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PHOTOINDUCED CHARGE OF CHOLESTERIC LC-PITCH 

V . V I  IVOGRADOV , A. K H I  ZHIVYAX , L . KUTULY A , 
Inst .of Phys, , 1rist.of Surf.Chem. , Kiev, 
Pedagogical I n s t .  Chernigov, U.S.S.R. 

YU REZNUIOV, V, RESI-IETIYAK. 

Abstract  The e f f e c t  of r eve r s ib l e  s h i f t  o f  se lec-  
t i v e  r e f l e c t i v i t y  band i n  induced cho le s t e r i c  LC 
under the  1-aser i r r a d i a t i o n  i s  observed. 

Conformational molecular t r a n s i t i o n  caused by l i g h t  
absorpt ion i s  a reason of a type of the LC conforma- 
t i o n  o p t i c a l  non l inea r i ty  (CXL)’ .  In  nematics CI%L shons 
i t s e l f  i n  the  dependence of r e f r a c t i v e  index on the  in-  
t e n s i t y  of l i g h t .  T h i s  dependence i s  conditioned by 
changes o f  t he  p o l a r i z a b i l i t y  o f  own molecules y and 
t he  o rde r  parameter S near  them under phototransforma- 

2 t i o n  . 
I n  cho le s t e r i c s  change of the  molecular conforma- 

t i o n  l eads  not only t o  another  value of but t o  cha- 
nges o f  twis t ing  power p and s o  t o  photostimulated 
v a r i a t i o n s  of cho le s t e r i c  p i t c h  P. T h i s  i n  t u rn  r e s u l t s  
i n  the  s h i f t  of cho le s t e r i c  s e l e c t i v e  r e f l e c t i v i t y  band 
maximum, h max . 

Purely this type of non l inea r i ty  could be observed 
i n  systems where cho le s t e r i c  p i t c h  temperature depen - 
dence i s  neg l ig ib l e  and l a s e r  heat ing does not  a f f e c t  
t h e  e f f e c t  

band caused by r eve r s ib l e  phototransformation o f  twis- 
t i n g  dopant rnolecules was detected i n  induced choles - 

3 

Photostimulated s h i f t  o f  s e l e c t i v e  r e f l e c t i v i t y  

[7091/273 
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t e r i c  mith t h e  weak dependence of P on temperature con- 
s i s t e d  of cianobiphenyl matrix LC-807 and o p t i c a l l y  ac- 
t i v e  dopant (OAD) 1-arimiden-mentanon, Photo t ransfor  - 
mation of  OAD was induced a t  room temperature by HeCd 
l a s e r  beam,i ts  emission ( A =0.44pm) f a l l s  at the  ed- 
ge of dopant absorp t ion  band and matr ix  t ransparency 
region, 

l e c u l e s  biphenyl fragment t u r n s  about C=C bond, Under 
t h i s  condi t ion  t w i s t i n g  power of t h e  OAD molecule de - 
c reases  which causes t h e  inc reas ing  of t he  p i t c h  s tep .  
It shouldbe noted that  the  o r i g i n  of the  OAD photoiso- 
mer iza t ion  i s  not  y e t  es tab l i shed .  T o r  i n s t ance ,  i t  i s  
not  ye t  c l e a r  why desp i t e  h izh  a c t i v a t i o n  energy nee- 
ded t o  t u r n  t h e  fragment around C-C bond ( h 170 kJ * 

*mol" ) t h e  i somer iza t ion  process  i s  r eve r s ib l e .  

According t o  under l i g h t  absorpt ion a l i k e  OAD rno- 

____, 

0.33 - 
0.32 

I I 

20 30 40 50 

PIGURE 1 

2 Under Ee-Cd l a s e r  i n t e n s i t i e s  I h 0.3 U/cm medi - 
um hea t ing  evaluated us ing  the  expression 
/ZZ ( & h, IOcrn-lis system absorpt ion c o e f f i c i e n t ,  8 2  

,h 2.5. 10-3W/cm.K i s  thermoconductivity c o e f f i c i e n t ,  p z  
20 .05  em i s  the  beam rad ius )  i s  about 0.1K.Tkiscould 
n o t  be s u f f i c i e n t  t o  change I?, which value p r a c t i c a l l y  
is independent o f  temperature a t  room temperature ra- 

T"- &p21/ 
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PKOTOITJDUCED CHANGE OF CHOLESTERIC LC-PITCH 171 111275 

nge (P ig . ? ) .  
Changing of P was observed as v a r i a t i o n  of t r a n s  - 

mission and r e f l e c t i v i t y  of c i r c u l a r l y  polar ized  He-Me 
l a s e r  t en t fnp  beam d i r e c t e d  perpendicular  t o  t h e  c e l l .  
A s  He-lie l a s e r  wave 1enn;th h=0.63 pm fa l l , ;  i n t o  the  
t r -nspa-ency region of t h e  ma,trix mid dopnnt mol~cu-  
les, radi-.tin,o; of t he  systeT does not  c h m p  
and P values.  

Experiments were performed w i t h  p l ana r  sample, t h e  
c e l l  th ickness  L was 50pm, s teady-s ta te  c h o l e s t e r i c  

f j 9  

0 01 0.2 0.3 

FIGURE 2 

F”g.2 shows t h e  dependence o f  s teady-s ta te  value 
o f  P versus  l a s e r  beam i n t e n s i t y  I. It i s  l i n e a r  w i  - 
t h i n  experimental accuracy, tangent o f  t he  t i l t  angle  
c h a r a c t e r i z e s  system s e n s i t i v i t y  and i s  t r ,aa ted  as 
t h e  e f f e c t i v e  parameter o f  c h o l e s t e r i c  CNL. Evaluat i -  
on per.€orIned shows t h a t  i t s  value i s  not  l e s s  then 
t h e  o rde r  of magnitude l a r g e r  then the  thermal non- 
1 i n e z r i  t y p arame t e r 1 o r  o rd inary  c hol e s t e r i  c ai t hou t 
OAD, nhose P(T)-dependence i s  r a t h e r  s t rong.  
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The k i n e t i c s  of t he  inc reas ing  of t he  c h o l e s t e r i c  
p i t c h  P(t) i s  nonexponential and complicated ( f ig .  3 ) :  
t h e  e f f e c t i v e  p r o c e s s  starts a f t e r  a while and t h i s  
time lowers l i n e a r l y  wi th  i n t e n s i t y  increasing.  Af t e r  
switching o f f  t h e  excitation r e l a x a t i o n  o f  c h o l e s t e r i c  
p i t c h  behaves s imi l a r ly .  

I n  o rde r  t o  i n t e r p r e t  t h e  r e s u l t s  obtained one ne- 
e d s  t o  solve a problem o f  d i r e c t o r  d i s t r i b u t i o n  a t  the  
c e l l  wi th  p l ana r ly  o r i e n t i n g  su r faces  tak ing  i n t o  ac- 
count t h a t  s tendy-state  va lue  of  Po i n  i n f i n i t e  sample 
depends on t h e  l i g h t  i n t e n s i t y  I. 

W 
1: 1 = 0.69 2 cm 
2: 0.28 

3: 0.08 0.36 

50 100 
0.32 

0 

PIGUPS3 3 

4-t anciiorinp; p a r m e t e r  -!WK >) 1 (I< i s  Prank 5 -  
e l a s t i c  coilatD.nt, iV i s  an anchorig energy of  cholestc-  
r i c  w i t h  o r i e n t i n g  su r faces )  t h e  s o l u t i o n  g ives  the  
f ol lowin;  cxpressioi.1 for c h o l e s t e r i c  p i t c h  wave-vector: 

(1 1 Q = u ( l i - 1 / j )  r - ( Q o - i - - ~ N ( I ) ) .  dQo 
L dN 

As the  change of c h o l e s t e r i c  p i t c h  A P 4 <  P, s o  we can 
w r i t p  fol lowing expression f o r  P=2n/Q: 
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PROTOINDUCED CHLNGE OF CHOLESTERIC LC - PITCH [713]/277 

In these expressions Qo= Q in infinite sample, m = 
= [(1-2/1)LQ/%] is an integer part of the numerical va- 
lue in brackets,lT is a stereoisomer concentration pro- 
portional to intensity I. It is obvious that value of 
Q in the cell differs from that in infinite sample and 
chCmges linearly with intensity increasing which is 
consistent with experimental data. When wave-vector 
value reaches some critical magnitude at which &m=&m+, 
it abruptly changes at 9T (1+1/) )/L and then is going on' 
linear change versus intensity. The number of such ste- 
ps is determined by light intensity and the width of a 
single zone Qm+l- &mz %/L. At the limits of one zone 
parametes: of nonlinearity is proportional to anchoring 
parameter 7 . 
pends on the initial value of Q(t=O) and the ratio 
ti/tn, where ti is stereoisomers lifetime, tn is a re- 
laxation time of director field. If the light iritensi- 
ty is such that Q(t=O) and Q(t=oo ) belong to the same 
zone and ti<< tn, the Q(t)-dependence is determined by 
t12. At the intensities for which abrupt change of Q ta- 
kes place, the decreasing of Q divides into two stages. 
At the first one, limited by time during which stereo- 
isomers concentration reaches the value correspondingto 
Q,, Q(t) is a l s o  determined by tn. Then &m jumps up to 
the value of Q + n / L  and again Q(t) depends on the mag- 
nitude of tn, until Q become equal &m+l. With intensi- 
ty increasine the time of achieving the critical Q - 
values decreases. 

Kinetics of transition to a steady-state Q-wave de- 
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Experimental r e s u l t s  can be q u a l i t a t i v e l y  descr i -  
bed i n  frames o f  t he  suggested model taking i n t o  acco- 
unt  t h a t  t h e  change o f  Ph8*10-2 m i n  our  case  i s  
much more l a r g e r  then a s i n g l e  zone width Pm+l-Pm f: 

P 0 / 2 L e  9.10-4 m. A s  a r e s u l t  dependences 
t u r n  out t o  be monotonic. 

I n  o rde r  t o  revea l  experimentally "zone'' s t r u c t u r e  
o f  t he  P(1)-dependence i t  i s  convenient t o  s tudy samp- 
l e s  where t h e  number o f  c h o l e s t e r i c  h e l i x  s t e p s  i s  
comparable t o  the c e l l  thickness .  A t  this case t h e  zo- 
ne width i s  about P0/2 and also comparable with var i -  
a t i o n  l i m i t  o f  A P. 

2 P(1) and P ( t )  

I n  corlclusion i t  shou ld  b e  Fointed o u t  that systems 
d i s c u s s e d  a r c  q u i t e  Fersrective f o r  o p t i c a l  da ta  pro-  
ce s s ing ,  b e c s u s e  t h e y  need no teaperature s t a b i l i z a t i o n  
and have h i g h  s e n s i t i v i t y .  
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