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Abstract

The electronic absorption and fluorescence spectra of two 4-donor/40-acceptor substituted 2,5-diphenyl-1,3,4-oxadiazole derivatives in
isotropic solvents (methanol, toluene), in a commercial mixture of low molecular mass liquid crystals e ZLI 1695 (MERCK, Darmstadt),
and in a liquid-crystalline polysiloxane with 4-methoxy-40-pentoxy-phenylbenzoate side-groups are presented and discussed. The orientational
order parameters of the 1,3,4-oxadiazoles, dissolved in the liquid-crystalline films with uniform planar orientation of the mesogenic molecules
and in aligned films of the polysiloxane, are determined. The possibility of application in OLEDs of the 1,3,4-oxadiazoles dissolved in homo-
genously oriented liquid-crystalline polymers is suggested.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Aromatic substituted 1,3,4-oxadiazoles are of great interest
because of their possible applications as scintillators or laser
dyes with high fluorescence intensity [1e3]. They are also
known as efficient electron transporting and hole blocking ma-
terials in organic light-emitting diodes (OLEDs) [4e6]. Be-
cause of their luminescence properties 1,3,4-oxadiazoles can
be used for preparation of the emission layer in OLEDs
[7e9]. Some 1,3,4-oxadiazoles are mesomorphic and they
can exist in smectic A or nematic phases [10e12]. The self-
organizing capability of liquid crystals gives possibility to
prepare OLEDs comprising emissive layers with anisotropic
optical features. Some liquid-crystalline 1,3,4-oxadiazole
derivatives in thin films composed of uniformly oriented
molecules present linearly polarized electroluminescence or

* Corresponding author. Tel.: þ48 616653167; fax: þ48 616653201.

E-mail address: wolarz@phys.put.poznan.pl (E. Wolarz).

0143-7208/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.dyepig.2006.07.027
fluorescence emission [11]. On the other hand, the uniform
orientation of nonmesogenic oxadiazoles can be obtained by
using LangmuireBlodgett technique and by vapour deposition
[13,14]. An alternative way to obtain thin organic films with
highly anisotropic fluorescence emission is dissolving the fluo-
rescent molecules into low molecular mass liquid crystals or
liquid-crystalline polymers [15,16]. In such a case, the aniso-
tropic orientational distribution of the admixed fluorescent
molecules is induced by the uniform planar orientation of
the liquid crystal molecules or polymer’s side-groups.

In the present paper, the possibility to obtain anisotropic
absorption and fluorescence from two 1,3,4-oxadiazole deriv-
atives, dissolved in macroscopically oriented matrices of low
molecular mass liquid crystal and liquid-crystalline side-group
polymer, is discussed in detail.

2. Experimental

Two aromatic substituted 1,3,4-oxadiazoles, 2-(4-nitrophenyl)-
5-(4-dimethylaminophenyl)-1,3,4-oxadiazole (OXA11) and

mailto:wolarz@phys.put.poznan.pl
http://www.elsevier.com/locate/dyepig


754 E. Wolarz et al. / Dyes and Pigments 75 (2007) 753e760
2-(4-cyanophenyl)-5-(4-dimethylaminophenyl)-1,3,4-oxadiazole
(OXA39), with the chemical structures given in Fig. 1, were in-
vestigated using electronic absorption and fluorescence. These
derivatives were obtained from the Institute of Thin Film Tech-
nology and Microsensorics (Teltow, Germany). The chemical
synthesis of the 2,5-substituted 1,3,4-oxadiazoles was described
by Freydank et al. [17].

The 1,3,4-oxadiazoles were investigated in isotropic solvents
of different polarity, toluene and methanol, in a commercially
available liquid-crystalline mixture of trans-4-(n-alkyl)-40-cy-
ano-bicyclohexyles, ZLI 1695 (MERCK, Darmstadt), and also
in a side-chain liquid-crystalline polymer with a siloxane back-
bone and 4-methoxy-40-pentoxy-phenylbenzoate side-groups,
PS5 (Fig. 1). The chemical synthesis of the polymer was per-
formed in the Department of Chemistry, Warsaw Agricultural
University (Warsaw, Poland), according to the procedure given
in the literature [18].

ZLI 1695 is characterized by positive dielectric anisotropy.
Contrary to most of low molecular mass liquid crystals, ZLI
1695 is transparent to the UV irradiation. The nematic phase
in ZLI 1695 was observed in the temperature range from
286 K to 345 K. In pure PS5 this phase was found between
350 K and 382 K. Below 350 K the polymer existed in the
glassy state. The 1,3,4-oxadiazoles were dissolved in the iso-
tropic solvents at concentration equal to 1� 10�4 mol dm�3.
In ZLI 1695 and in PS5 the concentrations of the admixtures
were greater than in the isotropic solvents, and they were equal
to 1� 10�2 mol dm�3 and 1� 10�2 mol kg�1, respectively.
For the investigation of the 1,3,4-oxadiazoles in the isotropic
solvents, some standard quartz cuvettes of 10 mm in thickness
were used. The measurements of the 1,3,4-oxadiazoles in ZLI
1695 and PS5 were carried out in ‘‘sandwich’’ cells of 20 mm
in thickness. The inner surfaces of the cells had been coated
with a polyimide layer and, next, they were subjected to rub-
bing procedure. The cells were filled via capillary forces. In
the case of ZLI 1695, this process was conducted at room tem-
perature, and it took some seconds. As a result of anchoring
forces on the polyimide layers, a uniform planar orientation
of the mesogenic and nonmesogenic molecules was obtained.
For PS5 the filling procedure took some hours, which was the
result of greater viscosity of the liquid-crystalline polymer
than that of the low molecular mass liquid crystal. In order
to obtain the uniform planar orientation of the polymer’s

Fig. 1. Aromatic substituted 1,3,4-oxadiazoles and liquid-crystalline side-

group polysiloxane.
mesogenic side-groups and the admixed 1,3,4-oxadiazole mol-
ecules, the cells were annealed for some hours at temperature
just below the clearing point of PS5. The obtained macro-
scopic orientation of the molecules was not destroyed in the
glassy state of this polymer.

The absorption spectra of OXA11 and OXA39 in isotropic
solvents and in liquid-crystalline layers were recorded in the
UVevis region by means of CARY 400 spectrophotometer.
The setup was possible to be equipped with Glan or UV di-
chroic polarizers for the registration of polarized components
of the spectra. The fluorescence measurements were carried
out using a home-made photon-counting spectrofluorimeter.
The exciting beam of polarized light was almost perpendicular
to the cell surface, and the polarized fluorescence emission
was detected in the direction perpendicular to this surface.
The details of this setup and the information about the geom-
etry of the experiment can be found elsewhere [19,20]. The
spectrofluorimeter enables one to record four components of
the polarized fluorescence spectra in the vis region, which
gives opportunity to characterize orientational distribution of
the molecules in the sample.

3. Results and discussion

3.1. Electronic absorption and fluorescence of 1,3,4-
oxadiazole derivatives in isotropic solvents

The oxadiazole molecules, discussed in this paper, can be
treated as structures composed of 2,5-diphenyl-1,3,4-oxadia-
zole (DPO) core substituted with electron-donating and elec-
tron-accepting groups in para position of the opposite
phenyl rings. Calculations of electronic transitions in DPO,
based on the quantum chemistry methods using semi-empiri-
cal p-electronic approach, show the possibility of four basic
transitions (S0 / Si, i¼ 0,.,4) for this type of molecules
[21]. The long-wavelength band (S0 / S1) of the greatest in-
tensity, with maximum at l1¼ 309.8 nm, is connected with the
transition of pp* type delocalized on the p-electronic system
of the whole molecule. The short-wavelength band (S0 / S4,
l4¼ 243.8 nm) is of the same electronic nature but, in this
case, the intensity is much less than for the long-wavelength
one. Two other bands (S0 / S2, S0 / S3) with very small in-
tensity and almost identical positions of maximum
(l2¼ 271.6 nm, l3¼ 271.3 nm) are connected with the elec-
tronic transitions localized on p-electronic systems of the phe-
nyl rings.

Introduction of electron-donating and electron-accepting
groups into DPO molecule in para position of the phenyl rings
results in bathochromic shift of electronic absorption and lu-
minescence bands and in the increase of molar extinction co-
efficient [22]. The absorption spectra of OXA11 and OXA39
in toluene and methanol at room temperature are presented
in Fig. 2. The spectra are cut off at the short-wavelength end
because of the strong absorption of the solvents in this region.
The maximum wavelengths of the separated bands and the re-
spective molar extinction coefficients are presented in Table 1.
The description of the maxima is given in analogy to that
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introduced in the theoretical predictions for DPO molecule.
Because the absorption spectra of the investigated 1,3,4-oxa-
diazoles in the registration range contains two (OXA11) or,
at most, three well separated bands (OXA39 in methanol), it
can be assumed that the bands connected with the transitions
on the phenyl rings cover each other. Thus, they are not ana-
lyzed separately. The measured maximum wavelengths and
the molar extinction coefficients for OXA11 in toluene are
in agreement with the literature data [22]. The data for
OXA11 in methanol are not available in the literature (to
our knowledge) but the maximum wavelengths can be found
for this 1,3,4-oxadiazole in insensibly less polar ethanol:
l1¼ 383 nm, l4¼ 311 nm [23].

On the grounds of the collected data, it can be concluded
that the introduction into DPO molecule of both electron-
donating (eN(CH3)2) and electron-accepting (eNO2, eCN)
groups results in a considerable bathochromic shift of the
long-wavelength and the short-wavelength bands maxima (l1

and l4, respectively). For OXA11 in toluene the respective
shifts, with the reference to DPO, are equal to 79 nm and
65 nm. The band connected with the transitions localized on
the phenyl rings is, in this case, covered by the much more
intense short-wavelength one, which makes it impossible to
determine l2,3. The same effect is observed for OXA11
in methanol. The nitro groups in OXA11 stabilize the

Fig. 2. Electronic absorption spectra of 1,3,4-oxadiazoles in toluene

(1dOXA11, 3dOXA39) and in methanol (2dOXA11, 4dOXA39) at

T¼ 300 K.
intramolecular electronic energy of the molecule in a greater
degree than the cyano groups in OXA39. The band maxima
at l1 for OXA11 and OXA39 in methanol are shifted, with
the reference to DPO, by 69 nm and 51 nm, respectively.
Moreover, it can be observed that the replacement of the e
CN group with the eNO2 one, characterized by stronger elec-
tron-accepting properties, results in the intensity increase of
the short-wavelength band and in the decrease of the long-
wavelength one. Similar relations were observed previously
by Popova et al. in a series of DPO derivatives dissolved in tol-
uene [22]. The data collected in Table 1 give also the informa-
tion about the influence of the solvent polarity on the
electronic structure of the 1,3,4-oxadiazoles. For OXA11 and
OXA39, the increase of solvent polarity results in bathochro-
mic shifts of the short-wavelength bands and the bands
connected with the transitions on the phenyl rings. The long-
wavelength bands are hypsochromically shifted.

For OXA11 and OXA39 in methanol, excited with the
quasi-monochromatic light (Hg, l¼ 405.8 nm), the fluores-
cence emission is not observed. On the other hand, an inten-
sive fluorescence emission for OXA11 and a very weak one
for OXA39 in toluene are registered. The small quantum effi-
ciency in the second case is a result of a bad fitting of the ex-
citing light wavelength to the maximum wavelength of the
absorption band (l1¼ 364 nm). Electronic absorption and
fluorescence spectra of OXA11 in toluene, recorded at room
temperature (T¼ 300 K), are presented in Fig. 3. The absorp-
tion and the fluorescence spectra cover each other insignifi-
cantly, which minimizes the reabsorption effect. The
fluorescence maximum is found at lF¼ 550 nm, and, in this
case, the Stokes shift is equal to 161 nm. Additional experi-
ment, in which the exciting light wavelength is adjusted to
the maxima of the absorption band of OXA39 in toluene
and methanol, enables one to find the fluorescence maxima
at lF¼ 450 nm and lF¼ 576 nm, and the Stokes shifts equal
to 86 nm and 215 nm, respectively. The fluorescence intensity
of OXA39 in methanol is about one hundred times less than in
toluene. The extremely large Stokes shifts for dimethylamino
substituted molecules with electron-accepting units could be
a result of the photoinduced charge transfer (CT) states forma-
tion. The formation of CT states is described by several
models [24,25]. Among them, the twisted intramolecular
charge transfer (TICT) model is of primary importance
[26,27].
Table 1

Maximum wavelengths and molar extinction coefficients of electronic absorption bands of 1,3,4-oxadiazole derivatives measured in isotropic solvents

Compound Solvent Absorption

l1 (nm) 31 (m2 mol�1) l2,3 (nm) 32,3 (m2 mol�1) l4 (nm) 34 (m2 mol�1)

OXA11 Toluene 389 1420 e e 309 2030

Methanol 379 1850 e e 312 2330

OXA39 Toluene 364 2740 292 1590 e e

Methanol 361 2190 298 1150 261 1450

DPOa e 309.8 e 271.6 e 243.8 e

271.3

a From calculations based on the quantum chemistry methods using semi-empirical p-electronic approach [21].
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3.2. Absorption anisotropy of 1,3,4-oxadiazole
derivatives in ZLI 1695

Polarized absorption spectra of OXA11 and OXA39 in thin
films of liquid-crystalline mixture ZLI 1695, with uniform pla-
nar orientation of the mesogenic molecules, at T¼ 300 K, are
presented in Fig. 4. The parallel components of the absorption
spectra of the investigated 1,3,4-oxadiazoles in ZLI 1695 are
very similar in shape to the respective spectra registered in tol-
uene and methanol. Particularly, well distinguishable absorp-
tion bands of OXA11 (l1¼ 397 nm, l4¼ 311 nm) and of
OXA39 (l1¼ 372 nm, l2,3¼ 295 nm, l4¼ 268 nm) are ob-
served. For OXA11 and OXA39 in ZLI 1695 a weak fluores-
cence emission with the maxima at lF¼ 550 nm and
lF¼ 450 nm, respectively, is registered. In the investigated
wavelength range, the absorbance of the parallel component
is greater, in each point of the absorption spectrum, than the
absorbance of the perpendicular component. This indicates
that the absorption transitions of the investigated 1,3,4-oxadia-
zole molecules are polarized. Because of the type of long-
wavelength band transitions in OXA11 and OXA39

Fig. 3. Electronic absorption (1) and fluorescence (2) spectra of OXA11 in tol-

uene (T¼ 300 K).

Fig. 4. Parallel (a) and perpendicular (b) components of polarized absorption

spectra of OXA11 (1) and OXA39 (2) in thin films of ZLI 1695 (T¼ 300 K).
molecules, the respective transition dipole moments can be
almost parallel to the long molecular axis. The observed
anisotropy of electronic absorption is also a result of the
anisotropy of orientational distribution of the oxadiazole mol-
ecules in the liquid-crystalline matrix. The elongated shape of
the 1,3,4-oxadiazole molecules and the intermolecular short-
range interactions between them and the mesogenic molecules
are of great importance for this effect. Statistical description of
the molecular ordering is given by orientational distribution
function f which, in the case of nematic liquid crystals,
depends only on the polar angle q [28]. In practice, this func-
tion can be determined from the X-ray scattering data. Another
experimental method gives only partial information about this
function. For example, in the case of cylindrical symmetry of
the molecules (CNh) and uniaxial symmetry of the phase, it is
possible to determine the orientational order parameter hP2i
from the absorption anisotropy SA, using the following for-
mula [28]:

SA ¼ hP2iP2ðcos aÞ ð1Þ

where P2(cos a) is the Legendre polynomial of the second
rank and a is the angle between the absorption transition di-
pole moment and the long molecular axis.

For OXA11 and OXA39, the long molecular axis can be de-
fined as a line containing points corresponding to the para po-
sitions of the opposite phenyl rings in the molecule core. The
1,3,4-oxadiazole derivatives are, in fact, of banana-like shape
but, in the first approximation, the molecules are assumed to
be cylindrically symmetric. This assumption is rather rough
but useful. Theoretically, the value of hP2i can be calculated
for each band of the absorption spectra independently if the re-
spective a angle is known. In practice, the bands cover each
other more or less, and the determination of the order param-
eter of such bands from the absorption anisotropy is not very
precise or, simply, impossible.

The absorption anisotropy as a function of wavelength for
OXA11 and OXA39 in ZLI 1695 at temperature T¼ 300 K
is presented in Fig. 5. The greatest values of the absorption an-
isotropy correspond to the long-wavelength bands of the inves-
tigated 1,3,4-oxadiazoles. For OXA11 and OXA39, at the
maxima of these bands (397 nm and 372 nm, respectively),
SA¼ 0.65� 0.02 in both cases. If one assumes, in accordance
with the semi-empirical calculations [21], that the absorption
transition dipole moment corresponding to the long-wave-
length band of the 1,3,4-oxadiazole molecule is parallel to
the long molecular axis (a¼ 0�) then, from Eq. (1), hP2i ¼ SA.
Taking this assumption into account, it can be concluded that
the type of end groups (eNO2 or eCN) of the admixture mol-
ecules dissolved in ZLI 1695 is of less importance in the de-
termination of the order parameter. It should be emphasized
here that the long-wavelength bands are only slightly influ-
enced by the other ones. In both cases, the absorption anisot-
ropy decreases with the decrease of the wavelength. This
indicates that non-zero values of the a angle for the absorption
transition moments connected with the benzene rings, in par-
ticular, are possible. For this and also for the short-wavelength
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band, the determination of the a angle is much more compli-
cated because of mutual covering of the bands and the increase
of light scattering intensity.

3.3. Orientational distribution of 1,3,4-oxadiazole
molecules in PS5

The shape of the electronic absorption spectra of 1,3,4-
oxadiazoles in isotropic or anisotropic media depends strongly
on the type of end groups. The components of polarized ab-
sorption and fluorescence spectra of OXA11 and OXA39 in
PS5 at T¼ 365 K (nematic phase) are given in Figs. 6 and
7. The fluorescence emission is not observed for OXA11 if
exciting the sample with light of the wavelength corresponding
to l¼ 405.8 nm mercury line. In the absorption spectrum of
OXA11 in PS5, the individual bands are very hard to be distin-
guished, which is not the case in OXA39. The absorption spec-
tra of the 1,3,4-oxadiazoles are cut off below 340 nm because
of a strong absorption of the polysiloxane’s phenylbenzoate
side-groups. For this reason, the interpretation of the OXA11

Fig. 5. Absorption anisotropy as a function of wavelength of OXA11 (1) and

OXA39 (2) in ZLI 1695 at T¼ 300 K.

Fig. 6. Parallel (1) and perpendicular (2) components of polarized absorption

spectra and the derivative of the parallel component (3) of OXA11 in PS5 at

T¼ 365 K (nematic phase).
spectrum in PS5 is difficult. The self-aggregation of OXA11
molecules resulting from the presence of the electrical dipoles
or aggregation with the polymer’s mesogenic groups could be
proposed as a possible reason for the observed shape of the ab-
sorption spectrum. It is characteristic that the unusual shape of
the spectrum is not found for OXA11 in both the isotropic
solvents and ZLI 1695. On the other hand, a very similar
spectrum to that of OXA11 in PS5 was registered by us for
this 1,3,4-oxadiazole derivative dissolved in low molecular
mass liquid crystal trans-4-(4-heptyl-cyclohexyl)-benzonitrile
(PCH7). The position of the long-wavelength band maximum
for OXA11 in PS5 is determined from the first derivative curve
of the parallel component of the absorbance. The long-wave-
length absorption band maxima of OXA11 and OXA39 in
PS5 are found at l1 equal to 394 nm and 366 nm, respectively.
These values are comparable with that registered for the 1,3,4-
oxadiazoles in toluene. For OXA11 in PS5 the fluorescence is
not observed. The fluorescence maximum of OXA39 in PS5 at
room temperature is found at lF¼ 481 nm. The considerable
Stokes shift of OXA39 in PS5, equal to 115 nm, indicates
the presence of an efficient intramolecular energy conversion.
The reabsorption effect is negligible and, consequently, the
fluorescence can be very efficient. The significant difference
in absorbance values of the parallel and perpendicular compo-
nents, both for OXA11 and OXA39, is a result of the anisot-
ropy of orientational distribution of the 1,3,4-oxadiazoles,
dissolved in uniformly oriented liquid-crystalline polymer
matrix. The anisotropy is also observed in the polarized fluo-
rescence spectra of OXA39 in PS5.

The maximum wavelength of the absorption band, l1, of
OXA11 and OXA39 and also the maximum wavelength of
the fluorescence, lF, of OXA39 in PS5 as a function of temper-
ature are presented in Fig. 8. The blue shift of the absorption
maximum and the red shift of the fluorescence maximum with
the increase of temperature is a typical effect. These shifts cor-
respond with the electronic distribution on the vibrational
levels of the ground and excited states at a given temperature.

The hP2i order parameter as a function of reduced temper-
ature, T*¼ T/TNI, for OXA11 and OXA39 in PS5 is presented

Fig. 7. Parallel (1a) and perpendicular (1b) components of polarized absorp-

tion spectra and four components of polarized fluorescence (2adJzz, 2bdJzy,

2cdJyz, 2ddJyy) of OXA39 in PS5 (T¼ 365 K).
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in Fig. 9. The order parameter was obtained from Eq. (1) by
taking a¼ 0�. At T¼ 300 K, the values of hP2i for OXA11
and OXA39 in PS5 are equal to 0.47� 0.02 and
0.57� 0.02, respectively, and they are less than that in ZLI
1695 at the same temperature. The difference in the hP2i
values is still greater if considered at the same reduced temper-
ature T*¼ 0.870 corresponding to T¼ 300 K for ZLI 1695
and T¼ 332 K for PS5, for example. The lower values of
hP2i for the 1,3,4-oxadiazoles in PS5 than in the low molecu-
lar mass liquid crystal are the result of the perturbing influence
of the polymer main chain on the uniformly oriented meso-
genic groups. The hP2i order parameter for OXA11 and
OXA39 decreases with the increase of temperature, both in
the glassy state and in the nematic phase of the polymer, as
it was previously observed for 4-(N,N-dimethylamino)-40-ni-
trostilbene (DMANS) in PS5 [16]. The determination of the
hP2i order parameter values for liquid-crystalline polymers
at temperature just below TNI is not possible because of the co-
existence of nematic and isotropic phases in this region. For
PS5 with the 1,3,4-oxadiazole admixtures the width of the
two-phase region, DTNI, is equal to 1 K. Contrary to the

Fig. 8. Long-wavelength absorption band maximum, l1, of OXA11 (1) and

OXA39 (2) and wavelength of fluorescence maximum, lF, of OXA39 (3) in

PS5 as a function of temperature.

Fig. 9. hP2i order parameter as a function of reduced temperature for OXA11

(triangles) and OXA39 (circles) in PS5.
liquid-crystalline polymers, the two-phase region for pure
low molecular mass nematics is very narrow. The hP2i value
at TNI, predicted by the MaiereSaupe theory of nematics
[29], is greater than zero, in this case. The lower values of
the order parameter for OXA11 than for OXA39 can be a result
of the presence of the bulky nitro group in the molecular struc-
ture of OXA11. Thus, the OXA11 molecules in PS5 are pre-
vented to orient themselves parallel to the direction of the
preferred orientation of the mesogenic groups in a greater de-
gree than the OXA39 ones. On the other hand, the values of
hP2i for OXA11 and OXA39 in ZLI 1695 are equal to each
other, which suggests the absence of such dependence in this
case.

The hP2i order parameter gives only approximate informa-
tion about the orientational distribution of cylindrical mole-
cules in a uniaxial phase. More precise description is
possible if the subsequent hP4i parameter is known. The
hP2i and hP4i order parameters can be determined from the in-
tensities of polarized fluorescence components. On the as-
sumption that the fluorescence lifetime tF is much less than
the rotational diffusion times tmn of the emitting molecule
(tF� tmn), the order parameters can be determined from the
following system of equations [30,31]:

½2r1P2ðcos aÞ �P2ðcos bÞ � 3B�hP2i � 18ChP4i ¼ 3A� r1

½r2P2ðcos aÞ þP2ðcos bÞ þ 3Br2�hP2i � 3C

�
7

2
þ r2

�
hP4i

¼ 3Að1þ r2Þ þ r2 ð2Þ

where a and b angles describe the directions of the absorption
and fluorescence transition dipole moments, A, B and C are
functions of a and b, and r1, r2 are the emission anisotropies.

The hP2i and hP4i order parameters as functions of reduced
temperature for OXA39 in PS5, calculated from the polarized
absorption and fluorescence components from Eqs. (1) and (2),
are presented in Fig. 10. For the calculations, it is assumed that
a¼ 0�. Thus, the b angle can be calculated from the

Fig. 10. hP2i (circles) and hP4i (triangles) order parameters as functions of

reduced temperature for OXA39 in PS5, calculated from polarized absorption

(filled symbols) and fluorescence (open symbols) components for a¼ 0� and

b¼ 39.6�.
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absorption and the fluorescence experimental data obtained at
room temperature (T¼ 300 K). At this temperature PS5 exists
in the glassy state and the rotational motions of the polymer’s
mesogenic groups and the admixed molecules are relatively
slow (tF� tmn). Thus, the order parameters calculated inde-
pendently from the absorption, hP2iA, and from the emission,
hP2iF, anisotropies should be equal to each other. On these as-
sumptions, the calculations give b¼ 39.6� for OXA39 mole-
cule. The large value of the b angle, in coincidence with the
large Stokes shift, can be an additional argument for the signif-
icance of the intramolecular energy conversion in the deactiva-
tion of OXA39 molecule after absorption of light. For the
determination of the order parameters at higher temperature,
it is assumed that the b angle is temperature independent.
As a consequence, the difference in the values of hP2iF and
hP2iA increases with the increase of temperature, which can
be a result of faster rotational motions of the molecules.
This effect was observed previously for liquid-crystalline
polymers with mesogenic side-groups [16] and for low molec-
ular mass liquid crystals [32] with the fluorescent molecules
admixed. The difference in hP2iF and hP2iA values arises
from the fact that the molecular motions are not regarded in
Eq. (2). The generalization is connected, however, with the ne-
cessity of independent measurements of tF and tmn. Another
important feature of the molecular distribution of OXA39 in
PS5 is negative values of hP4iF order parameter in the glassy
state and in the nematic phase.

In Table 2 simulated values of b, hP2i, and hP4i for given
values of the a angle for OXA39 in PS5 at temperature in
the range from 300 K to 380 K are collected. It is seen that
the b angle is not very sensitive to the variation of the a angle.
Considering the a angle to be less than 15�, which seems to be
a reasonable assumption for OXA39 molecule, it can be found
that the b angle variations are less than 7%. Also the changes
of the hP2iF and hP2iA values are not very significant (less than
10%) for 0� <a< 15�. A different situation is found for the
hP4iF order parameter, which is very sensitive to the variations
of the a angle. For example, the increase in the a value from
0� to 10� causes the alteration of the hP4iF sign from negative
to positive values, both in the glassy state and in the whole ne-
matic phase of PS5.

The width of the orientational distribution function, f, de-
pends, in a considerable degree, on the value of hP4i order pa-
rameter. For low negative values of hP4i, the minimum for the
f function is found at q¼ 0�. In such a case, an oblique orien-
tation of the fluorescent molecules with respect to the direction
of macroscopic ordering of the surrounding mesogenic groups
is preferred. From this point of view, the hP4i order parameter
is of critical meaning for the description of the orientational
distribution of molecules. The simplified orientational distri-
bution functions [28] for OXA39 in PS5 in the glassy state
(T¼ 300 K) and in the nematic phase (T¼ 365 K), calculated
for a¼ 0� and a¼ 10�, are presented in Fig. 11. The examples
illustrate clearly the relation between the hP4i values and the f
function characterizing the orientational distribution of
OXA39 molecules in the liquid-crystalline matrix. Assuming
that a¼ 0� for OXA39, it can be concluded from the shape
of the f function that the admixture molecules prefer the obli-
que orientation with respect to the preferred orientation of the
mesogenic groups. Such a distribution can also be a conse-
quence of the slightly bent shape of the OXA39 molecules.
For comparison, the results for rod-like molecules of DMANS
(a¼ 0�, b¼ 12� 2�) in PS5 can be given here [16]. For
DMANS in the glassy state (T¼ 300 K) the values of hP2iF
and hP4iF are equal to 0.62 and 0.18, and in the nematic phase
(T¼ 365 K), 0.35 and �0.15, respectively. According to the
reported data, it is evident that the orientation of DMANS
molecules in PS5 is more perfect than OXA39, which can
be a result of the difference in molecular shape.

4. Conclusions

The 1,3,4-oxadiazole derivatives, OXA11 and OXA39, are
soluble in isotropic solvents (methanol, toluene), in a commer-
cial mixture of low molecular mass liquid crystals (ZLI 1695),
and in polysiloxane liquid-crystalline side-group polymer

Fig. 11. Simplified orientational distribution functions in the glassy state and in

the nematic phase for OXA39 in PS5, calculated for a¼ 10� (1d300 K,

2d365 K) and a¼ 0� (3d300 K, 4d365 K).
Table 2

Simulated values of b, hP2iA, hP2iF, and hP4iF for given values of a angle for OXA39 in PS5

T (K) SA a¼ 0� a¼ 5� a¼ 10� a¼ 15�

b (�) hP2iA hP2iF hP4iF b (�) hP2iA hP2iF hP4iF b (�) hP2iA hP2iF hP4iF b (�) hP2iA hP2iF hP4iF
300 0.57 39.6 0.57 0.57 �0.26 40.4 0.57 0.57 �0.01 41.4 0.59 0.59 0.20 42.5 0.63 0.63 0.37

340 0.53 39.6 0.53 0.56 �0.27 40.4 0.53 0.56 �0.02 41.4 0.55 0.58 0.18 42.5 0.59 0.61 0.35

365 0.46 39.6 0.46 0.52 �0.35 40.4 0.47 0.52 �0.10 41.4 0.48 0.53 0.11 42.5 0.51 0.56 0.28

380 0.38 39.6 0.38 0.46 �0.46 40.4 0.38 0.45 �0.20 41.4 0.40 0.46 0.01 42.5 0.42 0.47 0.18
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(PS5). The investigated 1,3,4-oxadiazoles absorb light mostly
in the UV region, where two (OXA11) or three (OXA39) well
separated bands are observed. The efficient fluorescence emis-
sion is observed for OXA39 in PS5 but not for OXA11 in this
liquid-crystalline polymer. In uniformly oriented films of ZLI
1695 and PS5, both for OXA11 and OXA39, the orientation of
the long molecular axis in the direction of macroscopic orien-
tation of the liquid-crystalline matrix is preferred. For OXA11
and OXA39 in ZLI 1695, the values of hP2i orientational order
parameter are determined at room temperature from the polar-
ized absorption spectra. Both the hP2i and hP4i values for
OXA39 in PS5 can be obtained from the analysis of the com-
ponents of polarized absorption and fluorescence. The possi-
bility to orient OXA11 molecules in PS5 matrix and the
relatively high fluorescence efficiency of the 1,3,4-oxadiazole
in the polysiloxane can be treated as the starting-points in con-
sideration of this system to a matter of applications in OLEDs,
for example.
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