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ABSTRACT

This paper discusses the preparation, charactenzatnd the evaluation of adsorption
properties of resin poly-tetgaallylcalix[4]arene tetra acetic acid from tped-butylphenol. The
synthesized resins were applied as an adsorbenCi@ftl) and Pb(ll) metal ions. The
adsorption was conducted in a batch system by figagsg the effects of acidity (pH), contact
time and initial concentration of a heavy metalusoh. The adsorption of Cr(lll) and Pb(ll)
metal ions on the resin had the optimum pH ratmgegion of 4—6 and reached the equilibrium
condition in 40 minutes. The adsorption of Cr(Hhd Pb(ll) metal ions on the resin follows the
Langmuir isothermal pattern with the linearity cmg () of Cr(lll) and Pb(ll) adsorption,
whose results were 0.9640 and 0.9716, respectivdlg. adsorption capacity of Cr(lll) and
Pb(ll) metal ions is 323.0 umole/g and 33.4 umgleypile the adsorption energy is 30.4
kJ/mole and 39.7 kJ/mole, respectively. Most patarsan batch systems confirm that resin is
a good adsorbent for Cr(lll) and Pb(ll), thoughllx@dsorption was more favorable than that
of Pb(ll). The outstanding adsorption abilities r(Ill) and Pb(ll) metal ions have exhibited
good prospects for disposal application of pollukeder and environmental protection.

Keywords: Adsorption; Metal ions Poly-tetrap-allylcalix[4]arene tetra acetic acidp-t-
butylphenol

1. INTRODUCTION

Calixarenes are cyclic oligomer of phenols linkgdntethylene bridges (Gutsche, 1989). They
exist in a ‘cup’ like shape with a defined upped dower rim and a central annulus. Their rigid

conformation enables calixarenes to act as hosecutds as a result of their performed
activities. By functionally modifying either the pgr and/or lower rims it is possible to prepare
various derivatives with differing selectivity forarious guest ions and small molecules.
Calixarenes lend themselves well to many applioatibecause of the multiplicity of options

for such structural elaboration (Mc.Mahon et aDP2). Calixarenes can be used in various
applications because of the number of geometryatrans possible within its functional groups.

Ohto et al., (1997) used tetracarboxylio-t-octylcalix[4]arene and tetraamide-t-
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octylcalix[4]arene for the adsorbent of some heangtal cations such as Pb(Il), Cd(Qu(ll)
and Ag(l).

Research on the polymeric calixarenes is stilltiohi Up to now, two methods have been used
to synthesize calixarene-based polymers (Yang.eR@lL0). One is the grafting method, i.e.
immobilization of calixarene derivatives on a pogmmatrix such as dextrans (Akkus et al.,
2008) and poly-acrylate (Mendrek and Trzebicka,208nother method is copolymerization
of calixarene with other active bi-functional morens, such as tetraphthaloyl dichloride
(Tabakci et al., 2006) and norbornone (Yang andgew&007).

In the case of the heavy metals problem, the haaatals and their speciation products are un-
biodegradable and tend to accumulate, thus excgé¢énlethal concentration (LC) levels. For
the removal of toxic metal cations from aqueous imeitnmobilization of calixarenes on a
polymer support has been reported in the literatMienaz et al., 2006) and with a chitosan-
linked calix[4]arene chelating polymer (Tabakci aMdmaz, 2008). In this research, we
reported the synthesis of resin poly-tgtrallylcalix[4]arene tetra acetic acid and its apation

to adsorption of Cr(lll) and Pb(ll) metal ions. $hpoly-tetrap-allylcalix[4]arene tetra acetic
acid synthesis is shown schematically in Figure 1.

R=-CH,COCH

Figure 1 Synthesis of poly-tetmallylcalix[4]arene tetra acetic acid

2. EXPERIMENTAL

2.1. Materials

p-t-Butylcalix[4]arene and tetra-hydroxycalix[4]arenerere prepared according to the
procedures reported previously (Gutsche, 1989).sVhéhesis of tetra-allylcalix[4]arene tetra
acetic acid was followed the procedure reportedKingumaningsih et al. (2010). All the
chemicals were purchased from Merck or Aldrich.

2.2. Instrumentation
IR spectra were recorded on a Shimadzu PrestigeT2R spectrometer as KBr pellets. H
NMR spectra were obtained in the designated sol¢€diCk) on a JEOL-MY500 proton
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Nuclear Magnetic Resonance Spectrometer. The sudimactures characterization is from the
resin using SEM. The surface area of poly-tgtallylcalix[4]arene tetra acetic acid was
characterized using SAA Quantachrome NoraWin2. Elgal analyses were performed on
Perkin EImer 3110 USA Atomic adsorbtion spectrofiotber.

2.3. Procedure

2.3.1. Synthesis of poly-tetra-p-allylcalix[4]arene tetra acetic acid

In a 100 mL three-necked flask, provided with alwefcondenser and a nitrogen pipe
connector, was dissolved tepeaallylcalix[4]arene tetra acetic acid (0.15 g) inlaroform (15
mL). H,SO, (0.4 mL) was then added into the mixture [0.1 nfilHeSO, was added every 30
minutes]. The polymerization was performed for Shjch was showed by the disappearance
of the starting materials in TLC plate. The reattieas then terminated by a methanol (0.5 mL)
addition. The chloroform layer was washed with wat@til neutral, dried over N&Q,
anhydrous and evaporated using a rotary evaporgterresulted polymer was then dried in the
desiccator.

2.3.2. Adsorption studies of Cr(l11) and Pb(l1) metal ions by resin

As much as 0.004 g of resin was shaken with 10 rhlagqueous solution containing of
cadmium cation with various concentrations (4,3, 16, and 20 ppm) in a 20 mL-closed glass
flask at 25°C, at various pH and contact time tieastand then the solution was filtered off.
After filtering through 0.45um membrane filter, the concentration of metal ionsthe
supernatant was analyzed by using AAS. Sample Emk Isolutions were analyzed under the
same condition. The amount of metal ions adsorbed wonsidered to be the difference
between the initial and the remaining amount inrdecting solution each time a sample was
analyzed.

The effect of pH on adsorption was investigatethim pH range 2.0-7.0 at room temperature.
Experiments for the effect of contact time werefgrened from various contact times which
were 5, 10, 20, 40, 80, 160 and 320 min, respdgtive

3. RESULTSAND DISCUSSION

3.1. Synthesis of poly-tetra-p-allylcalix[4]arene tetra acetic acid

Crosslink polymerization of tetmaallylcalix[4]arene tetra acetic acid was performby
concentrated sulphuric acid as the catalyst undaeitragen atmosphere. The reaction was
terminated by adding small quantities of methamble resin polymer was obtained as yellow
crystals with the melting point of 18D in 85.54% vyield and the relative molecular wejght
obtained by Ubbelohde Viscometer, was 1.08>gifhol.

The success of the reaction can be proven by thR §fectrum (Figure 2 and Figure 3) ditl
NMR spectrum (Figure 4). Figure 2 shows FTIR speuntof materials before polymerization.
In the FTIR spectrum (Figure 3) was shown by theapljpearance of C=C aliphatic group
absorption at 1647 chm This indicated that the double bond of the ‘s#¥ group that
disappeared and a new bonding polymer was formedalpolymerization addition reaction to
give the expected product. The appearance of hytignoup at 3425 cihis predicted from
water which was trapped into poly-tepaallylcalix[4]arene tetra acetic acid in neutratina
process.
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Figure 2 FTIR Spectrum of tet@allylcalix[4]arene tetra acetic acid
(before polymerization)
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Figure 3 FTIR Spectrum of poly-tetpallylcalix[4]arene tetra acetic acid

As expected, thtH NMR spectrum does not only show the existencgérfl protons signals at

0 5.05-5.03 (C=CHh), indicating that the vinyl groups had been polized. Also, the signal of
1H-NMR spectra of polymers was assigned to appatpprotons. However, it was difficult to
deduce the conformation of tefpaallylcalix[4]arene tetra acetic acid units in polgrs due to
the absence of -CH groups on tetr@-allylcalix[4]arene tetra acetic acid skeleton ahe
overlapped signals for ArH. These results mightidagk that they adopted the alternate or
mixed conformations, which are in accordance with ¢conformation studies of the compounds
tetrap-allylcalix[4]arene tetra acetic acid. The altemat mixed conformation was favourable
for intermolecular bridging which resulted in crdsked polymeric structures
(Kusumaningsih, 2010).



Kusumaningsih et al. 97

(LT U S I R ¥

=3 TS

T — vy T Y T T T T
8.0 7.0 6.0 s0 4.0 3.0 2.0 1.0 o

Figure 4'H NMR Spectrum opoly-tetrap-allylcalix[4]arene tetra acetic ac

The surface area of potetre-p-allylcalix[4]arene tetra acetic acibas characterized usit
SAA Quantachrome NoraWin2 with physisorption anialysodels using , as adsorbate (m.w.
28.013 g) at temperature 77.350 K, cross sectioB0D6A2 and Liquid density 0.808 g/
Surface area analis methods usinBrunauer-Emmett-Teller (BET) and Barrett-Joyner-
Halenda (BJH). The results were displayed in Tabl

Table 1Surface area analysis poly-tetrap-allylcalix[4]arene tetra acetic ac

Method: Paramete poly-tetre-p-allylcalix[4]arene tetra acetic ac
BET Slope 68.77

Intercep 20.67

coeficient of correlatior 0.999684

Constar 4.327

Surface are 38.939

Total volume of porot 4.922x10°

(r < 1238.8 A P/p= 0.9922)

BJH Surface are 29.110

Volume of porws 0.048

Average of radii porot 15.371

The surface structures pbly-tetrap-allylcalix[4]arene tetra acetic acwdere also observed by
scanning elecon microscopy (SEM). Fure 5shows the SEM micrographs poly-tetrap-
allylcalix[4]arene tetra acetic a. As expected, it can be seen thpoly-tetrap-
allylcalix[4]arene tetra acetic ac was sparsely porous and crosslinked netty archites are
shown. Also, SEM analysis indica that structure of polymer was amorphous
heterogeneous.
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Figure 5Micrographs ofpoly-tetrap-allylcalix[4]arene tetra acetic ac
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3.2. Adsorption of Cr(l11) and Pb(I1) metal ions by poly-tetra-p-allylcalix[4]arene tetra
acetic acid

We performed solid-liquid adsorption studies of ahetons by using poly-tetrp-
allylcalix[4]arene tetra acetic acid as adsorbefihe adsorption capacities and energy
adsorption were calculated.

3.2.1. Effect of pH

In an adsorption process, the pH of the agueougisolis an important controlling parameter.
The pH primarily affects the ionization degree lvé tadsorbate and the surface property of the
adsorbent. Figure 6 depicts the effect of pH onatisorption of Cr(lll) and Pb(Il) metal ions
on poly-tetrap-allylcalix[4]arene tetra acetic acid.

20 — s
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50 —A—Cr(Il)
40 —=-Pb(ll)

20 L] L L L] L L] L] L L}
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Figure 6 Effect of pH on adsorption efficiency oétal ions by resin

In the case of the influence of pH, the optimumyatue was predicted on the range of 4-6 as
on that pH region, the best equilibrium conditioocarred, where electrostatic repulsion
between adsorbent and adsorbate was on its lolmestldition, the precipitation of the metals
as their hydroxide had not much occurred yet.

The fact that the amount of metal cation adsorliddva pH was only a little apparently was
caused by the occurrence of protonation of mosatiog groups, especially OH groups, of
resin. It was envisaged that the interaction betwesin and Cr(lll) and Pb(ll) metal cations
involved an interaction between an oxygenated lueie of electrons and metal cation vacant
orbitals. As the amount of 'Hat low pH was sufficiently excessive in comparigorthat of
metal cation, most of the oxygen paired electrarhaps did coordinate with"Hind not with
metal cation. The size of Hwhich is much smaller than that of metal cati@pparently also
assisted the occurrence of interaction betweeneaxygir electrons of resin and.HWhen the
initial pH was sufficiently high (more than 5), teewas only a limited amount of Hvailable

in the system. Accordingly, the interaction ocaugriin the system was dominated by the
interaction between the oxygenated lone pair @astrof resin and the metal cation vacant
orbital. This is the reason why the amount of matiorbed at relatively high pH values was
significantly high. However, increasing initial pid a value higher than 5.0 is not a good idea
as there has been precipitation of some of metarsa(Jumina, 2007).
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3.2.2. Effect of contact time

Interaction time required to reach adsorption éguim can be used to determine the
adsorption rate. The profile of contact time effentadsorption of Cr(lll) and Pb(ll) by poly-
tetrap-allylcalix[4]arene tetra acetic acid were showrigure 7.
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Figure 7 Effect of contact time on removal effiagrof metal ions by resin

The Cr(lll) and Pb(Il) adsorption occurred in thestf 10 to 40 minute, and thereafter a very
slow sorption was noted when determining residuahi@ Pb present in equilibrated solution.
The optimum adsorption contact time for Cr(lll) aR@(ll) ions were 80-minutes and 40-
minutes, respectively, with the amount of Cr(lliydaPb(ll) adsorbed of 7.8313x1@Gnd
7.2642x1C ppm, respectively.

If the adsorption equilibrium has been reached, atidition of the interaction time did not
increase the amount of adsorbed metal. In genbilamount of metal cations adsorbed has a
similar pattern in which the adsorption has inceglaalong with the additional contact time
allocated to the period whereby the additional twes no longer than the contact time was
increased by the amount of adsorbate. At the inéddsorption stage, the surface of the
adsorbent was still empty, so the absorption ofonat by the adsorbent was rapid. The
absorption will take place slowly with the additioh contact time. This shows that there has
been saturation on the active sites of the adsarben

3.3. Adsorption Kinetics

The experimental data of contact time effect on #usorptions of Cr(lll) and Pb(ll)
respectively were used for kinetic modeling. Thedeliequations used for fitting the data were:
1% order (Lagergren) and pseud® @rder equations. The correlation coefficienf)(Resulted
from a linear plot of log(gq) versus t and t/q versus t (shown in Table 2).

Table 2 Kinetic parameters for Cr(lll) and Pb(ltlsarptions by resin

I Cr(ll) Pb(ll)
Kinetic model R " = "
1 order (Lagergren) equation 0.9111 - 0.00540 0.8656 - 0.0079
log(Ge-ar) = log - kt (min™) (min™)

Pseudo ? order equation (Ho) 0.9980  500x10° 0.9746 21.00x16
t/qt = Y5 kq® + t/ge (g.mg*.min?) (g.mg".min™)
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The adsorption rate constant (k) was calculatedigusiope or intercept values from the
equation, where gand q (both in mmol:d are the amounts of metal ion adsorbed (metal
uptake) at equilibrium and at time t (min), respesdy. Based on the linear regression values,
the kinetics of Cr(lll) and Pb(ll) adsorptions ontesin could be well described by two
equations, but the pseud8®drder equation was the best. Thus, it appearedpteudo 2
order was the most valid kinetic model.

3.4. Adsor ption isoterms

The equilibrium data in the adsorbtion of Cr(lIndaPb(ll) onto resin were analyzed by using
Freundlich and Langmuir isotherms, i.e. lagglog K + 1/n log G and 1/g = 1/(K ..C¢) +
1/q,, respectively, whereeds the amount adsorbed at equilibrium (umol/g)jsthe solution
concentration at equilibrium (pmol/L), 1mol/g) is the maximum capacity of adsorptiord an
K is the adsorption constant. The results of linglats of log G versus log g (Freundlich
model) and 1/gversus 1/€(Langmuir model) are shown in Table 3.

Table 3 Correlation coefficients parameters foldlgréand Pb(ll) adsorptions

Cr(lll Pb(ll

Models ng ) R(2 )
Langmuir 0.9640 0.9716
Freundlich 0.6610 0.8520

The data in Table 3 shows high values of correfatimefficients (R) indicating linear
relationships, which confirm the applicability obth adsorption isotherms. The& Ralues of
Cr(lll) adsorption were 0.9640 and 0.6610 for Langnand Freundlich models, respectively.
The R values of Pb(ll) adsorption were 0.9716 and 0.8&20Langmuir and Freundlich
models, respectively. Thus, adsorption of Cr(llldaPb(ll) onto resin tends to follow the
Langmuir isotherm. This means that the processisbmotion occurred in the monolayer, with
the assumption that the maximum adsorption occusieeh all active sites were filled by the
adsorbate and monolayer as it was formed.

Variation of Gibbs free energnG) for the retention of adsorbate on adsorbentdessrmined
from the adsorption constant with the aid of eqathG = -RT In K. Some quantitative
descriptions of adsorption system,( andAG) on the basis of the Langmuir isotherm model
are given in Table 4. Eventually, the calculatedoaption capacities £y adsorption constant
(K) and energy adsorptioG) of Cr(lll) were 323.0 umole/g, 194 L/mole, andl8 kJ/mole,
respectively.

The resin was able to trap Pb(ll) cation with tdsaption constant was 8320 L/mole. Capacity
adsorption and energy of adsorption were 33.4 pigaled 39.7 kd/mole, respectively.

Table 4 Quantitative descriptions of Cr(lll) and(Pbadsorptions on the basis of the
Langmuir isotherm

: Jo K AG
Cation (umole/g) (L/mole) (kd/mole)
Cr(Il) 323.0 194 30.4
Pb(Il) 33.4 8320 39.7

Based on Table 4, the order of the maximum adsorptapacity for the metals was Cr(lll) >
Pb(Il). According to Hard Soft Acid Base (HSAB) trg, strong acids tend to interact with
hard bases to form complexes, as well as soft agitls soft bases. Moreover, Cr(lll) ions
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could be classified as strong acids whereas Plafhl)is a medium acid. As a consequence,
poly-tetrap-allylcalix[4]arene tetra acetic acid which had tierd base active site of hydroxyl
(-OH) group, would has stronger interaction witll la&id of Cr(ll1).

Adsorption capacities of resin poly-tetraallylcalix[4]arene tetra acetic acid comparisorthwi
other adsorbent metal ions were presented at Bable

Table 5 Comparison of adsorption capacities ofrpsiy-tetrap-allylcalix[4]arene tetra acetic
acid with other adsorbents

Adsorption capacities References

Adsorbent (umol/g)
Cr(111) Pb(ll)
resin poly-tetrge-allylcalix[4]arene tetra acetic acid 323 33 Thesearch
C-4-Methoxyphenylcalix[4]resorcinarene 6 173  Jumina, 2007
calix[4]arene-based chitosan polymer - 360 Tahan8
chitosan - 244 Kelesoglu, 2007

Based on Table 5, for the adsorption of Cr(lll)sagbtion capacities of resin poly-tefra-
allylcalix[4]arene tetra acetic acid higher thand@ethoxyphenylcalix[4] resorcinarene, but
adversative matter happened at Pb(ll) adsorptia@sirRpoly-tetrge-allylcalix[4]arene tetra
acetic acid is resin polymer from tefpeallylcalix[4]arene tetra acetic acid which has rfou
benzene residues, four hydroxyl groups, and fotsareyl groups. The structure of poly-tetra-
p-allylcalix[4]arene tetra acetic acid was spargebyous with crosslinked netty architectures.
This matter can improve adsorption capacities sihre

Capacities adsorption of Pb(ll) by resin poly-tgtrallylcalix[4]arene tetra acetic acid

compared to calix[4]arene-based chitosan polymieows a smaller result, as according to
similar result from Tabakci, 2008. Research fromeKeglu (2007), is known to indicate that
adsorbent chitosan is good for Pb(ll) adsorption.

4. CONCLUSION

Preparation and characterization of resin polyatpiallylcalix[4]arene tetra acetic acid was
successfully achieved. A resin of poly-teprallylcalix[4]arene tetra acetic acid was obtained
as a yellow solid with m.p. of 150°C in 85.54% gieThe adsorption study of Cr(lll) and Pb(ll)
metal ions were performed by poly-teprallylcalix[4]arene tetra acetic acid in batch gyst
The adsorption of Cr(lll) and Pb(ll) metal ions tire resin follow the Langmuir isothermal
pattern with the linearity constant{Rof Cr(lll) and Pb(ll) adsorption rates were 0.96dnd
0.9716, respectively. Interaction between adsoripeht-tetrap-allylcalix[4]arene tetra acetic
acid with Cr(Ill) and Pb(Il) metal ions had adsdopt capacities, occurring in a row of 323.0
pmole/g and 33.4 umole/g, with adsorption energy3@®4 kJ/mole and 39.7 kJ/mole,
respectively. Most parameters in batch systemsirmonthat resin is a good adsorbent for
Cr(lll) and Pb(ll), although Cr(lll) adsorption wasore favorable than that of Pb(ll). The
outstanding adsorption abilities for Cr(lll) and(Ppmetal ions have exhibited good prospects
for disposal application of polluted water and eormental protection.
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