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Oz: Bu caligmada, bazi agir metallerin, yeni bir membran (HS-C@PIM) kullanilarak sulu
ortamdan verimli bir sekilde tagmmasi tasarlanmistir. Bu amagla; agir metaller i¢in uygun bir
baglanma yeri olan bir merkapto-siibstitiie kaliksaren tiirevi polimer iceren membranda tasiyict
olarak kullanildi. HS-C@PIM’in yapisin1 ve yiizey morfolojisini degerlendirmek i¢in taramali
elektron mikroskopisi (SEM), Termogravimetrik analiz (TGA) ve elementel analiz teknikleri
kullanildi. HS-C@PIM’ nin Cu(Il), Zn(II), Pb(1l), Ni(II), Cd(II) ve Co(II) ye karsin katyon tagima
etkinligini degerlendirmek i¢in Donnan diyaliz yontemi uygulanmustir. Sonuglar, sirastyla %48.6,
%43.63, %47.08, %53.31, %39.00 and %49.42 olarak hesaplanmustir.

Heavy Metal Transport Efficiency of Mercapto-Functionalized Calix[4]arene Based Polymer

Inclusion Membrane

Keywords
Calixarene,
lon
transportation,
Heavy metals,
Polymer
inclusion
membrane

Abstract: In this study, an efficient transportation of some heavy metals from aqueous media by
using a novel membrane (HS-C@PIM) is designed. To this end, a mercapto-substituted calixarene
derivative having a conveninet binding sites for heavy metals was used as carrier in polymer
inclusion membrane. Scanning electron microscopy (SEM), Thermogravimetric analysis (TGA)
and elemental analysis techniques were used to assess the structure and surface morphology of HS-
C@PIM. Donnan dialysis method was carried out to evaluate the cation transport efficiency of HS-
C@PIM against Cu(ll), Zn(I1), Pb(I1), Ni(ll), Cd(ll) and Co(ll). The results were calculated as
48.64%, 43.63%, 47.08%, 53.31%, 39.00% and 49.42% respectively.

1. INTRODUCTION

Membrane separation is a very important process for
water purification. The high performance polymer
membranes  cost-effective,  energy-efficient  and

The rapid development of industry is the primary source
of heavy metal ions.In addition to increasing
contamination of industrial wastewater, it contributes to
anthropogenic sources and agricultural wastes. Its
accumulation in humans causes kidney failure, nervous
system damage and bone damage and other serious
diseases [1]. So far, a number of effective methods have
been reviewed for the removal of heavy metals such as
ion exchange, chemical precipitation, electrodialysis,
reverse  0SMOSIs, nanofiltration, ultrafiltration,
flocculation, flotation, coagulation, etc [2].

environmentally friend. Various types of membranes
continue to be developed for treatment applications [3].
Polymer inclusion membranes (PIMs) have better
stability compared with other types of liquid membranes
including BLMs (bulk liquid membranes), ELMs
(emulsion liquid membranes) and SLMs (supported
liguid membranes) due to negligible loss of carrier
reagent from the membrane. Therefore, PIMs are
becoming of great interest for the transport and
separation of chemical species [4-7].

The elemental chemical composition of PIM is of the
high-molecular-weight base polymer (cellulose triacetate
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(CTA) or polyvinylchloride (PVC)), a plasticizer, and a
carrier.In the literature, there are many chemicals used as
carriers,oximes, [8] thiacrown ethers, [9] calixarenes,
[10; 11] azo-compounds, [12] dithiocarbamates [20] and
thiophosphorus species [13]. In this work, we have
developed a novel polymer inclusion membrane
embedded marcapto derivative of calixarene was
fabricated to investigate its transport efficiency towards
some heavy metals. For this aim, synthesis of a
mercapto-substituted calix[4]arene containing
dicarboxylic acid units (5) was performed according to
the literature [14-18]. Next, the mercapto-substituted
calix[4]arene containing dicarboxylic acid units (5) was
used to prepare the embedded marcapto derivative of
calixarene (HS-C@PIM) in the media of 2-nitrophenyl
octyl ether (0-NPOE) and cellulose triacetate (CTA).
TGA, SEM and elemental analysis techniques were used
to elucidate the structure and surface morphology of C
@ PIM. In addition, the capacity of HS-C@PIM to
transport trace metals has been successfully investigated
using a Donnan dialysis system.

2. EXPERIMENTAL
2.1. Chemicals and Materials

N,N-dimethylformamide (DMF),dichloromethane
(DCM), hydrochloric acid (HCI), lead(Il) nitrate
((Pb(NO3)2), cadmium(ll) nitrate  tetrahydrate
((CA(NO3)2+4H20,), Copper sulphatepentahydrate
(CuSO4.5H20) and cobalt  sulphatehexahydrate
(CoS04.7H20), were purchased from Merck.Nickel(ll)
sulfates (NiSO4) and Zinc(I1) nitrate (ZnNO3), cellulose
triacetate (CTA-678.6 g/mol), 2-nitrophenyl octyl ether
(o-NPOE)waspurchasedfromSigma-Aldrich. TLC silica
gel plates (SiO2, Merck PF254) were performed for thin
layer chromatography studies.The
Gallenkampinstrument was used for melting point
determination.Bruker 400 MHz spectrometer was used
for NMR spectra.All solutions were prepared from a
Milli-Q (Millipore Corp.) using ultrapure water.

2.2. Synthesis

Literature procedures was applied to synthesize p-tert-
butylcalix[4]arene (1), 5,11,17,23-tetra-tert-butyl-25,27-
bis-(bromopropoxy)-26,28-dihydroxycalix[4]arene  (2),
5,11,17,23-tetra-tert-butyl-25,27-bis(3-thiol-1-
oxypropane)-26,28-dihydroxycalix[4]arene (3), 5,17-bis-
tert-butyl-11,23-dicarboxaldehyde-25,27-dihydroxy-
26,28-bis(3-thiol-1-oxypropane)calix[4]arene (4) and
5,17-bis-tert-butyl-11,23-dicarboxylic acid-25,27-
dihydroxy-26,28-bis(3-thiol-1-oxypropane)calix[4]arene
(5) were synthesized by procedures published in the
literature [14-18].

2.2.1. 5,17-Bis-tert-butyl-11,23-dicarboxaldehyde-
25,27-dihydroxy-26,28-bis(3-thiol-1-oxypropane)-
calix[4]arene (4)

Yield: 0.15 g (55.6%), m.p.; 262-264 oC. 1H NMR (400
MHz, CDCI3): § 9.71 (s, 2H, -CHO), 7.59 (s, 4H, ArH),
7.14 (s, 4H, ArH), 4.22 (d, 4H, J =12.8 Hz, CH2), 4.06
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(t, 4H, J = 4.8 Hz, O-CH2), 3.53 (d, 4H, J = 12.8 Hz,
CH2), 3.44-3.46 (m, 4H, CH2-S), 3.44-3.45 (m, 4H,
CH2), 2.42-2.48 (m, 2H, —SH), 1.19 (s, 18H, (CH3)3C).
13C NMR (400 MHz, CDCI3): $190.79, 159.40, 148.95,
148.81, 132.61, 130.97, 129.15, 128.68,126.53, 75.16,
34.43, 33.82, 32.10, 31.29, 28.22. Anal. Calcd for
C44H5206S2:C, 71.32; H, 7.07; S, 8.65. Found (%); C,
71.29; H, 7.17; S, 8.56.

2.2.2. 5,17-Bis-tert-butyl-11,23-dicarboxylic acid-
25,27-dihydroxy-26,28-bis(3-thiol-1-oxypropane)-
calix[4]arene (5)

Yield: 0.015 g (43%), m.p.; 160-162 oC. 1H NMR (400
MHz, DMSO): & 7.82 (s, 4H, ArH), 7.16 (s, 4H, ArH),
4.08-4.22 (m, 8H, CH2 and O-CH2), 3.48-3.68 (m, 8H,
CH2 and CH2-S), 2.27-2.47 (m, 4H, CH2), 1.99 (brs,
2H, -SH), 1.11 (s, 18H, (CH3)3C). 13C NMR (400
MHz, DMSO): & 167.66, 157.56, 149.95, 147.86,
132.77, 130.81, 128.45, 126.51, 121.98, 76.20, 34.54,
34.11, 31.53, 31.38, 26.52. Anal.calcd for C44H5208S2:
C, 68.37; H, 6.78; S, 8.30. Found (%); C, 68.31; H, 6.67;
S, 8.48.

2.3. Polymer inclusion membrane preparation

Polymer inclusion membranes with calixarene additive
were fabricated according to our previous study [19].
Support CTA (0.2 g) and ion carrier (10 mg) were
dissolved in dichloromethane (20 mL), and the
mercapto-substituted calix[4]arene containing
dicarboxylic acid units (5) (10 mg) were dissolved in
dichloromethane (20 mL), and then a solution was
prepared by adding plasticizer (o-NPPE, 0.3 mL).
Obtained mixture was poured onto a glass petri dish and
then the volatile component was evaporated under room
temperature. Finally, calixarene-based membrane was
easily taken up after pouring pure water on glass petri
dish (Zawierucha et al., 2013). The thickness of the
calixarene-based membrane was determined with a
digital micrometer (Mitutoyo). No significant flow was
observed from the membrane in the control experiments.

2.4. Characterization

Thermogravimetric analysis, elemental analysis (TGA)
and scanning electron microscope (SEM) techniques
were performed to characterize HS-C@PIM.

2.5. Transport Experiments

Donnan dialysis method as the transport of heavy metal
ions to an aqueous solution was carried out using a cell
consisting of two detachable sections made of Teflon
[3]. The Membrane, with a surface area of 7 cm2, is
firmly clamped between two 40 mL chambers. Both
chambers were mixed with a magnetic stirrer at 500 rpm
during the experiment. All measurements were carried
out at 24°C. While the receiving phase contains
deionized water, the feed phase contains 10-5 mol / L
heavy metal solutions complexed with picric acid.The
solution (1 mL) was sampled at regular intervals (every
2 hours) and the amount of heavy metal ions passing
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through the membrane was measured with UV-VIS.
(Hach Lange DR 6000 model).

The value of the starting flux (JO, mol m2-s1-) was used
to evaluate the transition rate of HS-C@ PIMs in the
PIM / solution interface, calculated using the equation

(.. R

where A = 7.0 x 103 m2, the feed solution is exposed to
the membrane area, V = 0.4 x 105- m3 is the feed
solution volume, Ct=0 and Ctare the initial and final
metal concentrations in the feed solution (mol m3-),
respectively, t = 144 h,

The recovery factors (% RF) of trace metals were
calculated from the following equation:

C,
%RF =(1--").100
Cr

where Cr and Cf (mol/L) were metal concentrations in
the receiver and the feed phases, respectively.

3. RESULT AND DISCUSSION

3.1. Synthesis and Characterization
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Scheme 1. Synthesis of the mercapto-substituted calix[4]arene
containing dicarboxylic acid units (5). Reaction conditions: (i) HCHO;
NaOH; (ii) K2CO3; 1,3-dibromopropane; (iii) thiourea, KOH; (iii)
TFA, hexamethylenetetramine; and (iv) sulfamic acid, sodium chlorite.

The carrier employed in the study is depicted in Scheme
1. In order to synthesis target calixarene derivative,
convenient literature  procedures were applied.
Incorporated mercapto derivative of calixarene was then
used as an additive in the media of cellulose triacetate
(CTA) and o-NPOE to afford a new polymer inclusion
membrane embedded calixarene(HS-C@PIM). A
combination of TGA, SEM and elemental analysis
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techniques was used to assess the structure and surface
morphology of HS-C@PIM.
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Figure 1. The TGA curves of HS-C@PIM

Thermogravimetric analysis (TGA) was performed to
determine the thermal properties of new calix[4]arene-
based polymer inclusion membrane (HS-C@PIM). As
shown in Fig.1, almost complete thermal decomposition
of HS-C@PIM was found at 130-520 oC. It was
assumed that the decomposition the mercapto-substituted
calix[4]arene containing dicarboxylic acid units (5) as
well as thermal depolymerisation of CTA might be
resulted the weight loss in a large scale.

The morphology of the polymer inclusion membrane
without HS-C@PIM and calixarene was evaluated by
scanning electron microscopy (SEM) (see Figure 2-a,b).
When comparing both images, prominent differences
over morphology associating shape and distribution for
HS-C@PIM are seen (Figure 2b). This finding clearly
ascribed that the mercapto-substituted calix[4]arene
containing dicarboxylic acid units (5) was successfully
embedded in the polymer inclusion membrane.

Figure 2. The SEM images (a) the polymer inclusion membrane
without calixarene (b) HS-C@PIM

The amount of charged 5,17-bis-tert-butyl-11,23-
dicarboxylic acid-25,27-dihydroxy-26,28-bis(3-thiol-1-
oxypropane) calix[4]arene on HS-C@PIM was
determined using elemental analysis technique. As given
in Table 1, result regarding the sulfur amount of 5,17-
bis-tert-butyl-11,23-dicarboxylic acid-25,27-dihydroxy-
26,28-bis(3-thiol-1-oxypropane) calix[4]arene showed
that HS-C@PIM has0.44% sulfur content which
corresponds to 0.28mmol of HS-C@PIM/g of support
(Table 1).

DTG ug/min
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Table 1. Elemental analysis results of HS-C@PIM.

C(%) H(%) S(%) N(%)  Amount of the
loaded

calix[4]arene

(mmol/g)
Blank 62.07 740 - 3.86
HS- 52.07 633 044 1.40 ~0.28
C@PIM

3.2. Transport Studies

The flux values of heavy metals were calculated by
using the initial phase technique and time profile of the
receiver phase concentration. The results given in Table
2 were obtained at the 95% confidence level (N = 3).The
RF values of the, Cu(ll), Zn(11), Pb(II), Ni(Il), Cd(ll) and
Co(ll) were also shown in Table 2. It was found that the
highest RF and flux values of heavy metals were
obtained with Cu (I1).

Table 2. Fluxes and values of different ions for HS-C@QPIM

lon Jx1015 (mol.cm®s™)  RF

Pb(Il)  1524.00 (£ 0.01) 47.08
zn(l)  1211.00 (+ 0.01) 43.63
cu(ll)  1602.00 (+0.01) 48.64
Ni(I1) 1767.00 (+ 0.01) 53.31
Cd(ll)  1416.00 (+ 0.01) 39.00
Co(ll)  1795.00 (+ 0.01) 49.42

3.3. Stability of HS-C@PIM

Under the same experimental conditions,to assess the life
of HS-C@PIM, the carrying capacity of the membrane
for Ni(Il) was examined (Feed phase: 0.1 mol / L HCI
solution: Receptor phase: 10-4mol / L Ni (11)).Transport
experiments were carried out using the same membrane
and renewed solutions in four runs that lasted 24 hours.
The transport of Ni(ll) ions was observed to decrease
with the number of studies and was approximately 53%
lower than the initial concentration. When the
experiments lasting 2 months were completed, no
structural deformation was observed in the membranes.
In addition, membranes were kept in pure water after
each experiment.

4. CONCLUSION

A synthesis of a new calixarene-based polymer inclusion
membrane was introduced, and spectroscopic and other
techniques were carried out to characterize it. Donnan
dialysis method was applied to evaluate the metal
transport efficiency of HS-C@PIM against Cu (11), Zn
(1), Pb (11), Ni (11), Cd (I1) and Co (Il). The findings are
given below:

1) SEM images showed that the calixarene derivative
was successfully embedded in the membrane compared
to the control membrane.

2) It was observed that the highest flux and RF values
among heavy metals were obtained with Ni(Il). In these

experiments, transport was carried out using Donnan
dialysis.

3) Transport experiments were carried out six times in
24-hour periods using the same membrane. The amount
of Ni (Il) obtained was approximately 53% lower than
the initial concentration.

4) It seems to be a feasible method with HS-C@PIM to
remove six metal ions, especially Ni(ll) from the
aqueous solution by Donnan dialysis method.
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