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Synthesis and Characterization of Methacrylamide Based Hydrogels 

Semiha KUNDAKCI1* 

ABSTRACT: In this study, it was aimed that produce new polymeric hydrogels and that investigate 

the equilibrium swelling properties. Chemically crosslinked copolymeric hydrogels, composed of 

methacrylamide (MAAm) and 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) were prepared 

via free radical copolymerization method. The obtained copolymeric hydrogels were characterized 

with FT-IR analysis and SEM techniques. In addition, swelling tests 25 oC were applied to all the 

synthesized samples and swelling characterization studies were performed. The influences of reaction 

variables such as monomer/co-monomer composition, crosslinker amount on swelling properties of 

hydrogels were investigated. When the swelling results are evaluated; It was observed that all 

polymeric samples showed different swelling and diffusion properties depending on their composition. 

Keywords: methacrylamide, hydrogel, swelling. 

Metakrilamid Esaslı Polimerik Hidrojellerin Denge Şişme Çalışmaları 

ÖZET: Bu çalışmada, yeni polimerik hidrojellerin üretilmesi ve denge şişme özelliklerinin 

araştırılması amaçlanmıştır. Metakrilamid (MAAm) ve 2-akrilamido-2-metil-1-propansülfonik asit 

(AMPS)’den oluşan kimyasal çapraz bağlı hidrojeller, serbest radikal kopolimerleşme yöntemi ile 

hazırlanmışlardır. Elde edilen kopolimerik hidrojeller FTIR analizleri ve SEM teknikleri ile 

değerlendirilmiştir. Ayrıca tüm sentezlenen numunelere 25 oC’de şişme testleri uygulanmış ve şişme 

karakterizasyon çalışmaları yapılmıştır. Hidrojellerin şişme davranışları üzerine monomer/yardımcı 

monomer bileşimi ve çapraz bağlayıcı miktarı gibi reaksiyon değişkenlerinin etkileri araştırıldı. Şişme 

sonuçları değerlendirildiğinde; tüm polimerik örneklerin bileşimlerine bağlı farklı şişme ve difüzyon 

özellikleri gösterdikleri belirlenmiştir. 

Anahtar kelimeler: metakrilamid, hidrojel, şişme. 
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INTRODUCTION 

Hydrogels which the major constituent is 

water are a particular class of polymers. 

Polymeric hydrogels possess numerous 

properties such as highly hydrophilic nature, soft 

and rubbery structure, 3 D network structure, the 

ability to absorb of water, physiological fluids, 

dye and heavy metal ions that make them ideal 

candidates for use in many areas. Hydrophilic 

groups such as -OH, -O=COH, -O=CNH, -

O=CNH2,            -SO3H, etc. that located within 

the network structure that provides the 

hydrophilicity of the structure cause significant 

changes in the swelling and adsorption 

properties of the polymeric hydrogels. Properties 

such as structure of polymer, characteristics of 

swelling medium, polymer-solvent interactions 

and crosslinker type and amount are some of the 

variable effecting the water absorption 

characteristics of ionic hydrogels. Polimeric 

hydrogels which can be modified according to 

the desired purpose are polymeric materials with 

many uses such as food industry, personal care 

products, biomedicine, separation process and 

water purification. (Peppas et al., 2000; Ganji et 

al., 2010; Koetting et al., 2015; Sunitha et al., 

2015; Singhal and Gupta, 2016; Wan et al., 

2016). 

The goal of the present paper was to 

design methacrylamide-based hydrogels 

crosslinked with N, N’ methylenebisacrylamide 

(NMBA) and to study the impact of these 

polymeric hydrogels on swelling properties. For 

this purpose, methacrylamide/2-acrylamido-2-

methyl-1-propanesulfonic acid (MAAm/AMPS) 

hydrogels having different compositions were 

synthesized in an aqueous medium with the free 

radical polymerization reaction. The structural, 

surface and swelling characteristics of the 

polymeric samples were examined. The 

associated swelling parameters commonly used 

for the characterization of synthesized hydrogels 

were calculated using dynamic swelling tests at 

25 °C and the mechanism of diffusion was tried 

to be explained. 

MATERIALS AND METHODS  

The monomer (MAAm) used in the 

present study was purchased from Sigma-

Aldrich. AMPS used as co-monomer was 

provided by Aldrich Chemical Co., Milwaukee, 

US. NMBA (Sigma-Aldrich Steinheim, 

Germany) was used as a crosslinker to ensure 

cross-linking. Ammonium persulphate(APS) and 

N,N,N′,N′-tetramethylethylenediamine 

(TEMED), which were used as initiators and 

accelerators, were bought from Merck. Ethyl 

alcohol was purchased from Sigma-Aldrich. 

General procedure for the polymerization of 

MAAm/AMPS hydrogels 

Copolymeric hydrogels were synthesized 

from crosslinking of MAAm and AMPS 

monomers with NMBA using the free radical 

copolymerization method. In the synthesis stage, 

initiator (APS) and accelerator (TEMED) were 

used. The copolymeric hydrogels having 

different monomer and cross-linker 

compositions were synthesized. Detailed 

MAAm/AMPS hydrogels formulations are given 

in Table 1.   

A typical MAAm/50AMPS1 synthesis was as 

follows: 

MAAm (1.0 g) was dissolved in a 2.0 mL 

water-ethanol mixture (1:1%) at room 

temperature. AMPS (50 mg) was then added to 

this solution and stirred until a homogeneous 

monomer mixture was formed. Then, 0.25 mL of 

NMBA (2% w/v), 0.2 mL APS (5.0 g/100 mL 

water) and 0.25 mL (1% v/v) of the TEMED 

were added to the mixture, respectively. 

After all the components were 

homogeneously mixed, the resulting mixture was 

transferred to the PVC straws (3 mm diameter) 

and then kept at 60 ° C for 30 minutes until 

polymerization was complete. The long 

cylindrical copolymeric samples obtained after 
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copolymerization were cut into pieces (3-4 mm 

in length) and the samples were then placed in 

distilled water to remove any water-soluble 

monomer and other components that remained 

unreacted. Distilled water was changed regularly 

3 times a day for 4 days. The hydrogels were 

first dried in air and then dried in vacuo and kept 

for further use. 

Phases of the synthesis and swelling of 

copolymeric hydrogels were presented in Figure 

1.  

 

 
Figure 1. The steps of the preparation and swelling of copolymeric hydrogels. 

 

Synthesis of MAAm/AMPS hydrogels with 

different compositions 

Figure 2 presents the molecular structure 

of monomers and their possible binding 

mechanism. To examine the effect of the amount 

of MAAm, AMPS and crosslinker on the 

swelling performance, polymeric samples were 

prepared in different formulations by applying 

the above mentioned procedure. Detailed 

MAAm/AMPS hydrogels formulations are given 

in Table 1.  

 

 

 

Figure 2. The molecular structure and the probable binding mechanism of monomers.  
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Table 1. Combinations of polymeric hydrogels prepared in different formulations 

 
Abbreviation 

MAAm 

(mmol) 

AMPS  

(mmol) x102 

NMBA 

(mmol) x102 

1 

MAAm/0 AMPS1 

MAAm/50 AMPS1 

MAAm/100 AMPS1 

MAAm/150 AMPS1 

11,75 

0.0 

24.13 

48.25 

72.38 

1.62 

2 

MAAm/0 AMPS2 

MAAm/50 AMPS2 

MAAm/100 AMPS2 

MAAm/150 AMPS2 

11,75 

0.0 

24.13 

48.25 

72.38 

3.24 

3 
0.75 MAAm/100 AMPS1 

0.75 MAAm/100 AMPS2 
8.81 48.25 

1.62 

3.24 

4 MAAm/100/AMPS1.5 11,75 48.25 2.43 

5 MAAm/0 AMPS1.5 11,75 0.0 2.43 

   APS (4.38 x10-2 mmol) and TEMED (1.67 x10-2 mmol) were used in all hydrogel systems 

The sub-indices indicate the percentage of the content of the crosslinker. 

 

 

RESULTS and DISCUSSION 

Characterization of the hydrogels 

Spectroscopic characterization and 

swelling characterization methods were used for 

characterization of synthesized hydrogels. In 

addition, scanning electron microscopy (SEM) 

micrographs were taken to inform about the 

surface properties of the crosslinked structures. 

FT-IR spectral analysis 

FT-IR/ATR analysis was performed for 

structural characterization. Functional groups of 

MAAm/AMPS hydrogel systems with different 

compositions were examined by FT-IR 

spectroscopy Thermo Scientific Nicolet is 10 

SMARTt FT-IR/ATR (United States of 

America) using ATR apparatus. 

Figure 3 represents the FT-IR spectrum of 

MAAm and MAAm/AMPS hydrogels were 

scanned from 400 to 4000cm-1. In Figure 3 (a), a 

strong and broad absorption band has been 

observed at between 3600-3000 cm−1 owing to 

N-H groups of MAAm and AMPS. The peak 

monitored between 1500-2000 cm-1 shows the 

tensile vibration of carbonyl (C=O) groups in the 

structure of MAAm and AMPS. It is thought that 

the characteristic peaks at 1000-1500 cm-1 are 

due to the presence of C–C (1300–1500 cm-1) 

bending vibrations and C–N (1000–1300 cm-1) 

stretching vibration. On the other hand, the peak 

at 2900–3100 cm–1 show C–H stretching of CH2 

groups. The peak observed at 1040 cm-1 is 

typical characteristic peak of the SO groups in 

the AMPS units. While this peak was not 

observed in MAAm, it was determined that the 

intensity of this peak with the amount of AMPS 

added to the structure increased (Durmaz and 

Okay, 2000; Barati et al., 2013; Kousar et al., 

2018). The FT-IR spectra of original MAAm and 

AMPS are shown in Figure 3 (b). 

SEM analysis 

Investigation of surface morphologies of 

synthesized polymeric samples was performed 

using scanning electron microscopy (Carl Zeiss 

300 VP). Dry polymeric hydrogels were coated 

with an electrically conductive material (gold) 

prior to analysis. (Quorum Q150 RES).  

The micrographs of cross-linked MAAm 

and MAAm/AMPS hydrogels containing 1.0 and 

2.0 v% of crosslinker are depicted in Figure 4. It 

is seen that all polymeric hydrogels show a 

porous surface. Furthermore, the SEM images 

indicate that the MAAm1 and MAAm/AMPS1 

hydrogels have a more porous structure and open 

channels in contrast to MAAm2 and 
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MAAm/AMPS2. Therefore, as seen in Table 2, 

where swelling values are presented, the 

polymeric network with a more porous structure 

facilitates the penetration of the water molecules 

and eventually increases the swelling values. 

 

 

 
Figure 3. FT-IR spectra of polymeric hydrogels (a) and pure MAAm and pure AMPS (b) 

 

 

Figure 4. SEM micrographs for polymeric hydrogels 

 

Swelling studies 

Dry hydrogels exhibit swelling behavior 

when contacted with a suitable solvent. Among 

the properties of the polymer and solvent, there 

is a fundamental relationship affecting swelling. 

In the water bath where the temperature of 25 oC 

was kept constant, swelling tests were performed 

at predetermined time intervals. Dry polymeric 

samples, pre-weighed and known their mass, 
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were transferred to the beaker containing 40 mL 

of deionized water. Periodically surface water of 

samples removed from the water were dried by 

absorbent paper, weighed and then returned to 

the same swelling environment. The same 

process was continued until the time-invariant 

mass values were obtained.  

The swelling values of hydrogels (PS%) 

were calculated according to Equation 1. 

(Kundakcı et al., 2008; Pal et al., 2009; Karadağ 

et al., 2017). 

𝑃𝑆% =
𝑚𝑡−𝑚0

𝑚0
𝑥100                 (1) 

Here mt is the mass of water absorbed gel 

(at time t) and mo is the mass of the initial dry 

state of the gel (t = 0). 

Water uptake of new MAAm-based 

MAAm/AMPS hydrogels crosslinked with 

NMBA was monitored, and the swelling 

isotherms calculated by Equation 1 were 

presented in Figure 5.  

Figure 5 shows that the swelling increases 

over time until it reaches the equilibrium state 

and then remains constant. This constant 

swelling value is defined as the equilibrium 

percentage swelling value (PSeq%) and is 

presented in Table 2 for all hydrogel systems.  

Effect of monomer: The monomers used 

in the present work are the AMPS with 

hydrophilic groups and the MAAm having both 

hydrophilic and hydrophobic groups.  

Firstly, the influence of AMPS on swelling 

properties of hydrogels was examined by 

varying the amount of AMPS (50-150 mg) 

added. Table 2 indicates that PSeq% values of 

MAAm1 hydrogels is 317% for samples but 

PSeq% of MAAm/AMPS1 hydrogels are 456%–

1225% with the addition of AMPS units into 

MAAm hydrogels. The increase in swelling 

values was also observed in MAAm/AMPS2 

hydrogels by increasing the amount of AMPS as 

presented in Table 2. This is due to the fact that 

the AMPS units, which carry quite a number of 

hydrophilic groups, increase the hydrophilic 

character of the polymeric chain. Therefore, the 

increase of AMPS content in all copolymeric 

hydrogels resulted in an increase in PSeq% 

values. 

Secondly, when the amount of AMPS in 

hydrogel structures was kept constant (100 mg) 

and MAAm was reduced to 0.75g, an increase in 

swelling results as shown in Table 2 was 

observed. With the decrease in the amount of 

MAAm, it can be considered that the increase in 

swelling values due to the decrease of 

hydrophobic groups in the structure of the 

hydrogel. 

 

 
Figure 5. Swelling isotherms of polymeric hydrogels 
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Table 2. Experimentally obtained parameters of MAAm and MAAm/AMPS hydrogels 

 Hydrogel PSeq% EWC% n kx103 Dx105 

1 

MAAm1 

MAAm/50 AMPS1 

MAAm/100 AMPS1 

MAAm/150 AMPS1 

317 

456 

627 

1225 

76.01 

82.03 

86.25 

92.46 

1.6061 

1.1526 

1.0810 

0.9708 

0.17 

1.43 

2.41 

3.74 

36.88 

39.43 

46.33 

48.25 

2 

MAAm2 

MAAm/50 AMPS2 

MAAm/100 AMPS2 

MAAm/150 AMPS2 

228 

348 

522 

684 

69.48 

77.67 

83.92 

87.24 

0.4721 

1.6153 

1.1596 

1.0173 

0.16 

0.19 

1.48 

2.89 

10.17 

68.82 

42.15 

36.05 

3 
0.75 MAAm/100 AMPS1 

0.75 MAAm/100 AMPS2 

2095 

588 

95.44 

84.10 

1.0561 

1.0695 

2.74 

2.93 

65.15 

23.00 

4 MAAm/100/AMPS1.5 602 85.76 0.9910 3.49 44.25 

5 MAAm/0 AMPS1.5 289 74.27 1.5775 0.40 57.62 

 

Effect of crosslinker: One of the factors 

affecting the swelling process in crosslinked 

copolymeric structures is the amount of 

crosslinker. In this study, NMBA with the 

hydrophilic properties as crosslinker was 

selected and the effect on swelling was 

investigated by using an amount ranging from 

1.0% to 2.0%. When the results presented in 

Table 2 are examined, it can be observed that the 

increase in the amount of crosslinker in the 

hydrogel structures decreases the swelling values 

(Figure 6). The observed decrease in swelling 

values could be attributed to an increase in the 

crosslinking density which reduces the pore size 

of the hydrogel.  

 

 
Figure 6. Influence of crosslinker amount on equilibrium swelling values 

 

The amount of water contained in the 

equilibrium state of hydrogel systems is defined 

as the equilibrium water content (EWC). The 

EWC value calculated using Equation 2 provides 

a lot of information about the properties of 

polymeric gels such as permeability, mechanical 

property, surface property and biocompatibility 

(Pedley et al., 1980; Lee et al., 2000). 

𝐸𝑊𝐶 =
mass of water in the hydrogel

total mass of swollen hydrogel
𝑥100          (2) 

For all polymeric hydrogels presented in 

Table 2, the EWC values were found to range 

from 69.48-95.44%. These values are quite 

compatible with the body's percent water content 

values (60%). 

The Fick equation presented in Equation 3 

is used to study the diffusion of water to the 

polymer matrix. 

𝐹 =
𝑀𝑡

𝑀𝑠
= 𝑘𝑡𝑛                                      (3) 
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F is the ratio of the amount of solvent that 

the gel receives at t time to the amount of solvent 

it receives in equilibrium and is defined as a 

swelling fraction. Diffusional exponent (n) and 

diffusion constant (k) values were calculated by 

using graphs of the linearized form (lnF=lnk + 

nlnt) of Equation 3 to explain the 

macromolecular network and penetrant 

properties as well as the transport mechanism. 

The Fick diffusion equation is applied to 

the absorption in the first 60% of the diffusion of 

water to the macromolecule network. In the case 

where n is 0.5, the diffusion type is defined as 

Fickian diffusion and the diffusion rate is slower 

than the relaxation rate. If n values are in the 

range of 0.5 <n <1.0, then diffusion is the type of 

non-Fickian diffusion which diffusion rate and 

the relaxation rate are simultaneously active. 

When the diffusion rate is greater than the 

relaxation rate, n >1 (Super Case II transport) 

(Ritger and Peppas, 1987; Dengre et al., 2000; 

Guilherme et al., 2015). 

When Table 2 is examined, it is 

determined that the n values calculated for the 

purpose of explaining the transport mechanism 

of the water to the hydrogel network are greater 

than 1.0 (Super Case II transport). The Super 

Case II, the diffusion time of the water to 

hydrogels is greater than the relaxation.

 

 

 
Figure 7. Graph of ln F versus ln t for the polymeric hydrogels (NMBA 1.0%) 

 

Investigation of water diffusion events in 

hydrogels is important for clarifying the polymer 

behavior. Diffusion coefficient values applied to 

hydrogels with cylindrical structure, which is an 

important parameter for hydrogel 

characterization, were calculated by using 

Equation 4. (Dengre et al., 2000). 

D = 𝜋𝑟2 (
𝑘

4
)

1
𝑛⁄

                                      (4) 

Here, D is the symbol of the diffusion 

coefficient (cm2 min–1) calculated as the area of 

the polymeric hydrogel that the solvent 

molecules permeate per unit time, while r is the 

symbol of the radius of the polymeric hydrogels 

having the cylindrical structure. k and n were 

previously described. 

For all polymeric hydrogels synthesized in 

this study and presented in Table 2, the diffusion 

coefficient values vary between 10.17x10-5 cm2s-

1 - 68.82x10-5 cm2s-1. The increase in the number 

of AMPS units in the hydrogel structure has led 

to an increase in the gel area through which the 

solvent molecules pass through the unit time. In 

addition, D values decreased with increasing 

MAAm units and decreased with increasing 

amount of crosslinker. Dry and aqueous media 

appearance of chemically crosslinked hydrogel 

structures was presented in Figure 8. 
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Figure 8. Dry (upper) and swollen (bottom) appearance of copolymeric hydrogels. 

 

CONCLUSION 

In recent years, polymeric structures with 

hydrogel matrix have been designed for various 

applications in different fields and their 

applicability has been investigated. One of the 

important characteristics of such hydrogels is 

their swelling behavior. The swelling parameters 

of the MAAm/AMPS hydrogels synthesized in 

this study were examined in terms of the amount 

of monomer and crosslinker. PSeq% values are 

317%–1225% for MAAm/AMPS1 (NMBA 

1.0%) and 228%–684% for MAAm/AMPS2 

(NMBA 2.0%). The increase in PSeq% values in 

parallel with the increase in AMPS in all 

structures is thought to be due to the increase of 

hydrophilic groups in the polymeric structure. 

However, when the amount of MAAm and the 

amount of crosslinker were increased, the 

swelling values decreased. Equilibrium water 

content values, which is an important parameter 

for some biomedical applications, were found to 

be greater than 60% for all samples (69.48% - 

95.44%). Consequently, the MAAm/AMPS 

hydrogels developed in this study can be suitable 

for use in aqueous areas such as water treatment, 

agriculture, pharmaceuticals and biomedical 

applications where a polymeric carrier may be 

required. 
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