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Description 

[0001]  The  present  invention  relates  to  optical  recording  materials.  The  materials  are  particularly  useful  in  making 
recordable  compact  disks. 

5  [0002]  There  are  many  types  of  optical  recording  materials  that  are  known.  In  many  of  the  materials,  the  mode  of 
operation  requires  that  the  unrecorded  material  have  a  high  absorption  and  that  the  recorded  areas,  often  referred  to 
as  pits,  have  low  optical  density  or  high  reflection.  The  high  reflection  pits  are  made  by  ablating  away  the  high  absorption 
recording  material,  usually  exposing  an  underlying  reflective  support. 
[0003]  One  of  the  currently  popular  forms  of  optical  storage  of  information  is  the  compact  disk  or  CD.  Digital  infor- 

10  mation  is  stored  in  the  form  of  high  optical  density  marks  or  pits  on  an  otherwise  reflective  background,  the  exact 
opposite  of  the  above  described  optical  recording  materials.  In  this  format,  the  optical  information  is  most  often  in  the 
form  of  read  only  memory  or  ROM.  Optical  information  is  not  usually  recorded  in  real  time  but  rather  is  produced  by 
press  molding.  In  a  typical  process,  the  optical  recording  substrate  is  first  press  molded  with  a  master  containing  the 
digital  information  to  be  reproduced.  The  thus  formed  information  is  then  overcoated  with  a  reflective  layer  and  then 

is  with  an  optional  protective  layer.  In  those  areas  having  the  deformations  or  pits,  the  optical  density  is  higher  than  in 
those  areas  not  having  the  deformations. 
[0004]  EP-A-0  483  387  discloses  a  dye  composition  and  an  optical  recording  medium.  The  optical  recording  medium 
shall  have  an  improved  light  fastness  and  the  recording  layer  contains  cyanine  dye  and  an  azo  metal  chelate  compound. 
[0005]  It  is  desirable  to  produce  optical  recording  media  which,  when  recorded  in  real  time,  produces  a  record  that 

20  mimics  the  conventional  CD  on  read  out.  Read  out  is  at  780  nm.  In  this  manner,  information  can  be  added  to  the  CD 
and  the  CD  can  be  used  on  a  conventional  CD  player. 
[0006]  One  recently  disclosed  system  of  this  type  is  the  so  called  "Photo  CD".  In  this  system,  conventional  photo- 
graphic  film  is  first  processed  in  a  conventional  manner.  Then,  the  images  from  the  film  are  digitized  and  the  digital 
information  is  recorded  in  a  CD  readable  form  on  an  optical  recording  material.  Images  can  then  be  played  back  on  a 

25  CD  type  player  into  a  conventional  television.  Since  a  CD  has  a  capacity  for  a  number  of  digitized  images  that  is  greater 
than  the  typical  roll  of  consumer  film,  it  is  anticipated  that  the  user  will  want  to  add  images  to  a  preexisting  CD.  Thus 
the  need  for  recordable,  CD  compatible  optical  recording  material. 
[0007]  Materials  that  can  be  used  in  this  manner  are  described  in  United  States  Patent  4,940,618,  European  Patent 
Application  0,353,393  and  Canadian  Patent  Application  2,005,520. 

30  [0008]  Commercially  useful  materials  of  the  type  described  in  these  references  have  stringent  requirements.  One  of 
these  requirements  is  light  stability.  Since  the  Photo  CD  is  a  consumer  product,  it  must  be  capable  of  withstanding 
extreme  environments.  Between  the  time  the  original  images  are  recorded  on  the  Photo  CD  and  the  time  subsequent 
images  are  recorded,  the  CD  might  be  placed  in  strong  sunlight,  for  example.  The  recording  layer  must  be  very  light 
stable  for  this  purpose. 

35  [0009]  In  United  States  Patent  4,626,496  there  is  described  an  optical  recording  medium  wherein  the  recording  layer 
consists  essentially  of  a  "double  salt"  of  an  organic  dye  cation  and  a  metal  complex  anion.  In  the  examples,  most  of 
the  cationic  dyes  are  cyanine  dyes.  The  single  charged  anions  are  metal  complexes,  but  no  example  is  given  of  a 
doubly  charged  anion  dye  and  in  particular,  there  is  no  example  of  a  doubly  charged  anionic  azo  dye.  The  main  purpose 
for  the  anions  in  the  '496  patent  is  is  to  stabilize  the  cyanine  dye.  There  is  no  disclosure  of  using  the  anion  to  make  an 

40  index  of  refraction  adjustment  as  well  as  stabilization.  Based  on  the  reported  reflectivities,  these  "double  salts"  would 
not  be  useful  in  the  writable  CD  type  of  system.  This  is  shown  in  the  comparative  examples  later  in  this  specification. 
[0010]  Thus,  there  is  a  continuing  need  for  optical  recording  materials  that  have  the  necessary  optical  characteristics 
so  that  they  are  CD  compatible  and  yet  are  light  stable.  It  is  to  a  solution  to  this  problem  that  the  present  invention  is 
directed. 

45  [0011]  In  accordance  with  the  present  invention  there  is  provided  a  recordable  optical  element  having  a  transparent 
substrate  and  on  the  surface  of  said  substrate,  a)  a  recording  layer  containing  a  light  absorbing  material  and  b)  a  light 
reflecting  layer,  wherein  said  light  absorbing  material  has  the  structure: 
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2  ( D y e *   ) 

N i  

2 

wherein; 
20 

R  is  hydrogen,  alkyl  having  from  1  to  20  carbons,  or  substituted  aryl  from  6  to  10  carbon  atoms; 
R-i  represents  hydrogen  or  an  alkyl  group  of  from  1  to  6  carbon  atoms; 
R2  represents  a  hydrogen,  an  alkyl  group  of  from  1  to  5  carbon  atoms;  S02R"'  or  S02NHR"'  where  R'"  is  an  alkyl 
group  from  1  to  10  carbon  atoms;  an  aryl  group  of  from  6  to  10  carbon  atoms  or  a  hetaryl  group  of  from  5  to  10 

25  carbon  atoms  or  a  halogen  atom; 
R3  represents  hydrogen,  an  alkyl  group  of  from  1  to  4  carbon  atoms  or  a  halogen  atom; 
R4  represents  alkyl  group  1  to  10  carbon  atoms;  S02R"',  S02NHR"'  where  R'"  is  an  alkyl  group  from  1  to  10  carbon 
atoms;  an  aryl  group  of  from  6  to  1  0  carbon  atoms  or  a  hetaryl  group  of  from  5  to  1  0  carbon  atoms  or  a  halogen  atom; 
R5  represents  an  electron  withdrawing  group  such  as  N02,  CN,  S02R"",  S02NRVRVI  where  R"",  Rv  or  RVI  each 

30  independently  can  represent  a  hydrogen,  an  alkyl  group  of  from  1  to  5  carbon  atoms;  an  aryl  group  of  from  6  to 
1  0  carbon  atoms;  a  hetaryl  group  of  from  5  to  1  0  carbon  atoms;  or  a  cycloalkyl  group  of  from  5  to  7  carbon  atoms; 
R6  represents  hydrogen;  an  alkyl  group  of  from  1  to  5  carbon  atoms;  or  a  halogen  atom; 
X  represents  oxygen,  sulfur  or  carboxyl  or  sulfo  groups;  and 
Dye+  can  be  any  dye  that  has  one  or  more  positive  charges. 

35 
[0012]  The  above  structure  defines  a  material  having  four  dye  molecules.  Two  are  complexed  with  nickel  and  the 
other  two  are  cation  ic  counter  ions.  For  convenience,  this  material  will  be  referred  to  as  a  "tetradye"  because  it  contains 
four  dye  molecules. 
[0013]  In  accordance  with  the  invention,  the  optical  recording  element  has  a  dye  recording  layer  that  includes  the 

40  tetra  dye  light  absorbing  material  described  above.  Mixtures  of  the  tetra  dye  light  absorbing  material  as  well  as  mixtures 
of  these  materials  with  dyes  of  other  classes  are  also  contemplated. 
[0014]  In  the  descriptions  above,  alkyl  can  be  a  straight  or  branched  chain  group  having  up  to  10  carbon  atoms  such 
as  methyl,  ethyl  or  isopropyl.  The  aryl  group  can  be,  for  example,  phenyl,  aminophenyl  or  propionylaminophenyl.  The 
heteroaryl  group  can  be,  for  example,  2-pyridyl  or  2-furyl. 

45  [0015]  Also  in  the  description  above  various  substituents  are  also  contemplated.  Thus,  the  groups  can  be  substituted 
with  one  or  more  alkoxy,  alkoxycarbonyl,  aryloxy,  aryloxycarbonyl,  carbamyl,  sulfamoyl,  acylamino,  sulfonylamino, 
halogen,  ureido,  hydroxy,  carbamoyloxy,  alkoxycarbonylamino,  cyano,  thiocyano,  carboxy  or  sulfo  groups,  and  so  forth. 
[0016]  In  preferred  embodiments,  the  Dye+  is  a  cyanine  dye  having  the  general  structure: 
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wherein: 

T  may  be  equal  to  or  different  from  T1,  in  which  each  represents  C,  N,  O,  or  S,  respectively; 
A  may  be  equal  to  or  different  from  A1,  in  which  each  represents  an  aromatic  ring; 

5  B  may  be  equal  to  or  different  from  B1  ,  in  which  each  represents  -O-,  -S-, 

10 

H3C\  /CH3  

15 

-Se-,  -CH=CH-,  or 

N  —  

20 

where  E  represents  an  unsubstituted  or  substituted  alkyl  group  of  C-|-C10  or  unsubstituted  or  substituted  aromatic 
ring;  or  B  may  be  combined  with  A  to  form  an  aromatic  ring; 
R  and  R1  exist  when  T  is  C  or  N,  R  is  equal  to  or  different  from  R1  and  represents  an  unsubstituted  or  substituted 

25  alkyl  group  of  C-|-C10  or  an  unsubstituted  or  substituted  aromatic  ring;  and 
n  represents  an  integer  from  1  to  2. 

[0017]  Typical  dyes  of  this  type  are  described  in  US-A-4,994,343  and  US-A-4,996,089. 
[0018]  Just  prior  to  the  examples  below,  there  is  described  a  typical  synthesis  of  a  tetra  dye  light  absorbing  material 

30  useful  in  the  invention.  Tables  following  the  illustrative  synthesis  provide  examples  of  specific  materials  that  are  useful. 
[0019]  The  elements  of  the  invention  use  tetra  dye  light  absorbing  materials.  The  optical  information  recording  me- 
dium  comprises  a  light  transmitting,  typically  pregrooved  substrate,  the  tetra  dye  light  absorbing  material  light  absorptive 
layer  overlaying  the  substrate,  a  light  reflective  layer  overlaying  the  light  absorptive  layer  and  a  protective  layer  over- 
laying  the  light  reflective  layer.  The  recording  process  will  produce  marks  of  lower  reflectivity  than  the  unmarked  areas 

35  of  the  disk  when  written  and  read  with  a  diode  laser  emitting  between  770  and  800  nm.  It  is  preferred  that  the  substituents 
on  the  dye  molecule  be  selected  so  that  the  real  part  of  the  complex  refractive  index  (N)  of  the  unwritten  light  absorptive 
layer  measured  with  780  nm  light  source  is  not  less  than  1  .8  and  and  the  imaginary  part  (k)  is  not  greater  than  0.3. 
[0020]  The  substrate  may  be  any  transparent  material  that  satisfies  the  mechanical  and  optical  requirements.  Gen- 
erally  pregrooved  with  groove  depths  from  20  nm  to  250  nm,  groove  widths  0.2  to  1  urn  and  a  pitch  1  to  2u.m.  The 

40  preferred  material  is  polycarbonate,  other  materials  are  glass,  polymethylmethacrylate  and  other  suitable  polymeric 
materials. 
[0021]  The  preparation  of  the  optical  recording  element  of  the  invention  is  achieved  by  spin  coating  of  the  tetra  dye 
by  itself,  or  with  other  dye  or  dyes  or  with  addenda  from  a  suitable  solvent  onto  a  transparent  substrate.  For  coating, 
the  tetra  dye  with  or  without  addenda  is  dissolved  in  a  suitable  solvent  so  that  the  dye  is  20  or  less  parts  by  weight  to 

45  1  00  parts  of  solvent  by  volume.  The  dye  recording  layer  of  the  element  is  then  overcoated  with  a  metal  reflective  layer 
under  reduced  pressure  by  resistive  heating  or  a  sputter  method  and  finally  overcoated  with  a  protective  resin. 
[0022]  Coating  solvents  for  the  dye  recording  layer  are  selected  to  minimize  their  effect  on  the  substrate.  Useful 
solvents  include  as  alcohols,  ethers,  hydrocarbons,  hydrocarbon  halides,  cellosolves,  ketones.  Examples  of  solvents 
are  methanol,  ethanol,  propanol,  pentanol,  2,2,3,3-tetrafluoropropanol,  tetrachloroethane,  dichloromethane,  diethyl 

so  ether,  dipropyl  ether,  dibutyl  ether,  methyl  cellosolve,  ethyl  cellosolve,  1-methyl-2-propanol,  methy  ethyl  ketone,  4-hy- 
droxy-4-methyl-2-pentanone,  hexane,  cyclohexane,  ethylcyclohexane,  octane,  benzene,  toluene,  and  xylene.  Other 
less  desirable  solvents  include  water  and  dimethylsulfoxide.  Preferred  solvents  are  hydrocarbon  solvents  and  alcohol 
solvents  since  they  have  the  least  effect  on  the  preferred  polycarbonate  substrates.  Mixtures  of  solvents  can  also  be 
used. 

55  [0023]  Useful  addenda  for  the  recording  layer  include  stabilizers,  surfactants,  binders  and  diluents. 
[0024]  The  reflective  layer  can  be  any  of  the  metals  conventionally  used  for  optical  recording  materials.  Useful  metals 
can  be  vacuum  evaporated  or  sputtered  and  include  gold,  silver,  aluminium  and  copper  and  alloys  thereof. 
[0025]  The  protective  layer  over  the  reflective  layer  is  similarly  conventional  for  this  art.  Useful  materials  include  UV 

4 
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curable  acrylates. 
[0026]  One  preferred  protective  layer  is  disclosed  in  commonly  assigned  United  States  Patent  Application  815,020, 
filed  December  27,  1  991  in  the  names  of  Kosinski  and  Amell.  This  application  discloses  a  two  layer  structure  in  which 
the  layer  adjacent  to  the  reflective  layer  is  spin  coated  and  the  a  second  layer  is  screen  printed. 
[0027]  An  intermediate  layer,  to  protect  the  metal  layer  from  oxidation,  can  also  be  present. 
[0028]  The  element  of  the  invention  can  have  prerecorded  ROM  areas  as  described  in  United  States  Patent 
4,940,618.  The  surface  of  the  substrate  can  have  a  separate  heat  deformable  layer  as  described  in  United  States 
Patent  4,990,388.  Other  patents  relating  to  recordable  CD  type  elements  are  United  States  Patents  5,009,818; 
5,080,946;  5,090,009;  4,577,291;  5,075,147;  and  5,079,135. 
[0029]  The  following  preparatory  example  illustrate  the  preparation  of  a  dye  useful  in  the  invention. 

S y n t h e s i s  

C H 3 S 0 2 ^ N ^  

C I  

Synthesis  Synthesis  of  2-amino-5-bromo-3-hydroxy-6-(5-chloro-2-hydroxy-4-methylsulfonyl)pyridine. 

[0030]  5-Chloro-2-hydroxy-4-methylsulfonylaniline  (20g)  was  dissolved  in  a  mixture  of  water  (90ml)  and  concentrated 
HCI  (27ml)  and  the  solution  cooled  to  <  5°C.  A  solution  of  sodium  nitrite  (6.51  g)  in  water  (1  5ml)  was  added  slowly  and 
the  diazonium  solution  stirred  at  ice  bath  temperature  for  2  hours. 
[0031]  2-Amino-5-bromo-3-hydroxypyridine  (17.g)  was  dissolved  in  methanol  (600ml)  containing  anhydrous  sodium 
acetate  (11  Og)  and  the  solution  cooled  to  0°C.  The  diazonium  solution  was  added  slowly  to  the  coupler  solution  and 
the  reaction  mixture  stirred  at  room  temperature  for  2  hours  and  then  diluted  with  water  and  the  dye  removed  by 
filtration.  The  solid  was  washed  well  with  water  and  dried  in  a  vacuum  oven  at  50°C.  The  yield  of  material  pure  by  thin 
layer  chromatography  (tic)  was  35g. 

C I  

2-Amino-3-hydroxy-5-methylsulfonyl-6-(5-chloro-2-hydroxy-4-methylsulfonyl)pyridine. 

[0032]  The  above  bromo  compound  (36g)  was  dissolved  in  dimethyl  formamide  (DMF)  (700ml)  and  solid  sodium 
methanesulfinate  (9.5g)  added  and  the  mixture  stirred  at  room  temperature  for  4  hours.  The  reaction  was  monitored 
by  tic  and  when  the  starting  material  had  disappeared  the  solution  was  diluted  with  water  (1.21)  containing  sodium 
nitrate  (50g).  After  stirring  overnight  the  solid  was  collected  by  filtration,  washed  well  with  water  and  dried.  The  yield 
was  34.  9g. 
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Formation  of  the  sodium  salt  of  the  2:1  dye:nickel  complex. 

[0033]  The  dianionic  dye  (28g)  was  added  to  methanolic  tetrabutylammonium  hydroxide  (1  M  1  40ml)  and  diluted  with 
methanol  (500ml).  Solid  nickel  acetate  was  added  in  portions  and  the  metallization  monitored  by  tic.  After  7.1g  had 
been  added,  no  unmetallized  dye  was  observed.  The  reaction  mixture  was  poured  into  water  (1.51)  and  stirred  over- 
night.  The  product  was  filtered  off,  washed  with  water  and  dried  in  the  vacuum  oven.  The  bis  tetrabutylammonium  salt 
weighed  38.  1  g  of  which  32g  was  converted  to  the  bis  sodium  salt  by  dissolution  in  acetonitrile  (500ml)  adding  sodium 
iodide  (16g)  and  removing  the  product  by  filtration.  The  yield  was  22g. 
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25 

Isolation  of  tetra  dye  from  the  cyanine  dye  and  the  dye:nickel  complex 

[0034]  The  cyanine  dye  as  the  chloride  salt  (4.7g)  was  dissolved  in  methanol  (100ml)  and  the  dye:nickel  complex 
(4.7g)  added.  The  mixture  was  stirred  and  then  diluted  with  water(100ml).  The  solid  that  precipitated  was  filtered  off 
and  washed  with  water  followed  by  isopropyl  alcohol  (5ml).  After  drying  in  the  oven  the  yield  was  7.3g.  Purification 
was  effected  by  dissolution  in  dichloromethane  followed  by  filtration  and  reprecipitation  with  ligroin.  Other  tetra  dyes 
were  prepared  similarly  from  the  appropriate  cationic  dyes  and  the  dianionic  metallized  azo  dyes. 
[0035]  The  following  azo  structures  in  Table  1  were  combined  with  some  of  the  cationic  dyes  listed  in  Table  2. 

30 

35 

40 

45 

0  
NH. 

R- 

2  ( D y e * )  

N i  

50 

55 

Table  1 
Tetra  Dye:  Anionic  Portion 

Dye  R-,  R2  R3  R4  R5  R6  X 

A  H  H  H  CI  CH3S02  H  O 

B  H  Br  H  H  CH3S02  H  O 
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Table  1  (continued) 
Tetra  Dye:  Anionic  Portion 

Dye  R1  R2  R3  R4  R5  R6  X 

C  H  CH3S02  H  CI  CH3S02  H  O 

D  H  CH3S02  H  CI  (CH3)3CNHS02  H  O 

E  CH3  CH3S02  H  CI  CH3S02  H  O 

F  CH3  CH3S02  H  H  N02  H  S03 
G  H  CH3S02  H  H  CH3S02  H  O 

8 
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T a b l e   2 

T e t r a   Dye:  C a t i o n i c   P o r t i o n  

No.  C a t i o n   Dye  S t r u c t u r e  

1  -^v.  Q 

j K f ^ ) T +   >̂  —  (CH  =  CH)  2 - C H  

2  CH3 

C H 3 \ C H 3  

K ^ ) T   +  ^ - ( C H   =  CH)  2-CH  ( | ( ) |  

s .  

3  CH3 

[ Q T + ^ > —   (CH  =  CH)  2-CH  ( K j I  

^ V C " 3   O k  

C O l ?   ^  —  CH  =  C H - C H = = 3 ^ ^ f f ~ j l  

1  
k  
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O C v c H 3   i © k  

T k T j ^   v ~   c  h  =  c  H  ~  c  H  ^ ^ ( ^ T w l  

1  k  

0 ^ - , c h = c h , 2 - c h = C ©  

1  
k  

1  
k  

8  ^  

k   k  

O 4 r , C H = C H , 2 " C H - < N ^ 0  

k   
^  

10 



EP0  649  133  B1 

HN  
- ^ ^ ^ o X ^ n ^  

P h  

j ^ j j ^ ^ ) —   (CH  =  CH)  2 -CH  \ X C y f  

l q j ^ v ~   ( c h = c h )   2 - c h   —   \ ^ y ^ j )  

c H s C v k ! v c H 3   C H 3 x ! X / ° c h =  

^ ^ / f ^   V ~   <CH  =  CH)  2 - C H  
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[0036]  The  currently  preferred  tetra  dyes  have  the  anionic  portion  "C"  from  above  as  follows: 

C H 3 S O 2  

0  
NH. 

N 

C H 3 S 0 2  

2  ( D y e + )  

N i  

[0037]  These  dyes  have  good  optical  properties  and  light  stability  particularly  dyes  C2  (excellent  optical  properties) 
and  C4  (excellent  light  stability).  Thus,  these  are  the  currently  preferred  tetra  dyes.  The  synthesis  of  C2  is  illustrated 
above. 

Example  1  with  Dye  A1 

[0038]  This  example  shows  the  use  of  tetra  dye  "A1  ".  That  is,  the  anionic  portion  is  "A"  from  Table  1  and  the  cationic 
portion  is  "1  "  from  Table  2. 
[0039]  A  polycarbonate  disc  substrate  having  a  thickness  of  1.2  mm,  an  outer  diameter  of  120  mm  and  an  inner 
diameter  of  15  mm  and  having  a  spiral  pregrooved  formed  on  its  surface  with  a  width  of  0.4  urn,  and  a  depth  of  0.08 
urn  and  a  pitch  of  1  .6  urn,  was  made  by  injection  molding. 
[0040]  To  form  the  light  absorptive  layer  1  part  by  weight  of  dye  Al  was  dissolved  in  40  parts  of  2,2,3,3-tetrafluoro- 
propanol  by  volume  with  stirring  at  room  temperature  for  1  hour.  Then,  the  solution  was  filtered  through  a  0.2  u.  filter. 
The  solution  was  coated  on  the  surface  of  the  substrate  by  spin  coating  to  an  optical  density  of  1  .3  at  671  nm.  It  was 
dried  at  80°C  for  15  minutes. 
[0041]  A  gold  reflective  layer  was  then  deposited  by  resistive  heating  on  the  entire  surface  of  the  disc  to  about  1200 
A  thickness. 
[0042]  To  protect  the  gold  layer  a  lacquer  (Daicure  SD-17  ™)  was  applied  by  spin  coating  onto  the  gold  layer  to  a 
thickness  of  7  to  11  urn  and  it  was  UV  cured  with  an  'H'  bulb  using  a  fusion  system  cure  at  1181.10  W/cm  (3000  WV 
inch)  power  for  15  seconds. 
[0043]  To  test  the  optical  disc  thus  obtained  a  test  system  consisting  of  an  optical  head  with  a  788  nm  laser,  a  0.5 
NA  lens,  phase  tracking,  and  1/2  aperture  focusing  was  used.  The  optics  used  circularly  polarized  light  to  reduce  laser 
feedback  effects.  Recording  and  play  back  were  carried  out  with  the  same  laser  at  5.6  m/s  rotational  speed.  The  read 
power  was  kept  at  0.6  mW.  Single  frequency  was  recorded  with  about  3.5  micron  mark  length  at  12  mW  write  power, 
through  30  Kz  filter,  forming  marks  of  lower  reflectivity  than  the  unmarked  area  when  examined  with  a  light  source 

12 



EP0  649  133  B1 

emitting  at  788  nm  light.  When  the  marks  were  read  the  CNR  (carrier  to  noise  ratio)  was  65  dB. 

Examples  2  to  18 

5  [0044]  Discs  for  testing  in  examples  2  to  19  were  prepared  on  the  same  substrate  by  the  same  procedure  as  in 
example  1  .  The  optical  densities,  CNR-s  in  dB-s  and  the  recording  power  of  the  laser  are  listed  in  table  3. 

TABLE  3 

35 

[  Azo  Dye  ]2_  2[  Counter  Ion  Dye  ]+ 

Example  Azo  Dye  Counter  Ion  Dye  OD  at  671  nm  CNR  (dB)/Power  (mW) 
1  A  1  1.3  65/12 

2  A  5  0.9  52/12 

3  C  2  1.6  61/15 

4  C  3  1.4  50/15 

5  C  4  1.2  62/15 

6  C  5  1.1  63/13 

7  C  6  1.3  64/15 

8  C  9  1.3  50/14 

9  C  10  1.2  56/16 

10  C  12  1.5  58/15 

11  C  13  1.4  63/15 

12  D  2  1.5  63/16 

13  E  10  1.3  61/16 

14  E  11  1.3  61/14 

15  F  2  1.8  61/18 

16  F  4 

17  F  14  1.3  56/17 

18  G  14  1.3  65/14 

Dye  Stability  Examples 
40 

[0045]  Dyes  useful  in  the  present  invention  and  comparison  dyes  were  tested  for  both  light  and  dark  stability. 
[0046]  For  the  light  stability  tests,  the  dyes  were  spin  coated  on  5.08  by  5.08  cm  (2  by  2  inch)  polycarbonate  slides. 
Optical  density  measurements  were  taken  5  mm  from  the  edge  on  two  opposite  sides  of  the  slides  with  a  diode  array 
spectrophotometer  between  400  nm  and  800  nm  wave  lengths.  One  measured  side  of  the  slide  was  covered  and  the 

45  slide  was  exposed  through  the  polycarbonate  for  sixteen  days  by  a  method  recommended  by  the  Image  Stability 
Technical  Center  for  standard  50  klux  Daylight  exposure(ANSI  IT9.9-1990  "  Stability  of  Color  Photographic  Images  " 
Section  5  Paragraph  5.6  Describes  Simulated  Indoor  Indirect  Daylight  exposure).  After  sixteen  days,  the  optical  den- 
sities  were  re-measured  on  both  sides.  To  calculate  the  percent  optical  density  loss,  from  the  optical  density  value  at 
X-max  before  light  exposure  the  optical  density  value  after  light  exposure  was  subtracted.  The  resulting  value  was 

so  divided  by  the  optical  density  value  before  light  exposure  and  multiplied  by  one  hundred.  This  calculation  was  carried 
out  with  both  the  uncovered  and  covered  sides  of  the  slides.  Then,  from  the  value  obtained  from  the  uncovered  side 
the  value  obtained  from  the  covered  side  was  subtracted  and  the  resulting  value  was  taken  as  the  percent  optical 
density  loss  as  a  result  of  light  exposure. 

13 
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Light  Stability  Table 

Dye  %  Optical  Density  Loss  After  16  days  50  Klux  light  Exposure 
IV-8and  A15from  '496  27.6 

C2  11.0 

C4  3.1 

C5  9.7 

C10  2.8 

E10  7.1 

Dark  Stability 
15 

[0047]  For  the  dark  stability  test,  the  dyes  were  also  spin  coated  on  2  by  2  inch  polycarbonate  slides.  Optical  density 
measurements  were  taken  before  incubation  with  a  diode  array  spectrophotometer  between  400  nm  and  800  nm  wave 
lengths.  The  slides  were  incubated  for  six  weeks  in  a  humidity  chamber  set  at  80°C  temperature  and  80%  relative 
humidity  with  the  slides  placed,  dye  side  up,  in  petri  dishes  with  the  tops  slightly  open.  Then  optical  measurements 

20  were  taken  after  six  weeks  of  incubation.  To  determine  the  percent  optical  density  loss,  from  the  optical  density  value 
at  X-max  before  incubation  the  optical  density  value  after  incubation  was  subtracted.  The  resulting  number  was  divided 
by  the  optical  density  value  before  incubation  and  multiplyed  by  one  hundred  to  give  the  percent  loss  in  optical  density 
as  a  result  of  incubation. 

Dark  Stability  Table 

Dye  %  Optical  Density  Loss  After  6  weeks  at  80°C/80%  RH 

IV-8andA15from'496  6.9 

C2  1.0 

C4  5.5 

C5  9.9 

C10  7.7 

E10  4.7 

[0048]  Thus,  while  the  dark  stability  of  the  dyes  of  the  prior  art  is  reasonable,  the  dyes  used  in  the  present  invention 
have  much  improved  light  stability. 

Comparative  Examples  with  Dyes  from  '496 

[0049]  To  confirm  the  ineffectiveness  of  the  dyes  of  United  States  Patent  4,626,496  a  dye  corresponding  to  dye 
cation  IV-8  and  metal  complex  anion  A15  as  described  in  the  patent  was  prepared.  (This  is  the  same  dye  used  in  the 
light  stability  and  dark  stability  tests  above.  "A1  5"  in  these  comparative  examples  should  not  be  confused  with  an  A1  5 
dye  used  or  useful  in  the  invention.  The  "A15"  designation  for  these  comparative  examples  is  from  the  '496  patent.) 
[0050]  First,  a  solvent  that  dissolves  the  IV8-A1  5  dye  but  which  does  not  attack  the  polycarbonate  substrate  could 
not  be  found.  Second,  to  obtain  the  optical  indices  on  this  material,  attempts  to  coat  this  material  from  different  solvents 
on  silicon  wafers  failed.  The  coatings  turned  opaque.  Glass  discs  spin  coated  to  an  optical  density  of  1.46  at  671  nm 
with  a  2.5%  solution  of  the  dye  in  1  ,2-dichloromethane  and  then  gold  coated  to  1  20nm  thickness  were  prepared.  The 
coated  layers  when  examined  at  788nm  gave  a  reflectivity  of  only  23.7%.  Attempts  to  write  gave  a  maximum  CNR  at 
1  1  mW  power  of  only  45.6  dB. 

Claims 
55 

1.  A  recordable  optical  element  having  a  transparent  substrate  and  on  the  surface  of  the  substrate,  a)  a  recording 
layer  containing  a  light  absorbing  material  and  b)  a  light  reflecting  layer, 
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wherein  the  light  absorbing  material  has  the  structure: 

wherein; 

R  is  hydrogen,  alkyl  having  from  1  to  20  carbons,  or  substituted  aryl  from  6  to  10  carbon  atoms; 
R1  represents  hydrogen  or  an  alkyl  group  of  from  1  to  6  carbon  atoms; 
R2  represents  a  hydrogen,  an  alkyl  group  of  from  1  to  5  carbon  atoms;  S02R'"  or  S02NHR'"  where  R'"  is  an 
alkyl  group  from  1  to  10  carbon  atoms;  an  aryl  group  of  from  6  to  10  carbon  atoms  or  a  hetaryl  group  of  from 
5  to  10  carbon  atoms  or  a  halogen  atom; 
R3  represents  hydrogen,  an  alkyl  group  of  from  1  to  4  carbon  atoms  or  a  halogen  atom; 
R4  represents  alkyl  group  of  from  1  to  10  carbon  atoms;  S02R'",  S02NHR'"  where  R'"  is  an  alkyl  group  from 
1  to  10  carbon  atoms;  an  aryl  group  of  from  6  to  10  carbon  atoms  or  a  hetaryl  group  of  from  5  to  10  carbon 
atoms  or  a  halogen  atom; 
R5  represents  an  electron  withdrawing  group  such  as  N02,  CN,  S02R"",  S02NRVRVI  where  R"",  Rv  or  RVI 
each  independently  can  represent  a  hydrogen,  an  alkyl  group  of  from  1  to  5  carbon  atoms;  an  aryl  group  of 
from  6  to  10  carbon  atoms;  a  hetaryl  group  of  from  5  to  10  carbon  atoms;  or  a  cycloalkyl  group  of  from  5  to  7 
carbon  atoms; 
R6  represents  hydrogen;  an  alkyl  group  of  from  1  to  5  carbon  atoms;  or  a  halogen  atom; 
X  represents  oxygen,  sulfur  or  carboxyl  or  sulfo  groups;  and 
Dye+  can  be  any  dye  that  has  one  or  more  positive  charges. 

A  recordable  optical  element  as  claimed  in  claim  1  wherein  the  light  absorbing  material  has  the  structure: 

15 
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0  

A  recordable  optical  element  as  claimed  in  claim  1  wherein  Dye+  has  the  structure: 

wherein: 

T  may  be  equal  to  or  different  from  T1,  in  which  each  represents  C,  N,  O,  or  S,  respectively; 
A  may  be  equal  to  or  different  from  A1,  in  which  each  represents  an  aromatic  ring; 
B  may  be  equal  to  or  different  from  B1,  in  which  each  represents  -O-,  -S-, 

H3CX  /CH3  
C 

-Se-,  -CH=CH-,  or 

—  N  — 

E 

where  E  represents  an  unsubstituted  or  substituted  alkyl  group  of  C-|-C10  or  unsubstituted  or  substituted  aro- 
matic  ring;  or  B  may  be  combined  with  A  to  form  an  aromatic  ring; 
Rand  R1  exist  when  T  is  Cor  N,  R  is  equal  to  or  different  from  R1  and  represents  an  unsubstituted  or  substituted 
alkyl  group  of  C-|-C10  or  an  unsubstituted  or  substituted  aromatic  ring;  and 
n  represents  an  integer  from  1  to  2. 

A  recordable  optical  element  as  claimed  in  claim  1  wherein  Dye+  has  the  structure: 
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A  recordable  optical  element  as  claimed  in  claim  1  wherein  Dye+  has  the  structure: 

A  recordable  optical  element  as  claimed  in  claim  1  wherein  Dye+  has  the  structure: 

A  recordable  optical  element  as  claimed  in  claim  1  wherein  Dye+  has  the  structure: 
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Patentanspriiche 

1.  Zu  einer  Aufzeichnung  befahigtes  optisches  Element,  das  ein  transparentes  Substrat  und  auf  der  Oberflache  des 
Substrats  a)  eine  Aufzeichnungsschicht,  die  ein  Licht  absorbierendes  Material  enthalt,  und  b)  eine  Licht  reflektie- 

5  rende  Schicht  aufweist, 
wobei  das  Licht  absorbierende  Material  die  Struktur: 

25 

aufweist,  in  der: 

R  Wasserstoff,  Alkyl  mit  1  bis  20  Kohlenstoffen  oder  substituiertes  Aryl  mit  6  bis  10  Kohlenstoffatomen  ist; 
30  R1  Wasserstoff  oder  eine  Alkylgruppe  mit  1  bis  6  Kohlenstoffatomen  darstellt; 

R2  einen  Wasserstoff,  eine  Alkylgruppe  mit  1  bis  5  Kohlenstoffatomen;  S02R'"  oder  S02NHR'",  worin  R'"  eine 
Alkylgruppe  mit  1  bis  10  Kohlenstoffatomen  ist;  eine  Arylgruppe  mit  6  bis  10  Kohlenstoffatomen  oder  eine 
Heteroarylgruppe  mit  5  bis  10  Kohlenstoffatomen  oder  ein  Halogenatom  darstellt; 
R3  Wasserstoff,  eine  Alkylgruppe  mit  1  bis  4  Kohlenstoffatomen  oder  ein  Halogenatom  darstellt; 

35  R4  eine  Alkylgruppe  mit  1  bis  10  Kohlenstoffatomen;  S02R'",  S02NHR'",  worin  R'"  eine  Alkylgruppe  mit  1  bis 
10  Kohlenstoffatomen  ist;  eine  Arylgruppe  mit  6  bis  10  Kohlenstoffatomen  oder  eine  Heteroarylgruppe  mit  5 
bis  10  Kohlenstoffatomen  oder  ein  Halogenatom  darstellt; 
R5  darstellt:  eine  Elektronen-abziehende  Gruppe,  wie  N02,  CN,  S02R"",  S02NRVRVI,  worin  R"",  Rv  oder  RVI 
jeweils  unabhangig  darstellen  konnen:  einen  Wasserstoff,  eine  Alkylgruppe  mit  1  bis  5  Kohlenstoffatomen; 

40  eine  Arylgruppe  mit  6  bis  10  Kohlenstoffatomen;  eine  Heteroarylgruppe  mit  5  bis  10  Kohlenstoffatomen;  oder 
eine  Cycloalkylgruppe  mit  5  bis  7  Kohlenstoffatomen; 
R6  Wasserstoff;  eine  Alkylgruppe  mit  1  bis  5  Kohlenstoffatomen  oder  ein  Halogenatom  darstellt; 
X  Sauerstoff,  Schwefel  oder  Carboxyl-  oder  Sulfogruppen  darstellt;  und 
Dye+  irgendein  Farbstoff  sein  kann,  der  eine  oder  mehrere  positive  Ladungen  aufweist. 

45 
2.  Zu  einer  Aufzeichnung  befahigtes  optisches  Element  nach  Anspruch  1  ,  in  dem  das  Licht  absorbierende  Material 

die  Struktur  aufweist: 

50 

55 
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NH- 

N 
\  

N' 

X 

Q  

c i  

C H 3 S 0 2  

2  ( D y e *   ) 

N i  

Zu  einer  Aufzeichnung  befahigtes  optisches  Element  nach  Anspruch  1  ,  in  dem  Dye+  die  Struktur: 

c  

aufweist,  in  der: 

R  1 

T  gleich  oder  verschieden  von  T1  sein  kann,  wobei  jedes  jeweils  C,  N,  O  oder  S  darstellt; 
A  gleich  oder  verschieden  von  A1  sein  kann,  wobei  jedes  einen  aromatischen  Ring  darstellt; 
B  gleich  oder  verschieden  von  B1  sein  kann,  wobei  jedes  -O-,  -S-, 

-Se-,  -CH=CH-oder 

darstellt,  worin  E  eine  unsubstituierte  oder  substituierte  Alkylgruppe  mit  C-|-C10  oder  einen  unsubstituierten 
oder  substituierten  aromatischen  Ring  darstellt;  oder  B  unter  Bildung  eines  aromatischen  Ringes  mit  A  kom- 
biniert  sein  kann; 
R  und  R1  existieren,  wenn  T  fur  C  oder  N  steht,  R  gleich  oder  verschieden  von  R1  ist  und  eine  unsubstituierte 
oder  substituierte  Alkylgruppe  mit  C-|-C10  oder  einen  unsubstituierten  oder  substituierten  aromatischen  Ring 
darstellt;  und 
n  eine  ganze  Zahl  von  1  bis  2  darstellt. 
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Zu  einer  Aufzeichnung  befahigtes  optisches  Element  nach  Anspruch  1  ,  in  dem  Dye+  die  Struktur  aufweist: 

Zu  einer  Aufzeichnung  befahigtes  optisches  Element  nach  Anspruch  1  ,  in  dem  Dye+  die  Struktur  aufweist: 

Zu  einer  Aufzeichnung  befahigtes  optisches  Element  nach  Anspruch  1  ,  in  dem  Dye+  die  Struktur  aufweist: 

Zu  einer  Aufzeichnung  befahigtes  optisches  Element  nach  Anspruch  1  ,  in  dem  Dye+  die  Struktur  aufweist: 
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Revendications 

1. 
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45  2. 

50 

Element  optique  pouvant  etre  enregistre  comprenant  un  substrat  transparent  dont  la  surface  est  revetue  a)  d'une 
couche  d'enregistrement  contenant  une  substance  absorbant  la  lumiere  et  b)  d'une  couche  reflechissant  la  lumiere, 
ou  la  substance  absorbant  la  lumiere  est  representee  par  la  structure  : 

R  est  I'hydrogene,  un  groupe  alkyle  de  1  a  20  atomes  de  carbone  ou  un  groupe  aryle  substitue  de  6  a  10 
atomes  de  carbone  ; 
R1  represente  I'hydrogene  ou  un  groupe  alkyle  de  1  a  6  atomes  de  carbone  ; 
R2  represente  I'hydrogene  ou  un  groupe  alkyle  de  1  a  5  atomes  de  carbone  ;  un  groupe  S02R'"  ou  S02NHR'", 
ou  R'"  est  un  groupe  alkyle  de  1  a  10  atomes  de  carbone,  aryle  de  6  a  10  atomes  de  carbone  ou  hetaryle  de 
5  a  10  atomes  de  carbone  ou  un  atome  d'halogene  ; 
R3  represente  I'hydrogene,  un  groupe  alkyle  de  1  a  4  atomes  de  carbone  ou  un  atome  d'halogene  ; 
R4  represente  un  groupe  alkyle  de  1  a  10  atomes  de  carbone  ;  un  groupe  S02R'"  ou  S02NHR'",  ou  R'"  est  un 
groupe  alkyle  de  1  a  10  atomes  de  carbone,  aryle  de  6  a  10  atomes  de  carbone  ou  hetaryle  de  5  a  10  atomes 
de  carbone  ou  un  atome  d'halogene  ; 
R5  represente  un  groupe  attracteur  d'electrons,  tel  que  N02,  CN,  S02R"",  S02NRVRVI,  ou  R"",  Rv  et  RVI 
represented  chacun  independamment  I'hydrogene,  un  groupe  alkyle  de  1  a  5  atomes  de  carbone,  aryle  de 
6  a  1  0  atomes  de  carbone,  hetaryle  de  5  a  1  0  atomes  de  carbone  ou  cycloalkyle  de  5  a  7  atomes  de  carbone  ; 
R6  represente  I'hydrogene,  un  groupe  alkyle  de  1  a  5  atomes  de  carbone  ou  un  atome  d'halogene  ; 
X  represente  I'oxygene,  le  soufre  ou  des  groupes  carboxyle  ou  sulfo  ;  et 
Colorant+  peut  etre  n'importe  quel  colorant  ayant  une  ou  plusieurs  charges  positives. 

Element  optique  pouvant  etre  enregistre  selon  la  revendication  1,  dans  lequel  la  substance  absorbant  la  lumiere 
est  representee  par  la  structure  : 
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N H ,  

C H 3 S 0 2  

2  (  c o l o r a n t " 1 " )  

N i  

Element  optique  pouvant  etre  enregistre  selon  la  revendication  1  ,  dans  lequel  Colorant+  est  represente  par  la 
structure  : 

CH  =  CH ,1 J •  CH; 

B. 

\ . x . . . -  

OU 

T  peut  etre  identique  ou  different  de  T1,  ou  chacun  represente  C,  N,  O  ou  S,  respectivement  ; 
A  peut  etre  identique  ou  different  de  A1,  ou  chacun  represente  un  cycle  aromatique  ; 
B  peut  etre  identique  ou  different  de  B1,  ou  chacun  represente  -O-,  -S-, 

H3C  \   / C H 3  

-Se-,  -CH=CH-ou 

,  ou  E  represente  un  groupe  alkyle  substitue  ou  non  de  C|-C10  ou  un  cycle  aromatique  substitue  ou  non,  ou 
B  peut  etre  combine  a  A  pour  former  un  cycle  aromatique  ; 
R  et  R1  existent  lorsque  T  est  C  ou  N,  R  est  identique  ou  different  de  R1  et  represente  un  groupe  alkyle 
substitue  ou  non  de  C-|-C10  ou  un  cycle  aromatique  substitue  ou  non  ;  et 
n  represente  un  entier  de  1  a  2. 
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Element  optique  pouvant  etre  enregistre  selon  la  revendication  1  ,  dans  lequel  Colorant+  est  represente  par  la 
structure  : 

Element  optique  pouvant  etre  enregistre  selon  la  revendication  1  ,  dans  lequel  Colorant+  est  represente  par  la 
structure  : 

Element  optique  pouvant  etre  enregistre  selon  la  revendication  1  ,  dans  lequel  Colorant+  est  represente  par  la 
structure  : 

Element  optique  pouvant  etre  enregistre  selon  la  revendication  1  ,  dans  lequel  Colorant+  est  represente  par  la 
structure  : 
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