This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 14:23

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

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

High-Order Aggregation of Crystal Violet
in the Chromonic Lyotropic Mesophases

of 7,7 -Disodiumchromoglycate

M. Kobayashi  , A. Sasagawa , T. Hoshi ° , J. Okubo ¢, J. Okubo ©,
J. Okubo © & J. Okubo °

# Department of Chemistry, Nagaoka University of Technology,
Kamitomioka-machi, Nagaoka-shi, Niigata, 940-21, Japan

b Department of Chemistry, College of Science and Engineering,
Aoyama Gakuin University, Chitosedai, Setagaya-ku, Tokyo, 157,
Japan

¢ Department of Natural Science for General Education, Tokyo Denki
University, Inzai-machi, Inba-gun, Chiba, 270-13, Japan

Version of record first published: 24 Sep 2006.

To cite this article: M. Kobayashi , A. Sasagawa , T. Hoshi , J. Okubo , J. Okubo , J. Okubo & J. Okubo
(1993): High-Order Aggregation of Crystal Violet in the Chromonic Lyotropic Mesophases of 7,7’ -
Disodiumchromoglycate, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 225:1, 293-301

To link to this article: http://dx.doi.org/10.1080/10587259308036235

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259308036235
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:23 18 February 2013

demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 14:23 18 February 2013

Mol. Cryst. Lig. Cryst., 1993, Vol. 225, pp. 293-301
Reprints available directly from the publisher
Photocopying permitted by license only

© 1993 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

High-Order Aggregation of Crystal Violet in
the Chromonic Lyotropic Mesophases of
7,7'-Disodiumchromoglycate

MICHIO KOBAYASHI and AKIHIKO SASAGAWA

Department of Chemistry, Nagaoka University of Technology, Kamitomioka-machi, Nagaoka-shi,
Niigata, 940-21 Japan

and

TOSHIHIKO HOSHI

Department of Chemistry, College of Science and Engineering, Aoyama Gakuin University,
Chitosedai, Setagaya-ku, Tokyo, 157 Japan

and

JUN OKUBO

Department of Natural Science for General Education, Tokyo Denki University, Inzai-machi,
Inba-gun, Chiba, 270-13 Japan

(Received April 8,1992; in final form June 15, 1992)

Electronic absorption spectra of Methylene Blue (MB), Crystal Violet (CV), and Ponseau BS (PBS)
have been measured in the host of the 7,7’-disodiumchromoglycate (7,7’ -DSCG)-water system. In the
chromonic mesophases of the 7,7'-DSCG-water system, the metachromasy bands of MB (rod-like
cationic guest) is weakened compared with that in water, that of CV (disk-like cationic guest) largely
blue-shifted up to 504 nm, and that of PBS (anionic guest) was unchanged. This observation indicates
that the association behavior of a guest in these phases depends on the shape and polarity of the guest.
The large blue shift observed for CV indicates that the CV molecules are forced to associate in the
chromonic fyotropic mesophases of 7,7'-DSCG forming an aggregate with a high aggregation order. A
possible mechanism of this high-order aggregation of CV in these mesophases is proposed; a hollow
formed by the columns of the stacked 7,7'-DSCG molecules incorporates such a cationic disk-like guest
as CV by a cooperative action of the electrostatic force causing a binding of guest molecules to the
anionic sites on the surface of the hollow and the dispersion force causing formation of sandwich
aggregates of guest molecules.

Keywords: aggregation, crystal violet, chromonic mesophase, lyotropic liquid crystal,
disodiumchromoglycate

. INTRODUCTION

Some aromatic compounds in water exhibit “chromonic” mesophases in spite of
the absence of alkyl chains.'=> The chromonic mesophases were suggested to be a
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new breed of lyotropic liquid crystals on the ground that chromonic lyotropic
mesophases are not miscible with the amphiphilic lyotropic mesophases, and were
recognized as lyotropic discotic phases.® The 5,5'-disodiumchromoglycate (5,5'-
DSCG)-water system was the first to be found to form the chromonic mesophase.!
It is, however, suggested® that chromonic mesophases are widespread and have
been repeatedly encountered in the past.”-'? Some models!>~'% of columnar struc-
tures were proposed for the molecular arrangement emerged in the chromonic
mesophase on the bases of NMR, X-ray diffraction, FTIR and optical microscopy
studies.!~>15-2! Aiming to verify these models, we have recently investigated the
association behavior of guests in the host of the 5,5'-DSCG-water system by ob-
serving the behaviors of the metachromasy (D) bands in their electronic absorption
spectra.?? Tt was found that the disk-like cationic guests (Crystal Violet (CV) and
Malachite Green (MG)) exhibits D-bands in the mesomorphic host of the 5,5'-
DSCG-water system, whereas no D-band is observed for a rod-like cationic guest
(Methylene Blue (MB)) in that host. This observation implies that the associations
of CV and MG molecules are favored by the molecular arrangement in the chro-
monic mesophase of the 5,5'-DSCG-water system. This unexpected phenomenon
can be explained in terms of some crucial structural parameters of the guests and
a lyotropic columnar structure'* of the host.

The 7,7'-disodiumchromoglycate (7,7'-DSCG)-water system exhibits chromonic
mesophases (N and H mesophases) similar to those (N and M mesophases) observed
in the 5,5'-DSCG-water system.2! In this paper, we have observed the behavior of
the D-bands of an anionic dye (Ponseau BS (PBS)) as well as cationic dyes (MB
and CV) in the host of 7,7'-DSCG-water system to investigate the association
behavior of the dyes in this host. This study shows, as an extension of our inves-
tigation mentioned above, how the charge polarity and the shape of the guest
molecule influence the association of the guest in the chromonic mesophsaes of
the host. We have also aimed to clarify the similarity or difference of molecular
arrangements in the chromonic lyotropic mesophases of 7,7’-DSCG and 5,5'-DSCG
from the viewpoint of the association behavior of the guest.

il. EXPERIMENTAL

7,7'-DSCG was kindly provided by the Pharmaceutical Division of Fison Ltd.
(Loughborough, U.K.) and was used without further purification. All the dyes,
whose structures are shown in Figure 1, were used as purchased. 7,7’-DSCG was
dried in vacuum and introduced into the mother aqueous solution of the dye with
a dye concentration of 2.17 mmol/l to yield the 7,7'-DSCG concentration of 10
wt% (ca. 200 mmol/l). The mixture thus prepared was made homogeneous by
sonication and stirring. This sample was sandwiched between two borosilicate glass
plates with a gap adjusted to 10—50 pm by using a polyethylene or teflon spacer.
The sample cell was sealed with epoxy resin. The temperature of the sample cell
was controlled by circulating water or alcohol when the polarizing microphoto-
graphs and absorption spectra were measured. To compensate for the Rayleigh
scattering by a sample cell containing a mesomorphic host and a guest, an absorption
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FIGURE 1 Molecular structures of MB, PBS and CV.

spectrum due to the Rayleigh scattering by a reference cell containing the host
only was subtracted from the apparent absorption spectrum of the sample cell in
the visible region. By use of the polarizing-microscopic method, the following
transition temperatures were observed for the 7,7'-DSCG-water system whose
concentration is 10 wt%?!:

I phase e——2 R phase <___> N phase ©——2 (N+H) phase <__""> H phase
41" C 19" C ca.8 C ca.1'C

Thus, the absorption spectra of the dyes in the I phase were measured at 50°C, in
the R phase at 30°C, in the N phase at 15°C, and in the H phase at - 5°C.

. RESULTS

The spectral data for MB, PBS, and CV are summarized in Figures 2, 3, and 4,
respectively. In aqueous solutions, all the dyes concerned exhibit the metachromasy
(D) bands due to dimers or higher aggregates of sandwich types at the shorter
wavelength side of the monomer (M) bands. In all the mother solutions with higher
dye concentrations (2.17 mmol/l), the intensities of the D-bands are much higher
than those of the M-bands (see Figures 2b, 3b and 4b). At 50°C, however, the D-
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FIGURE 2 Temperature and phase dependences of the electronic absorption spectra of MB in dif-
ferent media: (a)-(b), in water; (c), in 7,7'-DSCG-water system. The concentrations of MB are as
follows: (a), 2.17 x 10~ mol/l; (b)~(c), 2.17 x 107> mol/l.

and M-bands of PBS in a dilute aqueous solution appear to be overlapped with
equal intensities to give a single band (see spectrum 3 in Figure 3a).

In the 7,7'-DSCG-water system, the association behavior of PBS and CV is very
different from that of MB as described below. The association behavior of a dye
in the 7,7'-DSCG-water system is known from the relative intensity of the D-band
compared with that of the M-band. The molecular arrangement of 7,7'-DSCG in
the chromonic lyotropic mesophases may influence the association of the dye, and
this influence can be disclosed by a comparison of the spectral change shown in
(c) with that for the mother solution shown in (b). The D-band of MB in the 7,7'-
DSCG-water system decreases in intensity to a great extent in all phases in com-
parison with that of MB in the mother solution (compare Figure 2¢ with Figure
2b). This observation indicates that the association of MB is suppressed simply by
the presence of the 7,7'-DSCG molecules (the suppression effect by the host) just
as in the case of MB in the 5,5-DSCG-water system.?

In the T phase at 50°C, PBS exhibits the M-band which slightly outweighs the
D-band (spectrum 4 in Figure 3c), while the D-band outweighs the M-band in the
mother solution at 50°C (spectrum 3 in Figure 3b), demonstrating that there appears
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FIGURE 3 Temperature and phase dependences of the electronic absorption spectra of PBS in
different media: (a)-(b), in water; (c), in the 7,7'-DSCG-water system. The concentrations of PBS are
as follows: (a), 2.17 x 1073 mol/; (b)-(c), 2.17 x 10~* moV/l.

the suppression effect by the host in the I phase. This suppression is known to be
so effective as to result in a large shift of the monomer-dimer equilibrium to the
monomer side, which is never effected even in a dilute aqueous solution (compare
spectrum 4 in Figure 3¢ with spectrum 3 in Figure 3a). On lowering the temperature,
the phase transitions occur from the I phase to the N and H phases, causing a large
shift of the equilibrium to the aggregate side to result in the predominance of the
D-band (spectra 1,2 in Figure 3c). This spectral change is much more drastic than
the temperature dependence (Figure 3b) of the spectrum of PBS in the mother
solution, indicating that the association of the PBS molecules is encouraged by the
molecular arrangements of 7,7'-DSCG in the N and H phases, and thereby the
suppression effect by the host weakens. This encouragement, however, is not so
great as in the case of CV in the N and H phases described below.

Roughly, the association behavior of CV in the 7,7'-DSCG-water system, which
is shown in Figure 4c, is similar to that of PBS described above. Namely, it is
demonstrated that the association of CV molecules is encouraged in the N and H
mesophases, where the suppression effect by the host weakens. In contrast to the
case of PBS, however, the associatoin behavior of CV is quite unusual in that in
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FIGURE 4 Temperature and phase dependences of the electronic absorption spectra of CV in dif-
ferent media: (a)—(b), in water; (c), in the 7,7'-DSCG-water system. The concentrations of CV are as
follows: (a), 2.17 x 10~ ° mol/l; (b)—(c), 2.17 X 1073 mol/l.

the N and H phases only the D-band appears at a very short wavelength (504 nm)
and the M-band is missing (see spectra 1 and 2 in Figure 4c). In the aqueous
solutions of CV, the D-band seems never to be blue-shifted up to about 500 nm
even at high concentrations. It is well known that the D-band due to an aggregate
of a sandwich type is blue-shifted as the aggregation order is increased. Therefore,
the large blue shift of the D-band of CV in the N and H phases gives evidence
that the CV molecules are forced to associate quite highly in these phases.

The D-band of CV in the R phase is less intense than the M-band and remains
at the same position as that in the I phase (cf. spectra 3 and 4 in Figure 4c),
indicating that such a high-order aggregate of CV as formed in the N and H phases
is never formed in the R phase. Therefore, the association behavior of the CV
shows that the molecular arrangement of 7,7'-DSCG in the R phase is quite dif-
ferent from those in the N and H phases, in agreement with the NMR and X-ray
analyses.?! The molecular arrangement of 7,7'-DSCG in the N phase is considered
to be similar to that in the H phase from the viewpoint of the association behavior
of CV. On the other hand, the molecular arrangement of 7,7'-DSCG in the N and
H phases may be somehow different from that of 5,5'-DSCG in the N and M phases
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because the former encourages the association of CV much more greatly than the
latter.

IV. DISCUSSION

As described above, in the N and H lyotropic mesophases of 7,7'-DSCG the
associations of a rod-like cationic guest (MB), a rod-like anionic guest (PBS), and
a disk-like cationic guest (CV) are suppressed, moderately encouraged, and greatly
encouraged, respectively, compared with the cases of aqueous solutions. Therefore,
the association behavior of a guest in the chromonic mesophases of the 7,7'-DSCG-
water system seems to depend not only on the shape of the guest, as pointed out
in our previous paper,?? but also on the polarity of the guest. Thus, the anionic
sites on the surface of the columns formed by stacked 7,7'-DSCG molecules are
considered to influence the association of the guest, because the anionic sites
interact with the cationic guests attractively and with the anionic guests repulsively.

The suppression mechanism of the association of MB in the N and H mesophase
of 7,7'-DSCG is considered to be the same as that in the N and M mesophases of
5,5'-DSCG proposed in our previous work??; the number of anionic sites to which
the cationic MB molecules are bound is much larger than that of the MB molecules
because the molar ratio of host (7,7'-DSCG) molecules to guest (MB) molecules
is about 90 (see Experimental section).

The association mechanism of CV in the N and H mesophases of 7,7'-DSCG
might also be basically the same as that of CV in the N and M mesophases of 5,5'-
DSCG, which was proposed rather ambiguously in our previous work.?? Since the
association of CV is encouraged much more greatly in the N and H mesophase of
7,7-DSCG than in the N and M mesophases of 5,5'-DSCG, it is necessary to
visualize the circumstances unambiguously, where the association of CV is en-
couraged so greatly as to result in the formation of a high-order aggregate. As
discussed in our previous work, if the cationic guest molecules are fewer than the
anionic binding sites as in the present case, it is required for the association of
guest molecules to confine them in a certain region of the column surface and to
bind them to the anionic sites located in that region.?? There may be the following
circumstances where this requirement is fulfilled: a hollow formed by the columns
of the stacked 7,7'-DSCG molecules!® incorporates such a cationic disk-like guest
as CV in a cooperative way, as explained below. The CV molecule has the shape
of a disk with a positively charged periphery on account of its charge-resonance
structures (see Figure 6 in Reference 22). This structural feature may allow multi-
site binding of such a disk-like guest to the surface of the hollow mentioned above
with its molecular plane normal to the hollow surface. When the first guest molecule
is fixed in the inlet region of the hollow with such a conformation, this molecule
is expected to attract the second guest molecule and so on because the guest tends
to form an aggregate of the sandwich type, as evidenced by the blue shift of the
M-band by association.?*=2¢ As a result, other guest molecules are accumulated on
both ends of the hollow to result in sandwich aggregates as illustrated in Figure 5.
The incorporation of cationic disk-like guest molecules on both ends of the hollow
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e

FIGURE 5 The proposed model which assumes cooperative incorporation of disk-like guest molecules
on both ends of the hollow formed by columns of stacked 7,7'-DSCG molecules.

may, therefore, be promoted by a cooperative action of the electrostatic force
causing multi-site binding of guest molecules to the hollow surface and the dis-
persion force causing formation of sandwich aggregates of guest molecules. In other
words, the association of CV is cooperatively (hence greatly) encouraged in the N
and H mesophases of 7,7-DSCG. This cooperative encouragement seems to be
less effective in the N and M mesophases of 5,5'-DSCG due to differences in the
lyotropic columnar structures of these hosts.

In contrast to the case of a cationic disk-like guest, a cationic rod-like guest such
as MB can penetrate deeply into the hollow, so that there is no possibility of
accumulation in a specific region of the hollow or exclusion from the hollow. This
may be the reason why MB does not exhibit association in the chromonic lyotropic
mesophases of 7,7'-DSCG and 5,5'-DSCG.

The association mechanism of PBS in the chromonic lyotropic mesophases of
7,7-DSCG is considered to be different from that of CV discussed above. There
are two possible explanations for that the association of PBS is encouraged by the
molecular arrangements of 7,7'-DSCG in the N and H mesophases. Firstly, anionic
PBS molecules cannot penetrate into the hollow because they are repelled by the
anionic sites on the interior surface of the hollow, resulting in accumulation of all
PBS molecules in the exterior region of the hollow and thus encouraging the
association of PBS molecules. Secondly, anionic PBS molecules in the N and H
mesophases may behave like those in the mother solution because they are free
from binding to anionic sites of the hollow and hence equally distributed in the
aqueous regions of the lyotropic columnar structure!* of the host.
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