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Measurements of the polarized absorption and fluorescence spectra for perylene-like dyes dis-
solved in a liquid crystal 8 OCB have been used to study the long-range orientational order in the 
smectic A and nematic phases. The temperature dependence of the order parameters <P,> and 
has been investigated and the orientational distribution function has been determined. On the basis 
of the experimental order parameter values some information about the orientation of molecules in 
guest-host mixtures has been obtained. 

1. Introduction 

The problem of the determination of the orienta-
tional order in dichroic dye - liquid crystal mixtures 
(guest-host systems) is of interest in view of the techno-
logical application of guest - host liquid crystal dis-
play devices, and also of primary importance in recog-
nizing and understanding the intermolecular interac-
tion in anisotropic media. 

In a nematic liquid crystalline phase the molecules 
are, on average, aligned with their long axes parallel to 
each other, which leads macroscopically to a preferred 
direction, described by the director n, and the centres 
of mass of the molecules are placed randomly. There-
fore, in this phase only a long-range orientational or-
der occurs. In smectic phases the molecular centres of 
mass sit on planes perpendicular to the preferred axis, 
leading to a layer structure, so not only orientational 
but also positional order occurs. For optically uniaxial 
smectic phases, e.g. smectic A phase, the orientational 
order can be evaluated from any of the methods used 
for the nematic phase, i.e. from the anisotropy of the 
refractive index, dielectric constant, diamagnetic sus-
ceptibility, or by using a wide variety of spectroscopic 
methods. 

In this paper we have studied the long-range orien-
tational order both in the smectic A and nematic 
phases of mixtures of 4'-«-octyloxy-4-n-cyanobi-
phenyl (8 OCB) with fluorescent perylene-like dyes us-
ing the polarized absorption and fluorescence spec-
troscopy. 
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2. Materials and Methods 

The mesogen 4'-n-octyloxy-4-n-cyanobiphenyl 
(8 OCB) was synthesized in the Laboratory of Profes-
sor R. Dijbrowski at the Military Academy of Tech-
nology in Warsaw and was used without further pu-
rification. The temperatures of the phase transitions 
were in the agreement with the literature [1, 2] and 
were as follows: 

C - 327.7 K - SA - 340.2 K - N - 353.2 K - I . 

As guest species three dichroic dyes, derivatives of 
3,4,9,10-perylenetetracarboxylic acid with the follow-
ing chemical structure were used: 

R O O C - / 0 V 0 > - COOR 

ROOC - ^ J M C J ) - COOR 

Dye code R 

1 - ( C H 2 ) 3 C H 3 

2 - ( C H 2 ) 4 C H 3 

3 - ( C H 2 ) 6 C H 3 

The dyes were synthesized and chromatographically 
purified in the Institute of Dyes, Lodz University of 
Technology, Poland and were dissolved in liquid crys-
tal matrix at a concentration of 1.5 • 1 0 " 3 M. It was 
found in [3] that they have brilliant yellow colour and 
emit green fluorescence light with very high quantum 
yield. 

0932-0784 / 96 / 1200-1192 S 06.00 © - Verlag der Zeitschrift für Naturforschung. D-72072 Tübingen 

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



D. Bauman and E. Wolarz • Orientational Order of Liquid Crystal 8 OCB 1193 

The polarized absorption spectra were measured 
with a double beam spectrophotometer S P E C O R D 
M 4 0 (Carl Zeiss Jena, Germany). The polarized fluo-
rescence spectra were recorded using a home-made 
photon-counting fluorimeter in the n geometry, i.e. the 
exciting light beam was perpendicular to the cell sur-
face and the fluorescence light was monitored perpen-
dicularly from the same side of the cell. Both the spec-
trophotometer and fluorimeter were equipped with 
neutral UV polarizers. Corrections for the photomul-
tiplier spectral sensitivity and for the different re-
sponse of the device set with various directions of 
polarization were made. The measurements were car-
ried out as functions of temperature in 20 pm thick 
"sandwich" cells. A planar orientation of the liquid 
crystal and dye molecules was achieved by treating the 
glass surfaces of the cells with polyimide and addi-
tional rubbing. This procedure gives a good orienta-
tion of the molecules in a thin layer, which was con-
trolled with a polarizing microscope. The temperature 
of the cells was regulated and controlled with an accu-
racy of ± 0.1 K. 

3. Orientational Order in Uniaxial Liquid 
Crystalline Phases 

Long-range orientational order in the liquid crys-
talline phases arises because of the tendency of the 
rodlike molecules to align their long axes along the 
direction of the director, n. At finite temperature the 
thermal motion of the molecules prevents perfect 
alignment with n; the orientation of the molecules is in 
fact distributed in angle, but with the director as the 
most probable, or the most populated, direction. The 
orientational order of an anisotropic ensemble of 
molecules can be described by an orientational dis-
tribution function / (ß), where Q comprises the Eule-
rian angles a, ß and y between the space-fixed and 
molecule-fixed coordinate systems. Only uniaxial 
symmetry around the director is characterized for 
many liquid crystals, thus no order in the angle a 
(rotation in the azimuthal direction) is permitted. 
Moreover, if one assumes that the liquid crystal 
molecules are both rigid and possess C ^ y symmetry, 
the rotation around the molecular axis (angle y) 
should not modify the distribution function. Thus, 
consideration of an abbreviated orientational distri-
bution function / (ß) is now sufficient, where ß is the 
angle between the director and the long axis of the 
liquid crystal molecule. 

The distribution function f (ß) can be expanded in 
a series of even Legendre polynomials, P2L (cos ß) as [4] 

f ( ß ) = i <P2L(cosß)>P2L(cosß), (1) 
L = 0 t 

where 

j P2L (cos ß) f (ß) sin ß dß 

< P i l > = — . - r . (2) 
j f(ß)sinßdß 

The coefficient of the first nontrivial term in the 
above expansion is the order parameter <P2> = S [5,6], 
The order parameter can be obtained using many 
techniques including optical birefringence, diamag-
netic anisotropy and dichroism as well as nuclear 
magnetic resonance studies. Electron spin resonance, 
polarized Raman and fluorescence emission spectra of 
liquid crystals doped with suitable probes give in-
formation, in addition to <P2), on the fourth-rank 
parameter ( f ^ ) . Knowledge of <P2> and (P 4 } allows 
to obtain the truncated distribution function, / 4 (ß) , 
where: 

fAß) = j + | <P2> Pi+\ <P4> P4 • (3) 

Experimental determination of the long-range orien-
tational order for guest-host mixtures is usually car-
ried out using the classical methods of optical spec-
troscopy. Doping the liquid crystal with a fluorescent 
probe and utilizing "guest-host" effect [7, 8], informa-
tion about the order can be obtained both from the 
polarized absorption and fluorescence measurements. 

On the basis of the optical absorption anisotropy, 
one can calculate the average of the second Legendre 
polynomial, <P2> using the formula [9] 

<P2> = A„ + 2 A 
(4) 

where A^ and A± are the absorbances of the light 
polarized parallel and perpendicular to the orienta-
tion axis of the liquid crystal, respectively. 

From the fluorescence measurements, the emission 
anisotropics, Rl and R2 for excitation with light po-
larized, respectively, parallel and perpendicular to the 
director, n can be calculated from the formula 

* 1 . 2 = 
J\\ + F 

J11 +2 J, 
(5) 
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where J and J± are the intensities of fluorescence 
polarized parallel and perpendicular to the director, 
respectively, measured in the parallel geometry. They 
require corrections for instrumental, concentration 
and volume factors. 

If we assume that the rotational time, rR is much 
longer than the lifetime t F of the excited state of the 
fluorescent molecule, then Rl and R2 can be related 
with <P2> and <P4> [10]: 

R, = 

2 11 36 

I + 7 « > + 3 5 « > P2 (cos S) 

1 + 2 <P2> 
(6) 

2 21 

« > - 5 - 3 5 < J 1 > . 
P2 (cos Ö) (7) 

l - < P 2 > + 2 
f l 2 3 1 

5 ~ 7 2 35 4 P2 (cos Ö) 

Equations (4), (6), and (7) are valid if the angle 
between the vector of the absorption transition mo-
ment and the long axis of a dye molecule is 0°. For 
symmetrically substituted perylene derivatives one 
can assume that the absorption transition moment of 
the longest wavelength is polarized, similarly as in 
perylene [11], parallel to the long axis of the molecule. 

4. Results 

For calculation of the order parameters, <P2> and 
<P4> from the absorption and fluorescence measure-
ments, the values of the absorbances and fluorescence 
intensities were taken at the wavelength correspond-
ing to the maximum of the absorption (/.A

ax = 480 nm) 
and emission (/.F

ax = 500 nm) bands, respectively. The 
angle Ö between the absorption and emission oscil-
lators, which was needed to determine the order 
parameters from (6) and (7), was estimated on the basis 
of the absorption and fluorescence measurements of 
the dyes in 8 OCB at the temperature just after crystal-
smectic A transition. We have supposed that in the 
smectic state, because of its high viscosity, the thermal 
molecular motions are strongly hindered and have a 
negligible effect on the emission anisotropy. There-
fore, in this case <P2> obtained from the fluorescence 
measurement must be equal to that determined on the 
basis of the polarized absorption spectra. By knowing 
<P2> from absorption measurement (4), and cos <5 
was determined by solving (6) and (7). We have ob-

tained 18° ± 4° for dye 1 and <5 = 20° ± 4° for dyes 2 
and 3. Then the angle Ö was assumed to be constant 
in our experimental temperature range, and the order 
parameters <P 2 )F and </^>F as a function of tempera-
ture were determined from the measured fluorescence 
intensities and (6) and (7). Additionally, <P2)A was 
estimated independently from (4), using the results of 
the polarized absorption measurement. 

Figures 1 - 3 present the order parameters <P2)A 

(open circles), <P 2 )F (filled circles) and (P^}? (squares) 
versus temperature T* for 8 OCB doped with dyes 1, 
2 and 3. The triangles in these figures represent the 
values of <P2> for pure 8 OCB estimated on the basis 
of the optical birefringence measurement [12] using 
the method described in [13]. T* = T/Tm where TNI is 
the clearing temperature for the 8 OCB-dye mixture 
or for pure 8 O C B and T is the temperature of the 
measurement. 

In Fig. 4 the distribution functions / 4 (ß) for 8 OCB 
doped with dye 3 in the smectic A (T = 329.0 K) and 
nematic (T = 343.5 K) phases are plotted. 

5. Discussion 

From results presented in Figs. 1 - 3 follows that the 
order parameters <P2)A coincide with <P2)F within 
experimental uncertainties. Moreover, it is seen that 
the long-range orientational order in the guest-host 
mixtures changes with the temperature, but in the 
smectic A phase less than in the nematic one. The 
character of the temperature changes for all three mix-
tures is similar, but the values of the order parameter 
at a given temperature are different. The best molecu-
lar orientation is observed for the 8 OCB-dye 3 mix-
ture. The values of <P2> for this mixture in the smec-
tic A phase are similar to those obtained for pure 
8 OCB, whereas in the nematic phase they are slightly 
lower than for pure host. The dyes 1 and 2 have signif-
icantly worse orientation. Comparison of the results 
presented in Figs. 1 - 3 shows that the order parameter 
increases with the length of the dye molecule. It seems 
that the perylene derivatives cannot be used as fluo-
rescent probes to study the orientational behaviour of 
liquid crystal matrices. From the polarized absorption 
and fluorescence measurements only information 
about the orientational order of the dye molecules 
dissolved in the liquid crystal can be obtained because 
the guest-host interactions disturbe molecular align-
ment of the matrix. 
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Fig. 1. <P2>A (open circles), <P2>F (filled circles) and <P4>F Fig. 3. <P2>A (open circles), <P2>F (filled circles) and <P4>F 
(squares) as functions of the reduced temperature for 8 O C B (squares) as functions of the reduced temperature for 8 O C B 
doped with dye 1. The triangles represent the values of <P2> doped with dye 3. The triangles represent the values of <P2> 
for pure 8 OCB [12] for pure 8 OCB [12]. 
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Fig. 2. <P2>A (open circles), <P2>F (filled circles) and <P4>F Fig. 4. Orientational distribution function fA(ß) in the smec-
(squares) as functions of the reduced temperature for 8 O C B tic A (T = 329.0 K) and nematic (T = 343.5 K) phases of the 
doped with dye 2. The triangles represent the values of <P2> 8 OCB-dye 3 mixture, 
for pure 8 OCB [12], 
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As regards <P4>, Figs. 1 - 3 show that this parame-
ter is positive only for the 8 OCB-dye 3 mixture in the 
smectic A phase, while it becomes negative after the 
SA N transition. For 8 OCB doped with dyes 1 and 
2 is always negative, even in the smectic A phase. 
The order parameter depends on higher powers 
of the deviation angle ß, is therefore more sensitive to 
molecular fluctuations and decreases rapidly if the 
molecular orientation is perturbed by a guest. This 
behaviour of was also observed for many dye-
liquid crystal mixtures [4, 14-19], although it is not 
in agreement with the theoretical predictions [20, 21]. 
It seems that the low negative values of <P4> obtained 
for the 8 OCB-dye mixtures investigated in this paper 
are due to the strong tendency of the dye molecules 
to tip away from the director, an effect which is prob-
ably connected with the molecular geometry of the 

perylene derivatives, different from the geometry of 
the liquid crystal molecules. 

The negative value of <P4> influences the shape of 
the molecular distribution function. Figure 4 shows 
that /4 (ß) for the 8 OCB-dye 3 mixture is significantly 
broadened at the temperature corresponding to the 
nematic phase in comparison to /4(/?) determined in 
the smectic A phase. A similar shape of the orienta-
tional distribution function was obtained by Catalano 
et al. [16] for perylene in the nematic lyotropic phase 
by using the fluorescence depolarization method. 
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