
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Polarized luminescence in a cubic liquid crystal
E. I. Demikhova; V. K. Dolganova; V. V. Korshunova; D. Demusb

a Institute of Solid State Physics, Academy of Sciences of the U.S.S.R., Chernogolovka, U.S.S.R. b

Sektion Chemie, Martin-Luther-Universität, Halle, G.D.R.

To cite this Article Demikhov, E. I. , Dolganov, V. K. , Korshunov, V. V. and Demus, D.(1988) 'Polarized luminescence in a
cubic liquid crystal', Liquid Crystals, 3: 8, 1161 — 1164
To link to this Article: DOI: 10.1080/02678298808086572
URL: http://dx.doi.org/10.1080/02678298808086572

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678298808086572
http://www.informaworld.com/terms-and-conditions-of-access.pdf


LIQUID CRYSTALS, 1988, VOL. 3, No. 8, 1161-1 164 

Polarized luminescence in a cubic liquid crystal 
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and D. DEMUS 
Sektion Chemie, Martin-Luther-Universitat, Halle, G.D.R. 

(Received 4 January 1988; accepted 17 April 1988) 

In a liquid-crystalline cubic phase the kinetics of the luminescence induced by 
pulsed excitation of a luminescing dopant has been studied. The influence of the 
molecular reorientation on the decay kinetics of the polarized components of the 
light has been investigated. The correlation times of the molecular reorientation 
and the magnitude of the local order parameter have been determined. 

Among the polymorphic thermotropic liquid-crystalline structures the cubic 
mesophases with a three dimensional lattice are of special interest. Up to now, two 
types of such structures are known: the blue phases of chiral substances [ 1,2] and the 
cubic mesophases occurring in smectogenic compounds [3,4]. The optical methods 
conventionally applied to study the orientational order of the molecules in liquid 
crystals (e.g. absorption, double refraction, Raman scattering) cannot be used for the 
investigation of the cubic structures. However, the use of different non-standard 
methods of investigation (e.g. transmittance spectra, diffraction in the long 
wavelength optical region and rotation of the plane of polarized light) led to a 
remarkable advance in knowledge about the structures of quasi-crystalline blue 
phases [ 1,2,5,6]. For these phases the symmetry and the local order parameters of the 
molecules have been determined and theory which describes the experiments 
adequately has been developed. All this has allowed us to understand how the broad 
distribution of locally anisotropic regions leads to a macroscopic cubic symmetry, 0' 
and 0'. 

The experience of the investigation of the cubic blue phases suggest the importance 
of applying a range of methods for the investigation of complicated liquid-crystalline 
structures which contain a large number of molecules in the unit cell. The cubic phases 
in smectogenic compounds differ substantially from the blue phases: the lattice 
constant of the blue phases is 1000-4000 A, whereas that of the cubic phases is about 
50 A, and the molecules of the latter are non-chiral. There are X-ray investigations of 
the cubic phases [3, 4, 81. The lattice constants, the type of symmetry and the 
number of molecules in the unit cell have been determined. However, nearly nothing 
is known about the local arrangement of the nearest neighbour molecules and the 
molecular dynamics within these structures. In this paper we present experimental 
data of the polarized luminescence of a dopant, and from this we derive the correlation 
times of the molecular orientational movement of the molecules in the cubic meso- 
phase and the values of the local order parameter. 

The investigation has been performed for 1,2-bis-(4-n-decyloxybenzoyloxy)- 
hydrazine, which is a liquid-crystalline compound with a cubic mesophase in the 
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temperature interval 143-1 52" C 131. As a luminescing dopant we used 4-diethylamino- 
4-nitrostilbene (DEANS) at a concentration of about 0.03 wt YO. The molecular 
structure of DEANS is very similar to that of a liquid crystal and therefore the 
orientation in the liquid-crystalline environment is likely to be high. The first elec- 
tronic transition of DEANS is in the non-absorbing region of the liquid crystal; 
the dipole moment of the electronic transition in absorption and luminescence lie 
parallel to the long molecular axis [7,9]. The luminescence was excited with a dye 
laser having a pulse half width of about 0.3 ns (Aexcit x 480 nm). The luminescence was 
measured with an opto-electronic camera also having a resolution of 0.3 ns [lo] 
(Aluminesc % 630nm). The investigations were made for unaligned samples with a 
thickness of 200 pm 

6 1 2 3 t l n s  

Figure 1. Kinetics of the polarized luminescence perpendicular Z, (t) (curve 1 )  and parallel 
A1(t) (curve 2) to the polarization of the exciting radiation. Curve 3, I ( t )  = J1(t) + 2Z,(t); 
curve 4, In I( t ) .  The maximum of the exciting pulse corresponds to t = 0. Temperature 
148OC. 

In figure 1 we present the results of the investigation of the components of the 
luminescence which are polarized perpendicular Zl ( t )  (curve 1) and parallel Z, ( t )  
(curve 2) to the exciting radiation. The lifetime t of the excited state was evaluated 
from the kinetics of the total intensity Z(t) = Z,,(t) + 21,(t) (figure 1, curves 3 and 4) 
and found to be approximately 1 ns. The kinetics of the decay of the single components 
A1(t) and Z, ( t )  have been evaluated by consideration of excited molecules and the 
orientation of the long axes of the excited molecules with respect to the polarization 
direction of the measured radiation. Both of these values can be obtained by the 
observation of the luminescence 19, lo]. In order to separate the orientation processes 
(see figure 2 ,  curves 1 and 2 )  we use the ratio 

which is independent of the kinetics of the irradiative and non-irradiative decay of the 
excited electronic state. r(t)  is the correlation function which characterizes the orien- 
tational dynamics of the molecular long axes. In the first interval of 3 ns there is a 
substantial change in r ( t ) ,  which indicates the large amplitude of the rotational 
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movement of the molecules in the cubic phase. r(t) clearly has a distinct non-exponential 
character (see figure 2). r( t )  in the cubic phase (see figure 2) can be described by a sum 
of two exponents 

($ - B)exp(-t/z,) + Bexp(-t/zj) 

with zj > 57,; the main contribution to the change of r ( t )  for the time interval studied 
comes from the fast component (exp (- t /z , ) ) .  The non-exponential time dependence 
of the luminescence anisotropy may indicate that there are several mechanisms of 
molecular reorientation with essentially different characteristic times. The molecular 
dynamics of the liquid crystal depends on the local organization of the molecules and 
on the macrostructure. Nearly all liquid crystals consisting of elongated molecules 
which have been investigated so far, either have macroscopic order of the molecular 
long axes (nematics, smectics A and C) characterized by the order parameter ( P 2 ) ,  
or local order of the molecular axes (N*, blue phases, smectic C*) characterized by 
a local order parameter ( P 2 ) ,  . The results of X-ray investigations suggest that in the 
cubic phase the orientation of the long axes of neighbouring molecules are also 
correlated so that there is local order which may be expressed by the order parameter 
( P 2 ) ,  . Excitation of molecules by polarized light yields an orientationally anisotropic 
distribution of excited molecules in the macroscopically isotropic cubic phase. The 
reorientation processes lead to a loss of the anisotropy of the orientational distri- 
bution of the excited molecules. In the short times characteristic of molecular orien- 
tational movements zR (with zR < 7 )  the reorientational dynamics may lead to the 
formation of an orientational equilibrium in a local frame, enclosing the nearest 
molecules in a unit cell. However, the complete disappearance of the anisotropy 
created by the radiation would demand reorientational movements of large groups of 
molecules (time 7 ; )  or translational movements of single molecules to large distances 
accompanied by their reorientation (time 7;).  Both processes correspond to relaxation 
times 7; and 7; which exceed zR . The orientational movements of groups of molecules 
are hindered also by the fact that the molecular dynamics must preserve the cubic 
structure, so that the rotation of a sufficiently large number of the molecules in the 
cubic cell cannot be independent of the reorientation of the rest of the molecules. The 
situation in our case is quite similar to the earlier theoretical consideration of poly- 
domain liquid crystal structures [l 1,121. The time behaviour r ( t )  which leads to a local 

c I 
0 1 2 3 tins 

Figure 2. Time dependence of the anisotropy of the luminescence. Curve 1, r ( t )  calculated 
according to equation (1); curve 2, Inr(t); curve 3, In(r(t) - +(P2);); r ( t )  = + ( P 2 ) ; .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
3
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



1164 Preliminary Communications 

orientational distribution may be characterized by several relaxation times z, and 
order parameters (Pz), (P4) [ l l ,  121. The use of the value r ( t , z , ,  (4)) in general 
[ l l ,  121 for the analysis of the experimental data is not realistic because of the great 
number of arbitrary parameters (zo, z,, zz, (Pz), (P4)). However, as computer 
simulations of the molecular movements [ 131 have shown and in addition estimates 
with diffusional models [ l l ,  12,14,15], even with an order parameter (P2) of 0.8 the 
times t, do not differ by more than 20 per cent. By neglecting these different corre- 
lation times, r(t) may be expressed by 

Using the experimental data (figure 2, curve 1) for the evaluation of r ( t ) ,  equation (2) 
yields (Pz), % 0.75 and (tR) z 2.411s (figure 2, curve 3). For values of the order 
parameter (P, ) greater than 0.7 the time dependence of correlation functions &,,(t) 
may be distinguished from an exponential one [I I ,  141. The value of the local orien- 
tational order parameter can be estimated to be in the range 0.6-0.8 by taking account 
of [ I l ,  161. 

Our data on the polarized luminescence show that in the cubic phase the molecules 
have a high local orientational order. The optical isotropy of the structure in the cubic 
unit cell, which contains about 115 molecules, is obviously possible by changes of the 
direction of the local director. Irrespective of the large local (orientational) and 
macroscopic (cubic) order the molecules possess high mobility. The change of r ( t )  (see 
figure 2) corresponds to an effective rotation of the long molecular axes by an angle 
of about 20". 

The authors thank B. M. Bolotin for providing the luminescent dye, V. V. 
Motorin for his experimental contribution and W. Weissflog for the synthesis of the 
liquid crystal. 

References 
[ l ]  BELYAKOV, A. V., and DMITRIENKO, V. E., 1984, Usp.3.z. Nauk, 146, 369. 
[2] STEGEMEYER, H., BLUMEL, T., HILTROP, K.,  ONUSSEIT, H., and PORSCH, F., 1986, Liq. 

[3 ]  DEMUS, D., GLOZA, A., HARTUNG, H., HAUSER, A,, RAPTHEL, I., and WIEGELEBEN, A., 

[4] DEMUS, D., DIELE, S., GRANDE, S., and SACKMANN, H., 1983, Adv. liq. Crystals, 6, 1. 
[ 5 ]  KIZEL, V. A., and PROKHOROV, V. V., 1984, Zh. Cksp. teor. Fiz., 87, 450. 
[6] BELYAKOV, V. A., DEMIKHOV, E. I., DMITRIENKO, V. E., and DOLGANOV, V. K., 1985, 

Zh. iksp.  teor. Fiz., 89, 2035. 
[7] GORDEEV, E. V., DOLGANOV, V. K.,  and KRYLOVA, S. P., 1983, Fizika tverd. Tela, 25, 

1 109. 
[8] ETHERINGTON, G., LEADBETTER, A. J., WANG, X. J.,  GRAY, G. W., and TAJBAKHSH, T., 

1986, Liq. Crystals, 1, 209. ETHERINGTON, G., LANGLEY, A. J., LEADBETTER, A. J. ,  and 
WANG, X. J., 1988, Liq. Crystals, 3, 155. 

[9] GORDEEV, E. V., DOLGANOV, V. K.,  and KORSHUNOV, V. V., 1986, Pisma Zh. Cksp. teor. 
Fiz., 43, 592; 1986, JETP Lett., 43, 768. 

[lo] GORDEEV, E. V., DOLGANOV, V. K., and KORSHUNOV, V. V., 1987, Zh. Cksp. teor. Fiz., 93, 
198. 

[ l l ]  ZANNONI, C., 1981, Molec. Phys., 42, 1303. 
[12] ARCIONI, A., and ZANNONI, C., 1984, Chem. Phys., 88, 113. 
[13] ZANNONI, C., and GUERRA, M., 1981, Molec. Phys., 44, 849. 
[ 141 DOZOV. I. N., and PENCHEV, I. I., 1980, J. Luminesc., 22, 69. 
[15] SZABO, A,, 1980, J.  chem. Phys., 72, 4620. 
[I61 ZANNONI, C., ARCIONI, A., and CAVATORTA, P., 1983, Chem. Phys. Lipids, 32, 179. 

Crystals, 1, 3 .  

1981, Crystal Res. Technol., 16, 1445. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
3
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


