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a b s t r a c t

Polymer blends of chitosan (CS) and poly(sodium-4-styrene sulphonate) (PSS) have been compatibilized
using lysine (LYS) and glutamic acid (GLU). Blends of CS/PSS containing LYS and GLU have been studied
by thermal analysis. The values of Tg for CS/PSS-LYS blends could not be detected by thermal analysis but
one single Tg was found for CS/PSS-GLU blends. Thermogravimetric analysis (TGA) showed that blends
decompose at lower temperatures than that of pure components. Displacements in the main absorp-
tion bands in the FT-IR spectra were not clear to discern compatibility. Atomic force microscopy (AFM)
eywords:
hitosan
oly(sodium-4-styrene sulphonate)
lends
hase separation
ompatibilizers
ysine
lutamic acid

indicated that addition of lysine or glutamic acid clearly modified the compatibility of the blends. The
globular domains existing in the unmodified blend changed to more or less linear and smooth crystalline
domains with parallel periodicity. Dielectric analysis revealed that compatibilizer addition changed the
secondary relaxation process of PSS to higher temperatures as a result of the modification on interac-
tions. No variation on the segmental dynamics of both polymers was observed as their main relaxations
remained unchanged after the addition of lysine or glutamic acid.

© 2010 Elsevier Ltd. All rights reserved.
. Introduction

Chitosan (CS) produced from chitin, the most abundant biopoly-
er after cellulose, by means of an alkaline deacetylation procedure

s a natural (poly)aminosaccharide. It is characterized by properties
hat are unique among natural polymers and is a cationic poly-

er in acidic solutions (Berth & Datzenberg, 2002). This polymer
as been matter of numerous studies and applications as it was
escribed in previous papers (Sandford, 1990; Skaugrud, 1989). It
as been extensively studied for applications in areas as diverse as
aste-water treatment, paper and textiles, biomedicine and biol-

gy (Berth & Datzenberg, 2002). Chitosan is used in low calorie
iets and pharmaceuticals as well as antibacteriostatic/anti-fungal

gent; as gelling agent in drug delivery systems; as a film, fiber,
r gel in wound dressing (Muzzarelli, Jeniaux, & Gooday, 1985;
atto & Hatakeyama, 1995; Sandford, 1990). Applications of chi-
osan in photography, ophthalmology, agricultural, and food have
een described elsewhere (Beri, Walker, Reese, & Rollings, 1993;

∗ Corresponding author. Fax: +56 2 6864744.
∗∗ Corresponding author.

E-mail address: dradic@puc.cl (D. Radic’).
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Castro, Gargallo, Leiva, & Radic, 2005). These potential applications
of chitosan are envisioned primarily as a result of its unique physic-
ochemical properties (Castro et al., 2005; Urzúa, Gargallo, & Radic,
2000). Because of its versatile chemical structure it is possible to
assume that CS is a strong interacting polymer because, besides
their –OH or –NH2 groups a minor proportion of amide groups
are present which are in general partially hydrolyzed. Therefore
some free carboxylic groups are also another interacting func-
tional group (Brannock, Barlow, & Paul, 1991). For this reason
the blending process of CS with other interacting synthetic poly-
mers is considered as a new way to obtain materials containing
biodegradable moieties. In fact there are several polymeric blends
which have several interesting properties, but in the majority of the
cases, these blends correspond to synthetic polymers which are not
biodegradable and not convenient due to pollution problems. Due
to the nature of the functional groups, its compatibilization with
other polymers by specific interactions, such as hydrogen bonds,
dipole–dipole, acid–base, or complexation between the compo-
nents is favoured (Paul, Barlow, & Keskkula, 1989). Interactions

in these systems give rise to negative heat of mixture favour-
ing the mixing process (Castro, Gargallo, Radic’, Mondragon, &
Kortaberria, submitted for publication; Sandoval, Castro, Gargallo,
Radic, & Freire, 2005; Viciosa, Dionisio, & Mano, 2006). Therefore
chitosan can be compatibilized with synthetic polymers obtaining

dx.doi.org/10.1016/j.carbpol.2010.05.055
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:dradic@puc.cl
dx.doi.org/10.1016/j.carbpol.2010.05.055
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Table 1
Glass transition temperatures (Tg) for 50/50 (wt%) blends of CS/PSS-LYS and CS/PSS-GLU.

PSS (wt%)

0 10 20 30 40 50 60 70 80 90 100

CS/PSS-LYS Tg (K) 382 – – – – – – – – – –
CS/PSS-GLU Tg (K) 382 388 384 382 384 383 381 381 383 384 371

Table 2
Displacements of FT-IR bands for 50/50 (wt%) blends of: in the absorption zones of the functional groups: –OH, –NH2, and –S( O)2 for: a) CS/PSS-LYS and b) CS/PSS-GLU.

PSS (wt%) –OH and –NH2 3400 cm−1 zone Displacement –NH2 1560 cm−1 zone Displacement –S( O)2

1186 cm−1 zone
Displacement –S( O)2

1040 cm−1 zone

(a)
0 – – 0 0

10 21 1 31 5
20 20 0 32 3
30 20 0 32 3
40 19 1 4 2
50 18 1 1 2
60 23 0 0 2
70 19 0 1 1
80 20 0 1 0
90 28 0 – –

PSS (wt%) Displacement –OH and –NH2 3400 cm−1 zone Displacements –NH2 1560 cm−1 zone Displacement –S( O)2

1156 cm−1 zone
Displacements –S( O)2

1040 cm−1 zone

(b)
0 – – 28 2

10 26 0 31 3
20 20 0 33 2
30 27 0 28 0
40 19 10 26 2
50 22 4 11 2
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60 20 0
70 20 9
80 20 0
90 21 1

lends that could be biodegradable new materials with new prop-
rties (Paul et al., 1989; Skaugrud, 1989; Viciosa, Dionisio, Silva,
eis, & Mano, 2004). The compatibilization of chitosan with poly-
lectrolytes such as poly(sodium-4-styrene sulphonate) (PSS) is
ot a clear process as it was reported in a previous paper (Castro
t al., submitted for publication). The use of small molecules as
ompatibilizers is a way to obtain new materials containing chi-
osan and synthetic polymers as new potentially biocompatible
olymers. The aim of this work is the study of the compati-

ility between CS and PSS using lysine (LYS) and glutamic acid
GLU) as small aminoacidic compatibilizers. This study has been
erformed using the classical thermal and FT-IR techniques, dielec-
ric relaxation spectroscopy (DRS), and atomic force microscopy
AFM).

Fig. 1. First derivative of the degradation profiles (dm/dT) for pure chitosan, poly(sod
10 1
9 0
6 1
– –

2. Materials and methods

2.1. Materials

Chitosan (CS) with 20% degree of acetylation and M̄V = 360, 000
and commercial poly(sodium-4-styrene sulphonate) (PSS) with
M̄W = 70, 000 have been previously reported (Castro et al.,
submitted for publication). Lysine, HOOC-CHNH2-(CH2)4NH2 (LYS),
and l-glutamic acid, HOOC-CHNH2-(CH2)2COOH (99%) (GLU), are
commercial products from Aldrich.
2.2. Blend preparation

Blends were obtained in solution using dilute aqueous solution
of acetic acid (HAc) and stirred for 12 h and yellow films were

ium-4-styrene sulphonate) and blends compatibilized with: a) LYS and b) GLU.
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btained. As the concentration of PSS increases, films are more
ransparent and more fragile. Concentration of acetic acid solution
as 0.5% v/v and the pH of the solution containing chitosan was

.2. Polymer concentration was always about 1.5% w/w and the
ompatibilizer concentration of 10% w/w relative to the polymers
sed in the blend. This concentration would correspond to a 0.15%
/w of the compatibilizer relative to the polymer concentration.
lends were prepared in such a way that the composition varied

etween 10 and 90 wt% maintaining constant the compatibilizer
oncentration. Blends were dried at 35 ◦C in a vacuum oven during
hree weeks. The water content in the final samples was always
bout 7–7.5% relative to the ionic sites in the blends.

Fig. 2. Topography (left) and phase (right) images for films of CS/PSS-LYS 5
lymers 82 (2010) 795–801 797

2.3. Glass transition temperature (DSC) analysis

Glass transition temperatures (Tg) were determined using a
Mettler-Toledo DSC 821-700 calorimetric system equipped with
a FRS5 sensor. Processing of the data was performed using the
STARe software version 8.1 from Mettler. The samples were treated
as previously reported (Skaugrud, 1989). Several heating cycles
were performed i.e. heating from 273 K to 450 K, and maintain-

ing isothermically for 2 min then cooling from 450 K to 248 K and
maintaining isothermically for 1 min and finally heating from 248 K
to 450 K. Temperatures higher than 450 K allow to degradation of
chitosan.

0/50 (wt%) obtained by AFM: a) 5, b) 10 and c) 50 �m, respectively.



7 ate Po

2

T
c
w
t

2

B
a

98 C. Castro et al. / Carbohydr

.4. Thermogravimetric analysis (TGA)

Thermal degradation of the samples was performed using a
GA/SDTA 851 Mettler-Toledo thermobalance. Data were pro-
essed using the STARe version 8.1 program from Mettler. Samples
ere heated from 298 K to 1180 K under nitrogen at 20◦/min and

he weight of the initial sample was 5 mg.
.5. FT-IR characterization

FT-IR spectra of the polymers and blends were recorded in a
ruker Vector 22 spectrophotometer. Spectra were obtained with
resolution of 1 cm−1 and 20 scans.

Fig. 3. Topography (left) and phase (right) images for films of CS/PSS-GLU
lymers 82 (2010) 795–801

2.6. Atomic force microscopy (AFM)

Sample morphology was analyzed using an atomic force micro-
scope, Digital Instrument Nanoscope IIIa Multimode with scanners
of 200 × 200 �m at 1 Hz using the tapping mode.

2.7. Dielectric analysis
A Novocontrol Alpha High Resolution dielectric analyser was
used for dielectric measurements of the samples between 3 mHz
and 10 MHz, connected with a computer and a Novocontrol
Novocool cryogenic system for temperature control. Blends were
measured between 223 K and 453 K at a frequency of 1300 Hz. Films

50/50 (wt%) obtained by AFM: a) 5, b) 10 and c) 50 �m, respectively.
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ere obtained directly by solution casting using a mold with a
iameter of 2.5 cm.

. Results and discussion

.1. Calorimetric analysis

Dry samples of blends of chitosan (CS) and poly(sodium-4-
tyrene sulphonate) (PSS), containing 10 wt% of lysine or glutamic
cid (CS/PSS-LYS or CS/PSS-GLU) as compatibilizers were analyzed
y DSC measurements. In the case of blends containing LYS, it was
ot possible to detect the glass transition temperature (Tg). Nev-
rtheless, blends of CS/PSS-GLU showed one single Tg value over
he whole range of composition. This result could be considered as
first approach that blends were compatible or at least partially

ompatible. Table 1 compiles the Tg values obtained for blends of
S/PSS-LYS and CS/PSS-GLU at different compositions.

.2. FT-IR results

FT-IR analysis in the absorption zones of –OH, –NH2 and –S( O)2
unctional groups at 3400–3440, 1560, 1040–1180 cm−1 show dif-
erences in the wavenumber with respect to the values for the pure
omponents. The displacements of the different FT-IR signals for
S/PSS blends of different compositions modified with LYS and GLU,
espectively are compiled in Table 2. Significant but not continuous
isplacements of the order of 20–30 cm−1 in the absorption zones
orresponding to –OH, and –S( O)2 groups for both types of blends
ere found. These displacements would suggest that some kind

f interactions between the polymers and the compatibilizers are
resent and could be attributed to a compatibilization process (Paul
t al., 1989; Sandford, 1990; Viciosa et al., 2004). In the 3400 cm−1

one displacements attributed to –OH groups of CS are observed
s previously reported (Sandford, 1990; Sandford and Hutchings,
987).

In the zone of the sulphonate groups small displacements were
bserved for low contents of PSS for the band at 1180 cm−1, but
or the band at 1040 cm−1 no displacements were detected. This
ehavior could be attributed to a larger interaction between this
roup with the –COOH groups of the compatibilizer and chitosan.

Thermogravimetric analysis is an experimental technique
hich can give some information about the thermal behavior of

he blends. Fig. 1 shows the thermogravimetric curves represented
s first derivative of the weight loss upon temperature for pure CS,
SS and blends containing LYS and GLU with different blend com-
ositions. The thermal stability of the samples was very similar. The
hermogravimetric profiles follow a two-stage decomposition pro-
ess for the blends. The main observation on these systems is that
he decomposition of the blends takes place at lower temperatures
han those for the degradation of pure CS and PSS. This degradation
emperature is about 15 ◦C lower relative to the pure components
n the case of CS/PSS-LYS blends and lower than 10 ◦C for blends
f CS/PSS-GLU blends. This is an unusual behavior because nor-
ally thermal stability increases for related systems (Paul et al.,

989; Sandford, 1990; Viciosa et al., 2004). This behavior is similar
o that of blends without compatibilizers (Castro et al., submitted
or publication) and it could be related with crystalline and/or mor-
hological variations with respect to those of the pure polymers.

.3. AFM and DRS analysis
Atomic force microscopy and dielectric analysis are experimen-
al techniques that should allow complementary information to
lucidate if blends were compatibilized by LYS and GLU.

As it has been previously shown (Sandford, 1990), phase sep-
ration was clearly observed by AFM for films of CS/PSS 50/50
Fig. 4. Evolution of tan ı with temperature at 1300 Hz for: a) pure CS, PSS, PSS-LYS
and CS/PSS (50/50) (wt%)-GLU blend between −50 and 150 ◦C and b) pure CS, PSS,
PSS-LYS and CS/PSS-LYS blend 50/50 (wt%) between −50 and 150 ◦C.

(w/w). However, as shown in Fig. 2, for the 50/50 (w/w) CS/PSS
blend modified with LYS compatibilizer, the images at three differ-
ent magnifications indicate that the blend was compatibilized or at
least partially compatibilized by the addition of the compatibilizer.
Addition of lysine clearly changed the globular domains existing
in the unmodified blend to more or less linearly small aligned and
smooth crystallite domains with parallel periodicity. In the case of
CS/PSS blend modified with GLU compatibilizer, as shown in Fig. 3,
the individual chitosan whiskers appeared individualized showing
a pseudo-long range order. This behaviour indicates that strong
interactions are promoted by the compatibilizer addition and also
that differently pseudo-ordered morphologies can be obtained by
changing the amount of ethylene groups of the aminoacidic com-
patibilizer. Dielectric relaxation spectroscopy (DRS) of the pure
components and blends is another way to attempt to clarify
the behavior of the blends. As it was remarked in the previous
paper (Sandford, 1990), DRS has been used by several authors to
characterize chitosan (Costa, Rubinger, & Martins, 2007; Nogales,
Ezquerra, Rueda, Martinez, & Retuert, 1997; Viciosa et al., 2006).
Moreover, both unmodified PS and sulphonated PSS have been ana-
lyzed in terms of DRS (Atorngitjawat, Klein, & Runt, 2006; Hao,
Bohning, & Schonhals, 2007; Wypych et al., 2005), so DRS seems
to be a suitable technique for studying the behavior of blends.

Fig. 4a shows the evolution of tan ı with temperature for pure
CS and PSS, PSS-GLU and CS/PSS-GLU blend modified with GLU at

a frequency of 1300 Hz. For pure CS, a strong relaxation process
can be seen, probably related with water desorption mechanism
upon heating of the sample (Costa et al., 2007; Nogales et al., 1997;
Viciosa et al., 2006). For pure PSS two relaxation processes are
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Berth, G., & Datzenberg, H. (2002). The degree of acetylation of chitosans and its
ig. 5. Evolution of tan ı with temperature at 1300 Hz for: a) pure CS, PSS, PSS-GLU
nd CS/PSS (50/50) (wt%)-GLU blend between −50 and 150 ◦C. and b) pure CS, PSS,
SS-GLU and CS/PSS-GLU blend 50/50 (wt%) between −50 and 50 ◦C.

etected: the segmental � relaxation (associated to the glass tran-
ition), centered above 100 ◦C, similar to that shown previously for
nmodified polystyrene (PS) (Atorngitjawat et al., 2006; Hao et al.,
007; Wypych et al., 2005) and the secondary � relaxation at tem-
eratures below 0 ◦C, related with the rotation of phenyl groups,
hat has also been detected for pure PS (Atorngitjawat et al., 2006).
s it can be seen, the height of the secondary relaxation is increased
ith respect to pure PS, probably due to the ionic species attached

o the aromatic ring, while the main relaxation (indicated by an
rrow) is weak as it was previously mentioned (Sandford, 1990).
or PSS-GLU, the secondary relaxation is even higher than that for
eat PSS and it is displaced towards higher temperatures, indicat-

ng the effect of the interactions of this compatibilizer with PSS. The
ain relaxation is again weak compared with the secondary one.

or the blend CS/PSS-GLU, the main relaxation associated with both
rocesses described for pure components—water desorption of CS
nd the main relaxation of PSS can be clearly seen. The main relax-
tion is broader and the height of the maximum peak of loss factor
s lower due to the presence of both components, since the presence
f PSS in the high temperature region of the relaxation spectrum
indicated by arrows) is detected. On the other hand, the relaxation
ppears at lower temperatures with respect to that correspond-
ng to the blend without glutamic acid, which indicates that the
ompatibilizer interacts with chitosan groups. These interactions
hould be responsible for the morphological changes shown above
y AFM. The secondary relaxation of PSS is also detected for the
lends but it is not very clear in Fig. 4a due to the scale used.
For this reason, Fig. 4b shows the evolution of tan ı with tem-
erature in the range of the secondary relaxation. The secondary
elaxation is displaced to higher temperatures when compared
ith pure PSS and PSS-GLU, indicating an increase on interactions
lymers 82 (2010) 795–801

between CS, PSS and the compatibilizer with respect to the blend
without glutamic acid. Fig. 5a shows the evolution of tan ı with
temperature for pure CS and PSS, PSS-LYS and CS/PSS-LYS (w/w)
blend at a frequency of 1300 Hz. The displacement of the secondary
relaxation of PSS-LYS when compared with neat PSS can be seen
again, due to the presence of the compatibilizer. The main relax-
ation of pure CS and the weak main process of PSS can be also seen.
For the blend containing the compatibilizer, the main relaxation
process can be again clearly observed. The broadness of the relax-
ation is now more similar to that of pure CS, and the presence of PSS
in the high temperature tail of the spectrum (indicated by arrows)
is also confirmed. The small variation with respect to the blend
CS/PSS-GLU indicates that despite similar interactions between
components do exist, the presence of one more methylene group in
the compatibilizer chemical structure can slightly modify the inter-
actions and therefore also the morphological features, as shown
above by AFM. The secondary relaxation of PSS is also detected for
this blend. Fig. 5b shows the evolution of tan ı with temperature in
the range of the secondary relaxation. The secondary relaxation is
displaced to even higher temperatures when compared with pure
PSS and PSS-LYS, and also with the blend CS/PSS-GLU indicating on
one side that interactions between CS, PSS and LYS compatibilizer
do exist and on the other that these interactions are modified with
respect to those for the other compatibilizer used.

4. Conclusions

DSC, TGA and FT-IR which represent the classical experimen-
tal techniques to describe compatibility in polymer blends do
not allow to visualize the compatibility between chitosan and
poly(sodium-4-styrene sulphonate) using lysine or glutamic acid
as compatibilizers. For this reason it was necessary to turn to other
techniques like atomic force microscopy or dielectric relaxation
spectroscopy. By DRS, the presence of interactions among PSS, CS
and compatibilizer was detected by analyzing the secondary relax-
ation related to the phenyl ring of PSS, which displaced to higher
temperatures in the blends with both GLU and LYS compatibilizers.
The differences in temperatures of this relaxation indicate that the
amount of methylene groups in the aminoacidic compatibilizer is
a key factor to control the magnitude of interactions and therefore
the morphological features of these blends, as shown by atomic
force microscopy. This modification on the interactions between
the components of the blend containing the compatibilizer also led
to variation on the main relaxation region. The influence of the two
carboxylic groups in glutamic acid on the strength of the interaction
seems to be a factor to take into account in the compatibilization
process.

Acknowledgements

Cristian Castro thanks to CONICYT for a Ph.D. fellowship, and
project AT-24060131 for doctoral help, and financial help for the
finishing of the thesis. D.R. and L.G. acknowledge the partial finan-
cial help from Fondecyt grant 1080007.

References

Atorngitjawat, P., Klein, R. J., & Runt, J. (2006). Dynamics of sulfonated polystyrene
copolymers using broadband dielectric spectroscopy. Macromolecules, 39,
1815–1820.

Beri, R. G., Walker, J., Reese, E. T., & Rollings, J. E. (1993). Characterization of chi-
tosans via coupled size-exclusion chromatography and multiple-angle laser
light-scattering technique. Carbohydrate Research, 238, 11–26.
effect on the chain conformation in aqueous solution. Carbohydrate Polymers,
47, 39–51.

Brannock, G. R., Barlow, J. W., & Paul, D. R. (1991). Blends of styrene/maleic anhydride
copolymers with polymethacrylates. Journal of Polymer Science, Part B: Polymer
Physics, 29, 413.



ate Po

C

C

C

H

M

N

P

R

S

neutralized and nonneutralized chitosan upon drying. Biopolymers, 81, 149–
159.
C. Castro et al. / Carbohydr

astro, C., Gargallo, L., Leiva, A., & Radic, D. (2005). Interactions of blends containing
chitosan with functionalized polymers. Journal of Applied Polymer Science, 97,
1953–1960.

astro, C., Gargallo, L., Radic’, D., Mondragon, I., & Kortaberria, G., Carbohydrate
Polymers, submitted for publication.

osta, L. C., Rubinger, C. P. L., & Martins, C. R. (2007). Dielectric and morphologi-
cal properties of PAni-DBSA blended with polystyrene sulfonic acid. Synthetic
Metals, 157, 945–950.

ao, N., Bohning, M., & Schonhals, A. (2007). Dielectric properties of nanocompos-
ites based on polystyrene and polyhedral oligomeric phenethyl-silsesquioxanes.
Macromolecules, 40, 9672–9679.

uzzarelli, R. T., Jeniaux, C., & Gooday, G. W. (1985). Chitin in nature and technology.
New York: Plenum Press.

ogales, A., Ezquerra, T. A., Rueda, D. R., Martinez, F., & Retuert, J. (1997). Influence
of water on the dielectric behavior of chitosan films. Colloid and Polymer Science,
275, 419–425.

aul, D. R., Barlow, J. W., & Keskkula, H. (1989). H. F. Mark, N. M. Bikales, C. G. Over-
berger, & G. Menges (Eds.), Encyclopedia of polymer science and engineering. New

York: Wiley.

atto, J., & Hatakeyama, T. (1995). Differential scanning calorimetry investigation of
phase transitions in water/chitosan systems. Polymer, 36, 2915.

andford, P. A., & Hutchings, G. P. (1987). Industrial polysaccharides. In M. Yal-
pani (Ed.), Chitosan. A natural, cationic biopolymer: Industrial applications (pp.
363–376). Amsterdam: Elsevier.
lymers 82 (2010) 795–801 801

Sandford, P. A. (1990). In G. Skjak-Braek, T. Anthonsen, & P. A. Sandford (Eds.),
Chitin/chitosan: Sources, chemistry, biochemistry, physical properties, and appli-
cations. Amsterdam: Elsevier.

Sandoval, C., Castro, C., Gargallo, L., Radic, D., & Freire, J. J. (2005). Specific interactions
in blends containing chitosan and functionalized polymers. Molecular dynamics
simulations. Polymer, 46, 10437–10442.

Skaugrud, O. (1989). Chistosan makes the grade. Manufacturing Chemist, 60, 31–
35.

Urzúa, M., Gargallo, L., & Radic, D. (2000). Blends containing amphiphilic polymers.
II. Poly(N-1-alkyl itaconamic acids) with poly(4-vinylpyridine) and poly(2-
hydroxypropyl methacrylate). Journal of Macromolecular Science, Part B: Polymer
Physics, B39, 143–154.

Viciosa, M. T., Dionisio, M., Silva, R. M., Reis, R. L., & Mano, J. F. (2004). Molecular
motions of chitosan studied by dielectric relaxation spectroscopy. Biomacro-
molecules, 5, 2073–2078.

Viciosa, M. T., Dionisio, M., & Mano, J. F. (2006). Dielectric characterization of
Wypych, A., Duval, E., Boiteux, G., Ulanski, J., David, L., Seytre, G., Mermet, A., Steven-
son, I., Kozanecki, M., & Okrasa, L. (2005). Physical aging of atactic polystyrene
as seen by dielectric relaxational and low-frequency vibrational Raman spec-
troscopies. Journal Non-Crystalline Solids, 351, 2593–2598.


	Blends of chitosan and poly(sodium-4-styrene sulphonate). Compatibilization by lysine and glutamic acid
	Introduction
	Materials and methods
	Materials
	Blend preparation
	Glass transition temperature (DSC) analysis
	Thermogravimetric analysis (TGA)
	FT-IR characterization
	Atomic force microscopy (AFM)
	Dielectric analysis

	Results and discussion
	Calorimetric analysis
	FT-IR results
	AFM and DRS analysis

	Conclusions
	Acknowledgements
	References


