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Introduction

Arsenic is one of the most harmful and catastrophic pol-
lutant found in nature. It is a slow poisoning detrimental 
element to human health and considered as a worldwide 
menace to humans because every year millions of human 
population across the world is victim of the venomous 
effects of this toxin. It is ubiquitously present in air, soil, 
natural and ground water in varying concentration. Two 
sources: natural and various anthropogenic activities 
bring about arsenic environmental contamination [1–3]. 
In water it may present in both organic and inorganic 
forms. Inorganic forms of arsenic mainly exist in two 
oxidation states, i.e., trivalent as arsenite (AsO3

3−) and 
pentavalent as arsenate (AsO4

3−) in natural waters and 
both are referred as As(III) and As(V) respectively. Both 
forms of arsenic are the most harmful to human health 
but As(III) is significantly more toxic and mobile than 
As(V) [1, 3].

Natural water contaminated with arsenic is a sig-
nificant problem to human health since this compound is 
known as toxic, mutagenic and carcinogenic or arsenico-
sis. Short term exposure to arsenic can lead to dermal, res-
piratory, gastrointestinal, cardiovascular, mutagenic and 
carcinogenic effects and it may interfere with the immune 
system. Prolonged ingestion of arsenic contaminated water 
can cause chronic arsenicism. Symptoms of chromic level 
include hyper and hypopigmentation, bladder, lungs and 
kidney cancer. Besides this, other diseases such as pig-
mentation changes, skin thickening (hyperkeratosis) neuro-
logical disorders, muscular weakness, loss of appetite and 
nausea also examples of chronic arsenicism. Its acute intox-
ication can stimulate vomiting, bloody ‘‘rice water’’ diar-
rhea, esophageal and abdominal pain [4–6]. Due to its high 
toxicity to human health USEPA and WHO established an 
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international maximum contaminant level for arsenic in 
drinking water of 0.001 μg L−1 [7, 8].

Environmental scientists have contributed extensive 
efforts for the remediation of arsenic from aqueous media. 
In this regard various technologies have been developed to 
purify water from contamination of arsenic including oxi-
dation–precipitation [9] coagulation–flocculation filtration 
[10] liquid–liquid extraction, ion exchange [11, 12] mem-
brane filtration [13] ultra and nano-filtration [14] adsorp-
tion [15]. Each of these above processes have their own 
advantages along with limitations such as high cost, pro-
ducing high sludge, membrane fouling and constant scru-
tiny of the ions’ concentration. On contrary to this sorption 
is an economical alternative and conventional technique; 
it is simple to operate, environmentally benign, versatile, 
robust, efficient and cost-effective. Due to these charac-
teristic features sorption technology is the most promising 
and a fabulous technique for arsenic removal from waste-
water [16]. A variety of natural as well as synthetic materi-
als has been tremendously utilized in sorption technology 
[17–20]. In this view one of the most magnificent member 
of macromolecules is “calixarene” has played a pivotal role 
for decontamination of hazardous materials. The rigidity, 
conformational structure and unlimited derivatization sig-
nificantly determine its complexation properties [21–23]. 
Number of scientists has synthesized efficient calixarene 
derivatives possessing pyridine, amine, amide or imide 
functional groups have proven marvelous anions extracting 
receptors especially for oxoanions [24–28]. Furthermore, 
efficiency and stability of calixarenes due to aromatic back-
bone can be further strengthened by incorporation of calix-
arene framework onto a polymeric support. These materials 
are regenerable and in terms of chemical, physical/thermal 
point of view they are stable and widely used for purifica-
tion of aqueous media [29]. Present study is an extension 
of our previous efforts of developing regenerable syn-
thetic resins [30–32] which demonstrates the environmen-
tal application of newly synthesized calix[4]arene diamide 
derivative impregnated Amberlite XAD-4 resin to remove 
As(III) from aqueous media. But in this paper we first time 
report the synthesis of a new calix[4]arene derivative based 
XAD-4 resin for As(III) amputation. Although it possess 
different functionalities which have different criteria for 
As(III) removal as previously reported studies.

Experimental

Instrumentation

Melting points were determined on a Gallenkamp melting 
point apparatus (model MFB 595. 010M, England). Ele-
mental analyses were performed using a CHNS instrument 

model Flash EA 1112 elemental analyzer (20090. Rndano, 
Milan, Italy). IR spectra were recorded on a Thermo Nicol-
let 5700 FT-IR spectrometer (WI. 53711, USA) as KBr 
pellets. UV–Vis spectra were obtained with Perkin Elmer 
(Shelton, CT06484, USA) Lambda 35 through UV–Vis 
spectrophotometer. Scanning Electron Microscopic (SEM) 
studies were performed using JSM-6490 instrument. The 
pH measurements were made with pH meter (781-pH/Ion 
meter, Ω Metrohm, Herisau Switzerland) with glass elec-
trode and Ag, Ag/Cl internal reference electrode. A Gallen-
kamp thermostat automatic mechanical shaker (model BKS 
305-101, UK) was used for batch study. Atomic absorption 
spectra were obtained using Perkin–Elmer Analyst 700 
atomic absorption spectrometer.

Chemicals

All the chemicals and reagents of synthetic grade used in 
this study were obtained from Merck (Darmstadt, Ger-
many) and used without further purification. Analytical 
grade arsenic trioxide (As2O3) was supplied by Merck 
(Darmstadt, Germany). Arsenic stock solution of 1 g L−1 
was prepared on weekly basis. The pH of the solution was 
adjusted by mixing appropriate amount of HCl and NaOH 
(0.1 N). Analytical TLC was performed on precoated sil-
ica gel plates (SiO2, Merck PF254, Darmstadt, Germany). 
Amberlite XAD-4 resin (styrene–divinylbenzene copol-
ymer), surface area 725 m2 g−1, pore diameter 4 nm and 
bead size 20–50 mesh were supplied by Fluka (Buchs, 
Switzerland). Nitric acid solution (5 M) was used for soak-
ing all glassware and polyethylene bottles. Before use, all 
these bottles were washed with deionized water. All aque-
ous solutions were prepared with deionized water that had 
been passed through a Milli-Q system (Elga Model Clas-
sic UVF, UK). (0.05 %) aqueous solution of Rhodamine-B, 
potassium iodate (2 %) and (0.4 M) solution of HCl were 
prepared by dissolving the reagents in deionized water.

Synthesis

Synthesis of calix [4] arene I and its derivatives (II, and 
III) were carried out according to the previously published 
literature [33–35]. Resin IV employed in this work (Fig. 1) 
has been synthesized as follow:

Impregnation of diamide derivative of calix[4]arene 
onto Amberlite XAD‑4™

Impregnation of (III) onto Amberlite XAD-4™ was car-
ried out by following the same strategy as in our previously 
reported method [36]. 1.5 g of XAD-4 resin was taken in 
a 100 mL round-bottom flask. 0.0521 g (6.6 × 10−3 M) 
solution of compound III in 25 mL of ethanol was added 



729J IRAN CHEM SOC (2015) 12:727–735 

1 3

and the mixture was continuously stirred for 120 h at room 
temperature. After that the resin was filtered off though sin-
tered glass funnel washed with ethanol and water to remove 
unimpregnated compound III. The maximum amount of 
compound III impregnated onto dry resin was 0.0124 g 
that is (6.321 × 10−4 M). The elemental analysis found as 
C, 79.36; H, 8.55; N, 4.38 %. FT-IR: 3,436, 1,663, 1,609, 
1,517, 1,356 cm−1.

Sorption methods

The sorption efficiency of the synthesized calix[4]arene 
diamide impregnated resin toward oxoanion As(III) was 
estimated through static and dynamic sorption methods.

Static method (batch method)

Batch equilibrium sorption studies were exercised with 
aqueous solutions of As(III). Sorption measurements were 
carried out with 10 mL volume of (30 mg L−1) concen-
tration and constant amount of 0.5 g in 50 mL stoppered 
Erlenmeyer flasks; the mixture was agitated in a thermo-
static shaker at 175 rpm, 25 °C for equilibration (shaking) 
time of 1 h. After that, the mixture was filtered off and 
sorbent was separated before measurement. The residual 
arsenite ion concentration remaining in aqueous phase was 
determined spectrophotometrically at 553 nm by a reported 

method [32, 37]. The effect of pH was studied by adjusting 
the pH of aqueous solutions using diluted HCl and NaOH 
solutions at 25 °C. The % sorption of As(III) was calcu-
lated as:

Where Ci (mol L−1) is initial concentration of solution 
before sorption and Cf (mol L−1) final concentration of 
As(III) after sorption.

Results and discussion

Characterization of resin IV

SEM analysis

The morphology and surface characteristics of sorb-
ent material are generally characterized by SEM. In this 
approach SEM is used to study the morphological changes 
on the surface of impregnated resin which are shown in 
(Fig. 2a–c). From SEM images it can be observed that the 
surface of impregnated resin IV has been totally covered 
of with the impregnation of calixarene molecules evident 
from the formation of white layer (cloud) of uniform thick-
ness and coverage.

(1)% Sorption =
Ci − Cf

Ci

× 100

Fig. 1  Synthesis of resin 
IV: (I) HCHO/OH−, (II) 
BrCH2COOCH3/K2CO3, (III) 
NH2C2H4NH22, (IV) XAD-4™
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Thermo gravimetric (TGA) analysis

Thermogravimetric analysis (TGA) was used to examine 
the thermal stability of the impregnated resin IV as shown 
in (Fig. 3). This study was carried out in an inert atmosphere 
of N2 gas. Thermal degradation curve of impregnated resin 
IV shows two main steps. The first very small step ranging 
from (36 to 100 °C) was attributed due to the loss of physi-
cally sorbed moisture content. During this step only 14 % 
weight was lost. The second very sharp decreasing down-
ward curve ranging from (370 to 490 °C) has been recog-
nized to the combustion of impregnated resin IV. Here 60 % 
more weight was reduced. From these results it has been 
concluded that resin IV is very much stable up to 490 °C.

Sorption studies

Effect of sorbent dosage

Dosage study parameter was carried out using varying 
amount of impregnated resin IV (0.25–1.25 g) at shaking 
speed of 125 rpm for 1 h. Figure 4 demonstrates the percent 

sorption of As(III) increased very rapidly when amount 
of sorbent was increased from (0.25 to 0.50 g) after that 
percent removal of As(III) remains almost constant up to 
1.25 g of sorbent dosage.

Effect of pH

The most effective and important parameter is pH effect 
which not only affects sorption efficiency but also explains 

Fig. 2  Different SEM images of the surface of immobilized resin IV a at 500 μm, b 100 μm, c 100 μm

Fig. 3  TGA and DTA curve 
resin IV at a constant tempera-
ture under N2 atmosphere

Fig. 4  Effect of sorbent dosage (25–150 mg) on the percent sorption 
of As(III)
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the sorption mechanism and determines the nature of the 
sorption process as well. In this study effect of pH on sorp-
tion capacity of impregnated resin IV toward As(III) was 
examined through static method at pH range of 2.5–7.5 
using initial concentration of As(III) as 30 mg L−1 and a con-
tact time of 1 h. The results are presented in (Fig. 5) which 
indicates that sorption capacity of resin IV significantly 
depends on solution pH. The maximum percentage sorption 

of As(III) was determined as 82 % at pH 4.5. Similarly per-
centage sorption decreases to 44 % when pH of the aqueous 
solution increased to neutral range, i.e., 6.5. It signifies that 
best interaction between ligand and arsenite ions occurs at 
this acidic pH range. These interactions include electrostatic 
interaction and hydrogen bonding between protonable amine 
and the oxygen atoms of arsenate anions [38].

Effect of contact time

As(III) removal capacity of resin was determined in terms 
of contact time. The equilibrium time was examined by 
agitating the solution for 1 h at optimized pH 4.5 and fixed 
concentration using 0.5 g of resin at the shaking speed of 
125 rpm. Figure 6 reveals that with the passage of contact 
time percentage removal of As(III) increases. Equilibrium 
was observed at 30 min but sorption efficiency of resin 
remains almost constant after 30 min. Hence further study 
was done for 60 min to avoid any kind of error.

Effect of temperature

To explain the thermodynamic behavior of As(III) sorption 
by resin IV experiments were conducted at different tem-
perature ranges, i.e., 298–318 K with intervals of 10 K at 
optimum conditions. Figure 6 shows that with the rise of 
temperature As(III) sorption also increases which reflects 
that the nature of As(III) sorption onto resin IV is tempera-
ture dependent.

Comparative study

The maximum sorption capacity of impregnated resin for 
As(III) has been compared with other sorbents already 
reported in the literature [1, 39–47]. It can be noticed from 
data as given in (Table 1) that sorption capacity of impreg-
nated resin is much higher than previously reported studies. 
It may also be demonstrated that resin IV is more effective 

Fig. 5  pH effect on the sorption of As(III)

Fig. 6  Sorption curves of As(III) onto resin IV as a function of shak-
ing time at different temperatures, i.e., 298–318 K

Table 1  Comparison of 
monolayer sorption capacities 
of different sorbents used for 
the removal of As(III)

Name of sorbent Concentration T °C Qe References

Copper (II) oxide 0.5–1.0 mg L−1 20 1.0862 mg g−1 [1]

Pine wood char 100–800 µg L−1 25 0.0012 mg g−1 [39]

Iron oxide-coated sand 100 mg L−1 22.2 0.136 mg g−1 [40]

Cupric oxide nanoparticles 0.1–100 mg L−1 25 26.9 mg g−1 [41]

Anaerobic biomass 164 µg g−1 [42]

Hematite 75 mg L−1 20 10.0 (7.3) [43]

chitosan-coated biosorbent 25 56.50 mg g−1 [44]

Fe(III)-loaded cellulose 18.0 (9.0) mg g−1 [45]

Fe(III)-loaded resins 25 62.9 (9.0) mg g−1 [46]

Fe-coated mesoporous carbon 5 mg L−1 5.96 mg g−1 [47]

Resin IV 30 mg L−1 25 100 mmol g−1 This work
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as compared with other sorbent materials as amount of 
sorbent dosage that only 0.5 g of resin IV is sufficient to 
sorb 86 % of As(III) from sample solution. The superior-
ity of this impregnated resin over other sorbents could be 
explained on the basis of economical viewpoint. Efficient 
capability for As(III) along with regeneration and reusabil-
ity of the resin makes its cost negligible.

Sorption isotherms

The chemistry of As(III) onto resin IV enlightened using 
sorption isotherms. Equilibrium experimental data have 
been evaluated using Langmuir, Freundlich D–R and Tem-
kin isotherm models. Langmuir isotherm assumes that 
Sorption rate is directly proportional to the number of 
active sites of sorbent and sorbate concentration but sorp-
tion limited to monolayer coverage only [48].

Favorability of sorption behavior can be determined 
using dimensionless equilibrium parameter, i.e., separa-
tion factor (RL) can be calculated using the following 
relationship:

The Freundlich sorption model [49] is based on surface 
heterogeneity of the sorbent, i.e., multilayer sorption. Thus 
unlimited surface coverage is demonstrated mathematically 
and signifying physisorption. This isotherm was tested in 
the following form:

Dubinin–Radushkevich (D–R) isotherm is more general 
to differentiate physico-chemical sorption phenomena [50]. 

(2)

(

Ce

Cads

)

=
(

1

Qb

)

+
(

Ce

Q

)

(3)RL =
1

(1 + bCi)
.

(4)ln Cads = ln A +
1

n
ln Ce

This isotherm is more common than Langmuir isotherm 
model. It assumes heterogeneity of energies over the sur-
face. The linear form of D–R equation can be examined as:

Polanyi proposed the difference in free energy between 
the sorbed phase and saturated liquid phase is referred to 
as sorption potential. The saturation limit(Xm) may repre-
sent total specific micropore volume of the sorbent. The 
value of sorption energy E can be correlated by using Eq. 7 
which has calculated as 9.85 KJ mol−1.

Temkin equation gives information about a relationship 
between heat of sorption and the sorbent–sorbate interac-
tion on surfaces. It suggests that heat of adsorption of all 
molecules decreases linearly as the completion of sorption 
sites of sorbent is increased [51]. The Temkin isotherm 
equation is given as below;

From results as shown in (Table 2) can be concluded 
that the experimental constant values were calculated from 
Langmuir, Freundlich, D–R and Temkin isotherm equa-
tions. Relatively regression coefficient (R2) values are sig-
nificant (0.99) for Langmuir and Temkin isotherm models 
which are higher than Freundlich and D–R isotherm mod-
els. The value of correlation coefficient indicates that this 
sorption process is feasible, compatible and equilibrium 
data follow the Langmuir and Temkin isotherm models. 

(5)ln Cads = ln Xm − βε2

(6)ε = RT ln

(

1 +
1

Ce

)

(7)E =
1

√
−2β

(8)qe = B ln A + B ln Ce

(9)B = RT
b

Table 2  Langmuir, Freundlich, D–R and Temkin characteristic constants for As (III)

Langmuir Freundllich D–R Temkin

Q mmol g−1 b × 104 L mol−1 RL R2 A mol g−1 n 1/n R2 E Xm × 1021 R2 B A R2

100 69.10 0.15–0.59 0.99 906.98 1.54 0.65 0.98 9.85 1.13 0.69 628.51 1.43 0.99

Table 3  Comparisons of 
Pseudo-first-order, Pseudo-
second-order kinetic and 
intraparticle diffusion models

Pseudo-first-order kinetic model Pseudo-second-order kinetic model Intraparticle dif-
fusion

T °C K1 (min−1) qe (mol g−1) R2 K2 (min−1) qe (mol g−1) R2 Rd A R2

20 0.04 2.41 0.81 4.05 × 10−15 1.75 × 10−5 0.99 0.80 7.67 0.99

30 0.06 2.38 0.49 2.09 × 10−15 2.158 × 10−5 0.98 1.21 5.14 0.99

40 0.12 2.34 0.22 1.28 × 10−15 7.98 × 10−5 0.99 0.99 7.52 0.98
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The value RL calculated was less than 1 and the adsorp-
tion capacity (1/n) of resin IV was evaluated to be 0.65 
which supports that the sorption process is favorable. D–R 
isotherm was used to ascertain the nature of As(III) sorp-
tion. Value of energy of sorption for As(III) onto resin IV 
is calculated as 9.85 KJ mol−1 which suggests the As(III) 
sorbed ionic interactions/chemisorption. Data show 
applicability of Langmuir and Tempkin isotherms which 
explain surface monolayer coverage of As(III) and best 
maximum interaction with sorbent sites on the surface of 
resin IV.

Sorption kinetics

In kinetic studies the rate of sorption of As(III) onto resin 
IV was determined by utilizing four kinetic models that are 
(Lagergren) pseudo-first-order, (Ho and Mckay) pseudo-
second-order and intraparticle diffusion using (Moris–
Waber) [52–54].

From results as shown in (Table 3) that sorption of 
As(III) onto resin IV follows the pseudo-second-order 
kinetic model. Sorption process do not comply with 
pseudo-first-order model in spite of having significant qe 
value. While in case of pseudo-second-order model the 
experimental data fit significantly well and provide bet-
ter correlation coefficients (R2 = 0.99, 0.99, 0.92) than 
pseudo-first-order model for As(III) sorption behavior. 
Rate constant values for pseudo-first-order increase while 
for pseudo-second-order model tends to decrease with the 
rise of temperature. Moreover the pseudo-first-order model 
is based on the assumption that the rate limiting step may 
be chemical sorption involving hydrogen bonding between 
sorbate and sorbent. Hence it can be concluded that the 
sorption of As(III) was predominated by pseudo-second-
order kinetic model and hence sorption data of present 
study support the chemisorption nature of As(III). Diffu-
sion model depicts the solute mass transfer from bulk of 
solution to solid surface. The value of Rd and rate constant 

(10)ln(qe − qt) = lnqe − kt Lagergren pseudo-first order

(11)
t

qt

=
(

1

k2q2
e

)

+
(

1

qe

)

t Pseudo-second order

(12)qt = Rd

√
t + C Intra-particle diffusion

of intraparticle transport were estimated as described in 
(Table 3). However linear plot in this study did not pass 
through the origin. This indicates that degree of boundary 
layer controls the As(III) sorption onto resin IV and intra-
particle diffusion was not the only rate controlling step.

Thermodynamics of sorption

The thermodynamic parameters change in enthalpy (ΔH), 
entropy (ΔS), and Gibbs free energy (ΔG) describe the 
spontaneity, nature and randomness of the sorption process 
[55]. Thermodynamics parameters are estimated from the 
equations below:

Where Kc is the equilibrium constants for sorption, R is 
an ideal gas constant (8.314 KJ mol−1 K−1) and T is the 
temperature in Kelvin. Thus, the effect of temperature on 
sorption As(III) onto impregnated resin IV was studied at 
different temperatures, i.e., (298, 308 and 318 ± 1 K) at 
optimum conditions. The thermodynamic parameters ΔH, 
ΔS and ΔG were calculated from the slope and intercept of 
the linear plot of ln (qe/Ce) vs 1/T.

From (Fig. 6) it has been concluded that As(III) percent 
sorption onto resin IV increases with increasing the tempera-
ture. The values of three parameters are given in (Table 4). 
The negative value of ΔG suggests that As(III) sorbed spon-
taneously onto resin IV under applied conditions. Moreover 
endothermic nature of sorption can be analyzed form posi-
tive value of ΔH. With the rise of temperature values of ln 
Kc increased from 0.47–0.92. Furthermore increasing per-
cent uptake with temperature shows that sorption of As(III) 
onto resin IV is a temperature dependant process. It can be 
suggested that the driving force for sorption process is an 
entropy effect and slightly positive value of entropy (ΔS) 
implies the increased randomness at the solid/solution inter-
face during the sorption of As(III) onto resin IV.  

Field application of resin IV

An effort has made to ensure that resin IV is an effi-
cient sorbent for the removal of As(III) from aqueous 

(13)ln Kc =
−∆H

RT
+

∆S

R

(14)∆G = −RT ln Kc

Table 4  Thermodynamic 
parameters for sorption of As 
(III) resin IV

ΔH (KJ mol−1) ΔS (KJ mol−1 K) ΔG (KJ mol−1)

293 K 303 K 313 K

As(III) 0.034 0.135 −2.396 −1.928 −1.144

ln Kc = 0.47 ln Kc = 0.76 ln Kc = 0.92
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environment. The field study of resin IV for real waste 
water samples has been carried out by spiking method. The 
real samples were collected as ground water samples from 
different sites of the outskirts of Hyderabad city in Paki-
stan. Their conductivity, salinity and total dissolved solids 
(TDS) contents were determined before and after the treat-
ment with resin. Batch experiments were performed with 
50 mg of resin IV and 10 mL of real sample of Arsenic 
contaminated effluent that has been stirred at 160 rpm for 
1 h at room temperature. The arsenic concentration was 
investigated before and after the treatment of waste effluent 
with resin IV through the UV–visible spectrophotometer at 
its particular wavelength, i.e., 553 nm. The results obtained 
are summarized in (Table 5).

From results shown in  (Table 5) it has been observed 
that resin IV shows quite remarkable efficiency for the 
removal of total arsenic from different real samples and was 
determined up to 76 %. In addition to this other parameters 
like conductivity, salinity and TDS drastically decreased. It 
can be concluded that resin IV is an efficient sorbent for 
arsenic remediation from aqueous environment.

Regeneration of resin IV

The resin IV was regenerated and reused for times for 
As(III) sorption. The resin was agitated for 10 min and bas-
ified with only 10 mL of 4 % NaOH basic solution. After 
this, the resin was washed thoroughly with deionized (mili-
Q) water until the pH of water reached at neutral. The effi-
ciency of regenerated resin was remained almost same.

Conclusion

This study highlights the synthesis of calix[4]arene based 
resin IV and its sorption ability toward As(III). Synthesis 
was confirmed by using different analytical techniques. 
The characteristics sorption of As(III) onto resin IV was 
studied under static and dynamic modes of sorption. Maxi-
mum removal of As(III) occurred at pH of 4.5. Equilib-
rium sorption data showed excellent fit to Langmuir and 
Tempkin isotherm models with an adsorption capacity of 

100 mmol g−1 which indicate monolayer sorption on the 
homogeneous surface of the sorbent. Thermodynamic stud-
ies concluded that the sorption process for As(III) was fea-
sible, spontaneous and endothermic in nature because of 
the positive ΔH0 0.034 KJ mol−1 and negative ΔG value. 
The pseudo-second-order kinetic model was found to best 
correlate to the experimental data for As(III) sorption. The 
rate determining step was found to be controlled by both 
surface sorption as well as film diffusion mechanism. In 
addition, it also reduces other water quality parameters of 
pH, TDS, conductivity and salinity of waste water. Hence 
results of this study signify that resin IV has high capacity 
to remove As(III) from contaminated waste water.
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