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SPIROPYRAN AGGREGATES FOR MULTIPLE OPTICAL MEMORY 

JUNICHI HIBINO, TAKASHI HASHIDA, MASA-AKI SWZUKI, 
YOSHIO KISHIMOTO, KENJI KANA1 
Central  Resea rch  Laboratories, Matsushita Electric Indus t r ia l  
Co., Ltd., 
3-1-1 Yagumo-nakamachi,  Moriguchi,  Osaka, 570, Japan. 

Abstract Inves t iga t ing  t h e  aggrega te - fo rming  abil i ty of t h e  
n e w  synthesized photochromic  sp i ropyrans ,  w e  h a v e  
developed nove l  f i v e  s p i r o p y r a n  aggrega tes  e a c h  of  w h i c h  
h a s  a s h a r p  absorp t ion  b a n d  a t  d i f f e ren t  wavelength .  We 
h a v e  fabr ica ted  a r eco rd ing  medium stacked w i t h  t h e  
aggrega te  layers ,  a n d  conf i rmed 10-multiple optical  memory  
b y  m e a n s  of combin ing  t h e  mul t i - f requency  r eco rd ing  wi th  
t h e  r eco rd ing  b y two mutually pe rpend icu la r  l i n e a r -  
polarized l igh ts .  

INTRODUCHON 

Optical memories 

o f f e r  t h e  

poten t ia l  f o r  

s ign i f i can t  

improvements  i n  

capac i ty  o v e r  

conven t iona l  

mass memory  

technologies 

s u c h  a s  disks 

a n d  magnet ic  

tapes.  Recent  
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FIGURE 1 Progress of t h e  memory  
technology.  
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244 J .  HIBINO ET AL. 

advances  i n  optical  memory  technology make  i t  t h e  lead ing  

con tende r  f o r  t h e  n e x t  gene ra t ion  of mass memory  devices. F igure  

1 shows t h e  p rogres s  of  t h e  memory  technology b y  wr i t i ng  

density.  The memory  dens i ty  i n  optical  data s torage  us ing  lasers  

c a n  b e  increased  beyond t h e  l imit  of p l a n a r  p a c k i n g  of  optical 

b i t s  b y  mul t ip ly ing  memory  location b y  t h e  f r e q u e n c y  domain. 

I n  t h i s  pape r ,  w e  r e p o r t  a n e w  multiple optical  memory  b y  

t h e  combina t ion  of  mul t i - f requency  a n d  polarized r eco rd ing  b y  

u s i n g  t h e  r eco rd ing  medium stacked w i t h  t h e  f i v e  sp i ropyran  

aggrega te  layers.  

CONCEPT CF MULTI-FREQUENCY OPTICAL MEMORY 

Figure  2 shows t h e  concept  of mul t i - f requency  optical memory'. 

This optical  memory  media consists of l aye r s  of t h e  photochromic  

compound h a v i n g  a s h a r p  absorp t ion  band  a t  d i f f e ren t  wavelength.  

By i r r ad ia t ing  t h e  h l  l a se r  l igh ts ,  i t  i s  possible t o  WI t e  t h e  

in fo rma t ion  a t  t h e  l a y e r  w h i c h  h a s  t h e  absorp t ion  b a n d  a t  h l .  We 

c a n  g e t  t h e  multiple memory  b y  c h a n g i n g  t h e  wavelength  of t h e  

l a se r  l igh ts .  

For mul t i -  

f r e q u e n c y  optical  

memory ,  i t  i s  

p re fe rab le  t h a t  e a c h  

photochromic  compound 

h a s  h i g h  t h e r m a l  

stabil i ty a n d  s h a r p  

absorp i ton  band.  I t  i s  

well k n o w n  t h a t  

c y a n i n e  dyes f o r m  

aggrega te  s2. J -  

aggrega te ,  w h i c h  

consist  of head-to-tail  

Laser 1 ight 
I 1st layer 

2nd layer 

i i i  
I l l  : 

I 
nth layer 

8 
8 
9 & 

4 
Wavelength 

FIGURE 2 Conceopt of mul t i - f requency  
optical  memory .  
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SPIROPYRAN AGGREGATES 245 

in te rac t ion  of  dipole moment ,  h a s  n a r r o w  red-shifted band; H -  

aggrega tes  w h i c h  consist  o f  side-by-side in t e rac t ion  of dipole 

moments, h a s  n a r r o w  blue-shifted band. We concidered t h e  dipole 

moments  of  t h e  colored f o r m s  of  sp i ropyrans  a r e  s t r o n g  e n o u g h  

t h a t  t h e y  c a n  f o r m  aggrega te .  

EXPERIMENTAL 

The molecular s t ruc tu res  of  f i v e  sp i ropyrans  a r e  s h o w n  i n  F igure  

3. SP18223, BSP1822'. MSP1822'. a n d  dioctadecyldimethyl ammonium 

polys tyrene  sulfonate(P1C)' was synthesized accord ing  to t h e  method 

described previously.  SP150 was  pu rchased  f r o m  Nippon Kankoh  

SP1822 

CHzOCOC21 H43 

BSP1822 

c1eH37 
CH2OCOCplHa 

MSP1822 

eN*2 (cy2)3 

SO3- 
SP150 

CSPO122 
FIGURE 3 Molecular s t ruc tu re  of sp i ropyrans .  
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246 J .  HIBINO ET AL. 

Shikiso Kenkyusho Co. Ltd., a n d  used without f u r t h e r  purification. 

CSPO122 was  synthesized a s  follows. To s t i r r ed  l . lg (8 . lmmol)  of N -  

chlorosuccinimide i n  lOOml of ch loroform,  1.8g(2.7mmol) of 8 -  

docosanoyloxymethyl-6-nitro- 1 ' ,3' ,3'-trimethyl[2H- 1 -benzopyran-2,2'- 

indoline] i n  lOml of ch loroform was  added f o r  30 minutes.  After 

2 h o u r s ,  c r u d e  solution was poured  i n t o  iced water ,  extracted w i t h  

e t h y l  acetate. I t  was chromatographica l ly  pur i f ied  t h r o u g h  a si l ica 

g e l  co lumn w i t h  h e x a n e / e t h y l  ace ta te ( lO/ l )  a s  e luent .  

Recrystallization f r o m  e t h a n o l  yielded 1.3g(1.8mmoI, 65%) of  CSPOl22. 

The  'H NMR resu l t s  w e r e  a s  follows (CDCb): 0.88(t, l o n g  a lky l  

c h a i n  methyl ,  3H, J=7.2Hz), 1.16(s, 3 '-methyl,  3H), 1.2-1.3(m, l o n g  

c h a i n  me thy lene  a n d  3'-methyl,  38H). 2.28(t, (32Cl-I~. 2H, J=7.2Hz), 

3.08(s, NCHI, 3H), 4.88(m, OMz, 2H), 5.83(d, 3-olefinic, lH, J=lO.4Hz), 

6.90(d, 4-olefinic, lH, J=10.4Hz), 7.0-8.l(m, aromatic,  4H). 
Each spincoated f i lm was p repa red  a t  lOOOrpm o n  a glass 

subs t ra te  f r o m  t h e  ch lo ro fo rm solution of  e a c h  sp i ropyran ,  me thy l  

stearate,  dioctadecyldimethylammonium bromide(DDAB), a n d  PIC w e r e  

i r rad ia ted  w i t h  366nm UV l igh t .  

MOLECULAR DESIGN CF AGGREGATED SPIROPYRANS 

Figure  4 shows t h e  visible absorp t ion  spec t r a  of  spincoated t h i n  

f i lm  mixed wi th  SP1822, PIC, DDAB, a n d  m e t h y l  stearate(MS). I t  i s  

no rma l ly  colorless. By UV i r rad ia t ion ,  i t  t u r n s  to  colored fo rm,  a n d  

r e t u r n s  colorless f o r m  spontaneously.  However, b y  UV i r rad ia t ion  

above  4O"C, i t  f o r m s  J-aggregates,  a n d  t h e  absorp t ion  b a n d  i s  r e d -  

sh i f ted  a n d  s h a r p .  This aggrega tes  a r e  lo' t imes a s  stable a s  t h e  

monomer .  To use  t h i s  mater ia l  t o  t h e  optical  memory  f i r s t ,  SP1822 

i s  initialized to  t h e  aggrega te  form. The  in fo rma t ion  i s  wr i t t en  b y  

l a s e r  l i g h t  a t  618nm a n d  erased  b y  UV l igh t .  

1. The cont ro l  of  aggrega tes  

I n  o r d e r  t o  f o r m  mul t i - f requency  optical memory ,  i t  i s  necessary  

t o  des ign  t h e  o t h e r  s p i r o p y r a n  w h i c h  h a s  absorp t ion  b a n d  a t  
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SPIROPYRAN AGGREGATES 241 

d i f f e ren t  wavelength .  First  

w e  t r ied  t h e  format ion  of 

H-aggregates formed b y  

side-by-side in te rac t ion .  We 

synthesized methoxy 

sp i ropyran  MSP1822. The  

p lana r i ty  of MSP1822 i s  so 

h i g h  t h a t  i t  c a n  b e  

concidered t o  f o r m  H- 

aggrega tes  easily. 

F igure  5 shows t h e  

photochromic  reac t ions  of  

MSP1822, PIC, a n d  DDAB. 

I t  i s  no rma l ly  colorless. 

By UV irradiation, i t  

t u r n s  to  colored fo rm,  

a n d  r e t u r n s  colorless f o r m  

spontaneously.  However b y  

UV i r rad ia t ion  above  40°C 

i t  f o rms  H-aggregates,  a n d  

t h e  absorp t ion  b a n d  i s  

blue-shifted a n d  s h a r p .  

This aggrega tes  a r e  lo4 

t imes a s  stable a s  t h e  

monomer .  

'lo r---- 

WAVELENGTH ( flm 

I0 

FIGURE 4 Absorption spec t r a  of  
SP1822/PIC/ DDAB/MS ( 2 / 1 / 1 / 2 )  i n  
cast  f i lm, a:before UV irradiation, 
a n d  b: a f t e r  UV i r rad ia t ion  above  
40°C. 

'0 

2.  The con t ro l  of  

subs t i tuent  g r o u p  

We t r ied  to  con t ro l  t h e  

subs t i tuent  g r o u p  of t h e  

WAVELENGTH ( flm ) 

FIGURE 5 Absorption spec t ra  of 
MSPl822/PIC/ DDAB ( 2 / 1 / 1 )  i n  cast  
f i lm, a:before UV i r rad ia t ion ,  a n d  
b: a f t e r  UV i r rad ia t ion  above  40°C. 

sp i ropyrans .  I t  i s  well k n o w n  t h a t  t h e  introductions of t h e  

e l ec t ron  wi thd rawing  g r o u p  t o  t h e  indol ine  r i n g  induce  t h e  

absorp t ion  b a n d  red-shifted.  We introduced b r o m i n e  t o  t h e  SP1822 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
43

 1
8 

Fe
br

ua
ry

 2
01

3 



248 

w h i c h  fo rms  J -aggrega te  

a t  618nm. a n d  made t h e  

absorp t ion  b a n d  s h i f t  t,o 

650nm. Fur the rmore ,  b y 

i n t roduc ing  c h l o r i n e  t o  

t h e  SPO122’ w h i c h  f o r m s  

H-aggrega te  a t  490nm, 

w e  made i t  s h i f t  to  

530nm. 

F igure  6 shows t h e  

photochromic  reac t ions  of 

t h e  f i lm  c o n t a i n i n g  

BSP1822, PIC, DDAB, a n d  

MS. I t  i s  no rma l ly  

colorless. BY uv 
i r rad ia t ion ,  i t  t u r n s  to  

colored fo rm,  a n d  

r e t u r n s  colorless f o r m  

spontaneously.  However, 

b y  UV i r rad ia t ion  above  

40°C, i t  f o r m s  H-  

aggregates,  a n d  t h e  

absorp t ion  b a n d  i s  r e d -  

sh i f ted  a n d  s h a r p .  This 

aggrega te s  a r e  10‘ t imes  

a s  stable a s  t h e  

monomer .  

F igure  7 shows 

t h e  photochromic  

reac t ions  of CSPOl22. I t  

1. HlBlNO ET AL. 

-10 7 

WAVELENGTH ( flm ) 

10 

FIGURE 6 Absorption spec t ra  of  
BSP1822/PIC/ DDABNS ( 2 / 1 / 1 / 4 )  i n  
cas t  f i lm, a:before UV irradiation, 
a n d  b: a f t e r  UV i r rad ia t ion  above  
40°C. 

h 
0 

WAVELENGTH ( flm ) 

FIGURE 7 Absorption spec t ra  of 
CSPO122/ PIC/MS (1 /1 /4 )  i n  cast  
f i lm, a:before UV i r rad ia t ion ,  a n d  b: 
a f t e r  UV i r rad ia t ion  above  40°C. 

i s  no rma l ly  colorless. By UV irradiation, i t  t u r n s  t o  colored fo rm,  

a n d  r e t u r n s  colorless f o r m  spontaneously.  However, b y  UV 

i r rad ia t ion  above  W C ,  i t  fo rms  H-aggregates,  a n d  t h e  absorp t ion  
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249 SPIROPYRAN AGGREGATES 

b a n d  i s  red-sh i f ted  a n d  sha rp .  This aggrega tes  a r e  lo' t imes a s  

stable a s  t h e  monomer.  

3. The  cont ro l  of  t h e  

po la r i ty  

We attempted to cont ro l  

t h e  polar i ty  of  

s u r r o u n d i n g  field of t h e  

sp i ropyrans  to  c h a n g e  

t h e  absorp t ion  wave  

l eng th .  I n  gene ra l ,  w h e n  

t h e  polar i ty  of 

s u r r o u n d i n g  i s  h i g h ,  t h e  

wave leng th  of t h e  

absorp t ion  band  i s  b lue -  

shifted. We t r ied  to  use  

ion ic  materials t o  ach ieve  

a purpose  ment ioned  

above. 

.10 
b 

0 

WAVELENGTH ( flm ) 

FIGURE 8 Absorption spec t ra  of  
SPlJO/PIC/DDAB/MS (2 /1 /1 /4 )  i n  
cas t  f i lm,  a:before UV i r rad ia t ion ,  
a n d  b: a f t e r  UV i r rad ia t ion  a t  r t  

F igure  8 shows t h e  absorp t ion  spec t r a  of t h e  f i lm con ta in ing  

SP150 a n d  PIC. I t  fo rms  J -aggrega tes  b y  UV i r rad ia t ion  a t  room 

tempera ture .  

MULTIPLE RECORDING USING THE COMBINATION CF MULTI-FREQUENCY 

AND POLARIZED RECORDING 

We stacked l aye r s  of t hese  photochromic  compounds. Between t h e  

photochromic  layers ,  a separa t ion  l a y e r  cons is t ing  of two l aye r s  

stacked w i t h  PVA a n d  cyanores in  layers ,  was  formed. 

We h a v e  conf i rmed  a n o t h e r  multiple way  b y  polarized light'. 

F igure  9 shows a ser ies  of spec t r a l  c h a n g e s  be fo re  (solid l i n e )  

a n d  a f t e r  (dotted l i n e )  t h e  i r rad ia t ion  of l inear-polarized l a se r  

l i gh t s  to t h e  multiple r eco rd ing  medium. The  dash-dotted l i nes  

ind ica te  d i f fe ren t ia l  absorp t ion  spec t r a  of  be fo re  a n d  a f t e r  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
43

 1
8 

Fe
br

ua
ry

 2
01

3 



250 J. HIBINO ET AL. 

PARALLEL READING PERPENDICULAR 
READING 

485nm 

0 0 

530nm 

0 

0 rn __.-.--. 

61 8nm 

0 

65Onrn 

0 

400 500 600 700 

Waveleng1ti (nm) WavelengIh (nm) 

FIGURE 9 Absorption spec t ra  of  mul t ip le  r eco rd ing  medium be fo re  
(solid l i n e )  a n d  a f t e r  (dotted l i n e )  l inear-polarised l a se r  irradiation. 
Dash-dotted l i nes  indicate d i f f e rence  absorp t ion  spec t ra .  

record ing .  Left side a n d  r i g h t  side f i g u r e  show t h e  spec t ra l  

c h a n g e s  measured b y a l inear-polarized r e a d i n g  l i g h t  para l le l  t o  

r eco rd ing  laser 's  polarization (para l le l  r e a d i n g )  a n d  t h a t  b y  t h e  

r e a d i n g  l i g h t  pe rpend icu la r  t o  i t  (pe rpend icu la r  reading) ,  

respectively.  

Thus  ten-mul t ip le  l a s e r  r eco rd ing  h a s  b e e n  conf i rmed 
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SPIROPYRAN AGGREGATES 25 I 

e x p e r i m e n t a l l y  b y  t h e  c o m b i n a t i o n  o f  f i v e  m u l t i - f r e q u e n c y  

r e c o r d i n g  a n d  l i n e a r - p o l a r i z e d  l i g h t  r e c o r d i n g .  

CONCLUSION 

W e  h a v e  developed  n o v e l  f i v e  s p i r o p y r a n  a g g r e g a t e s  w h i c h  h a v e  

s h a r p  a b s o r p t i o n  b a n d  a t  d i f f e r e n t  w a v e l e n g t h .  F u r t h e r m o r e ,  w e  

h a v e  f a b r i c a t e d  r e c o r d i n g  m e d i u m  s t a c k e d  w i t h  t h e  a g g r e g a t e  

l a y e r s .  U s i n g  i t ,  w e  h a v e  c o n f i r m e d  10 m u l t i p l e  o p t i c a l  m e m o r y  

b y  m e a n s  of c o m b i n i n g  t h e  m u l t i - f r e q u e n c y  r e c o r d i n g  b y  t w o  

m u t u a l l y  p e r p e n d i c u l a r  l i n e a r - p o l a r i z e d  l i g h t s .  
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R a n d  D o f  I n d u s t r i a l  S c i e n c e  a n d  T e c h n o l o g y  F r o n t i e r  P r o g r a m  

s p o n s o r e d  b y  NED0 ( N e w  E n e r g y  a n d  I n d u s t r i a l  T e c h n o l o g y  

Development  O r g a n i z a t i o n )  
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