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Abstract In the present communication, we report the for-
mation of organized nanoscale aggregates of a coumarin
derivative 7 Hydroxy-N-Octadecyl Coumarin-3-Carboxa-
mide (7HNO3C) at the air–water interface and in Langmuir–
Blodgett (LB) films in the presence and absence of stearic
acid (SA). A pressure-area isotherm reveals that the
7HNO3C form stable monolayer at the air–water interface.
However, the stability can be improved by mixing it with
a fatty acid stearic acid (SA). The miscibility study shows
that the nature of interaction is strongly dependent on the
mixing ratio and surface pressure. At a mole fraction of 0.4
of 7HNO3C in SA, the attractive and repulsive interaction
between these two molecules balance each other forming
a stable film with nanoscale aggregates. UV-Vis absorption
spectroscopic studies reveal the nature of the aggregates in
LB films. Scanning electron microscopy gives compelling
visual evidence of formation of nanoscale aggregates in the
mixed LB films.

1 Introduction

Dye aggregates are self-assembled nanostructures whose
functions are useful for optical sensitizing, chemical sens-
ing, and information storage, etc. [1–3]. It is well known
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that the formation of aggregates has a strong impact on the
design and molecular properties of the systems that contain
species having sizes on the nanometer scale with improved
properties. The Langmuir–Blodgett (LB) technique is one
of the most promising candidates for fabricating nano-scale
systems [4–6]. The appealing feature of LB films is the in-
trinsic control of the film structure down to the molecular
level and the precise control over the resulting film struc-
ture [6]. Using this technique, it is possible to process sev-
eral materials with different functionalities. It offers the pos-
sibility to tune the layer architecture according to the de-
mands of the desired molecularly engineered organic thin
film devices [7].

Here, we report the result of our investigations of an
amphiphilic coumarin derivative 7 Hydroxy-N-Octadecyl
Coumarin-3-Carboxamide (7HNO3C) at the air–water in-
terface and in LB films. Mixing the behavior of 7HNO3C
(molecular structure shown in Fig. 1(a)) with a long chain
fatty acid, namely stearic acid (SA) (Fig. 1(b)) at the air–
water interface and in the LB film have also been studied.
UV-Vis absorption and scanning electron microscopy were
also used to reveal the nature of the aggregate formation in
LB films. The main objective was to study the miscibility of
7HNO3C with SA in order to control the aggregation behav-
ior of coumarin.

Due to their specific biocompatible and photochemical
properties, coumarin dyes are one of the most important
compounds that can be used as biomaterials [8], liquid-
crystals [9], and other functional materials [10]. Coumarin
derivatives are now being used as lasing dyes owing to
their high quantum yield of fluorescence, absorption, and
emission in the near UV-visible 300–600 nm range, and
good lasing properties [11–14]. However, laser performance
is adversely affected by aggregation, as it causes excited
state quenching. Although aggregation and quenching can
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Fig. 1 (a) Molecular structure of 7HNO3C, (b) Molecular structure
of SA

be minimized by the use of a dilute solution [15, 16], it is
not a practical approach as it needs bulky reservoirs and the
overall efficiency is also very poor. Solid-state dye lasers
have been fabricated by dispersing organic laser dyes in
solid-state hosts such as clays [17], zeolites [18], polymers
[19], etc.

For the use in solid-state dye lasers, it may be very inter-
esting to incorporate the coumarin molecules onto ultrathin
films. The Langmuir–Blodgett (LB) technique is probably
the best suitable candidate to make uniform ultrathin film
with a desired thickness and controlled organization [5, 6].
It is possible to control the quenching and spectral character-
istics by controlling the organization. So, to increase its las-
ing efficiency, aggregation should be minimized. Therefore,
it is necessary to investigate different coumarin derivatives
in the restricted geometry of LB films. There are only few
reports on the investigation of coumarin derivatives in the re-
stricted geometry of LB films [20–22]. However, 7HNO3C
has never been studied in the restricted geometry of LB
films. Also, control of aggregation of coumarin in the LB
film has never been investigated. Therefore, it was felt that
incorporation of 7HNO3C in the restricted geometry of LB
films might reveal new features, which may be very impor-
tant from various applications point of view.

Recently, mixed monolayers have gained more and more
interest in the field of monolayer research due to the vast
properties of the multicomponent system than that of the
pure one [23–26]. For some cases, to obtain good stability
and transfer ratio while transferring to a solid substrate, it is
required to add a second component in the monolayer [27,
28]. In a mixed monolayer, it is important to have an idea
about the mixing behavior of the constituent molecules to
optimize the deposition parameters to have good quality LB
films for specific applications. In the present case, we have
demonstrated that pure 7HNO3C form microcrystalline ag-
gregates in LB films. However, when 7HNO3C was mixed
with SA, nanoscale aggregates were formed in the LB films
and at a particular mole fraction (0.4) of 7HNO3C in SA,
almost a uniform nanoscale film with a very good surface

coverage was formed. This finding is very important for its
possible future technological application.

2 Experimental

2.1 Chemicals

7HNO3C and SA, purity >99 %, were purchased from the
Sigma-Aldrich Chemical Company and were used as re-
ceived. Working solutions were prepared by dissolving the
7HNO3C in 1:1 mixture of spectroscopic grade chloroform
and DMSO (SRL, India) and SA in spectroscopic grade
chloroform (SRL, India).

2.2 Methods

A commercially available Langmuir–Blodgett (LB) film
deposition instrument (Apex 2000C, India) was used for
isotherm measurement and monolayer film preparation. Ul-
tra pure Milli-Q water (Electrical resistivity 18.2 M� cm)
was used as a subphase. Solutions of 7HNO3C and SA,
as well as 7HNO3C–SA mixtures at different mole frac-
tions were spread on the subphase with a microsyringe. Al-
lowing 15 min waiting time to evaporate the solvent, the
barrier was compressed at the rate of 5 mm per min to
record the surface pressure–area per molecule isotherms.
Normally, in a Langmuir–Blodgett (LB) technique, low
compression speeds were used for stable monolayer for-
mation and isotherm measurements as well as to reach a
particular surface pressure for LB film deposition [29–31].
Higher speed may result in formation of aggregates or mul-
tilayers. Monolayer collapse may also occur. Therefore, in
the present case, we have used a low compression speed of
5 mm/min. We have optimized this value by measuring at
different speeds. Other researchers have also used similar
low speed for barrier compression to have a stable mono-
layer. The surface pressure (π ) was measured by a Wilhelmy
plate arrangement, as described elsewhere [5]. The mono-
layer films at the air–water interface were found to be stable
and data for π–A isotherms were acquired by a computer
interfaced with the LB instrument. Each isotherm was ob-
tained by averaging at least five runs. Monolayer films were
deposited in an upstroke (lifting speed 5 mm min−1) at a de-
sired fixed surface pressure onto fluorescence grade quartz
plates for spectroscopy and on a corning glass slide for SEM
imaging. The transfer ratio was found to be 0.98 ± 0.02.

UV-Vis absorption spectra were measured by a Perkin
Elmer Lambda 25 spectrophotometer. All the measurements
were performed at room temperature. All the scanning elec-
tron micrographs were taken in a Hitachi (Japan) scanning
electron microscope (model S-415A). Corning glass slides
were used as the substrate for depositing LB films in order to
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take the SEM images. Ten layers of LB films were deposited
by the Y-type (vertical deposition) deposition method onto
the corning glass substrate. LB films were coated with gold
before the SEM measurement. Acceleration voltage of the
electron beam was maintained at 4 KV. We have used low
accelerating voltage in order to avoid the damage of sam-
ples due to the high accelerating electron beam. Generally,
in most of the SEM measurements of LB films, a low accel-
erating voltage was used [32–35].

3 Results and discussion

3.1 Monolayer characteristics

To study the monolayer characteristics at the air–water in-
terface, 100 µl solution of samples (7HNO3C, SA or their
mixtures at different mole fractions) were spread at the air–
water interface of the LB trough. After waiting 20 minutes
to evaporate the solvent, the barrier was compressed slowly
at the speed of 5 mm/min and the surface pressure-area per
molecule (π–A) isotherms were recorded. The correspond-
ing surface pressure-area per molecule (π–A) isotherms of
pure components, that is, SA and 7HNO3C, as well as their
mixtures of 7HNO3C (mole fractions = 0.1, 0.3, 0.5, and
0.7) are shown in Fig. 2.

From the figure, it is observed that a pure SA isotherm is a
smoothly rising curve with initial lift-off area 0.276 nm2 and
the collapsing of a monolayer occurs at about 53.24 mN/m.
The area per molecule of pure SA is 0.21 nm2 at a surface
pressure of 25 mN/m. The limiting molecular area of pure
SA is 0.216 nm2. The limiting molecular area has been cal-
culated by extrapolating the linear part of the isotherm (in

Fig. 2 Surface pressure (π ) vs. area per molecule (A) isotherms of
7HNO3C in SA matrix at different mole fractions along with pure
7HNO3C and SA isotherm. The symbols denote corresponding mole
fractions of 7HNO3C in the SA matrix

solid phase) to zero surface pressure as described by Ras
et al. [36]. These values as well as the shape of the isotherms
are in good agreement with those values reported in the lit-
erature [21, 37].

The pure 7HNO3C isotherm shows steep rising up to the
surface pressure of 42 mN/m with an initial lift-off area
0.549 nm2. Further compression resulted in a collapse of
the monolayer. The limiting molecular area of 7HNO3C
is 0.452 nm2, which is greater than that of pure SA. The
difference is due to the bigger size of the coumarin polar
head group that limits the closer approach of the neighbor-
ing molecules. Considering the coumarin moiety as a rect-
angular box, the length and breadth of the aromatic moiety
can be estimated as 0.89 nm and 0.5 nm, respectively [38].
Also, by considering the coumarin moiety as a conjugated
π system, the thickness of the π -bond electron is 0.34 nm
[38]. Now if the aromatic ring in coumarin moiety takes a
flat arrangement, then the smallest molecular area for the
7HNO3C molecule should be 0.45 nm2. Our observed value
of a limiting molecular area is very close to the calculated
value. This implies 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 aro-
matic ring.

It is observed that the isotherms for all the mixtures of
7HNO3C and SA at different mole fractions of 7HNO3C
under investigation lie in between those for the pure compo-
nents. This indicates interaction among the constituent com-
ponents in the mixed isotherm.

To have more information about molecular interactions
between the two components, we have studied miscibility
of SA and 7HNO3C in the Langmuir monolayer at different
mole fractions, using the additivity and the surface phase
rules [39]. The miscibility of the mixed monolayer can be
determined quantitatively by analyzing the excess area AE

of the mixed monolayer at the air–water interface, which is
given by AE = A12 −Aid, with Aid = A1N1 +A2N2, where
Aid is the ideal area per molecule, A1 and A2 are the ar-
eas occupied by the monomers of SA and 7HNO3C, respec-
tively, and N1 and N2 are the mole fractions of the com-
ponents in the mixtures. A12 is the experimentally observed
area per molecule.

In the ideal case, the plot of AE versus N2 will be a
straight line. Any deviation from it (AE = A12 − Aid �= 0)

indicates partial miscibility and nonideality [39, 40]. If at-
tractive intermolecular forces are dominant, AE will be neg-
ative. On the other hand, positive value (AE > 0) indicates
a repulsive interaction between the constituent components
of the mixed monolayer.

Figure 3(a) shows the plot of the AE versus the mole
fraction of 7HNO3C in the 7HNO3C–SA mixed monolay-
ers at different surface pressures of 5, 10, 15, 20, 25, and
30 mN/m. From the figure, a noticeable deviation from the
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Fig. 3 (a) Plot of the excess area per molecule (AE ) vs. the mole
fraction of 7HNO3C in the 7HNO3C–SA mixed monolayer at sur-
face pressures of 5, 10, 15, 20, 25, and 30 mN/m. The symbols de-
note the corresponding surface pressures. (b) The relaxation curves
(relaxed at 30 mN/m surface pressure) of 7HNO3C–SA mixed mono-
layer (7HNO3C mole fraction = 0.2, 0.4, 0.5, 0.7, and 1.0 in SA) at
air–water interface

additivity rule is observed, which is an indication of interac-
tion among the constituent molecules of the binary mixture
in the monolayer. The deviations are found to be strongly
dependent on surface pressure and mole fraction of mixing.
At a lower mole fraction of 0.1 and higher mole fraction
of 0.7 of 7HNO3C, positive deviations are observed. This
means that repulsive interaction between 7HNO3C and SA
at air–water interface exists there. Therefore, cohesive force
between like molecules (SA–SA and 7HNO3C–7HNO3C)
dominate in the mixed films with respect to the adhesive
force between unlike components (SA–7HNO3C) resulting
to a partial or total phase separation and formation of micro
to nanoscale aggregates in the mixed films. For the interme-
diate mole fraction of 7HNO3C, the deviation is predomi-
nantly negative indicating the attractive interaction between
the constituent molecules 7HNO3C and SA in the mixed

films at the air–water interface. At 7HNO3C mole fraction
of 0.4, the AE values are almost independent of the surface
pressure, which is indicative of a balance between attractive
and repulsive interactions [41].

It is worthwhile to mention in this context that when two
different types of molecules are mixed together, depending
upon the mixing behavior attractive or repulsive interaction
occurs between the constituents molecules [41]. In the case
of an ideally mixed monolayer, these two types of inter-
actions balance each other. Here, in the present case, ex-
perimental observations reveal that at 0.4 mole fraction of
7HNO3C, both the attractive and repulsive interactions bal-
ance each other resulting in compact and an almost ideally
mixed monolayer.

In order to check the effect of SA on the monolayer sta-
bility at the air–water interface, we studied the relaxation
behavior of the 7HNO3C monolayer in the absence and
presence of SA. The relaxation curves of these monolayers
(7HNO3C mole fraction = 0.2, 0.4, 0.5, 0.7, and 1.0 in SA)
are shown in Fig. 3(b). It was observed that the area loss of
the 7HNO3C isotherm on pure water relaxed at 30 mN/m
after 85 min is close to 19 %. The area loss for the 7HNO3C
monolayer in the presence of SA decreases to 12 %, 11 %,
7 %, and 5.7 % for the 7HNO3C mole fraction of 0.7, 0.5,
0.2, and 0.4, respectively, in the 7HNO3C–SA mixed mono-
layer. This indicates that the stability of the monolayer film
at the air–water interface increases in the presence of SA.
The most interesting thing is that the area loss was minimal
for a 7HNO3C mole fraction of 0.4 in SA indicating the for-
mation of most stable films at that mole fraction. Our previ-
ous observation (miscibility study) revealed that at 0.4 mole
fraction of 7HNO3C, both the attractive and repulsive in-
teractions balance each other resulting in a compact and an
almost ideally mixed monolayer. This may lead to the maxi-
mum stable film at a mole fraction of 0.4 of 7HNO3C in the
presence of SA.

3.2 UV-Vis absorption spectroscopy

Figure 4 shows the UV-Vis absorption spectra of LB films
of pure 7HNO3C and 7HNO3C mixed with SA (0.5) along
with the spectra of the 7HNO3C solution and microcrystal
for comparison.

The pure 7HNO3C solution spectrum shows a very weak
0–0 band at around 365 nm along with another prominent
vibronic component of monomer band at 352 nm. The mi-
crocrystal spectrum is broadened and red shifted with re-
spect to the solution absorption spectrum. Also, the vibronic
component of the monomer band is not resolvable in the mi-
crocrystal spectrum. This broadening and red shift may be
due to the microcrystalline aggregate formation of 7HNO3C
in the microcrystal film.
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Fig. 4 UV-Vis absorption spectra of 7HNO3C solution (1) (in 1:1
mixture of chloroform & DMSO), microcrystal of 7HNO3C (2), 10
layer LB films of pure 7HNO3C (3) and 7HNO3C mixed with SA (4)
(0.5 of 7HNO3C)

The absorption spectrum of 7HNO3C in the LB film
is quite interesting. The LB film absorption spectrum pos-
sesses two prominent bands with a peak at around 360 and
380 nm. Both of these bands are red shifted with respect
to their solution counterpart. The absorption spectrum of
7HNO3C mixed with SA in the LB film is almost identi-
cal in shape and position to that of pure 7HNO3C in the LB
film.

It is relevant to mention here in this context that ac-
cording to the intermediate strength exciton coupling the-
ory [42, 43], dipole–dipole interaction results in the raising
or lowering of the exciton band to a position either energeti-
cally higher or lower than the monomer band. Such a change
in energy is given by

�E = 2M2(1 − 3 cos2 θ)(1 − 1/N)

r3

where M is the dipole moment vector, N is the number
of monomers in the aggregate, θ is the angle between the
dipole moment of the molecule, and r is the vector joining
the centers of two dipoles. When 0◦ < θ < 54.7◦, the exci-
ton band is energetically located below the monomeric band
that causes a red shift and the corresponding aggregates
are referred to as the J-aggregates [44], while for 54.7◦ <

θ < 90◦, the exciton band is located energetically above the
monomeric band that causes a blue shift and the correspond-
ing aggregates are referred to as the H-aggregate [44]. Cor-
responding to the magic angle θ = 54.7◦, no shift in the

absorption spectrum is observed and corresponding aggre-
gates are referred to as the I-aggregate. In the present case,
the red shifting of the absorption spectrum of 7HNO3C LB
film absorption spectra, seems to be due to the formation of
J-aggregates.

In order to check the probability of formation of 7HNO3C
aggregates in a solution, we have investigated the UV-Vis
absorption spectra of the 7HNO3C solution at different mo-
lar concentration, solution of 7HNO3C and SA mixture at
different mole fractions, as well as in the binary solution
with methanol [figures available in supplementary material].
Several authors observed band shift and changes of spectral
profile when methanol was added with the sample solution
[45] or the concentration of the sample was increased in so-
lution [46]. This change has been described as due to the
formation of aggregates in the solution. In the present case,
the spectral profile remains the same except for a change in
intensity. Therefore, it can be concluded that the formation
of the 7HNO3C aggregates does not take place in a solution
and in the binary mixture. It is due to the fact that owing
to the presence of a long alkyl chain in 7HNO3C, the ag-
gregate formation in the solution does not take place due to
steric hindrance.

It may be mentioned in this context that certain rigid
nearly planar plate-like molecular structures such as pyrene
[47] or rod-like molecules such as anthracene [48], the ox-
azole derivative [49] forms an aggregate in the mixed LB
films.

Various technical applications may sometimes require
thick films. Also, the photophysical properties of the molec-
ules are largely affected by the organization. So, it is im-
portant to study the spectroscopic behavior of the molecules
in LB films with varying thickness. Accordingly, we have
studied the UV-Vis absorption spectra of 7HNO3C in dif-
ferent layered LB films. The UV-Vis absorption spectra of
7HNO3C in LB films are almost similar irrespective of the
layer number (figure not shown) except for a change in the
intensity profile. It was observed that the absorption inten-
sity increases with an increasing layer number.

3.3 Scanning electron microscopy study

In order to have more ideas about the surface morphology,
we have investigated the 7HNO3C LB films in the light of a
traditional imaging method namely Scanning Electron Mi-
croscopy (SEM). The SEM image of a bare substrate (corn-
ing glass) shows a featureless continuous, smooth surface
(figure available in supplementary material). Figure 5(a)
shows the SEM image of a 10-layer pure 7HNO3C LB film.
A nonuniform surface morphology with different size do-
mains of 7HNO3C is clearly visible in the image. These do-
mains are mainly due to the microcrystalline aggregates of
the 7HNO3C molecules in the LB films. In order to check
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Fig. 5 SEM images of 10 layer LB films of (a) pure 7HNO3C. (b) SA
mixed with 7HNO3C (0.2 of 7HNO3C), (c) SA mixed with 7HNO3C
(0.4 of 7HNO3C). For all SEM measurements, 10 layers of LB film
were deposited onto smooth corning glass. LB films were coated with
gold before measurement. Accelerating voltage of the electron beam
was maintained at 4 KV during the SEM measurement

the effect of the matrix molecule SA on the aggregated do-
mains of the 7HNO3 LB film, we have taken the SEM image
of mixed LB films at a different mole fraction of 7HNO3C
mixed with SA. Figures 5(b) and 5(c) show the SEM im-
age of 7HNO3C–SA mixed 10-layer LB film at mole frac-
tions of 0.2 and 0.4 of 7HNO3C, respectively. From the fig-
ure, it can be observed that the domain size can be more or
less controlled by the incorporation of SA (Fig. 5(b)). Here,
the domains are almost similar in size with nanoscale aggre-
gates, although the surface coverage is not very high. This
observed change in the aggregation of 7HNO3C in the pres-
ence of SA in LB films may be due to a certain amount of
miscibility of 7HNO3C molecules with the SA molecules
as observed by the miscibility study. But the most interest-
ing image was for the mixed film prepared at a mole frac-
tion of 0.4 of 7HNO3C (Fig. 5(c)) in the presence of SA.
Here, the film shows a uniform surface morphology with do-
mains of nanoscale aggregates. Almost the whole film sur-
face is covered with these nanoaggregated domains. It would
be interesting to recall our investigation of the miscibility
study, where it was seen that at 7HNO3C mole fractions of
0.4 in SA, both the positive and repulsive interactions bal-
ance each other resulting in a compact and an almost ideally
mixed monolayer. Accordingly, a uniform compact mixed
monolayer of 7HNO3C and SA is formed at the air–water
interface. This has been visually observed from the SEM
image of mixed LB film prepared at a mole fraction of 0.4
of 7HNO3C. As a whole, the SEM investigation gives com-
pelling visual evidences of aggregate formation of 7HNO3C
in the LB film.

4 Conclusion

In conclusion, our investigations suggest that 7HNO3C form
a monolayer at air–water interface, where the coumarin moi-
ety remains flat at the interface keeping the alkyl chain
aligned vertically with respect to the coumarin moiety.
When this floating monolayer is transferred onto a solid
substrate, microcrystalline aggregates are formed. However,
mixing with SA, it is possible to control the extent of aggre-
gation. The miscibility study of 7HNO3C mixed with SA in
different mole fractions reveals that the interaction between
7HNO3C and SA molecules in the mixed films are strongly
dependent on the surface pressure and mole fraction of mix-
ing. The balance between attractive and repulsive interaction
occurs at a particular mole fraction (0.4) of 7HNO3C lead-
ing to the formation of a maximum stable monolayer at the
air–water interface. The J-type of aggregation of 7HNO3C
molecules in the LB films was revealed by UV-Vis absorp-
tion spectroscopy. SEM studies give the visual evidence of
an aggregate formation of 7HNO3C in the LB film. This
also demonstrates the formation of nanoscale aggregates in
the 7HNO3C–SA mixed LB films at a mole fraction of 0.4
of 7HNO3C in SA.
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