a  N,N-dimethylformamide 
solvent  to  synthesize  a  phosphonium  salt.  4.29  g  of  the  resulted  phosphonium  salt  and  1  .29  g  of  pyrenedicarboxyalde- 
hyde  were  dissolved  in  an  ethanol/chloroform  mixed  solvent.  To  this  solution  was  added  dropwise  a  solution  prepared 
by  dissolving  5  ml  of  1  2%  lithium  methoxide  methanol  solution  into  20  ml  of  ethanol.  After  the  addition,  the  reaction  was 

35  conducted  subsequently  for  5  hours  at  room  temperature. 
[0158]  After  left  overnight  at  room  temperature,  the  generated  precipitate  was  recovered,  washed  with  ethanol,  sub- 
sequently  washed  with  an  ethanol/ion-exchang  water  mixed  solvent,  and  further  washed  with  ethanol.  This  precipitate 
was  dried  under  reduced  pressure  to  obtain  1  .0  g  of  a  polymer.  The  resulted  polymer  is  called  polymeric  fluorescent 
substance  2. 

40  [01  59]  The  repeating  unit  of  polymeric  fluorescent  substance  2  estimated  by  the  feed  ratio  of  monomers  and  the  kind 
of  polymerization  reaction  is  shown  by  the  following  formula  (10)  wherein  the  pyrenediyl  group  represents  1  ,6-  and  1  ,8- 
pyrenedily  groups. 

45 

50 

55  [0160]  The  polystyrene-reduced  number  average  molecular  weight  of  polymeric  fluorescent  substance  2  was  7.9  x 
1  03.  The  1  H-NMR  of  this  polymeric  fluorescent  substance  2  showed  a  spectrum  which  corresponds  to  a  polymer  having 
the  repeating  unit  represented  by  the  formula  (10).  Polymeric  fluorescent  substance  2  could  be  easily  dissolved  in  chlo- 
roform.  The  fluorescence  peak  wavelength  of  polymeric  fluorescent  substance  2  was  608  nm  and  the  temperature  at 
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which  DSC  endothermic  peak  was  shown  was  24.4°C. 
[01  61  ]  Ar1  in  polymeric  fluorescent  substance  2  represents  1  ,6-  and  1  ,8-pyrenediyl  groups,  namely  satisfied  the  con- 
dition  of  the  present  invention  as  described  in  Example  1 

Example  3 

<  Polymeric  fluorescent  substance  3  > 

[0162]  2-methoxy-5-(2'-ethylhexyloxy)-p-xylylene  dichloride  was  reacted  with  triphenylphosphine  in  a  N,N-dimethyl- 
formamide  solvent  to  synthesize  a  phosphonium  salt.  2.57  g  of  the  resulted  phosphonium  salt  and  0.93  g  of  perylenedi- 
carboxyaldehyde  were  dissolved  in  an  ethanol/chloroform  mixed  solvent.  To  this  solution  was  added  dropwise  a  solution 
prepared  by  dissolving  5  ml  of  12%  lithium  methoxide  methanol  solution  into  20  ml  of  ethanol.  After  the  addition,  the 
reaction  was  conducted  subsequently  for  5  hours  at  room  temperature. 
[0163]  After  left  overnight  at  room  temperature,  the  generated  precipitate  was  recovered,  washed  with  ethanol,  sub- 
sequently  washed  with  an  ethanol/ion-exchang  water  mixed  solvent,  and  further  washed  with  ethanol.  This  precipitate 
was  dried  under  reduced  pressure  to  obtain  0.9  g  of  a  polymer.  The  resulted  polymer  is  called  polymeric  fluorescent 
substance  3. 
[0164]  The  repeating  unit  of  polymeric  fluorescent  substance  3  estimated  by  the  feed  ratio  of  monomers  and  the  kind 
of  polymerization  reaction  is  shown  by  the  following  formula  (11)  wherein  the  perylenediyl  group  represents  3,6-  and 
3,9-perylenedily  groups. 

[0165]  The  polystyrene-reduced  number  average  molecular  weight  of  polymeric  fluorescent  substance  3  was  2.6  x 
1  03.  The  1  H-NMR  of  this  polymeric  fluorescent  substance  3  showed  a  spectrum  which  corresponds  to  a  polymer  having 
the  repeating  unit  represented  by  the  formula  (1  1).  Polymeric  fluorescent  substance  3  could  be  easily  dissolved  in  chlo- 
roform. 
[0166]  Ar-|  in  polymeric  fluorescent  substance  3  represents  3,6-  and  3,9-perylenediyl  groups,  and  the  condensed 
polycyclic  aromatic  compound  is  perylene  and  a  plane  of  symmetry  and  twofold  axis  vertical  to  the  plane  including 
perylene. 
[0167]  The  carbon  atoms  having  a  bonding  part  should  be  two  selected  from  3,  4,  9,  10,  1,  6,  7,  12  which  are  not 
adjacent,  as  is  known  from  the  calculation  regarding  perylene. 
[0168]  The  pyrenediyl  group  in  polymeric  fluorescent  substance  3  satisfies  this  requirement  since  it  has  a  bonding 
part  on  3,6  or  3,9  carbon  atom. 

Example  4 

<  Polymeric  fluorescent  substance  4  > 

[0169]  2-methoxy-5-(2'-ethylhexyloxy)-p-xylylene  dichloride  was  reacted  with  triphenylphosphine  in  a  N,N-dimethyl- 
formamide  solvent  to  synthesize  a  phosphonium  salt.  4.29  g  of  the  resulted  phosphonium  salt,  1  .56  g  of  2,5-dioctyloxy- 
terephthalaldehyde  and  0.31  g  of  perylenedicarboxyaldehyde  were  dissolved  in  an  ethanol/chloroform  mixed  solvent. 
To  this  solution  was  added  dropwise  a  solution  prepared  by  dissolving  5  ml  of  1  2%  lithium  methoxide  methanol  solution 
into  20  ml  of  ethanol.  After  the  addition,  the  reaction  was  conducted  subsequently  for  5  hours  at  room  temperature. 
[0170]  After  left  overnight  at  room  temperature,  the  generated  precipitate  was  recovered,  washed  with  ethanol,  sub- 
sequently  washed  with  an  ethanol/ion-exchang  water  mixed  solvent,  and  further  washed  with  ethanol.  This  precipitate 
was  dried  under  reduced  pressure  to  obtain  2.0  g  of  a  polymer.  The  resulted  polymer  is  called  polymeric  fluorescent 
substance  4. 

Et 

(H)  
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[0171]  The  repeating  units  of  polymeric  fluorescent  substance  4  are  represented  by  the  following  formula  (12)  and 
(13).  Depending  on  the  feed  ratio  of  monomers  and  the  kind  of  polymerization  reaction,  the  formula  (12)  and  (13)  are 
bonded  randomly  to  form  a  random  copolymer  wherein  the  perylenediyl  group  represents  3,6-  and  3,9-perylenedily 
groups,  and  the  ratio  of  the  repeating  unit  (12)  to  the  repeating  unit  (13)  is  1  :4. 

OC8H17 
V-n-Bu 

O—  '  OC8H17 

CH=CH-^~^—  CH=CH 

OMe  C8H170 (13) 

[0172]  The  polystyrene-reduced  number  average  molecular  weight  of  polymeric  fluorescent  substance  4  was  1  .4  x 
1  04.  The  1  H-NMR  of  this  polymeric  fluorescent  substance  4  showed  a  spectrum  which  corresponds  to  a  random  copol- 
ymer  having  the  repeating  unit  represented  by  the  formula  (12)  and  the  repeating  unit  represented  by  the  formula  (13). 
Polymeric  fluorescent  substance  4  could  be  easily  dissolved  in  chloroform. 
[0173]  Ar-|  in  polymeric  fluorescent  substance  4  represents  3,6-  and  3,9-perylenediyl  groups,  satisfies  the  condition 
of  the  present  invention  as  described  in  Example  3. 

<  Fabrication  and  evaluation  of  device) 

[0174]  A  1  ,2-dichloroethane  solution  of  poly(N-vinylcarbazole)  was  coated  by  a  spin  coating  method  on  a  glass  sub- 
strate  on  which  a  200  nm  thick  ITO  film  had  been  provided  by  sputtering  to  form  a  film  of  poly(N-vinylcarbazole)  having 
a  thickness  of  60  nm  as  a  hole  transporting  layer.  Further,  a  mesitylene  solution  of  polymeric  fluorescent  substance  4 
obtained  above  was  coated  by  a  spin  coating  method  on  the  hole  transporting  layer  to  form  a  film  of  polymeric  fluores- 
cent  substance  4  having  a  thickness  of  40  nm  as  a  light  emitting  layer.  Subsequently,  this  was  dried  at  120°C  for  1  hour 
under  reduced  pressure,  then,  100  nm  of  aluminum-lithium  alloy  (  Al  :  Li  =  99:1)  was  deposited  as  a  cathode  on  the  light 
emitting  layer,  to  obtain  an  organic  EL  device  having  two-layer  structure.  The  degrees  of  vacuum  during  the  deposition 
were  all  8  x  10"6  torr  or  less. 
[0175]  When  voltage  of  about  6  V  was  applied  to  this  device,  EL  luminescence  of  polymeric  fluorescent  substance  4 
was  observed.  The  EL  peak  wavelength  was  592  nm. 

Comparative  Example  1 

<  Polymeric  fluorescent  substance  5) 

[0176]  2,5-dioctyloxy-p-xylylene  dichloride  was  reacted  with  triphenylphosphine  in  a  N,N-dimethylformamide  solvent 
to  synthesize  a  phosphonium  salt.  9.55  g  of  the  resulted  phosphonium  salt  and  1  .34  g  of  terephthalaldehyde  were  dis- 
solved  in  an  ethanol  solvent.  To  this  solution  was  added  dropwise  a  solution  prepared  by  dissolving  9.5  ml  of  12%  lith- 
ium  methoxide  methanol  solution  into  40  ml  of  ethanol.  After  the  addition,  the  reaction  was  conducted  subsequently  for 
5  hours  at  room  temperature. 
[0177]  After  left  overnight  at  room  temperature,  the  generated  precipitate  was  recovered,  washed  with  ethanol,  dis- 
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solved  in  toluene,  and  ethanol  was  added  to  this  solution  for  re-precipitation.  This  dissolution  and  re-precipitation  pro- 
cedure  was  repeated  twice.  The  resulted  precipitate  was  dried  under  reduced  pressure  to  obtain  0.8  g  of  a  polymer.  The 
resulted  polymer  is  called  polymeric  fluorescent  substance  5. 
[0178]  The  repeating  unit  of  polymeric  fluorescent  substance  5  estimated  by  the  feed  ratio  of  monomers  and  the  kind 
of  polymerization  reaction  is  shown  by  the  following  formula  (14). 

[0179]  The  polystyrene-reduced  number  average  molecular  weight  of  polymeric  fluorescent  substance  5  was  1.1  x 
1  04.  The  1  H-NMR  of  this  polymeric  fluorescent  substance  5  showed  a  spectrum  which  corresponds  to  a  polymer  having 
the  repeating  unit  represented  by  the  formula  (1  4).  Polymeric  fluorescent  substance  5  could  be  easily  dissolved  in  chlo- 
roform.  The  fluorescence  peak  wavelength  of  polymeric  fluorescent  substance  5  was  532  nm  and  the  temperature  at 
which  DSC  endothermic  peak  was  shown  was  2.6°C. 

Reference  Synthesis  Example  3 

<  Synthesis  of  n-octyl-substituted  perylene) 

[0180]  Dibromoperylene  synthesized  in  the  same  manner  as  in  Reference  Synthesis  Example  1  and  6-fold  equivalent 
n-octyl  bromide  were  reacted  in  a  THF/diethyl  ether  mixed  solvent  to  synthesize  n-octyl-substituted  perylene.  1  H-NMR 
of  this  compound  showed  a  spectrum  which  showed  a  spectrum  which  corresponds  to  n-octyl-substituted  perylene 

(Synthesis  of  n-octyl-substituted  perylenedicarboxyaldehyde) 

[0181]  The  above-described  n-octyl-substituted  perylene  was  brominated  in  the  same  manner  as  in  Reference  Syn- 
thesis  Example  1  ,  and  formylated  in  the  same  manner  as  in  Reference  Synthesis  Example  2  to  synthesize  of  n-octyl- 
substituted  perylenedicarboxyaldehyde.  The  structure  of  n-octyl-substituted  perylenedicarboxyaldehyde  was  confirmed 
by  FD-MS.  Further,  3,6-  and  3,9-  perylenedicarboxyaldehyde  derivative  were  confirmed  by  1  H-NMR. 

Example  5 

<  Polymeric  fluorescent  substance  6  ) 

[0182]  2-methoxy-5-(2'-ethylhexyloxy)-p-xylylene  dichloride  was  reacted  with  triphenylphosphine  in  a  N,N-dimethyl- 
formamide  solvent  to  synthesize  a  phosphonium  salt.  1  part  by  weight  of  the  resulted  phosphonium  salt  and  0.48  parts 
by  weight  of  the  above-described  octyl-substituted  perylenedicarboxyaldehyde  were  dissolved  in  an  ethanol/toluene 
mixed  solvent.  To  this  solution  was  added  dropwise  a  solution  prepared  by  dissolving  4  parts  by  weight  of  12%  lithium 
methoxide  methanol  solution  into  16  parts  by  weight  of  ethanol.  After  the  addition,  the  reaction  was  conducted  subse- 
quently  for  4  hours  at  room  temperature. 
[0183]  After  left  overnight  at  room  temperature,  the  generated  precipitate  was  recovered,  washed  with  ethanol,  sub- 
sequently  washed  with  an  ethanol/ion-exchang  water  mixed  solvent,  and  further  washed  with  ethanol.  Subsequently, 
this  precipitate  was  dissolved  in  toluene,  and  methanol  was  added  for  re-precipitation,  then,  washed  with  ethanol.  This 
precipitate  was  dried  under  reduced  pressure  to  obtain  0.15  parts  by  weight  of  a  polymer.  The  resulted  polymer  is  called 
polymeric  fluorescent  substance  6. 
[0184]  The  polystyrene-reduced  number  average  molecular  weight  of  polymeric  fluorescent  substance  6  was  4.5  x 
1  03.  The  1  H-NMR  of  this  polymeric  fluorescent  substance  6  showed  a  spectrum  which  corresponds  to  a  random  copol- 
ymer  comprising  2-methoxy-5-(2'-ethylhexyloxy)-1  ,4-phenylenevinylene  and  n-octyl-substituted  perylenediylvinylene. 
polymeric  fluorescent  substance  6  could  be  easily  dissolved  in  chloroform.  Ar-,  in  polymeric  fluorescent  substance  6 
represents  3,6-  and  3,9-  perylenediyl  groups,  namely  satisfied  the  condition  of  the  present  invention  as  described  in 
Example  3. 

OC8H17 

(14) 
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Reference  Synthesis  Example  4 

<  Synthesis  of  bis-hydroxymethylpyrene  > 

[0185]  Pyrenedicarboxyaldehyde  synthesized  in  the  same  manner  as  in  Reference  Synthesis  Examples  1  and  2  was 
reduced  with  a  lithium  borohydride  in  a  THF  solution  under  inert  atmosphere  to  synthesize  bis-hydroxymethylpyrene.  A 
sample  obtained  after  re-crystallization  with  ethanol  was  mainly  composed  of  1,6-bis-hydroxymethylpyrene  and  con- 
tained  a  small  amount  of  1  ,8-bis-hydroxymethylpyrene. 

<  Synthesis  of  bis-chloromethylpyrene  > 

[0186]  The  above-described  bis-hydroxymethylpyrene  was  reacted  with  thionyl  chloride  in  a  THF  solution  to  synthe- 
size  bis-chloromethylpyrene.  Bis-chloromethylpyrene  could  be  synthesized  in  the  same  manner  from  an  diethyl  ether 
solution  of  bis-hydroxymethylpyrene  and  also  from  the  solid  sample  as  it  was. 

Example  6 

<  Polymeric  fluorescent  substance  7) 

[0187]  0.08  parts  by  weight  of  the  above-described  bis-chloromethylpyrene  and  1  part  by  weight  of  2,5-bis-chlorome- 
thyl-4'-(3,7-dimethyloctyloxy)-biphenyl  were  dissolved  in  200  parts  by  weight  of  absolute  1  ,4-dioxane  under  inert  atmos- 
phere  and  the  solution  was  heated  to  95°C.  To  this  solution  was  added  dropwise  a  absolute  1  ,4-dioxane  solution  of  0.8 
parts  by  weight  of  potassium  t-butoxide.  The  solution  was  further  heated  to  97°C,  then,  a  absolute  1  ,4-dioxane  solution 
of  0.6  parts  by  weight  of  potassium  t-butoxide  was  added  dropwise.  They  were  reacted  for  2  hours  at  the  same  condi- 
tion,  then,  cooled  and  neutralized  with  acetic  acid.  The  reaction  solution  was  cooled  to  room  temperature  and  poured 
in  500  parts  by  weight  of  water,  and  the  precipitate  was  filtered  off.  It  was  purified  by  re-precipitation  from  tetrahydro- 
furan/methanol  to  obtain  0.32  parts  by  weight  of  an  orange  polymer.  The  resulted  polymer  is  called  polymeric  fluores- 
cent  substance  7. 
[0188]  The  repeating  units  of  polymeric  fluorescent  substance  7  are  represented  by  the  following  formula  (15)  and 
(16).  Depending  on  the  feed  ratio  of  monomers  and  the  kind  of  polymerization  reaction,  the  formula  (15)  and  (16)  are 
bonded  randomly  to  form  a  random  copolymer  wherein  the  pyrenediyl  group  represents  1  ,6-  and  1  ,8-pyrenedily  groups, 
and  the  ratio  of  the  repeating  unit  (15)  to  the  repeating  unit  (16)  is  1  :9. 

[0189]  The  polystyrene-reduced  number  average  molecular  weight  of  polymeric  fluorescent  substance  7  was  2.9  x 
1  05.  The  1  H-NMR  of  this  polymeric  fluorescent  substance  7  showed  a  spectrum  which  corresponds  to  a  random  copol- 
ymer  having  the  repeating  unit  represented  by  the  formula  (15)  and  the  repeating  unit  represented  by  the  formula  (16). 
Polymeric  fluorescent  substance  7  could  be  easily  dissolved  in  chloroform. 
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[0190]  The  polymeric  fluorescent  substance  of  the  present  invention  shown  fluorescence  at  long  wavelength  from 
orange  to  red,  is  excellent  in  heat-resistance,  and  excellent  as  a  material  of  an  organic  EL  device.  An  organic  EL  device 
using  this  polymeric  fluorescent  substance  is  easily  fabricated  and  reveals  excellent  luminescent  property  and  heat- 
resistance,  therefore,  it  is  preferably  used  as  an  apparatus  such  as  a  flat  light  source  as  back  light,  a  flat  panel  display 
and  the  like. 

Claims 

1.  A  polymeric  fluorescent  substance  showing  visible  fluorescence  in  solid  state  and  having  a  polystyrene-reduced 
number-average  molecular  weight  of  1  03  to  1  07,  wherein  the  polymeric  fluorescent  substance  comprises  one  or 
more  repeating  units  represented  by  the  following  formula  (1)  and  the  amount  of  these  repeating  units  is  from  0.5 
%  by  mole  to  100  %  by  mole  based  on  the  total  amount  of  repeating  units: 

-Ar1-CR1=CR2-  (1) 

wherein  Ar-|  represents  a  condensed  polycyclic  aromatic  group  which  may  be  substituted  with  a  substituent 
selected  from  a  cyano  group,  an  alkyl  group,  alkoxy  group  or  alkylthio  group  having  1  to  20  carbon  atoms,  an  alkyls- 
ilyl  group  having  3  to  60  carbon  atoms,  an  alkylamino  group  having  1  to  40  carbon  atoms,  an  aryl  group  or  aryloxy 
group  having  6  to  20  carbon  atoms,  an  arylalkenyl  group  or  arylalkynyl  group  having  8  to  20  carbon  atoms,  an 
aralkyl  group  having  7  to  14  carbon  atoms  and  a  heterocyclic  compound  group  having  4  to  14  carbon  atoms,  and 
which  satisfies  the  following  conditions  (a)  to  (c): 

(a)  the  condensed  polycyclic  aromatic  group  has  two  bonding  parts  which  are  not  adjacent  each  other,  and  the 
number  of  carbon  atoms  forming  conjugated  bonds  excepting  carbon  atoms  of  said  substituent  is  from  16  to 
30; 
(b)  a  condensed  polycyclic  aromatic  compound  obtained  by  substituting  all  substituent  on  Ar-,  by  hydrogen 
atoms  and  by  allowing  the  two  bonding  parts  to  be  bonded  to  hydrogen  atoms  has  a  plane  of  symmetry  or  a 
twofold  axis  or  threefold  axis  vertical  to  the  plane  including  the  condensed  polycyclic  aromatic  compound  and 
contains  only  6-membered-ring  structures; 
(c)  two  carbon  atoms  selected  according  to  the  following  method  have  a  bonding  part: 

any  one  of  the  highest  occupied  molecular  orbitals  of  the  condensed  polycyclic  aromatic  compound  of  (b) 
determined  by  a  semi-empirical  molecular  orbital  method,  AM1  method  is  selected,  the  sum  of  squares  of 
atomic  orbital  coefficients  of  only  carbon  atoms  to  which  a  hydrogen  atom  is  bonded  among  carbon  atoms 
in  the  condensed  polycyclic  aromatic  compound  of  (b),  and  two  carbon  atoms  are  selected  from  carbon 
atoms  having  the  largest  and  second-largest  sum  value  as  the  carbon  atoms  having  a  bonding  part;  and 
Ri  and  R2  each  independently  represents  a  group  selected  from  a  hydrogen  atom,  an  alkyl  group  having 
1  to  20  carbon  atoms,  an  aryl  group  having  6  to  20  carbon  atoms,  a  heterocyclic  compound  having  4  to  20 
carbon  atoms  and  a  cyano  group. 

2.  A  polymeric  fluorescent  substance  showing  visible  fluorescence  in  solid  state  and  having  a  polystyrene-reduced 
number-average  molecular  weight  of  1  03  to  1  07,  wherein  the  polymeric  fluorescent  substance  comprises  one  or 
more  repeating  units  represented  by  said  formula  (1)  and  one  or  more  repeating  units  represented  by  the  following 
formula  (2),  the  sum  of  the  repeating  units  represented  by  the  formula  (1)  is  from  0.5  %  by  mole  to  95  %  by  mole 
based  on  the  total  amount  of  repeating  units,  the  sum  of  the  repeating  units  represented  by  the  formula  (1)  and  the 
repeating  units  represented  by  the  formula  (2)  is  from  50  %  by  mole  to  100  %  by  mole  based  on  the  total  amount 
of  repeating  units,  and  the  molar  ratio  of  the  sum  of  the  repeating  units  represented  by  the  formula  (1)  to  the  sum 
of  the  repeating  units  represented  by  the  formula  (2)  is  from  20:1  to  1  :199: 

-Ar2-CR3=CR4-  (2) 

wherein  Ar2  represents  an  arylene  group  or  a  heterocyclic  compound  in  which  the  number  of  carbon  atoms 
forming  conjugated  bond  is  from  4  to  20,  and  is  not  the  same  as  the  Ar-|  group  in  said  formula  (1),  and  R3  and  R4 
each  independently  represents  a  group  selected  from  a  hydrogen  atom,  an  alkyl  group  having  1  to  20  carbon 
atoms,  an  aryl  group  having  6  to  20  carbon  atoms,  a  heterocyclic  compound  having  4  to  20  carbon  atoms  and  a 
cyano  group. 

3.  The  polymeric  fluorescent  substance  according  to  Claim  1  or  2,  wherein  Ar-|  in  said  formula  (1)  is  any  group 
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selected  from  a  1,6-pyrenediyl  group,  a  1  ,8-pyrenediyl  group,  a  3,6-perylenediyl  group  and  a  3,9-perylenediyl 
group,  which  may  be  substituted  with  a  substituent  selected  from  a  cyano  group,  an  alkyl  group,  alkoxy  group  or 
alkylthio  group  having  1  to  20  carbon  atoms,  an  alkylsilyl  group  having  3  to  60  carbon  atoms,  an  alkylamino  group 
having  1  to  40  carbon  atoms,  an  aryl  group  or  aryloxy  group  having  6  to  20  carbon  atoms,  an  arylalkenyl  group  or 
arylalkynyl  group  having  8  to  20  carbon  atoms,  an  aralkyl  group  having  7  to  14  carbon  atoms  and  a  heterocyclic 
compound  group  having  4  to  14  carbon  atoms. 

An  organic  electroluminescence  device  having  at  least  a  light  emitting  layer  between  a  pair  of  electrodes  consisting 
of  an  anode  and  a  cathode  at  least  one  of  which  is  transparent  or  semitransparent,  wherein  the  light  emitting  layer 
contains  the  polymeric  luminescent  substance  according  to  any  of  Claims  1  to  3. 

The  organic  electroluminescence  device  according  to  Claim  4,  wherein  a  layer  containing  an  electron  transporting 
compound  is  provided  between  the  cathode  and  the  light  emitting  layer. 

The  organic  electroluminescence  device  according  to  Claim  4,  wherein  a  layer  containing  a  hole  transporting  com- 
pound  is  provided  between  the  anode  and  the  light  emitting  layer. 

The  organic  electroluminescence  device  according  to  Claim  4,  wherein  a  layer  containing  an  electron  transporting 
compound  is  provided  between  the  cathode  and  the  light  emitting  layer  and  layer  containing  a  hole  transporting 
compound  is  provided  between  the  anode  and  the  light  emitting  layer. 
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