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 ?

# 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

Downloaded by [Tomsk State University of Control Systems and Radio] at 04:32 23 February 2013

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

THE GUEST-ROST INTERACTION IN LIQUID CRYSTALS

2. A New Fast Fluorescent Shutter

H.J. COLES®

Physics Department, Brunel University
Kingston Lane, Uxbridge, Middlesex UB8 3PH, U.K.

(Submitted for publication July 12, 1978&)

ABSTRACT. A new fast optical shutter, based on the
guest-host interaction using a fluorescent dye, has
been demonstrated. Using acridine orange as guest in a
cyanobiphenyl nematic host it has been stown that the
shutter can be turned on or off in a few milliseconds.
The electro-optic cell, which has a 2mm cptical path
length, uses transverse electric fields and both field
strength and frequency dependence studies have been
made. It has been shown that both increases and de-
creases in transient light levels may be obtained by
changing the polarisation state of the incident or
emergent light.

It was shown recently, by using the guest-host inter-
action (1) with a pleochroic guest dye in a cyanobiphenyl
host and a 2mm optical path length, that a fas: dichroic
shutter could demonstrated (2). Rise and decay times of
the order of 5ms were recorded and it was shown that, by
changing the polarisation state of the incidenr light, an
increase or decrease in light level could be obtained. It
is the purpose of this note to show how similar fast
transient electrooptical effects may be demonstrated using
a fluorescent dye, with the added advantage of the broad
wavelength emission of the dye molecule. Such cyes are well
known commercially as image brighteners and ordering of
fluorescent dyes under continuous electric fields in a
nematic host was demonstrated by Sackmann and Rehm (3) in
1970.

The apparatus consisted of a 10mW HeCd laser

(A = 441.6nm) that could be attenuated using neutral densi-
ty filters and polarised either vertically (V) or horizon-
tally (H) by use of a suitable Fresnel rhomb and a glan-
laser prism polariser. The light from this passed through
a 2mm optical path length rectangular glass cell that
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contained vertical flat gold plated stainless steel elec-
trodes. The electrode spacing was l.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 &
Stroud type OG 550) to a detecting photomultiplier and the
signal was then recorded on a storage oscilloscope. The
fluorescent dye used was acridine orange (AQ) 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 to calculate the absorption parame-
ters. The pulsed electric fields varied in frequency
between DC and 10KHz, in voltage between 0 and 800V and
were applied for durations of "200ms.

r »
Avy Av,,
(+) (+)
100 300 100 300
time (ms)
FIGURE 1. Transient changes in the polarised components

of fluorescence for AO-5CB. The optical responses are
normalised to the same zero field intensity and the
applied field was a 250ms D.C. pulse with E = 3.7kV.
cm~1.
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Fluorescence is a two step process involving absorption
at a given wavelength and reemission at a longer wavelength,
and is associated with electronic transitions which relative
to the dye molecular geometry, are directional in space.

Thus changes in orientation of the dye molecule change the
absorption and subsequent emission intensities and depen-
ding on the polarisation of the incident and transmitted
light and the sample thickness or concentration it is possi-
ble to produce an increase or decrease in light level (4).
With the dye A0 and for absorption of blue ligh: and emis-
sion above 550 nm, both the absorption and transmission
moments lie in the plane of the molecue, and if the dye is
ordered by the liquid crystal via the guest-hosl interaction,
application of an electric field will produce changes (A) in
the fluorescent light level. This can be seen to be the case
in Figure 1 for the AO-5 CB system, where V and H refer to
the incident light and v and h refer to the fluorescent light
polarisation states. Detection of the fluorescent components
was at zero angle (i.e. in the direction of the incident
beam) and the cutoff filter ensured no blue light was trans-—
mitted to the photomultiplier. These changes shcow that AO is
infact ordered by 5CB, that it is possible to produce both
positive and negative changes in light level, and that when
using pulsed fields the transient effects are relatively
fast. Further if the incident light is polarised at the
magic angle of 54°45' no absorption and hence no fluorescence
changes are recorded, as was also the case for the purely
dichroic dye (2).

In figure 2(a) the field dependence of AH; has been
given relative to the field free intensity (H,) and in
figure 2(b) tracings of the recorded electric field tran-
sients illustrate the time dependence of the effect. The
other components AHp (negative) and AVh, AVy (positive) were
similarly field dependent but varied in magnitude as can be
seen from figure 1., Maximum changes of -0.2 and +0.8 were
recorded for AHp/AHp and AVy/Vy respectively. From figure 2
it is clear that both the rise and decay of the fluorescence
changes are field dependent and the higher the applied
field strength the faster the transient changes. Using a
definition for the decay time T as that time required to
decay back to 1/eth of the maximum intensity,then for the
maximum applied field T ~ 15 msec. The rise time is less
than 5ms. It is possible as the change in AHy is not com-
pletely saturated that at higher field strengths faster
changes could be recorded. These transient response times
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FIGURE 2(a) Field and (b) time dependence of AH, for
DC applied fields and a temperature of 23.3%.1In (a)
AHy has been normalised with respect to the field free
fluorescent intensity, where-as in (b) AHy is in ex-
perimental units.

were independent of frequency between DC and 10KHz for
equivalent r.m.s field strengths. However as shown for
alternating fields, in figure 3(a) the fluorescent light
intensity change is composed of a steady component (AVy)
and a superimposed signal 6(AVp) of double frequency. This
double frequency component, recorded for all four possible
combinations of V,H,v,h, undergoes a frequency dispersion
and is negligible above VvIkHz, figure 3(b), whilst the
steady signal AVy remains constant throughout this fre-
quency range. Thus the same overall change in AVy 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
often 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 confirm previous results obtained for a pleo-
chroic thiazole dye. Thus with a 2mm optical path length,
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FIGURE 3. (a) The frequency doubled fluorescent signal
(AVy) at 10 and 50 Hz where the two signals have been
super~imposed for comparison, and the applied field E
given for reference. The Eypg = 2.1 KV.cm~! in both
cases. (b) The frequency dispersion of the frequency
doubled component, §(AVy).

faster transient response times are recorded than with con-
ventional thin cells (i.e. 20-50um spacing and T “v100-200ms).
The results have been presented for a fixed dye concentra-
tion, optical path length, and surface alignmen:, and

future studies will examine how changes in these parameters
affect device performance. The contrast ratios recorded
with the fluorescent dye were lower than those obtained for
the dichroic shutter (2). There are two main reasons for
this. Firstly the AO may not have such a high order para-
meter when the 5CB is aligned as the thiazole used in (2),
and secondly as fluorescence is a two step process involving
absorption and emission,considerable depolarisec scattering
of the emitted light within the cell may take place before
the light is finally transmitted. The AO was chosen (a)

for its solubility in 5CB and (b) because of its geometric
shape and highly directional transition moments. Recent
preliminary measurements carried out by the autlor have in-
dicated that dimethylaminonitrostilbene is more highly
ordered than the AO used herein, and future work will exa-
mine the effect of the fluorescent dye structure on order
parameter in the cyanobiphenyls. It is thus anticipated

that contrast ratios will be considerably improved, and that
with the advantage of the wide viewing angle and brightness
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associated with fluorescence such fast electro-optic devices
may have useful commercial applications.

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