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Synthesis, characterization and protein separation
efficiency of N-isopropylacrylamide-co-N-tertiary
butylacrylamide-co-acrylamide-based hydrogels
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Abstract In the present study, hydrogels were prepared by

free radical polymerization in water–dioxane mixture with

fixed molar ratio (25 mol%) of N-isopropylacrylamide

(NIPAM) and varying remaining molar concentrations of

N-tert-butylacrylamide (NTBA) and acrylamide (AAm). The

structure of the resultant hydrogels was studied by Fourier

transform infrared (FTIR) spectroscopy and scanning elec-

tron microscopy (SEM) techniques. The thermal properties of

the hydrogels were analyzed by thermogravimetric analysis

(TGA) and differential scanning calorimetry (DSC) methods.

DSC thermograms were used for the quantitative determi-

nation of free, interfacial and bound water contents. The

result showed that the free and interfacial water contents

increased with increase in the hydrophilic AAm content, and

the bound water content increased with hydrophobic NTBA

content in the hydrogels. Swelling behavior of the hydrogels

was evaluated at different temperatures. The percentage

swelling and diffusion kinetic parameters (network structure

constant, type of diffusion and diffusion constant) were cal-

culated for all samples. The diffusion was found to be Fickian

type for copolymer having equimolar concentrations of

NTBA and AAm and non-Fickian type for others. Diffusion

coefficients of the hydrogels were found to be increased with

increasing temperature. In addition, poly(NIPAM-co-NTBA-

co-AAm) hydrogels were used in concentration separation

process for BSA solution. The result showed that the

copolymer with equimolar NTBA and AAm contents has

high separation efficiency with good thermoresponsive

behavior among all copolymers.
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Introduction

Thermoresponsive hydrogels have earned a significant

reputation as smart polymers due to easy manipulation of

their nanostructures and potential biological applications

[1, 2]. These hydrogels exhibit volume change in response

to temperature change in the environmental conditions.

Poly(N-isopropylacrylamide) (PNIPAM)-based thermore-

sponsive hydrogels are widely used in pharmaceuticals,

bioengineering, biotechnology, etc. [3, 4]. This is due to

rapid and reversible hydration and dehydration changes at

around its lower critical solution temperature (LCST) of

approximately 33 �C [5]. The thermoresponsive properties

of PNIPAM-based hydrogels were used in separation field

to concentrate macromolecules, e.g., cellulose, proteins and

enzyme solutions [6, 7]. In the process of separation, below

the LCST a large amount of water along with small mol-

ecules are absorbed by hydrogel, excluding high molecular

weight materials. After separation, the hydrogel can be

regenerated by heating above its LCST, while gels shrink

and are ready to be reused in the concentration process.

Separation with ultrafiltration process is expensive due

to the high cost of membranes and high application pres-

sure necessary to force the solvent. Also, there is a possi-

bility of small molecules passing through the membrane.

Compared to ultrafiltration, the use of thermoresponsive

hydrogels is a novel separation technology with advantages

like low cost, easy regeneration, low energy consumption,

no requirement of high temperature or pressure, harm-

lessness to proteins and enzymes, etc. PNIPAM hydrogels

were used to concentrate cellulose from fermented broth
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