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The stationary polarized-fluorescence spectrum from an impure nematic liquid crystal is 
investigated by a statistical molecular approach. For uniaxial molecules it is shown that the 
positions vij of the centers of gravity of the bands Jij(v) are related to the electronic structure of the 
molecules (the orientation of the absorption and emission transition dipole moments), the 
parameters of their orientational ordering in the ground and excited states, and the characteristics 
of the orientational molecular dynamics and of the anisotropic interactions between the 
impurity and the matrix. The known experimental features of the spectrum vij are explained. It is 
shown that data on the intensities and positions of the polarized absorption and fluorescence 
bands of the impurity can be used together to determine the parameters characterizing the 
relaxation of the environment surrounding excited impurity molecules in the nematic phase. 

1. INTRODUCTION 

The polarized fluorescence of impurity molecules in liq- 
uid crystals (LCs) and other anisotropic statistically ordered 
molecular media is a traditional method for studying the 
electronic structure of these molecules and their orientational 
ordering and dynamics.' The information obtained in this 
manner is limited primarily by the use of the intensities of 
the polarized impurity fluorescence bands, which are inter- 
preted in the oriented molecular gas The 
experimental data show, however, that in several respects 
this approximation is quite limiting. For example, neglecting 
the anisotropy of the local field of the light wave acting on 
an impurity molecule can have unphysical experimental con- 
sequences, even for anisotropic matrices with weak 
b i r e f r i~~~ence ,~ ,~  and neglecting the change induced in the 
impurity-matrix anisotropic interaction energy by electronic 
excitation of an impurity molecule contradicts 
 observation^^-'^ showing that in liquid crystals and aniso- 
tropic polymer films,3'11 the positions vij of the maxima of 
the stationary impurity-fluorescence bands Jij(v) depend on 
the polarization of the absorbed ( i )  and emitted (j) light. 

The dependence of the impurity-matrix interaction en- 
ergy on the electronic state of the impurity leads to two new 
processes: relaxation of the orientational ordering of the im- 
purity subsystem12313 and structural relaxation of the environ- 
ment of fluorescent molecules over their lifetime in the ex- 
cited state.12 Together with orientational diffusion of the 
excited molecules, these processes determine the kinetics of 
the positions of the maxima (or centers of gravity) vij(t) of 
the polarized components J i j (  v, t) of the fluorescence of an 
impurity in a liquid crystal under pulsed e~ci tat ion. '~"~"~ 
Taking into account the relaxation of the orientational order- 
ing of excited fluorescent molecules in the interpretation of 
the impurity-fluorescence intensity12 has made it possible to 
remove the long-standing inconsistencies in these methods of 
kinetic and stationary fluorescence spectroscopy both with 
one another and with the results of independent 
 measurement^.'^"^ 

The characteristics of the relaxation of the environment 
surrounding excited molecules in liquid crystals and other 
anisotropic media are still not clear, in spite of their impor- 
tance for the development of optical recording and informa- 
tion processing systems based on impurity molecules. In this 
respect the isotropic solutions using kinetic and stationary 
fluorescence have been investigated in detail.17-l9 Even for 
them, however, the stationary polarized impurity- 
fluorescence spectrum is distinguished from the kinetic spec- 
trum by a number of interesting features." For this reason, 
used together, the data on the intensities and positions of the 
polarized fluorescence bands of an impurity could offer new 
possibilities for studying the relaxation of the environment 
surrounding fluorescent molecules in liquid crystals. 

Our objective in the present paper is to determine the 
characteristics of the stationary fluorescence spectrum of an 
impurity in a liquid crystal and to determine whether they 
can be used to study the relaxation of the environment sur- 
rounding excited impurity molecules. In Sec. 2 a general 
expression is derived for the components of the spectrum vij 
of impurity molecules, having arbitrary symmetry, in a nem- 
atic liquid crystal. The dependence of vij on the electronic 
structure of molecules, orientational ordering of the impurity 
subsystem and liquid-crystal matrix, relaxation of this order- 
ing, and anisotropic intermolecular interactions are investi- 
gated for the special case of uniaxial impurity molecules. An 
explanation is given for the experimentally observed features 
of the spectrum vij .6-10 In Sec. 3 it is shown that the inten- 
sity data can be used together with data on the positions of 
the polarized absorption and fluorescence bands of the impu- 
rity to determine the parameters characterizing the above- 
noted relaxational processes. The existing experimental data 
are used to show that in nematic liquid crystals, the environ- 
ment surrounding excited fluorescent molecules undergoes 
structural relaxation. In Sec. 4 the basic results of this work 
are briefly summarized. 
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2. STATIONARY POLARIZED FLUORESCENCE SPECTRUM 
FROM AN IMPURE NEMATIC 

Consider a uniformly oriented nematic liquid crystal 
with a low concentration of impurity molecules which ab- 
sorb and emit light in the transmission range of the matrix. 
Assume also that the ground and excited (emitting) states of 
the impurity are nondegenerate and that the conformation of 
the molecules does not change with excitation. In the labo- 
ratory coordinate system (x,y,z) with the director n oriented 
parallel to the z axis, the electric vector of the exciting light 
(ei) and the electric vector of the analyzed light (ej) are ori- 
ented along the axes of this system. The directions of the 
molecular transition dipole moments associated with light 
absorption and emission are fixed by the unit vectors pa and 
~ c , ,  respectively. In the absence of nonlinear effects and re- 
absorption, the intensity of stationary fluorescence per impu- 
rity molecule is given by the expression 

where the constant isotropic coefficients have been dropped. 
Here, Ji(va) is the intensity of the exciting light flux; Kij are 
corrections to the anisotropy of the local field of the light 
wave and the birefringence of the liquid crystal$21 and their 
dispersion within the band Jij(v) in the transmission range of 
the matrix can be neglected; F(t)  =exp(- t/ rF)/ rF , where 
7~ is the effective fluorescence lifetime; the Euler angles Ro 
and 0, characterize the orientation of the molecule in the 
laboratory coordinate system at the times t=O and t when 
light is absorbed and emitted. The intramolecular relaxation 
time from the absorbing into the emitting level is assumed to 
be much shorter than the characteristic times over which the 
spatial coordinates of the molecules change during thermal 
motion. The brackets (...) indicate statistical averaging over 
the orientations of the excited impurity molecules with the 
nonequilibrium single-particle distribution function 

which at t=O is identical to the equilibrium distribution 
function f(,eq)(fl,) of the impurity molecules in their ground 
state. Here P ( ~ , ( R , )  is the conditional probability distribu- 
tion that a molecule whose orientation at time t =O is Ro has 
the orientation R, at time t. 

The shape of the fluorescence band p( v,R, ,t) of an in- 
dividual impurity molecule is determined by intramolecular 
relaxation processes and, just as in the case of isotropic 
 solution^,'^-'^ it is assumed to be independent of the phase 
state of the matrix and the orientation n, of the molecule 
relative to the director n. However, the position of the center 
of gravity vf(Rt ,t) of the band p(v,R, , t)  depends on the 
difference of the impurity-matrix anisotropic interaction en- 
ergies in the nonequilibrium Franck-Condon excited state 
~ $ ' ) ( t )  and the ground state E?)(t + 0). A consequence of 
this is that vf depends on R, and t.12 In a uniaxial nonpolar 
nematic phase the general form of the function v k n ,  ,t) for 
molecules of arbitrary symmetry has the form12 

where the summation over the Wigner D-functions D$~(R,)  
is restricted to even values of L 3 2 ,  and the isotropic term 
with L =O is included in the center of gravity vo(t) of the 
impurity fluorescence band Jij(v,t) of the liquid crystal iso- 
tropic phase. The values of the index K are restricted by the 
operations of the point symmetry group of the impurity mol- 
ecule. The time dependence of the parameter ~ ~ ~ ( t )  is due to 
the relaxation of the environment surrounding the impurity 
molecules while they occupy the excited state, and to the 
associated change in the impurity-matrix anisotropic inter- 
action energy in both states E$')(t) and E?)(t + 0). 

Since the area under the curve p( v, R, , t) is independent 
of no,, and t, the position of the center of gravity 

of the components Jii(v) (1) assumes the form 

Here Iij(t) = (Iij(Cto ,a , ) )  and 

The expression 

gives the position of the center of gravity of the multiplet 
vij(t) of all nine polarized components Jij(v,t) of the ki- 
netic fluorescence spectrum excited by a pulse at time t=O. 
Since the expression for the maximum vj")(Rt , t)  of the 
band p(v,R, , t)  is given by the same formula (3) with vo(t) 
replaced by vbm)(t), it can be shown by analogy to Ref. 12 
that to a first approximation the position of the maximum 

of the band Jij(v) is given by the same formula (5). This 
explains the relative displacement of the bands Jij(v) as a 
whole relative to one another, for different values of the in- 
dices i, j, without any appreciable change in shape.10 

For uniaxial impurity molecules the index k=O in 
Eqs. (3), (5), and (7), and the expressions given in Ref. 12 
for Iij(t) and the correlation functions ~ t . ( t )  
= (I,,(R, ,R,)D$,(R,)) can be used: 
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Here the angles Pa ,  a,, and p, specify the orienta- 
tion of the unit vectors pa(sin pa ,O,cos Pa) and 
p,(sin p, cos a, ,sin p, sin cu, ,cos p,) in the molecular coor- 
dinate system, where the Pa,, are the angles between ~c,,, 

and the long axis of the molecule, and S, = (3 cos2 P- 1)/2; 
PL(t) = PL(cos 9,) are Legendre polynomials; 9, is the angle 
between the long axis of the excited molecule and the direc- 
tor n at time t; Sg=(P2(cos 8)) is the equilibrium orienta- 
tional order parameter of the unexcited impurity molecules; 
S(t) =(P2(cos 8,)) is the nonequilibrium order parameter of 
the excited impurity molecules. At t=O it equals Sg , and at 
t=m it relaxes to the equilibrium value S,. The functions 
@,,(t) = ( D ~ , ( f i o ) D ~ ( f i , ) )  are the orientational corre- 
lation functions. 

The intensity Zij(t) has five independent components 
with i j=zz,  zx, xz, xx, and xy, and the coefficients 
(f,g,h,q)ij assume the values 

We shall consider the cases P,=O and Pa=O, for which the 
index n=O in Eqs. (8) and (9). It is convenient to start our 
analysis of the characteristic features of the spectrum vij with 
the isotropic phase of the liquid crystal. 

2.1. lsotroplc phase of the llquld crystal 

In this phase S, = S(t) = &Lk(t) = 0, and the correlation 
functions a o ( t ) = 0 . 2  exp(-t/rR) with m=O and 2 relax 
with the same relaxation time rR . The two independent com- 
ponents Ivv(t) and IVH(t) with vertical (V) and horizontal 
(H) polarization of the radiation are given by 

In this case it is not important which moment pa or ~ c ,  tilts 
away from the long axis of the molecule by the angle P. The 
centers of gravity vvv and vvH of the bands JvV(v) and 
JVH(v) are given by expressions which follow from Eqs. (5) 
and (11): 

where 

The quantity vo gives the position of the center of gravity of 
the band 

obtained at the magic angle OM=54.7" between the electric 
vectors of the exciting and analyzed radiation. Approximat- 
ing the function vo(t) by the familiar e ~ ~ r e s s i o n ~ , ' ~ - ' ~  

where Av= vo(0)- vo(m), we obtain from Eq. (13) 

Since the function vo(t) is determined by the structural re- 
laxation of the environment surrounding the fluorescent mol- 
ecules while they are in the excited ~ t a t e , ~ " ~ - ' ~  the parameter 
6vR characterizes the temporal correlation between two re- 
laxational processes-rotational Brownian diffusion rear- 
rangement of the coordination environment of the excited 
molecules. 

In contrast to the previously studiedz2 influence of the 
correlation of these relaxational processes on the polarization 
characteristics of the spectra Jij(v,t) ,  the difference of vij 
discussed here refers only to the stationary spectrum Jij(v). 
There is no difference for the centers of gravity vij(t) = vo(t) 
of the bands Jij(v,t) in the isotropic phase.12 The parameter 
SvR vanishes when at least one of the following conditions 
holds: rO%rF or ~ ~ 9 7 ~  or the inverse inequalities. The 
physical reason for the difference of vvv and v v ~  is that for 
S@v>O the short-lived (long-lived) molecules with the 
spectrum p(v,t) occupying higher (lower) frequencies make 
the greatest contribution to the component Jvd v) [JVH(v)]; 

For rO= rR= rF, P=O, and the typical value Av=10 
cm-', the splitting vvv- ~ ~ ~ - 1 0 ~  cm-' can be easily ob- 
served experimentally, and it is comparable to the difference 
vxx- vzz in the stationary spectrum J..(v) of the impurity 
fluorescence of nematic liquid crystala6-10 The difference 
between the components vvv and VvH is larger for wide 
bands p(v) (14) with a flat maximum. In the case of Stokes 
excitation of fluorescence we have and the in- 
equalities vvvP VVH correspond to the inequalities 
P5PM=54.7". In the case of anti-Stokes excitation of fluo- 
rescence, in viscous solutions AV<O, '~ and in the case 
P5PM we have vVV5 vvH . 
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2.2. Nematic phase 

For Pe=O we obtain from Eqs. (5)-(9) 

vi,= vo-p 

The parameter vo (13) can be represented here in terms of 
measured quantities in the form 

where the fluorescence anisotropy 

is expressed in terms of the spectrum-integrated intensities 
J ~ ~ ( ~ ~ )  . 

The stationary quantities S, a m O ,  p ,  a ,  b, c,  and d are 
the averages, calculated as in Eq. (6) by the S(t) values, of 
the correlation functions @,,(t) and the functions 

The parameter p characterizes the shift of the center of 
gravity of the multiplet vij at an isotropic liquid-liquid crys- 
tal phase transition. It does not depend explicitly on the 
angles Pa,, , and it is determined by both the magnitude and 
the relaxational characteristics of the parameters eL(t) and 
(PL(t)) . To a first approximation?3924 ~ ~ ( t )  -SMAL(t), 
where SM is the orientational order parameter of the matrix 
molecules. If the impurity-matrix anisotropic interaction en- 
ergy in the state E?)(t) is higher than in the state E?)(t+ O), 
then AL(t)>O. For the absorption spectra of dyes in liquid- 
crystal matrices, this has been confirmed in the case of the 
parameter A2(0) for a wide range of o b j e ~ t s . ~ , ~ ~ , ~ ~ , ~ ~  AS a 
result of the relaxation of the environment surrounding the 
excited fluorescent molecules in the state ~$')(t), the func- 
tion AL(t) increases with time t. Together with the expected 
similar increase in the parameters (PL(t)), which has been 
confirmed only for ( ~ ~ ( t ) ) = ~ ( t ) , ' ~ ? ~ ~  this results in an in- 
creasing function p(t) for fixed s,. For a direct transition 
from the ground state into the excited emitting state of the 
fluorescent molecule, the value of p(0) determines the dis- 
placement of the center of gravity of the doublet 71s of the 
polarized components of the impurity absorption relative to 

the position vi of the absorption band in the spectrum of the 
isotropic phase.23 For this reason, for fixed parameter SM in 
Eq. (17) p>p(O), and at an isotropic liquid-liquid crystal 
transition, the long-wavelength shift in the center of gravity 
of the multiplet vij is greater than the shift in the center of 
gravity of the doublet 7 1 ~ .  This agrees with the experimental 
data.9910 The inequality p>p(O) should become stronger as 
7- increases. 

The fraction in Eq. (17) is responsible for the difference 
of the quantities vij, and it depends strongly on the angles 
Pa,, , the values and relaxational properties of the functions 
(19)-(23), and the values of 7,. In limiting cases, when TF is 
much less or much greater than all characteristic relaxation 
times of the functions (19)-(23), the expression (17) reduces 
to the expression obtained previously12 for vi,(t) at t=O or 
t=m. We assume below that we are dealing with an interme- 
diate situation. According to Eqs. (19)-(23), p ,  a ,  b, c,  and 
d are proportional to S M ,  and all other things being equal, 
the difference of the components vi, increases with Sw . This 
agrees with the data of Refs. 6, 9, and 10. The difference of 
the components vi, does not depend on the magnitude of the 
Stokes shift vo with respect to vi in the isotropic phase. This 
is confirmed by the fact that the values of Avf= vxx- v,, are 
close for different dyes, whose Stokes shifts vo differ by an 
order of magnitude, in the same 5CB 

When fluorescence is excited in different purely elec- 
tronic or vibronic transitions with different angles Pa(va), 
the values of vi, will be different, even though emission oc- 
curs from the same level. When, however, fluorescence is 
excited at different frequencies va with the same values of 
P a ,  the values of vij should remain unchanged, as was ob- 
served in Ref. 8 in the components v,, and vxx for the dyes 
R823 and R829 in a 6CB matrix. By analogy to the 
case vi,(t=0),12 Eqs. (10) and (17) imply that 
Ix,(Pa = 0) = I,,(P,= 90") and vx,(Pa = 0)  = v,,(Pa = 90°), 
but in contrast to vij(t= 0)  the quantities vxx(Pa = 0) and 
v,x(Pa=900) are now different, though they are close to 
one another. The degree of degeneracy of the spectrum vij is 
specified by the quantity TF , the angles Pa,, , and the ratio of 
the parameters appearing in Eq. (17). 

For Pa = PM we have Ixx = I,,, =I, and I,, = I,, . This 
corresponds, for all possible values of TF, to partial degen- 
eracy of the spectrum vij with independent components 
vxx = vxy = vzx = v l  and v,, = v,, = vi ,where 

At t=O the quantity a(0) =d(O) determines the splitting of 
the components yls in the absorption spectrum of the impu- 
rity for a direct transition from the equilibrium ground state 
E ~ ) ( o )  into the excited emitting state E?) (o) , '~ '~~  and for 
the dyes investigated thus far SO that a ,  d>O 
and vi  > vli . 

The parameters Svs and S,,, in Eqs. (17) and (24) are 
given by 
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Since v,(t)+p(t) and vo+p, these parameters characterize 
primarily the temporal correlation in the relaxation of the 
local environment (which in the nematic phase is not much 
different from the isotropic phase) of the excited fluorescent 
molecules, and in the relaxation of the functions S(t) and 
@,,(t), which reflect the long-range orientational order and 
the rotational diffusion of these molecules in the nematic 
phase. The parameters Svs and Svm vanish in the limits rF+O 
and rF+w. If Av>O in Eq. (15), then the difference 
vo(t)-p(t) decreases as t increases. Since S(t) then 
increa~esl~, '~ and the functions QmO(t) decrease, we have 
S,,,<O and Svm>O. For &L(t)>O we obtain, taking into ac- 
count the results of Ref. 12, the inequalities b(t)>O and 
c(t) < 0, which also hold for the values of b and c averaged 
as in Eq. (6). The contributions of the parameters d and Svs 
(c and Sa) to vij therefore reinforce one another, and the 
contributions of the parameters b and Sfi to vij suppress one 
another. 

In the general case with Pa# P,, the five independent 
components qj  correspond to five independent components 
I i j .  It follows directly from Eqs. (10) and (17) that 
( vxxS v,,) > vzx> vxz> vzZ for pa = pe = 0. For v,, > v,, and 
Pa=O, there exists in the interval O<Pa<PM an angle Pa 
= p: for which v,,= v,, , and for Pa > P:, v,, and v, vary 
with increasing Pa qualitatively as in the case t-0.' For 
v,,> v,, with Pa=O, these parameters vary with increasing 
Pa as in the case t=0,12 and the inequalities Pa5PM corre- 
spond to the inequalities vXy5 v,, . The inequality v,,> v,, 
holds for all Pa ,  and becomes stronger as Pa increases. The 
expected ratios of the parameters vij with O<Pa<PM agree 
with to the experimentally observed 

In Ref. 6, impurity fluorescence polarized along the z 
and x axes was excited by unpolarized radiation, i.e., 
the components Ji,(v) = [J,,(v) +J,,(v)]/2 and Ji,(v) 
= [J,,(v)+J,,(v)]/2 were recorded. The maxima vi, and 
vi, of these components satisfy v,,< vi,< v,, and 
v,,< vix< v,, . Accordingly, one would expect that vix> vi, , 
which was in fact observed experimentally.6 For Pa=900, 
vzx>v >vxx>vzz>vxz. 

"Y. 
Accidental degeneracy of the spectrum vij could be due 

to the ratio of the parameters appearing in Eq. (17). For 
example, v,, = v,, is possible if 

irrespective of the value of pa. This situation was realized in 
Ref. 10 for a dye with Be =0 and pa = 150. '~, '~  

For Pa =0, the values of vij are 

vij= vo-p 

Comparison of Eqs. (lo), (17), and (27) shows that P, 
(Pa=O) has the same effect on the ratio of vxx and v,, as 

does pa (Pe=0) studied above, taking into account the un- 
important replacement of Spas, by SpeS  From Eqs. (10) and 
(27) it follows, by analogy with the case vi,(t=0),12 that 
Izz(Pe = 90 O) = Izx(Pe = 0), which corresponds to 
v,,(P, = 90 ') = v,,(P, = 0). In contrast to vij( t = 0) , how- 
ever, the quantities v,,(P,=9O0) and v,,(P,=O) are now 
different, though close. 

For P, = PM , partial degeneracy of the intensities 
I,, =Ixy  = I,, and I,, = I,, corresponds to partial degeneracy 

- of the spectrum vij with components v,, = v,, - v,, = uy and 
v,, = v,, = v// , which are given by 

In contrast to vl\,, , the parameters ~ i i , ~  do not depend on the 
values of Svs and Svm . Moreover, the difference vy-4 de- 
pends strongly on r,, and because a+O, it approaches zero 
as 7F+w. 

12 

In the case P e 2 P M ,  in the inequalities presented above 
for Pa =90° (P, =0) the quantities u,, and v,, must also be 
interchanged for all v,,> v,,. For O<Pe<PM, however, the 
ratio of v,, and v,, depends on both parameters P, and 7,. 
For sufficiently large (small) r, and sufficiently small (large) 
pe ,  the inequality v,,< v, (v,,> v,,) probably holds. The 
accidental degeneracy v,,= v,, is therefore possible for in- 
termediate values of 7, and Pe . 

In summary, in both cases P,=O and Pa=O considered 
above, for values of 7, comparable to the characteristic re- 
laxation times of the system, except for cases of accidental 
degeneracy of the spectrum Y,, the number of independent 
components vij corresponds to the number of independent 
components Jij(v) in the isotropic and nematic phases of the 
liquid crystal. 

3. POLARIZED-FLUORESCENCE SPECTRUM AND THE 
RELAXATION OF THE ENVIRONMENT SURROUNDING 
IMPURITY MOLECULES 

The relaxation of the environment surrounding excited 
impurity molecules in the nematic phase is of great interest 
for the theory of rotational Brownian diffusion of such 
molecules25 and the interpretation of the observed anisotropy 
of the relaxation times rmO of the correlation functions 
@mO(t).'b Relaxation of the environment changes cL(t) and 
influences the values of each of the five unknown parameters 
appearing in Eqs. (17) and (27): p ,  a ,  d t=d -Svs ,  
b'  = b - Sfi, and c '  = c - Sv2. These parameters can be ex- 
pressed, by means of Eqs. (lo), (17), and (27), in terms of 
the measured quantities vij and Iij. For Pe=O we obtain 
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Here the summation extends over i ,  j =x,y,z and the equiva- 
lence of the pairs zx and zy, xz and yz, and xy and yx is 
taken into account. The formula (29) does not depend on the 
orientation of the vectors pa and ~ c ,  in the molecular coor- 
dinate system. For Pa =O and PeZO, we must set Spa = 1 in 
Eq. (30); in Eq. (31) the sum must be divided by Spe , and in 
Eqs. (32) and (33) Spa must be replaced by Spe . The prod- 
ucts Spas,, SpeS, and Spamo  in Iij can be found from the 
three degrees of depolarization Rj=JijlJii ( j  =x,y ,z) of the 
fluorescence bands (1) and the dichroism of the absorption of 
the exciting radiation.13,16 

The most informative parameters are p and a and the 
parameter 

defined in terms of them. Comparison of quantities with the 
experimental values of p(0), a(O), and ~ ( 0 )  yields informa- 
tion about the relaxation of eL(t). According to Ref. 23, in 
the case of uniaxial impurity molecules with the electronic 
transition moment polarized along the long axis of the mol- 
ecule, the positions of the maxima y~~ of the polarized com- 
ponents DIIJ(v) of the optical density are 

where vi is the position of the maximum of the impurity 
absorption band in the isotropic phase of the matrix. Hence 
we obtain 

We now use the experimental data on y ~ , ~ , ~ ,  vo, and vfiO 
and S, , S, and @A: for a fluorescent dye with Pa=150 and 
Pe=O in the nematic 5CB matrix, to determine the values of 
p ,  p(O), a ,  and a(0) for different values of AT= Tc - T, 
where T, is the temperature of the nematic-isotropic liquid 
phase transition. For AT=l K, we obtain (in cm-') 

Using Eqs. (19), (20), and (34) and the difference between S, 
and s,13 it follows that the parameters cL(t) increase with t, 
and their rate of change is greater than the rate of increase of 
(PL(t)) or the rate of decrease of the correlation functions 
(P2(0)PL(t)), but comparable to the rate of decrease of the 
correlation functions12 

This agrees with the experimental data of Ref. 15 on the 
kinetics of v,,(t) = vo(t) -p(t) for the maximum of the mo- 
nomeric fluorescence band of the 5CB molecules themselves 
at temperatures TST,. After pulsed excitation at t=O, the 
quantity vcg(t) saturates at t=100 ps,'5 i.e., the effective 
relaxation time of the parameters cL(t) is some tens of 
picoseconds for this liquid crystal and this temperature 
range, and is less than the relaxation time rw of the correla- 
tion function @,(t) = (P,(0)P2(t)) (which is of the order of 
nanoseconds). It should be noted that just as in the case of 
isotropic solutions, different types of anisotropic impurity- 
matrix interactions with a corresponding spectrum of relax- 
ation times contribute to the parameters eL(t) of each 
rank.17,19 It is therefore only to a first approximation that 
cL(t) can be regarded as relaxing with only a single effective 
relaxation time 6. For AT= 13 K, we obtain (in cm-') 

Comparison with Eq. (37) shows that far from Tc, in 
addition to eL increasing owing to an increase in the orien- 
tational ordering of the liquid crystal, the rate of change of 
eL(t) decreases, as a result of which the ratios plp(O), 
cplrp(O), and ala(0) decrease compared to their values at 
T-T,. This agrees with existing data on the relaxation of a 
solvent in the case of isotropic s~ lu t ions , '~"~  and it may be 
connected with both an increase in the local viscosity of the 
matrix with decreasing temperature T and a change in the 
orientational ordering of the liquid crystal. The large differ- 
ence in p(0) at AT=l  K and 13 K indicates that the contri- 
butions to p(0) of terms with different values of L become 
redistributed as the orientational ordering of the impurity 
subsystem changes. Moreover, the ratios of the parameters 
eL(t) of different rank can vary with time t. 

4. CONCLUSIONS 

The present approach to analyzing the stationary polar- 
ized fluorescence spectrum of an impurity in a nematic liquid 
crystal is not tied to any specific type of intermolecular in- 
teraction or model representation of the ordering and dynam- 
ics of the impurity molecules. The results of our analysis 
agree with all existing experimental data for uniaxial fluores- 
cence molecules with respect to the number of independent 
components vij , the ratio between these components for dif- 
ferent orientations of the absorbing and emitting oscillators 
relative to the longitudinal molecular axis, and the depen- 
dence of the shift of the center of gravity vcg of the multiplet 
vij and the differences of the components vij on the orienta- 
tional ordering of the matrix and the impurity subsystem. If 
there is no accidental degeneracy of the spectrum vij, the 
number of independent components qj equals the number of 
independent components of the intensity Jij(v) in the isotro- 
pic and nematic phases of the liquid crystal. 

Quantitative information about the parameters character- 
izing the relaxation of the environment surrounding the ex- 
cited impurity molecules in the nematic phase can be ob- 
tained by using data on the intensity, together with data on 
the position of the polarized bands in the impurity absorption 
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and stationary fluorescence spectra. The temporal correlation 
between the coupled Brownian rotational diffusion of excited 
molecules and the relaxation of their environment contrib- 
utes to the difference of the components vij  in the nematic 
phase, and it is responsible for the difference of the centers 
of gravity of the two independent polarized components 
J i j ( v )  in the isotropic phase. The latter effect is a character- 
istic feature of the stationary spectrum J i j ( v )  and is absent 
from the kinetic spectrum J i j ( v , t )  of the same system. 

The approach developed here can be tailored to the in- 
terpretation of the stationary fluorescence spectra of arbitrary 
impurity molecules in uniaxial molecular media of different 
nature. 
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