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Abstract-Hydrogels are polymeric networks possessing the ability 

to uptake a large amount of water in their gel structure. These 

gels can respond to stimuli under the influence of their 

environment, making them of potential use in wide range of 

applications, be it for controlled release of drugs or healing of 

wounds. The report gives a brief introduction about hydrogels 

followed by their broad classification. The methods of synthesis 

are discussed in brief. In order to improve upon the swelling 

properties and to avoid the hydrogel from getting dissolved in 

water instead of absorbing the water, several types of cross-

linking can be performed on the polymers. Superabsorbent 

hydrogel can be prepared by copolymerizing acrylamide with 

acrylic acid using cross-linker. FT-IR spectra for poly 

(acrylamide –co- acrylic acid) is obtained to identify the chemical 

bonds present. 
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I. INTRODUCTION 

ydrogels are polymeric three-dimensional networks 

having cross links in their structure. These are 

hydrophilic gels as they have the capacity to hold large 

amounts of water, causing them to swell. This property of 

hydrogels to uptake water is due to the hydrophilic functional 

groups attached to the polymeric chain. Due to the cross-

linking between the network chains, they have the ability to 

retain water in their structure without getting dissolved. 

Synthetic hydrogels possess a higher water absorption 

capacity as opposed to natural hydrogels. Varying amounts of 

water can be contained by any hydrogel, at equilibrium, based 

on the polymer’s properties and network’s density[1]. 

In the polymer chains, cross linking is done by 

physical or chemical interactions. Because of single cross 

linked network, the structure lacks mechanical properties. 

Therefore, multiple networks are formed to toughen the 

hydrogels. It is proven that these kind of hydrogels can be 

produced by incorporating physical and chemical network 

together [2]. 

If there is no significant entanglement of network 

chains, hydrogels follow Newtonian behavior. On further 

introduction of cross-links, they exhibit elastic and 

viscoelastic nature. Hydrogels must be biologically 

compatible and should have low toxicity potential after 

degradation. Modification of the properties of degradation 

products can be done by selecting the proper raw materials or 

monomers for preparing the hydrogel according to the 

application [3].  

Some hydrogels are required to be stable under changing 

pH or temperature. An example for such hydrogel is the 

biomaterial used in contact lenses. On the other hand, gels 

used for drug delivery applications need to be degradable so 

that they do not persist in the body for long. In pharmaceutical 

applications, naturally derived hydrogels might not possess 

much of the mechanical properties, but they most certainly are 

biologically compatible, biodegradable and consist of 

biological moieties assisting cellular activities. Synthetic 

hydrogels do not inherently possess such properties, instead, 

their definite structure is improved to yield desired 

degradability and functionality [4]. 

II. CLASSIFICATION of HYDROGELS 

Hydrogels may be classified in following number of 

ways. The schematic diagram in Fig. 1 shows the most 

common classes of hydrogels. 

A. On the Basis of Source 

Hydrogels, based on their origin, are either natural, 

synthetic or semi-synthetic. Synthetic polymers are prepared 

from vinyl monomers by conventional polymerization, 

whereas natural hydrogels are obtained from natural sources 

such as animals and plants. Over the years, natural hydrogels 

are getting replaced by synthetic ones, which have higher 

water absorption capacity, longer life, and higher gel strength. 

Moreover, they can be tailored to have particular desirable 

properties and remain stable under extremes of temperature 

fluctuations.  

B. On the Basis of Polymeric Composition  

According to the composition of polymer, hydrogels can 

be categorized into three classes, namely, homo-polymeric, 

co-polymeric and multi interpenetrating polymeric hydrogel 

(IPN).  

 Homo-polymeric hydrogels have a single species 

astheir monomer. Based on the technique of  polymer-

ization and monomer’s nature, the homo-polymers 

may have cross-linked structure. 

 Co-polymeric hydrogels consist of two or greater than 

two different monomers, at least one of them being 

hydrophilic. This hydrophilic group might be arranged 

in a random fashion, alternating or block configuration 

along the network chain. 

 Multi-polymer IPN hydrogel involves two independent 

and cross-linked chains of polymers, either natural or 

synthetic, placed in a network fashion. Semi-IPN 

polymer is made up of one cross-linked and the other 

chain is non-cross linked polymer. 

H 
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Fig. 1 Hydrogel Classification [4]

C. On the Basis of Configuration or Structure 

Based on the physical configuration and chemical 

composition, hydrogels are classified as amorphous, semi-

crystalline or crystalline. 

D. On the Basis of Type of Cross Linking 

Depending on the nature of the cross-links, hydrogels can 

be classified as the one with chemical cross-links or physical 

cross-links. Chemically crosslinked chains have permanent 

bonds as they are formed by chemical reaction with the 

polymer chain. Physically, crosslinking can be done through 

entanglements of polymer chains, hydrophobic interactions, or 

physical interactions like ionic and hydrogen bond. Thus the 

physically crosslinked have temporary junction as opposed to 

permanent junction in chemical cross links. Further, cross-

links are discussed in Section III. 

E. On the Basis of Network Electrical Charge 

Cross linked chains have some electrical charge attached to 

them. On this basis they can be classified as follows: 

 Neutral (non-ionic) 

These kind of hydrogels respond to the 

temperature changes which caused them to swell or de-

swell. They have permanent linkages in their polymer 

networks, which are irreversible.  

 Ionic (anionic or cationic) 

Ionization leads to the development of fixed 

charges on the gel so formed. The amount of solvent 

absorbed in the network increases due to electrostatic 

repulsions. 

Anionic hydrogels are made up of acidic pendant 

groups, hence, ionization takes place when the pH of the 

environment goes above the pKa of the groups which can 

be ionized. An increase in the pH results in an increase in 

the degree of ionization, hence, the quantity of fixed 

charges rises, causing electrostatic repulsions between the 

polymeric network chains. This in turn proliferates the 

water loving nature of the hydrogels leading to higher 

swelling ratios. 

Cationic hydrogels are made up of basic pendant 

groups, for example, amines, which undergo ionization at 

pH lower than the pKb of the ionizable groups. In this 

case, as the pH is decreased, the electrostatic repulsions 

increase and cause increased swelling [5]. 

 Ampholytic (amphoteric electrolyte) 

They consist of both acidic and basic groups 

containing monomers. Their properties are reliant on 

ionic groups attached to the chains. They can be attracted 

to solutions containing opposite charge, thus, they may 

have either inter-ionic or intra-ionic interactions. 

 Zwitterionic  

Zwitterionic hydrogels are also known as 

polybetaines, and they comprise of both anionic and 

cationic groups in each of its monomers. 

F. On the Basis of Durability 

Hydrogels, on the basis of their durability which is 

required according to specific application, are classified into 

durable and biodegradable. Generally, the durable ones are 

synthetic and the biodegradable ones are natural hydrogels. 
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Further, degradable polymers may be classified on the basis of 

nature of the bond breaking. They can either break due to 

hydrolytic or enzymatic action resulting in the breaking of 

sensitive bonds. 

G. On the Basis of Response to Stimuli 

The swelling or de-swelling characteristic of hydrogels 

are subject to external conditions of the environment. They 

experience a volume collapse or change of phase 

corresponding to the response to various physical or chemical 

stimuli.Fig. 2 shows the various physical and chemical stimuli 

leading to the swelling or de-swelling of hydrogel. 

 

Fig. 2 Response of hydrogel to physical and chemical stimuli [1] 

III. TYPES of CROSS-LINKS 

A. Physical Cross-linking 

 By hydrogen bond 

Polyethylene glycol can be added to form hydrogen bonds. 

The bond is formed between the oxygen of polyethylene 

glycol and the hydrophilic group.  

 By crystallisation  

Aqueous solution of polyvinyl alcohol when 

crystallised forms a tougher hydrogel as compared to 

when it is prepared at room temperature. 

 By ionic interaction 

With the help of calcium ions, cross-linking can be 

done in alginate. It is done at a particular pH and room 

temperature. 

B. Chemical Cross-linking 

 By chemical reactions 

Hydrogels have different hydrophilic groups like 

amine, carboxylic acid, etc. On these groups reactions can 

be carried out to form cross-links. Aldehydes can be used 

to cross link. PVA can be cross linked through 

glutaraldehyde. Gelatin and albumin are some other 

examples. 

Addition and condensation reaction can be used to 

form cross links. Dextran is cross linked by addition 

reaction. 

 By high energy radiation 

Gamma rays or any other high energy beam can be 

used to form cross linking in an unsaturated molecule. 

 By free radical polymerisation  

The polymers are mixed with an initiator and then with 

the help of UV radiation, hydrogels are cross linked. 

Hydrogels can also be degraded with UV radiations and 

this has application in drug delivery. 

IV. TECHNOLOGIES for HYDROGEL PREPARATION 

Generally, hydrogels are prepared from hydrophilic 

monomers, but to meet certain specifications hydrophobic 

monomers are also used. Synthetic polymers are hydrophobic 

and provides mechanical strength. This strength results in 

slow degradation rate and durability. Thus, these differing 

properties must be balanced. Cross-linking provides an elastic 

structure to hydrogels. 

Hydrogels can be cross linked by: 

 Linking polymeric chains by reaction 

 By means of ionized radiation to produce free 

radicals that on recombining creates cross-links. 

 Entanglements, electrostatics and crystalline 

formation. 

The three main components to make hydrogels are 

monomer, cross linker and initiator. Diluents like water is 

used to control the heat of reaction. 

A. Polymerization Techniques 

 Bulk polymerization 

 The reaction is initiated with the help of radiation 

or catalysts. Small amount of cross-linking agent is added. 

Hydrogels can be produced in forms of membranes, rod or 

particles. Due to higher concentration of monomer, the 

reaction rate is higher. Through this method, homogenous 

hydrogel is produced, that is hard, but softens and flexible 

when immersed in water. 

 Solution polymerization 

Hydrogels produced by this technique are heterogeneous 

in nature. Solvent in the reaction acts as a heat sink. The gel is 

then washed with distilled water to remove unreacted mixture 

and other impurities. 

V. APPLICATIONS 

Hydrogels closely resemble natural tissues since they are 

porous and have soft consistency. This resemblance gives 

many prospects for hydrogels to be used in biomedical 

applications such as for the production of contact lenses, drug 
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delivery systems, wound dressings, tissue engineering or a 

variety of hygiene products.  

According to the application, physical or chemical gels 

might be used. Physical gels are reversible in nature since they 

get dissolved in response to environmental conditions like pH 

or temperature. In contrast to them, chemical gels are 

permanent and stable, and can go through changes in volume 

in presence of electric field. Chemical hydrogels are prepared 

in two manners, first, three dimensional polymerization, and 

second, water soluble polymers are directly cross-linked. A 

schematic representation of both methods are as shown in Fig. 

3 and 4 respectively[6].  

 

 

Fig. 3 Three-dimensional polymerization method for hydrogel synthesis 

 

 

 

Fig. 4 Direct cross-linking of water soluble polymers for hydrogel synthesis 

A. Contact Lenses 

Contact lenses are categorized as hard and soft on the 

basis of their elastic nature. Although, hard lenses might last 

longer, they are not comfortable enough to be adapted by the 

consumer. Hard contact lenses consist predominantly of 

hydrophobic polymers, such as PMMA (Poly Methyl 

Methacrylate), HFIM(hexa-fluoro isopropyl methacrylate), 

whereas, soft contact lenses contain hydrogels like 

PHEMA(Poly-2-hydroxy ethyl methacrylate), which was the 

first hydrogel to be used for any commercial application. 

Techniques for the production of soft contact lenses are 

spin-casting, mold-casting or lathe-cutting technique. In the 

method of spin-casting and mold-casting, the monomers are 

placed in concave or convex molds respectively to give shape 

to the optical lens. Lathe cutting is depicted in the following 

Fig. 5. 

 

Fig. 5 Lathe-cutting technique 

For hydrogels to be eligible for use in contact lenses 

application, given below are the prerequisites: 

 Minimum 95%value of luminous transmittance, 

determines the transparency of the lens. 

 Refractive index values of hydrogel should be around 

1.7-1.38, though the values of human cornea may 

change. 

 Sufficient amount of oxygen should be permeable 

through the lens. It is directly proportional to the 

amount of water held in the hydrogel and inversely 

proportional to the thickness of the lens. 

 Biocompatibility  

 Stability 

 Excellent mechanical properties 

VI. EXPERIMENT 

A. Synthesis of Polyacrylamide Hydrogels 

 

1)  Materials: Acrylamide (AAm), N, N, N’, N’-

Tetramethylene ethylene diamine (TEMED), Potassium 

peroxodisulfate (KPS), N, N’-methylene bis (acrylamide) 

(MBA), Methanol, distilled water. 

 

2)  Synthesis: A solution of acrylamide (5 gm) was prepared in 

distilled water (50 mL). Then, TEMED (1 mL) was mixed 

in the solution. The solution was stirred for 20 minutes and 

maintaining the temperature at 60 ᵒC. After 30 minutes, 0.1 

gm KPS (in 10 mL distilled water) was added to this 
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solution. The reaction was carried out for 2 hours. Then, by 

pouring excess methanol drop by drop, the polymerization 

reaction was stopped, and a white solid, sticky mass was 

obtained. The mass so formed is cut into pieces and 

immersed in methanol for one day, while changing the 

methanol after regular intervals. Methanol is drained away 

and the pieces are further dried under the sun. These white 

solid pieces become brittle and are crushed in mortar and 

pestle to form powder. 

TABLE I 

AMOUNTof  REACTANTS FOR DIFFERENT BATCHES of 

POLYACRYLAMIDE PREPARATION 

For the preparation of crosslinked polyacrylamide 

hydrogel, MBA is introduced in the reaction mixture after an 

hour of the reaction for the above mentioned process. 

 

Fig. 6 Preparation of polyacrylamide and polymer after drying in 
methanol 

B. Synthesis of Polyacrylic acid hydrogel 

 

1)  Materials:Acrylic acid (AAc), N, N, N’, N’-

Tetramethylene ethylene diamine (TEMED), Potassium 

peroxodisulfate (KPS), Methanol, distilled water. 

 

2) Synthesis:Acrylic acid (4.76 mL) is polymerized by 

following the procedure mentioned in Section VI.A.2 

and replacing acrylamide with acrylic acid. 

 

Fig. 7Polyacrylic acid hydrogel 

The solid mass formed was sticky, elastic and results 

were not similar as that in case of polyacrylamide.  

C. Synthesis of Poly(acrylamide-co-acrylic acid)  

1)  Materials: Acrylamide (AAm), Acrylic acid (AAc), N, 

N, N’, N’-Tetramethylene ethylene diamine (TEMED), 

Potassium peroxodisulfate (KPS), N, N’-methylene bis 

(acrylamide) (MBA), Methanol, distilled water. 

2)  Synthesis: Acrylamide (5 gm) is added to 100 mL 

distilled water to form a solution. The activator, 

TEMED (1 mL) is added and this solution is allowed to 

stir for 20 minutes. Maintain a temperature of 60 ᵒC 

throughout the reaction. Then, acrylic acid (0.5 gm) 

and MBA, which is the cross-linker, are introduced 

while the contents of the beaker are constantly being 

stirred. The initiator KPS (0.1 gm) is added after 30 

minutes. This drop by drop addition of the initiator 

would result in the formation of a highly viscous 

translucent gel as shown in Fig. 8.  

 

Fig. 8 Highly viscous gel formed after adding KPS 

TABLE II 

AMOUNT of REACTANTS for BATCHES of POLY(ACRYLAMIDE-

CO-ACRYLIC ACID) PREPARATION 

Acryla

mide 
(gms) 

KPS 

(gms) 
 

TEMED 

(mL) 
 

MBA 

(gms) 
 

 

Result 

5 0.1 1 0 
Polyacrylamide is 

water soluble as it 

dissolves in water 
due to absence of 

cross-links. 

10 0.2 2 0 

20 0.4 4 0 

10 0.2 2 0.2 
Weak structured 

hydrogel formed 
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Acryla

mide 

(gm) 

Acrylic acid 
(mL) 

KPS 
(gm) 

MBA 
(gm) 

Result 

5 0.5 0.1 0.05 

High 

viscosity 

gel formed 

5 0.6 0.1 0.05 

5 0.9 0.1 0.05 

 

Fig. 9 Poly(acrylamide-co-acrylic acid) hydrogel 

The prepared hydrogel in Fig. 9 is cut into pieces and 

immersed in methanol for dehydration and finally, dried under 

the sun to obtain the dried hydrogel.  

3)  Swelling measurement: In order to know the water 

absorption capacity of the hydrogel, a sample of the 

prepared hydrogel (0.5 gm) was put in 100 mLdistilled 

water for 16-18hours and the initial weight of the 

hydrogel is compared with the final weight. The degree 

of swelling is found by the swelling ratio (Rs ). 

Rs =  
Ws  −  Wd

Wd

 

TABLE III 

SWELLING MEASUREMENT OF PREPARED HYDROGELS 

Sr. No.  Initial weight (gm) Final weight (gm) 
Swelling ratio 

(%) 

1. 0.5 
Hydrogel 
dissolved 

- 

2. 0.4 14.36 34.90 

3. 0.4 16.1 39.25 

 

D. Synthesis of Poly(acrylamide-co-acrylic acid) of 

varyingcompositions 

The materials required and synthesis method remain same 

as discussed in Section VI.C.1 and Section VI.C.2except that 

acrylamide solution was prepared in 50 mL distilled water. 

 

TABLE IV 

PROPORTIONS of MONOMERS in PREPARED HYDROGELS 

Mole Ratio AAm (gms) AAc (gms) AAc  (mL) AAm(wt/wt %) 

90/10 6.39 0.7206 0.68628571 89.86583411 

80/20 5.68 1.4412 1.37257143 79.76183789 

70/30 4.97 2.1618 2.05885714 69.68787683 

60/40 4.26 2.8824 2.74514286 59.6438172 

50/50 3.55 3.603 3.43142857 49.62952607 

40/60 2.84 4.3236 4.11771429 39.64487129 

30/70 2.13 5.0442 4.804 29.6897215 

20/80 1.42 5.7648 5.49028571 19.76394611 

 

1) Swelling measurements 

TABLE V 

SWELLING MEASUREMENTS of VARIOUS BATCHES for 24 

HOURS 

Batch Wd (gms) Ws  gms) Swelling ratio Swelling (%) 

80/20 

0.5 70.2 139.4 13940 

0.5 49.29 97.58 9758 

0.5 51.48 101.96 10196 

70/30 

0.5 57.33 113.66 11366 

0.5 66.18 131.36 13136 

0.5 66.18 131.36 13136 

60/40 

0.5 51.98 102.96 10296 

0.5 29.65 58.3 5830 

0.5 51.88 102.76 10276 

50/50 

0.5 51.77 102.54 10254 

0.5 30.04 59.08 5908 

0.5 64.01 127.02 12702 

The amount of water absorbed after every hour till 22 

hours was noted to study the kinetics of swelling of hydrogel. 

For this, 0.1 gm of the prepared polymer with monomer ratio 

70/30 was put in 500 mL distilled water for given number of 

hours as in Table VI. 

TABLE VI 

 KINETICS STUDY of SWELLING of HYDROGEL 

Time 
(hours) 

Wd 
(grams) 

Ws 
(grams) 

Swelling 
ratio 

0 0.1 0.1 0 

1 0.1 6.68 65.8 

2 0.1 11.51 114.1 

3 0.1 12.23 121.3 

4 0.1 13 129 

5 0.1 11.17 110.7 

6 0.1 13.59 134.9 
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17 0.1 16.1 160 

18 0.1 17.04 169.4 

19 0.1 16.96 168.6 

20 0.1 14.71 146.1 

21 0.1 14.77 146.7 

22 0.1 17.82 177.2 

 

 

Fig. 10 Weight after swelling v/s time curve 

E. Swelling Characteristics 

 

1) Effect of pH:The polymer with monomer ratio of 

acrylamide to acrylic acid 70:30 was taken and 

immersed in 500 mL solutions of pH ranging from 3.75 

to 9.6. The pH of distilled water was modified either by 

adding HCl to decrease pH or NaOH to increase the 

pH. After 24 hours, the final weight of the hydrogel 

was noted after draining the excess water. The swelling 

ratio is observed to increase with increasing pH of the 

solution.  

 

Fig. 11 pH effect on swelling ratio 

The cause for the increasing trend is due to the 

phenomena of dissociation of ions in certain pH 

conditions. At lower pH, carboxylic acid in the 

copolymer structure turns into protonated form of 

carboxylic acid. Hence, the hydrogel in acidic 

environment gets less water to absorb and hence the 

swelling ratio decreases at lower pH. At higher pH, the 

carboxylic acid group gets transformed into its basic 

salt form. This increases the number of fixed charges 

on the gel network, due to which electrostatic 

repulsions take place, resulting in increased potential to 

absorb water into the polymer network structure. Thus, 

swelling ratio is found to increase at high pH. 

2) Effect of temperature:The copolymer with monomer 

ratio 70/30 of acrylamide and acrylic acid was 

synthesized by maintaining reaction temperatures of 50 

ᵒC, 60 ᵒC and 70 ᵒC. Two to three batches were 

prepared for each temperature. 0.5 gm of each sample 

were put in 500 mL distilled water for a period of 24 

hours.  

 

TABLE VII 

SWELLING RATIOS of DIFFERENT REACTION TEMPERATURE 

Temperature (ᵒC) Wd (g) Ws (g) Swelling Ratio 

50 

0.5 106.43 211.86 

0.5 84.05 167.1 

0.5 56.62 112.24 

60 

0.5 57.33 113.66 

0.5 66.18 131.36 

0.5 66.18 131.36 

70 

0.5 45.42 89.84 

0.5 102.18 203.36 

 

3) Effect of cross-linker concentration:For preparing 

70/30 monomer ratio, amount of MBA was increased 

to 0.06, 0.07 and 0.08 g and the swelling ratios were 

noted for all the samples.  

TABLE VIII 

SWELLING RATIO with DIFFERENT MBA CONCENTRATION 

Amount of MBA (g) Wd (g) Ws (g) Swelling ratio 

0.06 0.1 31.77 316.7 

0.07 0.1 19.72 196.2 

0.08 0.1 10.83 107.3 
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Fig 12. Effect of MBA concentration on swelling ratio 

4) Effect of ionic strength:A 70/30 sample of polymer was 

taken and put in different concentrations of salt 

solution, and the corresponding swelling was reported. 

 
TABLE IX 

SWELLING RATIO of  POLYMER in DIFFERENT STRENGTHS 
of NACL SOLUTION 

Ionic strength (M) Wd (gm) Ws (gm) 
Swelling 

ratio 

0.1 0.1 3.54 34.4 

0.3 0.1 2.68 25.8 

0.5 0.1 2.59 24.9 

0.7 0.1 1.44 13.4 

0.9 0.1 4.17 40.7 

 

Fig. 13 Effect of strength of NaCl solution on swelling 

VII. CHARACTERIZATION 

F. FT-IR 

The FT-IR (Fourier Transform-Infrared Spectroscopy) of 

a sample of poly(acrylamide-co-acrylic acid) of 70/30 mole 

ratio was obtained using spectrophotometer FT/IR-6100typeA 

using powdered KBr post complete drying in infrared 

radiation. 

In the spectra in Fig. 14, the peaks at 3491.49 cm
-1 

resemble 

the N-H stretching of acrylamide while those at 2931.27 cm
-1

 

represent the C-H stretching of acrylic acid unit. The band 

1560.13 cm
-1

 – 1701.87 cm
-1

 corresponds to C=O group. The 

peaks near 1249.65 cm
-1

 are due to C-N vibration. The C-O 

group is represented by peaks in the range 1070.3 cm
-1

 – 

1249.65 cm
-1

. 

 

 

Fig. 14 FT-IR spectrum of 70/30 sample of poly (acrylamide-co-acrylic acid) 

 

VIII. RESULTS 

The preparation of homo-polymers Polyacrylamide 

(PAAm) and Poly acrylic acid is carried out by monomers 

acrylamide and acrylic acid respectively. Polyacrylamide is 

formed successfully whereas poly acrylic acid could not be 

formed under similar reaction conditions. Upon immersion in 

distilled water, the polyacrylamide hydrogel gets dissolved. 
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To assist in the absorption of water, cross-linking agent is 

added during the polymerization reaction to form cross-linked 

PAAm hydrogel. It absorbs water but only up to some extent, 

otherwise gets dissolved too. In order to strengthen the 

hydrogel, cross-linking is carried out between two monomers, 

AAm and AAc. Hence, copolymers of various monomer 

ratios are synthesized successfully. A highly viscous gel was 

formed upon the addition of initiator, potassium persulfate, in 

the reaction mixture. Swelling measurements of the powdered 

hydrogel indicated the absorption of considerably high 

amount of water. While noting the weight of the hydrogel on 

an hourly basis, thecommon trend observed was that the 

weight of swollen hydrogel generally increases with time. 

As the pH of the solution increases, the amount of 

swelling increases. This is because the number of fixed 

charges on the gel increases as more carboxylic groups get 

converted to their basic salt form. This increases electrostatic 

repulsion between the polymer chains and allows more water 

to get absorbed. 

The variation of reaction temperature does not give a definite 

trend in swelling, though varying swelling ratios have been 

observed at different compositions. 

With increase in concentration of the crosslinker 

MBA, the swelling decreases since the density of cross 

linking increases and available spaces for water absorption 

become lesser. 

The ionic strength of the solution in which hydrogel 

is immersed also has an impact on absorption capacity. The 

electrostatic repulsion between crosslinked chains decreases 

with increasing NaCl concentration as it tends to partially 

neutralize the carboxylic acid attached to polymer chains. 

Hence, lesser amount of water is absorbed at high strength. 

From the FT-IR spectra it can be inferred that the 

polymer was synthesized properly and the peaks obtained 

correspond to that of poly (acrylamide- co- acrylic acid). 

IX. CONCLUSION 

The homo-polymer Polyacrylamide is a water soluble 

since it gets dissolved in water. Addition of cross linking 

agent is an attempt to strengthen the hydrogel, but only a 

weak structured hydrogel is formed since most of it gets 

dissolved. The copolymer of acrylamide and acrylic acid is 

superabsorbent in nature as it has high water retention 

capacity without getting dissolved readily. Hydrogels 

prepared according to various proportions of the monomers, 

acrylamide and acrylic acid, have different swelling 

properties. The swelling ratios of various batches largely 

depends on the ratio of monomers taken in the reaction 

mixture, but does not entirely depend on it. So, it might get 

affected due to variation in reaction conditions such as 

temperature or the concentrations of monomer, initiator, 

activator and cross-linking agent, or loss of mass or simply an 

error in measurement of weight. Also, the general trend, while 

studying the absorption of water with time, is that the weight 

of swollen hydrogel increases as more water gets absorbed. 

However, it might decrease after reaching a peak swelling 

point, since the hydrogel can deform and begin to dissolve in 

water. 

The effect of pH and ionic strength shows that hydrogels 

respond to change in environment during swelling. The 

swelling ratio increases with increase in pH and with increase 

in ionic strength, the swelling decreases as electrostatic 

attraction increases between the chains. Also, while 

preparation of polymer changing reaction conditions leads to 

different swelling in samples. Decrease in concentration of 

cross linker leads to increased swelling in the polymer but its 

strength decreases. 
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