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Description 

The  present  invention  relates  to  an  optical  resin  having  a  high  refractive  index.  More  particularly,  the  pres- 
ent  invention  relates  to  an  optical  resin  of  a  lightweight,  having  an  excellent  heat  resistance,  an  excellent  optical 

5  uniformity  and  a  good  adaptability  to  cast  polymerization  molding  and  also  having  a  high  refractive  index. 
Recently,  highly  transparent  plastic  materials  are  used  as  optical  articles  such  as  lenses,  optical  fibers  and 

optical  disc  substrates  instead  of  inorganic  glass  materials  while  utilizing  excellent  characteristics  of  these  plas- 
tic  materials  such  as  a  light  weight,  an  easy  moldability  and  a  high  safety. 

However,  in  case  of,  for  example,  -polymethyl  methacrylate  or  polydiethyleneglycol  bisallyl  carbonate,  the 
10  refractive  index  r|D  is  as  low  as  1  .49  to  1  .50,  and  when  the  material  is  used  for  lenses  and  the  like,  requirements 

of  further  reduction  of  the  weight  and  further  compaction  are  not  sufficiently  satisfied. 
In  case  of,  for  example,  polystyrene  and  polycarbonate,  the  refractive  index  r|D  is  about  1  .58  to  about  1  .59 

and  is  relatively  high,  but  since  these  materials  are  thermoplastic  resins,  the  heat  resistance  is  poor  and  optical 
strain  is  readily  caused  by  the  birefringence  at  the  molding  step.  Moreover,  these  materials  are  defective  in 

15  that  the  solvent  resistance  and  scratch  resistance  are  poor. 
Use  of  a  crosslinkable  monomer  having  a  high  refractive  index  is  recently  proposed  for  providing  a  material 

having  a  high  refractive  index  and  overcoming  the  foregoing  defects.  For  example,  use  of  polyfunctional  mono- 
mers  having  an  aromatic  ring  substituted  with  a  halogen  atom,  such  as  a  tetrabromobisphenol  Askeleton  (Jap- 
anese  Unexamined  Patent  Publication  No.  57-147505,  Japanese  Unexamined  Patent  Publication  No.  58- 

20  18602,  Japanese  Unexamined  Patent  Publication  No.  60-51706,  Japanese  Unexamined  Patent  Publication 
No.  61-64716  and  Japanese  Unexamined  Patent  Publication  No.  61-28901)  and  a  tetrabromophthalic  acid 
skeleton  (Japanese  Unexamined  Patent  Publication  No.  60-166307,  Japanese  Unexamined  Patent  Publication 
No.  60-173006  and  Japanese  Unexamined  Patent  Publication  No.  60-137912),  and  monomers  having  a  styr- 
ene  group  introduced  as  the  functional  group  in  an  alkylene  sulfide  skeleton  (Japanese  Unexamined  Patent 

25  Publication  No.  59-164501)  as  main  components  or  comonomer  components  has  been  proposed. 
However,  most  of  these  polyfunctional  monomers  having  a  high  refractive  index  are  solid  at  room  temper- 

ature,  and  therefore,  cast  polymerization  molding  of  these  monomers  is  difficult  and  a  reactive  diluent  such 
as  styrene  is  used  in  combination  while  admitting  that  this  results  in  reduction  of  the  refractive  index.  In  case 
of  the  monomer  having  a  styrene  group  introduced  in  an  alkylene  sulfide  skeleton,  if  the  chain  length  of  the 

30  alkylene  sulfide  skeleton  is  short,  troubles  such  as  cracking  at  the  cast  polymerization  molding  and  breaking 
at  the  release  from  a  mold  are  often  caused,  and  the  impact  resistance  is  degraded.  These  defects  are  due 
to  the  fact  that  the  distance  between  crosslinking  sites  is  unduly  short,  and  these  defects  are  eliminated  by 
increasing  the  length  of  the  alkylene  sulfide  skeleton,  but  this  results  in  reduction  of  the  refractive  index.  More- 
over,  the  halogen-containing  monomer  is  defective  in  that  the  specific  gravity  is  large. 

35  It  is  a  primary  object  of  the  present  invention  to  solve  the  foregoing  problems  and  provide  an  optical  resin 
of  a  lightweight,  being  excellent  in  heat  resistance,  optical  uniformity  and  cast  polymerization  moldability  and 
having  a  high  refractive  index. 

In  accordance  with  the  present  invention,  there  is  provided  an  optical  resin  which  comprises  recurring  units 
represented  by  the  following  formula  [lb]: 

40 

45 

50 

—  (-CH2—  CH)  —  +CH2  CH  )■ 

( q ]   c h 2 - s   - f t -   ch2  - i r 4 0 H "   CH2  -*ir   
S ^ C H 2 H ^  

[ l b ]  

wherein  n  is  an  integer  of  from  1  to  1  0  and  a  and  b  each  represent  0  or  an  integer  of  from  1  to  4. 
The  optical  resin  of  the  present  invention  has  a  lightweight,  is  excellent  in  heat  resistance,  optical  uniform- 

ity  and  cast  polymerization  moldability  and  has  a  high  refractive  index  of  r|D  s  1.62. 
The  optical  resin  of  the  present  invention  comprises  recurring  units  represented  by  the  above-mentioned 

55  formula  [lb].  These  recurring  units  can  be  formed  by  polymerization  of  a  diethylenically  unsaturated  monomer 
represented  by  the  following  formula  [la]: 

2 
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[ l a ]  

wherein  n  is  an  integer  of  from  1  to  1  0,  and  a  and  b  each  represent  0  or  an  integer  of  from  1  to  4. 
It  is  considered  that  this  diethylenically  unsaturated  monomer  has  a  structure  in  which  styrene  molecules 

are  connected  through  a  thioether  chain.  The  position  of  the  connection  of  the  thioether  chain  to  the  styrene 
moiety  may  beany  of  o-,  m-  and  p-positions,  but  m-  and  p-positions  are  typical.  In  the  case  where  a  phenylene 
group  is  present  in  this  thioether  chain,  the  substitution  position  may  be  any  of  o-,  m-  and  p-positions,  but  m- 
and  p-positions  are  typical. 

In  above  formula  [la],  n  is  preferably  from  1  to  6,  and  each  of  a  and  b  is  preferably  from  0  to  2.  It  is  preferred 
that  a  and  b  should  have  the  same  meaning. 

Specific  examples  of  the  monomer  [la]  in  which  n  is  1  are  described  below: 

and 

These  monomers  can  be  synthesized  by  reacting  chloromethylstyrene  (for  example,  a  mixture  of  m-  and 
p-chloromethylstyrenes)  with  a  desired  dimercaptan  such  as  m-xylylene  dimercaptan,  p-xylylene  dimercaptan 
orm-benzene  dithiol  in  the  presence  of  a  base  such  as  sodium  hydroxide,  potassium  hydroxide  or  potassium 
carbonate.  This  reaction  is  preferably  carried  out  in  a  solvent.  An  alcohol,  a  water-alcohol  mixture  and  a  ketone 
are  especially  preferably  used  as  the  solvent. 

Another  example  of  the  monomer  of  formula  [la]  is  the  following  compound: 
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5 

10 
wherein  n  is  an  integer  of  from  1  to  10.  The  product,  however,  is  practically  a  mixture  of  those  of  various 

integers  n,  wherein  the  n  is  an  of  various  n's. 
Monomers  of  this  type  can  be  obtained  by  reacting  chloromethylstyrene  (for  example,  a  mixture  of  m-chlor- 

omethylstyrene  and  p-chloromethylstyrene)  and  m-xylene  dichloride  with  an  alkali  metal  sulfide  such  as  so- 
15  dium  sulfide.  Also  in  this  reaction,  a  solvent  such  as  an  alcohol,  a  water-alcohol  mixture  or  a  ketone  is  preferably 

used.  The  n  value  (average  value)  of  the  monomer  obtained  can  be  controlled  by  controlling  the  ratio  among 
chloromethylstyrene,  m-xylylene  dichloride  and  sodium  sulfide  and  preferably  n  is  from  more  than  1  to  2.5. 

The  optical  resin  of  the  present  invention  can  be  obtained  by  polymerizing  at  least  one  monomer  of  formula 
[la]  or  by  copolymerizing  at  least  one  monomer  of  formula  [la]  with  a  monomer  copolymerizable  therewith,  and 

20  this  optical  resin  comprises  recurring  units  represented  by  above  formula  [lb]. 
As  the  radically  polymerizable  monomer  to  be  copolymerized,  there  can  be  mentioned  (a)  vinyl  compounds 

such  as  styrene,  vinyltoluene,  methoxystyrene,  chlorostyrene,  bromostyrene,  dichlorostyrene,  dibromostyr- 
ene,  divinylbenzene,  vinylnaphthalene  and  vinyl  acetate,  (b)  (meth)acrylic  compounds  such  as  methyl  metha- 
crylate,  phenyl  methacrylate,  phenyl  acrylate,  chlorophenyl  methacrylate,  bromophenyl  methacrylate,  benzyl 

25  methacrylate,  2-hydroxyethyl  methacrylate,  glycidyl  methacrylate,  epoxy  acrylate,  diethyleneglycol  dimetha- 
crylate,  triethyleneglycol  dimethacrylate,  1  ,6-hexanediol  dimethacrylate,  a  dimethacrylate  of  an  ethylene  ox- 
ide  adductto  bisphenol  A,  a  dimethacrylate  of  an  ethylene  oxide  adduct  to  tetrabromobisphenol  Aand  p-bis(p- 
methacryloyloxyethylthio)xylylene,  and  (c)  allyl  compounds  such  as  diethyleneglycol  bisallyl  carbonate,  diallyl 
phthalate,  diallyl  epoxysuccinate,  allylphenylsilaneand  diallyldimethylsilane.  The  copolymerization  ratio  of  the 

30  radical  polymerizable  unsaturated  monomer  is  generally  in  the  range  of  from  1  to  90%  by  weight.  In  view  of 
the  purport  of  the  present  invention,  it  is  preferred  that  the  monomer  of  formula  [la]  should  comprise  at  least 
50%  by  weight. 

The  polymerization  is  generally  carried  out  according  to  the  radical  polymerization  process  using  a  radical 
polymerization  initiator.  For  example,  known  bulk  polymerization,  suspension  polymerization  and  emulsion 

35  polymerization  techniques  can  be  adopted. 
The  kind  of  the  radical  polymerization  initiator  used  for  the  polymerization  is  not  particularly  critical,  and 

ordinary  initiators  can  be  used.  For  example,  there  can  be  used  peroxides  such  as  benzoyl  peroxide,  diiso- 
propyl  oxycarbonate,  tertiary  butyl  peroxyisopropyl  carbonate  and  di-tertiarybutyl  peroxide,  and  azo  com- 
pounds  such  as  azobisisobutyronitrile  and  azobismethylvaleronitrile.  The  radical  polymerization  initiator  is 

40  used  in  an  amount  of  0.01  to  10%  by  weight,  preferably  0.1  to  5%  by  weight,  based  on  the  whole  monomers. 
The  reaction  is  preferably  carried  out  at  a  polymerization  temperature  of  20  to  120°C  for  about  1  to  about  72 
hours. 

The  polymerization  can  also  be  accomplished  by  the  known  photopolymerization  technique  using  an  or- 
dinary  photopolymerization  initiator. 

45  The  kind  of  the  photopolymerization  initiator  used  for  the  polymerization  is  not  particularly  critical.  Ordinary 
initiators  can  be  used.  For  example,  there  can  be  used  acetophenone-type  initiators  such  as  acetophenone, 
diethoxyacetophenone,  2-hydroxy-2-methyl-1-phenylpropan-1-one  and  1-hydroxycyclohexylphenylketone; 
benzoin-type  initiators  such  as  benzoin,  benzoin  ethyl  ether  and  benzyldimethylketal;  benzophenone-type  ini- 
tiators  such  as  benzophenone,  methyl  benzoylbenzoate  and  4-phenylbenzophenone;  thioxanthone-type  ini- 

50  tiators  such  as  thioxanthone,  2-methylthioxanthone  and  2,4-diethylthioxanthone;  and  acylphosphine  oxide 
and  benzil.  The  photopolymerization  initiator  is  used  in  an  amount  of  0.01  to  10%  by  weight,  preferably  0.05 
to  5%  by  weight,  based  on  the  whole  monomers.  The  reaction  is  carried  out  at  an  irradiation  dose  of  0.01  to 
100  J/cm2,  preferably  0.1  to  30  J/cm2. 

The  polymerization  can  be  accomplished  by  combining  the  radical  polymerization  process  and  the  photo- 
55  polymerization  process. 

The  present  invention  will  now  be  described  in  detail  with  reference  to  the  following  examples  that  by  no 
means  limit  the  scope  of  the  invention. 

4 
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Example  1 

(1)  At  room  temperature,  0.2  mole  of  chloromethylstyrene  (mixture  of  m-chloromethylstyrene  and  p-chlor- 
5  omethylstyrene)  was  reacted  with  0.1  mole  of  m-xylylene  dimercaptan  in  the  presence  of  0.2  mole  of  so- 

dium  hydroxide  in  200  ml  of  methanol  as  the  solvent  for  1  hour.  After  the  reaction,  the  reaction  product 
was  washed  with  water.  The  reaction  product  obtained  was  liquid  at  room  temperature,  and  from  the  results 
of  the  liquid  chromatography,  H1-NMRand  IR,  it  was  confirmed  that  the  product  obtained  was  the  following 
compound: 

10 

15 

20  Some  of  the  analytical  data  obtained  are  as  follows. 
NMR:  3.6  ppm  (proton  of  methylene,  8H),  5.2-6.9  ppm  (proton  of  vinyl  group,  6H)  and  7.1-7.4  ppm  (proton 

of  benzene  nucleus,  12H) 
(2)  A  mixture  of  1  part  by  weight  of  benzoyl  peroxide  and  100  parts  by  weight  of  the  monomer  thus  obtained 
was  cast  in  a  mold  constructed  by  two  glass  sheets  and  silicone  packings,  and  the  temperature  was  ele- 

25  vated  from  60°C  to  110°C  over  a  period  of  12  hours  to  effect  polymerization.  The  cured  product  obtained 
had  a  refractive  index  r|D  of  1.67,  an  Abbe  number  vD  of  28  and  a  specific  gravity  d  of  1.18. 

Example  2 

30  By  using  a  mixture  (liquid)  of  80  parts  by  weight  of  the  monomer  obtained  in  Example  1  and  20  parts  by 
weight  of  p-bis(p-methacryloyloxyethylthio)xylylene,  polymerization  was  carried  out  in  the  same  manner  as 
described  in  Example  1  .  The  cured  product  obtained  had  a  refractive  index  r|D  of  1  .65,  an  Abbe  number  vD  of 
29  and  a  specific  gravity  d  of  1  .20. 

35  Example  3 

(1)  At  room  temperature,  0.15  mole  of  m-xylylene  dichloride  was  reacted  with  0.25  mole  of  sodium  sulfide 
in  a  1/1  mixture  of  water  and  methanol  as  the  solvent  for  1  hour.  Then,  0.2  mole  of  chloromethylstyrene 
(mixture  of  m-chloromethylstyrene  and  p-chloromethylstyrene)  was  added  to  the  reaction  mixture  and  re- 

40  action  was  further  conducted  at  room  temperature  for  1  hour.  After  the  reaction,  the  reaction  product  was 
washed  with  water.  The  reaction  product  obtained  was  liquid  at  room  temperature.  From  the  results  of  GPC, 
H1-NMR  and  IR,  it  was  confirmed  that  the  reaction  product  was  the  following  compound: 

The  product  obtained  was  a  mixture  of  compounds  of  the  above  formula  in  which  n  was  1  through  4 
and  the  average  value  of  n  was  1  .5. 

55  Some  of  the  analytical  data  obtained  are  as  follows. 
NMR:  3.6  ppm  (proton  of  methylene,  10H),  5.2-6.9  ppm  (proton  of  vinyl  group,  6H)  and  7.1-7.4  ppm 

(proton  of  benzene  nucleus,  14H) 
(2)  By  using  a  mixture  (liquid)  of  90  parts  by  weight  of  the  monomer  thus  obtained  and  10  parts  by  weight 
of  methyl  methacrylate,  polymerization  was  carried  out  in  the  same  manner  as  described  in  Example  1  . 

5 
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The  cured  product  obtained  had  a  refractive  index  r|D  of  1  .65,  an  Abbe  number  vD  of  28  and  a  specific  gravity 
d  of  1.18. 

5  Comparative  Example  1 

(1)  The  experiment  was  carried  out  in  the  same  manner  as  described  in  Example  1-(1)  except  that  0.1 
mole  of  sodium  sulfide  was  used  instead  of  m-xylylene  dimercaptan  and  sodium  hydroxide.  From  the  re- 
sults  of  the  liquid  chromatography,  H2-NMR  and  IR,  it  was  confirmed  that  the  reaction  product  obtained 

10  was  the  following  compound: 

CH2=CH  CH2=CH 

15 

20  (2)  Polymerization  was  carried  out  in  the  same  manner  as  described  in  Example  1-(2).  The  cured  product 
obtained  was  brittle  and  was  broken  when  it  was  taken  out  from  the  glass  mold.  When  the  cured  product 
was  polished  for  measuring  the  refractive  index,  edges  were  broken  off.  The  cured  product  had  a  refractive 
index  r|D  of  1  .65,  an  Abbe  number  vD  of  28. 

25  Examples  4  through  6 

Compounds  differing  in  the  values  of  a,  b  and  n  were  synthesized  according  to  the  process  of  Example  1 
or  Example  3.  The  physical  property  values  of  the  obtained  diethylenically  unsaturated  compounds  were  as 
shown  below. 

30 

35 

40 

45 

50 

55 
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Example  ■  n  ,  NMR 
N o .  

4  0  1  3 .6  ppm 
( p r o t o n   of  m e t h y l e n e ,   4H) 

5 . 2 - 6 . 9   ppm 
( p r o t o n   of  v i n y l   g r o u p ,   6H) 

7 . 1 -   7 .5   ppm 
( p r o t o n   of  b e n z e n e   n u c l e u s ,   12H)  

5  2  1  2 . 5 - 2 . 7   ppm 
( p r o t o n   of  e t h y l e n e   c h a i n ,   8H) 

3.6  ppm 
( p r o t o n   of  m e t h y l e n e ,   4H) 

5 . 2 -   6 .9  ppm 
( p r o t o n   of  v i n y l   g r o u p ,   6H) 

7 . 1 - 7 . 4   ppm 
( p r o t o n   of  b e n z e n e   n u c l e u s ,   12H)  

6  1  2 .0  3 .6  ppm 
( a v e r a g e   ( p r o t o n   of  m e t h y l e n e ,   12H)  

v a l u e )   5 . 2 - 6 . 9   ppm 
( p r o t o n   of  v i n y l   g r o u p ,   6H) 

7 . 1 - 7 . 4   ppm 
( p r o t o n   of  b e n z e n e   n u c l e u s ,   12H)  

Claims 

I.  An  optical  resin  which  is  substantially  insoluble  and  infusible  and  has  a  refractive  index  r|D  of  at  least  1.62, 
said  resin  comprising  recurring  units  represented  by  the  following  formula  [lb]: 

I  -L  D  J 

wherein  n  is  an  integer  of  from  1  to  1  0,  and  a  and  b  each  represent  0  or  an  integer  of  from  1  to  4. 

2.  The  optical  resin  as  set  forth  in  claim  1  ,  wherein  n  is  an  integer  of  from  1  to  6,  and  a  and  b  each  represent 
0  or  an  integer  of  1  or  2. 

3.  The  optical  resin  as  set  forth  in  claim  1,  wherein  n  is  1. 
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4.  The  optical  resin  as  set  forth  in  claim  1,  wherein  n  is  a  mixture  of  1  through  6. 

5.  The  optical  resin  as  set  forth  in  any  one  of  claims  1  to  4,  wherein  each  of  the  phenylene  groups  in  the 
formula  is  an  m-phenylene  or  p-phenylene  group. 

6.  The  optical  resin  as  set  forth  in  claim  1,  wherein  the  recurring  units  for  formula  [lb]  are  derived  from  a 
diethylenically  unsaturated  monomer  selected  from  the  group  consisting  of: 

and 

which  is  a  mixture  of  those  of  n  of  1  through  4,  the  average  value  being  from  more  than  1  to  2.5. 

7.  The  optical  resin  as  setforth  in  claim  1,  which  is  formed  by  radical  polymerization  of  a  monomer  comprising 
at  least  50%  by  weight  of  a  diethylenically  unsaturated  monomer  as  set  forth  in  claim  1  and  up  to  50% 
by  weight  of  a  monomer  radically  copolymerizable  therewith. 

Patentanspruche 

1.  Ein  optisches  Harz,  das  im  wesentlich  unloslich  und  unschmelzbar  ist  und  einen  Brechungsindex  r|D  von 
mindestens  1,62  hat,  wobei  das  Harz  sich  wiederholende  Einheiten  gemali  der  nachstehenden  Formel 
[lb]  aufweist: 
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[ l b ]  

mit  n  als  einer  ganzen  Zahl  von  1  bis  10  und  a  und  b  jeweils  0  oder  eine  ganze  Zahl  von  1  bis  4. 

2.  Das  optische  Harz  nach  Anspruch  1  mit  n  als  einer  ganzen  Zahl  von  1  bis  6  und  a  und  b  jeweils  0  oder 
eine  ganze  Zahl  1  oder  2. 

3.  Das  optische  Harz  nach  Anspruch  1  mit  n  =  1. 

4.  Das  optische  Harz  nach  Anspruch  1  mit  n  als  ein  Gemisch  von  1  bis  6. 

5.  Das  optische  Harz  nach  einem  der  Anspruche  1  bis  4,  in  dem  die  Phenylenreste  ein  m-Phenylenrest  oder 
ein  p-Phenylenrest  ist. 

6.  Das  optische  Harz  nach  Anspruch  1  ,  worin  die  wiederkehrenden  Einheiten  der  Formel  [lb]  aus  einem  di- 
ethylenartig  ungesattigten  Monomeren  derfolgenden  Gruppe  abgeleitet  sind: 

and 
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was  ein  Gemisch  von  solchen  Stoffen  mit  n  von  1  bis  4  ist,  wobei  der  Mittelwert  von  mehr  als  1  bis  2,5 
reicht. 

7.  Das  optische  Harz  nach  Anspruch  1  ,  das  durch  radikalische  Polymerisation  eines  Monomeren  umfassend 
mindestens50Gewichtsprozenteinesdiethylenartig  ungesattigten  Monomeren  nach  Anspruch  1  und  bis 
zu  50  Gewichtsprozent  eines  radikalisch  copolymerisierbaren  Monomeren  gebildet  ist. 

Revendications 

1.  Resine  optique  essentiellement  insoluble  et  infusible  et  ayant  un  indice  de  refraction  r|D  d'au  moins  1,62, 
cette  resine  comprenant  des  motifs  repetitifs  representes  par  la  formule  [lb]  ci-apres  : 

[ l b ]  

dans  laquelle  n  est  un  entier  de  1  a  1  0  et  a  et  b  representent  chacun  0  ou  un  entier  de  1  a  4. 

2.  Resine  optique  selon  la  revendication  1,  dans  laquelle  nest  un  entier  de  1  a  6,  et  a  etb  representent  chacun 
0  ou  rentier  1  ou  2. 

3.  Resine  optique  selon  la  revendication  1,  dans  laquelle  n  vaut  1. 

4.  Resine  optique  selon  la  revendication  1,  dans  laquelle  n  est  un  melange  de  1  a  6. 

5.  Resine  optique  selon  I'une  quelconque  des  revendications  1  a  4,  dans  laquelle  chacun  des  groupes  phe- 
nylene  de  la  formule  est  un  groupe  m-phenylene  ou  p-phenylene. 

6.  Resine  optique  selon  la  revendication  1,  dans  laquelle  les  motifs  repetitifs  de  formule  [lb]  derivent  d'un 
monomere  a  insaturation  diethylenique  choisi  parmi  I'ensemble  comprenant  les  monomeres  suivants  : 

t 
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et 

qui  est  un  melange  de  composes  dans  lesquels  n  vaut  de  1  a  4,  la  valeur  moyenne  etant  superieure  a 
une  valeur  de  1  a  2,5. 

Resine  optique  selon  la  revendication  1,  qui  est  formee  par  polymerisation  radicalaire  d'un  monomere 
comprenant  au  moins  50  %  en  poids  d'un  monomere  a  insaturation  ethylenique  selon  la  revendication  1 
et  jusqu'a  50  %  en  poids  d'un  monomere  pouvant  etre  polymerise  avec  ce  dernier  par  copolymerisation 
radicalaire. 
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