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ABSTRACT 

The present study deals with, two adsorbents were compared for extractive capacity of Pb (II), 

Cd (II) and Zn (II) from contaminated water. The first adsorbent silver nanoparticles were 

prepared by using the chemical reduction method and second adsorbent silver nanoparticles 

modified with Schiff base was prepared in two steps. First, Schiff base was prepared by 

condensation of 2-hydroxy-1-napthaldehde with 4-amino-antipyrine and next silver 

nanoparticle modified with a Schiff base by suitable method using above prepared silver 

nanoparticles and Schiff base. The synthesized adsorbents were characterized by elemental 

analysis, UV-VIS, FTIR, and SEM analysis. Peanut shells were used as a solid phase for 

remediation of metal ions by column method. Several parameters were examined such as 

initial metal ion concentration, pH, contact time and adsorbent weight. The maximum 

adsorption capacity for Pb (II) = 161.29, Cd (II) = 64.10 and Zn (II) = 384.61 respectively, for 

AgNPs@SB and Pb (II) = 64.10, Cd (II) = 61.34 and Zn (II) = 99 respectively, for silver 

nanoparticles. Comparing both adsorbents, obtained results indicate that second adsorbent 

silver nanoparticles modified Schiff base is more efficient than first adsorbent unmodified 

silver nanoparticles. The examined data showed that removal of each metal ions follows 

Langmuir adsorption isotherm on both adsorbents. 
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1. INTRODUCTION 

The purification of metal ions from water 

samples play a key role for the remediation 

of environmental water sources, industrial 

and geological waste water [1, 2]. Heavy 

metal ions such as Pb (II) and Cd (II) have a 

hazardous effect because of its carcinogenic 

and non-biodegradable property. The 

possibility of inflation of heavy metal ions 

in human being is very high. The 

permissible limit of Pb (II) and Cd (II) in 

drinking water is 10 ug L-1 and 3 ug L-1 

respectively [3].  Several techniques have 

been commonly used for the separation of 

the large amount of heavy metal ions in 

water, such as ion exchange, precipitation, 

adsorption, dialysis and extraction. Now a 

days, adsorption technique for heavy metal 

removal has more attractive for researchers 

because in this technique mostly eco-

friendly materials are used and have low 

production cost [4-9]. Nanomaterial play a 

vital role in metal ion removal due to their 

physical and chemical properties. The 

capacity of nanosized material for the 

separation of biomolecules, inorganic and 

organic species have widely examined [10-

12]. Nanoparticles used as a highly efficient 

adsorbent due to its large surface area and 

maximum availability of active sites for 

complexation with metal ions. Additionally, 

adsorbents which have functional groups 

are developed to improve the adsorption 

efficiency [13]. Schiff bases have O and N 

donor atom which provides high binding 

affinities for metal ions to form stable 

complex [14-18]. Schiff bases have 

hydrophilic and hydrophobic sites which 

can be formed complex with metal ion and 

can be attached to the adsorbent surface 

respectively. This reason will be the 

increase adsorption efficiency of the 

adsorbent [19-20]. 

The aim of present work comparison 

between two adsorbents silver nanoparticles 

and silver nanoparticles modified with 

Schiff base for removal of heavy metal ion 

in term of adsorption capacity. Adsorption 

isotherm studies for the remediation of Pb 

(II), Cd (II) and Zn (II) on silver 

nanoparticles and silver nanoparticles 

modified with Schiff base. Langmuir and 

Freundlich isotherm were used to analyze 

experimental data. 

2. EXPERIMENAL  

2.1. Materials 

2-hydroxy-1-napthaldehyde, 4-amino 

antipyrine, silver nitrate and sodium 

borohydride were purchased from Sigma 

Aldrich. Ethanol and methanol were 

purchased from CDH. Throughout the 

research work double distilled water was 

used. All the solvents were purified by 

standard method. 

2.2. Synthesis of Schiff base  

Schiff base was prepared by condensation 

of required amount of 2-hydroxy-1- 



Sharma P And Uma V*                                                                                                           Research Article 
 

 
2778 

IJBPAS, October, 2020, 9(10) 

naphthaldehyde with required amount of 4-

amino antipyrine in ethanolic medium and 

refluxed for 2-3 hours. The mixture was 

cooled and the precipitate was filtered and 

recrystallized from ethanol and petroleum 

ether to give purified orange-yellow 

compound.  

Scheme of synthesis of ligand is given 

below in Figure 1. 

 

 
Figure 1: Synthesis of Schiff base 

 
2.2. Synthesis of silver nanoparticles  

Silver nanoparticles were prepared 

according to the previously reported method 

[21]. In a 250 ml conical flask pour 150 ml 

ice coated sodium borohydride [NaBH4], 

then add 50 ml silver nitrate [AgNO3] 

solution drop by drop and vigorously stir on 

magnetic stirrer. A dark yellow colloidal 

solution of silver nanoparticles was 

obtained. 

2.3. Synthesis of Silver nanoparticles 

modified with Schiff base [AgNPs@SB] 

AgNPs@SB was prepared according tothe 

previously reported method [22]. To the 

silver nanoparticles colloidal solution as 

prepared above, a fixed volume of Schiff 

base prepared above was added and stirred 

for 15-20 min. on magnetic stirrer. A brick 

red coloured precipitate was obtained. The 

precipitate was filtered and recrystallized 

from ethanol and petroleum ether. 

2.4. Synthesis of solid phase  

Solid phase was prepared according to the 

previously reported method [23] using 

peanut shells. Peanut shells were crushed 

and washed with 0.5% HCl and dried in 

oven overnight. Then grounded by mill and 

carbonized for 2 h. The carbonized material 

was soaked in NaOH in 1:1 overnight, then 

dried in oven for overnight and then 

activated for 2h. The obtaining activated 

carbon was washed with double distilled 

water, filtered and dried in oven. 

2.5. Adsorption experiment 

Adsorption of Pb (II), Cd (II) and Zn (II) 

was carried out by column method. 25 ml 

O

H
OH

+
N

N

NH2 O

N
N

N
OOH

4-amino antipyrine 2-hydroxy-1-napthaldehyde

4[(2-hydroxy-1-napthlidine)]4-amino-1,5-dimethyl-2-phenylpyrazol-3-one

reflux at 2-3 hethanol



Sharma P And Uma V*                                                                                                           Research Article 
 

 
2779 

IJBPAS, October, 2020, 9(10) 

Water sample containing Pb (II), Cd (II) 

and Zn (II) was pouring into two different 

conical flask and add 0.001 gm of silver 

nanoparticles and AgNPs@SB respectively. 

This mixture was pouring in the column at 

the desired pH with 1 to 15 ppm 

concentration of sample and passed through 

the column with a flow rate 1.0 ml/min. The 

final concentration of each metal ion was 

determined by using FAAS from MNIT 

Jaipur. 

The amount of adsorbed metal ion was 

calculated by using the following equation:- 

qe = 
𝐕(𝐂𝐨 ି𝐂𝐞)

𝐦
 

Where, qe = adsorbed amount of solute from solution 

in (mg/g), m = weight in gram of adsorbent in (g), V = 

volume of adsorbate in (L), CO = initial metal ion 

concentration (mg /L) and Ce = concentration of metal 

ion at equilibrium (mg/L) 

3. RESULT AND DISCUSSION  

3.1 Characterization of Materials 

3.1.1Physical properties  

Physical properties of Schiff base and 

AgNPs@SB are shown in Table 1. 

3.1.2 Spectral studies 

Silver nanoparticles and AgNPs@SB was 

characterized by the UV-VIS spectra 

whichare shown in Figure 2a. The colour 

change of reaction mixture indicates the 

formation of silver nanoparticles. The UV-

VIS spectra of silver nanoparticles shown 

plasmon band at 390 nm. According to past 

studies the plasmon band observed at a 

wavelength between 380 to 395 nm [21]. 

Figure 2b shows the sharp adsorption band 

at 470 nm while in Figure 2a absorption 

band appeared at 390 nm, which showed 

shifting of absorption band at higher 

wavelength which confirmed the formation 

of AgNPs@Schiff base. 

The chemical composition of silver 

nanoparticles and AgNPs@SB were 

confirmed by FTIR spectra. The FTIR 

spectra of silver nanoparticles and 

AgNPs@SB was shown in Figure 3 (a, b). 

FTIR spectral data of silver nanoparticles 

and AgNPs@SB was shown in Table 2. 

Scanning electron microscope (SEM) 

images are used to measure the particle size. 

The SEM images of silver nanoparticles and 

AgNPs@SB are shown in Figure 4 (a, b). 

The SEM analysis of silver nanoparticles 

and AgNPs@schiff base is carried out at 

MNIT, Jaipur. The synthesized silver 

nanoparticles SEM image (Figure 4a) 

shows particle size is around 50 nm. Figure 

4 (b) shows the SEM images of 

AgNPs@SB shows net cross-lnked 

structure, which is suitable for adsorption of 

metal ions on surface. 

3.2. Adsorption studies 

3.2.1. Effect of initial concentration of 

metal ions 

The effect of initial metal ion concentration 

on adsorption of metals [ Pb (II), Cd (II) 

and Zn (II)] on AgNPs@SB and silver 

nanoparticleis shown in Figure 5 (a, b) 

respectively.From fig. 5 (a,b), it is observed 
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that increasing initial concentrations of 

metal ion, Cd (II),Pb(II) and Zn (II)  from 1 

to 15 ppm. decreases the % removal of 

metal ions. 

3.2.2 Effect of pH 

The effect of pH on water sample is 

investigated at different pH values from 2 to 

10 with constant parameter: initial metal ion 

concentration of metals [ Pb (II) = 2 ppm, 

Cd (II) = 1 ppm and Zn (II) = 3 ppm], 

contact time (20 min.) and adsorbent weight 

(.005 gm) on silver nanoparticles and 

AgNPs@SB is shown in Figure 6 (a,b). 

The optimum pH obtained for the metal ions 

Pb(II), Cd(II) and Zn(II) are 8, 6 and 

4respectively. Figure 6 (a, b) showed that 

the adsorbents silver nanoparticles and 

AgNPs@SB absorbed the metal ions in 

following order Zn (II) > Pb (II) > Cd (II). 

3.2.3 Effect of contact time 

The effect of contact time on metal ions Pb 

(II), Cd(II) and Zn (II) by silver 

nanoparticles and AgNPs@SB is shown in 

Figure 7 (a,b) at adsorbent weight (0.005 

gm) and pH8, 6 and 4 respectively. Table 4 

and Figure 7 (a, b) shows the relation 

between the removal process of each metal 

ion and the equilibrium reaction time, for 

the adsorbent silver nanoparticles and 

AgNPs@SB respectively. The maximum 

adsorption was completed after 40 min. and 

then reached at equilibriumin the case of 

silver nanoparticles for all the metal ions. 

Instead for the AgNPs@SB, the maximum 

adsorption was completed after 20 min. and 

then reached at equilibrium for all the metal 

ions under examination.  

3.2.4 Effect of adsorbent weight  

The effect of adsorbent weight on metal 

ions Pb (II), Cd (II) and Zn (II) are 

investigated at different adsorbent mass 

from 0.001gm to 0.005 gm with constant 

parameter: initial metal ion concentration 

(5 to 15 ppm), contact time (20 min.) and 

pH 8, 6 and 4 respectively is shown in 

Figure 8 (a, b). The % removal of each 

metal ion was increased as the weight of 

adsorbent was increased and then reached 

at equilibrium. The maximum percentage 

removal of each metal ion obtained at 0.004 

gm adsorbent weight in case of silver 

nanoparticles, instead for the AgNPs@SB 

the maximum percentage removal of each 

metal ion obtained at 0.002gm. 

3.3 Adsorption isotherm 

The efficiency of the adsorbent and the 

equilibrium relationship between adsorbate 

and adsorbent are described by the 

adsorption isotherm, which is defined as the 

ratio between the adsorbed and the 

remaining quantity in solution at 

equilibrium. 

Langmuir and Freundlich isotherm 

described the oldest and easiest adsorption 

equation [24]. 

The generalised form of Langmuir and 

Freundlich isothermwas represented by the 

following equation: -  
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(1) Langmuir 
ଵ

୯౛
= 

ଵ

௄ಽ೜ౣ౗౮ ಴೐

+  
ଵ

୯ౣ౗౮
 

Where, qmax = maximum adsorption 

capacity (mg g−1), qe = amount of metal 

adsorbed per gram of the adsorbent at 

equilibrium, Ce = concentration of metal 

ion at equilibrium (mg L−1) KL= Langmuir 

sorption constant (L mg−1) related to the 

free energy of sorption.  

A plot of 1/𝑞𝑒 versus 1/𝐶𝑒 produces a 

straight line with, intercept 1/𝑞max and 

gradient 1/KL𝑞max can be used to 

calculate 𝑞max are shown in Figure 9 (a, 

b). 

(2) Freundlich 

 log qe = log KF + 1/n log Ce                   (9) 

Where, qe = amount of metal adsorbed per 

gram of the adsorbent at equilibrium,  

Ce = concentration of metal ion at 

equilibrium (mg L−1), KF = Freundlich 

constant (L mg-1) 

n = function of strength of adsorption 

obtained data from the Freundlich isotherm 

equation shown in Figure 10 (a, b). 

Based on obtained results, the adsorption 

capacity of of metal ions are in following 

order Zn > Pb > Cd. This order can be 

explainedon the basis of  the ionic 

properties of metal ions such as ionic radii, 

electronic configuration and electro-

negativity. It is known that, the surface 

complexation reaction is more influenced 

by the electrostatic attraction between the 

adsorbent and adsorbate. The electro-

negativity and ionic radii of Pb (II) = (2.33, 

1.20 ), Cd (II) = (1.69, 0.97) and Zn (II) = 

(1.65, 0.74) respectively. This means that 

the smaller the ionic radius and the higher 

electronegativity interact more strongly on 

the surface of adsorbent [ 25-27]. 

 

 
 

Table 1:  Physical properties of Schiff base and Ag nano@Schiff base 

 

 

 

Compounds Schiff base Ag NPs@SB 

Color Orange-Yellow Brick red colour 

Yield 87.72% 91.39% 

Melting point 120°C 150°C 

Elemental analysis C- 47.83%, H-41.30%, O-4.34%, N-6.50% C-47.83%, H –41.30%, 

O – 4.34%, N – 6.50% 

Molecular weight 357.42 465.28 
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Figure (2a): UV
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Figure 3a: FTIR spectra of silver nanoparticles 

Figure 3b: FTIR spectra of AgNPs@SB 
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Figure 4a: SEM Image of silver nanoparticles 

 
 

 
Figure 4b: SEM Image of silver nanoparticles 

 
 

 
Figure 5 (a): Effect of initial metal ion concentration on % removal of Pb(II), Cd(II) and Zn(II) by   AgNPs@SB 

 
 

 
Figure 5(b): Effect of initial metal ion concentration on % removal of Pb(II), Cd(II) and Zn(II) by Silver 

nanoparticles 
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Figure 6 (b): Effect of initial metal ion concentration on % removal of Pb(II), Cd(II) and Zn(II) by   Silver 

nanoparticles 
 

 

Figure 7 (a): Effect of contact time  on % removal of  Pb(II), Cd(II) and Zn(II) by   AgNPs@SB 
 

 

 
Figure 7 (b): Effect of contact time on % removal of Pb(II), Cd(II) and Zn(II) by Silver nanoparticles 

 
 

 
Figure 8(a): Effect of adsorbent weight on % removal of Pb(II), Cd(II) and Zn(II) by AgNPs@SB 
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Figure 8 (b): Effect of contact time on % removal of Pb(II), Cd(II) and Zn(II) by Silver nanoparticles 

 
Table 3: Parameters of Langmuir isotherm model for Pb (II), Cd (II) and Zn (II) on AgNPs@SB and Silver 

nanoparticles 

 
 

Table 4: Parameters of Frendulich isotherm model for Pb (II), Cd (II) and Zn (II) on AgNPs@SB and Silver 
nanoparticles 

 
 

 
Figure 9 (a): Effect of Langmuir isotherm on Pb(II), Cd(II) and Zn(II) by AgNPs@SB 

 

 

Figure 9(b): Effect of Langmuir isotherm on Pb(II), Cd(II) and Zn(II) by Silver nanoparticles 
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Langmuir Model for 

AgNPs@SB 
qm 161.29 64.10 384.61 
KL 0.258 0.305 0.161 
R2 0.9983 0.9926 0.9933 

Langmuir Model for 
Silver nanoparticles 

qm 64.10 61.34 99 
KL 0.54 0.23 0.554 
R2 0.9992 0.8497 0.9984 

Isotherm Model Parameters Pb (II) Cd (II) Zn (II) 
Frendulich 

ModelAgNPs@SB 
KF 29.75 14.93 48.26 
1/n 0.377 0.432 0.284 
R2 0.9128 0.9665 0.9284 

Fendulich 
ModelSilver 

nanoparticles 

KF 19.47 10.96 30.54 
1/n 0.367 0.456 0.365 
R2 0.9843 0.5713 0.971 
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Figure 10(a): Effect of Freundlich isotherm on Pb(II), Cd(II) and Zn(II) by AgNPs@SB 
 

Figure 10(b): Effect of Freundlich isotherm on Pb(II), Cd(II) and Zn(II) by Silver nanopartcles 
 

5. CONCLUSION  

Modified silver nanoparticles with Schiff 

base are able to be used as effective 

adsorbent for removal of lead, cadmium and 

zinc metal ions from industrial waste with 

respect to unmodified silver nanoparticles. 

The experimental results indicate that the 

equilibrium time required for a maximum 

adsorption for Pb (II), Cd (II) and Zn (II) on 

AgNPs@SB and Silver nanopartices is 20 

min. and 40 min. respectively. The 

maximum adsorption capacity for Pb (II) = 

161.29, Cd (II) = 64.10 and Zn (II) = 384.61 

respectively, for AgNPs@SB and Pb (II) = 

64.10, Cd (II) = 61.34 and Zn (II) = 99 

respectively for silver nanoparticles. The 

obtained results of adsorption isotherm 

studies indicate that Langmuir isotherm 

model is the most fit model to describe and 

evaluate the adsorption process for each 

metal ion then Freundlich isotherm model.  
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