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Modified aggregation pattern of cresyl violet acetate adsorbed on nano
clay mineral layers in Langmuir Blodgett film
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A B S T R A C T

Present work investigated the modified aggregation behavior of a cationic oxazine dye, Cresyl violet
acetate (CVA) in presence of Laponite nano clay mineral layers in aqueous clay mineral dispersion as well
as in ultra thin organo-clay hybrid Langmuir Blodgett (LB) films. The presence of non-fluorescent H-
dimeric sites in aqueous solution of CVA even at very low concentration diminishes its fluorescence
intensity and CVA ceases to emit any fluorescence in solid state and in the ultrathin films due to the
abundance of H-dimeric sites. Incorporation of clay in aqueous solution drastically modified the
absorption spectrum of CVA. Organo-clay hybrid film of CVA, fabricated at higher clay concentration,
showed intense J-aggregated band due to the formation of J-aggregated species. UV–vis absorption and
fluorescence spectroscopy as well as in-situ Brewster angle microscopic (BAM) studies were employed in
this investigation.
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1. Introduction

Ultra thin films of organic-inorganic hybrid nano-composites
are of great technological interest for designing photonic and
optoelectronic devices with prospective applications in diverse
fields such as sensors, solid tunable lasers, antenna systems,
optical switches, solar cells and so on [1–6]. In such a hybrid
system, the inorganic nano particles act as a host matrix to build up
host- guest assemblies through adsorption of the photo functional
organic dye molecules [7–11]. Such incorporation can modify the
photo physical properties of the adsorbed dye arranged in a
favored direction through enhanced guest–guest or guest-host
interactions [12–22].

The aggregation of ionic molecules is a common phenomenon
that can drastically modify the absorption characteristics through
spectral shifts and band splitting of the dye [23–25]. Moreover, the
presence of unique host molecules in the solution can strongly
influence the position and relative intensity of the absorption
bands [26]. The spectral profile of the dye may be controlled by
solvent-solute and solute–solute interactions [27]. Here the dye
molecules being used as fluorescent molecular probe enable the
application of electronic absorption and fluorescent spectroscopic
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studies for analyzing adsorption properties and physicochemical
behavior of the host surfaces [28].

Cresyl violet acetate (CVA) is a cationic oxazine dye. Dye
aggregation is observed in concentrated and even in dilute aqueous
solution of CVA [29–31]. UV–vis absorption spectrum of CVA in
dilute aqueous solution shows intense monomeric band with a
peak at 580 nm and weak shoulder at 550 nm due to H-dimeric
sites [30]. With increasing solution concentration, 550 nm
shoulder becomes intense and 580 nm intense monomeric band
reduces to a shoulder. The change in the spectral profile with
concentration is due to the aggregation of the dye molecules to
form dimers and higher order aggregates [29].

In this sense, anionic nano-clay mineral layers are interesting
layered materials that can adsorb organic cationic molecules by
electrostatic interaction. In order to prepare functional hybrid ultra
thin films, actually two level organizations are essential: firstly,
organization of the dye molecules adsorbed on the surface of the
clay mineral layers and secondly, the adsorption of the dye-tagged
clay mineral layers onto a preformed Langmuir monolayer.

Dye aggregation is an important issue in laser dyes as the
process of aggregation may quench fluorescence and therefore
degrade the lasing ability of dye laser systems [32]. Oxazines are a
class of organic dyes with striking photo physical and lasing
properties [33,34]. The unique properties of this group of organic
dyes make them potential materials for various optical and
photonic devices [35]. The spectral properties of the dyes are
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highly sensitive to solvent polarity and local environment [36,37].
Many researchers have focused on the spectroscopic nature of this
class of dyes in aqueous solutions in presence of additives and
surfactants [38].

CVA forms H-dimers even at very dilute solutions. Martini et al.
investigated the relaxation dynamics of strong H-aggregate
formation by CV+ ions adsorbed on SnO2 and SiO2 nano-particles
[39]. Cresyl violet cations adsorbed onto SiO2 colloids in aqueous
solution has been studied by Leng and Kelley et al. as a promising
candidate for resonance Raman studies [29]. C. Dou et al.
investigated the reversal of nonlinear refraction sign of the cresyl
violet (CV) molecules when adsorbed in layered titanate nano-
sheets (HTO) forming CV/HTO nano hybrid thin film [40]. Such
nano hybrid materials can act as sensitizers in electronic and
optical devices. All these investigations revealed the adsorption of
CVA on host surfaces resulted in a large blue shift with respect to
solution band causing fluorescence quenching. Interestingly, A.
Jafari et al. reported a noticeable red shift (18–20 nm) of CVA in
nematic solution of liquid crystals compared to dye spectra in
isotropic polar solvents and attributed it to strong guest � host
interactions [31].

The present communication reported the formation of hybrid
organized molecular assemblies of CVA through adsorption in
Laponite nano clay mineral layers. Laponite is an octahedral
smectite clay mineral that can form stable well dispersed aqueous
colloidal dispersion. The modified molecular arrangement of
hybrid nano composite molecules on the solid surface in the well
controlled geometry of Langmuir Blodgett (LB) film restricted the
fluorescence quenching process through aligning the molecules in
head-tail geometry (J-aggregate) preferred for intense fluores-
cence emission. This might enhance the compatibility of the dye as
an efficient fluorescent probe. A comparison of the organo-clay
hybrid film was also made with the SA-CVA complex LB film.

2. Experimental section

2.1. Chemicals

Cresyl Violet Acetate (CVA), Stearic Acid (SA) and Octadecyl-
amine (ODA) were purchased from Aldrich Chemical Co. and used
as received. Solvent chloroform (SLR, India) was of spectroscopic
grade and its purity was checked by fluorescence spectroscopy
before use. The clay mineral layer Laponite used in this study was
obtained from the source clays repository of the clay minerals
society. Cation cxchange capacity (CEC) of Laponite layer is
0.74 meq gm�1.

2.2. Instruments

Surface pressure vs. area per molecule (p-A) isotherm
measurements of complex/hybrid

Langmuir monolayer and preparation of mono- and multilay-
ered LB Films were done by a commercially available Langmuir-
Blodgett film deposition instrument (Apex-2006C). The Brewster
Angle Microscope (BAM) images of complex/hybrid films were
taken by a commercially available in-situ BAM (Accurion, nano-
film_EP4) attached to a KSV NIMA Langmuir-Blodgett instrument.
Ultra-pure Milli-Q (18.2 MV cm) water was used for the aqueous
subphase of the Langmuir trough, for the preparation of aqueous
clay mineral dispersion used in the Langmuir trough and for the
preparation of aqueous solution of CVA. Aqueous clay mineral
dispersion was prepared at various clay concentrations ranging
from 10 to 80 PPM and was stirred for 24 h and then sonicated for
30 min prior to use. Temperature was maintained at 24 �C
throughout the experiment. UV–vis absorption and fluorescence
spectra were recorded by UV–vis absorption spectrophotometer
(Lambda 25, Perkin Elmer) and Fluorescence spectrophotometer
(LS-55, Perkin-Elmer) respectively. For spectroscopic character-
izations LB films were prepared on thoroughly cleaned quartz
substrates.

2.3. Methods

To study surface pressure vs. area per molecule (p-A) isotherm
characteristics and to record BAM images, first of all stock
solutions of SA (0.5 mg ml�1) and ODA (1 mg ml�1) were prepared
using spectroscopic grade chloroform. Stock solution of CVA
(0.5 mmol) was prepared by dissolving it into ultra-pure Milli-Q
water. To record p-A isotherm of pure SA monolayer at the air-
water interface, the subphase of the Langmuir trough was filled
up with Milli-Q water and then 60 ml of chloroform solution of SA
was spread on the aqueous subphase of the Langmuir trough
using a micro-syringe. After waiting for sufficient time to
evaporate the solvent, the barrier of the Langmuir trough was
compressed slowly to study isotherm characteristics. For the p-A
isotherm studies of SA-CVA complex monolayer, first of all
SA-CVA complex Langmuir monolayer was prepared at the air-
water interface of the Langmuir trough. For this purpose 5000 ml
aqueous solution of CVA (0.1 mmol) was mixed in the aqueous
subphase of the Langmuir trough and then 60 ml of chloroform
solution of SA was spread on the aqueous subphase. Being
cationic CVA molecules interacted electrostatically with the
anionic SA molecules and formed SA-CVA complex Langmuir
monolayer at the air-water interface. After waiting for sufficient
time (1 h) to complete the reaction, the monolayer was
compressed slowly to obtain p-A isotherm. The complex
monolayer was transferred onto solid substrates by Y-type
vertical deposition process starting with an upward lift at a
surface pressure of 20 mN m�1 to form monolayer LB film.
Subsequent down stroke and upstroke resulted in the deposition
of even and odd layered films onto solid substrate. Lifting speed
was kept fixed at 5 mm min�1.

To incorporate anionic nano clay mineral layers in the LB films,
first of all aqueous clay mineral dispersions were prepared at
various PPM clay concentrations (10–80 PPM). The aqueous clay
mineral dispersion was stirred overnight followed by 30 min
sonication prior to use in the Langmuir trough. Preformed
Langmuir monolayer of cationic ODA molecules was prepared
for the adsorption of anionic nano clay mineral layers onto the ODA
monolayer by electrostatic interactions. Thus ODA-clay hybrid
Langmuir monolayer was formed at the air-water interface. For the
preparation of ODA-clay-CVA hybrid monolayer, 5000 ml of
aqueous solution of CVA (0.1 mmol) was mixed with the aqueous
clay mineral dispersion (namely 10–80 PPM) and sonicated prior to
use in the Langmuir trough. Being cationic CVA molecules
interacted electrostatically with anionic nano clay mineral layers
and got adsorbed onto the nano clay mineral layers. Thus Clay-CVA
hybrid molecules were formed in the aqueous dispersion of the
Langmuir trough. When cationic ODA molecules were spread at the
air-water interface of the Langmuir trough, then CVA tagged nano
clay mineral layers were further adsorbed onto the preformed
cationic ODA monolayer and thus ODA-clay-CVA hybrid monolayer
was formed at the air-water interface. After waiting for sufficient
time (1 h) to complete the reaction, the hybrid monolayer was
compressed slowly to obtain (p-A) isotherm and also transferred
onto solid substrates at a desired surface pressure to form mono
and multilayered LB films.

For taking BAM images of complex/hybrid Langmuir monolayer,
same procedure was followed to form SA-CVA complex and ODA-
clay-CVA hybrid Langmuir monolayer. Then the barrier of the
Langmuir trough was slowly compressed and BAM images were
taken.
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3. Results and discussion

3.1. Molecular structures of SA and CVA and formation of complex
molecules

Inset of Fig. 1(a) shows the molecular structure of stearic acid
(SA) and cresyl violet acetate (CVA). One cationic charge is
associated with the N+ ion of CVA. SA-CVA complex molecule was
formed when anionic head group of SA molecule was attached
electrostatically to the N+ cation of the CVA molecule. CVA
molecules being water soluble remained in the aqueous subphase
of the Langmuir Trough. When Langmuir monolayer of SA was
prepared at the air-water interface, then from the aqueous
subphase, CVA molecules got adsorbed electrostatically onto the
preformed SA monolayer at the air-water interface. With the
passage of time the preformed SA monolayer was replaced by the
complex SA-CVA monolayer at the air-water interface. It may be
mentioned in this context that chloroform solution of SA (60 ml,
0.5 mg ml�1 concentration) was spread at the air-water interface
and CVA aqueous solution (5000 ml, 0.1 mmol concentration) was
mixed in the aqueous subphase of the Langmuir trough. The
number of SA molecules present on the aqueous subphase was
calculated and found to be 1.8 � 1016 and that of CVA molecules in
the aqueous subphase was calculated to be 3 � 1017. Thus number
of CVA molecules in the aqueous subphase of the Langmuir Trough
was 15 times more than that of SA molecules on the aqueous
surface. Thus SA molecules found sufficient number of CVA
molecules in the subphase to form SA-CVA complex molecules and
hence formed the complex monolayer at the air-water interface.
Also, experimentally it was observed that the presence of sufficient
number of CVA molecules was important to initiate the reaction.
This complex monolayer was found to be stable as observed from
the stability curve (surface pressure vs. time) (figure not shown).

Being water soluble, CVA molecules did not occupy any space at
the air-water interface before the interaction started. Thus at the
Fig 1. (a) p-A isotherms of (i) pure SA monolayer, (ii) SA-CVA complex monolayer; (b)
Fig. 1(a) shows the chemical structures of SA and CVA.
beginning, area occupied at the air-water interface was solely due
to SA molecules. With the progress of reaction, water insoluble SA-
CVA complex molecules were gradually formed and started
replacing the pure SA monolayer at the air-water interface. The
area per molecule of the complex monolayer was greater than that
of pure SA monolayer. This was manifested in the surface pressure
vs. area per molecule (p-A) isotherm characteristic study of the
Langmuir monolayer at the air-water interface.

The molecular area of CVA under flat surface conformation was
calculated to be about 0.77 nm2. In the SA-CVA complex
monolayer, long alkyl chain of SA molecule was oriented outside
and CVA molecule occupied an area at the air-water interface. Thus
the lift off surface area in the isotherm curve of the SA-CVA
complex monolayer should be about 0.77 nm2.

This has been discussed in the next section of the isotherm
study of the complex monolayer at the air-water interface.

3.2. Isotherm characteristic studies of pure SA and SA � CVA complex
langmuir monolayer at the air-water interface

Graph (i) of Fig. 1(a) shows the surface pressure vs. area per
molecule isotherm of pure SA monolayer at the air-water interface.
It showed a rise of surface pressure with decreasing area per
molecule with a characteristic kink at 25 mN m�1. This kink
denoted the lateral transition pressure of long chain fatty acid. For
pure SA monolayer the lift off area was found to be 0.27 nm2 as
described by Ras et al. [41]. At surface pressures of 15 mN m�1 and
25 mN m�1, the area per molecule as calculated from SA isotherm
were 0.23 nm2 and 0.21 nm2 respectively. These were in good
agreement with the reported results [42]. The p-A isotherm of SA-
CVA complex Langmuir monolayer showed a larger lift off area of
0.43 nm2. This was the clear evidence of the formation of SA-CVA
complex Langmuir monolayer at the air-water interface. It may be
mentioned in this context that the p-A isotherms of SA-CVA
complex Langmuir monolayer were taken several times by mixing
 C-p graphs of (i) pure SA monolayer and (ii) SA-CVA complex monolayer. Inset of
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different amount of CVA aqueous solution (0.1 mmol) in the
aqueous subphase of Langmuir trough, namely, 2000 ml, 4000 ml,
5000 ml, 6000 ml, 8000 ml and 10000 ml. It was found that 5000 ml
aqueous solution was the optimum volume. Isotherms obtained by
mixing more volume of CVA aqueous solution in the aqueous
subphase only replicated the same isotherm as obtained in the case
when 5000 ml of CVA solution was mixed in the aqueous subphase.

Thus it may be concluded that when 5000 ml CVA solution was
mixed in the aqueous subphase, all the SA molecules in the
preformed SA monolayer interacted with the CVA molecules in the
aqueous subphase and formed SA-CVA complex monolayer at the
air-water interface. No more SA molecules were left free.

In the complex monolayer, SA-CVA complex molecules were
arranged to form both H-and J- types of aggregation. This
organization was also retained when the monolayer was trans-
ferred onto solid substrate to form LB film. This is schematically
shown in Fig. 4(b).

It is to be noted that in the complex monolayer long alkyl chain
of SA molecules were oriented out of the surface and the surface
area was occupied by CVA molecules in the SA-CVA complex
monolayer. Under flat surface conformation, the molecular area of
CVA becomes 0.77 nm2. If CVA molecules were lying flat at the air-
water interface then lift off area of SA-CVA complex monolayer
should be at least 0.77 nm2. But experimentally the lift off area was
found to be 0.43 nm2 as obtained from the p-A isotherm of
complex Langmuir monolayer. This clearly indicated that not all
the CVA molecules were lying flat at the air-water interface; rather
large number CVA molecules in the SA-CVA complex monolayer
were arranged in face to face vertical arrangement in the extreme
case forming H-aggregated sites. In the lying flat conformation,
CVA molecules might form head to tail arrangement and gave J-
aggregation. These two extreme cases of H-and J-aggregations
have been schematically shown in Fig. 4(b). Some of the CVA
molecules in the complex monolayer might also lie in a tilted
orientation, but the most possibility was that with increasing
Fig. 2. In-situ Brewster Angle Microscopic (BAM) images of SA-CVA complex Langmuir m
(c) 15 mN m�1 and (d) 20 mN m�1. Scale bar represents 20 mm.
surface pressure, the tilted CVA molecules would form vertical face
to face arrangement leading to the formation of H-aggregates.

UV-vis absorption spectroscopic studies discussed in the later
section also confirmed this thesis.

3.3. Monolayer compressibility

The mechanical properties of the floating monolayer were
assessed by the study of compressibility of the molecular film
computed from the surface pressure-area per molecule isotherms,
according to the expression given by C = � (1/A) (dA/dp), where A
is the area per molecule at surface pressure ‘p’ [43,44]. The
compressibility usually shows discontinuities during phase
transition. Fig. 1(b) shows the compressibility vs. surface pressure
(C- p) curves of SA monolayer (graph i) and SA-CVA complex
monolayer (graph ii) at the air-water interface with distinct regions
of different compressibility corresponding to different phases and
phase coexistence regions. The curves showed that the SA-CVA
complex monolayer possessed larger values of compressibility at
all surface pressures than that of SA monolayer. The relatively steep
slope in SA isotherm under barrier compression was manifested as
a clear phase transition region within 0–15 mN m�1 along with a
smaller peak in the C-p curve within 22–25 mN m�1 surface
pressure indicating the solid phase. The adsorption of CVA
molecules onto the preformed SA monolayer increased the overall
compressibility of the complex monolayer at all surface pressures.
Thus the complex monolayer became more compressible. The
higher the compressibility, the lesser organized is the physical
state of the monolayer. Thus CVA adsorption onto the surfactant
monolayer affected the comparatively rigid molecular packing of
SA molecules. In the complex monolayer, there were distinct phase
transitions as observed from the C-p curve in 0–5 mN m�1, 5–
10 mN m�1 and 10–20 mN m�1 surface pressure regions with a
stepwise decrease in compressibility value. Thus adsorption of CVA
molecules onto SA monolayer and hence formation of SA-CVA
onolayer taken at different surface pressures, namely (a) 5 mN m�1, (b) 10 mN m�1,
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complex molecules provided a flexibility for the complex
molecules to organize them favorably at the interface before the
attainment of rigid solid phase.

3.4. In-situ brewster angle microscopic (BAM) images of SA-CVA
complex monolayer at the air-water interface

To demonstrate two dimensional phase transitions at the air-
water interface at different surface pressures, in-situ Brewster
Angle Microscopic (BAM) technique has been employed. The BAM
images gave direct visualization of micro-domains and the
morphological information of the film. Fig. 2 shows BAM images
of SA-CVA complex monolayer formed at the air/water interface at
different surface pressures, namely, (a) 5 mN m�1, (b) 10 mN m�1,
(c) 15 mN m�1 and (d) 20 mN m�1. Initially after the spreading of SA
solution in the Langmuir trough with CVA mixed aqueous
subphase, the adsorption process started and with gradual
compression of the barrier small circular shaped domains were
emerged as if in the gaseous phase (a). With further decrease in
area per molecule, the density of micro domains increased (b). This
was the liquid expanded (LE) phase. At 15 mN m�1, the field of view
was crowded with distinct bright circular domains distributed
randomly and formed linear chain like structure (c). At higher
surface pressure, a compact domains structure was observed
indicating the solid phase (d). One thing to be noted was that the
micro domains formed here were somehow like rigid cores as they
never seemed to form a larger shaped domain by coalesce. Thus
BAM images clearly demonstrated the effect of phase transition on
the monolayer morphology through evolution of micro domains
with changes in surface pressure.

3.5. UV–vis absorption and fluorescence spectra of CVA aqueous
solution

The UV–vis absorption spectrum of CVA shows a doublet
absorption band, i.e. a maximum lmaxð Þand a shoulder lshoulderð Þ in
the visible region. The doublet band corresponds to a transition
moment largely parallel to the long axis of the molecules due to
p-p* transitions [31]. The aromatic skeleton of this ionic dye is
Fig. 3. (a) UV–vis absorption spectra of aqueous solution of CVA at different concentrat
spectra of aqueous solution of CVA (0.5 mmol). Inset (II) shows the corresponding fluores
shows the variation of fluorescence intensity of CVA aqueous solution with concentratio
lifted at 20 mN m�1 surface pressure. Left inset shows deconvolution spectra of compl
approximately planar so that its transition moment vector may be
considered to be parallel to its longest molecular axis [31]. It is well
reported that CVA forms H-dimers in aqueous solution but retains
its monomeric form at concentrations below 0.03 mmol [29]. The
positions of lmax and lshoulder and also the shape of the absorption
spectrum can be controlled through solvent-solute interactions
and solute–solute interactions.

Fig. 3(a) shows the normalized UV–vis absorption spectra of
aqueous solution of CVA at different concentrations. At lower
concentration of 0.05 mmol, the solution absorption spectrum
showed intense monomeric band at about 580 nm originated due
to p-p* transition along with a high energy weak dimeric band at
about 550 nm. Increasing the dye concentration from 0.05 mmol
onwards upto 0.5 mmol, diminished the intensity of monomeric
band and dimeric band increased in intensity. With increase in CVA
concentration the degree of interaction among the monomeric
sites increased resulting in large enhancement of high energy
dimeric band at 550 nm due to the formation of large number H-
dimeric/higher order H-aggregated species. The monomeric band
was slightly red shifted at concentrated CVA solution (0.5 mmol).
Iwasaki et al. reported a similar red shifted band of a cyanine dye at
higher dye concentration in aqueous solution and attributed it to
the formation of J-aggregates [45]. The value of AD/AMwas found to
be 1.21 for the highest dye concentration and 0.75 for that of
minimum dye concentration considered.

It is well known that molecular aggregation changes the
absorption characteristics to a large extent with a consequence of
spectral shifts and band splitting. This phenomenon has been well
explained using the molecular exciton theory developed by Kasha
et al. [46]. For the chromophores interacting in parallel planes i.e,
sandwiched structure (H-aggregate), aggregation results into non-
fluorescent species. In case of head-to-tail structure (J-aggregate)
of aggregated species, enhancement of fluorescence band occurs. If
u be the angle between the direction of the dipole moments of the
interacting chromophores and the line connecting the molecular
centers, a be the angle between the transition moments of the
monomers in the dimer, the chromophores can arrange them-
selves with suitable values of u and a to appear as H- and J-bands in
the absorption spectrum. For structures with u < 54.7�, J aggregate
ions namely 0.05 mmol, 0.1 mmol and 0.5 mmol. Inset (I) shows the deconvolution
cence spectra of the aqueous solutions of CVA at different concentrations. Inset (III)
n (b) UV–vis absorption spectra of SA-CVA mono and multilayer complex LB films
ex monolayer film. Right inset shows the variation of A610/A525 with no. of layers.
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becomes prominent, on the other hand, for u > 54.7� H aggregate
becomes prominent. The angle a can be calculated from the
relation tan2(a/2) = A1/A2, where A1 and A2 are the areas of the
Gaussian bands of the absorption spectrum corresponding to the
longer and shorter wavelengths respectively. Using the values of a,
u for H and J aggregation can be obtained the equation a+2u = 180�

(Fig. 4(a)).
To comment about the band positions in concentrated CVA

solution (0.5 mmol) the corresponding absorption spectrum was
Gaussian deconvoluted (inset (I) of Fig. 3(a)). The deconvolution
process revealed H-dimeric, monomeric and J-aggregated bands at
550 nm, 580 nm and 600 nm respectively. It is well known that for
H-band, u is greater than 54.70 and that for J-band less than 54.70.
Satisfactorily here u values for H-aggregation and J-aggregation
were calculated to be 57.930 and 51.390 respectively.

The presence of strong H- dimeric band at higher concentration
of CVA aqueous solution drastically reduced the fluorescence
intensity. Inset (II) of Fig. 3(a) shows the fluorescence spectra
corresponding to different concentrations of CVA aqueous solu-
tion. At lower concentration of 0.05 mmol, the solution fluores-
cence spectrum showed relatively intense fluorescence band with
peak at 630 nm. Inset (III) shows the variation of fluorescence
intensity of CVA aqueous solution with concentration. Due to the
increase in non-fluorescent H-dimeric species in aqueous solution
of CVA at higher concentration, the intensity of fluorescence band
was drastically reduced.

3.6. UV–vis absorption spectra of SA-CVA complex LB film

Fig. 3(b) shows the normalized UV–vis absorption spectra of the
SA-CVA complex mono and multi layered LB films lifted at
20 mN m�1 surface pressure. In the SA matrix CVA organization
was changed considerably. In SA-CVA complex monolayer LB film,
the absorption peak was quite broadened and shifted to 525 nm
Fig. 4. Schematic representation for (a) the formation of ideal H- and J- aggregates by
molecules to form SA-CVA complex LB film.
with a weak shoulder at about 610 nm. The deconvolution of this
broad spectral profile (left inset of Fig. 3(b)) amazingly showed
three distinct peaks at 525 nm, 570 nm and 610 nm. So, the peak at
525 nm showed a large blue shift of about 55 nm with respect to
the monomer peak in solution (0.05 mmol). Thus the electronic
states of the dye molecules were changed while passing from pure
mono dispersed solution phase to solid phase of SA-CVA complex
molecules in the restricted geometry of LB film on a solid substrate.
These interesting spectral changes of the dye can be attributed to
the arrangement of the complex molecules on the solid substrate.
Here, the complex molecules were arranged so that the dipole
moment of the complex molecules was aligned in a row and hence
transition energy was shifted to higher energy side. This
organization led to the formation of higher order H-aggregates.
C. Dou et al. reported [40] a similar blue shift of cresyl violet
perchlorate adsorbed on titanate nano sheets for CV/HTO hybrid
system on solid substrate due to the formation of H-aggregates.
Such aggregation process resulted in fluorescence quenching of the
dye in the complex LB film. The 570 nm weak shoulder was also
blue shifted by about 10 nm with respect to the monomeric band.
Interestingly, a red shift of about 30 nm in the spectrum was also
observed at 610 nm which is a characteristic feature of J-band. Thus
both H-and J-aggregated sites were present in the complex LB film.
This has been shown schematically in Fig. 4(b) for ideal head to tail
and sandwiched arrangements of SA-CVA complex molecules.

The right inset of Fig. 3(b) clearly shows that with increasing
layer number, the ratio A610/A525 was increased slightly from 0.56
to 0.69, i.e. H-aggregated sites still predominated over the J-
aggregated sites even in multilayered complex LB film. However
with increasing layer number, the number of J-aggregated sites
increased to a little extent. Due to the predominance of non-
fluorescent H-aggregated sites, intensity of the fluorescence band
reduced to the background level and thus no fluorescence
spectrum was found.
 monomer units (b) mixed arrangement of H- and J- aggregated SA-CVA complex
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3.7. Inclusion of nano clay mineral layers laponite

3.7.1. Formation of ODA-clay-CVA hybrid langmuir monolayer at the
air-water interface

To investigate the effect of Laponite nano clay mineral layers on
the organization of CVA molecules at the air-water interface and
also in ultra thin LB films, cationic amphiphile ODA was chosen for
the preparation of template Langmuir monolayer. But CVA
molecules, being cationic in nature would not get adsorbed
electrostatically onto cationic ODA monolayer directly. Anionic
clay mineral layers of Laponite were used as mediator to adsorb
CVA molecules onto the template ODA monolayer. 5000 ml
aqueous solution of CVA (0.1 mmol) was mixed with aqueous
clay mineral dispersion to form CVA tagged clay dispersed aqueous
subphase in the Langmuir Trough. Being cationic, CVA molecules
got adsorbed onto the anionic sites of the Laponite layers. Then
ODA monolayer was prepared on the subphase containing aqueous
dispersion of CVA tagged Laponite layers in the Langmuir Trough.
CVA tagged Laponite layers were further adsorbed onto the
cationic ODA monolayer by electrostatic interaction. As a result,
ODA-clay-CVA hybrid Langmuir monolayer was formed at the air-
water interface. Thus the effective area per ODA molecule was
increased sufficiently. As a consequence area per molecule of this
hybrid monolayer was increased as evidenced from the isotherm
characteristics of the ODA-clay-CVA hybrid monolayer.

Fig. 5 shows the isotherms of (i) pure ODA monolayer, (ii) ODA-
clay hybrid monolayer and (iii) ODA-clay-CVA hybrid monolayer.
ODA isotherm on pure aqueous subphase showed a steep rise that
indicated highly condensed and low compressible nature of ODA
monolayer as reported elsewhere [47]. ODA-clay hybrid monolayer
isotherm was measured on the Laponite layers dispersed aqueous
subphase. ODA-clay hybrid monolayer isotherm was found to have
higher area per molecule than that of pure ODA isotherm. This was
the clear evidence of adsorption of clay mineral Laponite layers
Fig. 5. p-A isotherms of (i) ODA on pure aqueous subphase, (ii) ODA-clay hybrid
monolayer, (iii) ODA-clay-CVA hybrid monolayer.
onto the cationic template ODA monolayer. The area per molecule
of ODA-clay-CVA hybrid monolayer was even higher than that of
ODA-clay hybrid monolayer.

Laponite layer has a large number of anionic sites on the surface
of its layers. From aqueous dispersion of Langmuir Trough it was
adsorbed onto the template cationic ODA monolayer at the air–
water interface through electrostatic interaction among the
cationic head group of the ODA molecules and anionic sites of
Laponite layer surface. Thus ODA molecules were tagged onto the
Laponite layer surface as shown schematically in Fig. 9(b).
However it was not possible to confirm quantitatively the exact
number of ODA molecules adsorbed on the Laponite layer surface
since there was large number of anionic sites present on the
Laponite layer surface. But the adsorption process resulted in an
increase in effective area per ODA molecule. Thus overall area per
molecule of the ODA-clay hybrid and ODA-clay-CVA hybrid
monolayer were increased.

3.7.2. In-situ brewster angle microscopic images of ODA-clay-CVA
hybrid monolayer at the air-water interface

In-situ BAM images (Fig. 6) of ODA-clay-CVA hybrid Langmuir
monolayer were taken at different surface pressures, namely (a)
5 mN m�1, (b) 10 mN m�1, (c) 15 mN m�1 and (d) 20 mN m�1 with
80 PPM clay dispersed aqueous subphase in the Langmuir trough.

Initially the whole field of view was covered with almost
circular shaped hollow domains of varying sizes which appeared
with distinct boundaries (a) at 5 mN m�1 surface pressure. With
monolayer compression, density of hybrid molecules was in-
creased and gradually domains with complex architecture evolved
filling up the inner part of the circular border with smaller sized
circular domains (b). In the process of compression soon the initial
circular boundaries disappeared due to coalesce and irregular
larger size domains appeared (c) filled up with large number of
micro domains. At 20 mN m�1 surface pressure, the image
appeared to be almost uniformly covered with small circular
domains separated by some almost straight and parallel boundary
lines. The interface was almost roofed with a compact hybrid
monolayer. Thus inclusion of nano clay mineral layers rigorously
modified the molecular organizations in the Langmuir monolayer
at the air-water interface. Although Laponite nano clay mineral
layers have dimensions within 25 nm to 50 nm, the domains
observed in the BAM images have several micrometer dimensions.
Thus it became evident that several ODA-clay-CVA hybrid
molecules were aggregated together to form microcrystalline
domains. To ascertain the nature of aggregated species, UV–vis
absorption and Fluorescence spectroscopic studies were discussed
in the next section.

3.7.3. Inclusion of nano clay mineral layers laponite in CVA aqueous
solution

Fig. 7(a) shows the UV–vis absorption spectra of CVA in aqueous
clay mineral dispersion at different clay concentrations (10–
80 PPM). Upon inclusion of aqueous solution of CVA (0.05 mmol)
into colloidal dispersion of anionic nano clay mineral layers of
laponite at very low concentration (10 PPM), the absorption
spectrum radically developed a narrow, intense and blue shifted
band at 508 nm somewhat even blue shifted of the H-dimeric band
in solution. This was due to the formation of higher order H-
aggregates of CVA molecules upon adsorption onto the surface of
clay mineral layers. The monomeric band in solution was totally
absent and a weak low energy band was observed at 605 nm. With
increasing clay concentration the intensity of red shifted band
gradually increased and became prominent and sharp at 80 PPM
clay concentration, whereas the blue shifted band got diminished
in intensity gradually and reduced sufficiently at the highest clay
concentration. Another interesting feature to be noted was that at



Fig. 6. In-situ Brewster Angle Microscopic (BAM) images of ODA-clay-CVA hybrid Langmuir monolayer taken at different surface pressures, namely (a) 5 mN m�1, (b)
10 mN m�1, (c) 15 mN m�1 and (d) 20 mN m�1. 80 PPM aqueous clay mineral dispersion was used as subphase in the Langmuir trough. Scale bar represents 20 mm.

Fig. 7. (a) UV–vis absorption spectra of CVA (0.05 mmol) mixed aqueous clay mineral dispersions (10–80 PPM). Inset shows the deconvolution spectra of CVA mixed aqueous
clay mineral dispersion at 80 PPM (b) Fluorescence spectra corresponding to all absorption spectra shown. Inset shows the variation of fluorescence intensity of clay dispersed
CVA (0.05 mmol) aqueous solution with variation of clay concentration (PPM).
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higher clay concentration a blue shifted broad shoulder at about
570 nm emerged slowly and became well distinct at 80 PPM. The
deconvolution of absorption spectrum at 80 PPM (inset of Fig. 7a)
showed three distinct peaks at 508 nm, 570 nm and 605 nm. The
origin of 570 nm band could not be explained readily. However, It
may be mentioned in this context that similar blue shifted
monomeric band was observed in the case of methelene blue (MB)
when adsorbed onto clay mineral layers at very small loading (0.1%
of CEC) in aqueous clay mineral dispersion [48]. The band position
of the monomer upon adsorption onto the clay mineral surface was
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influenced by several factors such as the type of clay, sites of
isomorphous substitution [49]. According to Yariv and Cross [50]
p-electrons of the dye interacted with the hybridized orbitals of
the surface oxygen atoms resulting in such blue shifted monomeric
absorption.

Thus it became evident that the blue shifted band at 570 nm
was due to the presence of monomeric species of CVA molecules
upon adsorption onto nano clay mineral layers. Also at 80 PPM clay
concentration due to the abundance of large number of clay
mineral layers, most of the CVA molecules found suitable condition
to align themselves in head to tail geometry on the nano clay
mineral layers and formed J-aggregated sites.

Hence it may be concluded that in H-type aggregation model
parallel stacking of chromophores occurred and large number of
molecules could be accommodated onto a single clay mineral layer.
In J- aggregation, molecules were arranged by head-tail geometry,
so comparatively smaller number of molecules could be accom-
modated onto a single clay mineral layer. Thus accessibility of large
number of clay mineral layers led to the formation of large number
of J- aggregated sites, whereas less number of clay mineral layers
influenced the formation of H-aggregated species on the clay
mineral layers. This has been shown schematically in Fig. 9(a).

It may be mentioned here in this context that cation cxchange
capacity (CEC) of Laponite layer is 0.74 meq gm�1. 10 PPM Laponite
layer concentration in the aqueous dispersion is roughly equal to
80% of CEC of Laponite layer that is 80% of total charge on Laponite
layer surface is required to compensate the charges of all CVA
molecules present in the aqueous subphase. Thus only 20% charge
on Laponite layer surface remains free. In other words we may say
that Laponite layer concentration in aqueous subphase is quite
small. Thus large number of CVA molecules got adsorbed onto a
single Laponite layer surface. While 80 PPM Laponite layer
concentration is roughly equal to 10% CEC of Laponite layer that
is 10% charge of total Laponite layer present in the aqueous
Fig. 8. (a) UV–vis absorption spectra of ODA-clay-CVA hybrid monolayer LB films prepare
A525 with clay concentration (PPM). Right inset shows the fluorescence spectra of the hyb
films at 80 PPM clay concentration. Inset shows corresponding fluorescence spectra of
subphase is sufficient to compensate all the charges of CVA
molecules. Thus due to the availability of large number of clay
Laponite layers, fewer numbers of CVA molecules got adsorbed
onto a single Laponite layer surface. In H- aggregated pattern
parallel stacking of molecules occurred and thus large number of
molecules could be accommodated on a single Laponite layer
surface. Where as in J- aggregation, molecular arrangement
became head to tail type resulting in a fewer number of molecules
that could be accommodated onto a single Laponite layer surface.
Thus availability of large number of Laponite layer led to the
formation of J- aggregation of CVA molecules whereas less number
of Laponite layer influenced the formation of H- aggregated sites.

The fluorescence spectra of CVA in aqueous clay mineral
dispersion at different clay concentrations (10–80 PPM) are shown
in Fig. 7(b). The excitation wavelength used was 590 nm. Increase
in clay concentration enhanced the formation of J-aggregated sites
of CVA molecules on the clay surface which in turn increased the
red shifted J-band. Thus intensity of 630 nm fluorescence band of
CVA molecules increased with increasing clay concentration. Inset
shows the variation of fluorescence intensity of clay dispersed CVA
(0.05 mmol) aqueous solution with variation of clay concentration
(PPM). At lower PPM clay concentration the non-fluorescent H-
aggregated sites became predominant resulting in the quenching
of fluorescence intensity.

3.7.4. Effect of nano clay mineral layers on the molecular aggregates of
clay tagged CVA molecules in LB films

Fig. 8(a) shows the normalized UV–vis absorption spectra of the
ODA-clay-CVA hybrid monolayer LB films prepared at different
clay concentrations of 10–80 PPM in the aqueous subphase of the
Langmuir trough. UV–vis absorption spectrum of monolayer LB
films prepared at 10 PPM clay concentration showed a broad
higher energy H-aggregated band with peak at about 525 nm. With
increasing clay concentration two more bands at 565 nm and
d at different clay concentrations (10–80 PPM). Left inset shows the variation of A600/
rid LB films (40–80 PPM) (b) UV–vis absorption spectra of different layered hybrid LB
 the same layered hybrid LB films.
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600 nm appeared and gradually became prominent at 80 PPM clay
concentration. So on the solid substrate the H-aggregated band
again appeared at the same position as that embedded in the SA
matrix, but the interesting thing to be noted was that as the clay
concentration was increased even in monolayer hybrid film the red
shifted band assigned due to J-aggregated sites became intense.
Left inset of Fig. 8(a) shows that the value of A600/A525 increased
almost linearly from 0.49 to 1.05 with increasing clay concentra-
tion. Thus with gradual increase in clay concentration a certain
point was reached when the available clay mineral layers favoured
the head to tail arrangement of CVA molecules leading to the
formation of J-aggregated sites.

As shown schematically in Fig. 9(c), CVA molecules got
adsorbed on the anionic sites of the clay mineral layer surface
and when this CVA tagged clay mineral layers were further
adsorbed onto the preformed ODA monolayer then cationic ODA
molecules were also electrostatically attached on the clay mineral
layer surface. In this case two types of adsorption took place. In the
first case CVA molecules were adsorbed on the anionic sites of the
clay mineral layer surface present in the aqueous clay mineral
dispersion. During this adsorption, if number of available clay
mineral layers was small, then large number of CVA molecules got
adsorbed onto a single clay mineral layer surface. This resulted in
the face to face card pack arrangement of CVA molecules leading to
the formation of H-aggregation. On the other hand, when the
number of clay mineral layers was larger, then fewer CVA
molecules got adsorbed onto a single clay mineral layer surface.
This resulted in a head to tail arrangement of CVA molecules on a
clay mineral layer surface leading to the formation of J-aggregates.

CVA tagged clay mineral layers were further adsorbed from the
aqueous subphase onto the preformed cationic ODA monolayer
forming ODA-clay-CVA hybrid Langmuir monolayer.
Fig. 9. Schematic representation for (a) arrangement of CVA molecules adsorbed on lapo
molecules adsorbed on Laponite clay mineral layer to form ODA-clay hybrid molecule. (
mineral surface to form ODA-clay-CVA hybrid molecules in monolayer film.
Right inset of Fig. 8(a) shows the fluorescence spectra of the
corresponding monolayer hybrid LB films prepared at 40–80 PPM
clay concentrations in the aqueous subphase of the Langmuir
Trough. Due to the presence of large number of H-aggregated
species the LB film deposited at lower clay concentrations (less
than 40 PPM) became non fluorescent which was obvious from
corresponding aqueous clay mineral dispersion spectra. With
increasing clay concentration the fluorescence spectra of mono-
layer LB films showed intense fluorescence band at 633 nm.

Fig. 8(b) shows the UV–vis absorption and fluorescence spectra
of different layered (1, 3, 5, 7 and 11 layer) ODA-clay-CVA hybrid LB
films prepared at 80 PPM clay concentration. With increasing layer
number the J-aggregated band at 600 nm got enhanced gradually
and became more prominent than the H-aggregated band. Thus
with increasing layer number inter layer interaction favored the
arrangement of hybrid molecules to be in head-tail geometry. As a
consequence, the fluorescence spectra (inset of Fig. 8(b)) showed
an increase in fluorescence intensity with increasing layer number.
But earlier in case of SA-CVA complex LB film the layer effect
showed the strengthening of sandwiched type aggregation pattern
of complex molecules compared to the monolayer film.

4. Conclusion

In conclusion our results showed that inclusion of nano clay
mineral layers largely modified the aggregation pattern of CVA
molecules in the solid state restricted geometry of hybrid LB films.
CVA molecules were arranged in both sandwich and head-tail
pattern on the clay surface. The most favorable pattern on the solid
surface was governed by the number of clay mineral layers present
in the aqueous clay mineral dispersion in the subphase. Ultrathin
film fabricated at higher clay concentration in the aqueous
dispersion showed intense fluorescence emission which increased
nite clay mineral layers to form H- and J- aggregates in aqueous dispersion. (b) ODA
c) H-aggregation (left) and J-aggregation (right) of adsorbed CVA molecules on clay
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with increasing layer number. However when fabricated at lower
clay concentration, the hybrid films mostly behaved like complex
ultrathin films with no significant fluorescence emission. Thus
incorporation of clay at higher concentration into hybrid LB films of
CVA can act as efficient fluorescent probe.
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