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Formation of complex films with water-soluble CTAB molecules
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bstract

This communication reports the formation of complex Langmuir monolayer at the air–water interface with the water-soluble N-cetyl N,N,N-
rimethyl ammonium bromide (CTAB) molecules when interacted with the stearic acid (SA) molecules. The reaction kinetics of the formation of

he CTAB–SA complex was monitored by observing the surface pressure versus time graph. Multilayered LB films of this complex doped with
ongo red was successfully formed onto a quartz substrate. UV–Vis absorption and steady-state fluorescence spectroscopic characteristics of this
oped LB films confirms the successful incorporation of Congo red molecules in to the CTAB–SA complex films.

2005 Elsevier B.V. All rights reserved.
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. Introduction

The Langmuir–Blodgett (LB) technique of film deposition
ethod is one of the most versatile techniques for fabrication

f organized molecular assemblies in mono- and multilayer
lms, the architecture of which can be controlled by chang-

ng various LB parameters [1–4]. Due to these features, the
B technique is considered particularly suitable to handle and
ssemble different molecules with various chromophoric func-
ions in a desired manner with the aim of fabricating molecular
lectronic devices as well as also to investigate various physico-
hemical processes occurring at the mono- or multilayer. Typical
B compatible materials are amphiphilic molecules with long
lkyl chain as a tail part and a hydrophilic head group. Well-
efined mono- and multilayer LB films have also been prepared
sing lightly substituted molecule or molecules without any
lkyl chain. Such non-amphiphilic molecules were incorporated
nto LB films when they were mixed with a long chain fatty acid

namely, stearic acid (SA) or arachidic acid (AA)) or an inert
olymer matrix (namely, poly-methyl methacrylate (PMMA))
3–6]. The photophysical characteristics of such mixed LB
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lms can be manipulated with ease, by changing various LB
arameters.

In recent time, some water-soluble materials were also
bserved to form well-organized Langmuir monolayer at the
ir–water interface and suitably deposited onto solid substrates
o form mono- and multi-layered LB films. However, for this
urpose an interaction with these water-soluble materials with
nother material is required and some LB compatible complex
s formed in the process of interaction. Anionic and cationic
urfactants are best examples of water soluble materials which
ometimes form well organized Langmuir monolayer at the
ir–water interface when interacts with some insoluble mate-
ials. The architecture and molecular engineering of artificial
upra molecular assemblies at surfaces or interfaces, in particu-
ar of complex monolayers with desired structure and physical
roperties have attracted great interest in recent years [7–8]. This
omplex monolayer consists of various components and the for-
ation of this complex monolayer at the air–water interface

epends on the interaction between the various components.
This communication reports a unique observation of the reac-

ion kinetics between water-soluble N-cetyl N,N,N-trimethyl
mmonium bromide (CTAB) and stearic acid (SA) to form a

table complex monolayer at the air–water interface. The pho-
ophysical characteristics of the Langmuir–Blodgett (LB) films
f this complex when doped with Congo red (CR) have also
een reported.
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Fig. 1. (a) Surface pressure vs. time graph of the CTAB–SA complex monolayer
with various amount of CTAB spread on the water for initial starting surface pres-
S. Biswas et al. / Spectrochimi

. Experimental

CTAB and Congo red (CR) were purchased from Loba
hemie, Mumbai, India. Stearic acid (purity > 99%) purchased

rom Sigma Chemical Company were used as received. Chloro-
orm used was of spectroscopic grade and its purity was checked
y fluorescence spectroscopy before use. Langmuir–Blodgett
lm deposition instrument (Apex-2000C, India) was used to
tudy the surface pressure versus area per molecule isotherm
haracteristics and the reaction kinetics by studying the increase
n surface pressure with time. Triple distilled deionised water
as used as subphase and the temperature was maintained at
4 ◦C. The SA solution was first spread on the water subphase
y a micro syringe. After a delay of 15 min, to evaporate the
olvent, the SA film at air–water interface was compressed
lowly at a rate of 2 × 10−3 nm2 mol−1 s−1 to record the surface
ressure versus area per molecule isotherm. When a desired sur-
ace pressure was achieved, CTAB solution was spread on the
ater of the LB trough from the backside of the barrier and

he corresponding increase in surface pressure with time was
ecorded.

For deposition of LB films, we have first formed a stable
angmuir monolayer of SA and then the pre-mixed solution
f CTAB and Congo red (CR) was spread and sufficient time
as allowed to interact with each other and finally the stable
angmuir monolayer at a desired surface pressure was trans-

erred onto a quartz substrate following standard technique
1].

. Results and discussion

.1. Formation of CTAB–SA complex monolayer at the
ir–water interface

For the observation of reaction kinetics the Langmuir–
lodgett (LB) instrument was used. Two hundred microliters of
ilute solution of SA (0.5 mg/ml in chloroform) was spread at
he air–water interface of the LB trough and after sufficient time
as allowed to evaporate the solvent, the barrier was compressed

lowly to obtain the initial desired pressure. At that pressure the
arrier was kept fixed and a dilute solution of CTAB in various
mount was injected slowly into the water from the backside
f the barrier. Since CTAB is water soluble, it was mixed with
he water completely and reaction kinetics was started to form
A–CTAB complex.

This complex of SA and CTAB was water insoluble. Area
er molecule of this complex is greater than the stearic acid
rea per molecule. However, as the barrier was kept fixed, area
er molecule of the monolayer could not be increased, and as a

onsequence surface pressure began to rise and with increasing
ime the surface pressure showed a gradual rise which was an
ndication of reaction kinetics and formation of a stable complex

onolayer at the air–water interface.

sure of 0 mN/m. 1 = 100, 2 = 250, 3 = 500, 4 = 750, 5 = 1000, 6 = 1250, 7 = 1500,
8 = 2000 �l of CTAB. (b) Surface pressure versus time graph of the CTAB–SA
complex monolayer with various amount of CTAB spread on the water for ini-
tial starting surface pressure of 15 mN/m. 1 = 250, 2 = 500, 3 = 750, 4 = 1000,
5 = 1250, 6 = 1500, 7 = 2000 �l of CTAB.
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then the excess amount of CTAB interacts with the SA molecules
of the Langmuir monolayer and forms a CTAB–SA complex
monolayer. Within these complex molecules, the CTAB–CR
complex molecules tend to get sandwiched. Thus the ultimate
30 S. Biswas et al. / Spectrochimi

Fig. 1a and b show the surface pressure versus time graph of
his complex monolayer with various amount of CTAB spread
n the water for two different initial starting surface pressure
amely 0 mN/m and 15 mN/m, respectively.

From these two figures it is observed that the surface pressure
ises sharply with increasing the amount of CTAB. From Fig. 1a,
t is observed that from an initial surface pressure of 0 mN/m
hen the added amount of CTAB solution is very low, 100 �l, the

urface pressure does not rise at all. With increasing the amount
f solution the surface pressure started to rise gradually (graph 2
nd 3) and when the added amount of CTAB solution is greater
han 1000 �l, the surface pressure rises more than 40 mN/m.
lso, time taken becomes gradually smaller and when the added

mount of CTAB solution is 2000 �l the surface pressure rises
pto 40 mN/m from an initial value of 0 mN/m with in a time
pan of only 2.75 h (graph 8).

In Fig. 1b, the initial surface pressure of pure stearic acid
onolayer is 15 mN/m. When the CTAB solution was added

he surface pressure gradually rises and when the added amount
f CTAB solution is 2000 �l, the surface pressure rises to
0 mN/m from an initial 15 mN/m with in a time span of 2.12 h.
his clearly indicates that some complex of SA and CTAB
olecules are formed at the air–water interface. This complex
olecule is water insoluble and forms a complex monolayer.
he area per molecule of this complex monolayer is greater than

he stearic acid area per molecule. However, since the barrier
s kept fixed at a particular position, surface pressure gradu-
lly increases. This increase in surface pressure with time is
ctually a direct evidence of reaction kinetics between SA and
TAB molecules. Fig. 2 shows a schematic representation of

he CTAB–SA complex Langmuir monolayer at the air–water
nterface.

.2. Deposition of multilayered LB films from the Langmuir
onolayer of CTAB–SA complex doped with Congo red

CR)
CTAB, SA as well as CTAB–SA complex do not have any
bsorption or fluorescence characteristics. Therefore, to get an
dea about the formation of stable LB films, Congo red (CR),

highly fluorescent dye material was doped in the Langmuir
F
a

ig. 2. Schematic representation of Langmuir monolayer of: (a) SA at the
ir–water interface and (b) CTAB–SA complex at the air–water interface.

onolayer of CTAB–SA complex at the air–water interface.
ongo red, an anionic molecule interacts with the cationic part
f the CTAB molecules and thus forms a complex.

The interaction between CTAB and Congo red is also evident
rom the absorption and the fluorescence spectroscopic study
Fig. 4a and b) in the mixed solution phase. However, no inter-
ction occurred between Congo red and SA molecules. When a
ixed solution of CTAB and CR having excess amount of CTAB

CTAB:CR = 80:20) is added to the water surface of the Lang-
uir trough, where a previously formed SA monolayer exists,
ig. 3. Schematic representation of Langmuir monolayer of CTAB–SA complex
t the air–water interface doped with CR.
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Fig. 4. (a) UV–Vis absorption spectra of LB films of CTAB–SA doped with
Congo red (CR) along with CR, CTAB–CR solution and CR microcrystal spec-
trum. (b) Fluorescence spectra of LB films of CTAB–SA doped with Congo red
(CR) along with CR, CTAB–CR solution and CR microcrystal spectrum.
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angmuir monolayer becomes a composite form of a complex of
TAB–SA:CTAB–CR:CTAB–SA. Ultimately, the multilayered
angmuir–Blodgett films formed from this complex monolayer
lso consists of SA, CTAB and Congo red molecules. Fig. 3
hows a schematic representation of the CTAB–SA complex
angmuir monolayer doped with Congo red at the air–water

nterface.

.3. Spectroscopic characterizations of complex LB films

Fig. 4a and b show the UV–Vis absorption and fluorescence
pectra of LB films of CTAB–SA doped with Congo red (CR)
long with CR, CTAB–CR solution and CR microcrystal spectra
or comparison.

CR solution absorption spectrum gives a longer wave-
ength intense band at 499 nm along with a low intense high-
nergy band at 340 nm. Mixed solution absorption spectrum of
TAB–CR gives a blue shifted longer wavelength intense band
ith peak at 473 nm as well as also a high-energy blue shifted
and with peak at 329 nm. This clearly suggests an interaction
ith anionic CR and cationic CTAB. CR microcrystal absorp-

ion spectrum gives a broad low intense longer wavelength band
ith peak at around 513 nm. The absorption spectrum of LB film
oped with CR, gives prominent peak of CR. This clearly sug-
ests that CR is successfully doped in the LB films of CTAB–SA
omplex.

Fluorescence spectra (Fig. 4b) also show that the LB films
pectra is almost similar to CR microcrystal spectrum. This
learly suggests the formation of SA–CTAB–CR complex LB
lms.

. Conclusion

In conclusion, our result shows that water-soluble CTAB
olecule can be successfully organized into Langmuir mono-

ayer when interacted with SA molecules. Thus, forms a complex
angmuir monolayer at the air–water interface. The reaction
inetics of the formation of the CTAB–SA complex was mon-
tored by observing the surface pressure versus time graph.

ultilayered LB films of this complex doped with CR was
uccessfully formed. UV–Vis absorption and steady-state flu-
rescence spectroscopic characteristics of this doped LB films
onfirm the successful incorporation of CR molecules in the
TAB–SA complex films.
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