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Abstract  

In the present work, sulfonamide chitosan derivatives were prepared via the 

reaction of chitosan (Cs) with diphenyl ether – 4, 4`- disulfonylchloride (DPE) in 

absence and/or presence of glutaraldehyde (G) to form the hydrogel (DPE-I) and 

(DPE-II) respectively. The nanogels (DPE-III) and (DPE-IV) were prepared via 

ionotropic gelation method in presence of sodium tri polyphosphate (TPP) under the 

same reaction conditions. The hydrogels (DPE-I, DPE-II, DPE-III, and DPE- IV) 

were characterized by different tools as: Elemental analysis, Fourier Transform Infra-

Red spectrometer (FT-IR), Proton Nuclear Magnetic Resonance (1HNMR), Scanning 

Electron Microscopy (SEM),  and Transmission Electron Microscopy (TEM). The 

adsorption efficiency of the prepared hydrogels for removal of congo red dye (CR)  

from aqueous solution under different parameters such as (time, pH, and 

concentration) was evaluated. The adsorption capacity of CR by the prepared 

hydrogels increased with time, adsorbent dosage and the initial concentration of CR. 

The optimum adsorption capacity for CR dye by the prepared hydrogels was at pH 7. 

Hydrogels (DPE-III and DPE-IV) showed the highest efficiency for adsorption of 

(CR) dye.  

Keywords: Chitosan; Diphenyl ether - 4, 4`-disulfonyl chloride; Nanoparticles; Dye 

removal. 

1. Introduction  

In recent years, dyes have been one of the most common contaminants in 

wastewater due to their high toxicity and non-biodegradability [1,2]. CR is toxic to 

animals and plants and thus its introduction to water stream is seriously hazard to 
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aquatic living organisms and can cause human carcinogen, it was chosen as model 

dye because of its complex aromatic structure and synthetic nature, it is non-

biodegradable and stable under a variety of conditions [3]. CR, a water-soluble 

anionic dye, has long been used in the printing, textile, leather, cosmetic, and 

biomedical industries [4]. 

Common techniques such as membrane separation [5], electrolysis [6], 

oxidation [7], chemical precipitation [8], adsorption  [9,10], photocatalytic degradation 

[11], biological treatments [12], and flocculation [13] were used to remove dyes from 

wastewater. The adsorption approach is more appealing for dyes treatment because of 

its low initial cost, no carcinogenic by-products and high removal efficiency even 

from dilute solutions [14].  

Biopolymers have sparked a lot of interest as adsorbents for wastewater 

treatment because of the existence of variable chemical reactive groups in polymer 

chains such as; amino, hydroxyl and acetamido [15].  

Chitosan is a biopolymer linear -1, 4-linked polysaccharide that is produced by 

deacetylation of chitin [16,17]. Due to the unique properties of chitosan made it 

utilized for a wide range of applications, including wastewater treatment [18], food 

industry [19], pharmaceutical and biomedical applications [20], and agriculture [21].  

Chitosan backbone contains active amine and hydroxyl groups; it can easily be 

used to remove dyes from wastewater due to its dissolution in acidic environments 

and weak mechanical properties [3, 22, 23].  

As a consequence, chitosan was modified with different crosslinker such as 

epichlorohydrin or glutaraldehyde to enhance its physicochemical properties for 

different applications as, biochemical, potential for metals and dyes adsorption from 

industrial effluents [24]. 

Chitosan nanoparticles (NPs) are innovative polymeric and bio-based NPs that 

have a wide range of application, including drug delivery systems, wastewater 

treatment, food packaging, and agriculture [25]. Various techniques are evaluated to 

form chitosan NPs such as emulsification, precipitation, reverse micelle ionic gelation 
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or covalent crosslinking technology [26]. Ionic gelation technique is including anionic 

cross-linker such as tripolyphosphate (TPP) [27]. 

Sulfonamides, the most common scaffold in sulfur-containing molecules [28] 

and used in a wide range of biologically active compounds and medicines containing 

antimicrobial, anti-inflammatory, anticancer, and protease inhibitors properties [29].  

In continuation of our studies [18, 20, 27], chitosan (Cs) was crosslinked with 

diphenyl ether - 4, 4`-disulfonyl chloride (DPE) under different reaction conditions to 

form new hydrogels and nanogels to improve its physicochemical properties and its 

application for dye removal. The new hydrogels were characterized by elemental 

analysis, (FT-IR), (1HNMR), (SEM), (TEM). The adsorption efficiency of the new 

hydrogels for (CR dye) removal from aqueous media under different parameters was 

studied. 

2. Materials and methods 

2.1. Materials 

Chitosan (Mw = 100 – 300 KDa, DD= 80.5%) (Acros Belgium). Congo Red 

dye (CR) (Loba Chemie). Glutaraldehyde (G) (Sigma Aldrich) (50% V/V, M.F.= 

C5H8O2). Dimethylsulfoxide (DMSO) and Chlorosulfonic acid (M.F. = HSO3Cl, 

Assay = 99%, Density = 1.75g/mL) were obtained from Alpha. Diphenyl ether ((M.F. 

= C12H10O, B.P. = 256 0C) and Sodium tri-polyphosphate (TPP) were obtained 

respectively from Merck and Adwic. Hydrochloric acid (HCl) (Assay = 36.5-38.0%, d 

= 1.2g/mL) was obtained from Sigma Aldrich. Sodium hydroxide sheets (NaOH) was 

obtained from El-Gomhouria.  

2.2. Methods  

2.2.1. Synthesis of diphenyl ether - 4, 4`-disulfonyl chloride (DPE)  

A mixture of diphenyl ether (0.05 mol), chlorosulfonic acid (1.5 mol) and urea 

(0.2 mol) as a catalyst was stirred at 50-60 0C for 4½ h. The solid product was 

recrystallized from chloroform-n-hexane mixture (1:1), to give white solid, m.p 127 

0C (Literature 124-126 0C) [30]. 
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2.2.2. Synthesis of hydrogel Cs 

Chitosan (1 g, 1% w/v) was dissolved in aqueous solution of acetic acid (100 

mL, 1% v/v) under stirring for 2 h at room temperature. The obtained chitosan 

hydrogel was washed  with (0.1 M) sodium hydroxide solution for neutralization and 

deionized water then left to dry in air to give hydrogel Cs. 

2.2.3. Synthesis of hydrogels DPE-I and DPE-II 

Chitosan (0.5g) was dissolved in 60 mL (1% V/V) acetic acid with stirring for 

1h. Subsequently, 0. 57g of DPE was dissolved in (3mL) DMSO and was added 

dropwise to chitosan solution. The reaction mixture was stirred at room temperature 

for 48 h to give (DPE-I) hydrogel, and in presence of glutaraldehyde (5mL, 50% V/V) 

until gelation to give (DPE-II) hydrogel. Thereafter the reaction mixture was poured 

into petri dish and left to dry at room temperature. The obtained hydrogels were 

washed with 0.1M sodium hydroxide solution to neutralize the excess of acetic acid 

solution and distilled water, then left to dry at room temperature.      

2.2.4. Synthesis of nanohydrogels DPE-III and DPE-IV 

Chitosan (0.5g) was dissolved in 60 mL (1% V/V) acetic acid with stirring for 

1h. Subsequently, 0. 57g of DPE was dissolved in (3mL) DMSO and was added 

dropwise to chitosan solution. TPP solution (20 mL, 1% w/v) was added to the 

reaction mixture drop by drop and stirred under magnetic stirrer for 48 h at room 

temperature to give (DPE-III) hydrogel and in presence of glutaraldehyde (5mL, 50% 

V/V) until gelation to give (DPE-IV) hydrogel. The reaction mixture was poured into 

petri dish and left to dry at room temperature. The hydrogels formed were washed 

with 0.1M  sodium hydroxide solution and distilled water and left to dry in air at room 

temperature. 

2.3. Characterizations of chitosan and hydrogels DPE-I, DPE-II, DPE-III, and 

DPE-IV  

2.3.1. Elemental analysis  

Elemental analysis for chitosan and prepared hydrogels was done by a Perkin-

Elmer 2400 C, H, N elemental analyzer. The degree of deacetylation (DD) of Cs and 

degrees of substitution (DS) of the prepared hydrogels (DPE-I, DPE-II, DPE-III, and 
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DPE-IV) were calculated by elemental analysis on the basis of (C/N) percentage 

according to the following equations: 

The DD of chitosan was calculated by the following equation [31]:   

DD =   (1 −
C

N
−5.145

6.861−5.145
)  x 100                                              (1)  

Where 5.145 is represented the ratio of C/N of completely N-deacetylated chitosan 

(C6H11O4N repeated unit) and 6.861 is the ratio of C/N of the fully N-acetylated 

polymer (C8H13O5N repeated unit).  

While the degree of substitution of chitosan calculated from the following equation 

[32]: 

DS =    
N−6.61

(
686

143+M
+

392

185+M
)−6.61

  x 100                                            (2) 

Where, N is the percentage of nitrogen, M is the molecular weight of introduced 

moiety. 

The values 686, 392,143 and 185 are constants that represent the equation used to 

calculate the content of the nitrogen into the polymer. 

2.3.2. Fourier transform infrared analysis (FTIR) 

Fourier Transformed Infrared spectrometer (FTIR, Nicolet iS 10, Thermo 

Fisher Scientific, in the Central Lab Ain Shams University, Cairo, Egypt) was applied 

to identify the structures of the prepared hydrogels. The FT-IR spectrum of the 

prepared hydrogels in the wave number range from 4000 cm-1 to 400 cm-1 and the test 

pellets were made by KBr.  

2.3.3. Nuclear magnetic resonance analysis (NMR)   

The 1HNMR spectra were recorded on a Varian Mercury VX-300 NMR 

spectrometer. 1HNMR spectra were run at 300 MHz in deuterated dimethylsulfoxide 

(DMSO-d6).  

2.3.4. Scanning electron microscope analysis (SEM)   

Scanning electron microscope (SEM) Model Quanta 250 FEG attached with 

EDX Unit in the Central Lab National Research Center was used for determine the 
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morphology of the polymers, Cairo, Egypt. The scanning occurred at accelerating 

voltage 30 kV and magnification 14× up to 1,000,000. 

2.3.5. Transmission electron microscope (TEM) 

The TEM images of nanoparticles were illustrated by TEM (JEOL-JEM-1200 

EX II, in the Central Lab Ain Shams University, Cairo, Egypt) operating at 100 kV 

and 100 nm. 

2.3.6. Swelling behavior  

2.3.6.1. Effect of pH  

The Swelling behavior of the prepared hydrogels was evaluated using different 

pH solution in rang (3- 10). (50 mg) of each prepared hydrogel was immersed in (25 

mL) of water with pH 3, 7, and 10 at room temperature. After 24 h, the hydrogels 

were removed and mopped with filter paper to remove excess surface water. Finally, 

the hydrogels weighted after swelling and calculated the swelling degree by using the 

following equation [33]. 

 Swelling degree (%) =  
Ws−Wd

Ws
  x 100                                          (3)    

Where; Wd represents the dry weight of the gel specimen and Ws represents the 

swollen weight of the hydrogels at certain time. 

2.4. Dye removal from aqueous solutions 

2.4.1. Adsorption study 

Congo red was selected to investigate the adsorption performance of the 

prepared hydrogels (Cs, DPE-I, DPE-II, DPE-III, and DPE-IV). The removal of dyes 

from aqueous solution was examined by adsorption method [9,10].  

The batch adsorption experiments were conducted in 50 mL conical flasks 

with 10 mL of dye solutions and 100 mg of hydrogel. Then the supernatant was 

withdrawn and the dye concentration was determined using an Evolution 300 UV–Vis 

Spectrophotometer at 497 nm [34]. The stock solution having 100 ppm  concentration 

was prepared by dissolving appropriate amount of CR  dye and used it in batch 

experiments by making required dilution. 
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Various parameters were studied include time, pH, dose, and concentration. 

The effect of time was examined for  different time intervals (5 h - 72 h) at pH 7. The 

effect of pH was studied using various pH solutions (3–10)  mandala 0.1 M HCl or 

NaOH solution for 48 h. Impact of  dosage was illustrated by using various quantity of 

prepared hydrogels (50–250 mg)  at pH 7 for 48 h. The effect of  initial dye 

concentration was investigated using various CR concentrations  (10–100 ppm) at pH 

7 for 48 h.   

The adsorption capacity qe (mg/g) and removal efficiency of CR dye by 

hydrogels was determined by the following equation (4) [10]: 

 Removal efficiency =
CO − Ce

Co
   × 100                                         (4)  

Where Co is the initial concentration of CR (ppm), Ce is the concentration of CR at 

time. 

2.4.2. Adsorption isotherm study 

The adsorption isotherm is useful to explain the adsorption capacity of dye 

molecule at equilibrium to the adsorptive substance concentration in solution at 

constant temperature adsorbent. Adsorption isotherms studies were carried out using 

two parameter isotherm models Langmuir and Freundlich.  

The Langmuir isotherm assumed that adsorption takes place at specific 

homogeneous sites within the adsorbent and described the formation of a monolayer 

of the adsorbate on the outer surface of the adsorbent [35]. The Langmuir isotherm 

parameters are calculated from Eq. (5) and (6), respectively [36]. 

Ce

qe
=

1

KL  qm
+  

Ce

qm
                                                                        (5) 

RL =
1

KL  CO
                                                                                      (6) 

Where, qe is the amount of dye adsorbed at equilibrium time (mg/g), qm is the 

maximum adsorption capacity (mg/g), KL is the isotherm constants for Langmuir 

(L/mg), RL is the separation factor, 

The Langmuir constants qm and KL is the isotherm were determined from the 

slope and intercept of the linear plot between Ce/qe against Ce. The separation factor 
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(RL) value gives information about the favorability of adsorption process and 

calculated from Eq. (6). The value of RL may be either (RL> 1), (RL= 1), or favorable 

(0 < RL< 1) that’s indicated to the unfavorable, linear, and favorable adsorption 

process respectively [37].  

Freundlich adsorption model is based on the multilayer adsorption of 

adsorbate at the heterogeneous adsorbent surface [38]. The Freundlich isotherm 

parameters are calculated from Eq. (7) [36]. 

Log qe   = Log Kf +  
1

n
 Log Ce                                                      (7)    

Where, Kf is the capacity of the adsorbent, and n is the intensity of adsorption constant 

for Freundlich.  

The Freundlich constants 1/n and Kf values can be derived from the slope and 

intercept of the plot between log qe against log Ce, respectively. The value of n may 

be either n <1, 1˂ n ˂ 2, or 2 ˂n ˂ 10, that’s indicated to poor, difficult and good 

adsorption respectively [39].  

2.4.3. Reusability study 

The reusability of prepared hydrogel (DPE-IV) was determined by adsorption-

desorption  cycles. The adsorption experiments were carried  out using a CR 

concentration of 30 ppm (10 mL) mixed with  hydrogel of 100 mg at pH 7 for 24 h. 

For desorption, the CR loaded sample  was treated with (0.05 M) NaOH solution (10 

mL) for 20 min [1]. The adsorption capacity (qe) (mg/g) was determined by the 

following equation (8) [10]: 

qe =
(CO−Ce )V 

m
                                                                                (8) 

Where Co is the initial concentration of CR (ppm), Ce is the concentration of CR at 

time t, V is the volume of the solution (L), and m is the dry  weight of the 

 hydrogels (g). 
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2.5. Statistical Analysis 

All measurements were expressed in triplicate in each experiment and the data 

illustrated by the mean value ± standard deviation and was done by using Microsoft 

Excel. 

3. Result and discussion 

3.1. Synthesis of DPE, DPE-I, DPE-II, DPE-III, and DPE-IV  

Diphenyl ether - 4, 4`-disulfonyl chloride (DPE) was prepared according to 

reported procedure [30]. The reaction carried out between diphenyl ether and 

chlorosulfonic acid in presence of urea as a catalyst as shown in Scheme 1.  

Hydrogel DPE-I was synthesized by the reaction of amine groups (-NH2-) of 

Cs with sulfonyl chloride group (- SO2- Cl) of DPE via elimination of HCl. Hydrogel 

DPE-II was prepared under the same condition in presence of glutaraldehyde as cross-

linker Scheme 2. 

Nanohydrogels (DPE-III and DPE- IV) were prepared via ionotropic gelation 

processes through the electrostatic interaction between the positive charge of the 

protonated amine groups of Cs with the negative charge of TPP in absence or/and 

presence of glutaraldehyde as shown in Scheme 2 and (Fig.1). 

 

  

Scheme 1. Synthesis of diphenyl ether - 4, 4`-disulfonyl chloride (DPE)  
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Scheme 2. Synthesis of hydrogels DPE-I, DPE-II, DPE-III, and DPE- IV  

 

Fig.1. Photographs of hydrogels (a) Cs, (b) DPE-I, (c) DPE-II, (d) DPE-III, and 

(e) DPE-IV 
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3.2. Characterization of hydrogels   

The structure and morphology of the prepared hydrogels DPE-I, DPE-II, DPE-

III, DPE- IV were characterized by elemental analysis, FT-IR, 1HNMR, SEM, and 

TEM. 

3.2.1. Elemental analysis 

 The elemental analysis results of hydrogels (Cs, DPE-I, DPE-II, DPE-III, and 

DPE-IV), expressed as percentages of carbon, nitrogen, hydrogen, and sulphur as well 

as the carbon/nitrogen ratio, DD% and DS% are listed in Table 1. The results proved 

that the ratio C/N of the prepared hydrogels was increased with decreasing of nitrogen 

percentage and increasing DS [34].  

The ratio C/N of chitosan and new hydrogels was increased from 5.48 to 9.83, 

17.23, 7.98, and 29.12 for DPE-I, DPE-II, DPE-III, and DPE-IV respectively. In case 

of the hydrogels DPE-II and DPE-IV, the C/N ratio was increased than DPE-I and 

DPE-III due to the interaction of Cs with the glutaraldehyde. 

Table 1 

The DD of Cs and DS of the hydrogels DPE-I, DPE-II, DPE-III, and DPE-IV 

Elemental analysis 
Prepared 

hydrogels 
DS % DD% C/N S% N% H% C% 

- 80.5 5.48 - 7.2 17.9 39.4 Cs 

58.9 - 9.83 8.8 3.9 14.9 38.6 DPE-I 

76.6 - 17.23 3.9 2.9 14.6 49.5 DPE-II 

48.3 - 7.98 5.4 4.4 10.7 35.2 DPE-III 

98.7 - 29.12 2.3 1.8 15.2 52.1 DPE-IV 
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3.2.2. Fourier transform infrared analysis (FTIR)    

The FTIR spectrum of  Cs showed a broad peak at 3418 cm-1 assigned to OH 

group and (NH2) group, while the absorption peaks at 1650 and1600 cm-1 assigned to 

C = O of acetyl group and N – H bending of NH2, respectively Fig.2 [40].      

The FTIR spectrum of hydrogel DPE-I showed peak at 3433 cm-1 due to 

presence of O – H implied to the N – H stretch. The peaks were appeared at 1637 and 

1587 cm-1 assigned to C = O of acetyl group and bending of N – H.  

Hydrogel DPE-II showed strong peak at 3433 cm-1 and was assigned to O – H 

group implied to the N – H stretch of Cs. The adsorption band was appeared at 1656 

cm-1 attributed to C = O of acetyl group and C = N group results from reaction of 

glutaraldehyde with chitosan. In addition to, a peak was appeared at 1585 cm−1 which 

assigned to N – H bending, this revealed that the glutaraldehyde was crosslinked with 

Cs.  

The FTIR spectrum of hydrogel DPE-III showed strong band at 3435 cm-1 due 

to presence of O – H and the N – H stretch. The adsorption peaks of C = O of acetyl 

group and N – H bending was appeared at 1631 and 1532 cm-1, respectively. New 

absorption bands were appeared at 1383 cm−1 and 1004 cm−1 for the P = O and P – O 

groups, respectively, which revealed to the formation of strong intermolecular 

hydrogen bonding between amine groups of chitosan with sodium tripolyphosphate 

(TPP).  

The FTIR spectrum of DPE-IV showed strong peak at 3422 cm-1 was assigned 

to O – H group implied to the N – H stretch. The adsorption band was appeared at 

1636 cm-1 attributed to C = O of acetyl group and C = N group result from reaction of 

glutaraldehyde with chitosan. In addition to, a peak appeared at 1543 cm−1 which 

assigned to N – H bending. New absorption bands were appeared at 1378 cm−1 and 

1006 cm−1 for the P = O and P – O groups, respectively.  

Compared Cs with (DPE-I, DPE-II, DPE-III, and DPE-IV) exhibited five 

additional peaks at (1491cm−1), (1303 & 1124 cm−1), and (1247 & 1029 cm−1), which 

are corresponding to aromatic ring [41], SO2 group and ether group (- O -) of the DPE 

moiety respectively, confirming the reaction between Cs and DPE [42, 43].  
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Fig.2. FTIR of hydrogels (a) Cs, (b) DPE-I, (c) DPE-II, (d) DPE-III, (e) DPE-IV 

3.2.3. Nuclear magnetic resonance analysis (NMR) 

1H NMR spectrum for hydrogel DPE-I showed the protons at 2.5 ppm 

(COCH3), 2.89 ppm (CH-2), 3.74 ppm (CH-3 – CH-6), 5.06 ppm (OHCH2), 5.38 ppm 

(OHCH), 6.98 – 7.65 ppm (4H of ArH), 7.95 ppm for (NHSO2) and 8.33 ppm 

(NHCO). The signal of the solvent employed (DMSO-d6) appears at 3.3 ppm [44, 45] 

Fig. 3. 

 

Fig.3. 1H NMR of DPE-I 
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3.2.4. Scanning electron microscope (SEM) 

The images of morphology of the prepared hydrogels (Cs, DPE-I, and DPE-II) 

was investigated using SEM at 40 μm magnification and the images are represented in 

Fig.4(a-c). The surface morphology of Cs was observed as a smooth surface [46], 

while DPE-I was a smooth surface with small grains due to interaction of Cs with 

DPE. Compared to Cs, DPE-II had an extremely a rough agglomerated surface and 

high degree of lumps due to formation of crosslinking hydrogel in presence of 

glutaraldehyde. 

 

Fig.4. SEM images of (a) Cs, (b) DPE-I, and (c) DPE- II 

3.2.5. Transmission Electron Microscopy (TEM) 

 TEM images of the nano hydrogels DPE-III and DPE- IV were carried out at 

100 kV and 100 nm as shown in Fig.5 (a-b). The average nanoparticles size of 

nanogel DPE-III was found to be 27.9 - 49.2 nm (Fig. 5a) using Magnification at 

40000×, and for nanogel DPE- IV was found to be 31.3 - 66.5 nm with spherical 

shapes (Fig. 5b) using Magnification at 40000×.  

These results confirmed the formation of intermolecular cross-linking between 

(TPP) and amine groups in Cs and was indicated that the structures of DPE-III and 

DPE- IV were in nanoscale sizes [47].  
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Fig.5. TEM of: (a) DPE-III at Magnification: 30000×, (b) DPE-IV at Magnification: 

40000×.    

3.2.6. Swelling behavior 

3.2.6.1. Effect of pH 

The swelling behavior of the prepared hydrogels (Cs, DPE-I, DPE-II, DPE-III, 

and DPE-IV) was measured in different pH (3 - 10) at room temperature as shown in 

Fig.6.  The swelling degree was depended on the hydrophilicity and microstructure of 

the hydrogels. The result obtained revealed that the swelling ratio of all hydrogels 

decreased as the pH increased [48]. Moreover, at low pH, the amino group of Cs was 

protonated which allowed more intramolecular hydrogen bonding and penetrated 

water into the gel network. After crosslinked Cs with DPE and G, the swelling degree 

of hydrogels decreased due to the formation of crosslinked structure of hydrogels 

[49].   
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Fig.6. Swelling degree of prepared hydrogels under different pH  

3.3. Evaluation of the new hydrogels for Adsorption of Congo Red from aqueous 

solutions  

3.3.1 Influence of contact time  

Impact of contact time on the adsorption of CR for prepared hydrogels (Cs, 

DPE-I, DPE-II, DPE-III, DPE-IV) was examined at different periods of time from 5 

to 72 h using an initial concentration of CR (30 ppm), a volume of (10 mL) and a 

dosage of hydrogels (0.1 g) at pH 7 Fig. 7. The adsorption capacity of CR by the 

prepared hydrogels was quickly increased through 30 h and after that gradually 

increased for 72 h. The adsorption of Congo red by hydrogels DPE-I, DPE-III, and 

DPE-IV needs 30 h to reach equilibrium as compared to hydrogel DPE-II was reached 

within 50 h.  The highest adsorption rate of Congo red by DPE-I, DPE-II, DPE-III, 

and DPE-IV due to presence of large number of sites were used for adsorption [50]. 

According to these results, the dye removal efficiency from aqueous solutions for 

prepared hydrogels (DPE-I, DPE-II, DPE-III, DPE-IV) was superior compared to 

chitosan, and the nanohydrogels DPE-III, and DPE-IV showed higher results than 

hydrogels DPE-I, and DPE-II due to the presence of TPP [50].These results are high 

compared to other researches such as  the results reported with Das L. et al [33].  
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Fig.7. Effect of time on CR absorption 

3.3.2. Influence of solution pH   

 The pH of an aqueous solution is effective on the chemical properties of the 

adsorbate and adsorbent so it is an important factor for identify the capacity of 

adsorption of the prepared hydrogels [22]. The effect of pH on the adsorption capacity 

of chitosan and the prepared hydrogels (DPE-I, DPE-II, DPE-III  and DPE-IV) was 

investigated at pH values (3, 7, and 10), CR solution (30 ppm), in 10 mL volume and 

0.1 g of hydrogels for 48 h Fig.8. The optimum adsorption for CR by Cs, DPE-I, 

DPE-II, DPE-III, and DPE-IV was observed at pH 7, where 31.1 %, 95.8% 78 %, 

97.8% and 98.1% adsorption percentages were observed respectively. Due to the 

solubility of chitosan at pH 3 therefore; the dye removal efficiency is neglectable [3, 

23]. 

From data, dye adsorption efficiency was increased as the pH value of the dye 

solution was increased due to amine groups of hydrogels will remain fully ionized at 

pH 7 [51]. But at pH < 7, the amine groups of the hydrogels are not in ionized form 

resulting in low dye adsorption. Above pH 7, the adsorption of CR was decreased 

[52].  

The adsorption mechanism of the Congo red on the hydrogel depended 

on electrostatic forces between dye molecule and a protonated amino group of the 
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hydrogel.  At pH > 7, the electrostatic repulsion was increased due to increase of the 

negative charge density on the surface of the dye molecules, so the adsorption of dye 

was decreased at pH 10 [53].  

Hydrogel DPE-IV was given high adsorption for CR in the range pH 3–10, so 

it can be used in wastewater in a wide pH range. 

Finally, the result showed that the dye removal efficiency for prepared 

hydrogels (DPE-I, DPE-II, DPE-III, DPE-IV) was better than chitosan. 

 

Fig.8. Effect of pH on CR adsorption 

3.3.3. Influence of sorbent dose 

Sorbent dose of the hydrogels is an important parameter which effect on the 

removal of CR dye from solution. The effect of dose of prepared hydrogels (Cs, DPE-

I, DPE-II, DPE-III, DPE-IV) on adsorption of CR dye was determined by using 

different doses from 50 to 250 mg at pH 7 and 30 ppm dye solution Fig.9. Generally, 

the percentage removal of the dye was increased proportionally with increasing 

adsorbent dosage [54], this is due to as adsorbent increase as the surface area was 

available for adsorption increase [55]. The results showed that the efficiency removal 

of CR dye of hydrogels DPE-I, DPE-III and DPE-IV was high (> 85%) at lowest dose 

(50 mg) then the efficiency of the removal was increased as the dose was increased 
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until saturation level at dose 200 mg, while in case of hydrogels chitosan and DPE-II, 

the percentage removal of CR dye was increased sharply from 15.8% to 52.8% and 

from 53.8% to 89.9 %, respectively at higher dose (250 mg). The optimum adsorption 

for CR by Cs, DPE-I, DPE-II, DPE-III, and DPE-IV was  observed at sorbent dose100 

mg. 

 

Fig.9. Effect of dose on CR absorption 

3.3.4. Influence of CR dye concentration on adsorption 

The influence of the initial concentration of CR dye on adsorption was 

determined by concentration rang of CR from 10 to 100 ppm at pH 7 for 48 h with 

adsorbent weight (100 mg) Fig.10.  The results were showed that the adsorption of 

CR dye of the prepared hydrogels (DPE-I, DPE-III and DPE- IV) was increased with 

increasing the initial concentration of CR from 10 to 100 ppm [56, 57]. But in case of 

hydrogels (chitosan, and DPE-II) by increasing CR dye concentration than 30 ppm, 

the dye removal efficiency was decreased due to the limited active sites of this 

hydrogels [58, 59]. The optimum adsorption for CR by Cs, DPE-I, DPE-II, DPE-III, 

and DPE-IV was observed at CR concentration 30 ppm. 
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Fig.10. Effect of initial Concentration of CR 

3.3.5. Isotherms studies 

All the characteristic parameters of both Langmuir and Freundlich for the 

hydrogel DPE-IV are presented in Table 2.  Based on these results, a much higher 

coefficient constant R2 of 0.9916 by Langmuir model than 0.9753 by Freundlich 

model is get. The applicability of the Langmuir isotherm model supports that the 

adsorption of CR on the surface of the hydrogels occurred by homogeneous 

monolayer adsorption [33]. In addition, the values of separation factor (RL) were 

found to be in the range of 0 –1 (0.04 ≤ RL≤ 0.15) indicates that adsorption was 

favorable. The values of 1/n were observed to be 0.9157 for CR dye signifies the 

adsorption process is favorable [53]. 

Table 2 

 Isotherm parameters of hydrogel DPE-IV 

Langmuir model Freundlich model 

Equation R2 qm KL Equation R2 1/n Kf 

Ce \ qe =  0.046 Ce + 0.215 0.9916 21.55 0.215 Log qe = 0.915 Log Ce + 0.489 0.975 0.916 3.087 

3.3.6. Reusability study 

The reusability of DPE-IV hydrogel was studied using 0.05 M NaOH solution 

and carried out using a CR concentration of 30 mg/L at pH 7.  The adsorption activity 
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was examined by10 adsorption–desorption cycles (as shown in Fig.11). The results 

revealed that the DPE-IV cannot be recovered using NaOH and its adsorption activity 

was continuously decreased [1].  

The adsorption capacity of DPE-IV was still above 1.7 mg/g by removal 

efficiency 57% up to 7 cycles. Moreover, the CR adsorption capacity and efficiency 

of DPE-IV hydrogel decreased by increasing number of cycle adsorption to 0.37 mg/g 

and 12.3 %, respectively at 10th cycle. This result revealed that the breakage of 

hydrogel chains due to the repeated base treatment during the regeneration process. 

 

Fig.11. Regeneration study of hydrogel DPE-IV for CR removal for 10 cycles 

4. Conclusion  

Chitosan-based sulfonamide hydrogels (DPE-I, DPE- II, DPE-III, and DPE- 

IV) were prepared successfully and applied for CR dye (Congo red) removal from 

aqueous solutions. Prepared hydrogels were characterized by elemental analysis, FT-

IR, 1HNMR, SEM, and TEM. SEM images was showed morphological changes in the 

surface morphology of the hydrogels (DPE-I, DPE- II) than native chitosan, while 

TEM for nanoparticles (DPE-III and DPE- IV) indicated particle size in their 

structures with spherical shapes. The prepared hydrogels (DPE-I, DPE- II, DPE-III, 

and DPE- IV) were evaluated for CR dye removal using various parameters include 

time, pH, and concentration. The results of dye removal study showed that the 

adsorption capacity of CR onto prepared hydrogels (DPE-I, DPE- II, DPE-III, and 
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DPE-IV) increased with time gradually. In case of different pH values study, the 

optimum adsorption capacity for CR dye by the prepared hydrogels was   observed at 

pH 7, while the removal efficiency increased by increasing dose of adsorbent and 

concentration of CR dye.  
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 الملخص باللغة العربية 

  الوسط المائيصبغة الكونغو األحمرمن هيدروجيالت ونانوهيدروجيالت الكيتوزان المعدلة إلزالة 

 شيماء خالد فاروق1 - عبير صالح نصر1 – هويدا طلعت ذكى1 -  نادية غريب قنديل1   

جمهورية مصر العربية - القاهرة –جامعة عين شمس  -كلية البنات لألداب والعلوم والتربية   - كيمياءقسم ال. 1  

فى العمل الحالى، تم تحضيرمشتقات الكيتوزان سلفوناميد عن طريق تفاعل الكيتوزان مع ثنائي  

ثنائي السلفونيل كلوريد في غياب و / أو وجود الجلوتارالدهيد لتكوين   -̀ 4،  4 -فينيل اإليثر 

 على التوالى.    (DPE-I)و (DPE-II) الهيدروجيالت 

فى وجود ثالثى فوسفات الصوديوم    (DPE-IV) و  (DPE-III) كما تم تحضير النانوجيالت   

 تحت نفس ظروف التفاعل. 

( بواسيةة مقياييس DPE-IVو  DPE-I , DPE- II , DPE-IIIتم توصيي  الهييدروجيالت )

( ، بروتيون FT-IRمختلفة مثيل  تحلييل العناصير و التحلييل الةيفيي باتشيعة تحيت الحميراء )

( ،  و المجهير SEM، المسح المجهيري اإللكترونيي )  )HNMR)1الرنين المغناطيسي النووي  

(، وقيد تيم تقيييم قيدرة امتصياي الهييدروجيالت المحضيرة إلزالية TEMاإللكتروني لإلنتقال )

من المحلول الميائى بواسيةة عواميل مختلفية تشيمل )الوقيت ، درجية الحمو ية ،    CRصبغة   

بواسيةة الهييدروجيالت المحضيرة بزييادة الوقيت و   CRكما زادت قدرة امتصياي    والتركيز(.

بواسييةة  CRجرعيية الممتييز وتركيييز الصييبغة، ووجييد أن قييدرة اىمتصيياي المثلييى ليييصبغة 

و  DPE-Iولقيد أظهيرت الهييدروجيالت ) 7الهيدروجيالت المحضرة عنيد اليرقم الهييدروجيني 

DPE-IV أعلى كفاءة ىمتصاي صبغة )CR. 

 

 

 

 

 


