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Abstract
Complexes of polyacrylic acid (PAA) and polymethacrylic acid (PMA) in presence of sodium alginate (SAL) during redox
polymerization of polyacids were formed. They were characterized by IR spectroscopy and viscometry. The swelling
index of hydrogels based on the polymethacrylic acid-sodium alginate complex (PMA-SAL) has been found to be lower
than that of polyacrylic acid-sodium alginate (PAA-SAL) complex. The hydrogels based on the complex of crosslinked
polyacids with sodium alginate can be of practical interest as polymeric carriers for drugs.
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Introduction
The excellent biocompatibility and biodegradability of
alginate make it very widely used for biomedical
application and especially for drug delivery systems and
tissue engineering [1,2]. Different functions and
applications of the polymer can be derived due to its
possibility for easy chemical modifications. These
modifications lead to obtaining of derivatives with
various structures and properties [3]. The alginate forms
a gel the in presence of different polyvalent metal cations
because of the polymer chains cross- linking [4-6].
Polyectrolyte complexes between sodium alginate and
cationic polymers were investigated for the purposes of

drug delivery and tissue engineering [7]. For example,
films based on sodium alginate and chitosan complexes
are proposed for transdermal drug delivery [8-10]. There
are numerous reports of the complexation of
polysaccharides with polycarboxylic acidsin aqueous
solution [11-14]. Being a polysaccharide, AL must also
form complexes with PAA and PMA. The goal of this work
is to study the complexation of AL with PAA and PMA in
aqueous media. The formation of interpolyelectrolyte
complexes is a significant difference between the
properties of such polymer complexes in comparison to
the monomers alone. This is a prerequisite for
considering such polyelectrolyte complexes as new class
polymer compounds [15,16].
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Methods and Materials

Sodium alginate was purchased from Sigma Aldrich,
Germany.
Acrylic acid was purchased from Sigma Aldrich, Germany.
Methacrylic acid was purchased from Sigma Aldrich,
Germany.
N,Nmethylenebisacrylamide (MBAL) from Sigma Aldrich,
Germany.
Ammonium persulfate (NH4)2S2O8 was purchased from
Sigma Aldrich, Germany.
Sodiummetabisulfite Na2S2O5 was purchased from Sigma
Aldrich, Germany.

Results and Discussion
Dependences of specific viscosity ηsp of aqueous mixed
solution of SAL with PAA and PMA at a constant
concentration of a polyacid (PA) on the φ = [SAL]/ [PA],
mass/mass ratio, where [SAL] is the mass concentration
of SAL and [PA] = const = 0.01 g/dL is shown on the
Figure 1.

Preparation of Hydrogel
Hydrogels based on crosslinked PAA and AA were
obtained by redoxpolymerization of acrylic acid (AAc)
and metacrylic acid (Mac) in aqueous solutions of SAL
using N,N - methylenebisacrylamide (MBAA) as a
crosslinking agent and (NH4)2S2O8 + Na2S2O5 as a
redoxinitiator. Reaction mixtures of the following
compositions were applied: 20 ml Н2О + 1g SAL + 1 ml
AAc + 0.1 gMBAA + 0.005 g (NH4)2S2O8 + 0.005 g Na2S2O5
and 20 ml Н2О + 1 g SAL + 1 mL MAc +0.1 gMBAA + 0.005
g (NH4)2S2O8 + 0.005 g Na2S2O5.

Specific Viscosity Measurements
The viscosimetric measurements were performed
using an Ubbelohde capillary viscometer with thermo
stating accuracy of ± 0.1°C. SAL–polyacid complexes were
obtained by mixing equal volumes of 0.1% aqueous
solutions of the SAL and PA at 25°С on φ = [SAL] / [PA],
mass / mass ratio, where [SAL] is the mass concentration
of SAL and [PA] = const = 0.01 g/dL.

Infrared Spectroscopy (IR)
Hydrogels prepared by the method described above
were dried and IR spectra were measured with
spectrometer Nickolet 400.

Swelling Index Determination
Hydrogels prepared by the method described above
were dried and milled. The obtained powder is tableted
on a tablet press. Tablets have a diameter of 8 mm and
mechanical strength average 30N. To estimate swelling
indices Q, tablets were placed into aqueous solutions with
required pH value. The Q value was calculated by the
formula Q = (m – m0)/ m0, where m and m0 are the masses
of a sample swollen to the equilibrium state and an initial
dry complex, respectively.

Figure 1: Dependence of specific viscosity ηsp on φ for
mixed aqueous solution of free SAL ■ and aqueous
solution of PAA with AA ● and PMA with SAL▲ at CPA=
0.01 g/L and 25С.
Data show that SAL forms complexes with PAA and
PMA in aqueous solution. At low concentrations, the
system forms true solution without gelation. The
incorporation of SAL macromolecules into a solution of a
free PA leads to a decrease in solution η sp. This effect
results from the formation of PA-SAL complex particles,
which have a more compact conformation than initial PAA
or PMA macromolecules have. The compaction of the
complex particles is caused by the formation of hydrogen
bonds between COOH groups of a PA and COOH groups of
SAL. The value of φ that corresponds to the minimum of
the ηsp(φ) dependence is in consistence with the
composition of a PA/SAL complex. At this value of ϕ, the
number of hydrogen bonds between COOH groups of a
polyacid and COOH groups of SAL in the complex is far
from maximum, because of steric hindrances. The
following gradual increase in the viscosity of the system is
due to the accumulation of free SAL this is confirmed by
the concentration dependence of ηsp for solutions of free
SAL.
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complex caused by the fact that the presence of CН3
groups in PMA monomer units enhances the hydrophobic
interactions upon the complexation with SAL. The
PAA/SAL complex swells to a greater extent at
comparable value of pH. Hydrogel of the complex
between crosslinked PAA and linear SAL remains
sensitive to pH, but at the same time, retains its structural
integrity. At pH ≈ 8 complex loses its mechanical strength
form a dispersion of insoluble particles. The swelling of
the hydrogel based on the complex of crosslinked PAA
and SAL is of a reversible character. Upon a reduction in
pH from 10 to 4 during the back titration of the hydrogel,
the dependence of its swelling index Q on pH coincides
with curve for the direct titration of the hydrogel. It can
be concluded that the hydrogel based on crosslinked PAA
and SAL is a pH sensitive structural stable system.

Figure 2: Dependences of swelling index Q on medium
pHfor different hydrogel samples: free SAL (1), PAA/SAL
complex (2), PMA/SALcomplex (3), cross-linked PAA +
SAL (4) and cross- linked PAA + SAL (5).
The formation of hydrogen bond between SAL, PAA
and PMA can be proven also by the IR spectra of the
polymers alone and the spectrum of IPC (PAA-SAL and
PMA-SAL) [17]. The absorption band at 1711 cm–1, which
corresponds to the stretching vibrations νC=O in free
PAA, shifts to 1736 cm–1 upon its complexation with SAL.
The νC=O band of free PMA visible at 1703 cm–1 shifts to
1717 cm–1 for the complex with SAL. The formation of a
chemical (covalent or hydrogen) bond between the
functional groups of interacting polymers increases the
energy required for the excitation of stretching vibrations
in a complexed functional group. Therefore, the stretching
vibrations νC=O in PAA, PMA and SAL shift to the region
of higher frequencies in our case.
Dependences of swelling indices Q of hydrogels based
on (1) free SAL and (2) PMA/SAL and (3) PAA/SAL
complexes on the pH of an aqueous mediumis shown on
Figure 2. The values of Q depend on pH, because SAL, PAA
and PMA macromolecules contain weakly acidic groups.
Тhe degree of ionization of hydrogels containing pendent
carboxyl groups increases at high pH, leading to increased
electrostatic repulsions between negatively-charged
carboxyl groups, thus resulting in a great swelling degree
in response to basic conditions. Absolute value of Q for
the hydrogel of the PMA/SAL complex is lower than that
for the hydrogel of free SAL. This is due to hydrophobic
interactions performed during the complexation between
PMA
and
SAL.
The
PAA/SAL
complex
is
thermodynamically less stable than the PMA/SAL

Conclusion
Using IR spectroscopy and viscometry, it has been
shown that PAA and PMA form complexes with SAL in
aqueous solutions. The complexation is realized via
hydrogen bonding between nondissociated COOH groups
of the polyacids and COOH groups of the polysaccharides.
In the case of SAL-PMA complexation, hydrophobic
interactions play an essential role in the stabilization of
the complex. The PAA and PMA complexes with SAL
represent hydrogels. The hydrogels based on complexes
of crosslinked PAA and PMA with SAL represent systems
sensitive to pH and can be used as polymeric carriers for
pharmaceutically active compounds.
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