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The time-dependent fluorescence depolarization decays of the fluorescent probe 1,6-diphenyl-1,3,5-hexatriene
(DPH) in the ordered and isotropic phase of a columnar liquid crystal formed by bowl-shaped metacyclophane
cores symmetrically substituted by twelve alkanoyloxy chains have been recorded at various temperatures
and analyzed using the global target approach. The measurements in the mesophase can be successfully
analyzed only assuming a microscopic inhomogeneity of the columnar phase, with the probe partitioned
between two environments, i.e. polar cores and apolar aliphatic chains, showing very different ordering and
dynamical characteristics. This behavior becomes evident only when all the fluorescence intensities,
corresponding to different parallel and perpendicular orientations of the excitation and observation polarizers,
are analyzed simultaneously. The picture emerging from the analysis supports other recent findings on this

class of columnar systems.

1. Introduction

Columnar mesophases both with discotic and bowlic cores
are assuming more and more importance.! Recently a new class
of mesogenic molecules, characterized by a bowl-shaped central
core surrounded by twelve sufficiently long acylic chains, has
been synthesized?> and studied by various techniques.*~¢ The
general structure of these mesogens is shown in Figure 1, where
the R groups are acylic substituents with the general formula R
= COC,Hz.+: and R; = CHs. The compounds with n = 12,
13, 15 and 17 show an hexagonal columnar mesophase with
Dy, symmetry;’ i.e., there is no positional correlation between
molecules stacked in different columns. Due to this stacking,
one can identify two different regions in the mesophase: a core
and an aliphatic chain microenvironment, which have in
principle rather different characteristics.

Here we wish to investigate the behavior of a fluorescent
solute dissolved in one of these bowlic phases. Our aim is to
see if the probe experiences an homogeneous or inhomogeneous
environment and how its order and dynamics change with
temperature and particularly on going from the ordered to the
isotropic phase. The problem is of interest in its own right as
a means of characterizing columnar mesophases but can also
be of practical interest, since the detailed behavior of dissolved
dyes needs to be known in view of potential applications in
electro-optic devices.” Here we have studied the compound with
n = 13, which exhibits the largest mesophase interval of the
series, by means of the fluorescence polarization technique.’

2. Experimental Section

The mesogenic compound was synthesized following a
previously published procedure. 1,6-Diphenyl-1,3,5-hexatriene
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Figure 1. Structural representation of the bowlic mesogen molecule.
Here R = COC|3Hz7 and R) = CH3.

(DPH) and dichloromethane (HPLC grade) were obtained from
Aldrich and used as supplied.

The fluorescent probe was incorporated into the liquid crystal
by dissolving both in CH,Cl, and then evaporating the solvent
under vacuum. Thin macroscopically aligned samples were
prepared by suitably spreading the doped columnar liquid crystal
on a quartz slide, with a glass rod moving parallel to the surface.
This operation was performed with the liquid crystal in the
mesophase at a temperature close to the clearing point. Using
this procedure, the resulting alignment was homogeneous, with
the columns parallel to the quartz surface and to the shearing
direction. The quality and reproducibility of the samples were
checked by microscopic observation under crossed polarizers
and proved to be good. Unfortunately such a good alignment
was only possible for very thin samples (<10 um of thickness),
making it essential to use a rather high probe concentration (1
x 1073 w/w), even though it is still low enough to avoid energy
transfer depolarization.

0022-3654/95/2099-15981809.00/0 © 1995 American Chemical Society
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The quartz cell was thermostated by a water circulation from
a Landa RCS 6-D thermostat equipped with a Lauda external
controller R22 and a platinum resistance thermometer (Pt100
probe) located near the sample. The system ensured a temper-
ature stability of 0.01 K over many hours. Single-photon
measurements® were performed on an apparatus described in a
previous paper.'® DPH was excited at 358 nm and fluorescence
observed at 460 nm with a transparency geometry. The
excitation wavelength was selected by an Edinburgh Instruments
model 121 grating monochromator and a band pass filter
(Coming 5840) while the emission wavelength was selected by
a similar monochromator in combination with a long-pass filter
(Oriel 5217) with a cutoff wavelength of 420 nm. The excitation
and emission polarizers were both Polaroid UV type HNP’B
plastic. The flash lamp, Edinburgh Instruments model 199F,
was filled with N at a pressure of 1 atm and operated at a 25
kHz repetition rate with an electrode gap of 0.8 mm. The liquid
crystal exhibits a columnar mesophase from 31 to 67 °C on
heating.> However all the measurements were performed above
48 °C for stability reasons.’ Due to the fact that the mechanical
alignment is irreversibly lost above the clearing point, time-
dependent fluorescence experiments were performed sampling
seven temperatures on heating from 50 to 73 °C and allowing
the sample to settle for 12 h before each measurement.

We considered the column axis to be along the Z laboratory
direction, and we performed measurements of the fluorescence
intensities [;;(z) with excitation and emission polarizers along
directions e; and €;. In practice four fluorescence intensities,
IzA1), Inx(t), Ixx(t), and Ixz(f), were collected at each temperature,
keeping the excitation polarization fixed and alternatively
rotating the sample or the emission polarizer. Multiple photon
detection (pile-up) problems® were avoided, maintaining the
start—stop count ratio below 2%. All the time decay curves
had a channel width of 0.16 ns and a maximum height of 15
kcounts. The gs correction factor® accounting for the different
sensitivity of the detection system to the vertical and horizontal
polarizations was determined according to the procedure
proposed in ref 11 and was found to be 0.87.

In Figure 2 we show the raw polarization anisotropies r(f)
(see section 3) resulting respectively from excitation parallel
(curves a) and perpendicular (curves b) to the sample director
at three different temperatures: two in the ordered phase (Figure
2A and B) and one in the isotropic phase (Figure 2C). The
anisotropies show the expected long-time plateau corresponding
to some kind of orientational order of the probe. The analysis
of the curves will be tackled in the next sections.

3. Theory

In general, in a fluorescence polarization experiment, if
fluorescent emission and molecular reorientation can be taken
as independent processes, the observed intensity I;(f) after an
instantaneous excitation pulse can be expressed (see e.g. ref 12
for a more complete discussion) as

100 = (le;u(O)leyA@)F(0) (1)

where u and @ are the absorption and emission transition
moments and F(z) is the intrinsic fluorescence decay of the
fluorophore. The brackets represent the average over all the
relevant molecular motions up to time z. The observed
fluorescence is then factorizable in two time-dependent terms
related to the dynamics and the photophysics of the probe,
respectively.

We treat DPH as a rigid rod with effective cylindrical
symmetry around the long axis (the molecular z axis) and the
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Figure 2. Experimental polarization ratios r(r) obtained respectively
in the columnar mesophase (A: T = 60 °C), close to the phase transition
(B: T=68 °C), and in the isotropic phase (C: T = 73 °C). The two
curves in panels A and B correspond to the excitation polarizer set
either parallel (a) or perpendicular (b) to the sample director. The time
channel width is'0.16 ns.

same ordering in the ground and emitting state. These are only
approximations'3 but are nevertheless quite satisfactory when
DPH is just employed to report about its environment and are
in standard use.'* We also assume at first the mesophase to be
homogeneous and to have both a microscopic and a macroscopic
uniaxial symmetry with the director, here corresponding to the
column axis, paralle] to the laboratory Z axis. Thus the relevant
equations for excitation parallel to the director are'®

12
I = F(t)[é + 4+ APy + %Go(t)] (22)
= 1.6, .20 72 1
Ly = |3 + S04 - AP - 16,0 2b)

while those for excitation perpendicular to the director are

1 i
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L) =
1 6% 20, 7204 1 1
Flo)|g = Tg@" + AN + 2Go0) + 3G,(0| (32)

12 _
ety = FO[} — S - 2ipy ~ L0 aw)

Here A%" and A>"* are spherical components of the absorption
and emission dipole moment tensors A =g @ pand A=z ®
@ while {P) is the second-rank order parameter for the emitting
probe. The functions G.(f), defined as

2
G =Y, A¥A*D.(w)DL(®)) (@)

g=-2

contain information on the probe dynamics as a linear com-
bination of the orientational correlation functions ¢n,(f) =
(D} (wp)DZ(w))'"” of the second-rank Wigner rotation ma-
trices D,z,,m.(w,) that give the molecular orientation at time z.
It is then possible to have two different polarization ratios
r(t), defined as r(z) = [li(r) — L.(OV[h(?) + 211 ()], according
to the direction of the excitation with respect to the director:

6'2A%%(P,) + 6G,(1)
2(1 + 6"2A%(p,))

Ty 7{t) = (5a)

—6'24%%(P,) + 3G,(1) + 3G,(¢)

2 — 6" [A% — A05Y(P,) — 3Gy(0) + 3G,(0)
(5b)

rexxAD =

Considering the long-time limit (# — ) and transition moments
parallel to the molecular z axis (i.e. A2 = A20* = (2/3)!/2) one
has

rz22x(>%) = (Py) (6a)
=) = —(PI(1 +(Py)) (6b)

showing that the plateau for both geometries should depend on
the local order. Thus if the probe tends to be perpendicular to
the column axis, so that {(P,) < 0, we expect rzzzx(=) < 0 and
rxxxz(ee) > 0. From an inspection of Figure 2A we can see
that the long-time behavior of the experimental r(z) (curves a
and b) essentially follows the corresponding egs 6a and 6b.

For a probe with effective cylindrical symmetry like DPH
the least biased orientational distribution function £8) which
can be deduced from 2 fluorescence polarization experiment at
a certain temperature T is, in the most favorable case,'$~20

fiB.T) = explay(T) + ay(T) Py(cos B) + a,(T) Py(cos ﬁ)27)

where P(cos ) and Ps(cos B) are the second- and fourth-rank
Legendre polynomials and 8 is the angle between the molecular
effective symmetry axis and the local director. In practice eq
7 corresponds to introducing an effective orientational aniso-
tropic P» — P4 potential for the probe

—Upmbe(ﬁ,T)/kBT = a,(T) P,(cos B) + a,(T) P,(cos B) (8)

with kg the Boltzmann constant, from which the order param-
eters can be evaluated as
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. f:zdﬁ sin BP,(cos B) expl—Upope(B.D/k5T]
'/:zdﬂ sin B exp[—Uyope(B.TVk5 ]

(PD)

>

L=2,4 (9

The normalization condition of S) determines ao, while a, and
a4 are temperature-dependent maximum entropy parameters
which should give back the experimental {P») and {P;) when
introduced into eq 9. The same potential is inserted in a
rotational diffusion equation'>’>~17 for the probe dynamics,
which is then solved to yield the correlation functions in eq 4.
Thus the time evolution of the 7(#) in eq 5 depends both on the
diffusion coefficients of the probe and on the local order it is
subjected to. As a special case we talk of a pure-P; or a pure-
P4 potential if just the first or the second item of the expression
in eq 8 is present. ;

The simple theory outlined here for a monodomain along the
Z laboratory axis has actually been generalized?>2'2 to arbitrary
transition moment orientations and to a variety of homogeneous
systems, i.e. uniaxial monodomains at arbitrary tilt angles!5-2!2
and systems with a distribution of directors such as cylindrical
phases? and membrane vesicles.”? Here we consider a system
which is intrinsically more complex than those mentioned above.
X-ray studies® have shown that for this and similar compounds
the molecules in the mesophase are stacked in columns with
an high order parameter and with the apolar aliphatic chains
radially disposed around the polar cores (here the core is
intended to include also the ester group of the acyl chains (see
Figure 1)). Inside the columns the molecules have been found
to assume a ‘boat’ or ‘flattened cone’ conformation® and to be
paired in a head-to-head fashion.’ These two peculiarities make
this type of mesophase particularly difficult to model, as the
complex central cores can not a priori be assimilated to a ‘disk’
and, more important, microscopic homogeneity cannot be taken
for granted. Moreover the molecular probe DPH has a length
which approximately matches both that of the aliphatic chains
in their elongated conformation and the diameter of the cores.

The theory can also be extended to the case of inhomogeneous
systems where different environments exist and the observed
fluorescence intensity can be considered as a sum of contribu-
tions from the various domains, as long as the time required by
the probe to exchange between them is much longer than the
observation time. Referring to our columnar system, such a
slow exchange is consistent with previous deuterium NMR
investigations,* which moreover operate on a much slower time
scale compared to fluorescence, and thus it seems natural to
consider a two-site model with a ‘core’ and a ‘chain’ environ-
ment and the probe to be partitioned between the two domains.
According to this physical picture the system is formally
analogous to an homogeneous solvent containing two different
fluorescent species which absorb and emit independently and
have in general different order and dynamical characteristics.
So the total observed intensity ;(#) can be simply written as
the sum of the time-dependent dynamical contribution of each
probe weighted by its own fluorescence intensity, which in turn
contains the respective populations

1(8) = (e p(0)*le RO )\ Fy(r) +
(lep(0)* e m()I),Fy(1) (10)

Here we assume the transition moments of the probe to be the
same in the two environments, and the subscripts 1 and 2 label
the two domains constituting the heterogeneous system or,
equivalently, the two ‘different’ emitting molecular probes.
Recently this kind of model has been used to account for
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fluorescence anisotropy decays in vesicles,?% but, as far as
we know, it has never been applied to thermotropic liquid
crystals. In the next section we shall apply these various models
to our data.

4. Data Analysis

In a series of papers'2021.26 we have shown that the quality
of the results from the deconvolution of time-dependent
fluorescence polarization data can be significantly improved
using the global target analysis (GTA) approach, especially when
the parameters involved in the fitting model are strongly
correlated and/or affected by large statistical errors. The word
‘global’ means that all the available data are handled together
in the same fitting procedure, while ‘target’ implies fitting some
target parameters in a molecular model accounting for the decay
of the fluorescence anisotropy, rather than using a simple sum
of independent exponentials.

Data analysis was then performed in two steps. First we tried
to set up a molecular model capable of fitting all four intensities
collected at each temperature (we called this step individual
target analysis (ITA)). Then we globalized the model to take
into account the temperature dependence of the parameters
involved in setting up the final global target fit. The experi-
mental intensities have been analyzed using a deconvolution
software package developed by our group,!020226 jmplementing
both individual and global target analysis for all the adopted
models with a Newton—Marquardt nonlinear least-squares fitting
procedure.?’

As mentioned before it is difficult to think of this mesogenic
system as a truly microscopically homogeneous one, but in the
first instance, we treated it as such, introducing more complex
models only if required to adequately describe the experimental
data. Thus the first model we have tested is that, introduced in
section 3, which assumes an homogeneous environment for the
probe, with the system having both locally and macroscopically
a uniaxial symmetry. This model has been successfully used
in fluorescence polarization studies of probes dissolved in
thermotropic calamitic (rod like) liquid crystals'®-2'> and de-
scribes the order and dynamics of the fluorescent probe in terms
of the following molecular parameters: (i) a; and a4, maximum
entropy coefficients in the effective orienting potential which
acts on the probe (see eq 8), (i1) D, and Dy, rotational diffusion
coefficients of the probe, assumed to have an effective cylindri-
cal symmetry, which describe respectively the tumbling motion
of the molecular principal axis and the spinning around it (Notice
that for a cylindrically symmetric probe Dy does not contribute
if at least one of the transition moments is parallel to the long
axis.'21%), and (iii) Fabs and Fem, angles giving the directions of
the absorption and emission transition dipole moments with
respect to the principal axis. For DPH ., can be safely
assumed to be zero so that the fitting parameters are limited to
ay, a4, D1, and ey, for a P, — P4 potential and to a;, Dy, and
Yem for the simpler pure-P, potential.

The above parameters are in general sufficient to describe
the fluorescence anisotropy decay. For the intrinsic fluorescence
decay a simple sum of two exponentials has been used.
Additional fitting parameters, depending on the instrumental
setup, are the overall scale factor, the time shift, that ap-
proximately accounts for the wavelength dependence of the
detection system, and the fraction of excitation light reaching
the photomultiplier in connection with each observed polariza-
tion component.’

The uniaxial homogeneous model, either using a pure-P; or
a P, — P4 potential, could not reasonably fit all four intensities
at the same time (the final reduced sum of squared residuals
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xf,n in the mesophase and using the P, — P, potential, ranges
in fact from 3.030 to 1.543), while a good fit was obtained
considering only the two intensities originating from the same
polarization of excitation. In that case two different sets of
molecular parameters were obtained. The value of (P,) was
always negative for the temperatures within the mesophase,
indicating that DPH tends to align perpendicularly to the
columns. Moreover the intrinsic fluorescence decay of the probe
was found to be markedly biexponential.

Next we tried to use a ‘cylindrical’ model,?? with a two-
dimensional director distribution perpendicular to the column
axis. In this case the system is assumed to have a macroscopi-
cally uniaxial symmetry, with the symmetry axis parallel to the
columns, while microscopically the orientation of the local
directors has a cylindrical symmetry, corresponding to the radial
distribution of the chains around the cores. The number of
fitting parameters is the same as in the uniaxial model, but in
this case the value of {P,) is expected to be positive because
DPH tends to align parallel to the alkyl chains (we recall that
{P,) is always defined with respect to the local director). Even
in this case the model did not readily reproduce all four
intensities at the same tirqe, but as for the uniaxial model, the
two intensities related to the same polarization of excitation
could be fitted and again two different set of parameters were
obtained. Nevertheless the xf values obtained in this case
were systematically slightly higher than those in the previous
series of analysis.

We also tested a novel model, thate called the “tilt’ model,?8
which allows a continuous variation of the orientation 6; of the
local director with respect to the macroscopic symmetry axis.
The limiting cases of uniaxial and cylindrical models are
obtained in correspondence with 6, = 0° and 8, = 90°,
respectively. When inserted into the fitting procedure, allowing
the simultaneous optimization of §; with the other molecular
parameters, the model showed a sort of bistability, tending to
converge either to the results of the uniaxial model (6, ~ 0°) or
to those of the cylindrical model (8, ~ 90°), depending on the
choice of the starting parameters. This behavior was observed
analyzing both two and four intensities at a time. So we
concluded that this model too was not appropriate for describing
the present columnar system even though it may be effective
in dealing with truly tilted bowlic mesophases.2®-30

At this point we decided to go beyond the assumption of
homogeneity for the system and to set up a model taking
explicitly into account different environments for the probe. This
choice is justified, as already mentioned, both by the structure
of the columnar mesophase, in which the polar domains (the
cores) are quite clearly separated from the nonpolar ones (the
aliphatic chains), and by the strong biexponential character
shown by the intrinsic fluorescence decay of DPH.

In fact it is known that DPH generally shows a single
exponential decay at least in simple homogeneous and isotropic
liquids, with a decay time tending to decrease as the polarity
of the solvent increases.’! So it seems reasonable to associate
the shorter lifetime of the biexponential decay to the fraction
of DPH embedded between the cores of the mesogen and the
longer one to the fraction dissolved into the aliphatic chains.

The two-site model eq 10 introduces for the second domain
another set of fitting parameters. In practice only two (a» and
D)) or three (a3, as, and D;) new parameters are required,
depending on the assumed anisotropic potential, either pure-P;
or P, — P,.. When this model is applied to the simultaneous
analysis of the four decays accumulated in a single experiment,
the ° value reduces to 1.1 ~ 1.2 for all the temperatures,
indicating that the assumption on the probe partition is reason-
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able. Indeed we applied two different two-site models, contain-
ing the same number of adjustable parameters, the first assuming
a uniaxial distribution and a second one assuming a cylindrical
distribution of directors, but the former gave a slightly but
systematically lower xf.

We then tried to globalize the fitting, handling all the
experiments at all temperatures at the same time. We have
shown elsewhere that this can increase the reliability of the
results, by reducing the correlation between some of the fitting
parameters.2021-% However the present case is complicated by
the occurrence of a phase transition, which often involves a
sharp change of some physical observable. The simplest
globalization we can think of, and that is actually employed
here, is one concerning only those parameters which show a
smooth change across the phase transition. In practice only the
two fluorescence decay times and the emission dipole moment
angle Y., were treated globally over the whole range of
temperatures, assuming for the former a polynomial (parabolic)
variation with temperature and considering the latter as tem-
perature independent. The diffusion coefficients on the contrary
were globalized only inside the mesophase, again using a
parabolic expression.

The inclusion of the isotropic phase experiments in the
adopted global fitting introduces some nontrivial complications.
It is difficuit to think of a heterogeneity in an isotropic phase,
so that the two-site model eq 10 is not expected to be strictly
applicable. On the other hand the photophysics of the probe
can be influenced even by local polarity fluctuations. Thus for
the measurements above the phase transition we used the simple
one-site model eq 1, with a double-exponential fluorescence
decay, but we forced each component to have a continuity
relation (imposed by the selected parabolic globalization) with
the corresponding single-exponential decay in the ordered phase.

Thus the globalization scheme can be summarized as fol-
lows: (i) The two-site model eq 10 was adopted within the
mesophase while in the isotropic phase we used the one-site
model eq 1. (ii) The simple pure-P, potential with uniaxial
distribution was assumed in the mesophase for both environ-
ments. (iii) Jem Was kept the same for all the temperatures (one
single adjustable parameter). (iv) D, and D, ; were globalized
with a parabolic relation omly within the mesophase (six
temperatures), while a single D s, was assumed in the isotropic
phase (one temperature). (v) A single exponential decay time,
TF1 OF Tp respectively, was associated with each site in the
mesophase and globalized over all the temperatures with a
parabolic expression. In the isotropic phase, on the other hand,
a double-exponential fluorescence decay was assumed, with the
individual decay times linked to those in the mesophase through
the above-mentioned parabolic relation. (vi) All the remaining
physical parameters, i.e. order parameters and fluorescence
fractions (intensities), were fitted as local parameters for each
temperature.

The results obtained from this fitting are summarized in
Figure 3 and correspond to a global y> = 1.580. The ¥’
decreases a little if we remove the requirement of temperature
independence for ¥ey (Which we found to be ~22°), but this
introduces large correlations between this parameter and one
of the diffusion coefficients, leading to unphysical results.
Similar correlations, which we were unable to remove, were
observed using the P, — P, anisotropic potential, so that we
resorted to using the simpler pure-P, potential.

The results shown agree nicely with recent findings about
this class of liquid crystals*~® and with the current knowledge
of the fluorescence probe.3' The shortest decay time, coming
from the fraction of DPH molecules experiencing a polar
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Figure 3. Results obtained from GTA using the two-site model with
a pure-P; potential. In the mesophase range, full and empty symbols
correspond to the parameters associated with the probe molecules
respectively embedded in the column polar cores or dissolved into the
aliphatic chains. The half-filled symbols in parts a and b refer to the
value in the isotropic phase. Here we show the order parameters (P»)
(a), the rotational diffusion coefficients D, (b), the fluorescence decay
times 7r (¢) (see text), and the normalized fluorescence intensities f
(d) as a function of temperature 7. The global ¥ value is 1.580.



15986 J. Phys. Chem., Vol. 99, No. 43, 1995

environment and hence attributable to the probe molecules
embedded between the cores of the mesophase, is associated
with a markedly higher order parameter and a very small
diffusion coefficient. We point out that this basic immobility
of DPH molecules on our experimental time scale is also
consistent with a recent deuterium NMR study® showing that
the molecules of the mesogen do not rotate inside the columns.

The slower decay, on the other hand, is associated with a
much lower order parameter and an higher, temperature-
dependent, diffusion coefficient, and it can be attributed to the
fraction of probe molecules dissolved into the aliphatic region
formed by the apolar floppy side chains.

Deductions based on the fluorescence intensities are more
difficult to make, because, as pointed out previously, these
parameters include not only the fraction of probe molecules
partitioned into the two environments but also their relative
quantum yield. However, considering only the fractions in the
mesophase, far away from the phase transition, we note a steady
decrease of the fast décay component in favor of the slow one,
consistent with the picture of a probe which is progressively
found more frequently outside the mesophase- cores as the
temperature increases.

5. Conclusions

In this work we have obtained and analyzed the time-
dependent fluorescence polarization decays of the fluorescent
probe DPH in the ordered and isotropic phase of a columnar
liquid crystal formed by bowl-shaped molecules. A global target
analysis shows that the polarization decays in the mesophase
can be satisfactorily analyzed only assuming a microscopic
inhomogeneity of the columnar phase, with the probe ex-
periencing two different environments, i.e. the polar cores and
the apolar aliphatic chains of the mesogenic molecules, with
very different ordering and dynamical characteristics. In both
environments the DPH probe tends to align perpendicular to
the columns. In the central region the probe is highly ordered
and reorients much more siowly than in the aliphatic chain
region. In the isotropic phase the probe dynamics is consistent
with the presence of only one average environment. We have
also found that one could be misled in finding only one
environment also in the mesophase by analyzing only a pair of
measurements with a single polarizer excitation rather then a
full set like here.

The presence of a macrocylic core having a complex three-
dimensional shape reduces or eliminates the exchange between
the two regions, thus allowing the study of the localized behavior
of such molecules in the columnar mesophase. In the emerging
field of liquid crystalline compounds having complexation
properties,323? fluorescence depolarization spectroscopy could
be a useful handle in studying the behavior of chromophoric
guests.
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