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The present study describes a novel synthetic method for the immobilization of calix[4]arene (II) onto
the surface of modified Amberlite XAD-4 resin (4), which does not require the derivatization of calixarene
moiety. The novel calix[4]arene based resin (C4 resin) 5 was used as sorbent for the removal of azo dyes.
Batch-wise sorption study was carried out and observed that the C4 resin (5) is more effective as compared
to compound Il as well as pure Amberlite XAD-4 resin (1) to remove the selected dyes [i.e. Reactive Black-5
(RB-5), Reactive Red-45 (RR-45) and Congo Red (CR)]. The effect of sorbent dosage and pH on % sorption
was studied. During the extraction process, various kinds of interactions such as electrostatic repulsion,
deprotonation of the hydroxyl groups of C4 resin, dissociation of reactive dyes into anions/cations and
structural variations were monitored and found that they are highly pH dependent.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Azo dyes are very important class of synthetic chemicals [1]
known as organic colorants commonly prepared by coupling of
a diazonium compound with a phenol or an aromatic amine [2].
Approximately half of all known colorants are azo dyes [3] and hav-
ing extensive application in various fields, such as textile and fibers,
pulp and paper, dyeing, paint, laser, liquid crystalline displays, ink-
jet printer and electro-optical devices. [4]. Although some azo dyes
are toxic in nature, these dye molecules are biologically inactive, but
the living organisms are able to cleave the azo (N=N) groups [5-7],
forming aromatic amines most of them are also toxic and even car-
cinogenic [8] which affect the human health by direct contact or
through the environment [9]. Toxic effects of the dye intermediates,
i.e., aromatic amines on the human health have been reported [10].
Platzek et al. reported the absorption of aromatic amines via skin
by skin bacteria [11]. The presence of aromatic amines in the urine
samples of the dyestuff workers has also been reported [12,13] and
the influence of azo dyes causes cancer in human bladder [14]. The
exposure of azo dyes in the environment due to loss of dyes during
the dyeing process by many industries causes the major environ-
mental problems [15,16]. The worldwide consumptions of total dyes
are in excess of 107 kg per year [17]. These industries release 10-15%
of the dye during the dyeing process and approximately one million
kilograms per year of dyes are discharged into water streams con-
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taining different types of un-reacted dyes which are mostly health
hazardous [18-20]. Due to the toxicity of these dyes and their inter-
mediates the European Parliament has recently approved the bane
in 19th amendment for the use of twenty two aromatic amines [21].

Hence, the removal of color from waste effluents has sig-
nificant importance to the environment [22,23]. Conventional
biological treatments and physicochemical methods are not suf-
ficient to remove the azo dyes from effluent because of their
stability, fastness and higher solubility in water [24-26]. Gen-
erally, following methods are applied for the treatment of
dye-containing effluent: coagulation-flocculation, membrane pro-
cesses [27], oxidation-ozonation [28], biological treatment and
sorption [29]. Among these, sorption process is one of the most
efficient methods for the removal of dye molecules from wastew-
ater, because it provides a simple, fast, cost-effective and reusable
process [30]. Activated carbon, peat, chitin, silica, fly ash, clay and
others were used as sorbents, but the sorption capacity of these
sorbents is not effective. Therefore, to enhance the sorption perfor-
mance new sorbents are still under investigation [31].

However synthetic macromolecular compounds such as cal-
ixarenes are extensively being employed as trapping agents for
ionic as well as neutral species. Immobilization of supramolecule,
i.e., cyclodextrin and/or calix[n]arene framework onto a particular
resin makes such macrocycle not only selective for the detection
due to its chromogenic behavior but also helps in the remedia-
tion of industrial organic molecules such as azo dyes [32-35]. Thus,
Amberlite XAD resins have received a considerable attention as
basic matrixes for designing new chelating resins [36,37]. These
resins possess enormous advantages over the others; for example,
structure of these resins provides excellent chemical, physical and
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Fig. 1. The chemical structures of some selected azo dyes used in experiments.

thermal stability under various experimental conditions. Moreover,
chelating agents can be easily immobilized onto their surfaces with
high stability [38,39]. Amberlite XAD-4 is a co-polymeric sorbent
which is highly stable at all pH range in aqueous solution and its
pore size distribution makes it an excellent sorbent for organic sub-
stances of relatively low molecular weight [40]. The main focus of
this study was to enhance the sorption property of the Amberlite
XAD-4 resin (1) by immobilizing calix[4]arene (II) onto its surface.
Furthermore, the influence of dose and pH of the solution on the
sorption capacity of modified (C4) resin (5) has also been examined.

2. Experimental
2.1. Apparatus

Melting points were determined on a Gallenkamp melting-
point apparatus model MFB.595.010M, England. IR spectra were
recorded on a Thermo Nicollet 5700 FT-IR spectrometer (WI.
53711, USA) as KBr pellets. Elemental analyses were performed
using a CHNS instrument model Flash EA 1112 elemental ana-
lyzer (20090; Rodano, Milan, Italy). Scanning electron microscopic
studies were performed using JSM-6380 instrument. UV-vis spec-
tra were recorded on a Perkin Elmer (Shelton, CT 06484, USA)
Lambda 35 through UV-vis spectrophotometer. The pH measure-
ments were made with pH meter (781-pH/lon meter, Metrohm,
Herisau, Switzerland) with glass electrode and internal reference
electrode. A Gallenkamp thermostat automatic mechanical shaker
model BKS 305-101, UK was used for batch study.

OH

2.2. Reagents

Analytical grade reagents/chemicals were used for the prepa-
ration of all the solutions. Analytical TLC was performed on
precoated silica gel plates (SiO,, Merck PFy54). NaOH, formalde-
hyde, diphenyl ether, acetone, acetic acid, ethanol (all Merck) were
used as received. The pHs 3-11 were prepared by mixing appropri-
ate amount of 0.1 M (HCI/KOH). Azo dyes such as Reactive Black-5
(RB-5), Reactive Red-45 (RR-45) and Congo Red (CR) obtained from
commercially available source were used in this study (Fig. 1).

Amberlite XAD-4 (surface area of 750m2g~!, pore diameter
1-3nm and bead size 20-50 mesh) was procured from Fluka
(Germany). The surface area, pore diameter and mesh size were
quoted by the supplier. The resin was washed with distilled water
and ethanol before use. All aqueous solutions were prepared with
deionized water that had been passed through a Milli-Q system
(Elga Model Classic UVF, UK).

2.3. Synthesis

p-tert-Butylcalix|[4]arene (I) and calix[4]arene (II) as illustrated
in Fig. 2 were synthesized according to the previously published
methods [41,42].

2.3.1. Immobilization of calix[4]arene (II) onto Amberlite XAD-4
resin (4)

Amberlite XAD-4™ has been modified as shown in Fig. 3 (2-4)
according to the previously reported method [43]. Finally, the
immobilization of (II) onto (4) was carried out as follows.

Fig. 2. Synthesis of calix[4]arene (II): (a) HCHO/OH~ and (b) AlCs-phenol/toluene.
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Fig. 3. Immobilization of calix[4]arene (II) onto the modified Amberlite XAD-4 resin 4.

The diazotized resin 4 (5g) was reacted with calix[4]arene II
(5mmol, 2.12 g) in 400 mL of glacial acetic acid and acetone (3:1)
at 0-3 °C for 24 h. The resulting grayish colored beads were filtered
off, washed with distilled water and chloroform and then air-dried.
At last, the immobilization was confirmed by evaluating FT-IR spec-
trum of C4 resin 5, SEM and elemental analysis. Found: C, 76.93; H,
6.55; N, 3.72%. Calculated for C46H41N>04-2H,0: C, 76.54; H, 6.28;
N, 3.88%.

The structure shown in Fig. 3 does, however, have a polymeric
structure with both m and n repeating units. From the elemental
analysis results it has been found that the value for these both
variables is approximately equal to 1, i.e., m=n.

2.4. Sorption procedures

2.4.1. Batch method

Batch-wise sorption study was carried out for azo dyes at room
temperature, i.e., 35+1°C. The azo dye sample solution 10 mL
(2 x 10~ M) containing NaCl (0.2 M) was taken in a glass-stoppered
bottle. To this solution the C4 resin (100mg) was added and
stirred on a horizontal shaker operating at a constant agitation
speed of 170 rpm until equilibrium for 1 h. The resin was filtered
and the sorbed dye was analyzed by UV-vis spectrophotometer.
Absorbance values were recorded at Anmax for each azo dye solution
at 597, 540 and 496 nm for RB-5, RR-45 and CR, respectively. The
sorption of azo dyes was calculated as follows:

i—Cr
C x 100 (1)

% sorption =

where C; (molL-1) is the initial concentration of solution before
sorption and Cy(mol L-1)is the final concentration after the sorption
of azo dye.
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Fig. 4. FT-IR spectra: (A) Amberlite amino derivative 4 and (B) C4 resin 5.

3. Results and discussion
3.1. Characterization

3.1.1. FT-IR spectra

The characterization of Amberlite XAD-4 resins (1-4) by FT-IR
spectroscopy was reported [43] previously; while the newly syn-
thesized C4 resin (5) shows some additional bands at 1384, 1448,
1709 and 2115 cm™~! for -C-N and N=N groups (Fig. 4), which con-
firms the immobilization of calix[4]arene onto the resin.

3.1.2. Scanning electron microscope (SEM)

Since, the sorption is a surface phenomena, the rate and degree
of sorption is specific for a given sorbent that is influenced by its
physicochemical properties such as surface area, pore size, surface
functional groups and composition. The morphological character-
istics of C4 resin (5) were evaluated using a scanning electron
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microscope (SEM) by applying 05kV electron acceleration volt-
age. Fig. 5A shows the SEM micrographs of the pure Amberlite
XAD-4 resin at 20 times magnification. It can be seen from the
XAD-4 image showing the rough and porous surface [43]. After
the immobilization of calix[4]arene onto Amberlite XAD-4 at 130
times magnification, the beads of immobilized resin (Fig. 5B) show
very smooth and regular shapes covered by foreign material, i.e.,
calix[4]arene.

3.2. Sorption study of selected azo dyes

' 3.2.1. Effect of sorbent dosage

5 um . ; The sorbent dosage is a major parameter because this concludes
3 the capacity of a sorbent for given initial concentration of the sorbet
at the operating conditions. The influence of the dosage of C4 resin
and pure Amberlite resin on the sorption of azo dyes using contact
time, i.e., 1 h is represented in Fig. 6A and B. The molar concentra-
tion of dyes was kept constant (2 x 10~> M), while quantity of C4
resin and pure Amberlite resin was varied between 25-100 mg. It
was observed that the sorption of azo dyes increases by increasing
the dosage of C4 resin as well as pure Amberlite resin. It has been
observed that almost maximum sorption was achieved at 100 mg.
This was because of the availability of more and more sorbent sur-
face for the given concentration of azo dyes to be sorbed.

3.2.2. Effect of pH on the sorption

The pH is an important parameter in sorption phenomena and
plays a vital role in the entire sorption process and especially on the
sorption capacity [44]. As in this study, to evaluate the influence of
pH on the sorption of azo dyes onto the C4 resin, pure Amberlite
resin and calix[4]arene ligand, experiments were carried out at dif-
ferent pH (i.e. 3.0, 5.0, 7.0, 9.0 and 11.0). The results obtained are
shown in Fig. 7A and B.

Fig. 5. SEM images of: (A) Amberlite XAD-4 1 and (B) C4 resin 5.
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Fig. 6. (A) Effect of sorbent dosage (1 and 5) on the percent sorption of RB-5 and RR-45. (Contact time 1h, NaCl 0.2 M dye concentration 2 x 10~5 M.) (B) Effect of sorbent
dosage on the percent sorption of CR. (Contact time 1 h, dye concentration 2 x 10-> M.)
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Fig. 7. (A) pH effect on the percent sorption of RB-5 and RR-45 (sorbent dose 100 mg, contact time 1 h, NaCl 0.2 M dye concentration 2 x 10-> M). (B) pH effect on the percent

sorption of CR (sorbent dose 100 mg, contact time 1 h, dye concentration 2 x 107> M).

From the results (Fig. 7A and B) it has been deduced that the
C4 resin (5) is more efficient than pure Amberlite resin (1) and
calix[4]arene ligand (II). The percent sorption of RB-5 for C4 resin
was 54% at pH 3; while by increasing the pH of dye solution it
attains a maximum value of 82% at pH 11. This is due to the fact
that RB-5 is comparatively a large molecule and negatively charged
at higher pH (i.e. pH 11). Upon dissolution, the ionic dyes liberate
dye anions/cations into solution. Furthermore, in aqueous media
sulfonate groups of acid dye after dissociation become negatively
charged. Following the deprotonation of the phenolic hydroxyl
groups of calix[4]arene moiety in C4 resin, also form negatively
charged phenoxide ions at higher pH. In this situation by virtue
of hydrophobic interaction and metal ion coordination the dyes are
extracted. The deprotonation not only suppress the electrostatic
repulsion between the dye and sorbent but also at the same time,
it provides a favorable environment in which the metal cation of
dye molecule coordinates with the negative sites of sorbent and
improve the extraction percentage [35].

The pH of solution also plays a significant role for the sorption
of CR, because the addition of electrolyte (NaCl) and pH affects the
structural stability as well as its color intensity. In acidic condi-
tions (pH range 2.0-5.5) CR changes its color from red to dark blue
[45]. Due to the structural variations of CR molecule at lower pH,
all the sorption experiments were performed at its original pH (i.e.
5.8) without electrolyte (NaCl) and at pH 9 as well as at pH 11. The
results obtained show that the maximum sorption 72% of CR for C4
resin (5) was achieved at its original pH (i.e. 5.8) while by increasing
the pH of dye solution percent sorption decreases. CR is a dipolar
molecule, at acidic pH it exists as cationic form and at basic pH
exists as anionic form. At higher pH, the phenolic (OH) functional
group of C4 resin becomes phenoxide (Ph-O~) ion, which dose not

favor the sorption of the dye anions due to the electrostatic repul-
sion between negatively charged sites on sorbent and dye anion. CR
shows lower sorption at higher pH [46].

Effect of pH on sorption of RR-45 onto C4 resin (5) was studied
at pH (3-11). The result obtained shows that by increasing the pH
sorption decreases and it attains maximum value 60% at pH 3, while
52%atitsoriginal pH and 30% at pH 11. The main mechanism is anion
exchange, the anionic dye must be in competition with (OH™) the
phenolic hydroxyl groups of calix[4]arene moiety in C4 resin for
exchange with the CI~ ions that are associated with the surface
of sorbent on the other hand, the sorbent surface becomes neg-
atively charged due to deprotonation and will be associated with
positively charged ions of the solution. Thus, a significant decrease
in dye sorption occurred at pH greater than 9 [47].

4. Conclusion

In this study a novel C4 resin (5) was synthesized and character-
ized by FT-IR spectroscopy, elemental analysis (CHNS) and scanning
electron microscope (SEM) techniques. Newly synthesized C4 resin,
calix[4]arene (II) and Amberlite XAD-4™ resin (1) have been used
successfully as sorbents for the removal of RB-5, RR-45 and CR. The
effects of dosages of sorbents and pH of dye solution were investi-
gated in batch sorption experiments. The results achieved from the
present study clearly show that C4 resin is a very efficient sorbent
for the removal of selected dyes as compared to the calix[4]arene
(II) and Amberlite XAD-4™ resin (1). It has been observed that %
sorption is highly dependent on sorbent dosage, pH of dye solution
and presence of functional groups attached to the dye molecule. On
the basis of the results it can be concluded that:
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(1) The % sorption of dyes could be enhanced by immobilization of
calix[4]arene (II) onto the surface of modified Amberlite XAD-4
resin.

(2) The sorption of RR-45 and CR by C4 resin from aqueous solution
must be carried out at their original pH, while the sorption of
RB-5 must be studied at higher pH (i.e. pH 11).
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