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Abstract: The article describes the fabrication and characterization of a new 25,27-bis[5-(trimethyl ammonium bromide)pentyloxyl]-

26,28-dihydroxyl-5,11,17,23-tetra-tert-butylcalix[4]arene-embedded polymer inclusion membranes (TMAC[4]But@PI membrane). TGA, SEM 

and DSC techniques were performed to determine its structures. Moreover, the anion transport capacity of TMAC[4]But@PI membrane against 

Cr(VI) anion was investigated. 
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Dikromat Anyonlarının Taşınması için Polimer Destekli Lewis Asit Tipi 

Kalikserenlerin Hazırlanması ve Karakterizasyonu 

 

 

Öz: Makale, 25,27-bis[5-(trimetil amonyum bromür)pentiloksi]-26,28-dihidroksi-5,11,17,23-tetra-ter-bütilkaliks[4]aren katkılı polimer 

içerikli membran (TMAC[4]But@PI) hazırlanmasını ve karakterizasyonu açıklamaktadır. TGA, SEM ve DSC teknikleri kullanılarak 

membranların yapıları belirlenmiştir. Ayrıca Cr(VI) anyonuna karşı TMAC[4]But@PI membranının taşıma kapasitesi araştırılmıştır. 

 

Anahtar sözcükler: Dikromat, kalikseren, membran, poli vinil klorür, selüloz triasetat.  

 

 

INTRODUCTION 

 

Since drinking water is contaminated with toxic 

substances such as some oxyanions, drinking quality water 

has been the target of humanity for years. Toxic oxyanions, 

such as dichromate anions, are toxic compounds that can 

harm many living organisms and the environment, even in 

small amounts (Bozkurt & Turkmen, 2018).  

Chromium which is found in animals, rocks, soil, 

plants, volcanic dust and gases is a naturally occurring 

element. It is mostly encountered in the oxidation states of 

Cr(III) and Cr(VI) which are known as “chromite” and 

“chromate”, respectively. Two of them get into the body by 

the way of dermal contact, ingestion and inhalation. Trivalent 

and hexavalent forms are believed to be biologically active 
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species; however, their impact on health is not the same. 

Cr(VI) can easily penetrate biological membranes, while 

Cr(III) does not usually penetrate (Bozkurt et al., 2009; 

Krishna et al., 2004). Chrome plating industry generally use 

Cr(VI). Chrome plating is the operation of electroplating a 

thin chrome layer to a metal surface (Bayrakci et al., 2017; 

Kaya et al., 2016). 

There are many ways to extract Cr(VI) from waste 

waters. Some of these ways are chemical precipitation, 

biosorption, adsorption, ion exchange, electrolysis, 

distillation, reverse osmosis, ultrafiltration, solvent 

extraction, and liquid membranes (Hsu et al., 2010; Sap, 

Tabakci & Yilmaz, 2012). The increasing severity of 

environmental regulations affecting the discharge of effluents 

has created a sustained interest in the development of novel 

technologies that could improve the efficiency of the 

separation of toxic materials from very dilute solutions 

(Engin et al., 2019). In recent years, researchers have been 

paying attention to polymer addition membranes (PIMs), a 

new type of liquid membrane. PIMs are formed by pouring a 

solution containing an extractor, a plasticizer, and a base 

polymer to form a thin, flexible and stable film (Nghiem et 

al., 2006). The calixarene derivatives have been used as 

extractant for the removal of toxic ions. They are also form 

selective and stable complexes with anions, cations or neutral 

molecules (Sayin et al., 2011). 

Due to the specificity of the structure and the 

diversity of derivative, Calixarenes have attractive prospects 

in ion transport, chemical sensors, recovery of precious 

metals, separation and analysis, molecular recognition and 

inclusion, ion-selective electrodes, molecular catalysis and 

enzyme simulation studies. Research on calixarene is 

important to the development of life chemistry, chemistry, 

environmental chemistry and structural chemistry, especially 

in supramolecular chemistry (Liu & Zhong, 2018; Tabakci & 

Yilmaz, 2008) 

In this paper, the affinity of PIMs containing Lewis 

acid-type calix[4]arene derivative towards dichromate anions 

from aqueous solutions. For this purpose, p-tert-

butylcalix[4]arene and 25,27-bis[5-(trimethylammonium 

bromide)pentyloxyl]-26,28-dihydroxyl-5,11,17,23-tetra-tert-

butylcalix[4]arene were synthesized according to the 

published procedures (Gutsche, 1990; Sayin & Yilmaz, 

2017). Synthesized Lewis acid-type calix[4]arene was then 

employed as an additive in the membrane producing process, 

in which cellulose triacetate (CTA) or polyvinyl chloride 

(PVC) and o-NPOE are typically used to prepare polymer 

inclusion membrane. Thermo gravimetric analysis (TGA), 

scanning electron microscopy (SEM) and Differential 

Scanning Calorimeter (DSC) techniques were performed to 

determine the structure of Lewis acid-type calix[4]arene-

embedded membrane (TMAC[4]But@PI membrane). 

Furthermore, a Donnan dialysis system was used to study the 

carrying capacity of dichromate anions with the novel 

TMAC[4]But@PI membrane. 

MATERIAL and METHODS 

 

Chemicals and Materials: All starting materials and 

reagents were purchased from Merck (Merck, Darmstadt, 

Germany) and Aldrich companies (Aldrich; Steinheim, 

Germany), and used without further purification. Ultra-pure 

water obtained from a Milli-Q (Millipore Corp.) was used to 

prepare all solutions. Melting points were determined by 

using a Gallenkamp apparatus in a closed capillary tube. 

NMR spectra were recorded on a Bruker 400 MHz 

spectrometer. For analytical thin layer chromatography 

studies, TLC silica gel plates (SiO2, Merck PF254) were 

used. A Mapada UV-6100 PCS double beam ultraviolet–

visible spectrophotometer (Shanghai Mapada Instruments, 

China) was used to state extraction of dichromate anions 

efficacy of the novel TMAC[4]But@PI membrane. 

Synthesis. p-tert-butylcalix[4]arene (1), and 25,27-

bis[5-(trimethylammonium bromide)pentyloxyl]-26,28-

dihydroxyl-5,11,17,23-tetra-tert-butylcalix[4]arene (2) were 

synthesized according to the literature procedures (Gutsche, 

1990; Sayin & Yilmaz, 2017). 

25,27-bis[5-(trimethyl ammonium bromide) 

pentyloxyl] -26,28-dihydroxyl-5,11,17,23-tetra-tert-

butylcalix [4]-arene (2): Yield: 85%, melting point: 241–242 

°C. 1H-NMR (400 MHz, CHCl3): δ 0.91 (s, 18H, But), 1.26 

(s, 18H, But), 1.75–1.79 (m, 4H, –CH2–), 2.04–2.07 (m, 8H, 

–CH2–), 3.30 (d, 4H, J = 13.2 Hz, Ar-CH2-Ar), 3.45 (s, 18H, 

–CH3), 3.76 (t, 4H, J = 8.0 Hz, O–CH2–), 3.96 (t, 4H, J = 5.6 

Hz, N–CH2–), 4.17 (d, 4H, J = 13.2 Hz, Ar-CH2-Ar), 6.73 (s, 

4H, ArH), 7.03 (s, 4H, ArH), 7.11 (s, 2H, –OH). 13C-NMR 

(100 MHz, CDCl3): δ 22.8, 23.0, 29.2, 31.0, 31.7, 33.8, 33.9, 

53.5, 66.6, 125.3, 125.5, 127.8, 132.1, 142.0, 147.0, 149.7, 

150.1. Anal. calcd for C60H92Br2N2O4 (%): C, 67.65; H, 8.71; 

N, 2.63. Found (%); C, 67.59; H, 8.76; N, 2.49 

Preparation of Polymer inclusion membranes: 

TMAC[4]But@PI membrane-I; 0.2 g of CTA was dissolved 

in 10 mL of dichloromethane at room temperature. The 

plasticizer (o-NPOE, 0.3 mL) in dichloromethane (5 mL) and 

Lewis acid-type calix[4]arene as an ion carrier (13.3 mg) 

were then added. Part of this solution was poured into a 

membrane mold consisting of a 9.0 cm glass ring attached to 

a glass plate with CTA dichloromethane adhesive (Engin et 

al., 2018). The solution was allowed to evaporate 

dichloromethane overnight and the final membrane was 

immersed in cold water and separated from the glass plate 

(Zawierucha et al., 2013). The resulting membranes were 

recovered by immersion in cold water from the surface of the 

glass plate. The thickness of the membrane with a standard 

deviation of 0.1 m over 10 readings was measured by the 

help of a digital micrometer (Mitutoyo). Lastly, the 

TMAC[4]But@PI membranes were immersed in distilled 

water for 2 hours before being used in transport experiments. 

In the absence of the ion carrier, it did not show a clear flow 

from the TMAC[4]But@PI membranes with empty 
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experiments for transport, ie, membranes containing only 

CTA / PVC and o-NPOE.   

TMAC[4]But@PI membrane-II; 0.3 g of PVC was 

dissolved in 20 mL of dichloromethane at room temperature. 

The plasticizer (o-NPOE, 0.4 mL) in dichloromethane (5 mL) 

and Lewis acid-type calix[4]arene as an ion carrier (13.3 mg) 

were then added. Then, similar procedures in 

TMAC[4]But@PI membrane-I were applied to the 

TMAC[4]But@PI membrane-II. 

Characterization: Thermo gravimetric analysis 

(TGA), Scanning electron microscope (SEM), and 

Differential Scanning Calorimeter (DSC) techniques were 

used to characterize the TMAC[4]But@PI membranes. 

Transport experiments: The aqueous solution 

transport of the dichromate anions was carried out using a 

cell consisting of two separable sections made of Teflon 

(Koseoglu et al., 2010). Both the volumes of the welding and 

receiving stages are equal to 40 cm3. On the experiments, 

membrane samples having an effective membrane area of 

7.00 cm2 were used and both phases were mixed with a 

magnetic stirrer at 500 rpm. All measurements were made at 

room temperature. The feed phase contained dichromate (10-

4M) solutions and the receptor phase contained deionized 

water. The penetration rate of the dichromate anions was 

determined by sampling the source phase. Samples were then 

analyzed at regular intervals (every 2 hours) and dichromate 

anion concentrations in the receptor phases were measured 

by UV-VIS analysis at 610 nm (Bozkurt & Turkmen, 2018). 

The recovery factors (RF%) of the trace metals were 

calculated from the following equation: 

 

 
 

Cr and Cf (molL-1) are dichromate concentrations in 

the receiver and feed phases, respectively 

 

RESULT and DİSCUSSİON 

 

Synthesis: This articles lies on the fabrication and 

investigation dichromate anion transport efficiency of a new 

Lewis-acid type calix[4]arene-embedded polymer inclusion 

membrane. In order to receive this goal, an effective as well 

as selective Lewis-acid type calix[4]arene derivative was 

synthesized by the reaction of p-tert-butylcalix[4]arene with 

(5-bromopentyl)trimethylammonium bromide in the presence 

of K2CO3 according to the applied literature method (Sayin & 

Yilmaz, 2017). 

 

OHOH HOOH

OH

OHOH OO

NN

Br Br

i

ii

(1)

(2)

 

Scheme 1. Synthesis of Lewis acid-type calix[4]arene derivative 

(2). Reaction conditions; (i) HCHO, NaOH; (ii) (5-
bromopentyl)trimethylammonium bromide, K2CO3. 

 

Characterization of TMAC[4]But@PI membrane-I 

and TMAC[4]But@PI membrane-II:  

 

 
TMAC[4]But@PI membrane-I 

 
TMAC[4]But@PI membrane-II 

Figure 1. The TGA curves of TMAC[4]But@PI membrane-I and 

TMAC[4]But@PI membrane-II 
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Figure 1 depicts thermogravimetric analysis (TGA) 

result of the TMAC[4]But@PI membranes. 

TMAC[4]But@PI membrane-I was found to exhibit the 

thermal decomposition temperature at about 227 and 361 °C; 

all correspond to high weight loss of the Lewis acid type 

calix[4]arene derivative and thermal depolymerization of 

CTA. The thermal decomposition temperature, at about 259, 

300 and 444 oC, all corresponds to the high weight loss of the 

Lewis acid type calix[4]arene derivative and thermal 

depolymerization of PVC for TMAC[4]But@PI membrane-

II. 

The morphologies of TMAC[4]But@PI membranes 

and without calixarene TMAC[4]But@PI membranes were 

appraised by scanning electron microscopy (SEM) in Figure 

2. As shown in Figures 2b and 2d, TMAC[4]But@PI 

membranes exhibit substantially different morphology in 

their distribution over shapes and surfaces. This finding 

showed that the Lewis acid type calix[4]arene derivative was 

successfully embedded in the polymer-containing membrane. 

 

 
Figure 2. The SEM images a) TMAC[4]But@PI membranes-I 

without calixarene b) TMAC[4]But@PI membranes-I c) 
TMAC[4]But@PI membranes-II without calixarene  

d) TMAC[4]But@PI membranes 

 

The Tg is the glass transition temperature of the 

polymers in DSC experiments (the midpoint of the change in 

heat capacity). Glass transition temperatures (Tg) of the PIMs 

were investigated on a Hitachi DSC 7020 double-furnace 

differential scanning calorimeter (DSC) under nitrogen flow 

(20 mL min-1) at a heating rate of 20 °C min-1 from -100 °C 

to 200 °C. 

The calixarenes decrease the glass transition 

temperature of PIMs and improve their flexibility (see Table 

1). Glass transition temperatures of TMAC[4]But@PI 

membranes without calixarene in this study was detected as -

79.0±1.2 oC and TMAC[4]But@PI membrane-I was detected 

as -81.1±1.4 oC. For TMAC[4]But@PI membrane-II was 

detected as -70.8±1.6 oC and TMAC[4]But@PI membrane-I 

was detected as -74.8±1.5 oC. The calixarenes have been 

shown to reduce Tg values and increase the flexibility of 

TMAC[4]But@PI membranes. 

Table 1. Glass transition temperatures of TMAC[4]But@PI 

membranes. 
Membranes Glass transition temperatures (oC)  

TMAC[4]But@PI membrane-I 

without calixarene 

-79.0±1.2 

TMAC[4]But@PI membrane-I -81.1±1.4 

TMAC[4]But@PI membrane-II 

without calixarene 

-70.8±1.6 

TMAC[4]But@PI membrane-II -74.8±1.5 

 

Transport studies: The RF values of the 

dichromate anions were calculated from the receiver phase 

concentration divided to initial phase concentration, and the 

results are given in Table 1. The results are obtained at 95% 

confidence level (N=3). It can be seen that the highest RF 

values of dichromate anions are obtained by 

TMAC[4]But@PI membrane-I. 

 

Table 1. RF values of dichromate anions for TMAC[4]But@PI 

membranes. 

Membranes RF values 

TMAC[4]But@PI membrane-I 44,118±0,125 

TMAC[4]But@PI membrane-II 36,420±0,141 

 

 

CONCLUSION 

 

Lewis acid type calix[4]arene, cellulose triacetate 

(CTA) or polyvinyl chloride (PVC) was used to make novel 

TMAC[4]But@PI membranes. The obtained 

TMAC[4]But@PI membranes were used for dichromate 

anions transfer capabilities. The results are summarized as 

follows: 

 

 The structure and surface morphology of PIMs were 

determined by TGA, SEM and DSC techniques. SEM images 

comparing calixarene membrane-free membrane with 

TMAC[4]But@PI membrane-I and TMAC[4]But@PI 

membrane-II show that the calixaren derivative has been 

successfully embedded in the membrane.  

 Donnan dialysis was performed to transport the 

dichromate anions from the aqueous solution using 

TMAC[4]But@PI membranes. It can be seen that the highest 

RF values of dichromate anions are obtained by 

TMAC[4]But@PI membrane-I. 

 The use of the Donnan dialysis method for the 

removal of dichromate anions from the aqueous solution 

appears to be a viable method, especially in 

TMAC[4]But@PI membranes. 

 

ACKNOWLEDGEMENTS 

 

This study was supported by Giresun University (FEN-BAP-

A-230218-29) Scientific Research Project. 

 

 

 

 



Anadolu Çev. ve Hay. Dergisi, Yıl:4, Sayı:3, (460-464) 2019                         J. Anatolian Env. and Anim. Sciences, Year:4, No:3, (460-464) 2019 

   
 

    

464 

REFERENCES  

 

Bayrakci, M., Ozcan, F., Yilmaz, B. & Ertul, S. (2017). 

Electrospun Nanofibrous Polyacrylonitrile / 

calixarene Mats: an Excellent Adsorbent for the 

Removal of Chromate Ions from Aqueous Solutions. 

Acta Chimica Slovenica, 64(3), 679-685.  

Bozkurt, S., Kocabas, E., Durmaz, M., Yilmaz, M. & 

Sirit, A. (2009). Synthesis and dichromate anion 

sorption of silica gel-immobilized calix[4]arenes. 

Journal of Hazardous Materials, 165(1-3), 974-979.  

Bozkurt, S. & Turkmen, M.B. (2018). Synthesis of 

Calix[4]arene-Based Thiourea Derivatives for 

Extraction of Toxic Dichromate and Arsenate Ions. 

Polycyclic Aromatic Compounds, 38(2), 157-167.  

Engin, M.S., Sayin, S. & Cay, S. (2018). Utilization of 

transport efficacy of novel calix[4]arene-embedded 

polymer inclusion membrane towards trace metals. 

Journal of Inclusion Phenomena and Macrocyclic 

Chemistry, 92(1-2), 173-179.  

Engin, M.S., Sayin, S., Cay, S., Kir, E. & Sardohan-

Koseoglu, T. (2019). Preparation and 

characterisation of thiol functionalised p-tert-

butylcalix[4]arene-embedded polymer inclusion 

membranes: performance and selectivity. 

International Journal of Environmental Analytical 

Chemistry, 99(11), 1103-1111.  

Gutsche, C.D. (1990). Single step synthesis and properties of 

calixarenes In Calixarenes: A Versatile Class of 

Macrocyclic Compounds, ed. Vicens Topics in 

Inclusion Science (pp. 3-37). 

Hsu, L.C., Wang, S.L., Lin, Y.C., Wang, M.K., Chiang, 

P.N., Liu, J.C. & Tzou, Y.M. (2010). Cr(VI) 

Removal on Fungal Biomass of Neurospora crassa: 

the Importance of Dissolved Organic Carbons 

Derived from the Biomass to Cr(VI) Reduction. 

Environmental Science & Technology, 44(16), 6202-

6208.  

Kaya, A., Onac, C., Alpoguz, H.K., Yilmaz, A. & Atar, N. 

(2016). Removal of Cr(VI) through calixarene based 

polymer inclusion membrane from chrome plating 

bath water. Chemical Engineering Journal, 283, 

141-149.  

Koseoglu, T.S., Kir, E., Ozkorucuklu, S.P. & 

Karamizrak, E. (2010). Preparation and 

characterization of P2FAn/PVDF composite cation-

exchange membranes for the removal of Cr(III) and 

Cu(II) by Donnan dialysis. Reactive & Functional 

Polymers, 70(11), 900-907.  

Krishna, P.G., Gladis, J.M., Rambabu, U., Rao, T.P. & 

Naidu, G.R.K. (2004). Preconcentrative separation 

of chromium(VI) species from chromium(III) by 

coprecipitation of its ethyl xanthate complex onto 

naphthalene. Talanta, 63(3), 541-546.  

Liu, Y.N. & Zhong, Z.M. (2018). Extraction of Heavy 

Metals, Dichromate Anions and Rare Metals by 

New Calixarene-Chitosan Polymers. Journal of 

Inorganic and Organometallic Polymers and 

Materials, 28(3), 962-967.  

Nghiem, L.D., Mornane, P., Potter, I.D., Perera, J.M., 

Cattrall, R.W. & Kolev, S.D. (2006). Extraction 

and transport of metal ions and small organic 

compounds using polymer inclusion membranes 

(PIMs). Journal of Membrane Science, 281(1-2), 7-

41.  

Sap, A., Tabakci, B. & Yilmaz, A. (2012). Calix[4]arene-

based Mannich and Schiff bases as versatile 

receptors for dichromate anion extraction: synthesis 

and comparative studies. Tetrahedron, 68(42), 8739-

8745. 

Sayin, S., Ozcan, F. & Yilmaz, M. (2011). Preparation and 

Application of Calix[4]arene Derivatives Bearing 

Pyridinium Units-Grafted Magnetite Nanoparticles 

for Removal of Dichromate and Arsenate Anions. 

Journal of Macromolecular Science Part a-Pure 

and Applied Chemistry, 48(5), 365-372.  

Sayin, S. & Yilmaz, M. (2017). Synthesis of 

environmentally friendly, efficient and highly 

recyclable Lewis acid-type calix[4]arene catalysts 

containing flexible or bulky groups for the Mannich 

reaction. Rsc Advances, 7(18), 10748-10756.  

Tabakci, M. & Yilmaz, M. (2008). Synthesis of a chitosan-

linked calix[4]arene chelating polymer and its 

sorption ability toward heavy metals and dichromate 

anions. Bioresource Technology, 99(14), 6642-6645.  

Zawierucha, I., Kozlowski, C. & Malina, G. (2013). 

Removal of toxic metal ions from landfill leachate 

by complementary sorption and transport across 

polymer inclusion membranes. Waste Management, 

33(10), 2129-2136. 

 

 

 

 

 

 

 

*Corresponding author’s: 

Seydahmet CAY 

Department of Environmental Engineering, Faculty of 

Engineering, Giresun University, 28200 Güre, Giresun, 

Turkey. 

E-mail   : seydahmet.cay@giresun.edu.tr 

ORCID : https://orcid.org/0000-0003-0045-8217 

Tel/Fax : + 90 (454) 310 13 75 

GSM     : +90 (505) 656 53 00 

mailto:soner.engin@giresun.edu.tr



