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This  work  reports  the  adsorption  kinetics  of  a  highly  fluorescent  laser  dye  rhodamine  B (RhB)  in  a  pre-
formed  stearic  acid  (SA)  Langmuir  monolayer.  The  reaction  kinetics  was  studied  by  surface  pressure–time
(�–t)  curve  at  constant  area  and  in  situ  fluorescence  imaging  microscopy  (FIM).  Increase  in  surface  pres-
sure (at  constant  area)  with  time  as well  as  increase  in surface  coverage  of  monolayer  film  at air–water
eywords:
angmuir monolayer
ressure–area isotherm
eaction kinetics
IM

interface  provide  direct  evidence  for the  interaction.  ATR–FTIR  spectra  also  supported  the  interaction
and  consequent  complexation  in  the  complex  films.  UV–vis  absorption  and  Fluorescence  spectra  of  the
complex  Langmuir–Blodgett  (LB) films  confirm  the  presence  of  RhB  molecules  in  the  complex  films  trans-
ferred  onto  solid  substrates.  The  outcome  of  this  work  clearly  shows  successful  incorporation  of  RhB
molecules  into  SA  matrix  without  changing  the  photophysical  characteristics  of  the  dye,  thus  making  the

tible
hodamine dye material  as  LB  compa

. Introduction

Organic thin films are widely used in micro- and opto-electronic
evices. There are several examples of obtaining thin-film devices
or optical recording and storage [1,2], nonlinear optics [3,4], sen-
ors [5],  etc. Among the various thin film preparation techniques
6] Langmuir–Blodgett (LB) technique is one of the most versa-
ile and promising method to form organized molecular assemblies
ith a well-defined surface and layer structure [6,7]. The proper-

ies of organized molecules in such films can be controlled with ease
y changing various LB parameters [6–8]. These ultrathin LB films
ontaining specific photo-functional groups or chromophore have
mmense importance in the field of nanotechnology based opto-
lectronic and photonic devices [7,9]. Although water insoluble
mphiphilic molecules are ideal for LB film preparation, however,
ecent investigations reveal that even some water-soluble mate-
ials can form stable and well-organized Langmuir monolayer at
he air–water interface [6,10–14]. In some of the works it has
een observed that the formation of a complex Langmuir mono-

ayer is subjected to the adsorption of the water-soluble cationic or
nionic types of materials with the oppositely charged amphiphilic
olecules of a preformed Langmuir monolayer [10,14]. Such

dsorption to the surface by electrostatic interaction is largely

ffected by the subphase temperature as well as by concentration
f amphiphile. The adsorption kinetics of a sample to a preformed
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monolayer can be monitored by changing the monolayer surface
pressure with time at air water interface keeping the barrier fixed.

Due to unique photophysical properties, xanthene molecules
are widely used as highly efficient laser dyes [15,16] and fluores-
cent probes [17,18]. Rhodamine B (RhB) is a xanthene molecular
dye with outstanding spectral luminescence properties and has
vast applications in the study of various objects including biological
systems [19], sensors and markers based on thin films [20,21], laser
technology [22], in supramolecular chemistry [23] and in stud-
ies of nano-objects [24]. In most of the applications, for example,
laser technology and opto-electronic devices, RhB is required to be
embedded in a solid matrix or to incorporate into ordered ultra-
thin films. Therefore, it is of immense interest to demonstrate and
investigate the water-soluble RhB molecules in ultrathin films.

This communication reports the adsorption kinetics of the
highly fluorescent cationic dye RhB onto a preformed stearic acid
(SA) monolayer at the air–water interface. The changes in surface
pressure (at constant area) provide direct evidence for the interac-
tion of water-soluble RhB molecule to the preformed SA monolayer.
Formation of complex monolayer was confirmed by the FTIR stud-
ies. The surface morphology of the complex monolayer at air–water
interface has been investigated using fluorescence imaging micro-
scope (FIM). The complex monolayer is then transferred onto a
quartz substrate successfully to form mono- and multi-layer LB
films. Spectroscopic characteristics of the mixed LB films are stud-
ied in the light of UV–vis absorption and fluorescence spectroscopy.
2. Experimental

Rhodamine B and Stearic acid, purity >99%, were purchased
from Sigma chemical company and were used as received. The

dx.doi.org/10.1016/j.saa.2011.05.025
http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa
mailto:debu_bhat@hotmail.com
mailto:sa_h153@hotmail.com
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area per molecule of this complex monolayer tends to increase.
But as the barrier was  kept fixed at a particular position, hence
the tendency to increase the area per molecule was consequently
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Fig. 1. Surface pressure–time (�–t) graph of SA monolayer with various concen-
trations of RhB solution injected from the backside of the barrier. The barrier was
S.A. Hussain et al. / Spectrochim

urity of the sample was checked by UV–vis absorption and flu-
rescence spectroscopy prior to use. The chloroform (SRL, India)
as of spectroscopic grade and its purity was also checked by fluo-

escence spectroscopy before use. The surface pressure–time (�–t)
haracteristics study and LB films preparation were done using LB
lm deposition instrument (APEX-2000C, India). Ultra pure Milli-Q
resistivity 18.2 � cm)  water was used as sub phase and also for the
reparation of aqueous solution of the dye RhB. The temperature
as maintained at 24 ◦C throughout the experiment.

Surface pressure–time (�–t) curve was recorded to monitor the
eaction kinetics. To monitor the �–t curve, first of all 200 �l of
hloroform solution of SA was spread at the air–water interface of
he LB trough. Allowing 15 min  to evaporate the solvent the barrier
as compressed slowly to obtain the nominal surface pressure of

.5 mN/m and then the barrier was kept fixed. After waiting for few
inutes to stable the monolayer, 500 �l of RhB (different concen-

rations viz. 10−5 M,  5 × 10−5 M or 10−4 M)  aqueous solution was
njected from the backside of the LB trough so as not to disturb
he preformed SA monolayer. Being water-soluble RhB molecules
tarted crossing the barrier through the sub phase. As soon as the
hB molecules came to the close proximity of the SA monolayer,

nteraction between SA and RhB molecules occurred and SA–RhB
omplex was formed at the air–water interface. With time the num-
er of SA–RhB complex at the air–water interface increased. The
rea per molecule of this complex species was greater than the
rea per molecule of pure SA molecule. Consequently the area per
olecule of this complex monolayer tried to increase. But as the

arrier was kept fixed at a particular position, hence the tendency to
ncrease the area per molecule was consequently manifested by the
ncrease in surface pressure. The increase in surface pressure with
ime was recorded to have the �–t curve. Surface pressure measure-

ent was recorded using Wilhelmy plate arrangement described
lsewhere [10,14].

Due to the reaction of RhB and SA, the surface morphology of the
omplex film at the air–water interface was changed with time. This
as monitored by taking to fluorescence microscopic images by a
uorescence imaging microscope (model: Motic AE 31), attached
ith the LB instrument.

After the completion of the reaction kinetics this complex films
ere transferred onto the fluorescence grade quartz substrates.
ulti layer film deposition was done by dipping the quartz sub-

trate through the film at a speed of 5 mm/min  with a drying time
f 5 min  after each lift.

UV–vis absorption and fluorescence spectra were recorded by
V–vis absorption spectrophotometer (Lambda 25, PerkinElmer)
nd Fluorescence spectrophotometer (LS 55, PerkinElmer), respec-
ively. For ATR–FTIR measurement the complex film was
ransferred onto a zinc sellenide single crystal substrate after com-
letion of reaction kinetics. A clean zinc– sellenide substrate was
sed for background measurement. FTIR spectrophotometer (Spec-
rum 100, PerkinElmer) was used for ATR–FTIR measurement.

. Results and discussions

.1. Adsorption kinetics of RhB in SA matrix
.1.1. Surface pressure–time (�–t) characteristics
Stearic acid is a well-known amphiphilic molecule having a long

ydrophobic alkyl chain and a hydrophilic head group. Owing to the
trong hydrophobicity of the alkyl chain, SA has become an excel-
ta Part A 79 (2011) 1642– 1647 1643

lent LB compatible material. Even substitution of any heavy metal
ion to the hydrophilic part of SA namely Fe–stearate, Mg–stearate
also makes it excellent LB compatible material. Being an anionic
material it has the capability to interact electrostatically with a
cationic material and thus form a stable complex, which can also
form stable Langmuir monolayer if amphiphatic balance is main-
tained. In the present investigation the water-soluble cationic RhB
molecules are adsorbed electrostatically to the preformed mono-
layer of anionic SA molecules. Reaction kinetics is given below:

The complex of SA and RhB is water insoluble and form a com-
plex Langmuir monolayer.

To monitor the reaction kinetics of interaction between SA and
RhB molecules at the air–water interface, surface pressure–time
(�–t) curve has been measured. First of all 200 �l of dilute chlo-
roform solution (0.5 mg/ml) of SA was spread on the air–water
interface of the LB trough. Allowing 15 min to evaporate the solvent,
the barrier was  compressed slowly to form SA monolayer at a nom-
inal initial surface pressure. Then keeping the barrier fixed, dilute
aqueous solution of RhB was  slowly injected from the backside of
the barrier. Care should be taken so as not to disturb the preformed
SA monolayer. Being water-soluble RhB molecules crossed the bar-
rier through the sub phase water and came to the close proximity
of the SA monolayer. Consequently interaction between SA and
RhB molecules occurred and SA–RhB complex was  formed at the
air–water interface. With time the number of SA–RhB complex at
the air–water interface increases.

Initially the monolayer was  occupied by SA molecules only and
gradually the monolayer was occupied by the SA–RhB complex
species. Finally the monolayer was converted into SA–RhB complex
monolayer. Since the area per molecule of this complex species is
greater than the area per molecule of pure SA molecule, hence the
kept fixed for initial starting pressure at 0.5 mN/m. (a) No RhB solution (b) 10−5 M,
(c)  5 × 10−5 M and (d) 10−4 M.  In all cases the amount of injected RhB solution was
500 �l and 200 �l of SA solution (0.5 mg/ml) was spread at air–water interface of
the  LB trough to make the preformed SA monolayer at fixed surface pressure of
0.5  mN/m.



1 ica Ac

m
s
t
S

o
t
fi
a
t

m
i
i
a
f

F
s

644 S.A. Hussain et al. / Spectrochim

anifested by the increase in surface pressure. Thus the increase in
urface pressure with the passage of time is an indication of reac-
ion kinetics and consequent formation of complex monolayer of
A–RhB at the air–water interface.

Fig. 1 shows the surface pressure–time (�–t) curves for injection
f RhB aqueous solution of different concentrations. In all the cases
he amount of SA solution used to form the SA monolayer was kept
xed at 200 �l and the concentration was 0.5 mg/ml. The injected
mount of RhB aqueous solution was also kept fixed at 500 �l but
he concentrations were varied as 10−5 M,  5 × 10−5 M and 10−4 M.

From the figure it is observed that the surface pressure of SA
onolayer on pure water sub phase (curve a of Fig. 1) does not

ncrease with time and remains parallel to the time axis. This

s an indication that SA molecules form stable monolayer at the
ir–water interface. However, when RhB solution is injected, sur-
ace pressure gradually increases with time. This clearly indicates

ig. 2. In situ fluorescence imaging micrographs (FIM) of complex LB monolayer of RhB 

olution. Here the scale bar represents 10 �m.
ta Part A 79 (2011) 1642– 1647

that some interactions are taking place between the constituent
molecules of RhB and SA to form the complex monolayer. After
certain time interval the surface pressure reaches its maximum
and becomes steady and almost parallel to the time axis. This is
an indication for the completion of the reaction kinetics.

In certain cases the surface pressure rose up to 11.8 mN/m
within a span of time 75 min  when the injected RhB concentration
was  10−4 M,  where as surface pressure rose up to 4.5 and 6.3 mN/m
when the injected RhB concentration was 10−5 M and 5 × 10−5 M.
Also the time taken to attain the maximum stable surface pressure
was  higher.

The surface pressure–time graph initially shows steep ris-
ing but becomes flat at the end, indicating lowering in

the rate of interaction. Also the rate of increase in surface
pressure becomes faster with the increase in injected RhB
concentration.

(10−4 M)  doped in SA recorded at different time interval after the injection of RhB
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Fig. 3. ATR–FTIR spectra of 10 layers of SA on a zinc sellenide substrate before (curve
S.A. Hussain et al. / Spectrochim

It is worthwhile to mention in this context that there are several
ther molecules viz. poly (NIPAM) [11], carboxymethyl cellulose
odium salt [12], lysozyme [25], etc. Which showed such initial
teep rising and flat plateau like region at the end of the reaction
inetics. In our previous works [10,14] the reaction kinetics of pure
TAB with SA monolayer were reported.

.1.2. In situ fluorescence imaging microscopy
Our previous investigations of �–t characteristics revealed

hat SA molecules interact strongly with the water-soluble RhB
olecules and a complex monolayer was formed at the air–water

nterface. It was observed that surface pressure rose until the com-
letion of the reaction kinetics. Therefore, it is expected that the
onolayer surface morphology of the complex monolayer should

hange with time. In order to monitor this change in surface mor-
hology we have done the in–situ fluorescence imaging microscopy
f the complex monolayer at the air–water interface. FIM images
ave been taken continuously starting just after injection of the
hB solution until stability has been achieved. FIM image was also
aken before the injection of RhB solution.

Fig. 2(A–G) represents seven FIM images of the complex mono-
ayer measured at different stages of the reaction kinetics.

FIM image of SA monolayer before injection of RhB solution
figure not shown) shows completely black smooth surface. This
s because SA is a non–fluorescent and an ideally LB compatible

aterial [6] which forms stable uniform monolayer at the air–water
nterface.

Fluorescence micrographs of complex monolayer after injection
f RhB solution [Fig. 2(A–G)] reveal gradual phase separation and
omain formation of the complex monolayer due to adsorption of
hB molecules onto the preformed SA monolayer. Just after inject-

ng RhB solution from the backside of the barrier very weak crimson
ed fluorescence (Fig. 2A) was observed to be emerging initially.
his is due to the presence of fluorescent RhB molecules under the
A monolayer. As soon as the water-soluble RhB molecules came
nto contact with SA monolayer, interaction between SA and RhB

olecules occurred. Consequently RhB molecules were adsorbed
nto the floating SA monolayer. Due to the adsorption of the fluo-
escent dye, gradually distinct crimson red domains were observed
o be formed with a dark background as seen in Fig. 2(B–F). With
pan of time, number of RhB domains at the air–water interface
ncreases and smaller size domains coalesce together to form larger
ize domains [Fig. 2(D–F). The last image (G) presented in figure was
ecorded after the attainment of plateau region in the �–t curve. The
mage reveals that almost all the surface is covered with crimson
ed RhB domains, indicating completion of reaction kinetics.

.2. Spectroscopic characterizations of RhB–SA complex LB films

.2.1. ATR–FTIR spectroscopy
Fig. 3 shows the ATR–FTIR transmission spectra for 10 bi-layers

f SA on a zinc sellenide substrate before (curve a) and after (curve
) the RhB adsorption in comparison with the IR transmission spec-
rum of the crystalline RhB in a KBr pellet (curve b). The SA LB
lm was deposited at the surface pressure of 15 mN/m and the
A–RhB mixed LB film was deposited at the surface pressure when
at plateau like region was achieved in the �–t curve for SA–RhB
omplex monolayer.

FTIR spectrum of pure SA LB film (curve a) possesses two strong
ands at about 2854 and 2919 cm−1, which are due to the CH2

ymmetric and anti-symmetric stretching vibration bands of the
ong chain hydrocarbon chains of SA molecule [26]. Also there is a
trong band at 1702 cm−1, which is due to the stretching vibration
f carbonyl (C O) group of SA [27].
a)  and after (curve c) the RhB adsorption and the FTIR spectrum of the crystalline
RhB in a KBr pellet (curve b).

Pure RhB FTIR spectrum shows a strong band at 1587 cm−1,
which is the characteristic of in-ring C–C stretching vibration in
aromatic ring [28].

The FTIR spectrum of SA–RhB complex LB film possesses strong
bands at 2854 and 2919 cm−1 and another prominent band at
1587 cm−1. The first two  bands are indicative of the presence of
the long hydrocarbon chain of SA and the remaining one confirms
the presence of RhB chromophore in the complex LB film. It is inter-
esting to note that in the SA–RhB complex LB film spectrum (curve
c) the carbonyl stretching band at 1702 cm−1 of SA is totally absent.
This is mainly due to the attachment of heavy chromophore RhB to
the OH group of SA, leads to the formation of SA–RhB complex.
This is also a clear indication that, when the flat plateau region
is achieved then the interaction between SA and RhB molecules
becomes completed and no SA molecule is left free for further
interaction with the RhB molecules.

It is worthwhile to mention in this context that, in one of our
previous works the carbonyl stretching band of SA was  disappeared
when SA interacted with cationic CTAB molecules [14].

3.2.2. UV–vis absorption and fluorescence spectroscopy
Fig. 4A and B shows the UV–vis absorption and steady state flu-

orescence spectra of SA–RhB LB film along with the RhB aqueous
solution and microcrystal spectra for comparison. For spectroscopic
measurements ten bilayers of LB film was deposited onto a spectro-
scopic grade quartz slide after the completion of reaction kinetics
i.e. when the plateau region was  achieved in the �–t curve of reac-
tion kinetics.

UV–vis absorption spectrum of pure RhB in dilute aqueous solu-
tion (10−6 M)  possesses an intense band with peak at 553 nm along
with a shoulder at about 515 nm.  The 553 nm band is due to the 0–0
absorption and trace of monomer, whereas the 515 nm weak shoul-
der is assigned to be due to the 0–1 vibronic transition of monomer
[29]. In microcrystal absorption spectrum these two bands are
red shifted to 567 and 528 nm, respectively. LB film absorption
spectrum also possesses almost similar spectral profile to that of
microcrystal.

Observed red shift in the LB film and microcrystal absorption
spectra may  be due to the change in microenvironment when the
molecules are transferred from solution to restricted geometry of

solid surface. The packing pattern and orientation of the molecules
may  change when the monolayer is transferred from air–water
interface to LB films/solid substrate. This in-turn affects the
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Fig. 4. (A) UV–vis absorption spectra and (B) fluorescence spectra of RhB–SA 

lectronic energy levels resulting in the change and band shift in
he spectrum.

The fluorescence spectra of RhB aqueous solution, in LB film
nd in microcrystal have been compared in terms of fluorescence
ntensity. It is observed that the dye RhB has strong fluorescence
ntensity even in thin LB film. Fluorescence spectrum of RhB aque-
us solution shows intense band with peak at 573 nm.  An intense
onger wavelength band at round 635 nm is developed in the
hB microcrystal spectrum and the 573 nm band reduces to a
eak hump. Fluorescence spectrum of SA–RhB LB film shows a

ery similar spectral profile to that of microcrystal spectrum, but
trong fluorescence intensity. It is also noted that with increasing
ayer number intensity of this band increases to a larger extent.
his longer wavelength band has been assigned as due to the
resence of dimeric species [30]. It may  be noted in this con-
ext that in the process of formation of SA–RhB complex at the
ir–water interface and subsequent transfer to the solid substrate,
hB molecules may  come into close proximity to each other, result-

ng in the favourable condition for the formation of dimeric species
n expense of monomeric species. As a result monomeric band
educes to a weak hump. The close similarity between LB film
pectrum to that of the microcrystal spectrum suggests that RhB
olecules are successfully incorporated into the complex film and

et stacked to form microcrystalline aggregates.

. Conclusion

The outcome of this work clearly shows that water-soluble
hB molecule is successfully adsorbed in the building matrix SA

n a preformed Langmuir monolayer at the air water interface.
his technique can be applied to other water-soluble materials to
ncorporate them into solid films. The reaction kinetics of RhB–SA
omplex formation was monitored by observing the increase in
urface pressure with time. Flattening of the surface pressure at
he end of the �–t curve indicates the completion of reaction
inetics. Time required for the completion of reaction kinetics is
trongly dependent on the concentration of the RhB solution. The
uorescence micrographs give compelling visual evidence of com-

lex monolayer formation and consequent incorporation of RhB
olecules. FIM also reveals that surface coverage is very high

nd almost uniform continuous film is formed at the air–water
nterface. ATR–FTIR spectroscopy confirms the interaction and

[
[

[
[

Wavelength(nm)

lex LB multilayer along with RhB microcrystal and pure RhB solution spectra.

complexation of anionic SA and cationic RhB molecules. The UV–vis
absorption and Steady state fluorescence spectroscopic studies
demonstrate that RhB–SA complex films are successfully incorpo-
rated into the LB films and RhB molecules are stacked and form
molecular aggregates in the solid film. As a whole our investigation
shows successful incorporation of water-soluble RhB molecules in
SA matrix without altering the photophysical characteristics of the
dye, thus makes the dye LB compatible. Water-soluble dyes may
be incorporated into solid film, which is a prerequisite for device
applications using LB technique.
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