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a b s t r a c t

The preparation of cellulose acetate-poly-(9,9-bis(60-N,N,N-trimethylammonium)-hexyl-fluorene pheny-
lene) bromide (HTMA-PFP) blend films by solvent casting from a dispersion is reported. Films were char-
acterized by UV–visible spectroscopy, SEM, electrical conductivity, TGA and DSC. It was found that
morphological and physical chemical properties of blends were dependent both on the solvent and the
degree of polymerization of cellulose acetate. The fluorescence properties of different blends were eval-
uated by fluorescence microscopy and it was shown that they are dependent on the structural properties
of the blend as well as the aggregation level of the polyfluorene. Release kinetics of HTMA-PFP, incorpo-
rated into blend films, in SDS aqueous solutions have been studied and are discussed on the basis of the
Korsmeyer–Peppas equation.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Ionic conjugated polyelectrolytes (CPs) are important materials
as a consequence of their impact in the development of areas re-
lated to chemical [1,2] and biological [3,4] sensors, charge injection
and transport layers [5]. They also demonstrate potential in areas
including photovoltaic systems and light emitting diodes (LEDs)
[5–7]. These ionic conjugated polymers are also relevant for appli-
cations in self-assembly [8] and for film preparation using solvent
based methodologies, such as inkjet and screen printing [9]. Fluo-
rene-based polymers show particular potential for these applica-
tions because of their blue emission and high luminescence
yields [10], and, in addition, they have rigid rod structures which
provide the possibility of forming nematic liquid crystalline phases
[11]. However, conjugated polyelectrolytes containing the fluorene
moiety tend to aggregate in aqueous solutions, leading to inter-
chain interactions which greatly reduce luminescence yields [12].
Further, the solubility of polyfluorene based systems in water is
poor. An interesting approach which has been used to increase sol-
ubility in water and, consequently, to find out the fluorescent and
ll rights reserved.
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conductance properties of CPs is through the addition of ionic or
non-ionic surfactants [13–15].

An alternative approach is the use of CPs as polymer blend
films. The use of conjugated polymers in solid matrices based on
cellulose has been reported for optoelectronic and sensing pur-
poses [16,17]. In the present work, we report the preparation and
characterization of films of cellulose acetate and poly-(9,9-bis(60-
N,N,N-trimethylammonium)-hexyl-fluorene phenylene) bromide
(HTMA-PFP) blends. Cellulose acetate is a well-known polymer de-
rived from cellulose, with neutral properties and high capacity for
transparent film formation. Applications include optical devices
[18,19] and membrane separation [20–22]. Cellulose acetate pro-
duces porous structures [23] and its properties are dependent on
the acetylation degree. This affects a number of key structural
properties, such as the polymer crystallinity, and solubility in var-
ious solvents [24,25].

In this paper, the immobilization of a cationic poly(fluorene-
phenylene), poly{[9,9-bis(60-N,N,N-trimethylammonium) hexyl]
fluorene-phenylene} bromide (HTMA-PFP), into a cellulose acetate
film has been carried out. The effect of the acetylation degree,
molecular weight and solvent on the morphological, thermal, opti-
cal and conductivity properties of the blends is discussed. The
desorption kinetics of the HTMA-PFP, from the blend film in the
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presence of sodium dodecyl sulfate are also evaluated and
discussed.

2. Experimental

2.1. Materials

Two different batches of cellulose acetate were used: commer-
cial cellulose acetate (CA1, Aldrich, number average molecular
weight – Mn 30,000 Da, repeat unit molecular weight, 279 g mol�1,
degree of polymerization – DP 107.5) and cellulose acetate synthe-
sized from sugarcane bagasse, provided by Usina Caeté, from Delta,
Minas Gerais, Brazil (CA2, Mn 16,900 Da, repeat unit molecular
weight, 287.4 g mol�1, DP 59), according to the methodology previ-
ously described [26]. The degree of substitution (DS) of cellulose
acetates was determined by NMR spectroscopy following a proce-
dure reported by Cerqueira et al. [27], and gave values equal to 2.4
and 2.6, respectively.

The cationic conjugated polyelectrolyte poly-(9,9-bis(60-N,N,N-
trimethylammonium)-hexyl-fluorene phenylene) bromide (HTMA-
PFP, Mn 24,315 g mol�1, repeat unit molecular weight, 694.71 g
mol�1, DP 35.0-based on PS calibration), Scheme 1, was obtained by
treating the neutral polymer poly(9,9-bis(60-hexylbromide)-fluorene
phenylene), synthesized by Suzuki coupling reaction with Pd(II) as
catalyst, with gas-phase trimethylamine by following a procedure
described elsewhere [28].

All solvents THF, chloroform and methanol have been supplied
from Riedel-de Häen.

Blend films were prepared by initially dissolving cellulose ace-
tate in the solvent and stirring for 24 h to ensure homogeneity.
HTMA-PFP was then added to the solution, as a powder (B1–B3)
or solution (B4), and left stirring for further 2 h. The concentrations
of CA and HTMA-PFP in the blend solution are 8.8% w/v and 0.18%
w/v, respectively, corresponding to a percentage of 2% (w/w cellu-
lose acetate/HTMA-PFP). The solution was then deposited as a film
on a flat glass support using a Simex automatic film applicator.
After complete evaporation of the solvent at room temperature,
the membrane was removed from the glass support with the help
of water. Four different blends were prepared: (i) CA1 + HTMA-
Scheme 1. Structure of the poly{[9,9-bis(60-N,N,N-trimethylammonium) hexyl]flu-
orene-phenylene} bromide.
PFP in THF (B1); (ii) CA1 + HTMA-PFP in CHCl3 (B2); (iii) CA2 + HT-
MA-PFP in CHCl3 (B3); and (iv) CA1 in CHCl3 + HTMA-PFP in CH3OH,
with a final mixture solvent of 5% v(CHCl3)/v(CH3OH) (B4).
Thicknesses of membranes were measured at 25 �C using a Mit-
utoyto micrometer (±0.001 mm) and are equal to 0.026(±0.003),
0.025(±0.002), 0.023(±0.002) and 0.023(±0.002) mm, respectively.
The first three blends were prepared to check the effect of the sub-
stitution degree of cellulose acetate and solvent on their properties.
Organic solvents will increase the solubility of the conjugated poly-
electrolytes by decreasing interchain and intrachain hydrophobic
interactions and thus decreasing the self-assembly [29]. The influ-
ence of the initial solubilization of the polyelectrolyte [30] on the
blend structure and properties will be considered using blend B4.

Cellulose acetate films, without HTMA-PFP, were prepared
using the same solvent formulations for comparison.

2.2. Methods

The incorporation of HTMA-PFP into cellulose acetate was mon-
itored by UV–vis spectroscopy using a Shimadzu V-2450 spectro-
photometer. The spectra were obtained on films directly inserted
in the cell compartment, and they were studied over the wave-
length range 200–600 nm, using a bandwidth of 1 nm.

The surface morphologies of blend films were analyzed by scan-
ning electron and fluorescence microscopies (SEM and FM). SEM
was carried out with a JEOL model 5310 scanning microscope oper-
ating under low vacuum, using a 20 kV potential. For FM, films
were examined with an Olympus BX51 M microscope equipped
with a UV-mercury lamp (100 W Ushio Olympus) and a filter set
type U-MNU2 (360–370 nm excitation and 400 nm dichromatic
mirror). Films were observed using an Olympus 10�/0.10 objective
lens (1/�/FN22). Images were digitalized on a computer through a
video camera (Olympus digital camera DP70) and they were ana-
lyzed with an image processor (Olympus DP Controller 2.1.1.176,
Olympus DP Manager 2.1.1.158 – Olympus). All observations were
carried out at 20.0 (±0.1) �C.

Thermogravimetric tests (TGA) were performed on a TGA/SDTA
851 Mettler Toledo thermal analyzer. Samples were heated from
room temperature up to 500 �C at 10 �C min�1 under nitrogen
atmosphere (50 cm3 min�1).

DSC tests were carried out on a TA Instruments DSC Q2000
(New Castle, DE, USA) under a dry nitrogen gas flow rate of
50 mL min�1. Samples were sealed in aluminum pans and sub-
jected to a first heating at 10 �C min�1 (in order to erase the ther-
mal history) from �60 �C up to the initial of degradation process
(310 �C for CA2 blends and 270 �C for CA1 blends), followed by
cooling at 10 �C min�1 to �60 �C and further heating at 10 �C min�1

up to degradation. Sample weights of about 3 mg were used in all
cases. The glass transition temperature (Tg) was determined in the
second heating scan as the inflection point in the region where a
shift in the signal baseline was detected.

Electrical conductivity measurements were carried out using a
Wayne Kerr LCR 4265 system, at 1 kHz, by following the method-
ology described elsewhere [31].

2.3. Desorption kinetics

The assessment on the type of incorporation of HTMA-PFP into
cellulose acetate matrices and its effect on transport properties
have been carried out through the analysis of the polyelectrolyte
desorption to aqueous solutions of the anionic surfactant (sodium
dodecyl sulfate, Aldrich), at concentrations below and above the
critical micelle concentration (8.3 mM [32]). HTMA-PFP desorption
kinetics were performed by immersing a blend polymeric film
sample in 100 mL of aqueous surfactant solution. In all experi-
ments, temperature was kept constant at 25.0 (±0.1) �C using a
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Multistirrer 6 thermostatic bath from Velp Scientifica. During
HTMA-PFP release experiments, blend-containing solutions were
stirred at ca. 220 rpm. At defined intervals, 0.1 mL aliquots of the
supernatant were collected. The amount of substance of HTMA-
PFP released from polymeric matrices to the supernatant solution
was determined by fluorescence spectroscopy, using a Jobin–Yvon
SPEX Fluorolog 3-22 spectrofluorimeter in front-face configuration,
with the excitation monochromator set at 381 nm, and the emis-
sion scanned between 390 and 525 nm; 2 nm excitation and emis-
sion slits were used.
3. Results and discussion

3.1. Spectroscopic and morphological analysis

The incorporation of the polyelectrolyte into cellulose acetate
membranes was followed by UV–visible spectroscopy (Fig. 1). It
can be seen that in the presence of the HTMA-PFP there was a sig-
nificant increase in the absorbance, and, in addition, the spectra
were dependent on the solvent and degree of substitution. With
the exception of B1, all absorption spectra showed the characteris-
tic poly(fluorene-phenylene) absorption band at 370 nm [14]; fur-
thermore, HTMA-PFP in B2 exhibited a more solution-like
spectrum as suggested by the absorbance peak at 414 nm. In the
case of B1 a broad peak, with low absorbance, with a maximum
at around 412 nm clearly suggests a more marked polymer aggre-
gation (‘‘solid-state-like’’ absorption spectrum) [33], and lack of
homogeneous dispersion within the polymer blend.

From SEM micrographs (Fig. 2) it can be seen that, in contrast
with the porous structures normally observed for cellulose acetate
films [34], the incorporation of HTMA-PFP leads to a fairly com-
pact, non-porous surface morphology, accompanied by phase sep-
aration in the case of commercial cellulose acetate-based blends
(B1, B2 and B4). Such phase separation is clearly due to incorpora-
tion of HTMA-PFP as confirmed by FM (light blue spots in Fig. 3); it
is also worthy of note that prior solubilization of HTMA-PFP in
methanol (B4) leads to the formation of well-defined spherical do-
mains with diameters up to 5 lm in the blends, as seen by SEM.

From comparison of the effect of the degree of substitution and
the nature of the cellulose acetate used on the surface morphology
of the blends (B2 and B3), it is possible to conclude that phase sep-
aration is also a consequence of the disruption of polyelectrolyte
aggregates. In contrast to what was seen with B2 surface morphol-
ogy, no surface phase separation was observed by SEM for B3.
Fig. 1. UV–visible absorption spectra of CA-HTMA-PFP blend films of similar
thickness.
Although no phase separation has been detected by SEM, a dis-
tribution of highly fluorescence spots was observed throughout
this blend by FM (Fig. 3 – B3).

The analysis of fluorescence photograph for the blend B1 shows
the absence of large aggregates (when compared, for example, with
B3); this can be directly related with the low fluorescence intensity
observed by FM, which can be explained by fluorescence quenching
resulting from polymer aggregation [14]. This is fully consistent
with the low and ill-defined UV-absorbance spectrum for B1.

To obtain deeper knowledge on the effect of the incorporation
of HTMA-PFP into cellulose acetate matrices, and their potential
for application in various types of device, thermal analysis tech-
niques (TGA and DSC) were used and the data are discussed in
the following sections.
3.2. Thermal stability (TGA)

The thermal stability of the different materials was studied by
TGA under an nitrogen atmosphere. Table 1 shows the main ther-
mal data obtained from the TG–DTG curves, including the temper-
ature at which 5% of the total mass is volatilized (T5) and
temperature at the maximum degradation rate (Tmax). T5 provides
an accurate idea of the thermal stability since the identification of
the initial decomposition temperature (mass loss near to 0%) is ex-
tremely difficult because of slight variations in mass loss in this
zone correspond to large temperature variations [35,36].

Fig. 4 shows TG curves for all blends with and without polyelec-
trolyte. A main thermal event can be seen in all cases, centred at
362 �C, that corresponds to the pyrolysis of the polymer backbone
structure. In addition, there is an initial mass loss region at around
100 �C, that is likely to be associated with the loss of water in CA (also
observed in DSC experiments on second heating of samples) [35].

The presence of the polyelectrolyte in the commercial CA matri-
ces prepared in chloroform (B2 and B4) resulted in a slight de-
crease in T5 (2% and 3%, respectively) and in Tmax (2% for B2 and
1% for B4), compared with their counterparts with no polyelectro-
lyte. Such a decrease can be explained in terms of the mixture of
non-compatible polymers, resulting in a less structured polymer
network and phase separation (see Fig. 1). It should be stressed
that the least affected blend upon polyelectrolyte incorporation,
in terms of change of T5, is also the one showing a less intense
and broad UV/vis absorption peak (B1). In contrast, the addition
of the polyelectrolyte to the synthesized CA (blend B3) resulted
in an increase of T5 (5%), suggesting some increase in the molecular
order in that blend structure. The improvement in thermal stability
as a function of increasing DS of CA (when comparing B2 and B3)
could be explained by the formation of new-ordered structures
in the substituted regions [37]. These results are in agreement with
the SEM and FM images (Figs. 2 and 3).
3.3. DSC analysis

Studies of films were made by DSC on heating, cooling, and sec-
ond heating cycles. A representative DSC thermogram including all
heating and cooling scans of B1 sample is shown in Fig. 5. In the
first heating scan, a broad endothermic band can be observed be-
tween 25 �C and 100 �C. Since this process does not appear in the
second heating, it can be attributed to water desorption from CA
[24,35], in complete agreement with the TG data. In the cooling
step, a glass transition (Tg) can be observed, that also appears in
the second heating scan just before melting transitions for all
samples.

Fig. 6 shows the DSC curves of CA-HTMA-PFP films during the
second heating scan, after erasing the thermal history of the sam-
ples. Samples with commercial CA1 (B1, B2 and B4) showed



Fig. 2. SEM micrographs of the surface of cellulose acetate-HTMA-PFP blends.

Fig. 3. Fluorescence microscopy photographs of cellulose acetate-HTMA-PFP blends.

Table 1
Thermal parameters of cellulose acetate and cellulose acetate-HTMA-PFP polymers,
determined by TGA.

Film T5 (�C) Tmax (�C)

B1 317 (315) 362 (361)
B2 304 (310) 356 (364)
B3 332 (317) 365 (362)
B4 304 (314) 359 (364)

T5: Temperature when 5% of the total mass is volatized, determined from TGA
curves.
Tmax: temperature determined from the maximum of DTG curves.
Values inside brackets are obtained for cellulose acetates without polyelectrolyte.
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endothermic transitions just after glass transition due to the melt-
ing of the crystalline structure of cellulose acetate.

It should be noted that B3 showed different behavior from the
other blends. It was the only one showing an exothermic transition
peak at 209 �C corresponding to crystallization and a broad melting
peak at higher temperatures (around 260 �C). The ability of the cel-
lulose acetate, obtained from sugarcane bagasse (CA2), to crystal-
lize from amorphous structures during DSC upon heating, could
explain this exothermic transition. The amplitude of this peak is
normally dependent on the degree of substitution, since higher
DS values lead to more homogeneous chains and, consequently,
better chain packing and greater crystallinity. In agreement with
this, CA2 (DS = 2.6) is characterized by melting at higher tempera-
tures than CA1 (DS = 2.4) because of its higher degree of substitu-
tion. Another explanation for this thermal behavior can be found in
the chain length, as measured by the degree of polymerization of
the materials, since CA2 has a lower DP value than CA1, which al-
lows better structure packing [24].

To study the effect of the addition of polyelectrolyte and the use
of different solvents on the thermal behavior of the various CA
blends, glass transition temperatures and total enthalpy values
were obtained from the second heating scan, and are summarized
in Table 2. For blends B1, B2 and B4, the total enthalpy (DHtotal)
corresponds to the melting process (approximately between
200 �C and 230 �C). In the case of blend B3, the baseline integration
peak used to calculate DHtotal was taken from the beginning of
crystallization process to the final of the melting transition [24].

It can be seen that the lowest Tg value corresponds to B3, where
the cellulose acetate used in this sample (CA2) has a lower molar
mass and higher DS than CA1. This result and our Tg values are
in agreement with the literature on related systems [37]. In gen-
eral, the incorporation of 2 wt.% of HTMA-PFP in cellulose acetate
films did not induce a significant decrease in Tg values.

As already mentioned, in B3, the higher polymerization degree
of the cellulose acetate (CA2) is what controls the crystallization
and melting processes and is likely to be the reason for the higher
DHtotal value (and higher crystallinity) of this blend compared with
those based on commercial CA (B1, B2 and B4). These blends



Fig. 4. TG curves of B1–B2 (a) and B3–B4 (b) comparison with the corresponding cellulose acetate without polyelectrolyte (dash lines).

Fig. 6. DSC thermograms for cellulose acetate-HTMA-PFP films during the second
heating scan at 10 �C min�1.

Fig. 5. DSC thermogram for B1 (CA1-HTMA-PFP) sample displaying the heating and
cooling ramps at 10 �C min�1.

Table 2
Glass transition temperatures (Tg) and total enthalpies DHtotal calculated from DSC
curves (second heating) of cellulose acetate (inside brackets) and cellulose acetate-
HTMA-PFP polymers.

Film Tg (�C) DHtotal (J/g)

B1 183.7 (185.1) 2.3 (2.8)
B2 185.9 (186.7) 2.1 (2.8)
B3 157.9 (158.8) 5.0 (3.2)
B4 180.0 (188.9) 2.5 (3.0)
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showed similar DHtotal values without polyelectrolyte but the
incorporation of HTMA-PFP resulted in a decrease of about 20%
in the DHtotal values, and, consequently, reflect a decrease in the
chain packing and in polymer crystallinity. No differences were ob-
served in DSC behavior on use of different solvents for film prepa-
ration, or by the previous solubilization of the polyelectrolyte.
However, the presence of HTMA-PFP in blend B3 produced an in-
crease of about 50% in the DHtotal value, increasing the polymer
crystallinity, and is consistent with the homogeneous distribution
and compacted structure observed by SEM and FM after incorpora-
tion of polyelectrolyte. It is also worthy of note that changes in the
polymer structures, as suggested from the DSC data, were also sup-
ported by electrical conductivity measurements. The semi-crystal-
line polymer structure of cellulose acetate with DS = 2.6 (B3)
showed a very small electrical conductivity (0.3 lS cm�1) and no
effect on the value of j was observed upon incorporation of
HTMA-PFP. However, in blends of commercial cellulose acetate, a
significant increase in the electrical conductivity was observed
compared with B3, and is probably related to the lower crystallin-
ity of these samples. Also, the incorporation of HTMA-PFP in these
blends leads to an increase of around 50% in the electrical conduc-
tivity values (from 6.0 to 12.1 lS cm�1 for B1, from 6.8 to
23.8 lS cm�1 for B2 and from 4.5 to 8.1 lS cm�1 for B4), and is in
agreement with the decrease in crystallinity observed in DSC.

Even though they are small in absolute terms, these values give
good indications of the advantages in the development of matrices
with higher polyelectrolyte content, which can thus be used to
tune the ionic electrical conductivity of these matrices. This is
likely to be of value in device design for sensing and optoelectronic
applications.
3.4. Release of HMTA-PFP from cellulose acetate-based blends

As was indicated in the introduction, low solubility in water is
one important limitation of the conjugated polyelectrolyte
HTMA-PFP for many practical applications. There are several strat-
egies to overcome this difficulty: one is the use of the polymer in a
solid matrix, while a second is to find out various ways of dispers-
ing or dissolving the polyelectrolyte in appropriate aqueous solu-
tion. It is known that the solubility of HTMA-PFP in water
increases in the presence of surfactants [30,33]. The release kinet-
ics of HTMA-PFP from blend films into surfactant solutions are ex-
pected to give relevant information, both concerning the nature of



Fig. 7. Representative fluorescence emission spectra (a) and normalized release kinetics (b) of HTMA-PFP from B2 to 12 mM SDS aqueous solutions at 25 �C.

Table 3
Parameters computed from fitting the experimental HTMA-PFP release to Eq. (1), at
25 �C.

Eq. (1)

logk n R2

B1 �3.51 (±0.09) 0.86 (±0.03) 0.9763
B2 �1.34 (±0.02) 0.250 (±0.006) 0.9906
B3 �2.43 (±0.02) 0.480 (±0.006) 0.9972
B4 �1.87 (±0.03) 0.379 (±0.008) 0.9920
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physical or chemical mechanisms involved for incorporation into
the matrix, and also on possible novel applications for, e.g., sensing.

In this section, the effect of aqueous solutions of the anionic SDS
on the release properties of HTMA-PFP from the different blends at
surfactant concentrations (12 mM) above the cmc is analyzed and
discussed. Release experiments were also carried out with pure
water and with aqueous 6 mM SDS solutions. In neither of these
two cases was there any evidence for desorption to the liquid
phase after 2 weeks, as shown by the absence of HTMA-PFP in solu-
tion, monitored by fluorescence spectroscopy.

Fig. 7a shows representative fluorescence emission spectra of
HTMA-PFP desorbed from cellulose acetate films into 12 mM SDS
solution at different times. The plot of the maximum emission
intensity at 417 nm vs. time (Fig. 7) allows the evaluation of the ki-
netic rate constant and desorption mechanism.

A number of equations have been developed to model the sorp-
tion/desorption kinetics of diffusing species from polymeric matri-
ces, ranging from those based on purely theoretical models [38] to
semi-empirical approaches [39].

The classical one among these is the Korsmeyer–Peppas equa-
tion [40]

Ct=C1 ¼ ktn ð1Þ

where Ct and C1 are cumulative concentrations of the material re-
leased at time t and at infinite time, respectively, and k and n are
fitting parameters. If the exponent n is 0.5 (for planar systems)
the diffusion is Fickian. Non-Fickian behavior is observed for
0.5 < n < 1.0, with a limit of Case II transport for n = 1.0. Non-Fickian
and Case II transport are indicative of coupling of diffusional and
relaxational mechanisms. However, the validity of Eq. (1) is re-
stricted to Ct/C1 < 0.60 [41]).

In the present study, the concentration ratio Ct/C1 was consid-
ered as equal to the ratio of the emission fluorescence intensity at
time t and at infinite time, It/I1. Table 3 summarizes the parame-
ters obtained from a non-linear least-square fitting of Eq. (1) to
the experimental release data. It can be seen that B1 shows an
anomalous mechanism, indicating that coupled diffusion/polymer
relaxation takes place; however, in the case of B2 and B4, with both
blends prepared using CHCl3 as the main solvent, n values were
less than 0.5 (0.25 and 0.38, respectively). Such values have previ-
ously been reported for other systems [e.g., 42], and they have
been taken to imply that diffusion is the dominant mechanism
(so-called quasi-Fickian) of HTMA-PFP release. In the case of B3,
however, the HTMA-PFP release mechanism was only dependent
on the concentration gradient (so-called Fickian). Consequently,
the diffusion coefficient, D, of HTMA-PFP can be calculated using
the Eq. (2)

D ¼ klp1=2

4

� �2

ð2Þ

where l is the thickness of membrane, and gives a value of
5.42 � 10�10 cm2 s�1. This diffusion coefficient is four orders of
magnitude lower than those obtained for this polyelectrolyte in
DMSO/H2O solutions (ca. 4 � 10�6 cm2 s�1) [43]. As discussed in
Section 3.1, B3 shows a greater compaction (when compared with
other blends), resulting from the lowest polymerization degree of
the cellulose acetate. As a consequence, the resistance of the blend
to the transport of HTMA-PFP is likely to increase [44] leading to a
slow diffusion process.

Although no definitive conclusions about the dependence of the
release mechanism on the structural properties of blends can be
extracted, a reasonable hypothesis is that the solvent used for film
casting plays an important role on the structure of both, cellulose
acetate and HTMA-PFP; furthermore it is worth noting that the
anomalous mechanism of release occurs in the blend where the
UV–visible spectrum suggests the occurrence of a highly aggre-
gated structure.

4. Conclusions

Blends of HTMA-PFP and cellulose acetate, with different de-
grees of substitution, have been prepared from various solvents
(THF, CHCl3 and CHCl3/CH3OH). The morphology, fluorescence
and transport properties of blends films are dependent on the com-
position. The blend based on cellulose acetate with the lowest
polymerization degree shows no surface phase separation and
strong fluorescence; furthermore, this blend also shows the high-
est thermal stability, while the desorption of HTMA to SDS follows
a Fickian diffusion mechanism with the lowest release rate; the use
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of CHCl3 as casting solvent leads to highly fluorescent amorphous
structures; in this case, the previous dissolution of HTMA-PFP in
CH3OH gives an excellent method to reduce the aggregation of
the polyelectrolyte and, thus, increase the UV–visible absorption;
in addition, it leads to a release rate one order of magnitude higher
than those found to other blends; it is worth noticing that such a
release rate can also be affected by relaxation/mobility of the poly-
meric structure responsible for the anomalous mechanism of the
HTMA-PFP transport. With this work we have demonstrated that
polyelectrolyte-containing cellulose acetate blends with different
properties can be prepared, and since it is possible to control their
properties by changing the solvent and/or the degree of substitu-
tion of cellulose acetate, they have potential for a wide variety of
applications, ranging from sensing to controlled release.
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