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Abstract 
 

Poly(N-vinylimidazole-ethylene glycol dimethacrylate (P(VI-EGDMA) ) and poly(2-hydroxyethyl 

methacrylate-ethylene glycol dimethacrylate (P(HEMA-EGDMA) ) were synthesized as adsorbents for 

adsorptive removal of tartrazine dye from aqueous solutions. To achieve maximum tartrazine adsorption, 

some parameters were examined, and pH was found to be an important factor for the adsorption on P(VI-

EGDMA). As the temperature increased, removal amount of tartrazine was increased. The experimental 

capacities were found as 265.5 mg/g and 45.15 mg/g for P(VI-EGDMA) and P(HEMA-EGDMA), 

respectively. The experimental data well correlated with Freundlich isotherm.  The estimated ∆Hº values 

were found as 12.76 kJ/mol and 10.40 kJ/mol for P(VI-EGDMA) and P(HEMA-EGDMA), respectively. 

Adsorption was demonstrated to be endothermic in nature. The characterization of these polymers was 

done by using FTIR, TGA and SEM analysis. 

 

Keywords: Adsorption isotherms, dye removal, poly(N-vinylimidazole-ethylene glycol dimethacrylate), 

poly(2-hydroxyethyl methacrylate-ethylene glycol dimethacrylate), tartrazine. 

 

1. Introduction 
 

The industry, which develops to encounter the needs of 

the contemporary world, unfortunately causes 

environmental pollution. Pollution adversely affects the 

health of all living organisms and this has many sources.  

Dyes in industrial wastewaters are one of the pollution 

sources and they are utilized in many industries such as  

textile, food, leather, plastics, cosmetics, and paper     

[1–3] Some dyes can have toxic effects, they can be 

mutagenic or cancerogenic. Researchers apply different 

techniques such as electrochemical methods, 

precipitation, filtration, photocatalytic degradation and 

adsorption to remove pollutants from wastewaters       

[4–8]. Among the various techniques, adsorption is 

measured as most efficient and adaptable in practice. 

Different researchers have investigated the adsorption of 

dyes on natural or synthetic materials [9,10]. 
 

Tartrazine (E102 or FD&C Yellow 5) is an azobenzene 

synthetic azo dye and its structure traits a trisodium salt 

of 3-carboxy-5-hydroxy-1 (p-sulfophenyl)-4-

(sulfophenyl azo) pirazolone. This dye is used in many 

commercial food goods like drinks, soups, pudings, 

cakes, soups and candies or in medicinal capsules,  

 

syrups [11].  It is an alternative colorant to beta carotene 

to achieve similar color because of its lower price. 

Excessive consumption of tartrazine can cause allergic 

reactions, migraines, lupus, hyperactivity and behavioral 

problems [12,13].  
 

In the present work, adsorption of tartrazine on P(VI-

EGDMA), and P(HEMA-EGDMA) polymers using 

various variables are reported. Adsorption isotherms are 

applied to understand the mechanisms of dye adsorption 

onto polymers. The thermodynamic parameters also 

were evaluated. The characterizations of the adsorbents 

were done by FTIR, TGA and SEM analysis. 
 

2. Materials and Methods 

2.1. Materials 
 

Tartrazine (FD & C Yellow No. 5, C.I. 19140) was 

provided by KRK Gıda, Istanbul, Turkey. Ethanol, 

methanol, acetone, 1,1'-azobis(cyclohexane-

carbonitrile) (ABCN), acetone, 2-hydroxyethyl 

methacrylate (HEMA), N-vinylimidazole (VI), 

acetonitrile (ACN), ethylene glycol dimethacrylate 

(EGDMA), NaOH and HCl were supplied from Sigma 

Aldrich (USA). 
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2.2. Preparation of P(VI-EGDMA), and P(HEMA-

EGDMA)  

 

Two types of polymers, based on VI and HEMA as 

monomers, were prepared. 1 mmol monomer was firstly 

dissolved in 2 mL ACN (as a solvent) and then 5 mmol 

EGDMA (as a crosslinker) and 10 mg ABCN (as an 

initiator) were added to the solution. Then nitrogen gas 

purged for 5 min to remove the dissolved oxygen. 

Polymerization was completed after the tubes were 

incubated at 60°C for 24 h. The consisting polymers 

were crushed and powdered. Then the polymers were 

washed by ethanol and acetone to remove the excess of 

unreacted monomers and dried in vacuo for 24 h. 

 

2.3. Spectrophotometric analysis 

 

The standard tartrazine solutions prepared in distilled 

water and spectrophotometric measurements were taken 

at 426 nm where the maximum absorption is observed.  

 

2.4. Characterization  

 

P(VI-EGDMA) and P(HEMA-EGDMA) polymers were 

characterized by Fourier Transform Infrared (FTIR) 

Spectroscopy (Spectrum BX, Perkin Elmer), scanning 

electron microscope (SEM) (Quanta 250 FEG/FEI) and 

by TGA/DSC (TGA analyzer, Perkin Elmer SII Exstar 

7300). 

 

2.5. Adsorption Studies  

 

Batch adsorption experiments were set and the effect of 

contact time (15-90 min), amount of adsorbent (5-25 

mg), pH (pH 2.0-10.0), temperature (20-60°C) and dye 

concentration (16-1870 mg/L) on tartrazine adsorption 

was examined. The polymers were removed by 

centrifugation at the end of the pre-determined times 

and the unadsorbed tartrazine in the supernatant were 

analyzed spectrophotometrically.  

The following equation (2.1) is used for the calculation 

of the amount of dye adsorbed on the polymers: 

 

qe =
(Co−Ce)x V

m
                                                     (2.1) 

                                                                                                       

qe: the amount of dye adsorbed (mg/g),  

Co: the initial dye concentration (mg/L), 

Ce: the equilibrium dye concentration (mg/L), 

V : the volume of solutions (L)  

 m: amount of the adsorbent (g). 

2.6. Desorption and Reusability studies 

 

The regeneration of the dye adsorbed P(HEMA-

EGDMA) was done using 0.01 M NaOH, methanol and 

acetone, respectively. For the regeneration of the dye 

adsorbed P(VI-EGDMA), 1 M NaOH, methanol and 

acetone is used, respectively. Then the polymers were 

dried and used for the adsorption of the dye again. The 

equation 2.2 is used to calculate the percentage of 

tartrazine dye desorbed: 

 

D =
Amount of dye desorbed

Amount of dye absorbed
 x 100                            (2.2)  

 

where D, is the percentage of desorption. 

 

3. Results and Discussion 

3.1. Characterization  

 

3.1.1. FTIR Analysis 

 

FTIR spectra of P(VI-EGDMA), and P(HEMA-

EGDMA) are given in Fig. 1.  The polymers were 

formerly dried at 60 ºC for 24 h to prevent water-related 

interferences. For P(VI-EGDMA), the sharp peak at 

1732 cm
-1

 is attributed to the stretching of the carbonyl 

groups of EGDMA. The peaks around 1456 cm
-1

 and 

1267 cm
-1

 could be assayed as imidazole group and the 

peak at 1156 cm
-1 

is stretching vibrations of CH. The 

peak at 2987 cm
-1

 could be due to CH stretching 

vibration and the stretching band of OH peak is seen at 

3656 cm
-1

. For P(HEMA-EGDMA), OH stretching 

vibration spectrum is seen around at 3617 cm
-1

, CH 

stretching vibration is seen at 2957 cm
-1

, carbonyl 

stretching vibration is at 1731 cm
-1

, C=C stretching 

vibrations are at 1455 and 1265 cm
-1

, and CH stretching 

vibrations are seen at 1164 and 960 cm
-1

. 

 

3.1.2. SEM Analysis 

 

SEM analysis gives information about the morphology 

of the synthesized polymers [14]. As seen from figure 

1(b), P(VI-EGDMA) has a porous surface and there are 

holes and cavities. It should be also noticed that the 

adsorption capacity was highly depended on the 

polymer’s surface structure. The porous surface struc 

ture should be considered as the factor enhancing the 

surface area. The surface of poly(HEMA- EGDMA) had 

no surface cavities and this situation negatively affected 

its dye adsorption capacity. 
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Figure 1. FTIR spectrum and SEM micrographs of  

(a) P(VI-EGDMA), (b)P(HEMA-EGDMA) 

(Magnifications: 25.000 ×). 

 

3.1.3. Termogravimetric Analysis 

 

TGA was implemented to determine the chemical 

composition of the adsorbents. First order derivative of 

TGA curves reveals the temperature at which the 

maximum decrease of mass occur [15].  Fig. 2 displays 

the TGA results of P(VI-EGDMA) and P(HEMA-

EGDMA). From the thermal analysis, it was observed 

that in case of all polymers, the loss of water was 

observed at the first decomposition stage (30 °C-100 

°C). Main mass loss was occurred about 300–500 °C for 

all polymers. In the first stage of degradation of P(VI-

EGDMA) at 310 °C, a mass loss of 21.6 wt.% was 

observed. On the other hand, degradation of P(VI-

EGDMA) took place primarily in the second step of 

degradation at 425 °C with a very high persistent mass 

loss of 77.85 wt.%. In the differential thermal 

gravimetry (DTG) curve of P(HEMA-EGDMA), two 

peaks were seen at temperatures of 335 °C and 440 °C 

which show that the weight loss by thermal 

decomposition occurred in two steps. The weight losses 

corresponding to these temperature steps were 

calculated as 45.8 wt % and 82.16 wt %, respectively.  

 

Figure 2. TGA curves of P(VI-EGDMA) and 

P(HEMA-EGDMA). 

3.2. Batch adsorption studies 

 

The contact time is the one of the significant parameters 

that examined at adsorption studies. Ten milligrams of 

polymers were added to 16 mg/L tartrazine solution. 

The contact time was changed from 15 to 90 min then 

the suspension was centrifuged, and the absorbance of 

the supernatant was measured. The adsorption 

efficiency of tartrazine increased in 1 h and the time 

needed to reach the equilibrium was found as 45 min for 

these polymers (Figure 3A).  

 

The adsorption studies were performed at 20-60°C to 

examine the effect of temperature. The adsorption 

increased with the increasing of the temperature and the 

maximum adsorption was occurred at 40°C for both 

polymers (Fig. 3B). The adsorption capacity of the 

polymers increased with the temperature increase so the 

solubility of the dye molecules might increase and this 

may cause the increase in diffusion rate with the 

expansion of the polymer pores [16].  

 

pH of the dye solution was adjusted to pH 2.0-10.0 by 

using 0.1 M NaOH or 0.1 M HCl in order to examine 

the pH effect. Then each polymer was treated with pH 

adjusted 16 mg/L dye solution. The contact time and the 

temperature were kept at the optimum values. In this 

study, dye adsorption was highly dependent to pH of the 

solution for P(VI-EGDMA). The dye adsorption 

capacity of P(VI-EGDMA) decreased sharply as the pH 

levels increased from 2.0 to 8.0. For this polymer 

calculated adsorption capacity in acidic region was 

higher than those in other pH values. So, the further 

assays were done at pH 2.0.  At pH 2.0, since the 

imidazole groups in P(VI-EGDMA) are positively 

charged and the sulfonic acid groups in the dye are 

negatively charged, the dye adsorption is at maximum 

level due to the electrostatic attraction between them. 

As the pH value increases, especially the charge state of 

the imidazole groups changes, this time there is a 

decrease in adsorption because of the repulsion between 

the polymer and dye molecules. Additionally, at high 

pH values, there is a competition between OH
−
 ions and 

the dye ions causing a decrease in sorption of the dye 

[17]. P(HEMA-EGDMA) polymer does not contain 

ionizable groups. However, the OH groups in both 

HEMA and tartrazine have the capacity to make 

hydrogen bonds. An interaction occurs between the dye 

and the polymer through the formation of hydrogen 

bonds. 
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Figure 3.A. Effect of contact time (Tartrazine solution: 16 mg/L, polymer dose 10 mg for P(VI-EGDMA) and 15 

mg for P(HEMA-EGDMA). B. Effect of temperature (Tartrazine solution: 16 mg/L, incubation time 45 min; 

polymer dose 10 mg for P(VI-EGDMA) and 15 mg for P(HEMA-EGDMA). C. Effect of pH (Tartrazine solution: 

16 mg/L, incubation time 45 min, polymer dose 10 mg for P(VI-EGDMA) and 15 mg for P(HEMA-EGDMA), 

temperature 40 °C.); D. Effect of tartrazine concentration (incubation time 45 min; polymer dose 10 mg for P(VI-

EGDMA) (-●-) and and 15 mg for P(HEMA-EGDMA) (-■-), temperature 40 °C.).   

 
P(HEMA-EGDMA) is a non-ionic polymer and the 

sorption of tartrazine on P(HEMA-EGDMA) was found 

to be pH independent. Also, adsorption of the dye on 

P(HEMA-EGDMA) were seemed to be negatively 

affected due to presence of other ions when the pH of 

the medium was set to a known value by HCl, or NaOH.  

So, further studies were carried out in aqueous medium 

for P(HEMA-EGDMA) (Fig 3C).  

 

Effect of dye concentration was studied between 16 

mg/L-1870 mg/L tartrazine solution and other 

parameters were kept at optimum values.  As the initial 

tartrazine concentration increased, the amount of dye 

adsorbed on P(VI-EGDMA) increased. Dye adsorption 

on P(HEMA-EGDMA) was not so high as P(VI-

EGDMA) and this is due to non-ionic character of the 

polymer.  As shown in Fig. 3D, the amount of dye 

adsorbed became constant at high dye concentrations.  

This could be because of saturation of the limited active 

sites of the adsorbents above a certain dye concentration 

[18]. Maximum tartrazine adsorption capacities were 

found as 265.5 mg/g and 45.15 mg/g for P(VI-EGDMA) 

and P(HEMA-EGDMA) , respectively.  

 

 

 

3.3. Thermodynamic parameters 

 

The thermodynamic parameters (∆G°, ∆H°, ∆S°) are 

calculated. The following equations (3.1) and (3.2) were 

used to calculate these parameters, respectively. 

 

Kc= Xe/ (Ci-Xe)                                                        (3.1) 

 

Kc: Equilibrium constant of the adsorption process 

Xe: The equilibrium concentration of dye adsorbed, 

mmol/L, 

Ci: The initial dye concentration, mmol/L.  

 

Kc was evaluated at 293, 313, 323 K, and calculated 

according to Eq. (3) (Table 1).  The following equation 

was used to calculate the free energy (∆G°): 

 

∆G°=-RT lnKc                                                                   (3.2) 

 

The standard enthalpy (∆H°) and entropy (∆S°) of the 

adsorption were determined from the graphic drawn 

between In Kc vs. 1/T (Fig 4) (Eq 3.3) [19]. 
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In Kc= (∆S°/R) – (∆H/ RT)                                       (3.3) 
 

R:  The gas constant, 8.314 J/mol K  

T: The absolute temperature,  
 

∆H° and ∆S° values were found from the slope. ∆H°/R 

and the intercept ∆S°/R respectively. The calculated 

values of the thermodynamic parameters (∆G°, ∆H°, 

∆S°) are shown in Table 2. These results displayed that 

the adsorption of tartrazine on P(VI-EGDMA) and 

P(HEMA-EGDMA) is endothermic.  

It is obvious that the entropy increases follows: P(VI-

EGDMA)˃P(HEMA-EGDMA). It means that the 

adsorbent of P(VI-EGDMA) gave a less order system 

than P(HEMA-EGDMA) . The negative ∆S° value 

reflected that no noteworthy changes occurred in the 

internal structure of P(HEMA-EGDMA) during 

adsorption of tartrazine. Gibbs free energy change (ΔGº) 

values were positive and this indicated that adsorption 

process was unspontaneous.                           

 

  

Fig.4. In Kc versus 1/T 10
-3

 for dye adsorption on polymers. 
 

Table 1. Thermodynamic parameters. 

 

3.4. Adsorption isotherms 

 

The adsorption data was evaluated by linear forms of 

Freundlich (Eq 3.4) and Langmuir (Eq 3.5) isotherms 

[20,21].  

 

log qe= log kF + 1/n log Ce                                      (3.4) 

qe:   amount of dye adsorbed at equilibrium  

KF : adsorption capacity 

 n: adsorption intensity 

When log qe was plotted against log Ce, 1/n value is 

calculated from the slope. (Fig. 5, Table 3).   

 
Ce

qe
=

1

Qmax.b
+

Ce

Qmax
                                                 (3.5) 

 

Qmax : Maximum adsorption capacity (mg/g),  

b: (L/mg) Langmuir isotherm constant, relates to  

 

 

adsorption energy (Figure 5). Calculated Langmuir 

constants Qmax and b are displayed in Table 3. Qmax 

values were found as 102.04 (mg/g) and 76.92 (mg/g) 

for P(VI-EGDMA) and for P(HEMA-EGDMA) , 

respectively. 

 

The essential characteristic of the Langmuir isotherm 

can be defined in terms of a dimensionless equilibrium 

parameter, RL, which is usually expressed as (Eq 3.6): 

 

RL=1/ (1+bCo)                                                          (3.6) 

 

Where b is the Langmuir constant and CO is the initial 

dye concentration (mg L
−1

). The RL is a measure of 

whether the adsorption process is favorable or 

unfavorable.  

 

The isotherms shapes are: 

 

 

 

 

 

 

RL values were between 0–1, showing that the 

adsorption process were favorable for P(VI-EGDMA) 

and P(HEMA-EGDMA) (Table 2). R
2
 values of 

Freundlich isotherms were higher than Langmuir 

isotherms and displayed the suitability of Freundlich 

isotherm than Langmuir isotherm. Tartrazine adsorption 

studies also performed with some adsorbents and 

adsorption capacities are listed in Table 3.

 

Polymer 

Kc ∆G°(kj/mol) ∆H°(kj/mol) ∆S°(J/molK) 

293 K     313 K     323 K  293 K        313 K          323 K  

P(VI-EGDMA)   0.44 0.32 0.43 2.0 2.96 2.22 12.76 36.20 

P(HEMA-EGDMA)  1.28 0.87 0.59 -0.60 0.36 1.42 10.40 -33.68 

0 < RL < 1 Favorable 

RL = 1 Linear 

RL > 1 Unfavorable 

RL = 0 Irreversible 
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Figure 5: Freundlich (A-B) and Langmuir (C-D) isotherms for tartrazine adsorption on P(VI-EGDMA) (-●-) and 

P(HEMA-EGDMA) (-■-).  

 

Table 2. Freundlich and Langmuir isotherm parameters  

 Freundlich Isotherm Langmuir Isotherm 

 1/n KF R
2
 Qmax (mg/g) b (L/mg) RL R

2 

P(VI-EGDMA)   0.34 35.42 0.991 102.04 0.8379 0.001 0.948 

P(HEMA-EGDMA)  0.61 1.28 0.982 76.92 0.0019 0.3567 0.961 

 

 

3.5. Desorption studies and reusability of the 

adsorbent  
The regeneration and reuse of an adsorbent are 

important from an economic point of view. This study 

performed at room temperature for all polymers.  

Adsorption of tartrazine was performed at pH 2.0 on 

P(VI-EGDMA). Desorption studies were carried out 

using 1 M NaOH and more than 70% tartrazine could be 

recovered from the polymer. For the reusability of P(VI-

EGDMA), adsorption/desorption cycle was repeated 

seventeen times. After seventeen usages of the same 

polymer, the dye binding capacity of P(VI-EGDMA) 

decreased about 34%. Regeneration of P(HEMA-

EGDMA) was done by using 0.01 M NaOH solution. 

For P(HEMA-EGDMA) recovery of the dye was 

achieved as about 85%.  The reusability of P(HEMA-

EGDMA) was successfully performed for five times 

without significant reduction in adsorption of tartrazine.  

 

 

 

 

 

Table 3. Comparison of tartrazine adsorption capacities 

of various adsorbents 

Adsorbent type Adsorption 

capacity 

(mg/g) 

References 

Activated Red Mud 136.98 [22] 

Alkali Activated Fly 

Ash 

174.40 [23] 

 

Lantana carbon 

 

 

90.9 

 

[24] 

Sawdust 4.71 [25] 

Silver nanoparticle 

decorated 

multiwalled carbon 

nanotubes 

 

84.04 [26] 

In this study 

P(VI-EGDMA)                  102.04 

P(HEMA-EGDMA)             76.92 
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4. Conclusion 

In this study, P(VI-EGDMA), and P(HEMA-EGDMA) 

were synthesized as adsorbents for removal of tartrazine 

dye. Optimization of the contact time is necessary to 

determine the time to reach the equilibrium and for this 

study it calculated as 45 min for all polymers. The 

adsorption was highly depended on pH for P(VI-

EGDMA) and at pH 2.0 maximum adsorption was 

obtained. Adsorption on P(HEMA-EGDMA) were not 

affected by pH and the experiments were performed in 

aqueous media. The thermodynamic parameters of the 

adsorption help in prediction of how the adsorption of 

dye molecules might change with temperature. ∆H°>0 

showed that tartrazine dye adsorption on P(VI-

EGDMA) and P(HEMA-EGDMA) was endothermic. 

The adsorption isotherms of P(VI-EGDMA), P(HEMA-

EGDMA) were correlated with Freundlich isotherm 

model.  
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