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Circularly polarized fluorescence from chiral nematic liquid

crystalline films: theory and experiment

by HONGQIN SHI, BROOKE M. CONGER, DIMITRIS KATSIS and
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Materials Science Program, Chemical Engineering Department and Laboratory for
Laser Energetics, Center for Optoelectronics and Imaging, University of Rochester,
240 E. River Road, Rochester, NY 14623-1212, USA

(Received 29 October 1996, in final form 5 April 1997, accepted 8 April 1997 )

A theory was formulated for the description of circularly polarized fluorescence (CPF) from
a chiral nematic film in the spectral region outside the selective reflection band. The CPF
theory incorporates: (1) the ability of a chiral nematic film to accomplish both circular
dichroism and circular polarization and (2) linearly polarized fluorescence from chromophores
unaxially aligned in the nematic sublayers comprising the film. Chiral nematic fluid films
consisting of a nematic fluid, BDH 18523, and a chiral dopant, cholesteryl oleate, were
prepared for hosting 1,6-diphenylhexatriene as a fluorescent dye. The experimentally deter-
mined dissymmetry factor using both left- and right-handed circularly polarized excitations
was found to be in good agreement with the theoretical prediction with all the system
parameters determined a priori. The theory was also employed to furnish insight into the
effects of the concentration of the fluorescent dye and chiral nematic film thickness on the

dissymmetry factor.

1. Introduction

Cholesteric mesomorphism can be generated by
mixing a nematic liquid crystal with a chiral compound.
The molecules spontaneously assemble themselves into
a helical stack of nematic layers with the helical axis
perpendicular to the substrates. If a fluorescent chromo-
phore is molecularly dispersed into such a chiral nematic
film, the long axis of the dopant molecules will align
with the nematic director in each layer, resulting in
circular dichroism (CD) [1] and circularly polarized
fluorescence (CPF) [2]. The degree of CPF is expressed
by the dissymmetry factor, ge, defined as

I — Ir
ge 21L+1R (D
where I and Iz are the intensity of the left- and
right-handed CPF, respectively. Stegemeyer et al. [2],
Pollmann et al. [3], and Sisido et al. [4], found that
the absolute value of ge can be as high as 0-3 using
chiral nematic fluid films.

Pollmann ez al. [ 3], proposed a theory of CPF based
on de Vries’ theory of light propagation in a chiral
nematic film. Specifically, their theory was developed for
the range of fluorescence wavelengths, Ar, far shorter

* Author for correspondence.

than the selective reflection wavelength, Ar, namely,

AE—E<<1 (2)
P

In this wavelength range, they treated two limiting cases,
2;>>n* and 2;<<n*, where n*= 2(ng— nn)/(né-}- n,) is
the relative birefringence of the nematic sublayer with
its director parallel and perpendicular to the &- and n-
axis, respectively. In addition, absorption was considered
to occur isotropically, which is equivalent to ignoring
CD of the excitation beam. The theory was employed
to account for experimental observations under the
stated limiting conditions [2] and to furnish insight into
the structure of excimers [4-6].

In the general theory to be presented below, the
spectral region outside of selective reflection is con-
sidered without restrictions imposed by Pollmann et al.
[3]- Moreover, both CD and film thickness are properly
accounted for. Relevant experimental results are also
presented to validate the theory.

2. Theory
A chiral nematic LC film is known to be capable of
circular polarization (CP) of an unpolarized light source.
Various theories have been formulated, and the one
presented recently by Good and Karali [ 7] was adopted
in this study for the description of CP by a chiral

0267-8292/98 $12:00 © 1998 Taylor & Francis Ltd.
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nematic film. To facilitate development of a theory of
CPF, let us begin with the wave equations for light
propagation along the helical axis, z:

CE. 1 ([ &K J’E,
o2 A et TR ot
and (3)
I E, 1 52Eer d’E,
o ATV al T a2

where ¢ is the speed of light in a vacuum and ¢;s are
the elements in the dielectric tensor:

exx = &(1+ 8cos 26), ey =&(1 — 5 cos 20),

1
Exy = gyx = €6 8in 20, = ;(gé + £,
& — &, 4)
6= s 0
g te,

q = 2xlp, P= 15

In equations (3) and (4), £ and ¢ are the electric
component of the light wave and dielectric constant,
respectively, and p is the helical pitch length of the
cholesteric host with a positive value for a right-handed
helix and negative for a left-handed helix. In a low
optical birefringence environment, pZ/IR/gI/Z, since
gllzzn, the average index of refraction. Equation (3) can
be solved more conveniently in terms of the circular
components, E and E™:

4 4
+ + + i(Elgz i .
EX=Y E=) 47T =E +iE,  (5)
=1 =1

where

b=+ 27 @ T

(1>0Band = —1, 4= — 1),
+ 2 2
4 5 =D e
- 2 *2 —_ . =
47 (1)’ A7 =1 s

S

(6)

and A is the wavelength , i.e. A= AF or Aex, the excitation
wavelength. Note that E" and E” represent the right-
and left-handed circular component, respectively, for
light propagating in the positive z-direction. For light
propagating in the negative z-direction, E" and E”
represent the left- and right-handed circular component,
respectively. With continuity of both the electric and
magnetic fields at film surfaces serving as boundary
conditions, coefficients A_,-i in equation (5) were deter-
mined. In the following, E is used to represent the

electric field in the circular space, and E the electric field
in the linear space.

E _ Eg
E= , E=
E Ey

(7)

The chiral nematic film is depicted in figure 1 for
implementation of equation (5) in a problem in which
fluorescence from within the film is treated. It is assumed
that there is no reabsorption of the emitted light in the
absence of an overlap between the absorption and the
emission spectra. A CPF film is envisioned to consist
of a large number of emissive nematic sublayers, with
an arbitrary one being located at z= —b. As depicted
in figure 2, the photo-excited emission process involving
this arbitrary layer occurs via the following mechanism:
(1) the excitation beam enters the film at z=—<
and propagates in the positive z-direction; (2) both
anisotropic absorption and circular polarization of the
excitation beam occur as it propagates through the film
before reaching z = — b; (3) absorption by chromophores
at z= —b leads to linearly polarized emission; (4) part
of the fluorescent beam propagates from z= —b5 in the
positive z-direction, while being circularly polarized, and
is detected at z=10. With an objective of calculating ge
of the transmitted beam as detected at z =0, the theory
is developed as follows.

2.1. Excitation at z= —b
An excitation beam of any polarization state at

z= —rt can be written in terms of circularly polarized
components:
ext ext
E; in . .
ex __ _ ik (z +t)—iw
= = 1 J
E— ex— ex— € (8 )
£ in

where EZX" and EZ represent the incident right- and

7 f Transmission
|

= =

| Emission

S

= — o ———_ =

z=_b e

|
7=—T /

TExcitation

Figure 1. A schematic of a chiral nematic film with a thickness
7 capable of photo-excited emission from within the film.
For an emissive nematic layer at z= —b, a sub-film of
thickness b serves to accomplish circular polarization of
the fluorescent beam.
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=
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A TEO' i
7=
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7=—b fF——— —_—
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(©)

Figure 2. The underlying optical processes of CPF from within
a chiral nematic film: (¢) Excitation beam propagates
from z= —1t to z= —b while undergoing CD and CP.
(b) Absorption of EZ, by chromophores in a nematic
layer at z= — b results in two linearly polarized fluorescent
beams, EZ}; and EZ} . (c) Fluorescent beam propagates
from z= —b to z =0 while undergoing CP.

165

left-handed circularly polarized components at z = —,
and k1 =2nn/Aex, in which n is the average index of the
nematic sublayer. Upon travelling from z= —1¢ to z=
— b, the incident excitation EZ; is circularly polarized
into E¥, according to Good and Karali’s theory [7]:

EZ=T(t—b) EZ;

%)

where the transmission matrix, T, is expressed below:

T(r—b) = T() |, =5 =

Tn

T2

T2
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ai(§) =1 —p)(1 —p— ph),
ain(§) =(1—p2)(1 — B— Bh),
a13(§) = (1+ p)(1 — B+ ph),
a14(§) = (1+ p2)(1 — B+ Bh),
a2 (&) =1+ p1)(1+ g— ph),
an($) =1+ p2)(1+ B— Bh),
as(§) =(1— p1)(1+ g+ ph),
a2 (&) = (1 — p1)(1+ B+ Bh),

—il (14)
a31(O)=(1— p)(1+ g+ ph)e e,
ax() = (1 — p2)(1+ p+ ph) e ¢,
a33(O) =1+ p1)(1+ p— pi) e,
a34(0) = (1+ p2)(1+ p— ph) &'4¢,
as1(©)=(1+ p1)(1 — p+ piy e,
an($)=(1+ p2)(1 — p+ ph) e %,
ai3(0)=(1—p1)(1 —p — pl) "%,
as(§) = (1 — p2) (1 — B— Bh) e,
L — 414, .
P./=mj=l,2,3,4), B=J¢ Of Jx.
(15)

Because of the boundary conditions imposed by
Good and Karali [ 7], the elements contained in T are
applicable to a low optical birefringence host, such as
BDH 18523 mixed with cholesteryl oleate employed in
the present work (§3).

Besides CP, the excitation beam is attenuated via CD
as it propagates through the film. To account for both
CP and CD in the calculation of EZ, using equation (9),
dielectric constants ¢, ¢ and ¢, in equation (4) should
be replaced by their complex counterparts, ¢, & and &,
[81]:

f=mV=mn+i0’,  d=m)’=m+ix)’,
and (16)
ey = (n)> = (n, +ix, ).

Note that the real part, n, is responsible for CP, whereas
the imaginary part, x, known as the extinction index, is
for CD. Moreover, extinction indices «, K: and K, are
related to molar extinction coefficients a, a; and «a,
through equation (17):

_2:303aC e _2:3030,CAex
T 4n ’ Ke ™ 4r ’
and (17)
2:303 o, C Aex
K. =
n 4

where C is the molar concentration of chromophore,
and

aé=a(1+2Sab) and a, = a(l — Sap(18)

in which Sap is the second-rank order parameter related
to anisotropic absorption, and o the average molar
extinction coefficient. The above equations are applicable
to a chiral nematic film consisting of fluorescent
molecules. In the case of a fluorescent dye doped into a
chiral nematic host, which does not absorb or emit light,
molecular ordering and anisotropic absorption both
refer to guest molecules.

The parameters directly relevant to the description of
fluorescence are the intensities of excitation at z = —b,
1%, and 1%, as evaluated by equation (19):

2 2
2% |ES [ and 1%, *|ES, P (19)

where EZ,, and EZ, are the linearly polarized com-
ponents of excitation, which can be calculated from the

: . ox + ex— -
circularly polarized components EZ; and EZ, given
by equation (9) with complex refractive indices:

EZ, gldb T EZ,
—ex __ L
E_b_ ex =05 . dgh . —igh ex
EZ, —ie'?” e ¢ EZy
igh b
e e ¢ o
=05 . . E=,. (20)
—iel?t e

Note that equation (19) is characterized by two pro-
portionality constants [9], n:/2no and n,/2no, where no
is the impedance of free space, and n. and n, are the
indices of refraction of the local nematic sublayer along
the long and short molecular axis, respectively. It is
evident that for a relatively low optical birefringence
liquid crystal host, the two proportionality constants
should be practically identical. Consequently, the single
proportionality constant characterizing the two intensit-
ies, 125, and 12, , will eventually cancel itself in the

calculation of ge using equation (1).

2.2. Fluorescence at z= —b

The fluorescence intensity at z= —b is proportional
to the magnitude of the absorption and emission trans-
ition moments squared, |[Ma|” and |M.|>, and the excita-
tion intensity in an isotropic environment [10]. This
general relationship is extended in this study for the
treatment of emission from a uniaxially aligned nematic
sublayer. With respect to the long molecular axis, the
absorption transition moment normally makes a negli-
gibly small angle, whereas the emission transition
moment is characterized by an angle ¢. When the
molecules at z= —b are excited by linearly polarized
light EZ,, and EZ,,, representing the waves along the
&- and n-axis, respectively, the emitted wave at z = —b,
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can be expressed in terms of two incoherent waves
according to the theory of linearly polarized fluorescence
(LPF) [11]:

=) en
0 “ba

where

ET}, o \/Meik'(: by (22)
and

Ee_n[;m - \/mikz(:-ﬁ)—imzt (23)
with

3 7 2ingy 12
Ie_n[l,,éé: ;/()na,éne,éle_xbwélMal |Me|

1 4 8
X ~+ " Sem+ " XP cos’
(5 7 em 35< 4>em) @

~A—

11 4 s
+ [ —+ = Sem ——Psdem |si 4
5to; 35< " )sm (p} (24)

—

3 o 2w 12
Ie—nl;,gn = 70”el,g"e,n15-)(b,g|Mﬂ| | Me|
11 4

—+ —Sem— " XP cos’
(5 71 em 35< 4>em) @

2 13 2
_+_Sem—;<P4>em)sin2(p} (25)

X

~A—

+
15 42

—

3 o2 12
Ie_n;,méz;/ona,nne,é _Xb,n|Ma| | M|
1 1

4
—+——Sem— —XP cos’
(15 217" 35< 4>em) ¢

2 4 2
—+—Sem+—5<p4>em sinz(p} (26)

X
~A—

+
15 21 3

—

3 7 21 12
Ie—n[;ﬂm == ;/ona,nne,n Ie—xb,n |Ma| |Me|

1 2 3
(_ —~Sem + £<P4>em )COSZ(P

X
5 7

11 3 )
___Sem__ P em i
15 42 20" )Sm ‘p} (27)

where, EZ}, and EZ}, represent the emitted waves

along the &- and n-axis, respectively, k2=2an/AF, Sem
and {Ps)em are the second- and fourth-rank order
parameters responsible for LPF from a nematic sublayer,
and yochf/,mS in which K is a universal constant, ¢
the total lifetime of the excited state, Ax and A. the
absorption and emission wavelength, respectively. Note
that 1%, and 1%, in equations (24)-(27) are available

through equation (19). Furthermore, in a low optical
birefringence environment with a small wavelength dis-
persion of refractive index between A, and Ae, na=n. and

+
/_\f\)\’\

both indices of refraction are also practically direction-
ally independent. Under these conditions, the emitted
intensity is proportional to the excitation intensity, the
magnitudes of the two transition moments, and the
orientation of the emission transition moment with
respect to the long molecular axis with a proportionality
constant that will drop out of the calculation of ge using
equation (1).

2.3. Transmission of fluorescence at z=10
The polarization state of the photo-excited emission
will be modified upon travelling from z= —5 to z=0
in accordance with Good and Karali’s theory. With
the assumption of no overlap between the absorption
and emission spectra presented by the chromophore,
reabsorption of emission is precluded as it propagates
from z= —5 to z=0. To employ Good and Karali’s
theory, the linearly polarized components EZ}. and
Ee_“,;,n in equations (22) and (23) are first converted into

. . em* em=

circularly polarized components E-; and E-p:

em+
Eem _ E_b’é
—bg ™ em—
E-pe
AR cos(—bg) —sin(—bq)\ __
= . E-se
1 —i sin(—bq) cos(—bq)
(28)
and
em+
Eem E_b’n
—bm ™ em—
E_b,n
A cos(—bg) —sin(—bq) e
1 —i sin(—bq) cos(—bq) "
(29)

The fluorescence beam transmitted at z =0 can then be
found in terms of E;} and Ep, using

em+
cm Eo’é cm
Eo: = om— =T(b) E-p; (30)
o
and
em E()e’ITKll+\ em
Br=("" =10 ED, (31)
Eo,,
with
T(h)=T()| = (32)

and dielectric constants expressed in equation (4). In
light of Good and Karali’s theory [7], the waves
expressed as the left-hand sides of equations (30) and
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(31) are actually for z= +, i.e. outside the chiral-nematic
film in an isotropic medium. Since EZ, and EZ}, are
incoherent, the transmitted intensities can be expressed
as follows:

+ +2 +2
"o |y |+ By | (33)
and
O i (34)
For a film with thickness z, the transmitted intensities
at z= 0" are
z=0 z=0

Roc Y Mo X (ESE T+ IES ) (35)
and
z=0 z=0
nee Y 5" Y (EE PHIES T (36)

and the dissymmetry factor ge is calculated by inserting
equations (35) and (36) into equation (1). Note that
equations (33)—(34) are characterized by a single propor-
tionality constant because of the isotropic environment
where z=0" is located.

In the implementation of the CPF theory, an excitation
beam of a polarization state defined by equation (8),
such as linear and circular polarization, can be employed.
In the present theoretical and experimental treatments
of CPF, both left- and right-handed circularly polarized
excitations were considered.

3. Experimental

A room temperature, chiral nematic liquid crystal host
in a left-handed helical arrangement was formulated by
mixing a nematic liquid crystal, BDH 18523 (m.p.=2°C,
n=1-4949, An=0-0506 at 436 nm, Merck), with chol-
esteryl oleate (99 per cent, m.p.=44-47°C, Janssen
Chimica). A fluorescent dye, 1,6-diphenylhexatriene
(DPH) (>99 per cent, Fluka), was doped into the host
at a level of 0-005 mol 17", The native pitch length, p, was
measured from the Grandjean—Cano steps formed in a
wedge [12], and » " was found to be proportional to
the amount of cholesteryl oleate with a proportionality
constant of 0:0482 um ™' wt % ~'. The centre wavelength
of the selective reflection band was then calculated using
a well-established equation, AR =np. Since cholesteryl
oleate has an average index of refraction around 1-50
[13], the n value of its binary mixture with BDH 18523
up to 10 wt % should remain practically constant at
1-50. The twisted nematic cell was fabricated by filling
the CLC material between two fused silica substrates,
which were coated with Nylon 66 as an alignment layer.
The thickness of the cell was 11 um. The directions of
buffing on the two substrates were adjusted to fit the
native pitch length.

A spectrofluorimeter (MPF-66, Perkin—Elmer), equipped
with the optical system described in figure 3, was
employed to measure CPF with left- and right-handed
circularly polarized excitations. To minimize the optical
loss due to reflection, an index matching fluid with
n=1-500 (Refractive Index Fluid, Cargille Laboratories
Inc., NJ) was placed between the UG 11 band pass filter
and the sample device. The circular polarizer, consisting
of a linear polarizer and a quarter waveplate, was
carefully balanced to ensure that there was no CPF
from an isotropic fluorescent film. The fluorescence
spectra were collected from an excitation wavelength
of 350nm. A typical set of fluorescence spectra is
reproduced in figure 4. The emission intensities at
458 nm were employed for the calculation of g. using
equation (1). All measurements were carried out at
24-0 + 0-2°C, and the reported ge carries an experimental
uncertainty as indicated by the error bars in figure 5.

To determine the second- and fourth-rank order
parameters of DPH in the nematic host, BDH 18523,
the linearly polarized emission, I, and I, I;; and
I, excited by a linearly polarized beam, I;" and I},
respectively, were measured using the same setup for
CPF with the same excitation wavelength. With the
assumption that ¢ =0, the order parameters can be
calculated [13] from emission anisotropies, defined as
R and R» below, using equations (37) and (38):

em em
_ Aoy — Ly
R _Iem+2lem (37)
39 &n
and
Iem_ Iem
Ry=i ™ om (38)

o2y
order parameters Sem and {P4)em can be calculated [ 14]
using equations (39) and (40):

24+ 7R1—14R>+ 5R1R>
23 —14R1+ R>— 10R | R>

(39)

em

and

—124+21R1+21R> —30R1R>

(Paem 23— 14R;+ Ry— 10R| R> (40)
4. Results and discussion

To test the theory as presented above, we first carried
out measurement and estimation of system parameters.
Both BDH 18523 and cholesteryl oleate are transparent
to the excitation wavelength of 350 nm. Therefore, order
parameters, Sab, Sem, and extinction coeficients, «;, a,,
and «, all refer to the dopant molecules (i.e. DPH).
Because of the low concentration of cholesteryl oleate
in BDH 18523, the chiral nematic film is loosely pitched.
Thus, the order parameter in the film was approximated
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Figure 3. A schematic of the
optical setup for the measure-
ment of dissymmetry factor.
Both excitation and emission
beams are normal to the chiral
nematic film. Linear polarizer
4 and quarter waveplate 5 form
the excitation circular polar-
izer. Quarter waveplate 8 and
linear polarizer 9 form the
emission circular polarizer.
Linear polarizer 9 is aligned at
45° to the horizontal to elimin-
ate instrumental polarization.
Handedness of circular polar-
ization is reversed by rotating

the quarter waveplate by 90°. To Detector

1.20

1.00

Figure 4. Fluorescence intensities
of DPH, at an excitation wave-
length of 350nm, in a chiral
nematic film consisting of BDH
18523 plus 1-5 wt % cholesteryl
oleate with a native helical pitch
length of 13-:8um. R-L: RHCP
excitation—-LHCP detection; R-R:
RHCP excitation—-RHCP detec-
tion; L-L: LHCP excitation—
LHCP detection; L-R: LHCP
excitation—-RHCP detection.

Fluorescence Intensity /a.u.

by that in the nematic film doped with DPH. Based
on previous studies on DPH [2,15], the emission
dipoles are approximately parallel to its long molecular
axis, namely ¢~0. The anisotropic molar extinction
coefficient, a and a,, at the excitation wavelength
of 350nm were determined to be 1084 x 10° and
2:025% 10* 1 mol ™' cm ™, respectively, from which both

Sab=1059 and a =4-963 X 10*I mol ' cm ™" were found

using equation (18). The emission anisotropies, R; and
R>, at 458 nm were determined to be 0-525 and — 0-306,
respectively, with which order parameters Sem and
{P4yem were found to be 0-54 and —0-15, respectively.

The value of Sab is slightly higher than Sem, as has
been observed previously [14,16]. In our theoretical

169

10

600

treatment, Sab, Sem and {P4Yem determined with linear
dichroism and LPF from a nematic film were employed
for the prediction of CPF from a series of chiral nematic
films. In other words, all the parameters involved in
the theory of CPF were independently determined for
predictive purposes.

A total of eight devices, with a chiral concentration
up to 10wt % having a corresponding pitch length
ranging from infinity to 2-07um, were used for the
experimental characterization of CPF. The two emission
peak wavelengths, 431 and 458 nm as shown in figure 4,
were employed for the calculation of g.. The resultant
ge as a function of Z with both left-handed circularly
polarized (LHCP) and right-handed circularly polarized
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(RHCP) excitations are displayed in figure 5. Theoretical
predictions for the two excitation modes are also pre-
sented in figure 5 as two curves for a ready comparison
with the experimental data. With all the system para-
meters determined a priori, the theory was found to be
consistent with experimental observations, including
the oscillatory character of the dependence of ge on X
Note that approximately the same degree of agreement
between the theory and experiment was observed
using emission peak intensities at 431 nm. The presently
reported ge values are at least twice as much as
those observed by Stegemeyer et al. [ 2], although the
polarization state of their excitation beam was not
reported. One possible explanation for the enhanced g.
is that the alignment layer on the substrates minimizes
defect formation. In fact, the g. value in a device
fabricated with substrates without alignment coating
was found to diminish by half. In our experiment, the
influence of the polarization state of the excitation beam
was also considered.

Having gained our confidence in the theory, let us
proceed to investigate the effects of dopant concen-
tration, C, and film thickness using an LHCP excitation
for illustrative purposes. Plotted in figure 6 (a) are ge as
a function of & at a series of DPH concentrations.
It is clear that there is little effect presented by
the doping level at C<0-005 mol 17", because the
absorbance of excitation is so low that its intensity
remains largely uniform throughout the entire film, as
verified by the extinction coefficient of DPH at 458 nm,
a=4963x%10*1mol 'ecm ™. On the other hand, at a
higher doping level, for example, C =0-05 mol 17", the
penetration of the excitation into the film was found to
be roughly half way into the film, and thus the other
half of the film acts as a more efficient circular polarizer
of the fluorescent beam, as demonstrated by a greater
|ge| value. The effect of film thickness on g. is revealed

0.00
-0.10

Figure 5. Experimentally observed 020

g, based on the emission
intensities at 458 nm, compared
to theoretical prediction with g
two excitation modes: LHCP
and RHCP. Parameters used
in the prediction: Su,=0-59,
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in figure 6(b). A low |ge| value is expected in a thin
film, for example, 2 um, in view of the diminished CP
action furnished by the chiral nematic film. With an
increasing film thickness, the maximum achievable g
traverses a maximum, a theoretical prediction yet to be
experimentally validated for rationalization.

5. Summary

In the absence of an overlap between absorption and
emission, a theory was formulated for the photo-excited
emission of chromophores from within a chiral nematic
film in the spectral region outside the selective wave-
length band. Salient features of the theory include: (1) the
excitation beam undergoes circular dichroism (CD) and
circular polarization (CP) while propagating through the
film; (2) linearly polarized fluorescence occurs locally from
nematic layers comprising the chiral nematic film; and
(3) CP of the emitted beam while propagating through
the rest of the film. With all the system parameters
determined a priori, the predicted dissymmetry factor
(ge) was found to compare favourably with experimental
observation at room temperature on 1,6-diphenyl-
hexatriene doped into a chiral nematic fluid film con-
sisting of BDH 18523 and cholesteryl oleate. The theory
was thoroughly tested with two modes of excitation:
left- and right-handed circular polarization. The theory
was then employed to reveal the effects of several system
parameters. It was found that (1) the concentration of
the fluorescent dye in the chiral nematic film plays a
role in affecting the ge value; and (2) the maximum
achievable g. traverses a maximum at an increasing
film thickness. Finally, we note that since fluorescent
intensities resulting from LHCP and RHCP excitations
are accessible through both theory and experimentation,
it is possible to evaluate the dissymmetry factor
achievable with an unpolarized excitation provided that
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Figure 6. Theoretical prediction of
ge with LHCP excitation and
the same parameter values as
those used in figure 5 unless
noted otherwise: («) Effect of C,
the concentration of DPH, on
ge; (b) Effect of film thickness
on ge.
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incoherence and the random nature of an unpolarized
light source can be ensured.
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