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Abstract: Researches are moving to iron and ammonia elimination from ground water. Here, we are using poly 

acrylic–poly acrylamide hydrogel which grafted with 3-chloroaniline. This copolymer was synthesized by 

addition polymerization. Effect of agitation time, dosage and adsorbents temperature on the removal process 

sensitivity has been investigated. The copolymer was described experientially and theoretically. Isothermal, 

kinetic adsorption models and were discussed. This hydrogel could be regenerated efficiently (98.3%removal 

of iron and 100% removal of ammonia). Density functional theory DFT method using B3LYP/6-

311G(d,p),LANL2DZ level of the theory were managed to investigate stationary states of grafted co-polymer 

and the complexation energy of the hydrogel with the studied cations. NBO analysis is using DFT to investigate 

the negative centers on the hydrogel. The complexation energy showed selectively of hydrogel to studied 

cations. 

Keywords: Grafted hydrogel; Ground water; Ammonia and Iron removal efficiency; DFT and MEP; 

binding Energy 

 

1. Introduction 

Groundwater is a one of the world’s drinking water primary sources. Iron and ammonia are 

present in groundwater in dissolvable reduced state due to both natural, chemical environment and 

human activities [1–3]. Metal ions in water resources causes a variety of aesthetic and operational 

issues, including repulsive unpleasant taste, laundry stains, and network accumulation [4–7] are 

caused issues by ammonia in ground water. Chemical oxidizing of ammonia and iron is useful, but 

harmful byproducts and secondary pollutants limits their use [8–11]. Iron is the fourth most prevalent 

element, the second most abundant metal in Earth’s crust [12], and a common part of groundwater. 

Two types of iron sources in groundwater: geogeic and anthropogenic. Geogeic source is where 

groundwater flows from the aquifer’s soils, sands, gravels, and rocks [13]. Anthropogenic sources 

e.g. industrial effluents, landfill leakages, acid mine drainage, and others lead to high concentrations 

in groundwater [14]. Water percolating through soil and rock dissolves iron-containing minerals and 

keeps them in solution [15], which are widespread in groundwater and surface waters with 

significant groundwater input [16]. Staining, disagreeable tastes and appearances come from them 

[17]. higher Fe concentrations hampered Fe+2 oxidation and caused undesired properties. In addition, 

Presence of iron bacteria in water supply system alters the water smell and promotes the bacteria 

growth in pipes. Excessive iron content in groundwater creates technical challenges, failure of water 

supply systems, water quality degradation, and unwanted incrustations form in greater oxygen 

water, resulting in a reduction in pipe flow cross-section [18–21]. There are no health-related 

recommendations for the content of iron in drinking water. Based on taste and annoyance concerns, 

the World Health Organization recommends that the iron concentration in drinking water be less 

than 0.3 mg/L [22]. Polluted water causes for 80% of diseases in affluent countries, with a death toll 
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of 10 million every year [23]. Elemental Fe is rarely found in nature because Fe+2 and Fe+3 interact with 

oxygen and sulphur-containing molecules creating oxides, hydroxides, carbonates, and sulphide. 

Oxides are the most common form in nature [24]. Ammonia removal from water is accomplished 

using a variety of processes [25–28]. Many techniques are employed to recover Fe compounds from 

groundwater [29]. Extracting iron compounds from groundwater for drinking purposes using 

aerobic oxidation wasn’t sufficient due to the full oxidation of Fe+2 and the growth of iron bacteria on 

sand filters or valves, causing discoloration and turbidity. This study used a poly 

(acrylate/acrylamide) grafted with 3-chloroaniline to extract iron and ammonia through adsorption 

technique [30–33]. Synthesized grafted hydrogel grafted was studied using TEM, SEM, TGA, XRD, 

FTIR Computationally. Efficiency removal of iron and ammonia from groundwater was studied 

using contact time, adsorbent dosage, and temperature. The sorption data was evaluated by 

Langmuir, Frendlich, and Temkin’s models. 

2. Materials and methods 

2.1. Materials 

3-Chloro aniline 99%, Acrylic acid 99%, N, N/-methylenebisacrylamide (cross-linker) 99.5%, 

potassium persulphate (PPS) 99%, dimethyl formamide (DMF) 99.9% were products of Sigma 

Aldrich. Acrylamide 98% was procured from the Oxford Company Hydrochloric acid 33%, sodium 

hydroxide pellets 98% were products of Prolabo Chemical Company. Acetone 99.5% and methanol 

99.5% were provided by El-Nasr Pharmaceutical, Chemical Company. 

2.2. Preparation of polyacrylate-polyacrylamide hydrogel grafted with 3-chloroaniline 

3-chloroaniline solution was prepared by miscible of 1 mL 3-chloroaniline in 25 mL acidified 

water with 1 mL HCl. 1 g hydrogel : 3-chloroaniline solution left overnight to complete swelling. 

K2s2O8 solution (1 g : 25 mL water) was added to the mixture at temperature (0oC-10oC). The grafting 

was started and left overnight. Grafted hydrogel was separated, washed (methanol) and dried under 

vacuum at 70oC. 

2.3. Instrumental Techniques 

Functional groups in grafted hydrogels and hydrogel are identified using infrared using the 

Shimadzu FTIR Vertex 70 Bruker Optics technology. 

2.3.1. Morphological studies  

The Pananlytical Empryan X-ray diffractometer 202964 was used to examine the XRD patterns 

of the grafted hydrogel. The scanning area was (5o-80o). Scanning electron microscopic (SEM) images 

were captured using JEOL JSM-6510LA (SEM) . 

2.3.2. Transmission electron microscope (TEM)  

Measurements were carried obtained using carbon-coated copper grid as a photographic plate 

of the transmission electron microscope. 

2.3.3. Thermogravimetric Analysis (TGA) 

TGA were obtained by Shimadzu TGA-50H detector with a platinum cell, nitrogen atmosphere, 

and 20 C/min flow rate . 

2.4. Sampling of ground water 

The ground water in this investigation came from Al Garnos and Shoulqam (Al-Minya, Egypt). 

After washing with diluted HNO3 and rinsing with distilled water, the samples were collected in 

polypropylene containers. Table 1 shows the ground water samples parameters before and after 
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treatments, which show a minor decrease in turbidity, chloride content, and overall hardness, as well 

as a significant decrease in TDS . 

Table 1. Ground water properties. 

Parameter Before treatment After treatment 

Turbidity 1.3 NTU 1.2 NTU 

Chlorides 140 mg/L 130 mg/L 

Alkalinity 320 mg/L 320 mg/L 

TDS 

(Total dissolved salts) 
710 mg/L 650 mg/L 

Total hardness 280 mg/L 250 mg/L 

Ca hardness 130 mg/L 120 mg/L 

Mg hardness 150 mg/L 130 mg/L 

Ammonia 0.8 mg/L 0.0 mg/L 

Iron 1.2 mg/L 0.02 mg/L 

2.4.1. Measurement of ammonia concentration 

The indophenol technique is used in the YSI Ammonia test. In the presence of chlorine, ammonia 

interacts with alkaline salicylate to generate a green-blue indophenol complex. Catalysts are used to 

ensure full and rapid color growth. The reagents are delivered in the form of two tablets for maximum 

convenience. The test is carried out by placing one of each pill in a sample of water. A YSI Photometer 

is used to calculate the color intensity produced which is proportional to the concentration of 

ammonia . 

2.4.2. Measurement of iron concentration 

The YSI Iron LR approach employed a single tablet reagent comprising 3-(2-pyridyl)-5, 6-bis (4-

phenyl-sulphonic acid)-1,2,4-triazine (PPST) combined with a decomplexing/reducing agent in an 

acid buffer. The study is carried out by placing a tablet in a sample of the tested. The 

decomplexing/reducing agent breaks down weakly iron complex and converts it to ferrous, that 

forms pink with PPST. A YSI Photometer is used to determine the color intensity which is 

proportional to the concentration of iron. 

2.4.3. Computational details 

The ground states of the studied compunds have been investigated using Gaussian 03 [34]. Full 

optimization was done using density functional theory using B3LYP/6-311G(d,p) level of the theory 

[35–38]. Moreover, the complexes of iron-grafted were calculated using LANL2DZ basis set [39,40]. 

The frequency calculations were computed at the same level of theory for ensuring the minima 

structure, no imaginary frequencies have been observed. The molecular electrostatic (MEP) potential 

and electron density for the ligand in 3D plots were calculated using the same level of theory. The 

computational part is done in the following order: optimization followed by frequency calculations, 

investigation of the natural bond orbitals (NBO) for getting the charge density to know the grafting 

position and the molecular electrostatic potential to find the best place on the grafted copolymer for 

the cations. 

3. Results and Discussion 

3.1. Characterization of Obtained Polymeric Samples 

Infrared spectroscopy of hydrogel and graft is present in Figure 1. It was clear that, the main IR 

bands of the acrylamide, acrylate and 3-chloroaniline are present [41]. The C-O and C-N stretching 

vibrations are found between 1100-1200 cm-1 [42,43]. The CH2 bending is appeared between 1300-

1459 cm-1 [44]. The stretching vibration of C=C of benzene appear in case of graft at 1590 cm-1 beside 
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the stretching vibration of C=O in both investigated two samples at ~1656 cm-1 [45]. The Aliphatic CH 

vibrations are shown after 2900 cm-1 [46]. The broad stretching vibration of OH and/or NH2 free or 

bonded are appeared after 3400 cm-1 [47]. Stretching vibration of substituted benzene was found for 

graft at 608 and 783 cm-1 [41], confirming the grafting process. For more details for the absorption 

bands and their assignments see Table S1. 

 

Figure 1. IR and XRD of both hydrogel and grafted hydrogel (a, b) respectively & TGA of Hydrogel 

and grafted hydrogel (c, d) respectively. 

3.1.1. XRD and TGA analysis 

Figure 1 (panels a and b): shows XRD of both hydrogel and graft, indicates that hydrogel is 

amorphous material, but the graft is semi-crystalline. Thermogravimetric analysis (TGA) of both 

hydrogel and grafted hydrogel are presented in Figure 1 (panels c and d). The temperature midpoints 

of the degradation are summarized in Table S2: (supplementary Material). We can conclude that 

water molecules absorbed by hydrogel and graft are degraded at the end of 233 0C. Also, the quantity 

of absorbed water of hydrogel is higher. Both hydrogel and graft are thermal degradable with 

different stages. Figure 1 (panels c and d): shows that, at ~480 0C a steady degradation of both and 

the higher residual quantity of graft at ~40% indicating the thermal stability of it than hydrogel. The 

TGA for both fabricated copolymers are tabulated in Table S2: (supplementary Material). TGA curve 

showed three stage weight losses. Hydrogel showed initial decomposition temperature (IDT) at 230 
0 C and final decomposition temperature (FDT) at 466 0 C. The IDT and FDT of grafted hydrogel were 

found to 220 0 C and 460 0 C. The first stage weight loss took place in temperature range of 70 to 2300 

C (hydrogel) with about 21% weight loss and 90 to 220 0 C with about 13% weight loss in case of 

grafted hydrogel. This may be due to the removal of moisture and bonded water loss. The second 

stage decomposition of hydrogel started at 230 0 C and ended up at 466 0 C with about 72% weight 

loss and 220 to 460 0 C with about 60% in case of grafted hydrogel. This weight loss may be due to 

the degradation of hydrogel and graft. The third stage weight loss above 460 0 C showed a completed 
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degradation, and the residue left was 10 % of hydrogel and 40 % of grafted hydrogel. On making 

comparison for weight loss of hydrogel and grafted hydrogel at different temperature, grafted 

hydrogel showed more thermal stability than hydrogel. 

3.1.2. SEM and TEM analysis 

Scanning and transition electron microscope (SEM&TEM) were presented in Figure 2. SEM 

pictures show that the presence of 3-chloroaniline in the structure of hydrogel leads to filling the 

pores of hydrogel and minimizes the heterogeneous surface and the particles are compacted and 

smooth. SEM pictures of hydrogel and graft indicate the difference between them, where hydrogel 

particles have the same shape while graft seems have different shapes ranged spherical to tubes. In 

addition, TEM pictures reveal that the grafted hydrogel particle sizes are less than the hydrogel. The 

size of hydrogel particles ranged from 113 to195 nm while for graft, ranged from 15.28 to 24.6 nm. 

This difference in surface for the two indicates the successful grafting process. 

 

Figure 2. SEM and TEM for PAC-PAM hydrogel (A) and grafted PAC-PAM hydrogel (B). 
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3.2. Optimized geometries 

The optimized geometry for hydrogel with the natural charge density and graft is shown in 

Figure 3; hydrogel (a), charge density (b), and grafted hydrogel (c) using B3LYP/6-311G(d,p) level of 

theory. 

 

Figure 3. The optimized structure, of the hydrogel showing the dipole moment vector (a), The 

numbers on atoms are the calculated charge density using NBO analysis (b) and The optimized 

structure, of the grafted hydrogel (c) at B3LYP/6-311G(d,p) level of theory. 

In fact, many arrangements of the monomers togethers were computed using the DFT method. 

The most stable (less steric hindrance arrangement) structure [27] was used for all calculations. Figure 

3 shows the optimized structure of the co-polymer with the dipole moment direction, the charge 

density (b) and the optimized structure of the graft (c) calculated at B3LYP/6-311G(d,p) level of 

theory. As mentioned in our previous article [27], the grafting process was happened in radical cation 

mechanism, so the most positive (less negative) nitrogen atom on the co-polymer attacked the para-

position of the chloroaniline. As shown in Figure 3 the nitrogen atom of the amid group has -0.513 

charge density, so it is the best place for attacking the par position of chloroaniline. The optimized 

structure showed the two strings of the co-polymer connected by the linker. The grafting occurred 

on the nitrogen of the amid group on one of the strings. The aim of that article is the using of our 

hydrogel in water treatment. In other words, extracting of the metal cations by the grafted co-

polymer. So, in the first place we should find the most preferable position on the hydrogel for the 

complexing with the positive cations 

3.4. Removal of cations 

3.4.1. Removal of ammonia 

The effect of grafted hydrogel dose on the enhancing removal percentage of ammonia was 

investigated using different quantities (0.025, 0.05, and 0.075 g) of the used adsorbent with 100 mL of 

raw groundwater for 50 min. The residual ammonia concentrations were determined using YSI 9300 

and 9500 photometers at room temperature. Figure 4 shows that 0.075 g of grafted hydrogel is enough 

for completely removal of ammonia at 75 minutes. 
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3.4.2. Removal of iron 

Enhancing the removal percentage of iron was increasing of grafted hydrogel dose was 

investigated using different masses (0.2, 0.25, 0.3, 0.35 and 0.4 g) of the used adsorbent with 100 mL 

of raw groundwater for 150 min Figure 4 (panels a and c). The residual iron concentrations were 

determined using YSI 9300 and 9500 photometers at room temperature . Figure 4 (panels b and d) 

shows that 0.4 g of hydrogel is enough for removal of 98.3% iron at contact of 150 minutes. 

 

Figure 4. Effect of grafted hydrogel doses on iron (a) and ammonia(b) removal, effect of contact time 

on the removal of ammonia (c) and iron(b). 

The effect of contact time on the adsorption capacity of the studied materials for ammonia and 

iron were investigated using (0.025, 0.05, and 0.075 g for removal of ammonia) and using (0.2, 0.25, 

0.3, 0.35 and 0.4 g for removal of iron) of grafted hydrogel as adsorbents suspended in (0.8 mg/L of 

ammonia) and (1.2 mg/L of iron) polluted solution for different times intervals as separated tests. 

After each time intervals, the residual ammonia and iron concentrations were determined using YSI 

9300 and 9500 photometers. All the experiments were performed at room temperature.  Figure 4 c and 

d shows that, 0.075 g grafted hydrogel is enough for completely removal of ammonia at 75 minutes, 

0.05 g gives 96 % at 90 minutes and 0.025 g gives 93% at 90 minutes. Figure 4 shows the maximum 

removal was achieved for all investigated quantities at contacting time of 150 min. 0.4 g of grafted 

hydrogel is the best one for high removal of iron ~98.3% but with reducing the adsorbent quantities 

the removal % of iron decrease which can be attributed to the lowering of graft hydrogel surface area. 

The removal of iron using 0.35 g is 95.8%, 0.3 g is 94%, 0.25 g is 90% and 0.2 g is 83%. 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 August 2023                   doi:10.20944/preprints202308.0395.v1

https://doi.org/10.20944/preprints202308.0395.v1


 8 

 

3.5. Effect of Temperature and Thermodynamics 

Temperature effect on the removal of cations using grafted hydrogel were studied by adding 

(0.025, 0.05, and 0.075 g for ammonia removal) and (0.2, 0.25, 0.3, 0.35 and 0.4 g for iron removal) to 

raw groundwater at temperatures (10, 20, 30, 40, and 50oC) for 50 & 150 minutes for ammonia and 

iron respectively. The residual ammonia and iron concentrations were determined using YSI 9300 

and 9500 photometers. The removal % is plotted against temperature (Figure S1 supplementary 

Material). The obtained results revealed that the effect of temperature on the removal efficiency is 

considered poor and higher temperatures have bad effect which could be attributed the broken of 

physical adsorption of cations on the polymeric surface. In addition, the removal increases again at 

323K, we think this is not due to adsorption but maybe results of escaping of ammonia from the 

medium. while increasing iron removal at 323 K maybe due to the incorporation of iron with phenyl 

rings moiety in the graft by sandwich formation structure via π-Skelton. The thermodynamic 

parameters are deduced from the relations [48]: ∆𝐺0 = −𝑅T𝑙𝑛𝐾𝑐  ∆𝐺0 = ∆𝐻0 − 𝑇∆𝑆0 𝑙𝑛 𝐾𝐶 = ∆𝑆0𝑅 − ∆𝐻0𝑅𝑇  

where R is gas constant, T is the absolute temperature, Kc, is the Langmuir constant, ΔH° is the 
standard enthalpy, and ΔS° is the entropy of adsorption. ΔH° and ΔS° could be estimated from the 
straight-line relationship between ln Kc Vs 1/T [49] (Figure S1 supplementary Material). The 

calculated data are summarized in Table S3 (supplementary Material). The thermodynamic 

parameters revealed that the adsorption of cations on the surface of grafted hydrogel is exothermic 

and spontaneous. 

3.5.1. Adsorption isotherms 

3.5.1.1. Langmuir isotherm 

The Langmuir adsorption form [50] is checked as model according to the equation, 𝐶𝑒 𝑞𝑒 = 𝐶𝑒𝑄𝑚 + 1𝑄𝑚 𝑏   
for the adsorption of cations on polymeric surfaces . The results are represented in Figure 5. 

3.5.1.2. Freundlich isotherm 

The Freundlich isotherm [51] is used in the study of adsorption of various substances. It is 

utilized to examine the cations adsorption on grafted hydrogel. The equilibrium results are fitted 

with logarithmic form of Freundlich model : lnqe = ln Kf + 1n ln Ce 

where, (Kf adsorption capacity), (n, heterogeneity factor) and (Ce (mg/L), adsorbate concentration) 
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Figure 5. Langmuir isotherm for iron (a) and ammonia (b) removal by grafted hydrogel. Freundlich 

isotherm for iron (c) and ammonia (d) removal by grafted hydrogel. 

3.5.1.3. Temkin isotherms 

Adsorption of studied cations on grafted hydrogel is investigated by Temkin isotherm. According to 

it, the energy of adsorption reduces linearly with surface coverage due to adsorbent/adsorbate 

interactions. The Temkin isotherm equation [52] is qe = BTlnKT + BTlnCe 

where qe is the total amount of cations adsorbed by the polymeric sample at equilibrium (mg/g), Ce 

(mg/L) is adsorbate concentration at equilibrium. Freundlich constants depended on the capacity and 

strength of adsorption, respectively. Qm is the monolayer adsorption capacity (mg/g). B is a constant 

linked to the adsorption heat and it is given by B = RT/b. where, b (Temkin constant, J/mol), T 

(absolute temperature, K) and R (gas constant, 8.314 Jmol-1K-1). Linear relationships are obtained upon 

plotting of Ce/qe Vs Ce, lnqe Vs ln Ce and qe Vs lnCe, Figure S2: (supplementary Material). Table 2 

summarized all data. The data confirmed that, the removal of cations is controlled by Langmuir. 
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Table 2. Parameters for the adsorption of Ammonia and Iron using different isotherms. 

Model Parameter 
Parameter value 

Ammonia Iron 

Langmuir 

Qm(mg g-1) 3.52 0.55 

b 15.439 35.1 

R2 0.9494 0.9877 

Freundlich 

n 3.4 4.25 

Kf 2.06 24 

R2 0.8997 0.9592 

Temkin 

BT(J/mol) 0.5739 0.0904 

KT(L/g) 2.76 85.39 

R2 0.8502 0.9354 

3.5.1.4. Adsorption Kinetics 

The adsorption mechanism of cations on the grafted hydrogel from ground water was studied 

using two kinetic models, pseudo-first-order kinetic model [53]: l n(qe − qt) = lnqe − k1t 
and Lagergren pseudo-second order model [54]: tqt = 1k2q02 + tqe 

where qt represents the quantity of adsorbed ions at time t (mg/g), k1 and k2 the first and second-order 

adsorption rate constants (g/mg min) respectively. The parameters of first and second order kinetics 

were calculated from plotting of ln (qe-qt) Vs t and (t/qt) Vs t respectively, Figure S3: (supplementary 

Material). Table S4: (supplementary Material) summarizes the obtained information. R2 values 

confirmed that the Lagergren pseudo-second-order kinetic is the acceptable, which explains the 

chemical adsorption type which occurs through sharing between the used adsorbent materials and 

the dissolved ions beside the physical one [55]. The experimental adsorption capacity qe (mg/g) was 

1.06 mg/g for removal of ammonia and 0.295 mg/g for removal of iron while the calculated values 

were 1.469 mg/g and is 0.36 mg/g for ammonia and iron removal respectively. 

3.6. Binding (complexation) Energy of grafted hydrogel with cations 

In fact, we have tested three positions especially the richest charge density places. Our result for 

this step is presented on Figure S4 (supplementary Material). Our calculations confirmed that the 

structure 3 is the most stable structure. Structure 3 is more stable than 1 by 18.71 kcal/mol and 2 by 

10.19 kcal/mol. Structures 1 and 2 showed on hydrogen bonding between the Oxygen atom of the 

hydrogel and one Hydrogen of the Ammonium ion while structure 3 showed three Hydrogen 

bonding between the hydrogel and the Ammonium ion and this is the reason for the extra stability 

of structure 3 over 1 and 2. The Iron (II) and Iron (III) have optimized by placing the cation of the 

same position as structure 3. 

The molecular electrostatic potential is exhibited in Figure 6. The red color represents a negative 

area, blue one expresses a positive area, and the green color is an area which between them. The 

MSEP demonstrated the positivity of the nitrogen of the amid group that attack the par position of 

substituted aniline. Also, the MESP confirmed the best position for the metal cation complexation. 

This position is showed in the red color and characterized by the three Oxygen atoms that arranged 

in a way of a hole that allow the metal cation to reside on it. 
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Figure 6. Molecular electrostatic potential (MESP (-0.055 to 0.055)) of grafted hydrogel at B3LYP/6-

311G(d,p) level of theory, Red for negative, blue for positive and green is in between. 

The corrected and uncorrected binding energies of Hydrogel-metal cation complexes in gas 

phase were also calculated, at the same level of theory of calculation used in that article, using the 

basis set superposition error (BSSE), which uses the counterpoise correction approach [56] and is 

summarized in Table 3. The binding energy Ebind for each hydrogel-metal cation complex is obtained 

according to the following equation: 

ΔEbind = Ecomplex−(Eion + Ehydrogel ) 

Table 3. The binding energies (ΔEbind and ΔEbind with (BSSE) correction, in kcal.mol–1),. 

Ion Complexation Energy kcal/mol 

Method (raw) (corrected) BSSE 

Iron(II) -410.49 -401.65 

Iron(III) -990.86 -920.7 

Ammonioum -74.6 -71.1 

The optimized structures for the hydrogel-metal cations NH4+, Fe2+ and Fe3+complexes are 

validated in Figure 7. The hydrogens of Ammonium cation showed a strong hydrogen bonding 

between them and the three oxygens of the hydrogel. The complexes with Iron (II and III) expressed 

a very strong bonds between the metal actions and the Oxygens of the grafted co-polymer. It is 

confirmed from the values of the bond lengths between the Iron and the hydrogel that the metal ion 

occupies the center of the triangle arranged by the three Oxygens. These are clear from the nearly the 

same values of the distances between the cation and the Oxygen atoms. In case of Iron (III) the bond 

lengths are larger than the case of Fe3+ since its smaller atomic radius than Fe2+. The uncorrected and 

corrected complexing energy between the two monomers (hydrogel and metal cations) are presented 

in Table 3. It is clear that, the complexation energy is strongly affected by so-known BSSE. So, these 

corrections should be considered. The data in Table 3 showed the stronger interaction between the 

hydrogel with Iron cations than Ammonium cation. This due to the fitting of the size of the Iron to 
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the cavity of the three Oxygens in the grafted co-polymer. The complexation energy of Iron (III) is 

more than the double of Iron (II) due the strong interaction between Fe3+ because of the higher charge. 

 

Figure 7. The optimized structures of hydrogel-metal complexes (left NH4+, Middle Fe2+, right Fe3+) 

at B3LYP/6-311G(d,p) level theory. 

4. Conclusion 

Groundwater is a one of the major source for drinking water throughout the world. It is 

necessarily known that water is the lifeblood and that some countries, even where there are rivers, 

need to use groundwater. The researchers’ mission is to check this water to make it suitable for use . 
Researches have shown the presence of ammonia and iron in groundwater. Therefore, researchers 

must remove ammonia and iron from water by lowest cost and in fast time. The polymeric 

compounds used in this research are easy to prepare and inexpensive. And the obtained results 

showed its efficiency to remove ammonia (100%) and iron (98.3%) from water. DFT methods have 

been used for obtaining the stationary states of the hydrogel and grafted hydrogel and calculating 

the binding energy of the grafted hydrogel with the studied cations. The calculated complexation 

energy was corrected using BSSE method. Our grafted hydrogel revealed a strong selectivity towards 

the studied cations. The calculated complexation energy by DFT method is decreasing in the 

following order: Fe3+, Fe2+, and NH4+. It has been confirmed from the calculated binding energy that; 

the grafted hydrogel is an excellent extractor for different cations from polluted water. So, our 

hydrogel showed an environmental application as water treatment. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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