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Fluorescence probing and �-potential measurements have been used to characterize the inter-
actions in bulk between the zwitterionic surfactant 3-[(3-cholamidopropyl)-dimethyl-ammonium]-
1-propanesulphonate, CHAPS and the polymer polyethylene imine, PEI. Results show that the
strongest attractive interactions are produced between the surfactant and the neutral form of the
polymer PEI. Because the zwitterionic surfactant CHAPS has been proposed as component of
biosensors, we are interested to study the effect of the polymer on CHAPS films, therefore we
transfer the surfactant and PEI/CHAPS mixtures from the solution onto mica by using the Langmuir-
Schaefer and dipping methodologies. The morphology of films is analyzed by means of Atomic force
microscopy, AFM, Optical microscopy and Micro-Raman spectroscopy. The hydrodynamic flow of
water after its evaporation induces the formation of ring-based structures not available to fabricate
devices. This process predominates when materials are transferred from the solution onto mica by
dipping. In contrast, the Langmuir-Schaefer films consist of spherical aggregates and the densest
and the most ordered films were obtained by transferring the PEI/CHAPS mixture of surfactant
concentration above the CMC.

Keywords: CHAPS, Polyethylene Imine, Zeta Potential, Langmuir-Schaefer, Dipping Method,
AFM, Micro-Raman Spectroscopy.

1. INTRODUCTION

The zwitterionic surfactant 3-[(3-cholamidopropyl)-
dimethyl-ammonium]-1-propanesulphonate (CHAPS)
combines the properties of sulfobetaine-type surfac-
tants and bile salts anions and it is widely used in
biochemical applications such as protein solubilization1

or disaggregation,2 and as eluting agent in separation
processes to provide selectivity.3�4 Despite the extensive
research on micellization or adsorption of CHAPS found
in the literature,5–12 there is limited research pertaining
to mixtures with other surfactants11 or with polymers.13

However, it is well established that the presence of poly-
mers in surfactant solutions decreases the critical micellar
concentration (CMC), increases the surfactant adsorption
at the interfaces and increases the ability of micelles to
solubilise organic materials.14�15 The synergistic effect
is always stronger in oppositely charged systems; there-
fore there is no dearth of articles in the literature that
addresses the interaction between polyelectrolytes and

∗Author to whom correspondence should be addressed.

oppositely charged surfactants.14�15 In contrast, the inter-
action between zwitterionic surfactants and polymers has
received far less attention16�17 despite its lower toxicity
to humans and the environment than ionic surfactants.18

It is well known that zwitterionic surfactants interact
preferably with negatively charged molecules.16�17�19�20

However, in a previous work carried out by our group,
we have demonstrated the existence of attractive inter-
actions between the zwitterionic surfactant CHAPS and
the polycation Poly (diallyl-dimethil-ammonium chlo-
ride), PDADMAC. The results did not allow establishing
the origin of this interaction.21 In this paper, we study
the interaction between the surfactant CHAPS and the
polymer polyethyleneimine (PEI), because this polymer
contains amine groups, which can exist in its neutral or
cationic forms.
Recently, the zwitterionic surfactant CHAPS has been

proposed as component of biosensors.22 One impor-
tant characteristic of the biosensors is that the analyte
molecules have to be immobilized onto solids to react with
the sensing component; therefore thinner films with a well-
defined structure and good quality must be obtained to
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host the analyte molecules. When biomolecules, i.e., pro-
teins, whose biological activity depends on the molecular
arrangements, are immobilized on films, the control on
the structure and orientation of the surface and the prop-
erties of molecules adsorbed on the solid wafers become
extremely important.23 In the preparation of well-defined
films containing proteins, it is necessary to consider that
the proteins for immobilization are aggregated in the solu-
tion avoiding the accurate orientation of molecules. To
disaggregate proteins, ionic surfactants are often added
to solutions. However, the ionic surfactants can mod-
ify the protein structure and its binding capacity to the
sensing component; therefore zwitterionic surfactants such
as CHAPS were proposed to substitute the ionic surfac-
tants because they are less denaturing and more efficient
than the non ionic ones at overcoming protein-protein
interactions.22�24�25 Another aspect of significance to con-
struct solid biosensors is the deposition methodology. Sev-
eral techniques such as dipping, Langmuir-Blodgett (LB)
or Langmuir-Schaeffer (LS) can be used for this purpose.
LB offers the possibility of preparing reproducible and
homogeneous films with a high control of the interpar-
ticle distance.26 However, in the case of rigid Langmuir
monolayers such as proteins, the LB technique does not
achieve good transference ratios due to the poor molecu-
lar reorganization of molecules on the subphase surface.
The Langmuir-Schaeffer methodology has been proposed
to solve this problem. In the LS technique, the position of
the solid substrate is parallel to the interface and there is
no requirement of reorientation. Using the LS methodol-
ogy a great number of proteins and other rigid layers have
been successfully deposited.27

One inexpensive methodology of deposition on solids is
the dipping method. In this method, the solid substrate is
dipped vertically into the suspension containing proteins
and held for a given time to eliminate the interface fluctu-
ations. Finally, the dipped solid substrate is subsequently
extracted vertically from the suspension.28 It is interesting
to note that the drying of a liquid with suspended mate-
rial on a solid surface leaves different structures.29–31 Sev-
eral researchers have utilized this process for self-assembly
of materials such as single-walled nanotubes (SWNT)32�33

or graphene flakes.34 The results obtained showed that
the structure of the nanomaterials after liquid evapora-
tion depends on the nature of the contact lines during
the evaporation, which is a function of the properties of
nanoparticles (size and concentration) and of the evapora-
tion environment (relative humidity and rheological prop-
erties of the evaporating liquid). Accordingly, we study
the effect of two different deposition methodologies on the
morphology of films prepared with the zwitterionic sur-
factant CHAPS. Langmuir-Schaefer and dipping method-
ologies were chosen. The first one was chosen because,
to the best of our knowledge, it has not been proposed to
construct high-quality films of CHAPS and the second one

was used for comparative purposes because it has been
employed for the fabrication of sensors containing the sur-
factant CHAPS.22�24�25 Finally, we study the effect of the
polymer PEI on the morphology of films with CHAPS
by transferring mixtures of PEI/CHAPS from the aqueous
solutions onto mica.
The remaining sections of this paper are organized as

follows: the next section contains experimental details and
description of methodologies and techniques. In the results
and discussion section we study the interactions of CHAPS
and PEI by determining the Critical Aggregation Concen-
tration (CAC) of surfactant-polymer micelles at different
pH. The �-potential for aggregates with different polymer
compositions at CAC concentrations of surfactant are also
presented in this section. In the second part of this section,
the morphology of films of CHAPS and CHAPS/PEI mix-
tures deposited on mica by Langmuir-Schaefer and dip-
ping methodologies are analyzed by using AFM, optical
microscopy (OM) and Micro-Raman spectroscopy. Finally,
the main conclusions are presented.

2. MATERIALS AND METHODS

2.1. Materials

The surfactant CHAPS (SigmaUltra TLC), the polyelec-
trolyte branched polyethyleneimine, PEI (Mr = 2 kDa),
and the fluorescent probe, pyrene were obtained from
Sigma-Aldrich, used as received and stored under vacuum.
The polymer molecular weight was provided by the man-
ufacturer. 1 M HCl was added to the polymer solutions to
obtain pH values of 3 and 7 from a pH value of 10 of PEI
in water. The substrate muscovite (mica) quality V-1 was
supplied by EMS (USA). The mica surface was freshly
cleaved before use.
The solutions were prepared with water purified with

RiOs and Milli-Q systems from Millipore having a con-
ductivity of 0.2 �S/cm. The polymer solutions were pre-
pared using a gravimetric technique. The surfactant was
then dissolved in a known polymer concentration.
Incorporation of pyrene into micelles was performed

as follows: an appropriate volume of pyrene dissolved
in methanol was poured into a volumetric flask and the
solvent was evaporated. The solutions of surfactant or
polymer-surfactant mixtures were added to the evaporated
residue, and the solution was stirred until the fluorescence
probe was dissolved. The pyrene concentration was kept
constant at 2.0 �M.

2.2. Methods

2.2.1. Steady State Fluorescence Measurements

The emission spectra of pyrene incorporated on surfac-
tant or polymer-surfactant mixtures were recorded with
an LS-50B spectrofluorometer from Perkin-Elmer. The
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excitation wavelength was 319 nm and the excitation and
emission slits were kept constant at values of 5/5 nm or
7/7 nm as a function of the fluorescence intensity. All
spectra were recorded at 25 �C.

2.2.2. Zeta-Potential Analyzer

The electrophoretic mobility measurements were carried
out by means of the laser Doppler electrophoresis tech-
nique using the Zetasizer Nano ZS device (Malvern, UK).
The equipment uses a He-Ne-laser at 5 mW and 633 nm.
All experiments were performed in a DTS 1060C clear
disposable zeta cell. The electrophoretic mobility, �e, was
measured at 25.0 �C and converted into zeta-potential,
� , using the Smoluchowski’s relation, � = ��e��/� where
� and � are the viscosity and the permittivity of the sol-
vent, respectively. Each reported value is an average over
thirty measurements and the standard deviation of these
measurements was determined to ascertain the extent of
the experimental error.

2.2.3. Surface Tension Measurements

A drop tensiometer model TVT-2 from Lauda35 employ-
ing the dynamic method was used to measure the dynamic
surface tension above 10 s. The inner radius of the steel
capillary was 1.345 mm and the employed syringe was
5 ml. The best conditions to ensure the correct determi-
nation of the equilibrium surface tension values have been
chosen using criteria published elsewhere.19�36

All measurements were performed at 25.0 �C. Temper-
ature in the tensiometer was controlled by means of ther-
mostat/cryostat RM 6.

2.2.4. Film Deposition

Surfactant-polymer mixtures were deposited onto mica by
using the Langmuir Schaefer method with a KSV2000
System 2 and the Langmuir Schaefer holder KN 0006
from KSV (KSV, Finland). Since measurements were car-
ried out in soluble monolayers, the equilibrium surface
tension values were simultaneously measured until they
reached the equilibrium value. Then the deposition was
started. Surface tension measurements showed that the sur-
face tension was reduced after the addition of 1% PEI from
50.5 mN/m to 48 mN/m for 2 mM CHAPS solutions and
from 46 to 44 mN/m for CHAPS solutions with surfactant
concentration of 10 mM. The temperature was maintained
at (25	0± 0	1) �C by flowing thermostated water through
a jacket at the bottom of the trough. The temperature near
the surface was measured with a calibrated sensor from
KSV. The water temperature was controlled by means of
thermostat/cryostat Lauda Ecoline RE-106.
The dipping method consists of dipping vertically a

clean mica substrate into the surfactant or surfactant-
polymer solutions at 25 �C at a rate of 11 mm/min to a

depth of 15 mm and then holding for 10 min to elimi-
nate interface fluctuations. The dipped substrate was sub-
sequently extracted at a rate of 11 mm/min.

2.2.5. Atomic Force Microscopy (AFM)

AFM images from films transferred on mica substrates
were obtained in constant repulsive force mode using an
AFM (Nanotec Dulcinea, Spain) with a rectangular micro-
fabricated silicon nitride cantilever (Olympus OMCL-
RC800PSA) having a height of 100 �m, a Si pyramidal tip
and a spring constant of 0.73 N/m. The scanning frequen-
cies were usually in the range between 0.5 and 2.0 Hz per
line. The measurements were carried out under ambient
laboratory conditions.

2.2.6. Optical Microscopy

Optical microscopy images were obtained in a ZEISS Axio
Imager Mim provided with six objectives connected to a
digital camera.

2.2.7. Raman Spectroscopy

Raman spectra were acquired with a dispersive Jobin-Yvon
LabRam HR 800 spectrometer coupled with an optical
microscope Olympus BXFM. CCD was used as detector
and cooled at −70 �C. Laser used was 532 nm with 3 mW
of power on samples. Microscope objective was 100×.

3. RESULTS AND DISCUSSION

3.1. Interactions Between CHAPS and PEI in Solution

The study of surfactant-polymer interactions is usually
carried out by determining the CMC of micelles in the
absence and presence of polymer PEI. The CMC of a
surfactant can be determined by the appearance of a dis-
continuity in the variation of some properties in solution
as a function of surfactant concentration. In this work,
we use the change in the fluorescence emission spectrum
of pyrene. This method is based on the variation of the
intensity of the vibrational bands of pyrene emission corre-
sponding to wavelengths of 372 and 382 nm, expressed as
the I1/I3 ratio. The I1/I3 ratio decreases when the polarity
in the environment of the probe decreases.37�38

The ratio of I1/I3 as a function of the surfactant con-
centration is shown in Figure 1. Each curve corresponds
to mixtures with the polymer concentration kept constant.
The range of polymer concentrations analyzed was 0.1 to
1 wt%. The value represented at the surfactant concentra-
tion of 1× 10−4 M, corresponds to the I1/I3 ratio of the
probe in each medium. Curves in Figure 1 show two break
points, the first one is at surfactant concentration corre-
sponding to CAC, and the second one to CMC, respec-
tively. It is well established that the CAC is the surfactant

J. Colloid Sci. Biotechnol. 1, 33–41, 2012 35
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Fig. 1. Effect of PEI concentration on the Plot of the I1/I3 ratio of
the pyrene fluorescence spectrum against the CHAPS concentration for
(solid black squares) aqueous solutions; (red circles) 0.1% wt PEI; (green
triangles) 0.5% wt PEI; (blue circles) 0.7% PEI and (magenta triangles)
1% wt PEI. All measurements were performed at 25 �C.

concentration above which hydrophobic domains of sur-
factant and polymer are formed, while the CMC corre-
sponds to a surfactant concentration at which micelles of
surfactant in water are formed after the saturation of poly-
mer by the surfactant molecules. The CAC was deter-
mined from the curves as the concentration at which I1/I3
becomes constant following a sharp decrease. Results are
shown in Table I. It is evident from the table that the CAC
values are lower than the CMC of the surfactant in water
and decreases as the polymer concentration increases. This
expected result means that the surfactant molecules prefer
to micellize with polymer molecules than with themselves.
To establish the origin of the interactions between the

surfactant and polycation molecules, we determined the
CAC of mixtures at different pH. We studied the behavior
of CHAPS in 1 wt% PEI because it is the concentration at
which the system presents a stronger interaction. Accord-
ing to the pKa values of PEI39 in aqueous solutions, at pH
7 all the primary and secondary amines are in their pro-
tonated form and at pH 3, the tertiary ones are protonated
too. Figure 2 shows the plot of I1/I3 against the surfactant

Table I. CAC values of CHAPS-PEI mixtures at different PEI con-
centrations determined by steady state fluorescence of pyrene, and CMC
value of CHAPS in aqueous solution. �-potential of CHAPS-PEI aque-
ous mixtures, [CHAPS] = 2	0 mM at different PEI concentrations, and
PEI 1% wt at pH= 7.

PEI (%wt) CAC/mM �-potential/mV

0 6.8 (CMC) −5	0±0	4
0.1 2.4 −5	4±0	3
0.5 2.4 −4	3±0	2
0.7 2.2 −3	4±0	2
1 1.4 −6	6±0	4
1 (pH= 7) 2.2 —

Fig. 2. Effect of pH on the plot of the I1/I3 of the pyrene fluorescence
spectrum against the CHAPS concentration at 1% wt PEI for (magenta
triangles) aqueous solution, pH= 10; (blue circles) pH= 7; (open green
triangles) pH= 3 and (solids black square) CHAPS without polymer. All
measurements were performed at 25 �C.

concentration for the mixtures at pH 3, 7 and 10. Also
CHAPS in water curve is included in Figure 2 for better
comparison. As in Figure 1, the values of I1/I3 represented
at 1× 10−4 M are the values of the probe at 1 wt% PEI
and the selected pH.
In Figure 2, we can observe that the curves correspond-

ing to mixtures at pH 3 and CHAPS in water are quite
similar and present only a break point at the CMC of the
surfactant CHAPS. However, the curve for mixtures pre-
pared at pH 7, shows a plateau at 2.2 mM, shorter than
the plateau observed in the pH 10 curve at 1.4 mM. From
Figure 2, it is possible to conclude that the interaction
becomes weaker when the polymer is more charged. This
is consistent with the weaker interaction observed between
zwitterionic surfactants and cationic molecules.21�40 Thus,
when the pH decreases to a value of 3 and the amines
of polymer are completely protonated, no interactions are
detected. It is necessary to note that in mixtures between
CHAPS and the polycation PDADMAC attractive inter-
actions were observed;21 the opposite behavior observed
in the present work can be interpreted as the differences
in spatial conformation when the molecule is protonated.
Those changes have been observed in PEI molecule when
the pH changes from 3 to 7.41 Thus, from our results it is
possible to conclude that the charged amine groups of PEI
are not available to the negative part of the zwitterionic
surfactant CHAPS. On the contrary, in aqueous solutions,
interactions between the surfactant and the neutral form of
the polymer become significant, decreasing the CAC from
6.8 mM (CHAPS in water) to 1.4 mM. We can conclude
that while PEI is in its neutral form, van der Waals interac-
tions becomes more important than the electrostatic ones
and a significant interaction between CHAPS and PEI is
observed, and while the PEI is getting more charged the
interactions become weaker.

36 J. Colloid Sci. Biotechnol. 1, 33–41, 2012
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3.2. Electrophoretic Mobility Results

To study the effect of the polymer on the electric properties
of micelles composed by PEI and CHAPS, we determined
the electrophoretic mobility of CHAPS-PEI mixtures in
aqueous solution. We select this system because it presents
the strongest interaction between the polymer and sur-
factant molecules. We did not obtain the electrophoretic
mobility of solutions with pH 3 and 7 because we obtained
the acid pH by adding HCl. This fact modifies the electric
potential of the polymer molecules and the main differ-
ences observed after the formation of mixed micelles are
smaller enough to obtain conclusive results.
We carried out the electrophoretic mobility measure-

ments at a surfactant concentration of 2 mM in which
the mixed micelles predominate. The values are shown at
Table I. The �-potential average value obtained for 2.0 mM
of CHAPS is in agreement with the value obtained in a
previous work. In that work, the values obtained with dif-
ferent surfactant concentrations were independent of the
surfactant concentration and the average value found was
−5 mV.21 �-potential average values of mixed micelles of
PEI and CHAPS shown in Table I do not depend on the
PEI concentration and are quite similar to the values of
CHAPS in water, as expected because PEI is in its neutral
form.
In order to obtain information of the effect of poly-

mer addition on aggregates size, dynamic light-scattering

Fig. 3. (a) and (b) AFM images of CHAPS films constructed by dipping. (c) Roughness of the film showed in (b). The surfactant concentration was
10 mM. (d) and (e) OM images of CHAPS films constructed by the LS methodology; CHAPS concentration was 2 mM and 10 mM respectively.
(f) Micro-Raman spectra of mica and LS films of CHAPS (2 mM) and mixtures of CHAPS (2 mM) with PEI 1% wt.

experiments have been performed.42 However, it was no
possible to obtain information from these measurements
because the relaxation time of the fastest process for
polymer solutions is close to the value corresponding to
CHAPS micelles. Accordingly, it cannot separate the dif-
ferent components of the multimodal autocorrelation func-
tions found for solutions with polymer and surfactant
molecules mixtures because the time relaxations corre-
sponding to the polymer and micelles are close enough.

3.3. CHAPS Films Obtained by Dipping and
Langmuir-Schaefer Methods

We transferred the surfactant CHAPS from solutions with
surfactant concentrations below and above the CMC onto
mica by using two techniques, dipping and Langmuir-
Schaefer. After deposition, the films were dried at room
temperature and the morphology of the surfactant films
was analyzed by AFM and OM. Figure 3(a) presents a rep-
resentative AFM image of CHAPS deposited on mica by
dipping in aqueous solution. The surfactant concentration
was 10 mM; this value is above the CMC. Figures 3(b)
and (c) show higher magnification AFM images and the
roughness of the film, respectively. As can be seen in
figures 3a and 3b, surfactant molecules form ring-shaped
patterns. This phenomenon is observed everyday when liq-
uids drops with solutes evaporate, and is commonly known

J. Colloid Sci. Biotechnol. 1, 33–41, 2012 37
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as coffee ring phenomenon, and is due to induced cap-
illary flow.29–31 We analyze the chemical composition of
the different regions by obtaining the micro-Raman spec-
trum from 2400 to 3800 cm−1. The Raman spectrum of
the ring patterns contains bands centered between 2850–
2950 cm−1, characteristic of symmetric and antisymmet-
ric stretching of CH groups of the surfactant and three
bands centered at 3030, 3280 and 3400 cm−1 ascribed to
the sulphonate, and the stretching bands of the hydroxyl
groups of CHAPS.43 The Micro-Raman spectrum recorded
on the ring hole presents a band centered at 3620 cm−1,
corresponding to the hydroxyl groups of the mica (see
Fig. 3(f)). This indicates that no material is deposited in
this region. Similar behaviour is observed for solutions
with surfactant concentration below the CMC. The rough-
ness obtained from AFM of the ring patterns is indepen-
dent of the surfactant concentration and the average value
found is 1.5 nm.
Figures 3(d) and (e) show the OM images of the CHAPS

films constructed by the LS methodology. The films were
transferred from the interface of solutions with surfac-
tant concentrations below and above the CMC (2 mM
and 10 mM), respectively. By analyzing the AFM and
OM images it is possible to conclude that the morphology
of domains is independent on the surfactant concentra-
tion. To gain insights into the chemical composition of the
spherical aggregates, we recorded the micro-Raman spec-
trum inside them. A representative spectrum is presented
in Figure 3(f). The Raman spectrum inside the aggregates
contains bands characteristic of the surfactant CHAPS,
while outside the aggregates, the Raman spectrum corre-
sponds to the solid wafer, mica. We also determine the
roughness by AFM and the value found, 1.9 nm, is very
close to the roughness of the CHAPS film deposited by
dipping.
Comparison between the morphology of films prepared

by dipping and LS allow us to conclude that deposition by
LS method gives spherical aggregates homogeneously dis-
tributed on the solid, while with the dipping procedure, the
ring structures predominate on the solid. The differences
can be explained considering that the ring structures are
induced by the water evaporation, dewetting process.29–31

This is a very important process when the solid is dipped
into the surfactant solutions, because a layer containing
water is deposited on the solid among the particles dis-
solved in the solutions. However, different situation occurs
when films are directly transferred from the interface onto
the solid using the LS methodology. In this case, only a
small amount of water is transferred on the solid, demon-
strating that this small water concentration cannot induce
significant dewetting processes.
To study the effect of the polymer PEI on the morphol-

ogy of CHAPS films, we selected the surfactant-polymer
mixtures with the strongest attractive interactions. There-
fore, we transferred two different mixtures with surfactant

concentrations at the CAC and above the CMC dissolved
in aqueous solution of 1 wt% PEI.
Figure 4(a) shows the OM image of a PEI/CHAPS film

prepared by the LS method at the CAC. If one compares
the morphology of aggregates in this film with the mor-
phology of aggregates obtained by LS for CHAPS without
polymer, Figure 3(d), it can be seen that the structures

Fig. 4. Mixtures of CHAPS 2 mM with 1% wt. PEI. OM Images of
films constructed by: (a) LS and (b) dipping. (c) AFM image of the film
presented in (b).

38 J. Colloid Sci. Biotechnol. 1, 33–41, 2012
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are quite similar. We also compared the Raman spectra
recorded for samples of CHAPS with and without PEI, in
Figure 3(f). For the sake of clarity the spectrum of CHAPS
was shifted in the intensity scale. As can be seen, the char-
acteristic bands of the surfactant are observed in both, and
no new bands appear in these spectra. This fact seems
to indicate that the surfactant molecules predominate in
the film obtained from solutions of PEI and CHAPS at
the CAC. Taking into account that in the LS method, the
molecules are transferred from the air-water interface onto
the solid, the results are consistent with the idea that the
surfactant molecules are the main component of the inter-
faces at the CAC.44

The AFM and OM images of films obtained by dip-
ping mica in the polymer-surfactant solutions at the CAC
are presented in Figures 4(b) and (c) respectively. The
images show the formation of ring patterns. However, the
morphology of the rings is different to that for CHAPS
films. Thus, if we compare the images of the two films
(see Figs. 3(a) and 4(b and c)), it is possible to see that
deposition of polymer-surfactant mixtures gives spherical
aggregates at the edge of a flat domain, while the films
constructed with CHAPS in water do not present these
aggregates. The roughness of the flat domain is around

Fig. 5. Mixtures of CHAPS 10 mM with 1% wt. PEI. AFM (a) and OM (b) images of films constructed by dipping. (c) Micro-Raman spectra of
different films prepared by dipping. AFM (d) and OM (e) images of films transferred by LS methodology.

35 nm and increases until 60 nm for the spherical aggre-
gates. The high roughness values of films with polymer
contrast with the roughness of CHAPS films (1.9 nm).
To interpret these differences, it is necessary to con-
sider that at the CAC, hydrophobic domains of surfac-
tant and polymer molecules in bulk are formed44–47 and
consequently, can be transferred onto a solid by using
the dipping methodology. When the surfactant concentra-
tion is increased above the CMC, the images show well-
ordered spherical aggregates (see Figs. 5(a and b)). We
also presents as inset in Figure 5(c), a representative image
of these films obtained by Micro-Raman spectroscopy. The
roughness of aggregates was 125 nm; this value is higher
than the one calculated for PEI/CHAPS mixtures with
surfactant concentration at the CAC. The Micro-Raman
spectra were recorded inside and outside the aggregates.
Two representative spectra are collected in Figure 5(c).
For comparative purposes, in Figure 5(c) is also repre-
sented the Raman spectrum of PEI (1%) deposited by dip-
ping. The Raman spectrum inside the aggregates is similar
to the one recorded for CHAPS (Fig. 3(f)), while the spec-
trum outside the aggregates shows similarity with that of
PEI. Thus, our results seem to indicate that the aggregates
are mainly constituted by CHAPS, and the PEI molecules

J. Colloid Sci. Biotechnol. 1, 33–41, 2012 39
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Fig. 6. Possible structures of PEI/CHAPS aggregates with increasing
CHAPS concentration. The multilayered structure at high concentration
has been previously proposed.44�45

outside them could induce orientation of the aggregates on
the film.
Finally, the AFM and OM images of LS films obtained

by transferring the monolayer adsorbed at the interface
of the PEI/CHAPS solutions at the CMC are shown in
Figures 5(d) and (e). The images show big aggregates
of roughness around 30 nm. The presence of big aggre-
gates of polymer surfactant complexes at the interface
has been proposed by other authors.44–47 In our system,
we have demonstrated that PEI/CHAPS complexes do not
bear electric charge and consequently, present high surface
activity. This behavior promotes its presence at the air-
water interface and the subsequent transference onto mica.
To illustrate our results a scheme of the possible struc-
tures of PEI/CHAPS aggregates are shown in Figure 6.
The Raman spectra recorded on different regions allows
us to detect well-defined domains of PEI and CHAPS
molecules. Thus, the region between the aggregates mainly
contains PEI molecules while CHAPS molecules predomi-
nate in the aggregates. This behavior is quite similar to that
observed for films prepared with this solution by dipping.

4. CONCLUSIONS

The results found in this work demonstrate that the
attractive interaction between the polymer PEI and the
surfactant CHAPS in bulk strongly depend on the poly-
electrolyte charge. Thus, the strongest interaction was
observed between neutral polymer molecules and the sur-
factant. This fact seems to indicate that the interaction is of
van der Waals origin. In order to use the surfactant CHAPS
supported on mica as pattern for biosensors, we transferred
the surfactant onto mica by using two different methodolo-
gies, dipping and Langmuir-Schaefer. Results demonstrate
that by using the dipping method, ring-based structures are
formed on the solid. These structures are due to the hydro-
dynamic flow of water after its evaporation. Since ring-
shaped patterns are not easily incorporated into complex
electrical devices,30 this methodology cannot be used to
construct these devices. The addition of PEI modifies the
ring structure and the most important changes are observed
when the mixtures contain the surfactant concentration
above the CMC and PEI concentration of 1% wt. The

Langmuir-Schaefer method avoids the formation of ring-
shaped structures and allows transferring spherical aggre-
gates from the air-water interface onto mica. The densest
and most ordered film is obtained by transferring the mix-
ture of CHAPS and PEI (1%) with surfactant concentration
above the CMC.
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