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Introduction
Hydrogels are polymeric materials that become more and more popular among plastic materials. 

Their simple and reproducible synthesis and a number of features such as  biocompatibility, 
biodegradability and non-toxicity result in growing interest in these polymer materials. The most 
important and interesting feature of hydrogels is their unusual ability to  reversibly absorb large 
quantities of liquids. Described polymers are also characterized by flexibility and mechanical 
strength at the same time. In order to improve or enhance their properties, a hydrogel matrix is often 
modified with natural additives of different origin. Depending on the application of the hydrogel, 
the corresponding amount of the cross linking agent is used in  order to achieve an appropriate 
cross-linking density. The quantity of cross linker that is used during the synthesis of hydrogel has a 
decisive influence on the structure and properties of the material [1-3].

A wide range of applications of the mentioned type of polymers covers areas such as agriculture 
or mining and, above all, medicine. In medicine, hydrogels are mainly used as components of 
advanced wound dressings [4-6] or contact lenses [7], but also as a raw material for the preparation 
of artificial organs and in systems of controlled release of drugs [8-10]. Nowadays, Tan et al. [11] 
reported applications of hydrogels as materials used as components of a system for detection of 
antibiotic - oxytetracycline. Synthesized polymers on the basis of graphene oxide have been applied 
as fluorescent biosensors. Furthermore, obtained materials were characterized by good mechanical 
properties. What is also worth noting, hydrogels represent a group of compounds that are useful in 
the treatment of cancer. Sachdev et al. [12] described innovative hydrogels based on chitosan and 
enriched with carbon dots used for drug delivery. Such a system includes the specific anticancer drug 
and provides a perfect solution for delivery of the drug directly to the place affected by a disease. 
Moreover, carbon dots affect the destruction the lung cancer cells. Jeong et al. [13] proposed an 
application of hydrogel systems in therapy directed against a colon cancer. Described materials can 
also play an important role in the treatment of blood cancer [14]. Furthermore, growing importance 
of hydrogels for encapsulation of cells should be noted [15].

In agriculture, one of the functions of hydrogels is to provide constant humidity of seeds. These 
materials also affect the proper growth and development of plants and take part in distribution of 
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Abstract
Hydrogels belong to the group of materials that are highly popular on the polymer market. 
Therefore many studies are currently carried out on the mentioned group of polymers using 
different modifying agents as well as different research techniques. In the research, synthesis of 
hydrogel polymers based on acrylic and modified with agar was conducted using UV radiation. 
Syntheses were performed using different amount of cross linking agent as well as a solution of agar 
with different concentrations do check an impact of both variables on physicochemical properties 
of attained materials. Next, sorption capacity and surface morphology of prepared hydrogels were 
determined. Furthermore, behavior of the tested materials in Simulated Body Fluid (SBF) was 
defined in view point of the potential use of the proposed polymers for biomedical purposes. Based 
on the conducted analyses it can be stated that obtained hydrogels were characterized by relatively 
high sorption capacity that depended largely on the amount of cross linker used during the synthesis 
as well as on the amount of the additive present in hydrogel matrix. Furthermore, tested polymers 
were characterized by a relatively corrugated surface. Additionally, analyzed materials exhibited 
biocompatibility in relation to simulated body fluid. Therefore it can be noticed that hydrogels based 
on acrylic acid and modified with agar solution can be considered as materials that can be used for 
biomedical applications.
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mineral fertilizers and supplying minerals to them [16-18].

In the framework of the presented research, synthesis of 

hydrogels based on acrylic acid and modified with agar was suggested. 
Introduction of agar into the hydrogel matrix was proposed in view 
of the increase of the biocompatibility of synthesized materials. A 
substance that acts as an additive to the hydrogel matrix is a well-
known gelling agent wherein the main component is galactose - 
monosaccharide which is hardly absorbed by human. This substance 
is made from algae (Rhodophyta), excavated mainly off the coast of 
Japan. Agar is used in areas such as pharmacy, food industry (e.g. in 
the production of sweets), photography and cosmetics [19].

Materials
Acrylic acid (99%; p.a.) and potassium hydroxide (pure; p.a.) 

were bought from Avantor Performance Materials Poland S.A. 
Poly (ethylene glycol) diacrylate (cross linking agent; average 
molecular weight Mn = 700; density: 1.12  g/ml), 2-hydroxy-2-
methylpropiophenone (photoinitiator, 97%, density: 1.077 g/ml) and 
agar (powder) were received from Sigma Aldrich. All these substances 
were applied without further purification.

Methods
Synthesis of acrylic hydrogels

The PAA/agar hydrogels were received by means of UV radiation. 
In the first step, 13.5 ml of acrylic acid was added to 15 ml of KOH 
(40% solution) and such obtained mixture was cooled to  the room 
temperature. Then, 5 ml of agar solution of a suitable concentration 
was added. In the next step appropriate amounts of cross linking 
agent (poly (ethylene glycol) diacrylate) and initiator (2-hydroxy-
2-methylpropiophenone) were added and the whole mixture was 
poured on a Petri dish and treated with UV radiation for 3 min. 
A quartz lamp - Emita VP-60 was used as a source of radiation. 
The apparatus was characterized by the power of 120 W, applied 

Figure 1: The influence of different amount of cross linking agent on the 
swelling ability of hydrogels with 1% solution of agar (n = 3; n - number of 
repetitions).
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Figure 2: The influence of different amount of cross linking agent on the 
swelling ability of hydrogels with 3% solution of agar (n = 3; n - number of 
repetitions).
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Figure 3: SEM microphotographs of hydrogels containing agar at the 
following resolution: a) 2 μm; b) 10 μm, c)20 μm, d) 20 μm.
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Figure 4: Results of incubation of hydrogels with 1% solution of agar 
immersed in distilled water.
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Figure 5: Results of incubation of hydrogels with 3% solution of agar 
immersed in distilled water.
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wavelength λ = 320 nm. Compositions of each hydrogels are shown 
in Prepared hydrogels were subsequently subjected to the analysis of 
their swelling properties, surface morphology as well as behavior in 
simulated body fluids.

Studies on hydrogels
Measurements of swelling ability: Swelling capability is one of 

the most well-known features of the hydrogel polymers. Therefore 
such an ability of the obtained hydrogels was determined using 
four liquids: distilled water, 0.9% solution of NaCl, 0.9% solution of 
MgCl2 and Ringer’s liquid (infusion liquid, isotonic to human blood; 
study in such an environment is important in viewpoint of potential 
application of obtained hydrogels for biomedical purposes and enable 
to check a behavior of attained in the environment simulating this 
one occurring in human body). Sample of dried acrylic hydrogel 
having a weight of about 0.5g was submerged in a 30ml of prepared 
liquid for an hour. After this time the swollen sample was removed 
from the liquid and weighed. The swelling ratio (Q, g/g) was defined 
by means of the formula (1) that is shown below:

0

0

w
wwQ −

=
                             (1)

Where w was the weight of swollen sample, and w0 was the weight 
of dried sample.

Analysis of surface morphology of hydrogels using 
Scanning Electron microscopy (SEM)

Study was performed to analyze the surface morphology of 
prepared hydrogels and to check an impact of introduced additive on 
its property. Samples were tested by means of the following apparatus: 
scanning electron microscope JSM-6010 LA.

Incubation studies
Incubation studies involved a determining a behavior of the 

tested hydrogels in liquids simulating physiological liquids such as 
SBF. Such a study is important in view of potential application of the 
materials for biomedical purposes. In the case of a negative impact of 
prepared polymers on such liquids, their use in the field of medicine 
and relative sciences is significantly limited.

For this purpose, samples of hydrogels were immersed in distilled 
water and in Simulated Body Fluid (SBF) [20]. The SBF solution 
consists of ions that have a concentration close to these ones which 
are present in human blood plasma. The samples were submerged for 
28 days, pH values of solutions were measured every week.

Results and Discussion
Measurements of swelling ability

The effect of the amount of the cross linking agent and the 
concentration of agar solution which is added to the hydrogel matrix 
on samples’ sorption capacities is presented in Figure 1 and Figure 2.

The process of swelling is a result of interaction which takes 
place between liquid and functional groups present in the structure 
of hydrogel. This process depends on the cross linking degree and 
constituents of absorbed solution. Based on the studies it can be 
noticed that increasing amount of cross linking agent used during 
the synthesis resulted in lower swelling ratios of tested polymers. 
Hydrogels are systems that composed of a three-dimensional network 
of the polymer chains and the water that fills the free area between 
these chains. The more cross linked hydrogel, i.e. greater amount 
of cross-links between the polymer chains, the more compact and 
packed structure of this material. Therefore, use of bigger amount of 
cross linker results in less space between polymer chains that could 
be available for water. It is a reason why hydrogels synthesized with 
participation of large amount of the cross linking agent have a smaller 
capacity to absorb liquids.

The studies showed also that the highest values of swelling 
ratios were observed for materials with higher concentration of agar 
solution. Main component of agar is a monosaccharide – galactose 
that has in its structure hydrophilic OH- groups. The mentioned 
groups can form a hydrogen bonds with water therefore swelling 
ability of materials containing this additive in a bigger concentration 
is bigger.

It should also be noticed that the biggest sorption capacity of 
analyzed hydrogels was observed in case of study conducted in 
distilled water and the lowest one in MgCl2 solution. It is caused by 
the fact that Mg2+ ions present in absorbed liquid can bind with ions 
resulting from the dissociation of hydrophilic groups occurring in 
polymer chain such as COO- and form additional cross links in three-
dimensional network in the structure of hydrogel. Therefore swelling 
in solutions containing additional ions is lower compared to this one 
occurring in distilled water.

Therefore, by using adequate amounts of reagents during 
preparation of hydrogel polymers it is possible to control their 
properties to obtain material characterized by the most desirable 
ones. As it was concluded based on the obtained results many factors 
have an impact on swelling ability including amount of cross linking 
agent as well as concentration of the additive – in this case agar. 
Analysis of sorption properties of hydrogels is important in viewpoint 
of the potential application of these polymers as drug carriers because 
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Figure 6: Results of incubation of hydrogels with 1% solution of agar in 
simulated body fluid (SBF).
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Figure 7: Results of incubation of hydrogels with 3% solution of agar in 
Simulated Body Fluid (SBF).
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sorption ability is related to the ability of drug release from hydrogel’s 
interior.

Analysis of surface morphology of hydrogels using 
Scanning Electron Microscopy (SEM)

In Figure 3 that is presented below, the surface morphology of 
hydrogels modified with agar is shown.

Application of SEM technique enabled a characterization of 
the surface of modified acrylic polymers. Based on the received 
microphotographs it can be concluded that attained hydrogels 
containing agar are characterized by a relatively corrugated surface. 
It can be noticed that analyzed materials have a very uneven and 
heterogeneous surface. Precisely this feature of the structure of 
attained hydrogels contributes to the increase in the sorption capacity 
of the materials containing agar. As a result, polymer modified with 
the mentioned additive is characterized by higher swelling ability in 
comparison to the sample without this gelling agent.

Incubation studies
The results of the incubation studies are presented below in 

Figure 4-Figure 7. In all cases the biggest change in pH was observed 
after the first seven days of incubation. Then, a  significant rise (in 
case of distilled water) or decline (for simulated body fluid) of pH 
was observed. Dry hydrogel swells and occurs the phenomenon of 
elution of unreacted reactants from the interior of the material. The 
structure of the hydrogel material changes – water from the solutions 
reacts with hydrophilic functional groups present in material. What 
is more, ion exchange between the solution and functional groups 
of hydrogel takes place. As a result, equilibrium is established in the 
system and pH values do not change significantly with time. In the 
case of hydrogels having a  high degree of cross-linking relatively 
minor variations in the pH were observed. Rigid structure of the 
hydrogel prevents sufficient elution of unreacted components, and 
also limits the interactions between the material and fluid in which 
it is immersed.

It can also be noticed that obtained hydrogels exhibited 
biocompatibility in relation to simulated body fluid. Such a conclusion 
results from the fact that pH of this liquid during hydrogels’ 
incubation after first week has stabilized and was at a similar level 
during the rest period of incubation.

Conclusions
A series of hydrogel polymers based on acrylic acid and modified 

with agar was prepared using UV radiation. The studies showed that 

Sample Acrylic acid [ml] 40% KOH [ml] Concentration of agar solution [%] Cross linking agent [ml]

1

13.5 15

1

1

2 1.5

3 2

4 2.5

5 3

6

3

1

7 1.5

8 2

9 2.5

10 3

Table 1:

the swelling capacity of analyzed materials is affected by the quantity 
of agar that was introduced into the hydrogel matrix. Based on the 
analysis it can be stated that the materials containing agar solution 
with higher concentration were characterized by higher sorption 
capacity. This is probably due to the fact that the substance added to 
the hydrogel matrix contained hydrophilic groups in its structure and 
therefore formation of hydrogen bonds between absorbed liquid and 
these groups occurred.

What is more, the obtained hydrogels do not affect significantly 
on the pH of the Simulated Body Fluid (SBF) and distilled water 
where they were immersed for 28 days, which may indicate their 
buffering properties and compatibility in relation to these liquids. 
Furthermore, the surface of synthesized hydrogels modified with agar 
was relatively corrugated that explains the increase in the sorption 
capacity of these materials. Additionally, conducted studies enabled 
the statement that hydrogels received with a large amount of  cross 
linker were characterized by a lower ability to absorb liquids. It is 
the result of a big number of cross links between the polymer chains 
which result in a rigid and less flexible structure of the hydrogel.

To conclude, prepared materials exhibit interesting properties 
due to which they can be considered as materials for biomedical 
purposes and designed for more advanced biomedical research.
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