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Fig.1 Comparison of the physical appearances of hydrogel in different 
PANI concentration (w/w) : (A) ACP-0, (B) ACP-0.125, (C) ACP-0.25, 

(D) ACP-0.5 and ACP-1. 

Fig.2 The FTIR spectra of ACP-1, ACP-0.125, ACP-0.25, ACP-0.5,
ACP-1, PANI and CMC.

This study aimed to develop and study the properties of a conductive composite hydrogel composed of sodium 2-acrylamido-2-methylpropanesulfonate (Na-AMPS), carboxymethyl cellulose (CMC), and polyaniline (PANI) for use as a wound
dressing material. The hydrogel was prepared via photo-initiated free radical polymerization. PANI was added at different concentrations (0, 0.125, 0.25, 0.5, and 1 %w/w relative to Na-AMPS) to enhance electrical conductivity and render the
material responsive to electrical stimulation. The synthesized hydrogels were transparent, sheet-like materials with PANI well dispersed throughout the structure. The formation of the polymer network was confirmed by Fourier Transform
Infrared Spectroscopy. Mechanical testing showed that adding PANI increased the storage modulus and complex viscosity, indicating that the hydrogel became stiffer as the PANI concentration increased. Regarding water transport properties, the
addition of PANI increased the water vapor transmission rate to a range of 65–73 g·h-1·m-2, which is suitable for wound dressing applications. The equilibrium swelling capacity slightly increased with the addition of PANI; however, it decreased at
higher PANI concentrations. In addition, electrical conductivity measurements showed that conductivity increased with increasing PANI concentration. In conclusion, the Na-AMPS/CMC/PANI composite hydrogel exhibits appropriate
mechanical strength, good moisture management, and enhanced electrical conductivity. Therefore, it has potential for use as a conductive wound dressing and may support the future development of electrically stimulated wound-healing systems.

Abstract

Hydrogels have attracted significant attention as wound dressing materials due to their ability to absorb wound
exudate, maintain a moist wound environment, and allow gas permeability. These properties help support tissue
regeneration and promote the wound healing process. Conductive hydrogels have gained increasing interest, as
incorporating electrically conductive components into the hydrogel network allows the material to respond to external
electrical stimulation and enables electrically controlled drug release. This capability may help enhance and accelerate
the wound healing process. Conductive polymers such as polyaniline (PANI) are commonly used to improve the
electrical conductivity of hydrogel systems.

Therefore, this study aims to prepare and characterize a conductive composite hydrogel composed sodium 2-
acrylamido-2-methylpropanesulfonate (Na-AMPS), carboxymethyl cellulose (CMC) incorporated with polyaniline
(PANI). The developed hydrogel is expected to function as an effective wound dressing material by maintaining an
appropriate wound environment, reducing irritation, and enabling electrically controlled release of active agents. This
approach may provide a promising strategy for the development of advanced wound dressing materials that can better
meet clinical needs.
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Fig.5 The Loss Modulus (G’’) of hydrogel in different concentrations of PANI.
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Fig.6 The stress-strain curves in different concentrations of PANI.

Fig.8 The Stress of hydrogel in different concentrations of PANI.
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Fig.3 The Storage Modulus (G’) of hydrogel in different concentrations of PANI. 
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Fig.4 Complex Viscosity of hydrogel in different concentrations of PANI. 

Fig.7 The Percent Strain of hydrogel in different concentrations of PANI.
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Fig.9 The Young’s modulus of hydrogel in different concentrations of PANI. Fig.10 The Resistance of hydrogel in different concentrations of PANI. 

Fig.11 The swelling ratio of hydrogel in different concentrations of PANI. 
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Fig.12 The water vapor transmission rate of hydrogels with different
concentrations of PANI over 8 hours.

Water Vapor Transmission Rate

Conclusions
The Na-AMPS/CMC/PANI composite hydrogel was successfully synthesized by photo-initiated free radical

polymerization using different concentrations of PANI. FTIR analysis confirmed the formation of the polymer
network and the successful incorporation of PANI within the hydrogel structure. The results showed that increasing
the PANI concentration enhanced the mechanical properties of the hydrogel, as indicated by higher storage modulus,
complex viscosity, suggesting that the hydrogel network became stiffer.

In terms of water transport properties, the hydrogel exhibited an appropriate water vapor transmission rate for
application as a wound dressing material. The swelling ratio slightly increased with the addition of PANI but tended
to decrease at higher PANI concentrations. In addition, the electrical conductivity of the hydrogel increased with
increasing PANI content. In conclusion, the Na-AMPS/CMC/PANI composite hydrogel demonstrates suitable
mechanical strength, moisture management ability, and electrical conductivity. Therefore, it has potential for use as a
conductive wound dressing material and may support the future development of electrically stimulated wound
healing systems.
 

Acknowledgement

References

I would like to express their sincere gratitude to Asst. Prof. Dr. Runglawan Somsunan for her guidance and
support and gratefully acknowledge the Department of Chemistry, Faculty of Science, Chiang Mai University, and
the Biomedical Polymer Technology Unit for providing research facilities and support. Special thanks are also
extended to all members of the unit and Miss Waewploy Sukmongkolwongs for their assistance.

[1] J. Daengmankhong, S. Ross, T. Pinthong, S. Mahasaranon, J. Viyoch, B. J. Tighe, M. J. Derry, P. D. Topham, and G.
Ross, “Water-soluble macromers based on 2-acrylamido-2-methyl-1-propanesulfonic acid sodium salt (Na-AMPS) for
rapid in situ hydrogel film formation
[2] A. Kapanya, R. Somsunan, R. Molloy, S. Jiranusornkul, L. Jongpaiboonkit, Y. Kong, and D. Baurecht, “Sodium 2-
acrylamido-2-methylpropanesulfonate/gelatin hydrogels for use as wound dressings: Preparation, characterization and
cytocompatibility
[3] A. G. MacDiarmid, “Synthetic metals: A novel role for organic polymers,” Nobel Lecture, Dec. 8, 2000.
[4] Y. Fang, Y. Han, L. Yang, R. K. Kankala, S. Wang, A. Chen, and C. Fu, “Conductive hydrogels: Intelligent dressings
for monitoring and healing chronic wounds.

Dynamic Shear Rheometer

Tensile Testing

3 h

1. Synthesis of PANI

2. Synthesis of Hydrogel

Add initiator, 
Crosslinker
and PANI 0, 
0.125, 0.25, 
0.5, 1 %w/w

Stirr for 24 h

at room temperature

Na-
AMPS 
+ CMC

St
ir

re
d 

1 
h

Polymerization

5 min

PANI content (w/w)Samples

0ACP-0

0.125ACP-0.125

0.25ACP-0.25

0.5ACP-0.5

1ACP-1

The FTIR spectra showed characteristic peaks of the functional groups in
the hydrogel structure. A broad peak at 3200–3500 cm⁻¹ corresponds to
–OH stretching, the peak at 2920 cm⁻¹ is attributed to C–H stretching, and
peaks at 1030–1150 cm⁻¹ correspond to S=O stretching from Na-AMPS. In
addition, characteristic peaks of PANI were observed at 1500–1600 cm⁻¹,
confirming the successful incorporation of PANI into the hydrogel network.

The storage modulus 
increased with increasing 

PANI concentration, 
indicating improved 
mechanical strength 

of the hydrogel.

The stress–strain curves 
showed that the hydrogels 

exhibited good 
mechanical properties, 

which improved with the 
addition of PANI.

The complex viscosity 
increased with higher 

PANI content, suggesting 
a denser polymer 
network structure.

The loss modulus 
increased with increasing 

PANI concentration, 
indicating enhanced 

viscoelastic behavior of 
the hydrogel.

The swelling ratio 
slightly increased with 

the addition of PANI but 
tended to decrease 

at higher PANI 
concentrations.

The percent strain varied among the samples. ACP-0.125 showed 
the highest strain value, indicating better deformation ability, 
while ACP-1 exhibited the lowest strain, suggesting a reduced 

flexibility at higher ACP concentration.

The stress values of the hydrogels slightly decreased as the PANI 
concentration increased. This result suggests that the addition of 
PANI affected the mechanical strength of the hydrogel network, 

possibly due to changes in the internal polymer structure.

Young’s modulus varied among the samples, indicating differences in 
stiffness. ACP-1 showed the highest modulus, suggesting the strongest 

and stiffest structure, while ACP-0.5 exhibited the lowest modulus, 
indicating lower stiffness compared to the other samples.

The WVTR values were within a suitable range for wound dressing 
applications, indicating good moisture management ability of the hydrogel.

Electrical resistance decreased with increasing PANI concentration, 
indicating improved electrical conductivity.

The synthesized hydrogels appeared as transparent sheet-like 
materials,andthecolorbecamedarkerasthePANIconcentrationincreased.


