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STRUCTURAL RELAXATION OF A NEMATIC LIQUID CRYSTAL 
DOPED WITH FLUORESCE" IMPURITY MOLECULES 

EUGENE M. AVERYANOV and VLADIYIR A. GUNYAKOV 
L . V .  Kirenelcy Inetitute of Physics, Russian Academg of 
Sciences, Siberian Branch, Krasnoyarsk, 660036, Russia 

Abstract The steady-state polarized fluorescence 
spectrum of an impure nematic liquid crystal has been 
investigated theoretically and experimentally. In the 
case of uniaxial fluorescent molecules the relationship 
has been established between the position of the 
centers of gravity ?,J of the fluorescence bands J ( V )  
and such factors as (i) the molecular electronic 
structure (the orientation of the absorption and 
emission dipole moments with respect to the molecular 
coordinate system), (ii) the orientational order 
parameters of the fluorescent molecules in their ground 
and excited electronic states, (iii) the 
characteristics of the rotational molecular dynamics 
and anisotropic probe-matrix interactions. The 
combinations of the data on the position and intensity 
of the polarized absorption and fluorescence bands have 
been used in order to determine the parameters 
characteriz the relaxation of the surrounding medium 

excited state. 
of the impuri Y y over the lifetime of the latter in the 

INTRODUCTION 

The polarized fluorescence of the impurity molecules in 
liquid crystals and another anisotropic statistioally-orde- 
red moleoular media is the traditional method of studying 
electronic and vibrational structure of these molecules, 
their orientational ordering and dynamics' 2. What is more, 
the obtained information is usually limited by using the 
intensities of polarized impurity-fluoresoence bands 
interpreted in the framework of the oriented molecular gas 
approximation. The shift and splitting of the polarized 
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3 18/( 16061 E.M. AVERYANOV AND V.A. GUNYAKOV 

absorption bands for uniaxial3 and biaxialdW5 impurity 
molecules in nematic and smectic A matricies indicate 
directly the change of the anisotropic impurity-matrix 
interaction energy under electronic excitation of the 
impurity molecule. It is well h o r n  also, that in liquid 

7.2.11 crystals 6-10 and anisotropic stretched polymer films 
the peaks positions v of steady-state impurity-fluorescent 
bands J (v) depend on the polarization of the absorbed (i) 
and emitted (j) light. 
In liquid crystals, the dependence of the impurity-matrix 

interaction energy on the electronic state of the impurity 
molecules introduces two new processes: a relaxation of the 
orientational ordering of the impurity subsystem 
structural relaxation of the surrounding medium of the 
impurity over the lifetime of the latter in the excited 
state15'16. These processes , alongside with the 
orientational diffusion of the excited molecules, are re- 
sponsible for temporal changing the peak5 positions v (t) 
of time-resolved components Jij(V,t) of the impure 
fluorescence after the pulsed excitation at the time 
t=O 15*17'18. Taking into account the relaxation of the 
orientational ordering of the excited fluorescent molecules 
in the interpretation of the f luoresoenoe intensity ha6 
recently' allowed to withdraw old contradictions of the 
data of time-resolved and steady-state fluorescent 
measurements between themselves and with the results of 
independent studies 

The peculiarities of the relaxation of the 
neighbourhood of the fluorescent molecules in liquid 
crystals and other anisotropic media stay to be unclear. In 
this relation only isotropic solutions has been investiga- 
ted well. enough with using steady-state and time-resolved 
fluorescent spec troscopy2*. The present work is concerned 
with theoretical and experimental studying the peculiariti- 
86 of the steady-state spectrum 2, of impurity fluores- 
cence in nematio liquid crystal in order to elucidate the 
poesibility of ming the speotral data for obtaining infor- 
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STRUCTURAL RELAXATION OF DOPED NEMATIC [ 1607113 19 

mation about the relaxation of the neighbourhood of the 
fluorescent molecules. In Sec.2 of this paper we derive 
general expression for v for an impurity molecules of 
arbitrary symmetry in a nematic liquid crystal . The 
particular case of uniaxial molecules is used to study how 
the electronic structure of the molecules, their 
orientational ordering, the relaxation of this ordering and 
the anisotropic intermolecular interactions influence the 
position V In See. 3 the approach based on the joint use 
of the polarized absorption and fluorescent spectral data is 
proposed to obtain quantitative information about the para- 
meters connected with the relaxation of the surroundings of 
the excited molecules. In Sec.4 this approach is realized 
experimentally and the relaxation prooess discussed here is 
discovered. In conclusion the main results of the paper are 
briefly outlined. 

ij 

u - 

STEADY-STATE POLARIZED FLUORESCENCE SPECTRIM 
OF AN IMPURE NEMATIC 

We consider a uniformly oriented nematic liquid crystal 
with a low concentration of fluorescent molecules which ab- 
sorb and emit light in the transmission region of the mat- 
rix. We also assume that the ground and excited (emitting) 
states of the impurity are nondegenerate and the electronic 
excitation of molecules is not accompanied by a change in 
the i r  conformation. In the laboratory coordinate system x, 
y, z ,  with a director nilz the electric vectors of the exci- 
ting light (e,) and of the light being analyzed (e ) coin- 
cide with axes of this system. The directions of the dipole 
moments of the molecular transitions associated with absor- 
ption and emission are specified by the unit vectors Fa and 
pe, respectively. The intensity of the impurity steady-sta- 
te fluoresoenoe per one molecule is given by the expression 
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320/[ 16081 E.M. AVERYANOV AND V.A.  GUNYAKOV 

where the constant isotropic coeffioients are omitted. Here 
Ji(va) is the intensity of the exciting light, K are the 
anisotropic ooefficients depending on the optical 
anisotropy of the liquid-crystal matrix, on the anisotropy 
of the local field of the light wave whloh is aothg on the 
molecule, and on the experimental geometry 21*22.  The 
dispersion K (v) can be neglected within the bands J (V) 
in the matrix's transmisgion region. F(t)=exp(-t/TF)/TF, 
and Tp is the effective lifetime of the moleoules in the 
excited state. The Euler angles Cdo and 0, characterize the 
orientation of the molecular frame with respect to the 
laboratory one at the moments t=O and t, respeotivelly. The 
brackets < . >  mean the statistical averaghg over the 
orientations of the excited molecules with the nonequilib- 
r i m  distribution function 

id 

ij id 

which at the time t=O coinoides with the equilibrium 
distribution function f ( h a )  of the solute molecules in 
their ground state. Here P(Cdo(Qt) is the conditional 
probability that if at the time t=O the molecule was 
oriented at Qo, then at the t h e  t it will be at Cd,. 
The shape of the fluoresoence band p(Y,n,,t) of an 
individual impurity molecule is governed by intramolecular 
relaxation processes. As in the case of an isotropic 
solutions2' to lowest order it is assumed to be independent 
of the phase state of the matrix and of the orientation Q, 
of the molecule with respeot to the director n. However, 
the position v,(fi,,t) of the centre of gravity of the 
p "V ,La,, t ) band depends on the difference be tween the 
energies of the anisotropic interaction of the impurity 
with the matrix in the nonequilibrium excited EAn'(t) and 
ground E(n)(t+O) states. Accodingly, Yf depends on the 
orientation ha, of the impurity molecule in the field of 

a 
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STRUCTURAL RELAXATION OF DOPED NEMATIC 1 1609]/32 I 

its neighbours. In addition, even for a fixed orientation 
of the impurity with respect to the director, the 
relaxation of the surroundings in the EF1(t) state and the 
corresponding change in the energy of the anisotropio 
impurity-matrix interaction over time, f o r  both states 
E(n)(t) e and Ep) (t+O) , would lead to an explicit Vf (t) 
dependence. The simultaneous, coordinated rotational 
diffusion of the impurity molecules and relaxation of 
their surroundings give rise to a Vi(at,t) dependence, 
which is refleoted by the notation p(v,Q,,t) in Eq. (I). 
In an uniaxial nonpolar nematic phase the most common form 
of the v,(Q,,t) dependence for an individual impurity 
molecule of arbitrary symmetry has the following form15 

Here the summation is over integer even values L>o; the 
term with L=O ia incorporated in v,(t) whioh is the oenter 
of gravity of the impurity-fluorescence band J (v,t) in 
the isotropic phase of liquid crystal. Limitations are im- 
posed on the index k by the group symmetry operationa of 
the impurity molecule. The time dependence Em(t) stems 
from relaxation of the surroundFngs of the excited molecu- 
le. Due t o  assumption 
of the band p(V,i2,, t ) 
the center of gravity 

v -  13-  

adopted above the integral intensity 
is independent of LI, and t. Therefore 

of the oomponent J (V) (1) oan be transformed t o  the next 
express ion 

ij 
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3 2 2 / [  I6 101 E.M. AVERYANOV AND V . A .  GUNYAKOV 

p(v,6at,t) is of the same form ( 3 )  with v,(t) being 
replaced by the VAm) (t ) . Therefore, following Ref. 15 
one can show that t o  a first approximation the maximum 
v ( ~ )  of the J (V) band is of the same form (5). For uni- 
axial impurity molecules in Eqs. ( 3 )  and (5) index k = 0 
and we can use the results of Ref. 15 for the intensities 

13 i3 

gLjSgeS(t) + 
17 1 

and correlators I&(t) =<Iij(ao,Qt)D~,(Qt)>. Here the 
angles (3, and ae, pe specify the orientation of the 
vectors p,(sin~,,O,cospa), ~e(sin~ecos~e,sin~esincte,cos(3e) 
in the molecular coordinate system; p are the angles be- 
tween IJ- 
S = <P2(coseo)>=<P2(0)> is the equilibrium parameter of the 
orientational order of the impurity molecules in their ele- 
ctronic ground state or at the time t=O of the pulsed exci- 
tation. S(t) = <P2(coset)> = <P,(t)> is the nonequilibrium 
order parameter of the excited impurity molecules. It coin- 
sides with S at t=O and relaxes to the equilibrium value 
S at t=m. ~~(t)=<D~(no)D~(L7t)> are the orientational 
correlation functions. The intensity I (t) has 5 indepen- 
dent components with ij=xx, xy, xz, zx and zz. The coeffi- 
cients (f,g,h,q)i3 

1 a,e 
and the prolonger molecular axes; S =-( 3 ~ 0 ~ ~ 8 - 1  ) . 

a,e 8 2  
8 

8 

1 3  

have the following values 
f -= f =gzz= gxz= 2, f = f = f = g  = g = g  = - 4 ,  

hZZ= 4, h = h = -2, h = h = 1 ,  (8) 

(I,,= q,,= %z= 0 ,  9xy= -sx= -3. 

ZY zx xz xy xx zx xy xx 

zx xz x y =  

In the cases pe=O or p,=0 we have n=O in Eqs. ( 5 ) - ( 7 ) .  
We restriot futher consideration by the first of these cas- 
es f o r  which the components v are given by the expression 1 3  

vij= vo - p - 
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STRUCTURAL RELAXATION OF DOPED NEMATIC [ I  61 I]/323 

The parameter Vo obtained by averaging v,(t) in accor- 
dance with Eq. ( 6 )  can be expressed through the measured 
values in the following way 

Here VVv and VvH are the centres of gravity of the Jvv(V), 
JVH(v) bands of the impurity fluorescence in the isotropic 
phase of liquid crystal f o r  vertical (v) and horizontal (H) 
polarizations of the light23. The fluorescence anisotropy 

in Eq.(lO) is given by the integral values of 
ties Jvv and JvH. 

the following functions 

the intensi- 

and d are The steady-state parameters am,, p, a, by c 

averaged in accordance with Eq. ( 6 ) .  Here P,(t)  = PL(cosBt) 
are even Legendre polinomials. 

The parameter p characterizes the shift of the centre 
of gravity of the multiplet V 

id 
tly on the angles pate, being determined by the parameters 
EL(t) of anisotropic impurity-matrix interaction and by 

and does not depend explici- 
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3?J/[ 161 21 E .M.  AVERYANOV AND V . A .  GUNYAKOV 

order parameters <P,(t)> of the impurity subsystem. In the 
first approximat ion EL ( t ) &,AL ( t ) 3-5 where S =I <P2 (cos8, ) > 
is the orientational order parameter of the matrix molecu- 
les. If the energy of the anisotropic interaction of the 
excited impurity with its surroundings in the BAn’(t) state 
is larger than the energy of the same interaction of the 
unexcited impurity molecule with surroundings in the 
E(n)(t+O) state then A,(t)>O. At t=O this inequality is 
confirmed by the impurity absorption spectra in liquid- 
crystalline matricies 3-5 ’ ‘-’ *. The relaxat ion of the sumo- 
undings of the excited fluorescent molecules in the ELn)(t) 
state is expected t o  result in increasing AL(t) with incre- 
asing t. Alongside with similar increasing <P, (t)> confir- 

M 

g 

u 

med for the case <P2(t)>=S(t)’4’’9 this leads to increasing 
p(t) at fixed value S,. For the direct transition from the 
equilibrium E(eq) (0) ground state to the nonequilibrium 
E ( n l ) ( 0 )  excited emitting state the value p(0) determines 
the shift of the centre of gravity of doublet V of the 
polarized components of the impurity absorption with res- 

8 
e 

n , l  
pect to the position v1 of the absorption band in the 
spectrum of the isotropic phase3. Therefore at the fixed 
value of S, in Eq.(9) we would expect p>p(O) and the long- 
wave shift of the multiplet 21 with respect to V0 must 
be larger than the shift of the centre of gravity of the 
doublet V with respect to Vi. This is what is actually 
observed ’,j6: The inequality p>p(0) is expected to increa- 
se with increasing TF. 

The differenoe between the values V depends strongly 
on the angles the magnitudes and relaxattonal featu- 
res of the functions (12)-(16),  the value of TF. In the li- 
mit when TF is significantly less (large) than all charac- 
teristic relaxation times of the functions (12)-(16) the 
Eq. (9) transforms into that one obtained earlier’5 for 
V (t) at t=O (t-co). Below we shall suppose the intermedia- 
te case to realize. As one can see from Eqs. t12)-(16) the 
parameters p, a, b, c and d are proportional to S, and, at 
all equal conditions, the difference between the 2, compo- 

l j  

ij 

ij 

ij 
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STRUCTURAL RELAXATION OF DOPED NEMATIC [ 1613]/325 

nents increases with growing S,. This is in accordance with 
the known data 

When fluorescence is excited at various frequences with 
various angles pa, the values of ViJ will be different, al- 
though the emission comes from the same level. When fluore- 
soence is exoited at different frequencies with identical 
values of pa, the quantities Y should remain constant. 
This is what has been observed8 for the components Yzz and 
Vxx f o r  the dyes R823 and R829 in a 6CB matrix. 

The parameters 6 v s  and Ovm in Eq. (9) are given by the 
next expressions 

6,9,10 

ij 

Ovm= JdtF(t)Qmo(t)[V0(t) - p(t)l - Omo(v0 - P)- (18) 

Since the inequality Yo(t)>>p(t) is fulfilled the values 
of O V s  and Ovm characterize in general the temporal corre- 
lation between the relaxation of the functions S(t), amo(t) 
for the impurity molecules and the structural relaxation of 
the surrounding matrix molecules.The parameters O v s  and Qvm 
vanish in the limit cases of very short-or very long-living 
fluorescent molecules. If the inequality v0 (O)>v0 (co) is 
valid the difference v,(t)-p(t) decreases with increasing 
t. Since at the same time the value S(t) increases 
and the functions Qmo(t) decrease one can show that the 
inequalities OvS<O and bym>O hold true. Taking into 
account the results of the Ref. 15 we obtain for EL(t)>O 
the inequalities b(t)>U and o(t)<O which also hold for the 
averaged values b and c. Therefore the parameters d and e V s  
(c and B V 2 )  give into the values v the contributions of 
the same s ign but the parameters b and avo give the contri- 
butions of opposite sign.Thus the temporal correlation bet- 

ij 
ween various relaxation processes influences the values V 

depends 
on the value TF, the magnitude pa and relation between the 
parameters in Eq. (9). In general case, at pa# pM= 54.7O the 

1 4 , 1 9  

iJ 

The degree of the degeneracy of the spectrum V 
iJ 
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326/[1614] E.M. AVERYANOV AND V.A.  GUNYAKOV 

number of independent components V is equal to the 
number of independent intensity components J (v). From 
Eqs. (a), (9) in the case pa= p,= 0 one can obtain the fol- 
lowing inequalities (vm% vw)>YZx>vxz>VZz. If at pa= 0 the 

holds then within the interval O< pa< p, 
such magnitude pa= (3; exists that V,(pi) = v=(@;) and for 
pa>@; the values of V= and V change with increasing f3, by w 
analogy with the case t=015.1f at p,=O the reverse inequali- 
ty V <Vxx has place then the dependence of these values on 
0, is similar to the case t=O15 and the inequalities vwfvm 
correspond to the inequalities pas@,. The expected relation 
among components 21 for O< pa< p, correspond to the obser- 

ij 
ved7-lo. At pa=@, we find from Eqs. ( 7 ) - ( 9 )  two independent 
components Im=I =Izx and IXZ=IZZ. This correspond to par- 

I I ‘  tial degeneracy vxx=V 
At pa=900 one would expect the next relations among the 
components Yij: Yzx>Vw>Vxx>vzz>Vxz. An additional degene- 
racy of the spectrum Y may be caused by the relation bet- 
ween parameters in Eq. (9). For example, the partial dege- 
neracy vXz= 

13 
1 3  

inequality v xg>vxx 

XY 

w 
=V =vi with v;>v’ =Vzx=v; and vxz w zz 

ij 

is possible if the following relation vzz 

2 ( d  - Ors)(Sg + 2QoO) = (a + 2b - 2OvO)(1 + 25) (19) 

holds true independently of the magnitude 8,. 

POURIZED IMPURITY-FLUORESCENCE SPECTRUM AND REZAXATION 
OF THE SURROUNDING MATRIX M0LECUL;ES 

Due to changing EL(t) the relaxation of the surroundings 

c’= c - 6 in Eq. (9). These parameters can be expressed 
through the measured values of v and I with using Eqs. 
(8) and (9). At p,=O we have 

influences all the parameters p, a, d’=d - O v s ,  b’=b - Ova, 
v 2  

i j  ij 

p = vo- I: j (v z j  I zj + 2VXjIXj), (20) 
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STRUCTURAL RELAXATION OF DOPED NEMATIC [ 1615]/327 

Here the summation is over i,j = x, y, z with taking into 
account the identity of the pairs zx and zy, xz and yz, xy 
and yx. Eq. (20) does not depend on the orientation of the 
vectors p in the molecular coordinate system.At pa=O and 
p,#O in Eq.(21) one should put S =I, in Eq.(22) the summ C 
should be divided by S in Eqs. (23) and (24) the substitu- 
tion S for S should be made. The values S S (S S) and 
Etamo in the intensity I can be found from the polariza- 
tion ratios p, = Jij/Jli (j = x, y, z )  and the absorption 
dichroism of the exciting light 

Among the parameters (20)-(24) the most usefull values 
are the parameters p, a and the next parameter 

a, e 

Ba 
Be, 

P e  Pa B a Be 

1, 

14,19  

(25 1 c p = a + p S  

In order to make the conclusion about the relaxation of the 
EL(t) parameters we need to compare the average values p, a 
and cp with the magnitudes of the functions p(t), a(t) and 
cp(t) at the fixed moment t=O. In accordance with Ref. 3 f o r  
uniaxial impurity molecules with the electroni.c transition 
polarized along the prolonger molecular axis the maxima 
positions 2) of the optical density components D (V) in 
an uniaxial liquid crystal are given by the following exp- 
re s s ions 

8’ 

l l t l  l l i  

v,,= vi- p(0) - 2a(0)/(1 + 2S8) , 

v ~ =  vi- p(0) + a(O)/(l - S ). 
(26 1 

g 

Here v1 is the maximum position of the impurity absorption 
band D,(V) in the isotropio phase of liquid crystal. From 
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Eq. (26) we have 

1 a(0) = 3(1 - s )(I + 2s )(V1- V,,). 
B B 

Thus, from the intensity and position of the impurity bands 
of the polarized absorption and steady-state fluorescence 
we can determine the parameters p, a, cp and p(O), a(O), 
cp(0). The comparison them between themselves allows us to 
judge about the existance of: the relaxation of the parame- 
ters EL(t) and relative rate of this relaxation with res- 
pect to the relaxation of the parameters <P,(t)>, the cor- 
relation functions <P2(0)P,(t)> and the correlation functi- 
ons in the squared brackets of Eq. (13). 

E X P E R I ~ A L  RESULTS AND DISCUSSION 

A n  experiment was carried out on the fluorescent polyme- 
thine dye PD-3 

in 5CB nematic matrix (at conoentration of 1.34-10 -3 M/l) 
with steady-state laser excitation at the wavelength ha= 
632.99 nm. The measurements were performed in the flat sand- 
wich cells made of fused quartz with the thichess d = 5+50 
pm. The samples with planar and homeotropic orientation of 
the liquid crystal and dye molecules were used. The planar 
orientation had been achieved either by means of oblique de- 
position of S i O x  on substrates or by unidirectional rubbing 
the substrates with small-dispersed diamond paste followed 
by cleaning and, additionally, by rubbing process on the pa- 
per saturated with alcohol solution of ady-pine acid. The ho- 
meotropic orientation had been achieved by treatment of the 
substrates with lecithin. These procedures give a good uni- 
formly aligned samples, what has been controlled with the 
aid of crossed polarizers. The temperature of the cells re- 
gulated and controlled with the accuracy of +O.IoC. 
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STRUCTURAL RELAXATION OF DOPED NEMATIC [ 16 1711329 

Pure electronic 0-0 transition of PD-3 in the absorption 
and fluorescence spectra is polarized along the prolonger 
molecular axis (p,=O)24 and characterized by the sufficien- 
tly narrow bands. In the polarized spectrum of the nematic 
phase the absorption band of PD-3 have two components of 
the optical density Di, ( A )  with different position of 

a m  . After combination of h and h ,  between their maxima h 
themselves the dichroism N(h)=  D (h)/Dl(h) stays to be con- 
stant within the interval Amax- + 25 nm that is of the order 
of the band-width. But outside of this interval the dichro- 
ism N(h)  decreases monotonically with decreasing h due to 
overlapping different vibronic series 0-0 + %’Uk with dif- 
ferent angles Pk= @(V,)#O. The most substantional contribu- 
tion to the intensity of the shortwave wing is caused by 
the polymethyne chain vibration with nk=l and Vk=1400 cm-’ 
that is in accordance with the data of low-temperature 
investigations“. 

I U  

II U’l 

II 

The parameter S was obtained from the equation22 
Pa 

Nag - 1 Ng + 2 
Nag + 2 * Ng - 1 

- - 
‘Pa 

with using the absorption dichroism Na = D,(ha)/Dl(ha) for 
the exciting light and the absorption dichroism N = I) (A )/  II II Dl(hl) for the pure electronic transition. The correction 
factor 

taking into account the birefringence n n, and anisotropy 
of the local-field tensor f of the light wave for the mat- 
rix was obtained from the experimental data of Refs. 25 and 
26. The value S turned out to be independent on the meso- 
phase temperature to give fl,(ha)=15.30. 

Schematic drawing of the experimental set-up for the 
fluorescence registration is presented in Figure 1.The fluo- 
rescence light was collected in the direction normal to the 
cell surface with the lens 7 within small solid angle La = 
0.06 sterad. The modulation of the fluoresoence intensity 

I I ’  

Pa 
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, xz zx YY Y X  J z z  x x  

FIGURE 1 The experimental set-up for measuring po- 
larized fluorescence spectra. l -He-Ne laser (ha= 
632,99nm), 2 - Ahrens polarizer, 3 - therrnostable 
cell with the sample, 4 - temperature control and 
stabilization system, 5 - control of exciting radi- 
ation power, 6 - Polaroid, 7 - condensed lens, 8 - 
filter, 9 - eleotromechanical chopper, 10 - low- 
frequency generator of signals, 1 1  - monochromator 
MDR-23, 12 - photomultiplier, 13 - lock-in amplifi- 
er, 14 - computer, 15 - recorder. 

At the bottom of the Figure the relative ori- 
entation of the director n and polarizations of 
the exciting (i) and emitted (j) light in the flu- 
orescence intensity components J are presented. 

by the electromechanical chopper 9 was found to increase 
significantly the signal-to-noise ratio and to m a k e  the 
shape of the J (V) bands much more smooth. The spectral 
width of the monoohromator slit was as large as part 
of the components J (v) halfwidth. 

All components J ( A )  have the same symmetric shape and 

ij 

ij 
0.03 

13 
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1.0 

Ji  j 

0.5 

0 

ie-Ne 

I .  1 I 

650 700 750 A, nni 
FIGURE 2 The normalized fluorescence-intensity com- 
ponents J 5CB matrix at 1=25' C 

d=20 pn, concentration c=l .34*10-3 M / l .  Solid, das- 
hed and dotten-dashed lines belong to the components 
ij = zx, zz and xx, respectively. 

( A )  of dye PD-3 in 
ij 

differ one from another by the intensity in the maximum and 
by the maximum position hij (Figure 2). The variation of 
sample thickness d within the interval 5 i 50 pm results in 
changing the position h only within the experimental pre- 
oision of its determination. A l l  that shows the weak influ- 
ence of the reabsorption of the emitted light on the obser- 
vable dependence of h on the polarization of fluorescenoe 
components. 

5 3  

ij 

Determination of h and wave numbers 2, was performed 
with using the spectral reference mark which was the fluo- 

ij ij 
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13660 

V .  
‘ 1  

(crn-’) 

13620 

13 580 

135LO 

14020 

(crn-’) 

13980 

E.M. AVERYANOV AND V.A.  GUNYAKOV 

-w0 

h A 1 n 1 A 1 I A 1 1 I I 1 

14 12 10 8 T c - T ,  K 2 O - 2  - 4  

iJ FIGURE 3 The temperature dependences of maxima V 

and 2, of the fluoresoence J ( V )  and the absor- 
ption D (v) bands of dye PD-3 in 5CB matrix for 
planar (1, 3,  5-7) and homeotropio (2, 4 )  molecu- 
lar orientation. The numbers 1-7 indicate, respec- 

ti,1 i3 

n , 1  

tively, the components vxx and 21 

vn(4) ,  vzx(5), vxz(6) and 2, 

(1, 2 ) ,  v,(3), 
1 9 %  

(7). Solid lines are zz 
an- interpolations. T p c  is the temperature of the 
phase transition from a nematic to an isotropic 
liquid. 

resoenoe line of Hg-vapour with h=760.1 nm. The temperature 
dependences of the maxima 2, of the fluorescence bands 

ij 
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STRUCTURAL RELAXATION OF DOPED NEMATIC [1621]/333 

J (U) and the maxima V of the absorption bands D (U) 
belonging to pure electronic 0-0 transition are presented 
in Figure 3 and oorrespond to d=20 vm. The values Vyxx and 
v1 depend neither on planar nor homeotropic orientation 
of molecules in the cell. Irl the isotropic phase the 
magnitudes Ui, Uvv (vv= xx, zz) and VvE (mi = xy, xz, zx) 
are not sensitive to the temperature. What is more, in 
accordance with the results of Ref.23 the difference 
between the values Uvv 2 UvH is small beoause for the 
impurity system considered the strong inequality TR s TF 
holds13. Here TR is the relaxation time of the correlation 
functions Qmo(t) = 0.2exp(-t/~~) in the isotropic phase. 
The Stokes shift of the value vo given by Eq.(lO) with res- 
pect to the value V i  equals to 417 cm-’ and is significant- 
ly less than that one (3500-4200 om-’) for other fluores- 
cent dyes in the same matrix’. But the maximal splitting 

= 11 0 cm-’ here is of the same magnitude as 
for those dyesTy8. It means the absence of the correlation 
between the Stokes shift value and the difference of the 
parameters V in the nematic phase. This is what follows 
from Eq. (9). For PD-3 with @,= 0, 0 < pa< pM the observed 
relations between the values V are in accordanoe with the 
expected ones from Eq. (9). The degeneration Vxz  = V z z  is 
likely to be the consiquence of Eq. (191. 

The magnitudes of the parameters p, a, cp and p(O), a(O), 
q ( 0 )  at two reduced temperatures AT=T -T are listed in Tab- 
le 1. They were calculated from Eqs.  ( 6 )  - (13), (21 ),  (25) 

13 1 1 9 1  U 9 1  

AV,= Vxx - uzz 

ij 

ij 

c 

TABLE 1 Parameters p(O), a(O), cp(0) and PI  a, Cp 
(in cm-’ ) for dye PD-3 in 5CB 

1 5+8 24+8 14+5 2024 13+4 12+3 

I 3  2629 32k8 3056 3155 7723 75k3 
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and (27) with using the parameters Sg, S, QmO (Ref.14) and 
and 21 (Figure 3) .  values of 21 

Taking into account Eqs. (12), (13), (25) and small dif- 
ference between the values of S and S l 4  we can conclude B 
from the Table that at the fixed value AT the parameters 
EL(t) increase with increasing t. The rate of their chan- 
ging is more than the rate of increasing <P,(t)> or decrea- 
sing correlation functions <P2(0)PL(t)> but comparable with 
the rate of decreasing correlation functions 

U , l , %  ij 

15 

AoYt = <P2(0)PL(t)> - Sg<PL(t)>. 
2 ,L 

This conclusion agrees qualitatively with experimental data 
of Ref.l8 concerned with the kinetics of the maximum V,(t)= 
yo- p(t) of the monomer fluorescence band for the molecules 
of pure 5CB at TQC. There, after the pulsed excitation at 
t=O the difference v,(t)-v,(t) reached their saturation at 
t400 picoseconds, i.e. the effective relaxation time 7: of 
the function EL(t) for given liquid crystal and given tempe- 
rature region is of the order of tens picoseconds and less 
than the relaxation time Too= nanosecond of the correlation 
functions QOo(t) = <P2(0)P2(t)>. 

The comparison of the Table data for AT=1 and ? 3  K bet- 
ween themselves shows that a lowering of the temperature 
results in an increasing EL caused by an increasing S, but 
the rate of temporal changing EL(t) decreases and it leads 
to a decreasing the ratios p/p(O), (p / (p (O)  and a/a(O). This 
is in accordance with the known data concerning the solvent 
relaxation in the case of an isotropic solutions 2o and can 
be linked in natural way with increasing the local rotatio- 
nal viscosity of the nematic with decreasing temperature or 
with an increase in the parameters S, and <P,(t>>. A signi- 
ficant difference between the values of p ( 0 )  f o r  AT = 1 and 
13 K may be refered to the redistribution of the contributi- 
ons of different terms with various values of L due to the 
ohange in the orientational ordering of the impurity sub- 
system. In addition to this the change of t may change the 
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STRUCTURAL RELAXATION OF DOPED NEMATIC 1162311335 

correlation between the parameters EL(t) of various rank L. 

The general approach to analysis of steady-state spectrum 
of the impurity polarized fluorescence in a nematic liquid 
crystal presented above is not restricted by a specific 
type of the intermolecular interaction or by any model 
representations about the orientational ordering and dyna- 
amics of the impurity molecules. The results of this analy- 
sis agree with all known experimental data for uniaxial 
impurity molecules on the number of independent components 
21 the relation between themselves at various orientation 
of the absorbing oscillator with respect to the prolonger 
molecular axis, the dependence of the center of gravity of 
multiplete 21 and the difference between 2, on the orien- 2 3  ij 
tational ordering of the matrix and impurity subsystems. 
In absence of an accidental degeneration of the spectrum 21 

the number of independent components 21 is equal to the 
the number of independent intensity components Jij(V) in 
an isotropic and a nematic phases. 

A combine use of the data on the intensity and position 
of the polarized bands in the impurity absorpti-on and stea- 
dy-state fluorescence spectra gives the quantitative infor- 
mation about the parameters characterizing the relaxation 
of the surroundings of the excited impurity molecules in a 
nematic phase.The experimental realization of this approach 
in the present paper has shown the existance of this rela- 
xation process and allowed to make some conclusions about 
the relative value of the corresponding relaxation time. 

id' 

ij 
ij 
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