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Abstract 

The polluted water, mixture of chemicals and dyes, discharged by 

various textile and paper industries, is a serious problem for the 

environment, peculiarly the water. Dyes are stable to light, heat and 

oxidizing agents and are usually biologically non-degradable, which 

makes them complicated environmental pollutants. To examine the 

removal of dye from water, a three-dimensional poly (2-hydroxyethyl 

methacrylate) (PHEMA) and eosin Y were used, respectively, as a 

dye retention support and pollutant. The study of the interaction 

between dye and a hydrophilic polymer networks by the 

conformational modeling using computer software represents the goal 



 
 

 

of the present work. Both the swelling and ultraviolet–visible 

spectrophotometry studies show that the pollutant was well retained 

by the porous polymer network PHEMA. The conformational study 

of the system composed of polymer network/dye shows that the 

interaction of the oxygen (O) and bromine (Br) of eosin Y with the 

hydrogen (H) of the PHEMA depends on the polymer porosity that 

was varied by the cross-linking rate of the three-dimensional polymer 

networks. The results obtained by this work can be applied to 

improve the retention efficiency of such material for use in 

wastewater application. 
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Introduction 

Discharge disposed by various textile and paper industries is a major 

hazard to the environment, particularly water, due to the presence of a 

large number of contaminants like acids, bases, dissolved solids and 

dyes. These contaminated waters contain chemicals that are difficult 

to biodegrade, such as dye molecules that are a source of 

environmental degradation and affect aquatic life [1–4]. Dyes are 

toxic organic compounds [5]; they represent an important group of 

pollutants; they are used in various fields such as leather, plastic, 

paper industry and textile industry [6–8]. These pollution problems 

can be reduced by biological, chemical and physical treatment 

methods [9–11]. 

The separation of pollutants by the adsorption method has a great 

interest in the current research [12, 13]. This method is used in a wide 

range of fields, ranging from petrochemical, chemical and 

environmental and pharmaceutical applications [14]. Many 

applications of adsorption can be found, such as the retention of the 

components at very low concentration, for example impurities or 

molecules and metal ions which give color products, odors or toxicity 

[15]. Adsorption is one of the methods of physicochemical treatment 

of polluted water in which a fluid mixture containing coloring 



 
 

 

particles was attached to the surface of a solid adsorbent [16]. The 

adsorption process begins with a porous diffusion of coloring 

molecules through the solution and filling the pores of the adsorbent 

material, and then the dye molecules diffuse through a diffusing layer 

from the surface inwardly of the adsorbent material; therefore, the 

dye molecules attach to the material [17]. Depending on the nature of 

the adsorbent and the dye, several interactions can be performed [18]. 

Among materials that can be used as an adsorbent, hydrogel and 

polymer networks, these materials were considered as porous 

macromolecules; they can swell in solvents and do not dissolve; they 

have a good application of adsorption and can be used in different 

fields of industry, pharmacy, medicine and environment [19–21]. 

Eosin Y is one of the complicated pollutant dyes for environment 

because of its good solubility in water. It is included in the class of 

xanthenes dyes and it is a heterocyclic containing bromine atoms and 

a single carboxyl group [22, 23]. It is widely used in biological 

research, thanks to its intense fluorescence; it is also used in 

pharmacy and textile industry in the dyeing of silk, wool, nylon. The 

textile industry uses this colorant for these strong coloring properties 

and its bright color. Eosin Y has a biological degradation once it 

reaches the environment and can be toxic to insects, also for aquatic 



 
 

7  

life, because of its stability [24, 25]. 

In the present investigation, both the elaboration of porous 

methacrylic polymer networks by a facile technical and the photo-

polymerization by UV radiation, and retention study were the first 

step of this work. Effectively, 2-hydroxyethylmethacrylate (HEMA), 

1,6-hexanediol diacrylate (HDDA) and 2-hydroxy-2-methyl-16-

phenylpropane-1 (Darocur) were used, respectively, as a hydrophilic 

monomer, a cross-linked agent and a photo-initiator. The final 

polymeric material elaborated poly (HEMA/HDDA) was applied as 

an adsorption support, whereas the eosin Y dye was used as a 

pollutant. The examination of retention dye was followed 

experimentally by the study of the kinetics of swelling and deswelling 

of the PHEMA net- work in the eosin-Y-colored solutions. The study 

of the absorbance variation of the solutions colored by eosin Y before 

and after the swelling of the polymer network was carried out by an 

ultraviolet–visible (UV/Vis) spectrophotometer. 

The conformational study based on a molecular modeling in the 

aim to simulate the behavior of a selected particle system is now 

present in several fields of research such as biology, pharmacy, 

chemistry, physics and this using different computing software [26]. 

The Chimera calculation software (UCSF) was used in the second 



 
 

 

step of this work to model the previous system composed of 

polymer/dye (PHEMA/eosin Y) in the goal to understand how 

macromolecular conformational modeling can affect the retention of 

dye molecule by the nano- pores of the methacrylic polymer network. 

 

Experimental part 

Materials 

Monomer selected for this study is 2-hydroxyethylmethacrylate 

(HEMA) (see Fig. 1b) exhibiting a purity of 97% (from Sigma-

Aldrich). The cross-linking agent is 1,6 hexanediol diacrylate 

(HDDA) with a purity of 98% supplied by Cray Valley (France), and 

the photo-initiator is 2-hydroxy-2-methyl-16-phenyl-propane-1 

(Darocur 1173) from Ciba-Geigy. The dye used is a xanthene dye, 

eosin Y (Sigma-Aldrich); it is water-soluble, heterocyclic acid pink in 

color, and the chemical structure is shown in Fig. 1a. The products 

were used with no modification. 
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Fig. 1 Chemical structure of both a eosin Y and b 2-hydroxyethyl 

methacrylate (HEMA) 



 
 

 

Sample preparation 

Polymer network poly (HEMA/HDDA) 

The polymer networks were prepared from a photo-reactive solution 

consisting of 99% HEMA monomer, 0.5% HDDA cross-linking agent 

and 0.5% photo-initiator. The solution was prepared and placed in a 

stirrer for 30 min at room temperature, and then it was placed in 

circular molds in the polymerization chamber exposed to a UV 

radiation (TL80 UV lamp) for 30 min. The reaction was in a nitrogen 

atmosphere. The polymer network obtained after photo-

polymerization had the circular shape of the mold (pellet). 

 

Pollutant solutions 

The colored solutions were prepared with a mixture of distilled water 

and eosin Y. Two solutions of different concentrations of eosin Y 

were prepared from the initial solution. There were therefore three 

different concentrating solutions C1 = 0.1 mg/mL, C2 = 0.05 mg/mL 

and C3 = 0.025 mg/mL. 
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Swelling and deswelling measurements 

The polymer network obtained was weighted in the initial state (dry 

state) and then immersed in colored solutions with different 

concentrations of eosin Y (C1, C2 and C3). The mass of the polymer 

network PHEMA was taken in a time interval until the maximum of 

its weight was obtained. The swelling kinetics of the polymer 

network PHEMA was therefore followed, and the swelling ratio is 

calculated by Eq. (1). 

 

 

(1) 

where τ represents the swelling ratio (%), wd is the weight of the dried 

polymer network, and ws is the weight of the swollen polymer 

network at different time. 

In the case of the deswelling measurements, the swollen sample 

was taken out of the solution and left under air atmosphere, and it was 

weighted in a time interval until the minimum of its weight was 

obtained. 

 



 
 

 

Software of the conformational study 

ChemDraw is the most complete tool of choice for chemists and 

biologists who want to create intelligent scientific drawings ready for 

use in electronic laboratory notebooks, publications and databases. 

ChemDraw Ultra version (8.0) was used in this study to draw the 

chemical structure of the model polymer network PHEMA/eosin Y 

dye. 

The UCSF Chimera calculation software, version (2.3), was used 

with the AutoDock Vina interface to model the polymer/dye system 

(PHEMA/eosin Y). This software allows us to determine the most 

stable conformation of the chosen system by minimizing the energy 

of the system and then determining the existing and most important 

interactions between the atoms of the polymer and that of the dye. 

AutoDock Vina uses a sophisticated optimization gradient method 

in its local optimization procedure. Its calculation parameters were 

[27]: 

• The names of the files contain the model of polymer network and dye. 

• The initial state of the model composed of polymer network/dye 

(random con- formation). 

• Introduction of the dimension of the virtual (3-D) grid which depends 
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on the dimension of the model studied. 

• Finally, the docking process starts and at the end of each scan cycle, 

AutoDock Vina records the most important interactions. 

To allow the execution of the polymer network/dye calculations 

using the UCSF Chimera software [28], we must represent the model 

PHEMA/eosin Y with its polar hydrogen, as well as the partial 

charges of all its atoms. 

 

Results and discussion 

Swelling and deswelling studies 

The swelling kinetics of polymer network PHEMA in colored 

distilled water with three different concentration (C1 = 0.1 mg/ml, C2 

= 0.05 mg/ml and C3 = 0.025 mg/ ml) is presented in Fig. 2. The 

polymer network PHEMA swelled and followed two steps: In the first 

step, the diffusion of colored distilled water in the polymer network 

followed an exponential behavior in the time interval [0–24] h. The 

second step is what called a tray; in this step, during 6 h, from 24 to 

30 h, a constant swelling ratio was noted, because the polymer 

networks was saturated and could not uptake more water. At this time, 

we note the equilibrium swelling ratio considered as a maximum of 



 
 

 

swelling ratio. For the three colored solutions as you can see in Fig. 2, 

the maximum swelling ratio was almost stable about 58%. 

This is explained by the architecture of the polymer network. 

Forever, the chains of the polymer network are entangled in the initial 

state (dry state) and then the polymer network is immersed in the 

solutions stained by eosin Y, so there are a rapid diffusion of the 

colored solution and relaxation of the chains of the polymeric 

network; therefore, there is progressive adsorption on the surface and 

then progressively on the inside until the chains reach their maximum. 

The deswelling kinetics of PHEMA was monitored once the 

polymer network reached its maximum swelling. Then, it was 

removed from eosin solutions and left at free air and room 

temperature (see Fig. 3). 
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Fig. 3 Deswelling kinetics of PHEMA at free air and room 

temperature 

The results show that the polymer network PHEMA returns almost 

to its initial weight after 24 h, so the PHEMA remains colored. It is 

concluded that the dye was adsorbed and trapped by the polymer 

network; which can be explained by the fact that there has been the 

retention of the dye molecule in the nano-pore of polymeric network. 

 

Spectral analysis of colored solutions 

The spectral analysis of the solutions colored by eosin Y was done by 

ultraviolet–visible spectrophotometer as shown in Fig. 4. The colored 

solutions were placed in the apparatus to determine the absorbance 



 
 

 

spectra in the initial and final states and to see the variation in the 

absorbance with the variation of dye concentration. 

The results show that the concentration of eosin Y dye for each 

solution (C1, C2 and C3) decreases after swelling of the polymer 

network PHEMA. Thus, the dye was well experimentally retained by 

the polymeric support. 

 

Conformational study of polymer network/dye system 

(PHEMA/eosin Y) 

The objective of this part is to consider a molecular model of the 

polymer network/dye system and then to determine the most stable 

conformation of the chosen system, using the molecular modeling 

program UCSF Chimera, to simulate dye retention eosin Y, by the 

polymer network PHEMA. 

Chimera is a highly usable program for interactive visualization 

and analysis of molecular structures, including supramolecular 

assemblages; it is widely used by biologists and biochemists to study 

protein/enzyme systems where proteins and enzymes are directly 

taken from database [29]. 

The principle is therefore to insert a coloring molecule eosin Y in a 
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simplified model of the polymer network PHEMA (Fig. 5). The 

program permits to calculate the minimum energy of the model and 

then to determine the possible interactions between the atoms of the 

dye and the polymer network. 

The introduction of data consists of drawing a model of the 

polymer network and the dye molecule using the ChemDraw software 

which gives conforming but random structures. The Chimera program 

permits to choose a parallelepiped-shaped virtual cavity that may 

contain the network/dye model. 

 

 

Fig. 4 Variation of absorbance of the eosin Y dye in the medium for 

both initial states without polymer (filled square) and after the 

swelling of the polymer networks PHEMA (square) 



 
 

 

 

 

 

Fig. 5 Simplified model of a system composed of polymer network 

PHEMA and dye eosin Y 

 

The calculation of the energy minimization gives the most stable 

structure of the model and therefore a deduction of the most important 

interactions between the atoms of the dye and those of the polymer 

network [30]. 

Figure 6 shows a model of interaction between oxygen (O1) of 

eosin Y and hydrogen (H139) of the polymer network PHEMA which 

has a strong interaction (2.839 Å), and interaction between the brome 

(Br2) of the dye and the hydrogen (H41 and H43) of the polymer 

network which has an average interaction (3.236 and 3.518 Å). 

Another PHEMA/eosin Y system is made by adding a second 
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cavity to the polymer network PHEMA, so the model has with two 

equal cavities. The same calculation steps of the first system are 

followed; the possible interactions between the molecules of the dye 

and the polymer network are observed as shown in Fig. 7. 

The results show that the molecule of dye eosin Y is directed 

toward the part of the polymer network PHEMA where there are more 

atoms and therefore more interactions. 

Strong interactions were observed between the oxygen of the dye 

(O1) and hydrogen of the polymer network (H89 and H91) with values 

(2.636 and 2.981 Å) shown in Fig. 7a and also less strong interactions 

between the brome (Br2) of the dye and hydrogen of the polymer 

network PHEMA (H106) shown in Fig. 7b with values (3.253 Å). 

In another model, a PHEMA/eosin Y system was formed from two 

cavities with different sizes, the same calculation steps in the first and 

second systems were followed, and the interactions existing between 

the polymer network PHEMA and the dye were observed as shown in 

Fig. 8. 

 



 
 

 

 

 

Fig. 6 Model of interactions between atoms of eosin Y dye and 

polymer network PHEMA; aggrandizements shows an example of 

interaction of oxygen (O1) and brome (Br2) atoms of eosin Y dye with 

hydrogen atoms of polymer network PHEMA 
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Fig. 7 Model of interactions between polymer network PHEMA with 

two equal cavities and eosin Y dye. Aggrandizements: a interaction 

between oxygen (O1) atoms of eosin Y and hydrogen atoms of the 

PHEMA. b Interaction between brome (Br2) atoms of eosin Y and 

hydrogen atoms of the PHEMA 

 



 
 

 

 

 

Fig. 8 Model of interactions between polymer network PHEMA with 

two different cavities and eosin Y dye. Aggrandizements: c 

interaction between oxygen (O4) atoms of eosin Y and hydrogen 

atoms of the PHEMA. d Interaction between brome (Br1) atoms of 

eosin Y and hydrogen atoms of the PHEMA 



 
 

23  

 

The results show that the polymer networks were directed toward 

the large cavity where there were more interactions. 

Strong and medium interactions were observed between the oxygen 

(O4) of eosin Y and the hydrogen of the PHEMA polymer network 

(H232, H236, H290 and H321) with values (3.309, 3.116, 3.442 and 2.191 

Å). There are also strong and medium interactions between eosin Y 

and hydrogen atoms of the polymer network PHEMA (H146, H147, 

H215 and H222) with values (3.244, 2.833, 3.024 and 2.938 Å). 

The interactions between the atoms of the system where the distances 

between 2.5 and 3.1 Å were considered as strong interactions, those 

between 3.1 and 3.55 Å were classified as a medium interactions ,and 

a very weak or absent interactions for distances greater than 3.55 Å 

[31]. 

 

Conclusion 

The hydrophilic methacrylic polymer network poly (HEMA/HDDA) 

elaborated by UV photo-polymerization was used as a retention 

support of the dye, whereas the eosin Y was considered as a pollutant. 

Both swelling and deswelling kinetics show that the polymer 

networks became colored and eosin Y was well encapsulated inside 



 
 

 

the polymeric support. The decrease in the absorbance from the initial 

to the final polluted solutions justified that the hydrogel polymer 

network PHEMA has retained an amount of the eosin Y dye 

molecule. 

The conformational study of the polymer network/dye system 

(PHEMA/eosin Y) shows the presence of strong, medium and weak 

interactions in the selected system. In the case of one cavity in the 

polymer network PHEMA, the oxygen and brome of the eosin Y dye 

have interactions with the hydrogen atoms of PHEMA. When the 

polymer network has two cavities of the same size, the dye is directed 

to the part where there are more interactions; the oxygen and brome 

of the dye interact with the hydrogen of the polymer networks. For 

the last system where the selected polymer network has two different 

cavities in sizes, the dye is directed toward the part where there are 

more interactions (the large cavity); the oxygen atoms and the 

bromine of the dye interact with the hydrogen atoms of the polymer 

network PHEMA. So for the three chosen systems the dye takes the 

most stable conformation with the network and goes toward the part 

where there are more interactions. 

The distance between atoms has an important effect on the 

interactions of the system, and it is found that the interactions can be 
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classified as strong and medium interactions for a distance interval 

[2.5, 3.1] and [3.1, 3.55] Å, respectively, whereas there are very weak 

or absent interactions for distances between selected atoms greater 

than 3.55 Å. 
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