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Growth  o f  o - D i c y a n o v i n y l  A n i s o l e  (DIVA) C r y s t a l  i n  O r g a n i c  
S o l v e n t s  and  i t s  C h a r a c t e r i z a t i o n  

1. I n t r o d u c t i o n  

The o r g a n i c  n o n - l i n e a r  o p t i c a l  ( N L D )  c r y s t a l  o - d i c y a n o v i n y l  a n i s o l e  
( D I V A )  h a s  been p a i d  more a t t e n t i o n  i n  t h e  a p p l i c a t i o n  f o r  f r e q u e n c y  
d o u b l i n g  o f  d i o d e  l a s e r  due  t o  i t s  l a r g e  p h a s e - m a t c h i n g  s e c o n d  h a r m o n i c  
g e n e r a t i o n  ( P M S H G )  c o e f f i c i e n t  and  good t r a n s p a r e n c y  i n  t h e  v i s i b l e - I R  
r e g i o n  ( W A D A ,  GROSSMAN). The e f f e c t i v e  PMSHG c o e f f i c i e n t  ( d e f f )  i s  4 . 9 ~  
lo-’ e s u ,  a b o u t  40  t imes o f  d l l  o f  c c - q u a r t z  ( W A D A ,  Y A M A D A ) .  Some me thods  
o f  g r o w i n g  D I V A  c r y s t a l s  h a v e  been  r e p o r t e d  (SASABE, W A D A ) ,  b u t  t h e r e  is 
no d e t a i l e d  d e s c r i p t i o n  s o  f a r .  I n  t h i s  p a p e r  c r y s t a l  g r o w t h  h a b i t s  o f  
D I V A  i n  s e v e r a l  o r g a n i c  s o l v e n t s  s u c h  a s  a c e t o n e ,  e t h a n o l ,  e t h y l a c e t a t e  
a r e  d e s c r i b e d .  Perfect  l a r g e  D I V A  s i n g l e  c r y s t a l s  h a v e  been  g r o w n  f rom 
a c e t o n e  o r  e t h y l a c e t a t e  by s o l u t i o n  g r o w t h  t e c h n i q u e  i n c l u d i n g  low- tem-  
p e r a t u r e  and  e v a p o r a t i o n  m e t h o d s .  The mechanism o f  g r o w t h  i s  d i s c u s s e d .  
The grown c r y s t a l s  a r e  c h a r a c t e r i z e d .  

2 .  Growth  o f  D I V A  c r y s t a l  i n  o r g a n i c  s o l u t i o n  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  c r y s t a l  h a b i t  o f  D I V A ,  v a r i o u s  o r g a n i c  s o l -  
v e n t s  were  t r i e d .  S o l u b i l i t y  and  c r y s t a l  h a b i t s  o f  D I V A  i n  s e v e r a l  s o l -  
v e n t s  a r e  l i s t e d  i n  T a b l e  1. I n  g e n e r a l ,  D I V A  c a n  b e  d i s s o l v e d  i n  mos t  o f  
t h e  o r g a n i c  s o l v e n t s ,  e . 9 .  a l c o h o l  ,. a c e t a t e ,  e t h y l  a c e t a t e ,  b u t  i t s  c r y -  
s t a l  h a b i t s  and  c r y s t a l  q u a l i t y  a r e  d i f f e r e n t .  I n  i t s  a l c o h o l  s o l u t i o n  
D I V A  c r y s t a l l i z e s  i n  p a r t i c u l a r  f o r m ,  and  t h e  c r y s t a l  q u a l i t y  i s  p o o r .  I t  
h a s  b e e n  f o u n d  t h a t  i t s  c r y s t a l  h a b i t s  and  c r y s t a 1 , q u a l i t y  i n  a c e t o n e  so-  

l u t i o n  and  i n  e t h y l  a c e t a t e  a r e  g o o d .  I t  a p p e a r s  i n  p l a t y  f o r m s  i n  a c e -  
t o n e  and  h a s  a good t r a n s p a r e n c y .  I n  e t h y l  a c e t a t e  it a p p e a r s  i n  rhombs .  
T h e s e  two c r y s t a l  f o r m s  a r e  shown i n  F i g u r e s  l a ,  b ,  The e x p e r i m e n t s  show 
t h a t  t h e  s o l u b i l i t y  o f  D I V A  i n  a c e t o n e  i s  l a r g e r  t h a n  i n  e t h y l  a c e t a t e ,  
and  t h e  s o l u b i l i t y  i n c r e a s e d  w i t h  i n c r e a s e  i n  t e m p e r a t u r e  i n  b o t h  c a s e s .  
S o l u b i l i t y  c u r v e s  o f  D I V A  i n  a c e t o n e  and  i n  e t h y l  a c e t a t e  a r e  shown i n  
F i g u r e  2 ,  r e s p e c t i v e l y .  As s e e n  f r o m  t h i s  f i g u r e ,  t h e  D I V A  c r y s t a l  i s  
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a p p r o p r i a t e  t o  b e  grown f r o m  a c e t o n e  s o l u t i o n  or e t h y l  a c e t a t e  s o l u t i o n  
by t h e  l o w - t e m p e r a t u r e  m e t h o d .  O t h e r  s o l v e n t s ,  h o w e v e r ,  s u c h  a s  e t h a n o l ,  

and  c h l o r o f o r m  a r e  n o t  very s u i t a b l e  f o r  b u l k  g r o w t h .  T h e  D I V A  s i n g l e  

c r y s t a l s ,  h a v i n g  a good q u a l i t y ,  w i t h  d i m e n s i o n s  u p  t o  1 7 x 1 4 ~ 5  m m 3 ,  were 
o b t a i n e d  by t h i s  m e t h o d .  The g r o w t h  t e m p e r a t u r e  r a n g e  i n  a c e t o n e  was 
30-25"C,  i n  e t h y l  a c e t a t e  33 -28°C.  The  r a t e  o f  t e m p e r a t u r e  r e d u c t i o n  was 

k e p t  a t  0 .05"C/day  u n d e r  c o n t r o l ,  a n d  a t e m p e r a t u r e  f l u c t u a t i o n  of  l e s s  
t h a n  0.02OC was a l l o w e d .  F i g u r e  3 shows  t h e  p h o t o g r a p h  o f  c r y s t a l s  by 
s u c c e s s f u l  g r o w t h .  The f a c e s  o f  t h e  c r y s t a l  i n  F i g u r e  3 were d e t e r m i n e d  

by X-ray d i f f r a c t i o n  a s  shown i n  F i g u r e  4 .  

T a b l e  1 
C r y s t a l  h a b i t s  o f  O I V A  i n  s e v e r a l  o r g a n i c  s o l v e n t s  

s o l v e n t s  s o l u b i l i t y  c r y s t a l  c r y s t a l  
3OoC g / 1 0 0 m l  s o l .  f orm t r a n s p a r e n c y  
- ~ ~~ 

a c e t o n e  4 5  
e t h y l  a c e t a t e  3 9 . 5  

i - B u t h y l  a l c o h o l  26  
a l c o h o l  2 5  

c h l o r o f o r m  1 6  

p l a t e l e t  good 
rhomb good 
s t a p l e  f a i r l y  good 
p a r t i c u l a r  p o o r  
s l i c e  f a i r l y  

F i g .  1. C r y s t a l  f o r m s  o f  D I V A .  a )  i n  a c e t o n e  

b )  i n  e t h y l a c e t a t e  
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F i g .  2 .  S o l u b i l i t y  c u r v e s  o f  D I V A :  a )  i n  

a c e t o n e  b )  i n  e t h y l a c e t a t e  

F i g .  3 .  As -g rown  s i n g l e  c r y s t a l s  o f  D I V A  

F i g .  4 .  S c h e m a t i c  d r a w i n g ,  s h o w i n g  t h e  d i f f e r e n t  

f a c e s  o f  a DIVA c r y s t a l  

I n  a d d i t i o n ,  an  e v a p o r a t i o n  m e t h o d  was a l s o  s u i t a b l e  f o r  D I V A  g r o w t h  

f r o m  a c e t o n e  s o l u t i o n .  DIVA s a t u r a t e d  a c e t o n e  s o l u t i o n  c o n t a i n i n g  a seed 

a t  a b o u t  3D°C was p u t  i n t o  a s p e c i a l l y  d e s i g n e d  g r o w t h  a p p a r a t u s ,  w i t h  

t h e  seed  g r o w i n g  f o r  t w o  o r  t h r e e  weeks a n d  a p r o p e r  c o n t r o l  o f  s o l v e n t  

e v a p o r a t i n g  b y  a t e m p e r a t u r e  and a i r  c u r r e n t .  A good  q u a l i t y  c r y s t a l  w i t h  

t h e  s i z e  1 5 x 1 2 ~ 5  mm3 h a s  been  o b t a i n e d .  
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3 .  The t r a n s m i s s i o n  s p e c t r u m  o f  g r o w n  D I V A  c r y s t a l  

The o p t i c a l  t r a n s m i s s i o n  o f  D I V A  c r y s t a l s  h a s  n o t  y e t  been  r e p o r t e d . I n c u r  

e x p e r i m e n t ,  t h e  o p t i c a l  t r a n s m i s s i o n  s p e c t r u m  o f  DIVA has  been  measured  

i n  a H i t a c h i  UV-365 s p e c t r o m e t e r .  3 mm t h i c k  g rown  D I V A  c r y s t a l s  were  

u s e d  w i t h o u t  any  p r e t r e a t m e n t .  The [OlOj d i r e c t i o n  i s  u s e d  as  t h e  p a s s -  

i n g  - l i g h t  d i r e c t i o n .  The r e s u l t  is shown i n  F i g u r e  5 .  

The c u t - o f f  a b s o r p t i o n  wave leng th  o f  D I V A  i s  420 nm. T h e r e  i s  a good  

t r a n s p a r e n c y  f r o m  450 nm t o  1650  nm ( t r a n s m i s s i o n  above  - 6 0 % ) .  A b e t t e r  

t r a n s m i s s i o n  f o r  O I V A  may b e  e x p e c t e d ,  i f  t h e  c r y s t a l  i s  p r o c e s s e d  w e l l .  

F i g .  5 .  The t r a n s m i s s i o n  s p e c t r u m  of grown  

O I V A  c r y s t a l  

4 .  R e s u l t  and  d i s c u s s i o n  

The c r y s t a l  h a b i t s  of D I V A  i n  s e v e r a l  o r g a n i c  s o l v e n t s  have  been  i n v e s t i -  

g a t e d .  I t  shows a good c r y s t a l  h a b i t  i n  a c e t o n e  a n d  i n  e t h y l a c e t a t e .  The 

c r y s t a l s  have  been  g r o w n  s u c c e s s f u l l y  f r o m  t h e s e  s o l u t i o n s .  I t  i s  n o t e d  

t h a t ,  as  shown i n  F i g u r e s 2 , t h e  s o l u b i l i t y  of D I V A  i n  a c e t o n e  i s  h i g h  and 

t h e  s u p e r s a t u r a t i o n  i s  d i f f i c u l t  t o  c o n t r o l  w i t h  l o w - t e m p e r a t u r e  g r o w t h .  

The h i g h e r  t h e  g r o w t h  t e m p e r a t u r e ,  t h e  l a r g e r  t h e  s o l u b i l i t y  o f  D I V A ,  

and  t h e  c o l o u r  o f  

b i l i t y  o f  O I V A  i n  

were  e a s y  t o  f o r m  

i n  t h i s  c a s e .  

The p a r t i c u l a r  

t i o n ,  e s p e . c i a l l y  

s t r u c t u r e .  F i g u r e  

a l o n g  t h e  c - a x i s .  

t h e  g r o w t h  s o l u t i o n  g e t s  d a r k .  C o n t r a r i w i s e  t h e  s o l u -  

e t h y l  a c e t a t e  i s  n o t  l a r g e  enough ,  b u t  p o l y c r y s t a l s  

d u r i n g  g r o w t h .  L a r g e r  c r y s t a l s  w e r e  d i f f i c u l t  t o  g row 

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

6 shows t h e  p r o j e c t i o n  o f  O I V A  m o l e c u l e s  i n  t h e  c r y s t a l  

From t h i s  f i g u r e  we n o t e  t h a t  t h e  m o l e c u l e s  a r e  h o l d  

head t o  t a i l  a l o n g  t h e  c r y s t a l l o g r a p h i c  b - a x i s ,  b u t  t h e  m o l e c u l e s  a r e  

p a c k e d  l a y e r  upon l a y e r  a l o n g  [ l l O ]  or [TlOj,  and t h e  m o l e c u l e s  a r e  l i n k -  

ed  w i t h  each  o t h e r  by  t h e  c y a n o  g r o u p  o f  one m o l e c u l e  and  t h e  m e t h o x y  

g r o u p  o f  t h e  n e x t  a l o n g  t h e  a - a x i s .  Thus  t h e  c r y s t a l s  u s u a l l y  show p l a t e -  

l i k e  f o r m s  (WANG). 
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F i g .  6 .  The p r o j e c t i o n  o f  D I V A  m o l e c u l e s  i n  

t h e  c r y s t a l  a l o n g  t h e  c - a x i s  

I t  c a n  be s t a t e d  t h a t  t h e  D I V A  c r y s t a l s  w i t h  good o p t i c a l  q u a l i t y  can  

b e  g rown  f r o m  a c e t o n e  s o l u t i o n  o r  e t h y l  a c e t a t e  s o l u t i o n  by  s o l u t i o n  

g r o w t h  t e c h n i q u e s  i n c l u d i n g  l o w - t e m p e r a t u r e  and  e v a p o r a t i o n  m e t h o d s .  The 

o p t i c a l  t r a n s m i s s i o n  s p e c t r u m  o f  g rown  c r y s t a l s  shows t h a t  t h e  c u t - o f f  

a b s o r p t i o n  w a v e l e n g h  i s  420 nm, i n d i c a t i n g  t h a t  t h e  DIVA c r y s t a l  w i l l  be  

a p r o m i s i n g  f r e q u e n c y  d o u b l i n g  m a t e r i a l  for s e m i c o n d u c t o r  l a s e r .  
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