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A transition from sol-to-gel state at temperature beyond 
50 °C was also noticed in all hydrogel samples. On the 
basis of results obtained, we observed that variables such as 
NIPAM/chitosan ratio, amount of cross-linker, and temper-
ature/pH not only affect the above mentioned properties but 
also affect the dual-sensitivity and stability of the micro-
gels. Most of the chitosan-PNIPAM particles remained sol-
uble and maintained good stability without significant sedi-
mentation in water through a wide range of pH (pH ≈ 2–8)
for about 3 months at room temperature.
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Introduction

Due to their tunable dimensions, large surface areas, sta-
ble interior network structure, and a very short response 
time, polymer macro/micro/nano and hydrogels are play-
ing an important part in a diverse range of applications. 
Polymer microgels have rapidly gained importance in the 
field of materials science owing to their potential applica-
tions in biomedical [1], pollution control [2] enhanced oil 
recovery [3], sensors [4], controlled release of encapsulated 
drugs in response to environmental changes [5], the fabri-
cation of photonic crystals, glucose sensing [6] template-
based synthesis of inorganic nanoparticles [7] and chemical 
separation [8]. These numerous applications of microgels 
arise from their ability to undergo reversible volume phase 
transitions in response to external stimuli such as a change 
in pH [9], temperature [10] and ionic strength of the sur-
rounding medium [11].

Abstract This study describes the synthesis, characteri-
zation and detailed physicochemical investigation on the 
stimuli-responsive behaviour of chitosan-poly (N-isopro-
pylacrylamide) [chitosan-PNIPAM] copolymer microgels. 
Six different compositions of dual-responsive chitosan-
PNIPAM based microgels were synthesized by soapless-
emulsion free radical copolymerization method in an aque-
ous medium at 70 °C. The chemical composition, swelling/
de-swelling, volume phase transitions, electrical proper-
ties, colloidal stability, and physicochemical behaviour 
under various pH/temperature conditions were investigated 
using Fourier transform infrared spectroscopy (FTIR), 
dynamic light scattering (DLS), zeta-potential, and rheol-
ogy. Various functional groups present in the copolymer 
microgels were confirmed by FTIR analysis. The hydrody-
namic diameter (Dh), volume phase transition temperature 
(VPTT), and swelling/de-swelling behaviour of microgels, 
under different pH and temperature conditions, in aqueous 
media were investigated using DLS measurements. Zeta 
potential measurements were used to evaluate the stability, 
electrical and electro-kinetic properties of the gels at vari-
ous pH/temperatures. Likewise, the influence of tempera-
ture and chemical composition of microgels on the parti-
cle behaviour was investigated through rheological studies. 
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