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Depolarization ratios in polarized fluorescence have been measured for 4-amino-4'-
nitrobiphenyl dissolved in 5CB as a fluorescent probe. The temperature dependence
of orientational order parameters P, and P, and anisotropic rotational correlation
times have been investigated.

1. INTRODUCTION

Experimental determination of order parameters is the subject of
primary importance in the fundamental research of liquid crystals.
The second (P,) and fourth (P,) orientational order parameters have
been obtained from the polarization characteristics of Raman scat-
tering,!~* fluorescence,>® ESR,” X-ray® etc. Among those, fluores-
cence method has an advantage over others in that it provides not
only the averaged quantities P, and P, but also, in principle, dynam-
ical information such as the orientational relaxation time. There has
been considerable effort to obtain such information from the polar-
ization characteristics of fluorescence, but no satisfactory method has
been established so far.’6:9~1

In this work, the fluorescence depolarization ratio of 4-amino-4'-
nitrobiphenyl (ANB) dissolved in nematic 4-pentyl-4’-cyanobiphenyl
(5CB) has been measured to probe the molecular orientational be-
havior of the liquid crystal. The result has been used to derive P,
and P, and the anisotropic orientational relaxation time near the
nematic-isotropic phase transition temperature.
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2. EXPERIMENTAL

ANB was synthesized by the reported method,'? and was purified by
recrystallization from ethanol before use. It was dissolved in 5CB at
a concentration of 0.08wt%, and the fluorescence measurement was
carried out on the isotropic and nematic phase in a sandwich-type
glass cell. The experimental set-up was essentially the same as in the
previous resonance Raman studies.* 457.9nm line of Ar* laser was
used for excitation of fluorescence. The depolarization ratio of the
fluorescence was determined by averaging the measured values at
seven points within the broad band ranging over 550-770nm, as
shown in Figure 1.

For homogeneously aligned samples, the exciting light polarized
either in Z (optical axis) or Y axis was irradiated along the X-axis,
and the depolarization ratios R, = Iy,/I;7 and R, = I,y /Iy were meas-
ured in the X-direction. Iy, denotes the intensity of Y-polarized
component of fluorescence excited by Z-polarized laser light.

Another ratio R; = Iy /Iy was measured in a homeotropic sample,
in which the exciting light was irradiated along the optical Z-axis.

A,=457.9nm
sensitivity 250%10 pulses/sec
scan speed 250 crn'yrnin

1001

6000 4000 2000

FIGURE 1 The fluorescence spectrum of ANB excited Ar* laser. Abscissa indicates
the Stokes shift from 457.9nm. Arrows are the sampling points of fluorescence de-
polarization ratio.
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3. RESULT AND DISCUSSION

In Figure 2, experimental depolarization ratios are plotted against
the reduced temperature T* = T/Ty,, where Ty, denotes the nematic-
isotropic phase transition temperature. The measurement was carried
out at two different thicknesses of the sample, resulting no appre-
ciable difference in the R-values within the accuracy of measurement;

RZ
15 - ‘0\{:\%
\{,\b
by
1.0 I
R
0.5 —03 o —0-
R‘
. . o —o———&-00P
1 } 1 |

0.99 .0T*

FIGURE 2 The variation of depolarization ratios of fluorescence R,, R, and R,
against the reduced temperature T* = T/Ty; (cell thickness 25 ).
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+0.01 for R, and R, and +0.03 for R,. In the isotropic phase
(P,=P,=0, C=C,), all the depolarization ratios degenerated into
R, =0.49 =0.02.

Both the absorption and resulting emission under consideration are
most probably assigned to an identical intramolecular charge-transfer
transition. The absorption transition moment is parallel to the C, axis
of ANB. Since ANB molecule most probably retains the C, symmetry
in the excited state, the emission transition moment is concluded to
be parallel to the C, axis from the nature of the transition. Thus, the
transition moments of absorption and emission are taken to be par-
allel each other, lying in the molecular long axis. This fact brings a
considerable simplification in the interpretation of the experimental
results, allowing one to consider only the effect of rotational Brown-
ian motion of ANB molecules on the depolarization of fluorescence.

According to the theory of rotational diffusion of effectively cylin-
drical molecule in a uniaxial anisotropic media, the intensity of flu-
orescence is given, when both of the absorption and emission mo-
ments are in the molecular axis as present case, as!!

Iz = 1/9 + (4/9)P, + (4/9)Ry,

1/9 + (1/9)P, — (2/9)Ryo

Iy; = 17y

It

1/9 — (219)P, + (1/9)Rps — (1/3)Ry

Iyx = Ixy

19 — (219)P, + (1/9)Ry + (13)Ry (1)

Ixx = Iyy

where

Ry = (1.0/75) fo oo (t)exp( — tirg) dt

Ry = (1.0/7g) f: bo (t)exp(—tg) dt (2)

for the steady state experiment. Ry, and R, represent the effect of
rotational Brownian motion on fluorescence intensities. 7 is the flu-
orescence life time. &gy, and ¢, are the correlation function of Wigner
rotation matrix D), () defined as

boo (1) = DE (0))DE} (1)),
da(t) = DF (2(0)) D53 (X(1))

3
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where Q(r) = (a(t), B(r), ¥(t)) represents a set of Eulerian angles of
molecular-fixed coordinates with respect to laboratory-fixed coordi-
nates at time t, and the bar implies an ensemble average. It can be
easily shown from Eq. 1 that P, is represented analytically by R,, R,
and R;, independent of details of relaxation, as'®

P, = (Ry(1+R)) — Ri(1+Ry))/(Ry(14+4R)) + 2R,(1+R3)) (4)
Assuming an exponential decay for dg(f) and (1),
Srn(!) = (Grn(0) = Grna(2))EXP(~ #T100) + Ga(*)s ®)
Ry and R, can be written as

Roo = Piroo/(Te+700) + A

Ry = (1/5 = (2IT)P5 + (3/35)P)1/(T20 + TE), (6)

where 7., represents the reorientational correlation time. Then, de-
polarization ratios are given, from Egs. 1 and 6, as

_ 115 + (121)P, — (4135)P, + (29)CoA,
YUS + (4P, + (835)P, — (4/9)Co Ao

V15 + (1R1)P, — (435)P, + (219)CoAg
15 = (2IMP, + (3/35)P, — (1/9)C,A4, — C,A,

2

R, = 115 = (221)P, + (1/35)P, — (119)CoAo + C A, ™
T U5 — (UT)P, + (335)P, — (119)CoAq — C,A,

where
Co = /(e + 7o), C2 = Te/(Te + T20) (8)
and
A, = 15 + (TP, + (18/35)P, — (P, = (P, — P,)?
A, = 115 — (221)P, + (1/35)P, 9)

Note that these expressions for R;, R, and R; of fluorescence
depolarization reduce to those of resonance Raman scattering, if 7¢
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1s set equal to zero, i.e. Co=C,=0.% In the isotropic phase, P,=0,

=0and C,=C, = C;,, hold, and three expressions of Eq. 7 naturally
degenerate to single expression, R, = (1+(2/3)Ci.)/(3 - (4/3)Cig,)-
Of the four unknown quantities in Eq. 7, P,, P,, Cy and C,, P, is
easily evaluated by Eq. 4, but it should be noted that the unique
determination of P,, C, and C, is not allowed in Eq. 7, because only
two quantities, for example — (4/35)P, + (2/9)CyA, and (3/35)P, —
(1/9)CyAq— C, A, are independent unknowns in Eq. 7 besides P,.
This can be seen more clearly in Eq. 1. In order to be determined
all the four quantities P,, P,, C, and C,, a relation is required to be
known between these. This reminds us of the observation that the
variance of the second order parameter (P, — P,)? changes contin-
uously from the nematic to isotropic phase.!* This fact was shown to
be valid in a number of systems studied previously and is likely to
hold in general. When the continuous change of variance is assumed,
one obtains the following equation at Ty,

P = (SN8)PY (TP - 2) (10)
The depolarization ratios at Ty, are obtained by extrapolation in Fig.

2 to give RY' = 0.30 = 0.01, R}' = 1.10 + 0.02 and R} = 0.49 =
0.02. Then, we have

NI
)

i

0.30
CY' = 0.44 + 0.04, C)

1+

0.01, PY

+

0.01 = 0.01,
0.38 = 0.03.

+

+

Since the local environment of a molecule changes rather slowly with
temperature in a liquid crystalline state, C, may be assumed to be
approximately constant in the temperature range near Ty; in the
nematic phase, i.e. C, = C31 = 0.38 = 0.03. In the isotropic phase
near Ty, depolarization ratios reduce to R, =R,=R;=0.49 = 0.02.
Then we obtain C,=Cy;=0.36 = 0.02 in the isotropic phase. Thus
we found that C, remains nearly constant even for the nematic-iso-
tropic phase transition. This fact is an encouraging guarantee of ac-
curacy of the assumption made above. Then, we can determine P,,
P, and C, and C, from Eq. 7 so as to reproduce the observed R, R,
and R;. P, thus obtained are shown in Figure 3.

We have also measured absorption dichroic ratio R = A, of
probe molecule, where A, and A, are the absorbance for parallel and
perpendicular polarization of the incident light. Then P, was evalu-
ated by
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P, = (n./n )R - 1 an
(n./n)R + 2
Here n_ and n,, are refractive indices of the sample for extraordinary
and ordinary light. In Figure 3, we can see that P, from fluorescence
is in good agreement with that from absorption dichroic ratio over
the measured temperature range. The agreement of both results is
quite encouraging as a measure of accuracy of the present results.
We found Cj is substantially independent on temperature over the
measured temperature range, that is

C, = 0.40 + 0.05

The approximate constancy of C; is in accord with the assumption
of unchangeable molecular local environment used in the calculation.
From the values of C, and C, thus estimated, we obtain 7o /7=1.6
* 0.3 and 7o/1e=1.5 * 0.3. The result clearly shows that reorien-
tational correlation times are of same order of magnitude with flu-
orescence life time, hence they are of essential importance to the

06

P,

:.\O
" oo

- H

2 | 1

|
0.99 1.0 T*

FIGURE3 —0—0—0—; I_>2 of the present method. —®—e—e—; ?’2 evaluated
from absorption dichroic ratio of ANB.
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fluorescence depolarization in a liquid crystalline state. The conclu-
sion agrees with that of Dozov and Penchev.!® The two correlation
times Ty, and 7,, were estimated to be equal within the range of errors.
In the isotropic phase there is no difference between Ty and T,.
Then, the approximate equality of 7y and 7, in the nematic phase,
and a rather small difference of correlation time in nematic and is-
otropic phase will imply a close similarity of local environment of a
molecule in both phases.

As regard to P,, we evaluated a rather small value P,=0.02 +
0.06 without observing definite systematic change in the temperature
range of measurement. Probably, a more accurate measurement of
depolarization ratios would be needed to detect a slight change of P,
with the change of temperature.

References

1. S. Jen, N. A. Clark, P. S. Pershan and E. B. Priestley, J. Chem. Phys., 66, 4635
(1977).
. K. Miyano, J. Chem. Phys., 69, 4807 (1978).
. V. F. Shavanov, E. M. Averyanov, P. V. Adodenas and V. P. Spirindorov, Sov.
Phys. JETP., 44, 970 (1978).
4. H. Yoshida, Y. Nakajima, S. Kobinata and S. Maeda, J. Phys. Soc. Jpn., 50,
3525 (1981).
5. L. L. Chapoy and D. B. Dupre, J. Chem. Phys., 70, 2250 (1979).
6. 1. Penchev and 1. Dozov, Phys. Letters, 60A, 34 (1977).
7. G. R. Luckhurst and R. N. Yeates, J. Chem. Soc. Farady, Trans., 72, 996 (1976).
8. B. Bhattacharjee, S. Paul and P. Paul, Mol. Cryst. Lig. Cryst., 88, 245 (1982).
9. A. Szabo, J. Chem. Phys., 72, 4620 (1980).
10. I. N. Dozov and I. I. Penchev, J. Luminescence, 22, 69 (1980).
11. C. Zannoni, Mol. Phys., 38, 1813 (1979).
12. J. P. 1doux, J. Chem. Soc., {c), 435 (1970).
13. S. Kobinata, H. Yoshida and S. Maeda, Mol. Cryst. Lig. Cryst., 99, 139 (1983).
14. A. ]. Leadbetter, R. M. Richardson and C. N. Colling, J. Phys. [Paris], 36, C1-
37 (1975).

W N



