N
N

N

HAL

open science

DIELECTRIC RELAXATIONS AND
INTERMOLECULAR INTERACTION IN SEVERAL
BINARY NEMATIC MIXTURES OF

P-METHOXYBENZYLIDENE - P-N-BUTYLANILINE

AND NON-MESOGENIC COMPOUND
S. Yano, K. Terashima, Y. Watanabe, K. Aoki

» To cite this version:

S. Yano, K. Terashima, Y. Watanabe, K. Aoki.
TERMOLECULAR INTERACTION IN SEVERAL BINARY NEMATIC MIXTURES OF P-
METHOXYBENZYLIDENE - P-N-BUTYLANILINE AND
Journal de Physique Colloques, 1979, 40 (C3), pp.C3-322-C3-325.

00218758

HAL Id: jpa-00218758
https://hal.science/jpa-00218758
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

DIELECTRIC RELAXATIONS AND IN-

NON-MESOGENIC COMPOUND.
10.1051/jphyscol:1979362 . jpa-


https://hal.science/jpa-00218758
https://hal.archives-ouvertes.fr

JOURNAL DE PHYSIQUE Collogue C3, supplément au n° 4, Tome 40, Avril 1979, page C3-322

DIELECTRIC RELAXATIONS AND INTERMOLECULAR INTERACTION
IN SEVERAL BINARY NEMATIC MIXTURES
OF P-METHOXYBENZYLIDENE — P’-N-BUTYLANILINE
AND NON-MESOGENIC COMPOUND

S. YANO, K. TERASHIMA, Y. WATANABE and K. AOKI
Department of Synthetic Chemistry, Gifu University, Kagamigahara, Gifu 504, Japan

Résumé. — Les relaxations diélectriques anisotropiques en plusieurs mélanges linéaires nématiques
de MBBA et les composés non-mésogéniques orientés par champ magnétique ont ét€ mesurés dans
la région des fréquences entre 300 Hz et 3 MHz. La viscosité a été mesurée en I'état isotropique.
Les composés non-mésogéniques utilisés sont : chloroforme, m-xyléne et 1,3,5-triméthylbenzéne
qui sont les molécules non-linéaires, et p-n-butylaniline, p-xyléne et azobenzeéne qui sont les molé-
cules linéaires. Par I'utilisation de la théorie de Meier et Saupe, on conclut que les molécules linéaires
fortifient une interaction intermoléculaire en longue portée dans les mélanges nématiques et les
molécules non-linéaires n’affectent pas toutes interactions intermoléculaires.

Abstract. — Anisotropic dielectric relaxations in several binary nematic mixtures of MBBA and
non-mesogenic compound oriented by magnetic field were measured in the frequency range of
300 Hz to 3 MHz. Viscosity measurements were also made in the isotropic state. Non-mesogenic
compounds used were non-linear shaped molecules such as chloroform, m-xylene, and 1,3,5-trime-
thylbenzene, and nearly linear shaped molecules such as p-n-butylaniline, p-xylene, and azobenzene.
By using the Meier-Saupe theory, it is concluded that the linear shaped molecules strengthen — a
long range — intermolecular interaction in the nematic mixtures, and the non-linear shaped molecules

do not affect both a long range — and a short range — intermolecular interaction.

1. Introduction. — The study on intermolecular
interaction in nematic liquid crystals has been one
of the most important problems among workers
on nematic liquid crystals during the past decade,
because the physical specificities of nematic liquid
crystals essentially originate in the anisotropic inter-
molecular interaction in the nematic phase {1].

Recently, intermolecular interaction of binary
nematic mixtures has been studied by several
workers [2-6]. Binary nematic mixtures are divided

briefly into two categories, nematic — nematic
compound system and nematic — non-mesogenic

compound system. The former systems frequently
exhibit a phase diagram with a eutectic point. The
curve connecting Ty c-n and concentration of solute
was thermodynamically explained by the Schroeder
van Laar eq. [2]. Here, Ty+c-n IS @ transition tempe-
rature, at which nematic + crystals phase changes
to nematic phase. So, the eutectic mixing ratio can be
determined. On the other hand, changes of Tx_nip
and Ty.-; Wwith solute concentration are not so
straightforwardly explained, and recently it was
indicated by the lattice model theory {3], the virial
expansion theory [4] and the HJL theory [5] that
these transition temperatures were related to an

intermolecular interaction between solvent and solute
molecule. Ty n+; and Tyig-; are a transition tempe-
rature from nematic to nematic + isotropic phase
and that from nematic + isotropic to isotropic phase,
respectively. These theories predict that the shape
of solute molecule play an important role in an
intermolecular interaction. The intermolecular inter-
action increases with increasing the ratio of the
molecular length along the long molecular axis to
the diameter of the short molecular axis. The inter-
molecular interaction is connected to activity coeffi-
cient of solute in nematic mixtures, which can be
measured by gic and NMR methods. Therefore,
it is worthy to estimate the intermolecular interaction
in the nematic mixtures by determining the activity
coefficients from phase diagram, glc and NMR results.
However, it must be pointed out that application
of the three theories is restricted to a dilute concen-
tration region of solute.

It is well known [7] that oriented nematic liquid
crystals have two anisotropic dielectric relaxations,
H-relaxation in the higher frequency and L-relaxation
in the lower frequency. Meier and Saupe [8, 9] explain-
ed theoretically the mechanisms of the two dielectric
relaxations by assuming that the H-relaxation is
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due to the molecular rotational motion around the
long molecular axis of nematic molecules, and that
the L-relaxation is caused by a tumbling motion
around the short molecular axis hindered by the long
range intermolecular interaction of nematic
ordering. They derived the following relation between
the relaxation time for the H-relaxation, 7y, and that
for the L-relaxation, 7,

1 /ty = kT/q.exp(g/kT — 1) = kT/q.exp(g/kT) .

O]
Here, ¥ and T are the Boltzmann constant and
absolute temperature, respectively. ¢ is a potential
barrier for the long range — intermolecular inter-
action of nematic ordering, i.c. nematic potential.
By applying the Arrhenius equation to 1, and 74,
the following equation is obtained

q = AHL - AHH . (2)

Therefore, ¢ can be obtained from AH; and AHy.
AH; and AHy are the activation enthalpy for the
L-relaxation and that for the H-relaxation, respecti-
vely.

In previous papers [10, 11], we discussed whether
an intermolecular interaction in binary nematic
mixtures could be evaluated from anisotropic dielectric
relaxations which were closely related to the nematic
ordering in nematic liquid crystals, by using the
eq. (2). We concluded that the dielectric method
was very useful for estimation of an intermolecular
interaction and that the Meier-Saupe theory held
well in binary nematic mixtures.

The purpose of this paper is to clarify an inter-
molecular interaction in binary nematic mixtures
of p-methoxybenzylidene — p’-n-butylaniline (MBBA)
and non-mesogenic compounds by studying their
dielectric relaxations. Non-mesogenic compounds
used here are non-linear shaped molecules such as
chloroform, m-xylene and 1,3,5-trimethylbenzene,
and nearly linear shaped molecules such as p-n-
butylaniline, p-xylene and azobenzene.
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2. Experimental. — MBBA was synthesized and
purified by the same procedure as was described
previously [11]. Chloroform, p-xylene, m-xylene and
1,3,5-trimethylbenzene were distilled just before use.
Azobenzene was recrystallized from absolute ethanol.
The binary mixtures were carefully prepared by mixing
each components in a hot pan under a nitrogene
atmosphere at a temperature just above Tyypop

Dielectric and viscosity measurements were made
by the same methods as were described previously [11].
Dielectric constant, ¢, and the loss, &, in the parallel
direction to the applied magnetic field of 4 000 Oe,
were measured in the frequency range of 300 Hz to
3 MHz in the nematic state.

3. Results and discussion. — Figures 1a and b
show frequency dependence of ¢ and ¢ for MBBA
— azobenzene system, where mole 9 of azobenzene
is 5.0, at several temperatures. The L-relaxation
is observed in MHz regions. The L-relaxations were
also observed for all the other systems used here.
Figure 2 shows the Arrhenius plots of logarithmus
of 7 against 1/T for all the systems. The values of
AH; and AS; are listed in table 1. The values of 7,
decreased when non-mesogenic compound was added
to MBBA. In the previous paper [11], we concluded
that the values of 7, increased with the increase of
additive concentration when additive was nemato-
genic compound, and vise virsa when additive was
non-mesogenic compound. These data support the
previous conclusion.

Figure 3 shows the Arrhenius plots of logarithmus
of viscosity at the isotropic phase, log #, against
1/T for all the systems, and the values of activation
enthalpy, AH,, obtained from the slope are listed
in table 1. Although # is not always proportional to
Ty quantitatively, we assumed AHy = AH, in the
eq. (2). The values of g obtained are also listed in
table 1. Evidently, all the systems have the same value
of AH, as that of MBBA, whereas the values of
AH; for systems where linear shaped molecules

TABLE 1

Activation parameters for L-relaxations in various binary nematic mixtures
of MBBA and non-mesogenic compound

Concentration Conductivity T
Non-mesogenic Shape of of solute Q t.em™1 (10719 s (107%) AH, AS, AH, q
compound molecule mole %, at 25 °C at26.2°C kJ/mole J/moledeg kJ/mole kJ/mole

- — — 0.16 10.3 63.2 100 28.0 352

Chloroform non-linear 3.7 2.2 6.55 61.9 99,1
p-n-butylaniline nearly linear 4.8 2.0 5.97 68.2 121 26.4 41.8
p-Xylene nearly linear 20 1.6 5.89 80.7 163 26.8 53.9
6.8 0.82 4.58 88.3 191 4.7 63.6
m-xylene non-linear 20 1.3 7.36 64.8 107 26.8 38.0
6.8 0.61 4.66 64.4 110 25.1 393
Azobenzene nearly linear 5.0 0.50 6.49 69.4 124 27.6 41.8
8.0 0.89 4.72 75.3 147 28.0 47.3
1,3,5-trimethyl- 5.0 1.2 582 61.5 938.3 27.6 339
benzene -non-linear 8.0 0.91 4.82 62.3 103 26.8 35.5



FiG. 1. — Frequency dependence of (a) dielectric constant, &,

and (b) the loss, ¢, in the parallel direction to the applied magnetic

field at several temperatures for MBBA — azobenzene system,
where mole % of azobenzene is 5.0.
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Fi1G. 2. — The Arrhenius plots of logarithmus of relaxation time
for L-relaxation, 7;, against reciprocal of absolute temperature,
1/T, for various samples. (4A) : the data of Rondelez and Mircea-
Roussel (12) for MBBA, (O) : MBBA, (@) : chloroform= 3.7 mole %,
(©) : p-n-butylaniline = 4.8 mole %, (@) : p-xylene = 2.0 mole %,
(®) : p-xylene = 6.8 mole %, (@) : m-xylene = 2.0 mole %, (©) : m-
xylene = 6.8 mole %, (D) : azobenzene = 5.0 mole %, (©) : azo-
benzene = 8.0 mole %, ®) : 1,3,5-trimethylbenzene= 5.0 mole %,
®) : 1,3,5-trimethylbenzene = 8.0 mole %.
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FiG. 3. — The Arrhenius plots of logarithmus of viscosity at the
isotropic phase, #, against reciprocal of absolute temperature,
1/T, for various samples. (O) : MBBA, (©®) : p-n-butylani-
line = 48 mole %, (@) : p-xylene = 2.0 mole %, (®) : p-
xylene = 6.8 mole %, (©) : m-xylene = 2.0 mole %, (@) : m-
xylene = 6.8 mole %, (D) : azobenzene = 5.0 mole %, (Q) : azo-
benzene = 8.0 mole %, (®) : 1,3,5-trimethylbenzene = 5.0 mole %,
(®) 1 1,3,5-trimethylbenzene = 8.0 mole %.

were used, are larger than those for MBBA. There-
fore, the values of g were larger when the linear
shaped molecules were added, and was constant
when non-linear shaped molecules were added. These
results mean that linear shaped molecules strengthen
a long range — intermolecular interaction in nematic
mixtures, and do not give any effect on a short range
— intermolecular interaction, and that non-linear
shaped molecules do not play any role in both inter-
molecular interactions in nematic mixtures. The
above results seem to be consistent with the HJL
theory, the lattice model theory and the virial expan-
sion theory; (a) These theories concern mainly
with an intermolecular interaction between nematic
solvent and solute. In contrast, the dielectric results
can detect an intermolecular interaction of nematic
ordering and can indicate the presence of an effect
of solute on the nematic ordering of nematic solvent
itself, MBBA in this study. (b) In fact, any effect of
non-linear shaped solute on intermolecular inter-
action in nematic mixtures was not observed in the
present study. (c) This fact suggest that an inter-
molecular interaction between nematic solvent and
non-linear shaped solute is not larger than that between
solvent and solvent, which is expected by the three
theories. It must be emphasized, anyhow, that non-
mesogenic linear molecules strengthen only a long
range — intermolecular interaction and not a short
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range — intermolecular interaction. Qur previous
results {11] on MBBA — p-cthoxybenzylidene —
p’-cyanoaniline (EBCA) system, which has a eutectic
point in the phase diagram, indicated that both
a long range — and a short range — intermolecular
interaction increased anomalously at the vicinity
of the eutectic mixing ratio. Of course, EBCA is a
rigid and lathlike molecule, i.e. a linear and nemato-
genic molecule. Consequently, it is valid that the
linear molecules strengthen an intermolecular inter-
action in nematic ordering.

Figure 4 shows plots of 7, against # for several
systems of MBBA — non-mesogenic and non-linear
shaped compound at 49.3 °C. Clearly, the values of 7,
change linearly with the values of # in MBBA —
non-linear compound systems. A linear equation,

©)

was obtained in MBBA — non-linear compound
systems. It seems to contradict the Debye eq. [13]
that y = 8.2 C.P. when 1, = 0. However, this may
suggest that the nematic phase disappears at # = 8.2
(., = 0). When the linear shaped molecules were
used, data were not plotted on the above straight
line, due to the change of AH; by additives. However,
the change of 1, by mixing additives depends rather
on # than ¢, as described in the previous paper.

In congclusion, an intermolecular interaction in
nematic mixtures may be influenced by the molecular
shape of solute ; the linear shaped solute strengthen
a long range — intermolecular interaction in nematic
ordering, but the non-linear shaped solute do not

t(s) = — 32 x 107® + 4.0 x 107° 5 (C.P),
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Fi1G. 4. — Plots of relaxation time for L-relaxation, t;, against
viscosity, #, at 49.3 °C. (O) : MBBA, (©) : m-xylene = 2.0 mole ¢,
(@ m-xylene = 68 mole ¥, (®) 1,3,5-trimethylben-
zene = 5.0 mole %, (@) : 1,3,5-trimethylbenzene = 8.0 mole ¥.

have any influence on intermolecular interaction.
We can state that the dielectric study provides us with
interesting information on intermolecular interaction
in nematic mixtures.
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