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ABSTRACT: This study initiates an experimental and theoretical investigation to evaluate the selective and 

competitive adsorption of two dyes, sulforhodamine B and Brilliant Green, on coal from pomegranate seeds. For this 

purpose, the effects of numerous parameters like initial dye concentration, initial pH, adsorbent dose and solution 

temperature were examined and studied in batch mode. The experimental results indicate that the adsorption is fast 

and fits better with the quasi-second order kinetic model than the quasi-first order kinetics. Adsorption data were 

studied using Langmuir and Freundlich isotherms. The obtained results showed that the Freundlich model provided a 

better correlation of the experimental data. The geometries of sulforodamine B and Brilliant Green were optimized 

using Gaussian 09W software through the density functional theory (DFT) at the theoretical level B3LYP / LanL2DZ, 

and the calculations (link length and connection angle) were well matched with experimental data at both levels.  

 

                       INTRODUCTION 

According to the research conducted in the 70s, one of 

the sources of environmental pollution was organic 

solvents used in chemical industries, especially paint and 

resin industries and related industries. Organic 

compounds accelerate the photochemical synthesis of 

ozone in the layers near the earth and cause the formation 

of ozone in the lower layers of the atmosphere, which is 

very dangerous for humans and other creatures. 

Following the international meetings and the approval of 

laws regarding the permissible level of environmental 

pollution, in the 80s, moving towards new methods of 

applying paint and preparing new environmentally 

friendly compounds was put on the agenda of paint 

industry research centers. 

Dyes are colored organic chemicals found in wastewater 

from a variety of industries, including paper, textiles, 

leather, cosmetics and printing. If the release of these 

dyes has a long-term negative effect on the environment, 

the color of water. It is not recommended to drink and 

use at home. Dye molecules are usually composed of 

complex aromatic rings and have bright colors. This 

aromaticity indicates long-term stability against 

biodegradation [1, 2]. Furthermore, dyes released in 

natural water sources not only reduce the amount of 

oxygen dissolved in water, but also affect the stability of 

the ecosystem [3-5]. This results in significant amounts 

of colored wastewater [6]. Consequently, it is very 

significant to develop effective approaches for removing 

dyes from aqueous media. Photocatalytic degradation [7, 

8], cation exchange membranes [9], electrochemical 

[10], aggregation [11] and activated carbon adsorption 

[12, 13] are some of the chemical and physical dyeing 

methods used for color removal from the paint 

wastewater. The adsorption method is used to treat 
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hazardous wastewater, and activated carbon is expensive, 

but widely used to remove various pollutants. As a result, 

low-cost additional materials, such as residual biomass, a 

renewable crop that are biodegradable at the lowest 

acceptable cost associated, have been proposed as 

substitutes and have excellent adsorption features for 

contaminants, metals or compounds. The principle of 

activated carbon in plants is a versatile adsorbent with 

great economic benefits for human waste or water 

treatment for industrial purposes [14]. Pollution-free 

recovery of agricultural waste is a major challenge and is 

recommended for sustainable industrial development for 

the conservation of the natural environment. All low-cost 

materials, such as biomass waste: apple peels [15], date 

seeds [16], olive seeds [17], peach seeds [18], 

pomegranate peels [19], grains coffee [20], coffee 

grounds [[21]], carbonated tea waste [22], mud [23], 

coconut shells [24] and apricots with seeds [25] may be 

used as precursors for the production of activated carbon. 

The aim of this study is to explore the possibility of 

using charcoal obtained from pomegranate seeds to 

remove some dyes from aqueous solutions, such as 

sulforodamine B and bright green. This study includes 

the optimization of the maximum adsorption conditions 

by investigating the impact of several parameters, like 

the adsorbent dose, initial concentration, the temperature 

and pH of the solution and the determination of the 

adsorption isotherms.  

MATERIALS AND METHODS 

Methods  

Settings and Computational details 

Structural calculations of dyes were performed using 

DFT. The simulations were performed in the gaseous 

state by approximating the isolated molecules using the 

Gaussian luxury 09 W used in all calculations in this 

study [26]. Gaussian output files were viewed using 

Gaussian View 05 software [27]. The dye geometry was 

optimized using the functional density theory (DFT) at 

B3LYP / LANL2DZ. The most common parameter that 

has a significant impact is chemical reactivity. Own 

values of the highest occupancy molecular orbital energy 

(EHOMO), lowest occupied molecular orbital energy 

(ELUMO), energy gap (EGAP), global electrophilicity 

index ionization energy (IE), global hardness (ƞ), global 

softness (S), and electronic affinity (EA) [28]. 

IE = - EHOMO 

EA= - ELUMO 

EGAP is the difference between the (EHOMO) and 

(ELUMO). 

∆E gap =ELUMO - EHOMO    

The parameter of (ƞ) was obtained according to the 

equation: 

  
   

 
  

           

 
 

The parameter of (S), was obtained according to the 

equation: 

  
 

 
  

 

           
 

The electronegativity was calculated according to the 

equation: 

  
   

 
  

              

 
 

The electronic chemical potential (μ) was calculated 

from the molecular orbital energies as follows [29]. 

   
            

 
 

Experimental study 

Preparation of surface 

Charcoal obtained from pomegranate seeds was prepared 

by washing the seeds several times with distilled water, 

drying them at (100) C and placing them in an anaerobic 

oven (500 C) for 2 hours. Take aeration charcoal (CRH) 

and finely grind the charcoal. After sieving with a sieve 

with a diameter of 0, 1μm, wash several times with 

distilled water and dry at a temperature of (50°C) for 2 

hours. (all) 

Preparation of dyes solutions and calibration curve 

As a representative cationic dye, a dye with a purity of 

99% was purchased from Sigma-Aldrich and used 

without further purification. A standard solution (500 ml) 

of the three dyes was dissolved in distilled water 

weighing 0.1g to prepare a concentration (200 ppm). 
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Figure 1. Calibration Curve of adsorption dyes on charcoal derived from pomegranate seeds   

Sulforhodamine B Brilliant green

Then, different concentrations were prepared varying (1-

10 ppm). The wavelength 𝜆𝑚𝑎𝑥 was measured using 

distilled water to obtain the maximum absorption of the 

dye (Note) (control). The absorbance for each of the ten 

samples was then measured with a UV-Vis 

spectrophotometer to determine the dye calibration 

curve. The calibration curve is plotted for dilute 

solutions, and the linearity of the calibration curve is a 

good indication that the calibration curve follows Beer's 

law. (Behr-Lambert) is as shown in Figure. Table 1 

shows the selected features of these dyes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The general features of used dye 

Dyes Chemical Structure Molecular weight(g/mol) λmax(nm) 

Sulforhodamine B 

 

558.6 
554 

 

Brilliant green 

 

482.6 628 

 

Batch adsorption experiments  

The adsorption studies were performed in glass flasks 

with a dye solution stirred continuously at 200 rpm 

during the experiment. To make a stock solution of 50 

mg L, the required amount of dye was dissolved in 

distilled water and consistent concentrations of solution 

with appropriate dilutions were obtained. The initial 

concentration is 1 to 10 mg L, the contact time is 0.5 to 3 

hours, the mass of pomegranate seeds is 0.05 to 0.3 g L-1, 

the temperature is 25 to 55°C and the pH range of the 

solution is 2 to 12. The pH of the solution was adjusted 

with NaOH (0.1 N) and / or HCl (0.1 N) before 

measurement using a pH meter. Samples were 

centrifuged at regular intervals and residue 

concentrations were calculated using UV-vis absorption 

characterization and a method of calibration at the 

maximum absorption wavelength shown in Table 1. The 

amount of adsorption was calculated using the following 

formula [30, 31]. 

   
        

 
 

RESULTS AND DISCUSSION 

Structure optimized of dyes  

Molecular reactivity diagrams represent the optimization 

of the molecular structure, including the values of the 
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reactivity index. Figure 2 indicates the optimized 

structure of the molecule generated by the Gaussain09W 

program. Gauss-view06-based reactivity calculations are 

based on molecular symmetry, a very powerful tool. 

Molecular optimization can be used to determine that 

two molecules have multiple axes of symmetry. 

Molecules include the asymmetric and nonplane plane 

and there are two or more symmetrical and plane 

elements of the molecule. 

 
 

Figure 2. Optimized Structure of Brilliant green dye (A) and Sulfo rhodamine B (B). 

Bond length  

The defined bond length between two atoms with two 

nuclei is approximately the sum of the covalent radii of 

the two atoms [32]. For covalent bonds, the energy and 

length of the bond depend on many factors, such as the 

proximity of electrons, the size of atoms, the differences 

in electronegativity, and the overall structure of the 

molecule. There is a general tendency for shorter bond 

lengths to have higher bond energies. Similar bond 

lengths indicate molecular similarity and symmetry (see 

Figure 3). 

  
Figure 3. Bond Length of A is Brilliant green dye and B is Sulfo rhodamine B. 

Global reactivity descriptors 

Energy gap (ΔEgap = EHOMO – ELUMO) 

The energy gap is vital for influencing the chemical 

reactivity of dye molecules to adsorption on the 

adsorbent surface. The obtained results indicate that the 

sulforhodamine B dye has a lower Egap (Egap = 0.00003 

eV) than the bright green dye with a difference of 

0.09062. eV indicates that the sulforodamine B dye is 

more reactive than the bright green dye. As a result, the 

sulforodamine B dye is adsorbed first. As shown in 

Figure 4. 

Dipole moment (μ) 

Chemical reactivity may be due to strong molecular 

polarity. It is clear from the literature that compounds 

with a higher dipole moment are more active and that 

A B 

A B 
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Figure 5. The impact of pH  for adsorption of dyes on  charcoal derived from pomegranate seeds.      

Sulfo RhodamineB Birilliant green

their action greatly increases the removal efficiency. In 

our case, the higher dipole moment of sulforhodamine B 

(11.862770D) increased the adsorption between the 

sulforhodamine B dye and the native clay surface 

compared to Brilliant Green (1.706186D), which 

explains the higher adsorption efficiency than 

sulforhodamine B. Check the experimental results in 

bright green. 

Study of dyes adsorption 

The impact of Adsorbent Dosage 

Figure 4 shows the adsorption capacity of pomegranate 

seed carbon obtained from a wastewater sample with pH 

= 7 for sorbent doses from 0.05 g to 0.3 g. As a result, 

the adsorption capacity was very low at the beginning. 

Thereafter, dose reduction increases the adsorption 

capacity. This is due to the fact that at first the active site 

of the adsorbent could not bind effectively to the 

adsorbate. At large amounts of adsorbent, the active part 

of the adsorption capacity was almost all the wastewater 

from the sample. And in the figure, it can be seen that the 

optimal amount of charcoal obtained from pomegranate 

seeds is 0.05 g for sulforodamine, which is the maximum 

adsorption capacity of the dye, and 0.2 g for bright green 

[33 - 37]. 

 

The impact of initial dye pH  

The pH effect of the solutions was studied in the pH 

range 2-12. The results are indicated in Figure 5. These 

results show that the high adsorption capacity of 

sulforodamine B is improved at PH = 10, but turns light 

green at pH = 4. These results can be explained by the  

fact that the surface of pomegranate seed coal at acidic 

pH is positively charged [38] and does not contribute to 

the adsorption of the dye dispersed because of 

electrostatic repulsion [39,40]. As shown in Figure 5. 
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Figure 6. The impact of Temperature for adsorption of dyes on charcoal derived from 

pomegranate seeds     

Sulfo rhodamine B Birllliant green

 

The impact of temperature 

It was conducted that the adsorption capacity decreased 

with increasing temperature of the solution, indicating 

that the adsorption mechanism is exothermic and 

favorable at low temperatures (see Figure 6). The 

decrease of the adsorption force with the increase of the 

temperature may be because of the weakening of the 

adsorption force between the adsorbent and the active site 

of the adsorbent [41, 42]. 

 

 

 

 

 

 

 

 

       

Adsorption isotherms 

It is necessary to understand the equilibrium adsorption 

isotherms. Adsorption data are analyzed using the 

following linear form of the Freundlich and Langmuir 

isotherms (see the results in Figure 7) [43].  

  

  
 

 

 𝑚   
  

 

 𝑚
    

where Ce (mg L-1), qe (mg g-1), KL (L mg-1), and qm (mg 

g-1) are the equilibrium concentration of the adsorbate, 

the amount adsorbed at equilibrium, the Langmuir 

constant and the maximum amount of adsorbate, 

respectively. The linearized Freundlich model is 

represented by Equation [44] (see the results in Figure 

8):  

                
 

 
 log (Ce) 

where Kf (mg g) and n are the Freundlich constant 

related to sorption capacity and the heterogeneity factor, 

respectively.  

As indicated in Table 2, the determination coefficients  

(R2) are grouped, in comparison with the Freundlich and 

Langmuir isotherm model, the high correlation 

coefficient of Freundlich isotherm for both dyes.  

 

Table 2. Isotherm constants for dyes on charcoal from pomegranate seeds. 

Langmuir Freundlich 
Dyes 

R2 qm KL R2 1/n- Log Kf 

0.8234 2.0916 1.211 0.9149 0.8665 59.595 sulfo rhodamine B 

0.1445 0.2371 0.7564 0.9729 1.7969 23.916 Brilliant green 
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Kinetics of adsorption 

Two kinetics models were used to investigate the 

adsorption of dyes onto Charcoal from pomegranate 

seeds such as pseudo-first-order and pseudo-second-

order. 

Pseudo-first-order model  

                   
  

     
  

 

The linear form of pseudo-first-order rate expression is 

given as: 

where qe and qt are the amount of dye adsorbed on 

sorbent (mg g) at equilibrium and time t, respectively, k1 

is the reaction rate constant of pseudo-first-order (min−1) 

and t is time (min) [45]. As shown in Figure 9. 
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Figure 7. The Freundlich Isotherm for adsorption of dyes on  charcoal derived from 

pomegranate seeds      
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Figure 8.  The Langmuir  Isotherm for adsorption of dyes on  charcoal derived from pomegranate 

seeds      
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Figure 9. Pseudo 1st Order  for adsorption of dyes on  charcoal derived from pomegranate seeds           
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Figure 10. Pseudo 2st Order  for adsorption of dyes on  charcoal derived from pomegranate 

seeds           

Pseudo-second-order model 

 It is necessary to mention that the Pseudo-second-order 

rate expression reaction model was calculated as  

 

 

 

 

 

 

equation [46]. The qe and k2 can be calculated from the 

slope and intercept of the plot. As shown in Figure 10. 
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