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Abstract: Influence of electric field on swelling behavior of polyacrylic acid anionic network in aqueous
solutions of 2- hydroxyethylacrylate and methylacrylate copolymers was studied. It was established that in
weakly acid medium the polymeric network undergo contraction as a result of complex formation with neutral
copolymer. Besides, the rate and amplitude of contraction increase under influence of electric field. In the
weakly alkaline solution of copolymers the hydrogel additionally swells in presence of electric field. 
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INTRODUCTION molar weight of nonionic polymer and voltage of the

The collapse-decollapse phenomenon of increases.
polyelectrolyte  hydrogels  induced  by  influence of Here we investigated interaction of neutral and
electric field has been studied for last 15 years due to polyelectrolyte  polymers by formation of hydrogen
perspectives  of  practical  application  of  such  electric bonds between its functional groups in presence and
field sensitive polymers in medicine, biotechnology, absence of electric field. The increase of complex
electronics etc. [1, 2]. Besides, electric impulse can be an formation effectiveness was observed in case of electric
effective parameter of environment that able to influence current application.
sufficiently on various types of inter-macromolecular
processes including participation of linear and cross- MATERIALS AND METHODS
linked macromolecules. In previous studies [3-4] we
observed effect of electric field on swelling behavior of Synthesis of Linear Copolymer: Linear copolymers on
cross-linked copolymers of polyethylene oxide bis- base   of   hydroxyethylacrylate   and  methylacrylate
macromonomers with methacrylic acid and on interaction (HEA-MA) and polyhydroxyethylacrylate (PHEA) were
of polymethacrylic acid (PMAA) hydrogel with linear synthesized by  reaction  of  radical  polymerization in
polyethylene glycol (PEG) in solutions with different pH water-ethanol solution (50:50 vol.%) at temperature of
and ionic strength. It was established that in weak-acid 60°C in presence of 2,2'-Azobis(2-methylpropionitrile as
medium as a result of simultaneous influence of electric initiator. Synthesized copolymers were precipitated twice
field and process of complex formation the amplitude and in ethyl ether and vacuum dried up to constant weight.
speed of hydrogels contraction are characterized with N,N-methylenebisacrylamide was used as crosslinking
higher values in comparison with analogous process agent for synthesis of polyacrylic acid hydrogel by radical
caused by inter-macromolecular complex formation or polymerization in water. Synthesized gel was washed out
action of the electric field separately [5-10]. By increase of from monomers in distilled water for 20 days. 

electric field an efficiency of interpolymer interaction
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Tests: Dry polymer and polycomplexes samples were copolymer at pH 4 are presented. It is evident that in the
used for complex formation study by FTIR given conditions the gel contraction is a result of
spectrophotometer (Satellite, Mattson, USA). interpolymer complexes formation by hydrogen bonds

Hydrogel samples in the form of tablets with a between non-ionic carboxyl groups of PAA and
diameter of 7-8 mm and height of 2-3 mm were kept in hydroxyls of HEA-MA copolymer. The kinetics and
appropriate buffer solutions for 7-10 days up to amplitude of PAA hydrogel contraction in copolymers
equilibrium swelling point and then were used for solutions are higher (curves 4, 5) in electric field in
experiments. comparison with contraction caused by either single

The behavior of gels in electric field was studied in complex formation (curves 1, 2, 3) or action of electric field
electrochemical cell (4,0×7,0×2,5 cm) made of organic (curve 6). Probably such behavior of PAA network is
glass. Two platinum electrodes were mounted in the cell related to synergetic effect of simultaneous influence of
with 4 cm separation. The position of the gel sample was two factors, which are the process of complex formation
fixed in the central part of the cell by a glass needle. The and influence of electric field. 
experiments in electric field were conducted at the The structure and properties of IPC formed by PAA
constant current I = 10 mA. The facility P-5827 (Russia) and HEA-MA copolymer in solid state was studied by
was used as a source of DC current. The change of the FTIR spectroscopy. For this purpose the interpolymer
volume ratio of the samples, V/V , was monitored using complex was obtained as a precipitate, which then was0

cathetometer B-630 (Russia), where V and V  are the thoroughly washed by distilled water and dried under0

volumes of the gel at the moment of measurements and vacuum. Fig. 2 shows FTIR spectra of PAA, PHEA and
immediately after the synthesis, respectively. their complex. It is clearly seen that the spectrum of

RESULTS AND DISCUSSION typical for both initial components. The shift of the band

confirms the hydrogen bonds complex formation between
on  swelling  behavior  of  PAA  anionic  network in carbonyl of polyacid and ether oxygen of HEA-MA
solutions of 2- hydroxyethylacrylate and methylacrylate copolymer. In inter-polymer complex spectrum shift of the
linear copolymers was studied. peak at 1711 sm belonged to the group C=O into the

On Fig. 1 the data of swelling behavior of PAA sphere of longer waves that is provided with formation of
polymer  network  in  solution   of   PHEA   and  HEA-MA hydrogen connections. 1076 sm .

complex is characterized by the presence of the bands

at 1711 cm to the shorter wavelength field 1715 cm-1 -1

In the  present  study  the influence of electric field

-1

1

1,2,3 – without electric field; 4,5,6 – in presence of electric field
[HEA]:[MA], mole % = 90:10 (2,4), 80:20 (3,5), PHEA (1); pH=4

Fig. 1: Swelling behavior of PAA hydrogel in PHEA aqueous solution (1), in HEA-MA copolymer solution (2-5), in
buffer solution (6).
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Fig. 2: FTIR-spectrum of PAA (1), HEA-MA (2), PAA and HEA-MA interpolymer complex (3).

[HEA]:[MA], mole % = 90:10 (2), 80:20 (3), PHEA (1); pH=8
Fig. 3: Swelling behavior of PAA hydrogel in the solution of HEA-MA copolymers in absence (a) and presence (b) of

electric field.

Swelling behavior of PAA network in aqueous content in composition of copolymer the effect of
solutions of PHEA and HEA-MA copolymers at pH 8,0 additional swelling increases. 
are presented in Figure 3a. It was observed that hydrogel As it follows from data of figure 3b in the electric field
samples are swell in that conditions which probably the process of additional swelling of PAA network in
related to change of solvent quality and formation of solutions of nonionic polymers is characterized with
hydrophilic associates between the network and linear higher values of amplitude and speed of swelling in
non-ionic polymer. Also the additional swelling of PAA comparison with similar process in absence of electric
hydrogel in copolymers solutions was observed. Probably field (Fig. 3a). Probably observed effect is related to
it is due to the higher efficiency of network interaction increase of counter-ions mobility in surrounding solution
with linear copolymers in comparison with PHEA as a and in the network itself that in general leads to higher
result of copolymer’s hydrophobic component (MA) contribution of ionic component into total swelling
contribution. Meantime by increase of hydrophobic MA pressure.
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Thus influence of electric field on swelling behavior 2. Park, K. and H. Park, 1996. Smart hydrogels in The
of PAA hydrogel in solutions of linear HEA-MA Polymeric Materials Encyclopedia: Synthesis,
copolymers and PHEA has been investigated. It was Properties and Applications, Joseph C. Salamone, ed.
established that in weakly acid medium the polymeric CRC Press, Boca Raton, Florida, pp: 200-206.
network undergo to contraction as a result of interpolymer 3. Mun,  G.A.,  Z.S.  Nurkeeva,  V.V.  Khutoryanskiy,
complexation. The kinetics of this process and amplitude G.S. Azhgozhinova, E.M. Shaikhutdinov, K. Park,
of gel contraction increases by influence of electric field. 2002. Macromol. Rapid Comm., 23(16): 965-967.
The hydrogel additionally swells in alkaline solution of 4. Mun, G.A., G. Azhgozhinova, E.M. Shaikhutdinov,
copolymers, besides the rate of this process is possible to K.S. Kazanskii, M. Lagutina, 2008. Eurasian
increase by applying an electric field. ChemTech Journal, 10: 1-31.

CONCLUSIONS M.A. Farahani, 2012. Middle-East Journal of

Linear    copolymers    on    base of 6. Talaat,  H.A.,   M.H.   Sorour,    A.G.    Aboulnour,
hydroxyethylacrylate and methylacrylate (HEA-MA) and H.F.  Shaalan,   E.M.   Ahmed,   A.M.   Awad   and
polyhydroxyethylacrylate (PHEA) have been synthesized M.A. Ahmed, 2008. American-Eurasian J. Agric. &
by free radical polymerization in water-ethanol solution Environ. Sci., 3(5): 764-770.
(50:50 vol.%). Linear and copolymer hydrogel have been 7. Mohammad,   S.,    N.    Ghasemi,    M.    Kazemi   and
characterized by FT-IR, electric field and swelling test. F. Soleimani, 2012. Middle-East Journal of Scientific
Furthermore, influence of electric field on swelling Research, 11(3): 311-317.
behavior of PAA hydrogel in solutions of linear HEA-MA 8. Aboulfazl,  B.,  H.   Norouzi,   S.   Sharafoddinzadeh
copolymers and PHEA has been investigated. and R. Davarnejad, 2010. World Applied Sciences
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