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Immobilization of rhodamine 6G in calcium alginate microcapsules was achieved using the polyanion
bearing negatively charged aromatic groups poly(sodium 4-styrenesulfonate) as complexing agent. The
immobilization of the dye by this method finds its basis on the stabilization of the dye/polymer complex
by short-range aromatic–aromatic interactions, which are resistant to the cleaving effect of highly con-
centrated electrolytes. On the contrary, direct immobilization of the dye in the microcapsules resulted
unsuccessful due to its high diffusion coefficient in the aqueous medium, and complexation with
poly(sodium vinylsulfonate) did not improve the immobilization, since the corresponding complex is
based on long-range electrostatic interactions, which are easily cleaved under the high ionic strength
conditions of the microcapsule formation reaction. Thus, the present investigation represents a proof
of concept on the use of aromatic–aromatic interactions between polyelectrolytes bearing charged
aromatic rings and their aromatic counterions as a tool to achieve improved functionalities. The release
of the rhodamine 6G/poly(sodium 4-styrenesulfonate) complex from the microcapsules has been
investigated as a function of pH and temperature. Coating the microcapsules with chitosan allowed
minimizing the release of the dye from the microcapsules.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Immobilization of dyes in different materials is important in
order to achieve stable properties and improved performances,
such as efficient electronic transferences, good color retention, effi-
cient photosensitization, and high photostability [1–2]. Immobi-
lized in polysaccharide gels, they can be used to selectively
interact with proteins and enzymes [3]. Immobilized dyes have
been also used in biosensors for glucose determination [4] and
pH sensing by dual colorimetric fiber indicators [5]. Rhodamine
6G (R6G) is a positively charged, fluorescent, low molecular-weight
dye, interesting for applications such as materials staining [6],
probe for the study of colloidal properties of aqueous suspensions
of clays [7], development of latent fingerprints in forensics [8], and
as main component in lasers [1,9].
The interaction between typical polyelectrolytes and their coun-
terions can be explained by the counterion condensation theory of
Manning [10–13]. Under the scope of this theory, counterions inter-
act with the polyelectrolytes by means of non-site-specific long-
range electrostatic interactions, producing territorial binding, and
allowing the counterions moving around the polymer. However,
these interactions are easily screened by the addition of electrolytes
such as NaCl [14–15]. On the other hand, we have described that
polyelectrolytes containing aromatic rings (called typical polyaro-
matic-anions) may undergo short-range aromatic–aromatic inter-
actions with aromatic counterions, such as charged dyes,
including R6G. These interactions are particularly strong when the
polyelectrolyte charge is supported on the polymeric aromatic ring.
This is a consequence of a combination of hydrophobic forces and
short-range electrostatic interactions between the counterions
and the complementary charged polymeric aromatic groups [15–
16]. These short-range interactions are additional to long-range
interactions, so they produce overall higher binding constants,
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site-specific binding, and resistance to the cleaving effect of added
electrolytes. Such is the case of the interaction between poly(so-
dium 4-styrenesulfonate) (PSS) and the xanthene dyes rhodamine
B (RB) [16–18], methylene blue (MB) [15], and R6G [14]. Interesting
features are described for the complexes formed, in addition to the
resistance to the cleaving effect of the ionic strength. Ion pairs may
be formed that tend to aggregate depending on the polymer to aro-
matic counterion ratio: a high tendency to both disperse and aggre-
gate the dye on the polymer domain has been shown when a large
excess and moderate excess of the polymer is present, respectively
[14–15].

Calcium alginate microcapsules (CAM) are well-known materi-
als [19–22] obtained upon gelation of alginate (ALG) in the pres-
ence of some divalent metal ions such as Ca2+. ALG is a linear
polysaccharide composed of 1,4-linked b-D-mannuronate (M) and
a-L-guluronate (G) [23]. Both comonomers may be found in homo-
polymeric sequences forming short blocks of a specific monomer.
Its ionization pH ranges from 3.4 to 4.4 depending on both the
ALG type and the counterions of the carboxylate groups, which
may consist of sodium, potassium, or other metal ions [24]. Inter-
action between the carboxylic groups of the G units in G rich ALG
segments with Ca2+ cations has proved to induce controllable gela-
tion, forming the so-called egg box conformation (Fig. 1), stabiliz-
ing a helical disposition of aligned ALG chains [23,25–27].

Encapsulation of molecules and other systems in CAM is easily
performed by the ionotropic method, i.e., pouring an ALG solution
on a Ca2+ solution in a controlled manner; the materials to be
encapsulated may be included in one or both the ALG solution or
the Ca2+ solution. This method of encapsulation presents several
advantages: it is performed at room temperature in aqueous
media, preventing the use of organic solvents; the resulting
microcapsules dissolve and biodegrade at physiological conditions
[28–29]; it allows controlling the porosity, therefore controlling
the diffusion of the encapsulated molecules from the gel matrix.
The release of the encapsulated components may be modulated
by swelling and diffusion, and by erosion or degradation of the
CAM. Highly hydrophilic molecules are released in water from
CAM mainly by diffusion; in contrast the molecules poorly soluble
in water are released predominantly by erosion mechanism [24].
The chemical interaction produced between the encapsulated mol-
ecules and the ALG carboxylic groups is also relevant for their
release from the ALG matrix. Positively charged molecules show
lower release rates than negative ones, due to electrostatic interac-
tions with the negative charge of the carboxylic groups [30]. This is
more notorious in the case of cationic macromolecules whose
release from the CAM may be practically inhibited [31–32].
Fig. 1. Egg-box structure in CAM.
CAM are widely studied as carriers for immobilization of cells,
enzymes, DNA, proteins, and other biologically important com-
pounds. Their use for drug release control [29,33–34], stands as
one of the most promising applications of the CAM, since ALG is
a natural, biocompatible, nontoxic, and low cost material [33,35].
The molecules encapsulated normally present relative high size
and/or hydrophobic characteristics. However, CAM have the limi-
tation of presenting a low ability of retention of low molecular-
weight, hydrophilic molecules such as dyes or several drugs, when
they are exposed to a release medium or even in the microcapsule
formation process, since these molecules present high diffusion
coefficients in water [31]. Among hydrophilic, low molecular-
weight molecules interesting to be encapsulated in CAM we find
those with aromatic groups and ionizable groups in their structure.
More than 75% of the drugs available in the market accomplish
these requisites [36]. Many fluorescent dyes such as R6G do also
present large conjugated systems and charges on their structure.
Staining CAM with fluorescent dyes is interesting in order to trace
them, both by UV–vis absorption and fluorescence spectroscopies,
in systems they are inoculated in. In particular, it may be advanta-
geous when CAM are included in food formulations for animals, so
that its erosion and transit kinetics in the intestine can be moni-
tored. Techniques to increase the retention of hydrophilic mole-
cules in CAM, and thus to control the release profiles, include
coating the CAM with a polycation, so that a membrane can be
formed on the CAM surface [27,34,37]. Chitosan (CS) is a good can-
didate for such purposes, since it is a hydrophilic, linear polysac-
charide, derived from the natural polymer chitin, composed of
randomly distributed b-(1-4) D-glucosamine and N-acetyl-glucosa-
mine, thus showing positive charges below pH 6 [38]. In addition,
it is a non-toxic, biodegradable, and highly mucoadhesive polymer
[31,34,39]. CAM coated with CS have been reported in the litera-
ture [30,40].

In this paper, a new strategy to encapsulate hydrophilic, low
molecular-weight, aromatic molecules in CAM is shown. It is based
on the complexation of such molecules with a water-soluble poly-
mer containing complementary charged aromatic rings. Complex-
ation is due to aromatic–aromatic interactions between both
aromatic, complementary charged molecules [14,16–18]. The
method developed by our group provides binding forces strong
enough to retain the dye in the CAM for a longer time. Both as a
proof of concept, and for the special interest of staining CAM with
robust methods that do not involve formation of covalent bonds,
we choose R6G as the aromatic low molecular-weight model mol-
ecule, since it is cationic in a wide range of pH, presents high molar
extinction coefficient so that is easily analyzed by UV–vis spectros-
copy, and is fluorescent. The aromatic polyelectrolyte used for this
study is poly(sodium 4-styrenesulfonate) (PSS), which is anionic in
the whole range of pH. This polymer has shown to produce aro-
matic–aromatic interactions with several aromatic counterions,
such as dyes [14–18], redox active molecules [41–44], and drugs
[45]. As a negative control, we use poly(sodium vinylsulfonate)
(PVS), a polyanion that does not bear aromatic rings. The release
of the encapsulated complex is shown in both CAM and CAM
coated with CS.
2. Experimental

2.1. Reagents

Commercially available PSS (Aldrich), PVS (Aldrich), CS (Novam-
atrix), ALG (EncapBioSystems), and R6G (Aldrich), were used as
received to prepare solutions in deionized water. The structures
of the different polyelectrolytes and R6G are shown in Fig. 2. The
pH was adjusted with minimum amounts of NaOH and HCl. NaCl
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Fig. 3. Normalized UV–vis spectra of (a) R6G 1 � 10�5 M; (b) R6G 1 � 10�4 M; (c) R6G
1 � 10�4 M in the presence de PVS 1 � 10�2 M; (d) R6G 1 � 10�4 M in the presence de
PSS 1 � 10�2 M.
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(Merck) was used to adjust the ionic strength. Calcium chloride
(Merck) was used for ALG gelation and CAM formation.

2.2. Equiment

The concentration of R6G was measured by UV–vis spectros-
copy with a Hekios c spectrophotometer. The pH was controlled
on a UB10 DENVER instruments or CORNING Scholar 425 pH
meters. The microencapsulation of R6G was performed with a four
generation BIOTECH microencapsulator. A LEICA DM 2500 micro-
scope was used to obtain visible and fluorescence images of the
microcapsules. A thermoregulated SHEL LAB bath was used to
maintain the temperature at constant values.

2.3. Procedures

Conventional procedures have been followed, and specific
details are given in the captions to Figs. 3, 4 and 7–10. The concen-
tration of the polymers is given in mol of monomeric units per liter.
R6G/PVS and R6G/PSS complex formation. R6G/polyelectrolyte com-
plexation was performed by mixing both components in water.
The pH of the solutions was adjusted to 5. In order to ensure the
complexes to fluoresce, the concentration of the polyelectrolyte
was set to be 100-fold that of the dye. Complexes have been
formed both at the feed concentration and at the maximum final
concentration of the dye after encapsulation, and in the absence
and in the presence of CaCl2 0.1 M. CAM formation. A volume of
7.4 mL of 7.5 � 10�2 M ALG solution in water at pH 5 was injected
through a syringe in the microencapsulator. Microencapsulation
was performed using a nozzle of 200 lm of diameter, at a fre-
quency of 940 Hz, under a flow rate of 4.4 mL/min, at 20 �C. The
rain drops, product of the vibration of the instrument, were col-
lected in a flask containing 200 mL of 0.1 M CaCl2. CAM containing
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R6G were prepared by the same method and including R6G at a
concentration of 10�4 M, in the absence and in the presence of
PVS (10�2 M) or PSS (10�2 M). After equilibrating for 30 min at
20 �C, the CAM were filtered, and the concentration of R6G in the
supernatant was measured using UV–vis spectrophotometry, in
order to calculate by subtraction from the total initial dye content
the amount of dye encapsulated. Analyses were performed using
quartz vessels with path lengths of 0.1–1 cm following conven-
tional procedures in order to obtain absorbances lower than 1. Cal-
ibration curves were obtained both in the absence and in the
presence of PSS and/or NaCl and/or CaCl2, and are shown in Table 1.
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Fig. 4. Normalized UV–vis spectra of a 3.7 � 10�6 M R6G solution in the absence of
any additive (a), and in the presence of PVS 3.7 � 10�4 M (b), PVS 3.7 � 10�4 M and
CaCl2 0.1 M (c), PSS 3.7 � 10�4 M (d), and PSS 3.7 � 10�4 M and CaCl2 0.1 M (e).
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Fig. 5. Encapsulation of R6G in CAM in the absence of any sulfonated polyelectro-
lyte (a) and in the presence of PVS (b) or PSS (c).
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R6G release studies from CAM. Once the microcapsules were formed
and filtered, they were quickly washed with 10 mL of water at pH
5, and then incubated in 50 mL of 0.1 M NaCl aqueous solution
adjusted to pH 5, or alternatively at pH 2, 3, 4, 6, 7, and 8, when
the influence of the pH was studied. The concentration of R6G
released from the CAM was evaluated at definite time intervals,
by analyzing by UV–vis spectroscopy an aliquot of 2 mL which
was poured back into the solution containing the microcapsules
after measuring in order not to change the total volume. The exper-
iments were conducted at temperatures of 7, 20, 30, and 60 �C.
CAM coating. Once the microcapsules were formed and filtered,
they were quickly washed with 10 mL of water at pH 5, and then
incubated for 12 h in 50 mL of solutions containing CS at different
concentrations at pH 5. Then, the CAM coated with CS (CS-CAM)
were filtered and washed with 10 mL of water at pH 5. R6G release
studies from CS-CAM. The CS-CAM were incubated in 50 mL of NaCl
0.1 M aqueous solution, at pH 2, 3, 4, and 5. The temperature was
kept at 30 �C for 7 h, and the concentration of R6G released was
evaluated as described before.
3. Results and discussion

3.1. Binding of R6G to different polyelectrolytes

The binding of cationic aromatic molecules such as R6G to dif-
ferent polyelectrolytes has been described previously [14,46]. Typ-
ical polyelectrolytes produce long-range electrostatic interactions
with the dye, and, as a consequence of the increase on the local
concentration of the dye around the polymer, the dyes tend to
self-aggregate in a cooperative manner, forming aggregates of
higher-order. However, if the polyelectrolyte bears complementary
charged aromatic groups, aromatic–aromatic interactions are held
between the dye and the polymeric aromatic rings, so that the dyes
bind to the polyelectrolyte randomly distributed. Moreover, the
first mechanism produces interactions that are easily cleaved in
the presence of a high concentration of other electrolytes, since
the long-range electrostatic interactions can be screened. On the
contrary, aromatic–aromatic interactions are stronger [16–18,45]
and do not cleave so easily in the presence of other electrolytes.
These two mechanisms have an influence on the state of aggrega-
tion of the dye, which is easily followed by UV–vis spectroscopy.

It can be seen in Fig. 3 the normalized spectra of R6G in water at
different experimental conditions. Monomeric R6G is found for the
pristine dye at concentrations lower than 10�5 M (Fig. 3a). The cor-
responding spectrum shows a band centered at 527 nm, with a
shoulder at 500 nm. At increasing concentrations, the band at
500 nm increases at the expense of that at 527 nm, as can be seen
in Fig. 3b corresponding to a 10�4 M R6G solution in water, related
to a higher probability to form dimers. In the presence of 100-fold
the polyanion PVS, which does not bear aromatic groups, a 10�4 M
R6G solution in water presents several bands at higher energies,
revealing the formation of higher-order aggregates on the polymer
environment, as can be seen in Fig. 3c. On the contrary, in the pres-
ence of 100-fold the polyanion PSS, which does bear aromatic
groups to which the negative charge is attached, the corresponding
spectrum shows the same profile as that of the monomeric R6G,
but shifted 8 nm to lower energies, as can be seen in Fig. 3d. This
is due to the interaction between the dipole moments of the clo-
sely interacting aromatic moieties by aromatic–aromatic interac-
tions of both the polymer and the dye. Solutions containing 10-4

M of R6G in the absence and in the presence of 100-fold these
two polyelectrolytes have been used to prepare the CAM.

According to the experimental procedure, 7.4 mL of the concen-
trated sodium alginate solution containing R6G and/or other poly-
mers is poured into 200 mL of a highly concentrated CaCl2 aqueous
solution. Thus, if none of the added R6G is encapsulated in the
formed CAM, its concentration should be reduced to 3.7 � 10�6 M.
In Fig. 4, the normalized spectra of R6G corresponding to this dilute
condition, in the absence and in the presence of 0.1 M CaCl2 and/or
the different sulfonated polyelectrolytes are shown. Note that in
the presence of PVS, higher-order aggregates are still formed
(Fig. 4b), which are, however, cleaved in the presence of CaCl2, as
can be seen in Fig. 4c, conditions at which a spectrum equivalent
to that of the pristine R6G, represented in Fig. 4a, is found. In con-
trast, the spectra in the presence of 100-fold PSS, independently on
the CaCl2 concentration (Figs. 4d and 4e), present their maxima
shifted to lower energies, confirming that the R6G/PSS complex
is not cleaved even at high ionic strength conditions. These find-
ings are important, since they allow us anticipating that the encap-
sulation of R6G in the presence of PVS may not differ much from
the encapsulation of the pristine dye, since the possible complex
with PVS is cleaved in the presence of the calcium salt. On the con-
trary, as hypothesized, PSS may be able to produce a different pat-
tern of R6G encapsulation, since the R6G/PSS complex is stable at
the strong cleaving conditions of the encapsulation procedure.
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3.2. Encapsulation of R6G in CAM

After preparing the CAM in the presence of R6G and/or PVS or
PSS, and equilibrating for 30 min, the concentration of R6G encap-
sulated in the CAM was calculated by analyzing the R6G present in
the supernatant. As expected, no encapsulation of R6G was
achieved when CAM where prepared in the absence of PSS, as
can be seen in Fig. 5. Note that ALG, as PVS, is also a polyanion, sus-
ceptible of interaction with R6G by long-range electrostatic inter-
actions. However, the high ionic strength furnished by the CaCl2

screens the corresponding interaction in the case of PVS, and, in
the case of ALG, in addition to the screening effect, the strong bind-
ing of Ca2+ to the polysaccharide minimizes the interaction with
R6G. In summary, both polyelectrolytes that do not bear aromatic
rings lose the ability to retain the dye on their environment, and as
a consequence of this, the dye rapidly diffuse out of the CAM. On
the contrary, the stability of the R6G/PSS complex allows around
a 50% of the dye to be retained inside the CAM, since the large size
of the complex produces stronger interactions with the CAM
matrix, and thus a slower diffusion from the microcapsules
[26,31]. Moreover, the R6G released from the CAM is not found
as free dye, but complexed with PSS, as observed in the analysis
of the supernatant, that showed the R6G UV–vis band shifted
4 nm to lower energies. Thus, in fact, the species that is released
from the CAM is the R6G/PSS complex itself.

Optical microscopy, as well as fluorescence microscopy, clearly
illustrates the adjuvant role of PSS on the encapsulation of the aro-
matic low molecular-weight dye. As can be seen in Fig. 6, in the
absence of any added polyelectrolyte or in the presence of PVS,
the microcapsules do not show significant encapsulation of the
dye, and they are not differentiated from the bulk in the fluores-
cence microscopy image, indicating that the dye is dispersed in
the bulk. On the contrary, when fabricated including the R6G/PSS



Table 1
Calibration curves obtained at 20 �C and pH 5 for R6G solutions at different conditions; y is the absorbance at 527 nm; x is the R6G concentration in M, and R2 is the linear
regression factor.

R6G concentration range (M) PSS concentration (M) NaCl concentration (M) CaCl2 concentration (M) Calibration curve R2

1 � 10�6–1 � 10�5 – – – y = 72729x � 0.0173 0.9994
1 � 10�6–1 � 10�5 – – 0.1 y = 78841x + 0.0065 0.9993
1 � 10�6–1 � 10�5 3.7 � 10�4 – – y = 68795x + 0.0026 0.9981
1 � 10�6–1 � 10�5 3.7 � 10�4 0.1 – y = 53915x + 0.0156 0.9970
1 � 10�6–1 � 10�5 3.7 � 10�4 – 0.1 y = 50959x + 0.0127 0.9984
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Table 2
Peppas’ constants (K) and linear regression factors (R2) for the release of R6G/PSS
complex from CAM as a function of the temperature (T).

T (K) K (min�0.43) R2

280 1.659 0.991
293 3.924 0.994
303 4.742 0.992
333 7.978 0.999
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complex, it is clearly observed a strong pink color in the CAM,
whilst highly contrasted images are obtained in the fluorescence
picture. Note that, independently of the high local concentration
of the dye, the large excess of PSS produces dispersion of R6G along
the polymer chain in the complexes avoiding the dye self-aggrega-
tion and the consequent fluorescence quenching; thus the stained
material shows fluorescence.

3.3. Release of the R6G/PSS complex from CAM

The CAM containing the R6G/PSS complex were filtered from
the CaCl2 solution, and then incubated in different media. Prelimin-
ary experiments performed at pH 5 show that the dye is faster
released in the presence of high concentrations of NaCl. This faster
release may be due, in addition to swelling of the microcapsules
[33], to ion exchange between Na+ and Ca2+, which may break
the egg box conformation [47], so that the free carboxylic groups
undergo electrostatic repulsion facilitating the CAM erosion and
gradual process of disintegration [29,48]. However, disintegration
was not observed at the time scale of our experiments. In addition,
the uptake of Na+ and Cl� ions by the CAM can also increase the
osmotic strength, therefore increasing the pore size, favoring the
release of the R6G/PSS complex.

In consequence, and in order to obtain relatively fast release
profiles, the release of the R6G/PSS complex at different tempera-
tures has been studied in the presence of 0.1 M NaCl, and the
results are plotted in Fig. 7. It can be observed that with the
increase on the temperature the rate of release of the complex
increases. Several methods have been reported in the literature
to explain and quantitatively calculate the diffusion constants of
polymers in different media [49–55]. Although contrasting the dif-
ferent models is beyond the purpose of this paper, some insights
can be given that allow understanding the behavior of the system.
The release of the complex follows a pattern derived for transport
of molecules such as drugs in swellable spherical matrices, charac-
terized by the Peppas equation

Q ¼ Kt0:43 ð1Þ

where Q is the cumulative dye molar fraction released in percent-
age, K is a constant incorporating characteristics of the macromo-
lecular network, and t is time. This can be seen in Fig. 8, where Q
values lower than 50% have been considered. The corresponding K
values are listed in Table 2. The fit parameter 0.43 is related, as said
before, to a release mechanism controlled by diffusion in spherical
matrices [50]. Note that the CAM are hydrated at t = 0, so that swell-
ing and consequent relaxation of the ALG chains do not appear to
contribute significantly in this case. Moreover, the overall negative
charge of the R6G/PSS complex produces repulsive interactions
with the negatively charged ALG chains, avoiding attractive electro-
static interactions with the ALG network. The increase on the tem-
perature may, among other effects on the polymer matrix, increase
the diffusion coefficient of the complex, facilitating its release from
the CAM.

Variations on release profiles of encapsulated molecules with
the pH have been described in the literature [26,28–29,31,33].
These variations are related to changes in the CAM structure upon
shifting the acid-base equilibrium of the carboxylic groups inter-
playing with the effect of the ionic strength. However, in our sys-
tems, the pH does not seem to have a definite influence on the
release profiles of the R6G/PSS complex, when varied at 30 �C in
the presence of 0.1 M NaCl in a range of pH from 2 to 8, as can
be seen in Fig. 9.
3.4. Release of the R6G/PSS complex from CS-CAM

In order to improve the retention of the R6G/PSS complex inside
the CAM, these were coated with CS by incubating the CAM in CS
solutions at different concentrations. Murata et al. [27] reported
a higher retention of brilliant blue when the CAM were incubated
in increasingly concentrated CS solutions. CS is considered to form
a membrane on the CAM surface by electrostatic complexation
between CS and ALG [30,38–40] preventing its swelling, erosion
and disintegration [29], as well as the passage of different ions
and molecules, as it could be the case of the R6G/PSS complex. Li
et al. [39] reported that the better condition for the structuration
of CS membranes around CAM is pH 5, forming denser membranes
than at lower or higher pH, explained invoking that approximately
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the 70 – 80% of the amine and carboxylic groups are charged,
therefore, each polysaccharide presenting a linear, rigid conforma-
tion [30,38,40]. Gaserod et al. [40] reported higher resistance of CS-
CAM to disintegration in highly concentrated saline solutions,
which appeared to directly correlate to the amount of CS used.

Accordingly to the above exposed, CAM were coated with CS at
pH 5. The release of the R6G/PSS complex from CS-CAM was then
evaluated in the presence of 0.1 M NaCl at 30 �C in a range of pH
between 2 and 5. The pH was not taken to higher values in order
to ensure protonation of CS. The coated microcapsules show signif-
icantly greater retention of the R6G/PSS complex after 420 min
compared with uncoated microcapsules, as can be seen in
Fig. 10. Note that the presence of increasing concentrations of CS
produces a decrease on the amount of complex released, achieving
nearly negligible values (lower than 5%) at a CS concentration of
5.6 � 10�4 M or higher. At very low concentration of CS in the coat-
ing solution (concentrations one order of magnitude lower than
the apparent ALG concentration) the lower retention shown could
be due to the formation of an incomplete membrane.
4. Conclusions

A new strategy to encapsulate hydrophilic, low molecular-
weight, aromatic molecules, such as R6G, in CAM has been shown.
The encapsulation strategy is based on the complexation of the
aromatic molecule with an aromatic polyelectrolyte, such as PSS.
PSS and R6G form a complex based on aromatic–aromatic interac-
tions, which are strong enough to resist the cleaving effect of the
conditions of the CAM formation reaction medium. On the con-
trary, direct immobilization of the dye resulted unsuccessful due
to its high diffusion coefficient in the aqueous medium, and com-
plexation with the non-aromatic polyelectrolyte PVS did not
improve the immobilization, since the corresponding complex is
based on long-range electrostatic interactions, which are easily
cleaved under the high ionic strength conditions of the microcap-
sule formation reaction. The large size of the R6G/PSS complex pro-
duces immobilization of the dye in the microcapsules. Besides, the
diffusion of the complex can be controlled by coating the CAM with
CS, and may be practically prevented in the presence of relatively
low CS concentration. The release of the R6G/PSS complex from
the CAM is dependent on the temperature, but does not depend
on the pH, at the ranges studied in this work. Apart from the inter-
est on staining CAM, the results shown here represent a proof of
concept of the potential use of aromatic–aromatic interactions in
improving materials performance and controlling interesting phys-
icochemical properties.
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