
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 23 February 2013, At: 04:32
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/gmcl16

The Guest-Host Interaction in Liquid
Crystals: 2. A New Fast Fluorescent Shutter
M. J. Coles a
a Physics Department, Brunel University Kingston Lane, Uxbridge,
Middlesex UB8 3PH, U.K.
Version of record first published: 20 Apr 2011.

To cite this article: M. J. Coles (1978): The Guest-Host Interaction in Liquid Crystals: 2. A New Fast
Fluorescent Shutter, Molecular Crystals and Liquid Crystals, 49:1, 13-18

To link to this article:  http://dx.doi.org/10.1080/00268947808070320

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268947808070320
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Crysr. Vol. 49 (Letters), pp. 13-18 
@ 1978, Gordon and Breach Science Publishers Ltd. 
Printed in the United States of America 

THE GUEST-HOST INTEMCTION I N  L I Q U I D  CRYSTALS : 

2 .  A New F a s t  F l u o r e s c e n t  S h u t t e r  

M.J. COLES* 

P h y s i c s  Department ,  Brune l  U n i v e r s i t y  
Kings ton  Lane, Uxbridge,  Middlesex U B 8  3I’H, U . K .  

(Submit ted f o r  p u b l i c a t i o n  J u l y  1 2 ,  1978) 

ABSTRACT. A new f a s t  o p t i c a l  s h u t t e r ,  bas:ed on t h e  
g u e s t - h o s t  i n t e r a c t i o n  u s i n g  a f l u o r e s c e n t  dye ,  h a s  
been  demons t r a t ed .  Using a c r i d i n e  o range  a s  g u e s t  i n  a 
cyanobiphenyl  nemat i c  h o s t  i t  h a s  been sbown t h a t  t h e  
s h u t t e r  can  b e  t u r n e d  on o r  o f f  i n  a few m i l l i s e c o n d s .  
The e l e c t r o - o p t i c  c e l l ,  which h a s  a 2mm c p t i c a l  p a t h  
l e n g t h ,  u s e s  t r a n s v e r s e  e l e c t r i c  f i e l d s  and b o t h  f i e l d  
s t r e n g t h  and f r equency  dependence s t u d i e s  have been 
made. It h a s  been  shown t h a t  b o t h  i n c r e a s e s  and de- 
c r e a s e s  i n  t r a n s i e n t  l i g h t  l e v e l s  may b e  o b t a i n e d  by 
changing t h e  p o l a r i s a t i o n  s t a t e  o f  t h e  i n c i d e n t  o r  
emergent l i g h t .  

I t  was shown r e c e n t l y ,  by u s i n g  t h e  g u e s t - h o s t  i n t e r -  
a c t i o n  ( 1 )  w i t h  a p l e o c h r o i c  g u e s t  dye i n  a cyanobiphenyl  
h o s t  and a 2mm o p t i c a l  p a t h  l e n g t h ,  t h a t  a f a s :  d i c h r o i c  
s h u t t e r  could demons t r a t ed  ( 2 ) .  Rise and decay t imes of 
t h e  o r d e r  of 5ms were r e c o r d e d  and i t  w a s  shown t h a t ,  by 
changing t h e  p o l a r i s a t i o n  s t a t e  of t h e  incidenir  l i g h t ,  an  
i n c r e a s e  o r  d e c r e a s e  i n  l i g h t  l e v e l  cou ld  be o b t a i n e d .  It 
i s  t h e  pu rpose  of t h i s  n o t e  t o  show how s i m i l a r  f a s t  
t r a n s i e n t  e l e c t r o o p t i c a l  e f f e c t s  may b e  demons t r a t ed  u s i n g  
a f l u o r e s c e n t  d y e ,  w i t h  t h e  added advan tage  of t h e  b road  
wave leng th  e m i s s i o n  of t h e  dye molecu le .  Such c y e s  are w e l l  
known commercial ly  as  image b r i g h t e n e r s  and o r d e r i n g  of 
f l u o r e s c e n t  dyes  under  c o n t i n u o u s  e l e c t r i c  f i e l d s  i n  a 
nemat i c  h o s t  was demons t r a t ed  by Sackmann and Rehm ( 3 )  i n  
1970. 

The a p p a r a t u s  c o n s i s t e d  of a IOmW HeCd l a s e r  
( A  = 441.6nm) t h a t  cou ld  be a t t e n u a t e d  u s i n g  n e u t r a l  d e n s i -  
t y  f i l t e r s  and p o l a r i s e d  e i t h e r  v e r t i c a l l y  ( V )  o r  ho r i zon-  
t a l l y  (H) by use  of a s u i t a b l e  F r e s n e l  rhomb and a g lan -  
laser  p r i s m  p o l a r i s e r .  The l i g h t  from t h i s  pas sed  th rough  
a 2mm o p t i c a l  p a t h  l e n g t h  r e c t a n g u l a r  g l a s s  c e l l  t h a t  

k P r e s e n t  a d d r e s s  : C.R.M.  6 ,  r u e  B o u s s i n g a u l t  
67083 STRASBOURG-Cedex (F rance )  
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14 H. J .  COLES 
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contained vertical flat gold plated stainless steel elec- 
trodes. The electrode spacing was I.lmm and the electric 
field was horizontal and transverse to the optical light 
path. Light transmitted from the cell passed via another 
glan-laser polariser and an optical cut-off filter (Barr & 

signal was then recorded on a storage oscilloscope. The 
fluorescent dye used was acridine orange (AO) at a concen- 
tration of 2x10-4 g/g in pentyl cyanobiphenyl (5 CB). The 
5CB was a gift from BDH Ltd (Poole, Dorset, U.K.) which is 
gratefully acknowledged. The cell preparation was as pre- 
viously described and the surface alignment was verified 
as being homogeneous parallel to the electrodes (2). Herein 
measurements will be given in intensity units as these are 
the important units in assesment of device capability, and 
without knowing the orientation at the centre of the cell 
it would be impossible t o  calculate the absorption parame- 
ters. The pulsed electric fields varied in frequency 
between DC and IOKHz, in voltage between 0 and 800V and 
were applied f o r  durations of %20Oms. 

Stroud type OG 550) to a detecting photomultiplier and the 
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GUEST-HOST INTERACTION 15 

Fluorescence i s  a two s t e p  process  involv ing  abso rp t ion  
a t  a g iven  wavelength and reemiss ion  a t  a longer  wavelength,  
and is  as soc ia t ed  wi th  e l e c t r o n i c  t r a n s i t i o n s  which r e l a t i v e  
t o  t h e  dye molecular  geometry, a r e  d i r e c t i o n a l  i n  space.  
Thus changes i n  o r i e n t a t i o n  of the  dye molecule change the  
abso rp t ion  and subsequent emission i n t e n s i t i e s  and depen- 
d ing  on t h e  p o l a r i s a t i o n  of t h e  i n c i d e n t  and t r ansmi t t ed  
l i g h t  and t h e  sample th i ckness  o r  concen t r a t ion  i t  i s  poss i -  
b l e  to  produce an i n c r e a s e  o r  decrease  i n  l i g h t  l e v e l  ( 4 ) .  
With t h e  dye A 0  and f o r  abso rp t ion  of b l u e  l i gh :  and emis- 
s i o n  above 550 nm, both  the  abso rp t ion  and t ransmiss ion  
moments l i e  i n  t h e  p lane  of t he  molecue, and i f  t he  dye i s  
ordered by the  l i q u i d  c r y s t a l  v i a  t he  guest-host  i n t e r a c t i o n ,  
a p p l i c a t i o n  of an e l e c t r i c  f i e l d  w i l l  produce changes (A) i n  
the  f l u o r e s c e n t  l i g h t  l e v e l .  This  can be  seen  t o  be t h e  case  
i n  F igure  1 f o r  t h e  AO-5 CB system, where V and H r e f e r  t o  
t h e  i n c i d e n t  l i g h t  and v and h r e f e r  t o  the  f l u o r e s c e n t  l i g h t  
p o l a r i s a t i o n  states.  Detec t ion  of t h e  f l u o r e s c e n t  components 
was a t  zero  angle  ( i . e .  i n  t h e  d i r e c t i o n  of t he  i n c i d e n t  
beam) and t h e  cu tof f  f i l t e r  ensured no b l u e  l i g i - t  was t r ans -  
mi t t ed  t o  t h e  pho tomul t ip l i e r .  These changes show t h a t  A 0  i s  
i n f a c t  ordered by 5CB, t h a t  i t  i s  p o s s i b l e  t o  produce both  
p o s i t i v e  and nega t ive  changes i n  l i g h t  l e v e l ,  and t h a t  when 
us ing  pulsed  f i e l d s  t h e  t r a n s i e n t  e f f e c t s  a r e  r e l a t i v e l y  
f a s t .  Fu r the r  i f  t h e  i n c i d e n t  l i g h t  i s  p o l a r i s e d  a t  t h e  
magic angle  of 5 4 " 4 5 '  no abso rp t ion  and hence no f luo rescence  
changes a r e  recorded ,  as was a l s o  t h e  case f o r  t h e  pu re ly  
d i c h r o i c  dye ( 2 ) .  

I n  f i g u r e  2(a) t h e  f i e l d  dependence of AHv '?as 
g iven  r e l a t i v e  t o  the  f i e l d  f r e e  i n t e n s i t y  (b) m d  
f i g u r e  2(b)  t r a c i n g s  of t he  recorded e l e c t r i c  f i e l d  
s i e n t s  i l l u s t r a t e  t h e  t i m e  dependence of the  e f f e c t  

been 
i n  
t r an- 
The 

ve) were o t h e r  components AHh (negat ive)  and AVh, AVIJ ( p o s i t  
s i m i l a r l y  f i e l d  dependent bu t  va r i ed  i n  magnitude as can be  
seen  from f i g u r e  1 .  Maximum changes of -0.2 and +0.8 were 
wA-,..-d,,d F n r  h U .  l h u .  A l l  1 7 1  ~ n o - ~ n t : ~ 7 f i l . ,  Uvrrm F ; n r r r o  7 
L F C V L U S U  L V L  uun, ULlh allu UVV, "V I C D Y S L L I V L L J .  L L \ 1 1 1 1  L L 6 U L L  L 

i t  is  clear t h a t  bo th  t h e  r ise and decay of t h e  f luo rescence  
changes are f i e l d  dependent and t h e  h ighe r  t h e  aplplied 
f i e l d  s t r e n g t h  the  f a s t e r  t he  t r a n s i e n t  changes.  Using a 
d e f i n i t i o n  f o r  the  decay time T a s  t h a t  time reqLired t o  
decay back t o  I / e t h  of t h e  maximum i n t e n s i t y ) t h e n  f o r  t he  
maximum appl ied  f i e l d  T 15 msec. The r i s e  time i s  l e s s  
than 5ms. I t  i s  p o s s i b l e  a s  t h e  change i n  AHv i s  no t  com- 
p l e t e l y  s a t u r a t e d  t h a t  a t  h igher  f i e l d  s t r e n g t h s  f a s t e r  
changes could be recorded.  These t r a n s i e n t  response t irncs 
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16 H. 3. COLES 

(a) 

0.8 1 a 

(b) 

L 
5 10 15 100 300 

E 2 (kV.cm'l)*  t ime  ( m s )  

FIGURE 2(a) Field and (b) time dependence of AHv for 
DC applied fields and a temperature of 2 3 . 3 k  In (a) 
AHv has been normalised with respect t o  the field free 
fluorescent intensity, where-as in (b) AHv is in ex- 
perimental units. 

were independent of frequency between DC and IOKHz for 
equivalent r.m.s field strengths. However as shown f o r  
alternating fields, in figure 3(a) the fluorescent light 
intensity change is composed of a steady component (AVI,) 
and a superimposed signal 6(AVh) of double frequency. This 
double frequency component, recorded f o r  all four possible 
combinations of V,H,v,h, undergoes a frequency dispersion 
and is negligible above SlkHz, figure 3(b), whilst the 
steady signal Avh remains constant throughout this fre- 
quency range. Thus the same overall change in Avh can be 
produced, for the equivalent r.m.s. field, above 1 kHz as 
with DC fields but without the low frequency electrode 
polarisation and impurity conduction effects that are 
of ten detrimental to sample lifetimes. The low frequency 
measurements reported do however show that the fluorescence 
cell can be repetitively pulsed and could therefore be 
commercially useful. 

In conclusion,an electro-optic switch turn on and off 
time of several milliseconds has been demonstrated using 
the guest-host interaction with a fluorescent dye. Such 
measurements conEirm previous results obtained for a pleo- 
chroic thiazole dye. Thus with a 2mm optical path length, 
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GUEST-HOST INTERACTION 17 

( b l  
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J 
E 
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. I . L  'L. 
0 100 200 3 0 0  400  0 1 2 3 4  

t ime (ms) l0Sl ( f  1 

FIGURE 3 .  ( a )  The f r equency  doubled f l u o r e s c c n t  s i g n a l  
(Avh) a t  10 and 50 Hz where t h e  two s i g n a l s  have been 
super-imposed f o r  comparison, and t h e  a p p l i e d  f i e l d  E 
g i v e n  f o r  r e f e r e n c e .  The Efms = 2 . 1  KV.cm-l i n  b o t h  
c a s e s .  (b) The f r equency  d i s p e r s i o n  of t h e  f r equency  
doubled component, 6(Avh). 

f a s t e r  t r a n s i e n t  r e sponse  t imes a r e  r eco rded  than  w i t h  con- 
v e n t i o n a l  t h i n  c e l l s  ( i . e .  20-50pm s p a c i n g  and 'r '1.100-200ms). 
The r e s u l t s  have been p r e s e n t e d  f o r  a f i x e d  dye concen t r a -  
t i o n ,  o p t i c a l  p a t h  l e n g t h ,  and s u r f a c e  alignmen!, and 
f u t u r e  s t u d i e s  w i l l  examine how changes i n  t h e s e  p a r a m e t e r s  
a f f e c t  d e v i c e  performance.  The c o n t r a s t  r a t i o s  r eco rded  
w i t h  t h e  f l u o r e s c e n t  dye were lower t h a n  t h o s e  o b t a i n e d  f o r  
t h e  d i c h r o i c  s h u t t e r  ( 2 ) .  The re  a r e  two main r e a s o n s  f o r  
t h i s .  F i r s t l y  t h e  A 0  may n o t  have such a h igh  o r d e r  pa ra -  
meter when t h e  5 C B  i s  a l i g n e d  as t h e  t h i a z o l e  used i n  ( 2 ) ,  
and s e c o n d l y  a s  f l u o r e s c e n c e  i s  a two s t e p  p r o c e s s  i n v o l v i n g  
a b s o r p t i o n  and e m i s s i o n , c o n s i d e r a b l e  depo la r i sec !  s c a t t e r i n g  
of t h e  e m i t t e d  l i g h t  w i t h i n  t h e  c e l l  may t a k e  p l a c e  b e f o r e  
t h e  l i g h t  i s  f i n a l l y  t r a n s m i t t e d .  The A 0  was chosen ( a )  
f o r  i t s  s o l u b i l i t y  i n  5 C B  and (b)  because  of i t s  geomet r i c  
shape and h i g h l y  d i r e c t i o n a l  t r a i l s i t i o n  moments. Recent 
p r e l i m i n a r y  measurements c a r r i e d  o u t  by t h e  aut l -or  have in -  
d i c a t e d  t h a t  dimethylaminonitrostilbene i s  more h i g h l y  
o r d e r e d  than  t h e  A 0  used h e r e i n ,  and f u t u r e  work w i l l  exa- 
mine t h e  e f f e c t  of t h e  f l u o r e s c e n t  dye s t r u c t u r e  on o r d e r  
parameter  i n  t h e  cyanob ipheny l s .  I t  i s  t h u s  a n t i c i p a t e d  
t h a t  c o n t r a s t  r a t i o s  w i l l  be c o n s i d e r a b l y  improved, and t h a t  
w i t h  t h e  advantage of t h e  wide v i ewing  a n g l e  and b r i g h t n e s s  
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18 H. J. COLES 

associated with fluorescence such fast electro-optic devices 
may have useful commercial applications. 

The author would like to thank the SRC €or a personal 
fellowship and Professor B.R. Jennings for the kind loan 
of the apparatus. 
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