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Brief of Ph.D. Thesis work: 
 

Soft condensed matter (or soft matter, for brevity) is a convenient term for material in 

states of matter that are neither simple liquids nor crystalline solids of the type studied in 

other branches of solid state physics [1]. As its name implies, soft matter science deals 

with materials that are easily deformed. These materials, which include polymers, gels, 

colloids, emulsions, foams, surfactant assemblies, liquid crystals, granular materials, and 

many biological materials, have in common that they are organized on mesoscopic length 

scales, with structural features that are much larger than an atom, but much smaller than 

the overall size of the material. Among these, nowadays, polymers are omnipresent in our 

daily life as well as in science, engineering, and medicine. Polymers are widely used in 

medical applications like drug delivery, tissue engineering, wound dressings, disposable 

syringes, catheters, artificial heart valves, joints, or suture material. The hydrogel is a 

special type of polymer, having porous three-dimensional polymeric network that can 

absorb a large amount of water without dissolving into it and have chemically responsive 

functional groups [2]. Hydrogels have existed for more than half a century, and today they 

have many applications in various processes ranging from industrial to biological. In the 

past few decades, stimuli-responsive hydrogels have gained significant attention. These 

hydrogels show dramatic changes in volume and / or shape properties in response to an 

external stimulus such as temperature, pH, ionic strength, electric field, etc. Their ability 

to swell and shrink according to the external condition (or surroundings) makes them 

attractive for use as intelligent materials (smart gels) [3]. For an example, a pH responsive 

hydrogel, having anionic (acidic) groups (e.g., carboxylic acid or sulfonic acid pendant 

groups) or cationic (basic) groups such as amine pendant group, can either accept or 

release protons respectively, in response to pH change, thus being capable of adsorbing 

ionic dyes and become useful for wastewater treatment [4]. In this regard, it should be 

noted that wastewater pH has been identified as one of the parameter that influence 

effective wastewater treatment [5]. 

Further, stimuli-responsive hydrogels can achieve distinct mechanical reinforcement as 

well as optical, electronic, antimicrobial, photothermal, and/or photocatalytic properties, 

by incorporation of various nano- and micro-scale materials such as metal particles, 

magnetic nanoparticles or biological molecules into the hydrogel matrix [6]. Such 



nanocomposites of responsive hydrogels can exhibit unique dual-responsive properties 

with the capability of actuation at a distance. In this context, magnetic carriers have 

recently attracted the attention of researchers due to the fact that they show several 

advantages, such as in vivo degradation into nontoxic ions, direct visualization by 

magnetic resonance imaging (MRI), and magnetic drug targeting in opportune sites under 

the influence of a magnetic field [7]. Among magnetic carriers, particular attention has 

been paid to magnetic hydrogels (or ferrogels). They are cross-linked polymer networks 

containing magnetic nanoparticles. The direct advantage of inclusion of magnetic 

nanoparticles into hydrogels is the achievement of magnetically guided drug delivery, 

which allows site-specific drug transport [8]. In this context, superparamagnetic iron oxide 

nanoparticles (Fe3O4) have gained the primary focus in the field of magnetic 

nanoparticles due to their large magnetic moments, excellent superparamagnetism, low 

toxicity and high stability in aqueous solution. Superparamagnetism, an important 

property, which indicates no retention of magnetism after the removal of an magnetic 

field, is crucial for many applications like detection of inflammatory cancer, MRI, 

magnetic hyperthermia and also for magnetic separation [9]. Among these stimulus-

responsive magnetic nanocomposite hydrogels, pH-sensitive hydrogels have received 

immense interest in biomedical applications, such as in disease diagnosis, as polymeric 

drug carriers, as a contrast agent in magnetic resonance imaging (MRI),  and as 

biosensors, because pH is an important environmental factor in the body and some 

disease states manifest themselves by a change in pH value [7]. A pH responsive magnetic 

hydrogels are also emerging as a new generation of adsorbent for environmental cleanup 

because they can be readily separated from dye solution by an external magnetic field 

after adsorption [10]. Compared with other traditional separation techniques such as 

filtration and centrifugation, the magnetic separation process is easy to operate with high 

separation efficiency and low cost [11].  

Based on this background, in the thesis work, efficient pH sensitive hydrogel and dual-

responsive (pH and magnetic-field) superparamagnetic hydrogel have been designed, 

synthesized and characterized thoroughly towards its versatile potential applications (as 

mentioned above). Particularly, applications of the synthesized pH-sensitive hydrogel and 

pH-sensitive superparamagnetic hydrogel, as efficient dye adsorbent for waste water 

treatment and as pH sensor for disease diagnosis, have been studied and presented in the 

thesis work. The dye adsorption kinetics and isotherm analysis have been conducted 

thoroughly to explore the detailed mechanism of the overall adsorption process, which 

paves the pathway to tune the system systematically.  On the other hand, in the thesis 

work suitable prototype with pH-sensing capabilities has been demonstrated and 

schematic representation of designed envisioned application of the dual-responsive 

superparamagnetic hydrogel has been demonstrated to utilize the system efficiently for 

diagnosis purposes using impedance analysis, based on the change in permeability of the 

system, and in another effective way using the handheld magnetic probe technique.  
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