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a b s t r a c t

In this communication we report the formation and control of excimer of a coumerin derivative
7-Hydroxy-N-Octadecyl Coumarin-3-Carboxamide (7HNO3C) assembled onto Langmuir–Blodgett (LB)
films. Surface pressure–area per molecule isotherm revealed that 7HNO3C formed stable Langmuir
monolayer at the air–water interface. Spectroscoipic characterizations confirmed the formation of
excimer of 7HNO3C in the LB film prepared at 20 mN/m surface pressure. The excimer band remains
present even when 7HNO3C molecules are diluted with a long chain fatty acid stearic acid in LB films.
The excimer formation of 7HNO3C can be controlled by incorporating clay particle laponite in the LB film.
The excimer band is totally absent in the hybrid 7HNO3C–laponite LB films. In-situ fluorescence imaging
microscopy and atomic force microscopy confirmed the incorporation of clay laponite onto LB films.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

Langmuir–Blodgett (LB) is a potential technique for the pre-
paration of ultrathin films of controlled structure [1–3]. In parti-
cular, LB films have received much attention as two dimensional
monolayers or heteromolecular stacking of multilayer, where the
molecular orientation and intermolecular distance between guest
chromophores can be controlled [4,5]. Potentially using this techni-
que one can achieve excellent control of the assembly process that
converts the organization of the molecules from a disordered state
into a well ordered solid state through the formation of interfacially
confined, two dimensional ordered arrangements. These types of
films have potential applications in sensors, optoelectronic and
microelectronic devices [6–10]. Now scientists are aiming for mole-
cular electronics. Therefore, it is necessary to study different mole-
cules possessing interesting spectroscopic and electrical properties,
assembled onto LB films in order to explore their possible device
applications.

LB films of amphiphilic dyes have quite different optical and
physical properties in comparison with that present in the solu-
tions [3]; so it is necessary to characterize them from this point of
view. The change in the properties of molecules in restricted
geometry of LB films may be due to organized ordering of the
molecules in the films or structural change in the functional

chromophores or dyes occurred due to applied pressure during
compression. This may leads to the formation of dimmers, exci-
mers or higher ordered aggregates that was absent in the random
media of solutions [11]. These changes can be seen as a change in
the position and/or intensity of the bands in the absorption and
fluorescence spectra. The formation of such kinds of aggregated
species may decrease the monomer intensity by transferring
energy to the aggregates that are nonfluorescent and decay via
nonradiative process. For example, thiacyanine derivatives are
found to form strong J aggregates in LB films resulting red shifted
very sharp band in the absorption spectrum with almost zero
stokes shift [12]. Pyrene [13] and perylene derivatives [8] are
observed to form excimer in LB film at certain condition. This
results a structureless longer wavelength band in the fluorescence
spectrum. It is possible to control the organization of molecules in
LB films by mixing these molecules with fatty acids or peptide-
lipids [14]. In one of our previous works we have demonstrated
the control of J aggregate formation of a thiacyanine dye in LB
films by incorporating nanoclay platelet laponite [15]. In another
work we have shown that the J aggregates of thiacyanine dye in LB
films decays to H aggregates and monomer upon irradiation with
the monochromatic light [16].

In this paper, we report the spectroscopic characteristics of an
amphiphilic coumarin derivative 7-Hydroxy-N-Octadecyl Coumarin-
3-Carboxamide (7HNO3C) assembled in the restricted geometry of LB
films. It has been observed that 7HNO3C molecules forms excimer in
LB films, which can be controlled by incorporation of nanoclay
platelet laponite in the LB films.
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Coumarin dyes are the one of the most important compounds
that are found to from plants and can be used as biomaterials [17],
liquid-crystals [18] and other functional materials [19] because of
their specific biocompatible and photochemical properties. Cou-
marin derivatives are now being used as lasing dyes owing to their
high quantum yield and good lasing properties [20–23]. However
laser performance, is adversely affected by aggregation when
the dyes are embedded into solid matrices. Therefore, to increase
its lasing efficiency aggregation should be minimized. LB techni-
que may be one of the suitable candidates to incorporate these
molecules onto solid films with controlled structure. However,
there are only few reports about the study of coumarin derivatives
onto the restricted geometry of LB films [24–29]. So, it is of
immense interest to study the organization behavior of 7HNO3C
onto the restricted geometry of LB films. Also to best of our
knowledge this is the first time that we are reporting the control
of excimer formation of coumarin derivative in LB films by
incorporating nanodimensional clay platelet laponite.

2. Experimental

7-Hydroxy-N-Octadecyl Coumarin-3-Carboxamide (7HNO3C),
Stearic acid (SA) purity 499% and Rhodamine B were used as
received from Sigma-Aldrich chemical company. 1:1 mixture of
spectroscopic grade chloroform and DMSO (SRL India) were used
as solvent for 7HNO3C and chloroform (SRL) for SA. On the other
hand aqueous solution of Rhodamine B (Rh) (concentration
10�3 M) was used. Concentration for both the sample SA and
7HNO3C was 0.5 mg/ml in respective solvents. The clay mineral
used in the present work was laponite, obtained from laponite
Inorganics, UK, and used as received. CEC of clay was 0.74 meq/g,
determined with CsCl2 [30].

A commercially available Langmuir–Blodgett (LB) film deposi-
tion instrument (Apex 2000C, India) was used for isotherm
measurement as well as mono and multilayer film preparation.
Either pure triple distilled deionized water or clay dispersions
stirred for 24 h in triple distilled deionized water were used as
subphase. The clay concentration was fixed at 2 ppm. Solutions
of 7HNO3C and SA, as well as 7HNO3C–SA mixtures at different
mole fractions were spread on the subphase with a microsyringe.
Allowing 15 and 30 min waiting time, in case of water and clay
dispersion respectively, the barrier was compressed at the rate
of 5 mm/min to record the surface pressure–area per molecule
isotherm. The length and breadth of the trough used for the

current experiments were 448 mm and 198 mm respectively. After
taking various compressions at different speed this speed (5 mm/
min) was optimized. The surface pressure (π) versus average area
available for one molecule (A) was measured by a Wilhelmy plate
arrangement, as described elsewhere [6]. 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. Monolayer films were
deposited in upstroke (lifting speed 5 mm/min) at a desired fixed
surface pressure onto fluorescence grade quartz plates for spectro-
scopy and on Si wafers for AFM. The transfer ratio was found to be
0.9870.02.

Fluorescence spectra and UV–vis absorption spectra were
measured by a Perkin-Elmer LS-55 spectrophotometer and a
Perkin-Elmer Lambda 25 spectrophotometer respectively. All the
measurements were performed at room temperature.

The direct visual evidence of the surface morphology at the air–
water interface were obtained by in-situ Fluorescence Imaging
Microscope (model: Motic AE 31) attached with the LB instrument

The atomic force microscopy (AFM) image of 7HNO3C–laponite
hybrid monolayer film was taken with a commercial AFM system
Innova AFM system (Bruker AXS Pte Ltd.) using silicon cantilevers
with a sharp, high apex ratio tip (Veeco Instruments). The AFM
image presented here was obtained in intermittent-contact
(“tapping”) mode. Typical scan areas were 1�1 μm2. The mono-
layers on Si wafer substrates were used for the AFM measurement.

3. Results and discussions

3.1. Isotherm

In order to check the monolayer formation capability of
7HNO3C at the air–water interface, 90 ml of 7HNO3C solution
(0.5 mg/ml) was spread onto the water surface of the LB trough.
Allowing 30 min to evaporate the volatile solvent, the barrier of
the LB trough was compressed very slowly at a speed of 5 mm/min
and the corresponding surface pressure–area per molecule iso-
therm (π�A) was recorded.

Fig. 1 shows the (π�A) isotherm of 7HNO3C measured on pure
water subphase and clay containing subphase at ambient condi-
tion with freshly prepared deionized water. From the figure it was
observed that the isotherm on pure water (curve a) started rising
with initial lift off area 0.54 nm2. Beyond the surface pressure
42 mN/m the monolayer collapsed. The mean molecular area or
limiting molecular area of the 7HNO3C was found to be 0.456 nm2

which has been calculated by extrapolating the linear part of
the isotherm in solid phase to zero surface pressure [31]. It is
interesting to mention in this context that if the coumarin moiety
is considered as a rectangular box, the length and breadth of the
aromatic moiety can be estimated as 0.89 nm and 0.5 nm respec-
tively. Also by considering the coumarin moiety as a conjugated π
system, the thickness of the π-electron is 0.34 nm [32]. Accord-
ingly the areas of three sides are 0.45 nm2, 0.17 nm2 and 0.31 nm2.
Now if the aromatic ring in coumarin moiety takes flat arrange-
ment then the smallest molecular area for the 7HNO3C molecule
should be 0.45 nm2. Our observed value of limiting molecular area
was 0.456 nm2 which is very close to the calculated value. This
imply that the aromatic ring of the coumarin moiety remains flat
at the air–water interface keeping the alkyl chain aligned vertically
upward with respect to the aromatic ring.

The 7HNO3C monolayer formed at the air–water interface was
found to be extremely stable as confirmed from the plot of
the area per molecules versus time at constant surface pressure
(figure not shown). This monolayer was found to be easily
transferable onto the solid substrate to form mono and multilayer
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Fig. 1. Surface pressure versus area per molecule isotherm of 7HNO3C monolayer
(a) in absence of clay and (b) in presence of clay. Inset shows the molecular
structure of 7HNO3C.
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LB films, which has been confirmed by the spectroscopic investi-
gations of the 7HNO3C LB films as described in the later section of
this paper.

In presence of clay the isotherm is shifted towards smaller area
with initial lift off area 0.382 nm2. Here the isotherm collapses at
about 27 mN/m surface pressure. The limiting molecular area is
0.312 nm2 which is less than pure 7HNO3C isotherm by 32%. This
indicates that the arrangement of the coumarin moiety changes
when adsorbed onto the clay surface keeping the surface with area
0.31 nm2 downwards.

3.2. UV–vis absorption and fluorescence spectroscopy

Fig. 2(a) and (b) shows the UV–vis absorption and steady state
fluorescence spectra of pure 7HNO3C LB films (10 bi-layers) lifted
at 20 mN/m surface pressure along with the spectra of 7HNO3C
solution and microcrystal for comparison. The pure 7HNO3C
solution spectrum shows distinct bands within the 300–400 nm
region with very weak 0–0 band at around 365 nm along with
another prominent vibronic component of monomer band at
352 nm. The microcrystal spectrum is broadened and red shifted
with respect to solution absorption spectrum. Also the vibronic
components of the monomer band are not resolvable in the
microcrystal spectrum. This broadening and red shift may be
due to the microcrystalline aggregate formation of 7HNO3C in
the microcrystal film.

The absorption spectrum of 7HNO3C LB film is quite interest-
ing. Here both the vibronic components of monomeric band are
prominent and well resolvable with respect to solution absorption
spectrum. However, both the bands are red shifted with respect to
solution absorption spectrum. This may be due to closer associa-
tion of large number of 7HNO3C molecules in the LB films and
formation of consequent aggregates.

The steady state fluorescence spectra of 7HNO3C solution
(Fig. 2(b)) show distinct prominent monomer peak at 405 nm in
the 350–500 nm region. The shift of monomer band of about
54 nm in solution fluorescence spectrum in comparison to the
solution absorption spectrum may be due to the deformation of

electronic states of 7HNO3C molecules. The microcrystal fluores-
cence spectra show similar spectral profile to that of solution
spectrum with almost identical peak position.

However the fluorescence spectra of 7HNO3C in LB film are
very interesting. It shows a broad band profile in the 350–500 nm
region with the monomer band almost identical to that of solution
and microcrystal spectra. However there exists another broad
structureless band at 445 nm. It is interesting to note that the
shift in LB film fluorescence monomer to absorbance monomer
(stokes shift) is very less with respect to the shift in solution. This
indicates lowering of deformation of the electronic states when
7HNO3C molecules are transferred onto LB films due to their
ordered arrangement. Similar kind of result was found for mixed
LB films of perylene derivatives [8].

The origin of this longer wavelength broad structureless band
in the LB films may be due to the formation of strong excimeric
emission, which may be due to the formation of organized
structures of molecular stacking in the LB films.

3.3. Excitation spectra

To have idea about the origin of the longer wavelength band at
445 nm in the LB film fluorescence spectra, we have measured the
excitation spectra of the LB films with monitoring wavelength in
the high energy as well as the lower energy region. Fig. 3 shows
the excitation spectra of 7HNO3C LB films monitored at 395 and
445 nm along with the solution excitation spectrum.

The solution excitation spectrum monitored at solution emis-
sion maximum (405 nm) shows prominent spectral profile at
around the 340–375 nm region. This is in good agreement with
the corresponding solution absorption spectrum. Both the LB film
excitation spectra show similar spectral profile irrespective of
excitation wavelength. Both the spectra possess prominent bands
with peaks at around 360 and 380 nm, which is very similar to
their absorption counterpart.

The close similarity of the excitation spectra monitored at high
energy band (395 nm) as well as longer wavelength region
(445 nm) in the 7HNO3C LB film emission spectrum definitely

Fig. 2. (a) UV–vis absorptiotion, (b) steady state fluorescence spectra of 7HNO3C in solution, microcrystal and 10 bilayer LB films lifted at 20 mN/m pressure.
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leads us to the conclusion that the broad spectral profile of the
emission spectrum at longer wavelength at around 445 nm origi-
nated due to the formation of 7HNO3C excimer in the LB films.

It is interesting to mention in this context that different
coumarin derivatives have been observed to form excimer in
certain condition [33]. There are some other molecules such as
perylene derivatives [34,35], pyrene [36], anthracene derivative
[37], oxazole derivative [38] etc. are found to form excimer in the
LB films.

It would be interesting to control the excimer formation in LB
films as this may be useful for certain technological applications.
In the process of controlling the 7HNO3C excimer in LB films we
have prepared the 7HNO3C films by diluting with a spectro-
scopically inert amphiphile stearic acid and also prepared the
7HNO3C LB films in presence of nanodimensional clay platelet
laponite. These have been discussed in the following sections of
the manuscript.

3.4. Effect of dilution on 7HNO3C excimer in LB films

In the previous sections it has been observed that excimer
of 7HNO3C molecules are formed in the LB films. It would be very
interesting if this can be controlled. There are few reports regard-
ing the control of the size of aggregates by diluting the dyes with
fattyacid matrix [39]. Also the aggregate forming dyes have been
mixed with non aggregating dyes [40–42] in order to control the
extent of aggregation. In one of earlier work we tried to control the
J-aggregate formation of a thiacyanine dye in LB film by diluting
with octadecyl trimethyl ammonium bromide (OTAB) [16]. It has
been observed that the J aggregate formation can be minimized in

the LB film when the thiacyanine dye was mixed with OTAB at a
ratio 10:90 [16].

In the present case we checked this probability by mixing the
7HNO3C molecules with a long chain fatty acid stearic acid (SA) at
different mole fraction. Fig. 4 shows the fluorescence spectra of
7HNO3C–SA mixed LB films prepared at 7HNO3C mole fractions of
1.0, 0.7, 0.5 and 0.3.

From the figure it has been observed that the fluorescence spectra
of all the SA mixed 7HNO3C LB films possess similar spectral profile
to that of pure 7HNO3C LB film fluorescence spectra. Only the
difference is that the high energy band at 393 nm becomes very
prominent in presence of SA, which was very weak for pure 7HNO3C
LB film spectrum. Strong excimer band remains present in all the
LB films.

3.5. Effect of nano-clay laponite on 7HNO3C excimer in LB films

In order to check the effect of incorporation of nanodimen-
sional clay platelets on the 7HNO3C excimer in LB film, we have
prepared 7HNO3C LB film in presence of a nanodimensional clay
laponite. Clay particles are very interesting for their nanodimen-
sional size, high cation exchange capacity (CEC) and intercalation
property [43].

This makes clay platelates as ideal host material for preparing
hybrid organo–clay composit/films [44]. It is possible to incorporate
charged or neutral organic molecules onto the clay surface and the
interlamelar space of clay sheets [43–45]. When 7HNO3C molecules
are spread onto the clay dispersion subphase of LB trough, the
floating 7HNO3C molecules are adsorbed onto the laponite surface

Fig. 3. Excitation spectra of 7HNO3C solution (λex¼405 nm) and 7HNO3C LB film
(λex¼395 nm and 445 nm). Fig. 4. Fluorescence spectra of 7HNO3C mixed with SA at different mole fraction in

10 bilayer LB films. The number denotes corresponding mole fraction of 7HNO3C
in SA.
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and the laponite particles come onto the air–water interface.
As a result a hybrid monolayer with one layer of 7HNO3C molecule
adsorbed onto the laponite surface has been formed at the air–
water interface. Then the barrier was compressed and the corre-
sponding pressure–area isotherm was recorded. This hybrid layer
has been transferred onto the solid substrate to form LB films at a
surface pressure of 20 mN/m. Observed change in the pressure–area
isotherm compared to that in absence of laponite is an indication of
incorporation of clay platelets onto LB films. Our later atomic force
microscopic investigation gives compelling visual evidence of
incorporation of clay platelet laponite in the LB films.

Fig. 5 shows the fluorescence spectra of 7HNO3C LB film in
presence and absence of clay platelet laponite. From the figure
it has been observed that in presence of laponite the longer
wavelength band at 445 nm due to the excimer emission is totally
absent. Also the monomeric band at 395 nm is very intense.

In the process of hybrid film formation 7HNO3C molecules are
adsorbed onto the laponite surface and gets isolated from each
other resulting in the predominance of monomeric species in the
7HNO3C–laponite hybrid LB films. The excimer only exists in the
excited state and they dissociate into monomers upon radiative
and non-radiative deactivation. The essential condition for exci-
meric emission is that two molecules must approach within a
distance of 0.35 nm and also the concentration should be high
enough for interaction to occur within the excited lifetime [46].
In the present case in presence of laponite the 7HNO3C molecules
are organized in such a way that it does not suit for the excimeric
emission.

It may be mentioned in this context that in one of our previous
work [15] we have demonstrated the control of J-aggregation of

thiacyanine dyes in LB films by incorporating clay particles
laponite in the films.

3.6. Schematic representation

Schematic representation of the arrangements of 7HNO3C
molecules at the air–water interface and adsorbed onto laponite
platelets are shown in Fig. 6. Fig. 6(a) shows the surface areas of
the coumerin moiety considering as rectangular box keeping the
long alkyl chain vertically upward. From the isotherm character-
istics it has been observed that in absence of clay particle the
7HNO3C molecules organize at the air–water interface in such a
way that the aromatic ring of the coumarin moiety remains flat
(keeping surface (i) downwards) at the air–water interface keep-
ing the alkyl chain aligned vertically upward with respect to the
aromatic ring. Also the 7HNO3C molecules are very close to each
other. This has been shown in Fig. 6(b). As a result when this
floating monolayer is transferred onto the solid surface the
7HNO3C molecules remain very close to each other. As a result,
interaction of a ground state 7HNO3C molecule takes place with
an excited state 7HNO3C molecule, thus excimeric emission
occurs. The excimer only exists in excited state and they dissociate
into monomers upon radiative and nonradiative deactivation.
The essential condition for excimeric emission is that the two
molecules must approach within a distance of 0.35 nm and that
the concentration is high enough for interaction to occur within
the excited lifetime [46].

Laponite platelets are disk like particles. The average diameter
of a laponite particle is 20 nm. They are negatively charged with
layered structure and have strong cation exchange capacity [31].
It is possible to adsorb charged as well as neutral molecules onto
clay layers through cation exchange reaction and intercalation
[43–45]. When 7HNO3C molecules are spread at the air–clay
dispersion interface the 7HNO3C molecules are adsorbed on the
laponite surface. As a result the clay particles come at the air–
water interface and thus a hybrid floating monolayer is formed
with 7HNO3C molecules on the upper side and the clay layers onto
the bottom of the monolayer film. In the hybrid film the 7HNO3C
molecules are fixed at the clay layers. Also the observed area per
molecule (0.312 nm2) suggest that in presence of clay the 7HNO3C
molecules organize in the hybrid monolayer keeping the surface
(iii) downwards. This will increase the separation between the
7HNO3C molecules in organo–clay hybrid films. This has been
shown schematically in Fig. 6(c). When this film is transferred
onto the solid substrate it is not possible for the 7HNO3C
molecules to come close enough or overlap to form excimer.

3.7. Fluorescence imaging microscopy

To have idea about the change of domain structure and
morphology of the 7HNO3C Langmuir monolayer in presence of
clay particles we have studied the FIM images of 7HNO3C
Langmuir monolayer in absence and presence of clay laponite.
The representative images are shown in Fig. 7. The image of the
pure 7HNO3C on the aqueous subphase is black (figure not shown)
as it does not fluoresce in the working range. Accordingly, we have
used rhodamine (Rh) as a probe molecule as it fluoresces highly in
the working range of the current instrument. Fig. 7(a) shows the
FIM image of 7HNO3C monolayer onto the Rh mixed aqueous
subphase which shows a crimson red background without any
definite shapes. This is because no interaction occurred between
7HNO3C molecules and the cationic Rh molecules on the water
subphase. Also Rh molecules being water soluble lies within the
subphase uniformly. Now to have idea about the effect of clay
particles on the floating 7HNO3C monolayer we have studied the
FIM image of 7HNO3C monolayer prepared onto the Rh mixed clay

Fig. 5. Fluorescence spectra of 7HNO3C in 10 bilayer LB films in absence and
presence of clay platelet laponite.
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dispersion subphase. Fig. 7(b) shows the FIM images immediately
after spreading the 7HNO3C molecules onto the Rh mixed laponite
dispersion subphase. Interestingly it has been observed that
immediately after the spreading of 7HNO3C on to the Rh mixed
clay subphase some circular shaped large domains appeared on
the image. With time the number of domains increases and after
20 min almost the whole surface is covered with circular shaped
distinct domains and equilibrium is attained. After this time the
morphology of the film remains almost unchanged. This confirms
the interaction of clay particles with the floating 7HNO3C mole-
cules. It is worthwhile to mention in this context that clay particles
possess layer structure and cation exchange capacity [31]. Clay
particles can adsorb cationic material through cation exchange
reaction as well as they can adsorb neutral molecules through
intercalation [43–45]. In the present case cationic Rh molecules
adsorbed onto clay layers within the subphase. When the clay
particles come in contact with the floating 7HNO3C molecules, the
molecules are adsorbed onto the clay layer. Consequently, the clay
particles come onto the interface and form hybrid films. During
this hybridization in the 7HNO3C–laponite layer distinct domains
are formed at the air–water interface. Here the size of the domains
is of the order of 10 mm or larger. This indicates that these domains
are the two dimensional aggregates of a number of clay particles.
Since the size of the coumarin moiety adsorbed onto the clay
surface is of nm order it is not seen in the image as it is beyond the
scope of the resolution of this current experimental setup. Once
the equilibrium is reached, we compressed the barrier to monitor
the effect of pressure on the floating hybrid film. It has been
observed that with increasing surface pressure the domains comes
close to each other and started to merge together to form larger
domains. Fig. 7(d) shows the FIM image of 7HNO3C onto the
Rh mixed clay dispersion subphase taken at 20 mN/m surface

pressure. It is clear from the image that at this surface pressure all
the domains comes in such a close proximity to form a uniform
large domain. Here all the isolated single domains of clay particles
merges into single large domain but as the coumarin molecules
are fixed at the clay surface they are prevented from being close
enough to form excimer. So this study confirms the formation of
hybrid monolayer of coumarin and clay particles at the subphase.

3.8. Atomic force microscopy

To confirm the incorporation of clay particles and to have
idea about the structure of the monolayer film, 7HNO3C–laponite
hybrid LB monolayer was studied by Atomic Force Micro-
scope (AFM).

AFM image of 7HNO3C monolayer LB film without clay (figure
not shown) shows a smooth surface indicating the uniform
deposition of 7HNO3C. Since dimension of the individual mole-
cules are beyond the scope of resolution, hence it is not possible to
distinguish individual 7HNO3C molecule.

Fig. 8 shows the AFM image along with the line analysis spectra
of 7HNO3C–laponite hybrid Langmuir monolayer onto the smooth
silicon substrate deposited at 20 mN/m surface pressure. The clay
platelates are clearly observed in the image which indicates the
formation of nano-dimensional hybrid 7HNO3C–laponite mono-
layer at the air–clay dispersion interface. The surface coverage is
more than 70%. Also few empty spaces are observed in between
the clay platelates. From the height profile analysis it is observed
that the average film thickness of the hybrid film ranges from �2
to þ2 nm. This height includes the height of clay platelet and the
7HNO3C molecule. Some overlapping clay was also observed.
Therefore it is evident that a uniform 7HNO3C–laponite hybrid
monolayer is formed.

Fig. 6. Schematic representation of 7HNO3C (a) considering the coumerin moiety as rectangular box and showing different surface areas, (b) at the air–water interface and
(c) adsorbed onto the laponite platelet surface.
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4. Conclusions

In conclusion we have reported the formation and control of
excimer of a coumerin derivative 7HNO3C assembled onto LB
films. Surface pressure–area per molecule isotherm revealed that
7HNO3C molecules formed stable Langmuir monolayer at the
air–water interface. UV–vis absorption spectroscopic investigation

revealed formation of aggregates of 7HNO3C molecules in LB films.
Steady state fluorescence spectroscopic studies indicate the pre-
sence of broad longer wavelength band at the 435–460 nm region
for the LB film prepared at 20 mN/m surface pressure. Excitation
spectroscopic studies confirmed that this longer wavelength band
is due to the formation of 7HNO3C excimer in the LB films. In order
to control the 7HNO3C excimer formation in LB film, long chain
fatty acid SA were mixed with 7HNO3C and 7HNO3C–SA mixed
films were prepared. But it has been observed that 7HNO3C
excimer remained present in the mixed films even at lower mole
fraction of 7HNO3C. However, when clay particle laponite were
incorporated onto the 7HNO3C LB films, the longer wavelength
band due to the formation of 7HNO3C excimer was totally absent.
Incorporation of laponite particle onto the LB film was confirmed
by in-situ FIM and AFM investigations. FIM image reveals the
formation of distinct domains of clay particles in the 7HNO3C–
laponite Langmuir monolayer at the air–water interface. On the
other hand AFM image gives compelling visual evidence of the
formation of hybrid 7HNO3C–clay LB films. Thus in the present
study we have demonstrated the control of excimer formation of a
coumerin derivative in LB films. This method can be applied for
similar other systems.

Acknowledgment

The author SAH acknowledges the financial support to carry
out this research work through DST Fast-Track Project Ref. no. SE/
FTP/PS-54/2007, CSIR Project Ref. 03(1146)/09/EMR-II and DAE
Young Scientist Research Award (No. 2009/20/37/8/BRNS/3328).

References

[1] B. Tieka, K.U. Fulda, A. Kampes, in: M. Rosoff (Ed.), Mono-and Multilayers of
Spherical Polymer Particles Prepared by Langmuir–Blodgett and Self-
Assembly Techniques, Marcel Dekker, New York, 2002, p. 213(Chapter 5).

[2] D.K. Schwartz, Surf. Sci. Rep. 27 (1997) 245.
[3] G.G. Roberts, Langmuir–Blodgett Films, Plenum Press, New York, 1990.

Fig. 7. Fluorescence imaging microscopic image of 7HNO3C (a) onto the rhodamine mixed aqueous subphase, (b) onto the rhodamine mixed clay dispersion subphase
immediately after spreading, (c) onto the rhodamine mixed clay dispersion subphase after 20 min of spreading when equilibrium is reached and (d) onto the rhodamine
mixed clay dispersion subphase at 20 mN/m surface pressure. The scale bar shown in the images is 10 mm.

Fig. 8. AFM image of monolayer 7HNO3C–clay hybrid film onto the silicon
substrate along with the line analysis spectrum.

S. Chakraborty et al. / Journal of Luminescence 145 (2014) 824–831830

http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref1
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref1
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref1
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref2
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref3


[4] J. Klafter, J.M. Drake (Eds.), Molecular Dynamics in Restricted Geometries,
Wiley-Interscience, New York, 1989.

[5] K. Fukuda, M. Sugi (Eds.), Langmuir Blodgett Films 4, Elsevier, Amsterdam,
1989.

[6] A. Ulman, An Introduction to Ultrathin Organic Films: From Langmuir–
Blodgett Films of Self Assemblies, Academic Press, New York, 1991.

[7] M.C. Petty, Langmuir–Blodgett Films: An Introduction, Cambridge University
Press, Cambridge, 1996.

[8] S.A. Hussain, P.K. Paul, D. Bhattacharjee, J. Phys. Chem. Solids 67 (2006) 2542.
[9] S.A. Hussain, D. Bhattacharjee, Mod. Phys. Lett. B 23 (27) (2009) 3437.
[10] D.R. Talham, T. Yamamoto, M.W. Meisel, J. Phys: Condens. Matter 20 (184006)

(2008) 13.
[11] S. Akimoto, A. Ohmori, I. Yamazaki, J. Phys. Chem. B 101 (1997) 3753.
[12] T. Kobayashi (Ed.), J-Aggregates, World Scientific, Singapore, 1996.
[13] S. Ohmori, S. Ito, M. Yamamoto, Macromolecules 23 (18) (1990) 4047.
[14] J. Orbulescu, S.V. Mello, Q. Huo, G. Sui, P. Kele, R.M. Lablanc, Langmuir 17

(2001) 1525.
[15] D. Bhattacharjee, S.A. Hussain, S. Chakraborty, R.A. Schoonheydt, Spectrochim.

Acta Part A 77 (2010) 232.
[16] S.A. Hussain, D. Dey, S. Chakraborty, D. Bhattacharjee, J. Lumin. 131 (2011)

1655.
[17] (a) K. Ohkawa, K. Shoumura, M. Yamada, A. Nishida, H. Shirai, H. Yamamoto,

Macromol. Biosci. 1 (2001) 149;
(b) H. Yamamoto, T. Kitsuki, A. Nishida, K. Asada, K. Ohkawa, Macromolecules

32 (1999) 1055;
(c) H. Yamamoto, A. Nishida, T. Shimozawa, J. Chem. Soc. Perkin Trans. 2

(1989) 1477.
[18] (a) M. Obi, S. Morino, K. Ichimura, Chem. Mater. 11 (1999) 656;

(b) S.W. Lee, S.I. Kim, B. Lee, H.C. Kim, T. ChangM. Ree, Langmuir 19 (2003)
10381;

(c) M. Schadt, H. Seiberle, A. Schuster, Nature 381 (1996) 212.
[19] (a) M. Fujiwara, K. Shiokawa, N. Kawasaki, Y. Tanaka, Adv. Funct. Mater. 13

(2003) 371;
(b) R. Jakubiak, T.J. Bunning, R.A. Vaia, L.V. Natarajan, V.P. Tondiglia, Adv.

Mater. 15 (2003) 241;
(c) Y.Q. Wen, Y.L. Song, G.Y. Jiang, D.B. Zhao, K.L. Ding, W.F. Yuan, X. Lin,

H.J. Gao, L. Jiang, D.B. Zhu, Adv. Mater. 16 (2004) 2018.

[20] E.G. Brock, P. Czavinsky, E. Hormats, H.C. Nedderman, D. Stirpe, F. Unterleitner,
J. Chem. Phys. 35 (1961) 759.

[21] S.G. Rautian, I.I. Sobelman, Opt. Spectrosk. 10 (1961) 134. (Opt. Spectrosc., 10
(1967) 65).

[22] D.L. Stockman, W.R. Mallory, K.F. Tittel, Proc. IEEE 52 (1964) 318.
[23] A.C. Soegiarto, M.D. Ward, Cryst. Growth Des. 9 (8) (2009) 3803.
[24] A.S. Alekseev, T.V. Konforkina, V.V. Savransky, Langmuir 9 (1993) 376.
[25] A.S. Alekseev, J. Peltonen, V.V. Savransky, Thin Solid Films 247 (1994) 226.
[26] A.K. Dutta, K. Kamada, K. Ohta, J. Photochem. Photobiol. A 101 (1996) 233.
[27] K. Ray, A.K. Dutta, T.N. Misra, J. Lumin. 71 (1997) 123.
[28] P. Kele, J. Orbulescu, S.V. Mello, M. Mabrouki, R.M. Lablanc, Langmuir 17 (2001)

7286.
[29] A.K. Dutta, H. Lavoie, K. Ohta, C. Salesse, Langmuir 13 (1997) 801.
[30] T. Szabo, R. Mitea, H. Leeman, G.S. Premachandra, C.T. Johnston, M. Szekeres,

I. Dekakany, R.A. Schoonheydt, Clays Clay Miner. 56 (2008) 494.
[31] R.H.A. Ras, J. Nemath, C.T. Johnston, E. Demasi., J. Dekakany, R.A. Schoonheydt,

Phys. Chem. Chem. Phys. 6 (2004) 4174.
[32] Z. Guo, T. Jiao, M. Liu, Langmuir 23 (2007) 1824.
[33] L. Tianjun, W. Shikang, Acta Phys. Chim. 12 (8) (1996) 677.
[34] J. Mahrt, F. Willing, W. Stock, D. Weiss, R. Klitzmann, K. Schwartzburg, B. Jufts,

B. Trosken, J. Phys. Chem. 98 (1994) 1888.
[35] A.K. Dutta, T.N. Misra, A.J. Pal, Solid State Commun. 92 (1994) 857.
[36] A.K. Dutta, T.N. Misra, A.J. Pal, Langmuir 12 (2) (1996) 459.
[37] S.A. Hussain, S. Deb, S. Biswas, D. Bhattacharjee, Spectrochim. Acta Part A 61

(2005) 2448.
[38] S.A. Hussain, S. Deb, D. Bhattacharjee, J. Lumin. 114 (2005) 197.
[39] S. Kuroda, H. Ito, Y. Uchiyama, T. Mori, K. Marumoto, I. Hatta, Jpn. J. Appl. Phys.

41 (2002) 6223.
[40] K. Murata, S. Kuroda, K. Saito, Thin Solid Films 295 (1997) 73.
[41] K. Murata, H.K. Shin, S. Kuroda, K. Saito, Mol. Cryst. Liq. Cryst. 294 (1997) 113.
[42] K. Murata, H.K. Shin, K. Saito, S. Kuroda, Thin Solid Films 327 (1998) 446.
[43] B.K.G. Theng, The Chemistry of Clay – Organic Reactions, Adam Hilger, London,

1974.
[44] R.H.A Ras, Y. Umemura, C.T. Johnston, A. Yamagishi, R.A. Schoonheydt, Phys.

Chem. Chem. Phys. 9 (2007) 918.
[45] G. Lagaly, Clay Miner. 16 (1981) 1.
[46] K.K. Rohatgi-Mukharjee, Fundamentals of Photochemistry, New Age Interna-

tional (P) Limited, India, 1986. (Chapter 6).

S. Chakraborty et al. / Journal of Luminescence 145 (2014) 824–831 831

http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref4
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref4
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref5
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref5
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref6
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref6
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref7
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref7
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref8
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref9
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref10
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref10
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref11
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref12
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref13
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref14
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref14
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref15
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref15
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref16
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref16
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref17
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref17
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref18
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref18
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref19
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref19
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref20
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref21
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref21
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref22
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref23
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref23
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref24
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref24
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref25
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref25
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref26
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref26
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref27
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref27
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref28
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref29
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref30
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref31
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref32
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref33
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref34
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref34
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref35
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref36
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref36
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref37
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref37
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref38
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref39
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref40
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref40
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref41
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref42
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref43
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref43
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref44
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref45
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref45
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref46
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref47
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref48
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref49
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref49
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref50
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref50
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref51
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref52
http://refhub.elsevier.com/S0022-2313(13)00565-6/sbref52

	Formation and control of excimer of a coumarin derivative �in Langmuir–Blodgett films
	Introduction
	Experimental
	Results and discussions
	Isotherm
	UV–vis absorption and fluorescence spectroscopy
	Excitation spectra
	Effect of dilution on 7HNO3C excimer in LB films
	Effect of nano-clay laponite on 7HNO3C excimer in LB films
	Schematic representation
	Fluorescence imaging microscopy
	Atomic force microscopy

	Conclusions
	Acknowledgment
	References




