This article was downloaded by:

On: 25 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

Experimental determination of molecular polarizability anisotropy of

nematogens by depolarized Rayleigh light scattering

Kazuhiro Yokota?; Tatsutoshi Shioda? Michi Nakata?; Yoichi Takanishi*; Ken Ishikawa? Hideo
Takezoe®;, Masamitsu Ishitobi’; Chizu Sekine”

2 Department of Organic and Polymeric Materials, Tokyo Institute of Technology, O-okayama,
Meguro-ku, Tokyo, 152-8552, Japan, ® Sumitomo Chemical Co., Ltd., 6 Kitahara, Tsukuba, 300-3294,
Japan,

Online publication date: 11 November 2010

To cite this Article Yokota, Kazuhiro , Shioda, Tatsutoshi , Nakata, Michi , Takanishi, Yoichi , Ishikawa, Ken , Takezoe,
Hideo , Ishitobi, Masamitsu and Sekine, Chizu(2003) 'Experimental determination of molecular polarizability anisotropy
of nematogens by depolarized Rayleigh light scattering', Liquid Crystals, 30: 6, 697 — 700

To link to this Article: DOI: 10.1080/02678290310000
URL: http://dx.doi.org/10.1080/02678290310000

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-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 formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clains, proceedings, demand or costs or danmmges 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/10.1080/02678290310000
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:16 25 January 2011

Downl oaded At:

LiQuip CrystaLs, 2003, VoL. 30, No. 6, 697-700

Taylor & Francis
Taylor &Francis Group

Experimental determination of molecular polarizability anisotropy
of nematogens by depolarized Rayleigh light scattering
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(Received 23 August 2002; in final form 28 January 2003; accepted 28 January 2003)

The anisotropy of molecular polarizability A« of several nematogens has been determined by
depolarized Rayleigh light scattering. The experimentally determined values were found to be
noticeably smaller than those obtained by MOPAC calculation. Ax values determined from
order parameter S and refractive indices show reasonably good agreement with those determined
in the present experiment. This result warns us that Ao calculated by MOPAC, particularly
at a finite wavelength, may be larger than the true value.

1. Introduction

For the display application of liquid crystals, nematogens
with a large birefringence An are sometimes required. An
becomes large when the order parameter S and aniso-
tropy of molecular polarizability Aa = oy — o are large—
oy and oy are the molecular polarizabilities parallel and
perpendicular to the molecular long axis, respectively.
Since components of the dielectric constant ¢ parallel
and perpendicular to the director, ¢, and ¢, , are given

by [1]

NGE+2 2
§=n2=1+§;b)<&+3SA%) (1)
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0

then An is given by [1]
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where N is the number of molecules per unit volume, &,
is the permittivity of vacuum, and & and & are average
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values of ¢(=n?) and polarizability o,
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To obtain materials having high An, molecules with high
Ao have been designed by MOPAC calculation and
synthesized [ 2, 3]. However, An experimentally determined
is always smaller than that obtained using calculated
Ao and experimentally determined S [2, 37]. This fact
motivated us to determine Ao experimentally.

To obtain Ax experimentally, we made use of depolarized
Rayleigh light scattering. This method was developed
by Patterson and Flory [4]. As far as authors are aware
however, there are no reports of measurements on liquid
crystal molecules. In this paper, we apply the technique
to determine Ao of nematogens and compare with Awx
determined by MOPAC calculation

2. Principle
The incidence of light into molecular systems induces
a dipole p proportional to polarizability «, and an electric
field E in each molecule, resulting in the scattering of
light. If the molecules are isotropic, the polarization state
of scattered light is the same as that of the incident light.
In anisotropic molecules, however, « is a tensor quantity,
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so that depolarized scattered light with a different
polarization component from that of the incident light
is emitted. The depolarized component is large for
molecules with large anisotropy. Hence, the analysis of
the depolarized scattered light gives the anisotropy of the
molecular polarizability A«. This is the principle of
the depolarized Rayleigh light scattering method.

Let us consider the scattering geometry shown in
figure 1. Light linearly polarized along the Z axis
(vertical; V) is incident along the Y axis, and induces a
dipole in a molecular located at the origin; this causes
light scattering. We observe Y-polarized (horizontal; H)
scattered light at a distance r from the origin in the
X direction. We consider a uniaxial molecule with a
polarizability tensor

o 0 0
a=|0 a O (6)
0 0 o

The induced dipole moment p is given by
p=0oE (7)

where o' is o at an arbitrary orientation and E is an
electric vector of the incident light. The Y-polarized
scattered intensity is proportional to the square of py
averaged for random orientation, and is given by

16m* 16m*

I= Fz;u4 pr%,ave:WpV(al_us)zE%a (8)

where V is a scattering volume, p the number density of
molecule and 4 the wavelength of light. N in equations
(1)-(3) and p in equation (8) are connected by the
relation, N = N, p/M, where N , is the Avogadro number
and M is the molecular mass number. Since the scattered
light intensity depends on r and V, it is convenient to

Incident beam W

\Y

Figure 1. Optical geometry for depolarized Rayleigh light
scattering.

define the Rayleigh ratio R by

R Ir? 16n*\/ p Ay 9
_IOV_< pE ><1s>( ) ©)
where [, is the incident light intensity and the relation
Ao = oy — o 1s used.

Under our experimental conditions, liquid crystal
molecules are dissolved in a solvent. Hence, corrections
must be made by taking account of (1) scattering from
the solvent, (2) the effect of an internal field and (3)
intermolecular interaction. The correction for (1) is made
by subtracting the contribution of the solvent R®" from
the overall contribution of the solution R*°™,

AR = Rsolu _ Rsolv. (10)

The effect of (2) was taken into account by using the
Lorentz field, neglecting the effect of an anisotropic local
field. Thus, the polarizability anisotropy of molecules
dissolved in a solution of refractive index n is given
by {(n* + 2)/3}Aa. Then, equation (10) is finally given by

ol ol 16m\/n*+2\*/ p
AR =R ! —R ! =</L4>< 3 ><15 (A(Zapp)z

(11)

where Aa,,,, is an apparent molecular polarizability aniso-
tropy that contains the effect (3). To remove this effect,
the dependence of (Ax,,,)* on number density must be
obtained. (Ax)” is finally obtained by extrapolating (Ac,,)*
to zero number density.

3. Experimental procedure
The experimental set-up for depolarized Rayleigh light
scattering is schematically shown in figure 2. All the optics
are placed in a dark box to detect the very weak scattered
intensity. The light from a He-Ne laser (10 mW) was
polarized by a Glan—-Thompson prism, whose extinction

Y

""" photodiode!

Glan-Thompson
T I light trap
» ]

prism
He-Ne laser, %
beam splitter l

. | Glan-Thompson :

—— prism .

lock-in . optical '

digital amplifier : l:=! I‘<j chopper '

—  voltmeter . PR

- —
i band-pass
— personal ' filter
computer H

Figure 2. Experimental set-up for depolarized Rayleigh light
scattering.
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was better than 1:10° The light scattered through
another Glan—-Thompson prism was detected by a photo-
multiplier and amplified by a lock-in amplifier. A band-
pass filter with 10 nm half-width was used to avoid stray
light and Raman scattering from the sample cell.

The structures of samples used are shown in figure 3.
All of them except for 2CB and 4CB show only the
nematic liquid crystalline phase. The compounds 3CPO2
and 5BP1 are supposed to have small anisotropy, since
there is no strong polar group. In contrast, 6PA3 has a
large anisotropy due to a large m-conjugated system [ 37].

The compounds were dissolved in CCl, and the solutions
were introduced into a rectangular cuvette through a
membrane filter (0.5 um pore), great care being taken to
measure accurately the density of solute and to avoid
dust. The accurate determination of the Rayleigh ratio
R is generally not easy. Hence, R values of the target
compounds were determined by calibrating the scattered
intensity of our samples, using the scattered intensity
from benzene as a standard material whose R is known,
viz. 9.23 x 10~®cm ! for a polarized (Z-in, Z-out, W)
scattering condition.

4. Experimental results and discussion

Figure 4 shows the reduced Rayleigh ratio AR as a
function of solute number density for (@) 3CPO2, (b) 5BP1,
() 6CB and (d) 6PA3. In all cases, the dependence is
non-linear. This behaviour is the same as that in other
molecules previously reported [4-6]. The non-linear
behaviour indicates the effect of intermolecular inter-
action. (Ao,,,)* was determined using figure 4 and
equation (11) and plotted as a function of the number
density. The results shown in figures 5(a—d) show a
linear dependence in all samples. The intersect at zero
number density in figure 5 gives (Ax)?.

The (Aa)3g, values thus obtained are summarized in
the table, where (Ax)}opac values obtained by MOPAC
calculation [7] are also shown for comparison. In the
MOPAC calculation, not only the same wavelength as

3CPO2 CsHv@—@ocsz
nCB CnH 2n+1 CN
(n=2, 4, 5, 6)

CH;

wo ol =

Figure 3. Samples used in the experiments.

in the experiment (633 nm, 1.96¢eV) but also the infinite
wavelength (0eV) were used. The (Ax)3g, values are
one-half or one-third the (Ax)jopac values at 1.96¢eV.
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Figure 4. Reduced Rayleigh ratio AR as a function of number
density for (a) 3CP2, (b) 5BPI, (c) 6CB and (d) 6PA3.
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Figure 5. Apparent molecular polarizability anisotropy (Ac,y,)*
as a function of number density for () 3CP2, (b) SBP1,
(c) 6CB and (d) 6PA3.

Table. Measured and calculated molecular polarizability
anisotropy (Aw)igs and (Ao)yopac, for seven compounds.
(Aw)2s values calculated using n experimentally determined
and assuming the order parameter S = 0.7 are also shown
for three compounds. They show better agreement with
(Ao)3gs values than do (Ax)fopac values.

(AOC)%/IOPAC/A6

(A /A®  at 1.96eV  at0eV  (Aw)g/A°

3CPO2 121 287 217 71
5BP1 273 789 533
2CB 529 1090 743
4CB 570 1169 793
5CB 552 1196 812 547
6CB 563 1223 828
6PA3 3618 10 785 5930 5224
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(A)3iopac values at 0eV give values closer to the experi-
mental result, although the difference is still serious.
However, the relative magnitudes of (Ax)? for seven
compounds show a similar trend both for (Aw)3z, and
(A)}opacs and both show good positive correlation, as
shown in figure 6, where the points plotted in log-log
scales are on straight lines of a slope of unity, as shown
by the dotted lines. The intersections to the ordinate
give average factors of the difference between experiment
and MOPAC calculation: (Aw)Zopac = 1.5 (Aa)igs for
0eV and (Ax)}opac = 2.5 (Ax)ig, for 1.96€V.

In the calculation, we treat a single molecule, in vacuum,
with its most stable molecular structure, while in the
experiment, molecules are dissolved in solution and take
various configurations. In this sense, it is rather surprising
to find such a good correlation. In the present analysis,
we use Vuks’ model, in which anisotropic local field is
neglected. The good correlation over a wide range of
anisotropy of the refractive index shown in figure 6
implicitly reveals the validity of the Vuks’ model.

We also examined the effect of solvent on the MOPAC
calculation. According to the calculation made for
molecules in CCl, (¢ =2.228 at 25°C), the solvent effect
is negligible. Moreover, the effect cannot be seen even if
we use a dielectric constant larger by a factor of 2.

It is found in both experimental and calculated results
for nCB that (Ax)3g scarcely depends on alkyl chain length,
indicating that the polarizability is governed mainly by
the polar group and its associated conjugation.

The right-hand column in the table shows (Aa)Zg values
calculated using n (=n,) and n, (=n,) experimentally

100000
® Aa (OeV)
O Aa (1.96 eV)
~ 10000 o
Q & 6PA3
('R S,
o) .
= L
g ,,:'/,
1000 - Q,ﬁ' hCB
,'::«"SBP1
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100 L e
100 1000 10000 100000

2
A0dRs

Figure 6. Correlation between molecular polarizability
anisotropy values determined by depolarized Rayleigh
light scattering and by MOPAC calculation in a log-log
plot. The two dotted lines have a slope of unity for 0eV
and 1.96¢V.

determined, and assuming the order parameter S =0.7:
Using these values, we can deduce & and A« using
equations (1) and (2). Since the anisotropy of the macro-
scopic polarizability is proportional to S, the anisotropy
of molecular polarizability is inversely proportional to
S. Hence, if we use S =0.5, we will have a molecular
polarizability larger by 40%. For 5CB, a very good
agreement between (Ax)2s and (Ao)ig, is obtained. A
more quantitative comparison, by taking account of the
anisotropic local field and the dispersion of the refractive
indices, and using an experimentally determined S, may
lead to a better agreement in 3CPO2 and 6PA3. In
particular, the effect of anisotropic local field [ 8] could
be serious, although the estimation of (Ax)%s was based
on Vuks’ model neglecting the local field anisotropy. The
contribution of the local field factor [(n* 4 2)/3]? has to be
examined. However, a good correlation between measured
and simulated molecular polarizabilities (figure 6) suggests
that the effect is not so serious. At the present stage,
however, we may conclude, by the comparison among
these (Ao)? values: the measured (Ax)3g, agrees more closely
with (Aa)%s expected from refractive index anisotropy,
than does (Ax)Zopac from MOPAC calculation.

5. Conclusion
Molecular polarizability anisotropy was determined
experimentally by depolarized Rayleigh light scattering.
The values agree with those expected from refractive
index anisotropy. It is also concluded that molecular
polarizability calculated using MOPAC always gives values
larger than the true value.

This work was partly supported by ASET (Association
of Super-Advanced Electronics Technologies). We
acknowledge Drs S. Naemura and H. Sato for commenting
on the MOPAC calculation.
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