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In this communication, we report the temperature and concentration dependence of J-aggregate of a cyanine dye
N, N′-dioctadecylthiacyanine perchlorate (NK) in the Laponite film fabricated by Langmuir–Blodgett technique.
Surface pressure area per molecule isotherm revealed the formation of stable Langmuir monolayer at the air–
water interface. Spectroscopic characterization confirmed the formation of J-aggregates in theNK LBfilmwithout
Laponite. In the hybrid film, J-aggregate forms at lower Laponite concentration (1 ppm), higher deposited surface
pressure and at lower subphase temperature. Both the J-aggregated films were found to be optical second
harmonic generation (SHG) active and mechanically very stable, although intrinsically NK is SHG inactive.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

J-aggregates of organic dyes are now being extensively studied for
their use as materials for spectral sensitization, optical storage and
ultrafast optical switching (Kobayashi, 1996). Interest in J-aggregates
stems originally from the spectral sensitization. Cyanine dyes aremostly
preferred by the researchers as materials investigated for the
mechanism of photo-sensitization (Sturmer and Heseltine, 1977) and
for the application to photoelectric cells, nonlinear optical elements
and so on (Lupo et al., 1988). It is well known that cyanine dyes often
form aggregates. Due to electronic and optical properties, the two-
dimensional (2D) aggregates or crystallites of these dyes prepared by
Langmuir–Blodgett (LB) technique have been investigated with special
interest (Jelley, 1936, 1937; Lupo et al., 1988; Scheibe, 1937). Above all,
J-aggregates have been studied extensively, which are 2D crystals with
chromophores arranged in a head-to-tail alignment in a monolayer
at the air–water interface (Bliznyuk et al., 1993; Bücher and Kuhn,
1970; Duschl et al., 1985, 1988; Kirstein and Möhwald, 1992). The 2D
structure and order within a single monolayer is the building unit of
multilayer assemblies. These building units should be controlled
carefully in order to prepare the functional super-structures for their
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applications (Knoll et al., 1981). In particular, J-aggregates of dye
molecules have been investigated under various conditions (Chibisov
and Slavnova, 2008; Hussain and Schoonheydt, 2010a; Ikegami et al.,
1999, 2001; Kaiser et al., 2009; Kuhn and Kuhn, 1996; Lan and
Ikegami, 2001; Lu et al., 2002; Saito, 1999; Tachibana and Matsumoto,
2000). The pioneering work by Kuhn et al. (Czikkely et al., 1970; Kuhn
and Kuhn, 1996) on surface active cyanine dyes has opened the studies
of J-aggregation in the 2D structures formed in the LB films.

Recently construction of nano structured organo-clay hybrid
materials in thin films is an important target of modern materials
research (Hussain et al., 2013a, 2013b; Schoonheydt, 2014). The
research has been motivated by a purpose of developing functional
materials such as sensors, electrode-modifiers, nonlinear optical devices
and pyroelectric materials (Czikkely et al., 1970; Ichinose et al., 1995;
Kotov et al., 1997; Kuhn and Kuhn, 1996; Lvov et al., 1996; and
Tsutsumi et al., 1992). It is possible for organo-clay hybridfilms to create
new functionalized materials because they possess characteristics such
as an easily changing layer-by-layer structure or precisely controllable
film thickness, or a variety of physical properties, which are not present
in each of the separate components (Chemical Society of Japan, Kikan
Kagaku Sosetsu, 1999. No. 42). Certain physical properties such as
second-order nonlinear optics and magnetics of these hybrid films
only exist when a non-centrosymmetric molecular alignment in the
film is present. However, the ultrathin films of the pure dye molecules
and in hybrid films where molecules are adsorbed or intercalated
in the interlayer spaces of synthetic clay minerals prepared by layer-
by-layer self-assembly may possess the characteristic J-aggregating

http://crossmark.crossref.org/dialog/?doi=10.1016/j.clay.2014.11.039&domain=pdf
http://dx.doi.org/10.1016/j.clay.2014.11.039
mailto:j_kawa@yamaguchi-u.ac.jp
mailto:sa_h153@hotmail.com
mailto:sahussain@tripurauniv.in
http://dx.doi.org/10.1016/j.clay.2014.11.039
http://www.sciencedirect.com/science/journal/01691317
www.elsevier.com/locate/clay


246 S. Chakraborty et al. / Applied Clay Science 104 (2015) 245–251
behavior but do not possess non-centrosymmetricmolecular alignment
in most of the cases. Although it is important to mention that due to
head-to-tail arrangement of the dye molecules, a J-aggregate unit
possess a non-centrosymmetric molecular alignment which makes it
an essential candidate for nonlinear optical study. Hence, it is very
much important from applications point of view to tailor the dye
molecules in the ultrathin film in such a way so as to maintain both J-
aggregating behavior as well as orientational anisotropy.

The LB technique is one of the most useful methods for arranging
various kinds ofmolecules of different functionality into uniformmono-
layer assemblies by controlling their alignment and orientation (Paul
et al., 2009; Hussain et al., 2013b). With the help of this technique, it
is possible to fabricate an inorganic–organic hybrid film. Such films
are fabricated using an aqueous synthetic clay mineral dispersion as
subphase instead of ultra pure water as used in the conventional LB
technique. By stirring, it is possible to have exfoliated individual ultra-
thin layers of synthetic clay mineral particles. Therefore, when cationic
molecules are spread onto the synthetic clay mineral dispersion
subphase due to electrostatic attraction, these molecules are adsorbed
onto the claymineral layers thereby formingultrathin hybridmonolayer
onto the air–water interface. The hybrid monolayer of the synthetic clay
mineral layers and the amphiphilic cations thus formed can be deposited
onto a solid substrate to form mono- and multilayer LB films (Hussain
et al., 2010b; Kawamata et al., 2000).

The molecules transferred onto the solid substrate in conventional
LB films aremechanically unstable as these molecules are held together
by the van der Waals force (Ulman, 1991; An Introduction to Ultrathin
Organic Films). On the other hand, in the organo-clay hybrid film, the
driving force responsible for holding the molecules together is electro-
static force. Hence, it is expected to have greater stability in the hybrid
films than that of the pure component LB films (Kawamata et al.,
2000). Again molecular orientation can also be changed in the hybrid
films. Therefore, it is important to givemuch emphasize on the research
of different conditions for the fabrication of organo-clay hybrid films to
have desired molecular properties in a controlled manner for their
possible applications. In this study, we have tried to find out the
optimized condition to fabricate a J-aggregated hybrid LB film and to
study its orientation in the hybrid film. Here as a guest molecule N,N′-
dioctadecylthiacyanine perchlorate (NK) have been used and synthetic
clay mineral Laponite was used as host template. Spectroscopic charac-
terizations of pure NK LB films revealed that NK forms strong J-
aggregate in LB films.

2. Experimental

2.1. Materials

N, N′-dioctadecylthiacyanine perchlorate (NK) purchased from
Hayashibara Biochemical Laboratories Inc.was used as receivedwithout
further purification. This dye was dissolved in HPLC grade chloroform
(99% Aldrich, stabilized by 0.5%–1% ethanol). The clay mineral used
in the present work was synthetic Laponite, obtained from Laponite
Inorganics, UK, and used as received.

2.2. Film preparation

A commercially available LB film deposition instrument KSV
Instruments Ltd. KSV 2000 was used for isotherm measurement and
monolayer film preparation. Either pure triple distilled deionized
water or Laponite dispersions stirred for 24 h in triple distilled deion-
ized water were used as subphase. Chloroform solution of NK was
spread on the subphase with a micro syringe. Allowing 15 and 30 min
waiting time, in case of water and Laponite dispersion, respectively,
the barrier was compressed at the rate of 5 cm2/min to record the
surface pressure (π) area per molecule (A) isotherm. The isotherm
was measured by a Wilhelmy plate arrangement. The films were
found to be stable and data for (π–A) isotherms were acquired by a
computer interfaced with the LB instrument. Each isotherm was
obtained by averaging at least five runs.Monolayerfilmswere deposited
onto the substrates by vertical deposition method at a desired fixed
surface pressure (10, 30 and 40 mN/m). The transfer ratio was found
to be 0.98 ± 0.02.

2.3. Optical measurements

UV-Vis absorption spectra were recorded on a JASCO V-670
Spectrometer. Measurements were made under normal incidence
configuration.

The incident angle dependence of the optical second harmonic
generation (SHG) intensities of the films was measured using a pulsed
beam from a repetitively Q-switched Nd:YAG laser (Lee, Model 818TQ,
1 kHz) at a wavelength of 1064 nm with a typical pulse duration of
140 ns and a peak power of 5 kW. The samples were mounted on a
motor-controlled rotating stage, and the angle of incidence of the laser
beam relative to the film varied from 0° to 60°. The samples was
illuminated with the p-polarized (perpendicular to the rotation axis)
laser beam, and the p-polarized SH light was detected (p–p polarization
measurement) by a photomultiplier tube (Hamamatsu, Model R212).
The signal from the photomultiplier tube was processed using a boxcar
average (Stanford Research, Model SR250). All instruments were
computer controlled.

3. Results and discussion

3.1. Isotherm study

In order to checkwhetherNK is capable of forming stablemonolayer,
we have spread 200 μl of chloroform solution (10-3 M) of NK on the air–
water interface and wait for 15 min to evaporate the volatile solvent.
Corresponding surface pressure area permolecule isothermwas recorded
by compressing the barrier very slowly at a speed of 5 mm/min.

Fig. 1 shows the π–A isotherms of themonolayer films of NK on pure
water subphase [curve (a)], on 1 ppm Laponite dispersion subphase
[curve (b)] and on 2 ppm Laponite dispersion subphase [curve (c)].
Pure NK isotherm rises up to surface pressure 56 mN/m before collapse
pressure is reached with an initial liftoff area 114 Å2. This result is
consistent with the literature (Hussain and Schoonheydt, 2010a). Here
the liftoff area is defined as the average area per molecule when the
surface pressure starts rising, i.e., just above zero surface pressure. The
liftoff area is determined by the method described by Ras et al. (2004).
The stable monolayer thus formed was then transferred on to solid
substrate to form monolayer LB films.

On the other hand, the shape and nature of the isotherms on the
Laponite dispersion subphase are quite interesting with respect to that
on water subphase. Here the initial liftoff area shifts toward larger
area per molecule with the increase in the Laponite concentration, typ-
ical for organo-clay hybrid Langmuir films (Umemura and Shinohara,
2005). The NK isotherm in presence of Laponite show distinct liquid-
expanded phase before collapse. In general, the isotherm curves shifts
toward larger area per molecule for hybrid Langmuir monolayer. Here
the molecular area of NK in the Laponite dispersion subphase is higher
than in the pure water subphase, under surface pressure 7 mN/m.
However, at high pressure region, themolecular area of NK in the hybrid
films is a little bit smaller than that of pure one. In principle, this is
impermissible and may be due to experimental error, which is essen-
tially same for both the isotherms (curve b and c). In this context, it is
important to mention that attractive electrostatic interaction occurred
between the negatively charged Laponite layers and the positively
charged dye molecules at the air–water interface. This attractive inter-
action can also be described as an ion exchange reaction between the
charge compensating cations of the Laponite particles and the positively
charged dye molecules. Thus, the Laponite particles come at the air–



Fig. 1. Surface pressure vs area per molecule isotherm of NK molecule on (a) pure water
subphase, (b) 1 ppm Laponite dispersion subphase and (c) 2 ppm Laponite dispersion
subphase.

Fig. 2. UV-Vis absorption spectra of NK solution and pure NK LB film lifted at surface
pressure 10 mN/m. The subphase temperature is 25 °C and spreading volume is 200 μl.
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water interface and form thehybrid Langmuirmonolayer. Consequently,
it affects the monolayer characteristics. These observations indicate that
the density of NK molecules on the Laponite layers should be reduced
with the increase in the subphase Laponite concentration.

3.2. Spectroscopic characterization

3.2.1. Formation of J-aggregate in the conventional LB film
Fig. 2 shows the UV-Vis absorption spectra of NK solution and pure

NK LB film lifted at surface pressure 10 mN/m. Here the subphase tem-
perature was 25 °C and spreading volume was 200 μl. The NK solution
absorbs light at 430 nm, which is attributed to the monomeric form of
NK. The small high-energy shoulder at 410 nm is assigned as the trace
of minute amount of H-aggregation in solution. This 410 nm absorption
band in the NK LB films has been assigned as due to H-dimer absorption
by several other authors (Hussain and Schoonheydt, 2010a; and
Yamaguchi et al., 2005). It is worthwhile to mention in this context
that in several other work using cyanine dyes, high-energy shoulder of
H-dimer along with the monomeric band was observed (Kushida
et al., 2008 and Chakraborty et al., 2014). On the other hand, the absorp-
tion spectra of monolayer NK LB films possess a prominent peak at
461 nm and a weak hump at 433 nm. These two bands are assigned to
be due to J-aggregate and monomer respectively (Yamaguchi et al.,
2005). The wavelength of monomer band of NK in LB film is almost
same as that in solution. Here the intensity of the H-aggregated band
diminishes totally. On the other hand, the intensity of the monomer
band diminishes to weak hump with respect to the intensity of the
J-band. The longer wavelength J-band becomes very much prominent
and extremely sharp. These types of sharp longer wavelength bands
are the characteristics of J-aggregates (Kobayashi, 1996).

It is well known that the arrangement of molecules in a J-aggregate
is head-to-tail like. This makes J-aggregate an essential candidate for
nonlinear optical study due to the presence of structural anisotropy.
However, one should be very much careful in fabricating J-aggregates
of pure dyemolecules in ultrathin filmswith the help of vertical dipping
technique. J-aggregation of molecules possesses non-centrosymmetric
structure in monolayer LB film due to the head-to-tail arrangement
of molecules in the J-aggregates. However, the multilayer of such
films typically results in cetrosymmetric structure, although non-
centrosymmetry is the prerequisite to have SHG activity. Accordingly,
we have prepared only monolayer LB films of NK so as to maintain
both J-aggregating behavior as well as non-centrosymmetry.

3.2.2. J-aggregate formation in the hybrid film
As the conventional LB films are mechanically unstable, in the quest

of more stable LB films, we have tried to investigate the optimized
condition for making J-aggregations in the hybrid LB films. In the
following sections of this manuscript, we have presented results of
our investigations on the dependence of J-aggregation in hybrid LB
films on different film forming parameters such as surface pressure,
spreading amount of dye, subphase temperature and Laponite concen-
tration, etc. Monolayer characteristics were confirmed by π–A isotherms
in all fabrication conditions.

3.2.2.1. Dependence of J-aggregate on different film forming parameters
and Laponite concentration in the hybrid film. In order to study the effect
of Laponite particle on the J-aggregation of NK, first of all we have used
aqueous dispersion of Laponite (2 ppm) as subphase and fabricated
hybrid NK LB film at surface pressure 10 mN/m. Interestingly, the J-
aggregating band was totally absent in this condition, and the presence
of monomeric and H-aggregation band becomes more prominent, as
shown in Fig. 3(a). We have also tried to fabricate the hybrid NK LB
film at higher surface pressure 30 mN/m to induce J-aggregation

image of Fig.�2


Fig. 3. UV-Vis absorption spectra of NK LB film in presence of (a) Laponite (2 ppm) lifted at surface pressure 10 mN/m and 30 mN/m and (b) Laponite (1 ppm) lifted at surface pressure
30 mN/m and 40 mN/m. The subphase temperature is 25 °C and spreading volume is 200 μl.

Fig. 4. UV-Vis absorption spectra of pure NK LB film in absence of Laponite at subphase
temperature 25 °C and in presence of Laponite (1 ppm) at subphase temperatures
(20 °C and 15 °C). Al the films were lifted at surface pressure 40 mN/m and spreading
volume was 200 μl.
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in the hybrid film. However, the result is the same; no trace of J-
aggregation is obtained as evidenced from Fig. 3(a).

The most plausible explanation is that in absence of Laponite, when
NK molecules are transferred onto solid support, they come closer, and
their arrangement also changes, resulting in a favorable condition for
NK J-aggregate in LB film. On the other hand, in Laponite dispersion
subphase, the NK molecules are adsorbed on to the Laponite surface at
air–water interface in such a manner that the organization of the NK
molecules gets changed in the hybrid film with respect to pure water
subphase. Isotherm study (curve c of Fig. 1) also confirms the change
in molecular organization in the hybrid Langmuir film compared to
that in the pure water subphase. This change in molecular arrangement
may be responsible for the absence of J-band and corresponding
increase in H-aggregation. Also when this floating hybrid film is trans-
ferred onto solid support, no further change of molecular arrangement
occurs to form NK J-aggregate in hybrid LB film.

Now at this stage, failing to achieve J-aggregation in theNK-Laponite
hybrid LB film by increasing the surface pressure, next we have tried
by decreasing the subphase Laponite concentration (1 ppm). This is
because if we decrease the Laponite concentration, the amount of
Laponite particle present in the subphase will be less. As a result, a
number of NK molecules adsorbed onto the Laponite surface will be
less than that in Laponite concentration 2 ppm leaving some free NK
molecules at the interface. On the other hand, if we increase the
Laponite concentration, more number of Laponite particles will be
present in the subphase. Accordingly, more NK molecules will be
adsorbed onto the Laponite surface. As a result, the probability of J-
aggregate formation in the hybrid film will decrease at higher Laponite
concentration.

Fig. 3(b) shows that the UV-Vis absorption spectra of NK LB film in
presence of Laponite (1 ppm) lifted at surface pressure 30 mN/m and
40 mN/m. Both the absorption spectra possess similar band system
except slight change in absorption intensity. At this Laponite concentra-
tion, the extent of H-aggregation decreases and monomer band
becomes more prominent. However, the most interesting observation
is the presence of a weak hump at 455 nm region. The origin of this
weak humpmay be the trace of small amount of J-aggregation induced
in the hybrid filmwhich increases with the increase in surface pressure.
This observed result supports our assumption that lower Laponite
concentration along with high surface pressure favors the formation of
J-aggregate due to the availability of more number of un-adsorbed
free dye molecules at the subphase. Again as the number of adsorbed
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Table 1
List of absorbances of J-aggregated band (Aj), monomer band (Am) and their ratio (Aj/Am)
for the hybrid NK films fabricated at subphase temperatures 20–15 °C.

Fabricated films Aj Am Aj/Am

Hybrid film at 20 °C 0.073 0.053 1.34
Hybrid film at 15 °C 0.117 0.045 2.6
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molecules onto the Laponite surface decreases, the extent of H-
aggregation also decreases. This observation is consistent with the
dependence of the π–A isotherm on the Laponite concentration as
shown in Fig. 1. We have also tried by increasing the amount of dye in
the air–water interface to induce J-aggregation in the hybrid film but
did not get any trace of J-band (shown in Fig. S1 in the supporting
document). The reason for this failure is unclear.

The experimental results presented above clearly indicates that J-
aggregates can be induced by decreasing Laponite concentration on
the subphase and by increasing the deposited surface pressure.
3.2.2.2. Dependence of J-aggregation on subphase temperature. In the next
step, we have fabricated the hybrid films at various subphase tempera-
tures, keeping the Laponite concentration (1 ppm) and spreading
volume (200 μl) constant. It is relevant to mention in this context that
several other authors also reported about the temperature dependence
of J-aggregates of different dyes. Kamalov et al. (1996) reported
the temperature-dependent radiative lifetime of carbocyanine BIC J-
aggregates. They showed that the emission quantum yield of BIC J-
aggregates increased 4-fold when temperature decreased from 80
to 20 K. Scheblykin et al. (2000) reported the increase in fluorescent
quantum yield of THIATS J-aggregateswith the decrease in temperature
from 130 to 4.2 K. Several other authors have also studied the effects of
temperature on J-aggregates and demonstrated that relatively at low
temperature J-aggregate formation occurs (Chibisov and Slavonava,
2008; Hirano et al., 2000; Tachibana et al., 2001; Yu et al., 1983).

We have started the study of effect of subphase temperature on
the J-aggregation of NK in hybrid film by fabricating a film at subphase
temperature 27 °C (slightly higher than the room temperature 25 °C).
However, the result is same as depicted in Fig. 3(a) (shown in Fig. S2
in the supporting document).

Next we have fabricated the hybrid films at lower subphase temper-
atures (b25 °C) up to 15 °C at an interval of 5 °C, shown in Fig. 4. The
nonzero value of absorbance around 350 nm for hybrid film fabricated
at 15 °C is due to light-scattering by the sample. Scattering of light
occurred due to surface condensation of water molecules at lower
subphase temperature. The presence of J-band is observed at all the
a b

Fig. 5. Dependance of the SHG signal intensity on the incident angle of the (a) pure NK J-aggre
surface pressure of 40 mN/m and subphase temperature 15 °C.
subphase temperatures from 20 to 15 °C. The most prominent J-
aggregate band occurs at the hybrid film fabricated at 15 °C, confirmed
from the ratio of absorbance of J-aggregated band to the absorbance
of monomer band (Aj/Am). The values of Aj/Am for the hybrid films
fabricated at varying subphase temperatures are listed in Table 1. It is
clear from the table that the hybrid film fabricated at 15 °C has highest
J-aggregation.

It is well known that rate of J-aggregation increases as the tempera-
ture decreases (Yu et al., 1983). At lower temperature, more molecules
comes closer to form aggregate thereby yielding a stronger J-band
absorbance. This may be due to the larger size of the aggregate. This
increase in the J-band absorption increases the radiative transition
rate. On the other hand, the nonradiative transition rate decreases at
low temperature due to the reduction of the nonradiative, rotational,
vibrational and collisional processes. This reduction in the nonradiative
transition rate in turn increases the effective absorbance due to J-
aggregation. Now as the intensity of J-band depends on the ratio of
the nonradiative transition rate to the radiative transition rate, the com-
bined effect of these two transition rate at lower temperature increases
the rate of J-aggregation (Yu et al., 1983). Our experimental results
of Fig. 4 also suggest that the extent of J-aggregation increases as the
temperature decreases and vice versa. However, we have found this
from Laponite hybrid film for the first time. Again the supra-molecular
structure of J-aggregates, i.e., aggregation number, geometrical size
and morphology, is not fully discovered yet and is controversially
discussed. Hence, instead of the availability of data on the optical and
spectroscopic properties of J-aggregate dyes, little is known about
the behavior and characteristics of supra-molecular structure of J-
aggregates.
3.3. Study of SHG response

In order to investigate the orientation of NK J-aggregates in the
conventional LB film and in the hybrid film, SHG measurement was
performed. Both the J-aggregated LB films fabricated in this work
were SHG active, indicating a non-centrosymmetric structures of J-
aggregates present in the substrates. Fig. 5 shows the dependence of
the SHG intensity on the incident angle of the laser beam for (a) pure
NK J-aggregate LB film and (b) hybrid film fabricated at a Laponite
concentration 1 ppm and subphase temperature 15 °C. The fringe
patterns obtained from both the films were typical for a Y-type LB film
with a homogeneous, non-centrosymmetric molecular orientation. This
fact indicates that the films were attached to the substrate uniformly at
least within the part used for SHG measurement. As the films were
prepared by the Y-type vertical deposition method, both sides of the
gate film (b) hybrid film fabricated at a Laponite concentration 1 ppm and deposited at a
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a b

Fig. 6. UV-Vis absorption spectra of (a) pure NK LB film before and after SHGmeasurement and (b) hybrid NK LB film (1 ppm Laponite) before and after SHGmeasurement. All the films
were fabricated at subphase temperature 15 °C and spreading volume was 200 μl.
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substrates were coated. The fringe pattern arises as an interference of
the second harmonic light generated by the films attached on both
sides of the substrate. If the films were not attached to both sides of
the substrate uniformly, the clear fringe pattern of the SHG signal inten-
sities would not have been observed. Considering the above facts, it
should be concluded that the J-aggregates were well oriented and
homogeneously aligned in both the films. However, the SHG signal
intensity in the Laponite template hybrid film is less than conventional
NK LB film. This fact can be explained on the basis of the difference
between the extent of J-aggregation in the pure conventional NK LB
film and in the hybrid film. In the hybrid LB film the extent of J-
aggregation is less than the pure component conventional LB film, as
is evidenced from Table 1. As a result, the presence of homogeneously
transferred and well-oriented J-aggregated structures is less in the
hybrid film, which accounts for the less SHG signal intensity in the
hybrid film.

In our final experiment, we have examined the impact of
hybridization on the stability of NK J-aggregates toward laser irradia-
tion. Fig. 6 shows the absorption spectra of the conventional NK LB
film (Fig. 6(a)) and hybrid NK LB film (Fig. 6(b)), immediately after
film fabrication and after consecutive SHG measurement. Each SHG
measurement took about 25 min, during which the film was continu-
ously irradiated by laser beam. As can be seen from Fig. 6, the decrease
of absorbance of pure NK film was almost 50%, whereas that of hybrid
film was only 10%. This fact indicated the stability of NK J-band is
much better in the hybrid film than the pure one. This observation
suggests that the synthetic clay mineral templation stabilized the J-
aggregates in the hybrid film.
4. Conclusion

Our present investigation clearly established that the conventional
monolayer LBfilms of NK forms strong J-aggregateswhich is SHGactive.
On the other hand, the formation of J-aggregates in the hybrid film
depends on various film forming parameters, mainly temperature and
Laponite concentration. J-band appears in the hybrid film at low
Laponite concentration 1 ppm and at low temperature. The optical
SHG study reveals the formation of homogeneously aligned and well-
oriented J-aggregates of NK in both the conventional LB film and the
hybrid film. We have also demonstrated that the molecular alignment
of cationic dyes can be stabilized by the method of hybridization.
Although the hybridization of J-aggregated NK LB film decreases
the content of J-aggregate, this strategy is concluded to be effective
strategy to stabilized J-aggregated molecular array in the obtained LB
film.
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