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Abstract

In the present work, conducting poly(acrylate-co-acrylamide)/polyaniline (PAANa-co-AM/PANI) hydrogel
was synthesized and its structural and electrical properties were studied in detail. The composite material was
prepared by two step interpenetrating network solution polymerization of aniline inside the
poly(acrylate-co-acrylamide) hydrogel matrix. The polymerization reactions were carried out in aqueous
medium and in the presence of ammonium persulphate (APS) as initiator and N, N”-methylene bisacrylamide
(NMBA) as crosslinker. Effects of crosslinker, initiator, aniline monomer, acrylamide amount and particle
size of superabsorbent polymer on the synthesis and conductivity of (PAANa-co-AM/PANI) hydrogel were
studied in detail. The structure and morphological analysis was done using Fourier Transform Infrared
spectroscopy (FTIR) and scanning electron microscopy (SEM) techniges. The conductivity of
P(AANa-co-AM)/PANI was found as high as 0.81 mS cm™ with optimized synthesis conditions.
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1. Introduction

Hydrogels are three dimensionally crosslinked water-swollen network systems formed by the
polymerization of a hydrophilic monomer with the cross-linking agent [1]. Such polymer hydrogels
show swelling and de-swelling behaviour under an external stimulus like pH, temperature and
electric field, etc. [2-5]. Such characteristics of polymer hydrogels make them viable for
applications in the field of functional materials such as biomedical materials, and as drug carriers
[6-7]. Recently, superabsorbent hydrogels that have the ability to swell thousand times its dry
weight have received much attention. These superabsorbent hydrogels retain their absorbed water
even under pressure.

There had been only a few studies on conducting hydrogels based on superabsorbent polymers
(SAP). Recently, researchers are focusing on superabsorbent polymers to extend their applications
in the fields of supercapacitors, conducting materials and sensors, etc. [8]. Conducting polymer
based hydrogels have been considerably focused upon and revealed to have special performances in
numerous aspects [9-13]. Conducting hydrogels based on conducting polymers and superabsorbent
polymers are generally synthesized via the swelling of polymer hydrogels in an acidic solution of
monomers like aniline, followed by in situ polymerization in an agqueous solution of initiator and
dopant [14].

There have been few reports on synthesis of conducting hydrogels based on superabsorbent
polymers having conducting polymers or inorganic conducting materials as conducting fillers via
two step interpenetrated method or free radical aqueous solution polymerization method. They
proposed the interpenetrating networks of the synthesized hydrogel and further investigated the
effect of synthesis parameters such as concentration of crosslinker, initiator, monomer,
neutralization degree, reaction temperature and conducting material (aniline, pyrrole, graphite,
copper etc.) on the conductivity of synthesized hydrogel [15-17]. Such multifunctional hydrogels
can find applications as conducting materials, sensors, drug release materials and biomaterials [18].

In the present work, we have synthesized polyaniline embedded poly(acrylate-co-acrylamide)
[P(AANa-co-AM)/PANI] conducting hydrogel via two step interpenetrating network
polymerization method. The structural characterization was done using various characterization
techniques. The effects of crosslinker, initiator, and aniline content on the electrical conductivity of
the conducting hydrogel composites have been studied in detail. The swelling behaviour of
hydrogel samples in different pH media and thermal stability of these hydrogels were also
investigated.

2. Experimental

2.1 Materials

Acrylic acid (AA) and ammonium persulphate (APS) were procured from Merck, India. Aniline and
crosslinker, i.e., N, N’-methylene bisacrylamide (NMBA) were purchased from SRL Pvt. Ltd., India
while hydrochloric acid (HCI) was purchased from Fisher Scientific, India. All the solutions used in
the experiments were prepared with double distilled water.
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2.2 Synthesis of P(AANa-co-AM) superabsorbent polymer

Neutralization of acrylic acid (AA) was carried out by neutralizing the preset amount of an ice
cooled AA with necessary concentration of NaOH in distilled water (12ml) under the stirring at
room temperature. An optimum ratio of acrylamide and crosslinker NMBA (0.02-0.012 wt %) was
added simultaneously to the neutralized AA solution. The above solution mixture was stirred for 10
min under nitrogen atmosphere and then the APS (0.059) initiator was added to the above mixed
solution under continuous stirring. The resulting hydrogel product was washed with distilled water
several times and then cut into small pieces and dried under vacuum. Dried samples were crushed
and passed through a sieve; a powdered P(AANa-co-AM) superabsorbent polymer was obtained.

2.3 Synthesis of P(AANa-co-AM)/PANI hydrogel

The prerequisite amount of P(AANa-co-AM) powder was dipped in different weight ratio of
aqueous aniline (0.5-2 wt%) solution until uniform dispersion of aniline takes place inside the
matrix. Then, the aniline absorbed matrix was placed in APS/HCI solution at room temperature.
After completion of reaction, the hydrogels were filtered and washed with enough distilled water.
Thus, green P(AANa-co-AM)/PANI interpenetrating network hydrogel was prepared.

2.4 Measurement and characterization techniques

Structural analysis of PAANa-PANI and P(AANa-co-AM)/PANI gels were carried out on FTIR
spectrophotometer (Thermo Nicolet, Model 380) using KBr pressed pellets in the wave number
region of 4000 - 400 cm™. Morphological study of samples was carried out using the scanning
electron microscope (Hitachi, S-3700N). Hydrogel samples were gold coated before the SEM
analysis. The crystalline structure of the prepared hydrogels was recorded using X-ray
diffractometer (D8 ADVANCE of Germany BRUKER Co.) using Cu Ka radiation. The diffracted
angle ranged between 5 to 509 Thermogravimetric analysis (TGA) of the dried hydrogel sample
was carried out using thermal analyzer (TA instruments, Model Q50) in an inert medium up to 600
< at a heating rate of 10 €/min. The electrical conductivity of P(AANa-co-AM)/PANI hydrogel
sample was measured at room temperature by inserting a pocket conductivity meter (HANNA 8733)
in a cylinder having swelled hydrogel sample. Swelling weight ratio (SR) of the hydrogel samples
was calculated at different pH using the following equation:

Swelling weight ratio = (Ws—Wp)/ W5 (1)
Where, Wg and Wy, is the fully swelled and dry weight of hydrogel sample, respectively.

3. Results and Discussion

3.1 Structural analysis

Comparative FTIR spectra of PAANa/PANI and P(AANa-co-AM)/PANI are shown in Figure 1.
PAANa/PANI exhibits broad and strong characteristic bands around 3434 cm™ which arises due to
N-H stretching of secondary amine, while an adjacent band at 3216 cm™ is observed due to N-H
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stretching of primary amide groups. Other appearances of characteristic bands around 2933, 1704
and 1112 cm™ can be attributed to the -CH, stretching, C=0 bending and C-H bending of PAANa
unit, respectively. The peaks at around 1621 and 1411 cm™ are due to quinoid and benzenoid ring
stretching of PANI, respectively [19]. These characteristic bands confirm the introduction of
emeraldine PANI. Furthermore, P(AANa-co-AM)/PANI also represented absorption in the similar
region but with comparatively smaller peaks, which could be due to lesser interaction between
PANI and P(AANa-co-AM) composite.

Transmittance (a.u.)
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Wavenumber (cm”)

Figure 1 FTIR spectra of (a) PAANa/PANI and (b) P(AANa-co-AM)/PANI hydrogel

3.2 UV-Vis analysis

The UV-Visible study of PANI impregnated P(AANa-co-AM) hydrogel was carried out in the range
of 200-800 nm. Figure 2. shows the absorption spectra of P(AANa-co-AM)/PANI with
absorption peaks at around 275 and 322 nm. The absorption peak at 275 nm is attributed to the n-n*
transition of benzenoid segment while, the absorption peaks (in Figure 2.) at 322 and 536 nm
(broad peak) are attributed to the polaron and bipolaron transition in doped PANI. This indicates
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the incorporation and formation of PANI within the P(AANa-co-AM) networks [20-21].
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Figure 2 UV-Vis spectra of PANI impregnated P(AANa-co-AM) hydrogel

Intensity (a.u.)

(A ;‘}-‘l.‘y," bl
ki Wik U ity

na,“*"-,,."v‘-.’;f \f “

10 : 20 30 40 50
2 0 (degree)

Figure 3 XRD pattern of dried (a) P(AANa-co-AM) and (b) PANI impregnated P(AANa-co-AM) hydrogel
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Figure 4 SEM micrographs (a) native P(AANa-co-AM) and (b) P(AANa-co-AM)/PANI hydrogel
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3.3 XRD analysis

XRD patterns of P(AANa-co-AM) and PANI embedded P(AANa-co-AM) hydrogel matrix are
shown in Figure 3. PANI embedded P(AANa-co-AM) gel shows a broad peak around 25° which is
the characteristic peak of amorphous PANI (Fig. 3b) [22]. And, such a peak was not observed in the
native gel (Figure 3a). This, indicates the successful interaction of PANI chains within
P(AANa-co-AM) polymer matrix in P(AANa-co-AM)/PANI composite hydrogel [23].

3.4 SEM analysis

Morphological SEM micrographs of P(AANa-co-AM) and PANI embedded P(AANa-co-AM)
hydrogel matrix are shown in Figure 4. It can be seen from figure that P(AANa-co-AM) shows a
dense and compact structure, while composite hydrogel P(AANa-co-AM)/PANI shows a porous and
crosslinked network structure, suggesting the connection and formation of PANI chain within the
P(AANa-co-AM) polymer matrix.
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Figure 5 Effect of crosslinker on electrical conductivity of P(AANa-co-AM)/PANI hydrogel
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3.5 Optimization of synthesis parameter

In order to develop a crosslinked hydrogel with good conductivity, an appropriate ratio of precursor
SAP materials such as crosslinker, aniline monomer, initiator, and particle size is very important.
Influence of crosslinker, initiator composition on the electrical conductivity of
P(AANa-co-AM)/PANI

It has been observed from Figure 5 that absorption of oxidant/dopant and monomer solutions in the
matrix hydrogel mainly depends on three dimensional crosslinked network structure of matrix. In
this work, the influence of crosslinker NMBA has been investigated with its varying concentration
such as 0.02 to 0.12wt %. It has been observed that when increasing the concentration of NMBA,
conductivity value increases. This could be due to the increase in hydrophilicity of network
structure, allowing more impregnation of aniline hydrochloride molecule inside the hydrogel matrix
[24]. However, beyond an optimum concentration of crosslinker, conductivity tends to increase at a
slow rate due to the compactness in the copolymer network structure and decreased pore size of
network [25]. This restricts the diffusion and chain movement of aniline hydrochloride for the
formation of conducting hydrogel, resulting in a smaller increase in the conductivity of the
hydrogel sample. So, suitable concentration of crosslinker is required to generate conducting
network structure for the smooth diffusion and formation of conducting PANI inside the hydrogel.
Again, since hydrogel is insulating in nature so, conductivity of conducting hydrogel depends on
the existent of PANI chains inside the hydrogel matrix. The polymerization of aniline inside the
hydrogel depends on the APS/aniline ratio. As shown in Table 1, concentration of APS with respect
to aniline is an important aspect for the polymerization of aniline inside the hydrogel. Optimum
concentration of APS was found to be as 0.52x102 mol L™*; lower concentration of APS does not
form the proper conducting channel, and also initiates the formation of aniline over the hydrogel’s
superficial surface which restricts diffusion of proper amount of aniline to the hydrogel resulting in
the decrease of conductivity [26]. After attaining an optimum ratio with respect to APS, the
conductivity value starts to decrease again. This is because; APS not only acts as initiator but also
as an oxidant and a higher concentration of APS may result in an over oxidation of aniline which
decreases the conductivity of synthesized hydrogel prepared thereby.

Table 1 Effect of APS concentration on conductivity of the P(AANa-co-AM)/PANI hydrogel

APS concentration Conductivity (mS/cm)
(mol L)
0.21x10 0.343
0.52x107 0.591
0.11x10™ 0.482
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Aniline concentration is another important factor which affects the conductivity of the hydrogel
sample. The effect of aniline content on the conductivity (Table 2) of the matrix has been examined
by varying the concentration range from 0.5 to 2wt % and studying its effect on conductivity value.
The results summarized in Table 2 suggest that conductivity continues to increase with increasing
the concentration of aniline. It is found that with increasing the aniline concentration, more aniline
diffuses inside the matrix and form PANI salts which results in enhancement in the electrical
conductivity of the hydrogel [27].

Table 2 Variation of conductivity at different concentration of aniline with optimum amount of
crosslinker and initiator

Aniline Content Conductivity (mS/cm) Filtrate conductivity (mS/cm)

(wt %)
0.5 0.50 0.13
1.0 0.71 0.17
1.25 0.73 0.21
15 0.77 0.23
2.0 0.81 0.28

Compared to their corresponding filtrate, it was found that hydrogel samples have more
conductivity than filtrate of hydrogel sample (Table 2). This may be because of the fact that
conductivity is generated inside the hydrogel matrix due to the polymerization of aniline to PANI
chains inside the hydrogel samples.

Effect of acrylamide content

The copolymer acrylamide concentration also influences the preparation condition of conducting
hydrogel sample. Excessive acrylamide content could result in high degree of polymerization to
occur with additional crosslinks within the polymer networks. Formation of this additional
crosslinks restricting an appropriate diffusion of aniline solution to form conducting channels,
which results in decrease in the electrical conductivity of the hydrogel sample. In the present study,
with optimum ratio of other ingredients the maximum conductivity was observed at 0.5 mol L™ of
acrylamide.

Comparison of PAANa-PANI and P(AANa-co-AM)/PANI composite hydrogel conductivity

A comparison of electrical conductivity between P(AANa-co-AM)/PANI and PAANa-PANI
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hydrogel was studied at optimal synthesis conditions. P(AANa)/PANI hydrogel was found to have
greater value 3.54 mS/cm while PAANa-co-AM/PANI showed 0.81 mS/cm. The electrical
conductivity of the P(AANa)/PANI hydrogel may be more due to the formation of more crosslinks
of polyacrylamide in P(AANa-co-AM)/PANI hydrogel which restrict the diffusion of aniline
hydrochloride solution and movement of PANI chains inside the hydrogel matrix, resulting in
lowering the value of conductivity of P(AANa-co-AM)/PANI hydrogel.

Effect of particle size

Particle size of SAP is also another factor affecting the impregnation of aniline monomer within
PAANa polymer matrix. It has been found that the particle size has little effect on the conductivity
value, the composite hydrogel P(AANa-co-AM)/PANI prepared in 40 mesh particle size shows
conductivity value in the range of 0.76 mS/cm while prepared in 60 mesh particle size shows
maximum conductivity value in the range of 0.81 mS/cm at optimum synthesis conditions. So, it
can be concluded that when the hydrogels are in a state of absorbing equilibrium, minimal effect of
particle size can be seen on the conductivity value of hydrogel samples.

1004
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Swelling weight ratio
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Figure 6 Swelling behaviour of PANI embedded P(AANa-co-AM) hydrogel at different pH

3.6 pH dependent swelling behaviour

The swelling equilibrium behaviour of P(AANa-co-AM)/PANI hydrogel was studied in different
pH media. As shown in Figure 6, maximum swelling behaviour was observed in basic medium
whereas, swelling was found to be minimum in acidic medium. In acidic medium, the hydrogel
does not swell due to protonation of carboxylate groups, which disrupts hydrogel’s network
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structure leading to the least absorption of hydrogel sample in this medium. While, in neutral
medium functional groups or carboxylate/amine groups remain unionized, resulting in the
formation of hydrogen bonding which decreases the swelling of hydrogel sample.

In basic medium, swelling of hydrogel increased due to the electrostatic repulsion among the
corresponding carboxylate ions and amines. The two ionic species such as COO™ and =NH" are
responsible for the stronger repulsion which causes the higher swelling in basic medium [28-30].

3.7 Thermal analysis

Figure 7 shows the TGA analysis of P(AANa-co-AM) and P(AANa-co-AM)/PANI hydrogels.
TGA analysis shows the three distinct weight loss transitions as a function of temperature. As seen
in this Figure, both P(AANa-co-AM) and P(AANa-co-AM)/PANI show the small weight loss
around 100-120 °C due to the loss of moisture or water molecules [31]. P(AANa-co-AM) shows the
second stage weight loss at around 220 °C which could be due to the elimination of low molecular
weight compounds. The third transition is seen at about 350 °C due to the decomposition of
polymer matrix.

100+ (a) PAANa-co-PAM

(b) PAANa-co-PAM/PANI
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Figure 7 TGA thermograms (a) P(AANa-co-AM) and (b) P(AANa-co-AM)/PANI hydrogel
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P(AANa-co-AM)/PANI composite hydrogel shows the second breakdown curve at about 240 °C
associated with the loss of dopant molecule and elimination of low molecular weight substances
[32]. The third weight loss at around 390 °C is due to the decomposition of the polymer. This
indicates that the composite P(AANa-co-AM)/PANI hydrogel has better thermal stability as
compared to P(AANa-co-AM) and it can be inferred that incorporation of PANI to the
P(AANa-co-AM) has also improved the thermal stability along with an improvement in the
electrical conductivity of the hydrogel sample.

4. Conclusion

A conducting polyaniline impregnated P(AANa-co-AM) hydrogel was successfully obtained via
IPN aqueous solution polymerization by optimizing the synthesis conditions. The successful
incorporation of PANI in P(AANa-co-AM) matrix was confirmed by using FTIR, UV and XRD
analysis. Conductivity was found to be more in case of single PAANa/PANI based polymer than in
case of PAANa-co-AM/PANI that was attributed to the presence of more crosslink in copolymer,
blocking the efficient diffusion of aniline hydrochloride monomer to the matrix hydrogel.

Acknowledgements

The financial assistance from Delhi Technological University, Delhi to Reetu Prabhakar is
acknowledged gratefully.

References

1. Jung G, Yun J, Kim H. Temperature and pH-Responsive release behavior of PVA/
PAAC/PNIPAAM/MWCNTSs nanocomposite hydrogels. Carbon Lett. 2012, 13:173-177

2. Aoki T, Kawashima M, Katono H, Sanui K, Ogata N, Okano T, Sakurai Y. Temperature
responsive interpenetrating polymer networks constructed with poly(acrylic acid) and
poly(N,N-dimethyl acrylamide). Macromolecules 1994, 27:947-952

3. Sasase H, Aoki T, Katono H, Sanui K, Ogata N. Regulation of temperature-response swelling
behaviour of interpenetrating networks composed of hydrogen bonding polymer. Macromol Chem
Rapid Commun. 1992, 13:577-581

4. Khare AR, Peppas NA. Swelling/deswelling of anionic copolymer gels. Biomaterials 1995,
16:559-567

5. Tanaka T, Nishio I, Sung ST, Ueno-Nishio S. Collapse of gels in electric field. Science 1982,
218:467-469

6. Hoffman AS. Hydrogel for Biomedical applications. Adv Drug Deliver Rev. 2012, 64:18-23

7. Wang Q, Xu H, Yang X, Yang Y. Drug release behaviour from insitu gel gelatinized
Thermosensitive Nanogel Aqueous Dispersions. Int J Pharmaceut. 2008, 361:189-193

8. Sun MX, Tang WQ, Wu HJ, Xu QK, Zhong X, Lin MJ, Huang ML. Two-step synthesis of
superabsorbent conducting hydrogel based on poly(acrylamide-pyrrole) with interpenetrating

Ivy Union Publishing | http: //www.ivyunion.org ISSN 2572-5734 January 15, 2015 | Volume 2 | Issue 1



Kumar D. American Journal of Polymer Science & Engineering 2014, 3:1-14 Page 13 of 1

network structure. Mater Res Innovations 2011, 15:70-74

9. Hussain ST, Abbas F, Kausar A. and Riaz MK. Newpolyaniline/polypyrrole/polythiophene and
functionalized multiwalled carbon nanotube-based nanocomposites: Layer-by-layer in situ
polymerization. High Perform Polym. 2012, 25:70-78

10. Golikand AN, Didehban K, Rahimi R. Investigation of the properties of conductive hydrogel
composite containing Zn particles. J Appl Polym Sci. 2012, 126:436-441

11. Zhang L, Wan M, Wei Y. Nanoscale polyaniline fibres prepared by ferric chloride as an oxidant.
Macromol Rapid Commun. 2006, 27:366-371

12. Sairam M, Nataraj SK, Aminabhavi TM, Roy S, Madhusoodana CD. Polyaniline membranes for
separation and purification of gases, liquids, and electrolyte solution. Sep Purif Rev. 2006,
35:249-283

13. Lin JM, Tang QW, Wu JH, Hao SC. The synthesis and electrical conductivity of a
polyacrylate/graphite hydrogel. React Funct Polym. 2007, 67:275-281

14. Molina MA, Rivarola CR, Barbero CA. Effect of copolymerization and semi interpenetration
with conducting polyaniline on the physiochemical properties of Poly(N-isopropyl acrylamide)
based Thermosensitive Hydrogels. Eur Polym J. 2011, 47:1977-1984

15. Tang Q, Wu J, Sun H, Fan S, Hu D, Lin J. Superabsorbent conducting hydrogel from
poly(acrylamide-aniline) with thermo-sensitivity and release properties. Carbohydr Polym. 2008,
73:473-481

16. Lin J, Tang Q, Wu J, Sun H, Fan S, Hu D. Two steps synthesis and conductivity of
polyacrylamide/Cu conducting hydrogel. Polym Compos. 2009, 30:1132-1137

17. Tang Q, Sun X, Wu J, Li Q, Lin J. Design and electrical conductivity of poly(acrylic
acid-g-gelatin)/graphite conducting gel. Polym Eng Sci. 2009, 49:1871-1878

18. Adnadjevic BK, Colic JS, Jovanovic JD. The effects of reaction conditions on the electrical
conductivity of PAAG hydrogels. React Funct Polym. 2013, 73:1-10

19. Tang Q, Lin J, Wu J, Zhang C, Hao S. Two-steps synthesis of a poly(acrylate—aniline)
conducting hydrogel with an interpenetrated networks structure. Carbohydr Polym. 2007,
67:332-336

20. Huang JX, Virji S, Weiller BH, Kaner RB. Polyaniline nanofibers: facile synthesis and chemical
sensors. J Am Chem Soc. 2003, 125:314-315

21. Hino T, Namiki T, Kuramoto N. Synthesis and characterization of novel several water soluble
polymers. Synth Met. 2006, 156:1327-1332

22. Tiwari A, Singh V. Synthesis and characterization of electrical conducting
chitosan-graft-polyaniline. eXPRESS Polym Lett. 2007, 1:308-317

23. Malik H, Gupta N, Sarkar A. Anisotropic electrical conduction in gum Arabia-A biopolymer.
Mater Sci and Eng: C 2002, 20:215-218

24. Tang Q, Lin J, Wu J. The preparation and electrical conductivity of polyacrylamide/graphite
conducting hydrogel. J Appl Polym Sci. 2008, 108:1490-1495

25. Wu J, Lin J, Zhou M, Wei C. Synthesis and properties of starch-g-polyacrylamide/clay
superabsorbent polymers. Macromol Rapid Commun. 2000, 21:1032-1034

26. Tang Q, Wu J, Sun H, Lin J, Fan S, Hu De. Polyaniline/polyacrylamide conducting composite
hydrogel with a porous structure. Carbohydr Polym. 2008, 74:215-219

Ivy Union Publishing | http: //www.ivyunion.org ISSN 2572-5734 January 15, 2015 | Volume 2 | Issue 1



Kumar D. American Journal of Polymer Science & Engineering 2014, 3:1-14 Page 14 of 1

27. Bajpai AK, Bajpai J, Soni SN. Preparation and characterization of electrically conductive
composites of poly(vinyl alcohol)-g-poly(acrylic acid) hydrogels impregnated with polyaniline.
eXPRESS Polym. Lett.2008, 2:26-39

28. Patil RC, Patil SF, Mulla IS, Vijayamohanan K. Effect of protonation media on chemically and
electro-chemically synthesized polyaniline. Polymer International. Polym Intern. 2000, 49:189-196
29. Mahdavinia GR, Pourjavadi A, Hosseinzadeh H, Zohuriaan-Mehr MJ. Superabsorbent
hydrogels from polyacrylic acid-co-acrylamide) grafted chitosan with salt and pH-responsiveness
properties. Eur Polym J. 2004, 40:1399-1407

30. Zhao Y, Su H, Fang L, Tan T. Superabsorbent properties from poly(aspartic acid) with salt,
temperature, and pH- responsivenesss properties. Polymer 2005, 46:5368-5376

31. Han M, Chu Y, Han D, Liu Y. Fabrication and characterization of oligopyrrole doped with
dodecyl benzene sulfonic acid in reverse microemulsion. J Colloid Interface Sci. 2006,
296:110-117

32 Sharma K, Kaith BS, Kumar V, Kalia S, Kumar V, Som S. Swart HC. Gum ghatti based novel
electrically conductive biomaterials: A study of conductivity and surface morphology. eXPRESS
Polym Lett. 2014, 8:267-281

Ivy Union Publishing | http: //www.ivyunion.org ISSN 2572-5734 January 15, 2015 | Volume 2 | Issue 1



