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This communication reports the interaction of the well known laser dye RhB with a zwitterionic phospholipid 1,2-dipalmitoyl-sn-
glycero-3-phosphocholine (abbreviated as DPPC). Reaction kinetics was studied at the air-water interface by measuring the increase
in surface pressure with time while the Langmuir barrier was kept fixed. In-situ Fluorescence Imaging Microscopic (FIM) technique
was employed to visualize the domain structure formed at the air-water interface with progress of reaction. After completion of the
reaction, RhB-DPPC hybrid monolayer at the air-water interface was transferred onto solid substrates to form Langmuir-Blodgett
(LB) films. UV-Vis absorption and fluorescence spectroscopic studies confirmed the presence of RhB molecules in the hybrid LB
films.
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1 Introduction

Interactions of fluorescent dyes with biomolecules at the
air-water interface (Langmuir monolayer) are receiving in-
creasingly more attention because of their technological
importance, biological relevance, physical curiosity and
complexity (1–3). The ultrathin films of biomolecules pro-
vide attractive models for studying phase transitions, crit-
ical phenomena, and nano-scale mechanics. Research on
biomolecules gives guidance to the development of such
fields as biomedicines, enzymatic bioreactors, molecular
electronic devices, biomedical, biomaterial, electronic de-
vices, sensors and analytical devices (4–7). Lipid based
biomolecular assemblies or nanoconstruction of lipids is
a hot topic that creates a novel frontier domain between
material science and life science. For the preparation of ul-
trathin films of biomolecules Langmuir-Blodgett technique
is a novel method (8–11). This is an easy method for the
fabrication of mono- and multi-layer films. The well-known
phospholipid DPPC, a zwitterionic major constituent of
cellular membranes (12), can form stable Langmuir Mono-
layer at the air-water interface (13). Being zwitterionic, it
can interact electrostatically with both cationic and anionic
types of molecules. Based on the nature of interaction of

∗Address correspondence to: D. Bhattacharjee, Thin Film and
Nanoscience Laboratory, Department of Physics, Tripura Uni-
versity, Suryamaninagar 799022, Tripura, India. Tel: +91 381
2374802 (O); Fax: +91 381 2374802 (O); Email: debu bhat@
hotmail.com

DPPC, it can be used in molecular electronics, biomedical
and analytical devices, biochemical reaction control, imag-
ing and sensing etc. (14).

In one of our previous works, the reaction kinetics of
Rhodamine B (RhB) with stearic acid (SA) (15) was re-
ported. In-situ Fluorescence Imaging Microscopic (FIM)
studies revealed irregular shaped domain structure. It
was observed that with the progress of reaction, distinct
crimson-red domain structures became visible and with the
progress of time, number of domains at the air-water inter-
face increased. At the completion of the reaction the surface
area was covered by crimson-red hybrid monolayer.

To study the nature of reaction kinetics of RhB with
biomolecules, here we employed a zwitterionic type of phos-
pholipid DPPC instead of SA. Owing to their unique opti-
cal properties, Xanthene dyes are widely used, especially
for optical sensing, as pH sensors, as fiber optical sys-
tems (16, 17), for rapid sequencing of biopolymers by using
the fluorescence polarization technique (18). Rhodamine B
(RhB) is a xanthene molecular dye with outstanding spec-
tral luminescence properties and has vast applications in
the study of various objects including biological systems,
sensors and markers based on thin films (19), laser tech-
nology (20), in supramolecular chemistry (21) and in stud-
ies of nano-objects (22). In the case of biological device
applications, RhB is required to be embedded in a solid
matrix or to incorporate into ordered ultrathin films. That
is why we are interested to demonstrate and investigate the
water-soluble RhB molecules in ultrathin films with the
help of zwitterionic phospholipid DPPC. In this context
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608 Saha et al.

the hybrid films of RhB and phospholipid DPPC may give
some interesting results with respect to the morphology and
spectroscopic properties. DPPC is also capable of forming
stable Langmuir monolayer at the air-water interface (13).
The phase behaviour and domain structure of the well-
known zwitterionic phospholipid DPPC have been stud-
ied by various groups. Ross et al. studied (23) the calcium
induced domain formation in DPPC monolayer by using
FIM. The fluorescence probe used was 1-palmitoyl–2-(6-
(7–nitrobenz–2–oxa-1, 3–diazole-4yl) amino) hexanoyl-sn-
glycero-3 phosphocholine (NBD-PC). FIM images showed
dark kidney-like domains in the monolayer due to exclu-
sion of the lipid. In another work, it was reported (13) that
the incorporation of poloxamer into DPPC film leads to
the formation of a densely packed film. Protein-lipid in-
teraction was studied in the monolayer using DPPC (24).
Mohwald reported (2, 3) the phase diagram of phospho-
lipids monolayer using FIM. He also studied the lateral
dye distribution from the FIM observation. The spectral
luminescence properties of DPPC are very low. However,
the interaction of RhB with DPPC was never studied.

In the present work, it was demonstrated that water sol-
uble RhB molecules interacted electrostatically with the
DPPC molecules in the preformed Langmuir monolayer.
Consequently, a stable hybrid Langmuir monolayer was
formed. In situ Fluorescence Imaging Microscopic studies
revealed the formation of distinct circularly shaped dark
domains at the air-water interface. This hybrid Langmuir
monolayer was transferred onto solid substrates to form
mono- and multilayer LB films. Spectroscopic character-
istics of this hybrid LB films were studied in the light of
UV-Vis absorption and fluorescence spectroscopy.

2 Experimental

1,2-Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC)
and Rhodamine B (RhB) (purity > 99%), were purchased
from Sigma Chemical Company and used without further
purification. The purity of the sample was checked
by UV–Vis absorption and fluorescence spectroscopic
techniques. Chloroform (SRL, India) used as a solvent,
was of spectroscopic grade and its purity was also checked
by fluorescence spectroscopy.

Surface pressure vs area per molecule (π-A) isotherm,
surface pressure vs. time (π-t) characteristic study, and LB
film preparation were done by using a LB film deposition
instrument (APEX-2000C, India). Fluorescence Imaging
Microscopic studies were done by using in situ Fluores-
cence Imaging Microscope (Motic AE 31) attached with
the LB instrument. Ultra Pure Milli–Q (resistivity 18.2 M�

- cm) water was used as the subphase and for the prepara-
tion of the aqueous solution of RhB. The temperature was
maintained at 24oC throughout the experiment.

To record the surface pressure vs. area per molecule (π-A)
isotherm of DPPC on pure water subphase and subphase

containing aqueous solution of RhB, dilute chloroform so-
lution of DPPC was spread on the subphase. After allow-
ing sufficient time to evaporate the solvent, the barrier was
compressed slowly to obtain the isotherm characteristics.
To study the DPPC isotherm on the RhB mixed aque-
ous subphase, first of all, different aqueous subphases were
prepared in the Langmuir trough by mixing different vol-
umes of aqueous solutions of RhB (namely 100 μl, 75 μl,
50 μl and 25 μl) having concentration 1 mM, in one liter
ultra-pure water. After spreading a chloroform solution of
DPPC on the subphase, one hour was allowed for complet-
ing the reaction between DPPC and RhB molecules. The
barrier was compressed slowly to obtain the isotherm of
RhB-DPPC hybrid monolayer.

Surface pressure vs. time (π-t) curve was recorded to
monitor the progress of reaction. First of all 50 μl chloro-
form solution of DPPC was spread at the air-water interface
on the LB trough. After allowing 15 min to evaporate the
solvent, the barrier was compressed slowly to obtain the
nominal surface pressure 0.1 mN/m and then the barrier
was kept fixed. When the monolayer became stable after
few minutes, the different volumes of aqueous solutions of
RhB (namely 100 μl, 75 μl, 50 μl and 25 μl) of concentra-
tion 1mM were injected from the back side of the barrier
so as not to disturb the preformed DPPC monolayer. Be-
ing water soluble, RhB molecules started crossing the bar-
rier through the subphase and came into the contact with
DPPC molecules in the preformed Langmuir monolayer.
Interaction between RhB and DPPC molecules occurred
and RhB-DPPC hybrid monolayer was formed at the air-
water interface. With the passage of time, the number of
RhB-DPPC hybrid molecules at the air-water interface in-
creased. The area per molecule of this hybrid molecule is
greater than the area per molecule of pure DPPC. But as
the barrier was kept fixed at a particular position, hence
the tendency to increase the area per molecule was con-
sequently manifested by the increase in surface pressure.
The increase in surface pressure with time was recorded
to have the π-t curve. Surface pressure was recorded using
Wilhelmy plate arrangement described elsewhere (25, 26).

The surface morphology of the Langmuir monolayer at
the air-water interface was changed with the progress of re-
action. The direct visual images of the surface morphology
at the air-water interface were obtained by in-situ Fluores-
cence Imaging Microscope attached with the LB instru-
ment.

After completion of the reaction, the hybrid films were
transferred onto fluorescence grade quartz substrates by
Y-type deposition technique to form mono- and multilayer
LB films. The clean quartz substrate was slowly dipped and
raised vertically through the floating Langmuir monolayer
with a slow speed of 5 mm/min while the surface pressure
was kept fixed at a desired value. The first monolayer was
transferred during upstroke and then successive monolay-
ers were transferred during both up and down strokes. Thus
multi-layer LB film was formed.
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Fig. 1. (π-A) isotherms of DPPC spread on (A)100 μl RhB mixed
subphase, (B) 75 μl RhB mixed subphase, (C) 50 μl RhB mixed
subphase, (D) 25 μl RhB mixed subphase and (E)Pure water
subphase. (Color figure available online.)

UV-Vis absorption and fluorescence spectra were
recorded by UV-Vis absorption spectrophotometer
(Lambda 25, Perkin-Elmer) and Fluorescence spectropho-
tometer (LS 55, Perkin-Elmer). For fluorescence spectro-
scopic measurement, excitation wavelength chosen was
500 nm.

3 Results and Discussions

3.1 Surface Pressure vs. Area Per Molecule (π -A) Isotherm

Figure 1 shows the surface pressure vs. area per molecule
(π-A) isotherms of DPPC on pure water subphase and also
on RhB mixed water subphase. During isotherm measure-
ments on RhB mixed aqueous subphases, the amount of
DPPC remained fixed, however, the amount of RhB was
different (namely 100 μl, 75 μl, 50 μl, 25 μl). Isotherm
of DPPC on pure water subphase exhibits a plateau (27,
28) with an initial lift-off area 1.07 nm2. The plateau orig-
inates from phase co-existence, associating with the first-
order phase transition between the liquid-expanded (LE)
and liquid-condensed (LC) states (29–32).

In the presence of RhB in water subphase the (π-A)
isotherms of DPPC monolayer shows interesting features.
Despite different amount of RhB in the subphase all the
pressure area isotherms started rising with nearly equal ini-
tial lift-off area 1.24 nm2 which is larger than pure DPPC
isotherm at the air-water interface. The reduction of plateau
region in the isotherms on the RhB mixed water subphase
clearly confirmed the interaction of RhB with DPPC at
the air-water interface. In the case of pure DPPC mono-

layer, in the LE phase the area per molecule was lower
than the mixed monolayer and in the LC phase the area
per molecule was higher than the mixed monolayer. This
indicates definite interaction of RhB with DPPC at the air-
water interface.

To have more information about the monolayer at the
air-water interface, compressibility (c), of the monolayer
films were calculated according to the relation;

C = − 1
a1

a2 − a1

π2 − π1

Where a1and a2are the areas per molecule at surface pres-
sures π1 andπ2, respectively (33, 34). Here, two compress-
ibilities were calculated, one at lower surface pressure (π1
= 5 mN/m and π2 = 10 mN/m) and the other at higher
surface pressure (π1 = 30 mN/m and π2 = 40 mN/m).

It is observed from Table 1 that the compressibility of
pure DPPC monolayer at lower surface pressure is 39.33
mN−1 and at higher surface pressure, it is only 4.36 mN−1.
The variation of compressibility is quite large. Whereas
in the case of hybrid monolayer the compressibilities at
lower and higher surface pressures are 25.62 mN−1 and
12.14 mN−1 for 100 μl RhB, respectively. The variation of
compressibility is relatively small.

In the case of pure DPPC monolayer the intermolecu-
lar space between DPPC molecules is quite large at lower
surface pressure and at higher surface pressure the inter-
molecular space is reduced to a larger extent. As a result, at
higher surface pressure, the compressibility of pure DPPC
monolayer is quite small and the isotherm becomes steep.

In the case of hybrid monolayer, the area per molecule
of RhB-DPPC hybrid molecule is greater than that of pure
DPPC molecule. The intermolecular space between hybrid
molecules is comparatively less even at lower surface pres-
sure. Therefore, compressibility is less in comparison to
pure DPPC monolayer at lower surface pressure. At higher
surface pressure the compressibility of hybrid monolayer
is greater than that of pure DPPC monolayer. This may
happen that at higher surface pressure some orientational
changes of hybrid molecules occur resulting in the com-
paratively large compressibility than that of pure DPPC
monolayer.

3.2 Surface Pressure vs. time (π -t) Characteristic Studies
at the Air-Water Interface

Figure 2 shows the surface pressure (π) vs. time (t) curves
indicating the progress of adsorption of water soluble RhB
molecules in the preformed Langmuir monolayer of DPPC.

In all the cases, preformed Langmuir monolayer of
DPPC was obtained by spreading 50 μl of DPPC on pure
water subphase. In order to observe the adsorption dif-
ferent amount of dilute aqueous solution of RhB (1 mM
concentration) namely 100 μl (graph a), 75 μl (graph b),
50 μl (graph c) and 25 μl (graph d) were injected from the
backside of the barrier so as not to disturb the preformed
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610 Saha et al.

Table 1. Monolayer characteristics taken from (π-A) isotherm

Compressibility(C) (mN−1)
Amount of RhB in the Pressure(π c)
subphase (μl) Lift off area (nm2) (mN/m) C = − 1

a5

a10−a5
π10−π5

C = − 1
a30

a40−a30
π40−π30

0 1.07 67.37 39.33 4.36
100 1.24 57.59 25.62 12.14
75 1.24 67.2 27.93 11.96
50 1.24 62.24 28.01 10.33
25 1.24 60.39 30.36 11.36

monolayer. In all the cases, the starting point was the nom-
inal surface pressure 0.1 mN/m. As time passed, surface
pressure gradually rose with the progress of adsorption. It
was observed that surface pressure rose beyond 10 mN/m
for an amount of 100 μl RhB solution. An explanation of
this observed result was given in the experimental section.
The increase in surface pressure with time is an indication
of the formation of RhB-DPPC hybrid monolayer at the
air-water interface.

From the figure, it is also observed that after certain time
intervals, the surface pressure reached its maximum value
and became steady and almost parallel to the time axis
which clearly indicates the completion of reaction.

3.3 Fluorescence Imaging Microscopic (FIM) Studies
During Isotherm Measurements

In-situ Fluorescence Imaging Microscope attached with
the LB instrument is a unique and versatile tool to study
the monolayer morphology at the air-water interface and
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Fig. 2. Surface pressure-time graph of DPPC monolayer with
various amounts of injected RhB solution viz. (a) 100 μL, (b)
75 μL, (c) 50 μL, (d) 25 μL. For all the cases, barrier was kept
fixed at initial starting pressure 0.1 mN/m and the amount of
DPPC was 50 μL. (Color figure available online.)

is extensively used to study the domain structure for-
mation. When dilute chloroform solution of DPPC was
spread on RhB mixed (25 μl aqueous solution) water sub-
phase of the LB trough and sufficient time was allowed
to complete the reaction, the surface pressure vs. area per
molecule isotherm of the monolayer was recorded. The (π-
A) isotherm characteristic of this monolayer was different
from the (π-A) isotherm of the pure DPPC on water sub-
phase. This is due to the formation of hybrid RhB-DPPC
monolayer at the air-water interface. Figure 3 shows the
FIM images of the hybrid monolayer at different surface
pressures. FIM image of the pure RhB subphase in ab-
sence of DPPC was found to have uniformly bright crim-
son red background (Figure not shown). After spreading
the DPPC molecules at the air-water interface and suffi-
cient time was allowed to evaporate the solvent, the barrier
was compressed to obtain the isotherm. At the initial stage
of the pressure-area isotherm (surface pressure less than 1
mN/m) of RhB-DPPC hybrid monolayer no domains were
observed in the FIM image (Fig. 3a). With the compression
of the barrier and with increase in surface pressure dark
circular domains started growing in the crimson red back-
ground (Fig. 3b to 3f). These dark circular domains were
due to the presence of non-fluorescent DPPC molecules at
air- water interface on the RhB subphase. The hydrophilic
head group of the DPPC molecule attracted the cationic
fluorescence RhB molecule at the air-water interface and
thus hybrid monolayer was formed. As pressure increased,
the hybrid molecules came to close proximity of each other
resulting in the formation of large number of dark circular
domains. These circular domains are dark and surrounded
by crimson-red area. At higher surface pressure large num-
bers of dark circular domains were formed and they merged
with each other. As a result a dark background was formed
(Fig. 3f).

3.4 Fluorescence Imaging Microscopic (FIM) Studies at
Various Surface Pressures During the Study of Surface
Pressure vs. Time Characteristics

Surface pressure vs. time (π-t) characteristic curve clearly
demonstrated the formation of hybrid films of RhB-DPPC
at the air-water interface and has been discussed previously.
In order to investigate the nature of domain structures
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Interaction of a Laser Dye with a Floating Phospholipid Monolayer 611

Fig. 3. Fluorescence Microscope Images of Langmuir monolayer of DPPC on RhB (25 μL) mixed water sub phase during compression
at different surface pressure (b) 1.9 mN/m, (c) 5.2 mN/m, (d) 9.8 mN/m, (e) 16.17 mN/m and (f) 23.81 mN/m. The scale bar in the
lower right represents 10 μm. Corresponding (π -A) isotherm and the position where images were taken are also shown in the figure.
(Color figure available online.)

formed at the air-water interface, in-situ FIM studies have
been performed at different time intervals during the study
of (π-t) characteristic curve.

Initially before injecting the RhB molecules, the surface
was totally black indicating the absence of RhB molecules
in the subphase (Fig. 4a). After injecting the RhB molecules
in the back side of the barrier, with passage of time,
RhB molecules crossed the barrier through the subphase
and started interacting with the DPPC molecules in the
preformed monolayer. Consequently, RhB-DPPC hybrid
molecules were formed. The area per molecule of this hy-
brid molecule is greater than the pure DPPC molecule, as
a result, surface pressure increased. The cohesive force of
these hybrid molecules predominated. As a result, small

domains of hybrid molecules were started to form at the
air-water interface due to aggregation. The colors of the
domains became dark indicating the presence of non-
fluorescent DPPC molecules on the upper surface of the
hybrid molecule. Being water soluble RhB molecules were
hydrophilic in nature and they remained at the bottom
edge of the hybrid molecules and thus covered by the non-
fluorescent DPPC molecules. Also, the background became
crimson red indicating the presence of RhB molecules in
the subphase. With passage of time the density of dark
domains increased (Fig. 4c) and the background became
an intense crimson red. With further progress of time,
a large part of the background became blackish in na-
ture with several irregular shaped crimson red fractals like
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612 Saha et al.

Fig. 4. Fluorescence Microscope Images taken during adsorption process at different surface pressure viz. (b) 2.24 mN/m, (c) 5
mN/m, (d) 6.3 mN/m, (e) 7.03 mN/m and (f) 7.6 mN/m. The scale bar in the lower right represents 10 μm. Corresponding (π-t)
curve and the position where images were taken are also shown in the figure. (Color figure available online.)

area became visible. Also, within these irregular shaped ar-
eas, large numbers of small dark domains were observed
(Fig. 4d). With further progress of time the large irregular
shaped areas were reduced to several smaller areas (Fig-
ure 4e, 4f). At the end of reaction that is after attaining
the stable surface pressure, the background became almost
black with lesser amount of tiny crimson red dots. It indi-
cates that the hybrid monolayer covered almost the whole
surface area.

3.5 UV-Vis Absorption and Steady State Fluorescence
Spectroscopic Studies

Figure 5A and B show the UV-Vis absorption and steady
state fluorescence spectra of aqueous solution of RhB, RhB
microcrystal and 10 bilayers of RhB-DPPC hybrid LB film.
LB film deposition was done after attaining the stable sur-
face pressure during adsorption process (π-t) curve. The
injected amount of RhB was 50 μl. The absorption spec-
trum of aqueous solution of RhB (10−6 M) shows a distinct
band with an intense peak at 553 nm along with a high en-

ergy shoulder at about 515 nm. The 553 nm band is due to
the 0–0 absorption band of the monomer, whereas, 515 nm
weak shoulder is due to the 0–1 vibronic transition of the
monomer. It is consistent with the reported data (35). In
RhB microcrystal absorption spectrum the intense peak
and the shoulder are red shifted to 572 nm and 530 nm.
The absorption spectrum of hybrid LB film shows simi-
lar spectral profile to that of the RhB microcrystal. The
monomeric peak is observed at 560 nm. The shoulder is
more prominent in hybrid LB film which is observed at
518 nm.

Fluorescence spectrum of RhB aqueous solution shows
an intense peak at 580 nm. In RhB microcrystal an
additional longer wavelength band at about 642 nm is de-
veloped along with the monomeric band at 571 nm. The
longer wavelength band is developed due to the presence of
dimeric species which is consistent with the reported data
(36). Fluorescence spectrum of RhB-DPPC hybrid LB film
also shows a similar spectrum profile as like RhB microcrys-
tal. In this case the monomeric band is observed at 578 nm
and the longer wavelength band is observed at 614 nm. The
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Fig. 5. (A) UV-Vis absorption spectra and (B) fluorescence spectra of pure RhB solution, RhB microcrystal and DPPC-RhB mixed
LB film.

UV-Vis absorption and steady state fluorescence studies re-
vealed that RhB molecules were successfully adsorbed in
the DPPC monolayer and form RhB-DPPC hybrid film.
The spectral properties of RhB molecules remained unal-
tered in the hybrid LB film as like that of RhB microcrystal.

4 Conclusions

In conclusion, our results showed that the well-known laser
dye RhB interacted electrostatically with a phospholipid
DPPC and formed a hybrid Langmuir monolayer. In the
process of formation of hybrid monolayer, distinct dark
circularly shaped domains were formed at the air-water
interface as observed by in situ FIM studies. The domains
are due to aggregation of RhB-DPPC hybrid molecules
at the air-water interface with DPPC overlapping the RhB
molecules. UV-Vis absorption and steady state fluorescence
studies also confirmed the adsorption of RhB molecules in
the DPPC monolayer.
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