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Simultaneous Measurement of Guest and 
Host Ordering in a Nematic Lyophase via 
Fluorescence Spectroscopy 
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M. M. LABES 
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The temperature dependence of the order parameters P,(cos 0) have been determined via fluorescence 
emission measurements for both a guest dye (3.3'diethylthiacarbocyanine iodide) and the lyotropic 
nematic host disodium cromoglycate. The guest is found to have a significantly lower order parameter 
than the host while both show the same temperature dependence. The angle between the absorption 
and emission moments of the dye is found to be approximately 64". The higher moment of the order 
parameter, P,(cos e), can also be determined, but because of its sensitivity to this angle a quantitative 
measurement is not possible. 

Keywords: order parameter, lyotropic, nematic, fluorescence 

INTRODUCTION 

It is rather common to use guest molecules as probes of nematic order in ther- 
motropic systems. Fewer studies have been conducted in lyotropic systems.'-' The 
ability of the guest to quantitatively trace the host's order is not straightforward 
in lyophases. Frequently the guest is solubilized to some extent within the hydro- 
phobic core of these extended micellar structures, and the guest's polarity is of 
great importance in determining the nature of the interaction at the surface. As a 
consequence, studies of guest-host interactions in lyotropic media require meas- 
urement of both guest and host order parameters. 

Disodium cromoglycate (DSCG) forms a nematic phase in the concentration 
range 13% to 17% by weight in water, with a temperature range from 15 to about 
40 degrees, where a transition to an isotropic phase occurs.6 X-ray diffraction 
studies6 indicate that the nematic phase consists of cylindrical aggregates of DSCG 
niolecules. These aggregates align perpendicular to a magnetic field, indicating that 
the system has negative diamagnetic ani~otropy.~,' 
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40 J .  P. MCCLYMER AND M. M. LABES 

In addition to X-ray diffraction investigations, the phase transitions have been 
studied using optical micro~copy,~.' differential scanning calorimetry,' NMR,8 FT- 
IR,9 and UV-VIS absorption'O measurements. The nematic undergoes a first order 
phase transition to the isotropic state, and the phases are separated by a coexistence 
region. 

Studies of guest dyes in the nematic, performed using UV-Vis absorption spec- 
troscopy, find that most dyes whose length is comparable to the width of a DSCG 
micelle insert themselves perpendicular to the cylindrical axis while longer dyes 
align along the cylindrical axis, either within or without the micelle.1° The dye 
3.3'diethylthiacarbocyanine iodide (DESCI) has been found to be a member of 
the first class of dyes as indicated by a negative order parameter with respect to 
the director. In this work, because of the very different emission wavelengths of 
guest and host in a fluorescence experiment, simultaneous measurements of both 
guest and host ordering is performed. 

EXPERIMENTAL 

DSCG was kindly provided by Fisons Inc. and was used without further purification. 
A small amount of DESCI was mixed with a deoxygenated buffer solution consisting 
of 0.01 M sodium phosphate, 0.2 M sodium chloride, and 0.3 M sodium acetate 
and then added to the DSCG to form a 15% by weight nematic phase. The well 
mixed solution was then transferred to flat capillary cells (.02 x 4 x 30 mm) and 
flame sealed. The flat glass capillary was obtained from Vitro Dynamics Inc. The 
extremely low turbidity and low (An = lop3) birefringence allow the use of such 
relatively thick samples. 

A sample was placed in a 2 Tesla field until uniform alignment of the director 
along the long axis of the cell was achieved. It was then transferred to a temperature 
controlled housing containing two rare earth permanent magnets which produced 
a field of 0.1 T ,  constraining the director to remain along the cell's long axis which 
is vertical. The sample stood at room temperature allowing the order to decay to 
an equilibrium value which, according to Reference 5,  should take a number of 
hours. We actually waited many weeks for a singularity which developed in the 
center of the sample to relax away. The sample does not appear to undergo any 
large changes over this time span as the transition to the two phase ( N  + I )  region 
occurs slightly above 32.9"C and the sample is fully isotropic by 3TC, which is 
consistent with the published phase diagram.6 

The polarized fluorescence was monitored on a Perkin Elmer MPF-66 spectrom- 
eter using a sheet polarizer. A 90" scattering geometry was used with the sample 
cell 45" with respect to the incident light so that specular reflections were not 
directed toward the detector. The absorption/emission wavelengths for the DSCG 
were 385/485 nm and 500/585 for the guest dye. The nematic host exhibited very 
weak emission. Two minute scans were made for the following polarization states 
of the exciting and emission beams respectively, where the orientation is with 
respect to the director: perpendicular-perpendicular (HH) , parallel-parallel (VV) , 
perpendicular-parallel (HV), all using two polarizers and with a parallel (V) and 
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GUEST HOST ORDER IN LYOTROPICS 41 

perpendicular (H) after the exciting beam. In addition the fluorescence of the dye 
was studied in glycerol as a function of temperature. 

DISCUSSION 

Determination of the order parameter from the fluorescence data requires infor- 
mation on the geometrical arrangement.'l-16 Following Chapoy and Dupre,'l Fig- 
ure 1 defines the appropriate angles. In particular, the absorption (a) and emission 
(E) moments generally are not parallel to each other. Thus, the intramolecular 
energy transfer angle 6, defined as cos 6 = (a) - E, is a fixed structural property 
of the molecule. Assuming cylindrical symmetry and that the absorption moment 
is along the molecular axis which is itself perpendicular to the director, the scattering 
elements for the dye are": 

Zvv = Zv,, (3/8 sin2(E)*[l - 2 (cos2(0)) + (cos4(e)>] 

+ 1/2 co~2(E)*[(co~2(e)) - (cos~(~))])  

Zhh = (3/64 Sin2(€)*[l + 2 (COS'(e)> + (COS4((e)>] 

Zhv = (1/16 sin2(E)*[1 + 2 (cosz(e)) - 3 (cos4((e)>] 

The (. . .) indicates an appropriate statistical average. The angle 8 is the angle 
between the director, which has been previously defined by cell geometry and the 
external field to be along the vertical axis, and the long axis of the micelle. The 
method of calculating Equation 1 already takes into account the negative sign of 
the order parameter of the dye as well as the position of the amphiphilic molecules 
themselves which, except for the end caps, are perpendicular to the long axis of 
the micelle. The net result is that the order parameter calculated using these 
equations is expressed as a positive quantity. Not taking into account the actual 
placement of the dye molecule gives incorrect expressions for the fluorescence 
intensity. 

The prefactor in each expression contains information on the instrumental wave- 
length dependent polarization bias. The prefactor must be either eliminated or 
corrected before useful information can be extracted. For this particular instrument 
most of the polarization bias results from uneven polarization distribution in the 
exciting beam. This effect could be seen qualitatively by illuminating a PIN pho- 
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X 

FIGURE 1 The geometrical arrangement of the absorption moment and emission moments and their 
angles to the molecular axis Z .  a = absorption angle; E = emission angle; 6 = angle between absorption 
and emission moments. Note that the optic axis (not shown) need not be coincident with the molecular 
axis; the angle between them we refer to as 0. 

todiode with the exciting beam as a polarizer in the light path was rotated. Quan- 
titative corrections were made using a quartz wedge supplied by the manufacturer. 

The need for the general expression given by Equation set 1 can be determined 
by measuring the degree of p~larization,’l-’~ which is defined as 

P = (ZVV - Zvh)/(Zvv + Zvh) (2) 

In an isotropic phase P = 0.5 if both the absorption and emission moments 
remain collinear during the fluorescence lifetime. If this condition is not satisfied 
then the fluorescence is reduced to 

(3 COS(~)’ - 1)/(3 + COS(~)’) (3) 

where 6 is again the intramolecular energy transfer angle between the two moments. 
According to Chapoy and DuPre,” the measured value of this angle is the 

effective thermal average of a fixed, structural property that may depend on the 
lifetime of the excitation. We determine this angle, averaged over different life- 
times, by measuring the polarization ratio of the dye in glycerin at a number of 
temperatures. These measurements give P as a function of viscosity which is related 
to the fluorescent lifetime. The relative flatness of the data from about 400 to 1600 
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centipoise indicates that the lifetime of the fluorescent state is sufficiently short so 
that rotational correction terms to Equation 1 are not needed. This conclusion is 
supported by measurements in other solvents, where the lifetime is found to be 
less than the experimental resolution of 4  nanosecond^.'^ The degree of polarization 
is 0.38 which means that the angle between the absorption and emission moments 
is about 24 r 2", making E about 66". 

The calculation of P,(cosz 0) = (3/2 cos2 6 - 1/2) is made using the two single 
polarizer measurements (Iv and Ih) for both the dye and DSCG and the results 
are shown in Figure 2. These values are much lower than those reported in Ref- 
erences 7 and 8 in which a much larger magnetic field was applied. Similar values 
were found in a study of the SCB-dye system18 that did not utilize large fields. 

Calculation of (COS~ 0) from the ratio Zhhllhv is extremely sensitive to the value 
of E. This fact precluded us from determining P4 in this experiment. In the 5CB/ 
dye study, it was also not possible to determine P4 accurately.'* 

The Pz order parameter of both the nematic host and the guest show the same 
temperature dependence. As might be expected, guest order is considerably lower 
than that of the nematic host. For the guest dye, determination of P4 turns out to 
be sensitive to details of the molecular structure which are not sufficiently well 
known. 
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