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Abstract The present study describes the preparation of a

new calix[4]arene-based sporopollenin material and its

application for the removal of Na2Cr2O7 from aqueous

solution. The novel calix[4]arene-based sporopollenin

material was prepared via the immobilization of dihydrazine

amide derivative of p-tert-butylcalix[4]arene (3) onto the

modified sporopollenin. The newly prepared calix[4]arene-

based sporopollenin is characterized by using different ana-

lytical techniques such as FT-IR spectroscopy, scanning

electron microscope and Elemental analysis. The batch wise

sorption study was carried out to optimize various experi-

mental parameters such as the effect of sorbent dosage, pH,

temperature and Cr(VI) anion concentration. It has been

found that the sorption of Cr(VI) anion on calix[4]arene-

based sporopollenin was highly pH dependent and maximum

sorption was achieved at pH 1.5. The sorption behavior was

also evaluated by Langmuir, Freundlich and Dubinin Rad-

ushkevich isotherms. The value of correlation coefficient

(R2) showed a good agreement with Freundlich isotherm

model. Result of study demonstrated that calix[4]arene-

based sporopollenin proved to be highly effective for the

removal of Cr(VI).

Keywords Calix[4]arene � Sporopollenin � Sorption �
Dichromate � Proton-switchable

Introduction

Calixarene is a well-known family of synthetic macromo-

lecular compounds, and from last more than three decades

have got much more interest of many researchers due to its

easy and targeted derivatisation [1, 2]. Until now, calixa-

renes have been effectively used as an extractant for the

transferring of anion and cation as well as neutral mole-

cules from aqueous phase to organic phase [3–6]. The

anion selective calixarenes are the robust class of synthetic

macromolecules, furthermore their extensive use as a

trapping agent makes them hottest and very important

research field of the present era. The selectivity towards the

selected ions is mainly depends upon the conformation of

the calix[4]arene moiety as well as the nature and number

of the donor atoms [7, 8].

The biological and chemical properties of sporopollenin

such as, biocompatible, bioactive and polycationic are

generally produced due to the oxidative polymerization of

carotenoids and carotenoid esters [9]. Sporopollenin by

virtue of its outer wall which is made up by spores and

pollen can survive in a geological stratum more than mil-

lions of years with fully retained morphology [10].

Although the chromium exists in several oxidation states,

out of them only the trivalent and hexavalent states of

chromium due to their impact on human being and envi-

ronment are important [4]. It is well known that Cr(VI) is

highly toxic, carcinogenic, and harmful to human beings,

while Cr(III) is essential for mammals, as it maintains

effective glucose, lipid, and protein metabolism [11].

Therefore the remediation technology that can remove the

Cr(VI) from groundwater is the most imperative needed of

the modern world and still a technological challenge [12]. Up

to now, many types of removal methods such as precipita-

tion, coprecipitation, ion-exchange, sorption, ultra filtration,
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and reverse osmosis have been used [13]. Among all these

remediation methods, sorption and the solvent extraction

have proven to be as effective and attractive process for the

decontamination of Cr(VI) from groundwater.

Herein, we have synthesized hydrazide amide derivative

of calix[4]arene (3) and than it has been immobilizated

onto the surface of modified sporopollenin with isocyanate

in order to obtain a new calix[4]arene-based sporopollenin

sorbent and to enhance the sorption capability of the pure

sporopollenin towards dichromate anion. Furthermore, the

sorption capability of calix[4]arene-based sporopollenin

towards dichromate anion by means of solid–liquid

extraction process at various pHs have been investigated

for the first time.

Experimental

Materials and procedures

The syntheses of compounds 1–3 were carried out according

to the known procedures [14–16]. The SP-iso and SP-Calix

are herein reported firstly. TLC analyses were carried out on

DC Alufolien Kieselgel 60 F254 (Merck, Darmstadt, Ger-

many). Generally, solvents were dried by storing them over

molecular sieves (Aldrich; 4 Å, 8–12 mesh). All reactions,

unless otherwise noted, were conducted under nitrogen

atmosphere. All starting materials and reagents used were

of standard analytical grade from Merck (Darmstadt,

Germany) and Aldrich (Steinheim, Germany) and used

without further purification. Lycopodium clavatum spores

(sporopollenin) with 20 lm particle size are obtained from

Fluka Chemicals. The pH of the solution was adjusted by

mixing appropriate amount of (0.1 N) HCl and/or KOH.

Anion was used as its sodium salt. All aqueous solutions

were prepared with deionized water that was passed through

a Millipore milli-Q Plus water purification system. Melting

points were determined on a Gallenkamp apparatus (UK) in

a sealed capillary glass tube. 1H NMR spectra were recorded

on a spectrometer (Varian 400 MHz, UK) at room temper-

ature unless otherwise specified. IR spectra were recorded

with a (FT-IR, Perkin-Elmer 1605, USA) spectrometer as

KBr pellets. UV–Vis spectra were obtained on a (UV-160A,

Shimadzu, Japan) UV–Vis recording spectrophotometer

using standard 1.00 cm quartz cells (to analyze Cr(VI) in

aqueous solution). In order to obtain information about the

surface morphologies of Sp and Sp-Calix, scanning electron

microscopy, SEM was performed in a ZEISS EVO LS 10

SEM at accelerating voltage of 20 kV. Before scanning

process, all samples were dried and coated with gold to

enhance the electron conductivity. Elemental analyses were

performed using a Leco CHNS-932 analyzer. An ‘‘Orion

410A?’’ pH meter was used for the pH measurements.

Synthesis of p-tert-butylcalix[4]arene diester (2)

Yield: 14 g (63.4 %); mp: 202–207 �C. IR (KBr): 1,750

cm-1 (C=O). 1H NMR (CDCl3): d 0.97 (s, 18H, But), 1.24

(s, 18H, But), 3.35 (d, 4H, J = 12.6 Hz, ArCH2Ar),

3.85(s, 6H, OCH3), 4.45 (d, 4H, J = 12.6, ArCH2Ar), 4.78

(s, 4H, OCH2CO), 6.85 (s, 4H, ArH), 7.05 (s, 4H, ArH),

7.10 (s, 2H, OH).

Synthesis of p-tert-butylcalix[4]arene dihydrazine

amide (3)

Yield: 1.6 g (53.3 %); mp: 330–333 �C. IR (KBr): 1,687

cm-1 (amide carbonyl band, N–C=O). 1H NMR (400 MHz

CDCl3): d 1.02 (s, 18H, But), 1.26 (s, 18H, But), 2.15 (d, 4H,

J = 1.6 Hz, NH2), 3.42 (d, 4H, J = 13.3 Hz, ArCH2Ar), 4.11

(d, 4H, J = 13.2 Hz, ArCH2Ar), 4.63 (s, 4H, OCH2), 6.92

(s, 4H, ArH), 7.10 (s, 4H, ArH), 7.70 (s, 2H, OH), 9.61 (brs,

2H, NH). Anal. calcd. for C48H64N4O6: C, 72.70; H, 8.13; N,

7.06 (%). Found (%): C, 71.58; H, 8.27; N, 7.01.

Preparation of sporopollenin containing active sides

(SP-iso)

Sporopollenin (2.0 g) was mixed with 20 cm3 of dry DMF

at room temperature. Then 10 cm3 of hexamethylene

diisocyanate was added dropwise and stirred at 70 �C for

2 h and 20 min. The precipitated solution was filtered and

washed with acetone. The product was dried under vac-

uum. The IR spectral data is as (KBr disk) cm-1: 2,263

(isocyanate N=C=O), 1,724 and 1,661 (C=O).

Preparation of calix[4]arene-based sporopollenin

(SP-Calix)

0.5 g of dihydrazine amide derivative 3 was dissolved in

20 cm3 of DMF. 1.5 g of sporopollenin was added to that

solution and stirred and heated at 70 �C for 2 h. The

reaction was monitored by IR. After cooling to room

temperature, that mixture was filtered off and washed with

CH2Cl2 to remove excess of 3 and with deionized water to

neutral pH. The IR spectral data is as (KBr disk) cm-1:

1,719 and 1,609 (C=O) (see Fig. 1).

Dichromate anion extraction studies

The extraction capacity of the newly synthesized calixarene-

based sorbent (SP-Calix) were determined through the batch

wise sorption methods [17]. For liquid–liquid extraction, the

10 cm3 aqueous solution of Na2Cr2O7 (1.0 9 10-4 mmol

dm-3) and 10 cm3 solution of ligand 3 (1 9 10-3 mmol

dm-3 in CH2Cl2) were taken into the Erlenmeyer flask.

While for solid–liquid extraction, the 25 mg of sorbent
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(SP-Calix) was added to the Erlenmeyer flask containing

10 cm3 aqueous solution of Na2Cr2O7 (1.0 9 10-4

mmol dm-3). The Erlenmeyer flasks were stirred on a hori-

zontal shaker operating at a constant speed (175 rpm) at

25 �C for 1 h. The sorbents were separated from sorbate, the

residual concentration of dichromate ion in aqueous phase

was analyzed by UV–Vis spectrophotometer at 346 nm.

The % extraction (E%) of dichromate ion was calculated

as follows:

ðE%Þ ¼ Co � Cð Þ � 100

Co
ð1Þ

where as Co and C are the initial and final concentrations of the

dichromate ion before and after the extraction, respectively.

The sorption capacity was calculated as follows:

The amount of Cr(VI) ions sorbed were computed from

the difference between the Co and the C using the rela-

tionship [18],

q ¼ Co � Cð ÞV
W

ð2Þ

where q is the amount of Cr(VI) ion sorbed onto unit

amount of the sorbent (mmol g-1), Co and C (mmol

dm-3), V the volume of the aqueous phase (dm3), and W is

the dry weight of the sorbent (g).

Results and discussion

Synthesis and characterization of new host molecules

The main goal of this work was the synthesis of new

calix[4]arene-based sporopollenin (SP-Calix) sorbent and

evaluation of its binding ability towards dichromate anion.

All new compounds have been characterized through IR,

SEM and Elemental analyses techniques.

Scheme 1 shows the modification of sporopollenin (SP-iso)

bearing the active isocyanate sides. The SP-Calix was prepared

by the reaction of SP-iso and hydrazine amide substituted

calix[4]arene (3) after the formation of SP-iso. The formation

of SP-iso was confirmed by the appearance of the characteristic

isocyanate and carbonyl bands at about 2,263 and 1,724, and

1,661 cm-1, respectively in the FT-IR spectra (Fig. 1).

p-tert-Butylcalix[4]arene (1), a diester derivative of p-tert-

butylcalix[4]arene (2) and hydrazine-substituted p-tert-butyl-

calix[4]arene (3) were synthesized by a modification of the

literature route (see Scheme 1) [14–16]. The substitution of

diester derivative of p-tert-butylcalix[4]arene (2) was con-

ducted in the presence of CH2Cl2/CH3OH with hydrazine to

afford the cone conformer hydrazine-substituted calix[4]arene

(3). The formation of the hydrazine-substituted calix[4]arene

(3) was confirmed by the appearance of the characteristic

amide bands at about 1,687 cm-1 and by the disappearance of

an ester carbonyl band at 1,750 cm-1 in the IR spectra. The 1H

NMR spectra of 3 has a typical AX pattern for the methylene

bridge proton (ArCH2Ar) of the calixarene moiety, at 3.42 and

4.10 ppm (J = 13.2 Hz) respectively, which demonstrates

that 3 exists in the cone conformation [19].

The dihydrazine-substituted calixarene-based sporopol-

lenin (SP-Calix) was prepared as mention in Scheme 1. The

formation of SP-Calix was confirmed through the FT-IR

spectroscopy, the appearances of some additional character-

istic carbonyl bands at about 1,719 and 1,609 cm-1, and the

disappearance of isocyanate band at 2,263 cm-1 in the FT-IR

spectrum (Fig. 1) clearly indicates the formation of SP-Calix.

Fig. 1 The IR spectrum of 3,

SP-iso and SP-Calix
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The elemental analysis results for SP, SP-iso and

SP-Calix, as given in Table 1 confirmed the immobiliza-

tion of the hydrazine-substituted calix[4]arene (3) was

accomplished. The amount of loaded calix[4]arene (3) onto

the sporopollenin was evaluated from the results of ele-

mental analysis. According to the elemental analysis, the

resulting SP-Calix contains 1.71 % nitrogen, correspond-

ing to 0.5 mmol of 3/g of support.

To verify changes in the immobilized chemical prepa-

ration during this reaction, a SEM image obtained sporo-

pollenin (Fig. 2a) was compared with image of SP-Calix

(Fig. 2b). Figure 2b exhibits a porous surface structure

caused by the crosslinking of sporopollenin chains with

calixarene units, which hampered the formation of the

intramolecular hydrogen bonds. This type porous structure

confirms that a calixarene unit onto the surface of modified

sporopollenin has been successfully immobilized.

Evaluation of extraction capabilities of both 3

and SP-Calix

It is well known that under the acidic conditions Na2Cr2O7 is

converted into H2Cr2O7 and following the ionization in an

OCN NCO

OH OHOH HO

(1)

OH OH
O O

O O

OO

OH OH
O O

HN NH

OO
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Scheme 1 The synthetic route for the preparation of SP-Calix.

Reaction conditions: (i) methyl bromoacetate chitosan, DMF, 70 �C,

5 h; (ii) cellulose, DMF, 70 �C, 4.5 h; (iii) methylbromoacetate,

K2CO3, CH3CN, reflux; (iv) hydrazine, CH2Cl2/CH3OH, r.t.; (v)

Chi-iso, DMF, 70 �C; (vi) Cel-iso, DMF, 70 �C

Table 1 Results of elemental analysis for SP, SP-iso and SP-Calix

Compounds C (%) H (%) N (%)

SP 56.8 7.55 –

SP-iso 66.8 8.51 1.01

SP-Calix 44.01 5.27 1.71
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aqueous solution it exists as HCr2O7
-/Cr2O7

2- form [4].

Moreover, at highly acidic conditions the HCr2O7
- as well

as Cr2O7
2- dimers become the dominant Cr(VI) form and

pKa1 and pKa2 values of these equations are 0.74 and 6.49,

respectively [4]. At pH \ 6, the oxyanions structure changes

from the monomeric CrO4
2- to the dimeric HCr2O7

- [20].

These oxides might be incorporated with the host molecules

via hydrogen bonding and ionic interactions. For this reason,

we have examined the extraction abilities of 3 and SP-Calix

for dichromate anions at a wide range of pH 1.5–4.5. A

preliminary evaluation of the binding efficiency of 3 was

carried out by liquid–liquid extraction system of Na2Cr2O7

from aqueous solution.

The extraction results showed that dihydrazine-substi-

tuted calixarene (3) is an effective extractant at low pH

between 1.5 and 4.5. The percentage of dichromate ions

extracted was 99.7 % when the pH of the aqueous solution

was 1.5 and attained a minimum of 11.6 % when the pH of

the aqueous solution increased to 4.5. Extractant 3 provides

suitable binding sites for dichromate anions at low pH due

to the presence of protonable amine moieties.

The binding efficiency of the other host SP-Calix was

also examined through the solid-phase sorption of

HCr2O7
- from aqueous solution at different pH. The Fig. 3

represents the sorption results of SP-Calix. From these

results it is concluded that, due to the rigid structure

SP-Calix is a most effective sorbent for the removal of

dichromate anions. This sorption behavior can be easily

explained by the fact that SP-Calix is protonated from free

amine moieties under acidic conditions and it would be

easily form complexes with dichromate anions by elec-

trostatic interactions as well as hydrogen bonding.

Effect of the pH

The pH value of the metal ions solution is one of the most

important factors influencing the sorption behavior of

metal ions on sorbents. It impact not only the surface

structure of sorbents and the formation of metal ions, but

also it may influence the interaction between the sorbents

and sorbets i.e. Cr(VI) ions [21]. The Fig. 3 show the pH

effect during the sorption of Cr(VI) onto the SP-Calix.

From the Fig. 3, it can be obviously conclude that, by

increasing the pH from (1.5–4.5), sorption decreases i.e.

the amount of absorbed Cr(VI) ions decreases. Whereas by

decreasing the pH percent sorption increases and a signif-

icant sorption (97.9 %) of Cr(VI) ions by using SP-Calix

occurred at pH 1.5. In addition, the low percent sorption

observed at pH 3.5 and 4.5. Therefore the pH 1.5 has been

selected to study the sorption characteristics of SP-Calix

for Cr(VI) ion.

Sorption isotherm

The sorption isotherms are important to understand the

mechanism of the sorption systems. Analysis of isotherm

data plays a vital role to predict the sorption capacity of

sorbent. In this study, for the explanation of interactive

behavior between the sorbate and the sorbent the

Fig. 2 SEM micrographs of a sporopollenin and b SP-Calix

Fig. 3 Effect of solution pH on sorption of Cr(VI) ion by using

SP-Calix
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Langmuir, Freundlich and Dubinin–Radushkevich (D–R)

isotherms models have been used [18].

The Langmuir sorption isotherm model assumes

monolayer coverage of sorbate over a homogenous sorbent

surface. A basic assumption is that sorption takes place at

specific homogeneous sites within the sorbent, and can be

successfully use to study the behavior of monolayer sorp-

tion. The linearized form of the Langmuir isotherm models

is represented as follows [18];

Ce

qe
¼ Ce

qo
þ 1

qob
ð3Þ

where qe is the amount of sorbate (mmol g-1) at sorbent

surface, Ce is the amount of sorbate in the liquid phase at

equilibrium (mmol dm-3), qo is the maximum surface

density at monolayer coverage (mmol g-1) and b is the

Langmuir sorption constant (dm3 mmol-1). The plot of

Ce/qe versus Ce for the sorption gives a straight line of

slope 1/b qo and intercepts 1/qo (Fig. 4a).

The Freundlich model assumes a heterogeneous sorption

surface with sites that have different energies of sorption

and are not equally available [18]. The Freundlich isotherm

is more widely used but provides no information on the

monolayer sorption capacity, in contrast to the Langmuir

model. Its linearized form can be written as;

ln qe ¼ ln KF þ 1=n ln Ce ð4Þ

where qe is the amount of sorbate (mmol g-1) at sorbent

surface, Ce is the amount of sorbate in the liquid phase at

equilibrium (mmol dm-3), qo is the maximum surface

density at monolayer coverage and b is the Langmuir

sorption constant (L mmol-1), KF is the Freundlich con-

stant (mmol g-1) which indicates the sorption capacity and

represents the strength of the sorptive bond and n is the

heterogeneity factor which represents the bond distribution.

The plot of lnqe versus lnCe should give a straight line with

a slope of 1/n and the intercept of log KF (Fig. 4b).

The D–R isotherm can be used to describe sorption on

both homogenous and heterogeneous surfaces. For the

extensive investigate of the sorption mechanism, the sorp-

tion data have been also analyzed by D–R isotherm model

[18]. A linearized form of D–R isotherm is as follow;

ln qe ¼ ln qm � ke2 ð5Þ

where e (Polanyi potential) is RT ln 1þ 1=C

� �h i
; qe is the

amount of solute sorbed per unit weight of sorbent

(mol g-1), k is a constant related to the sorption energy

(mol2 (kJ2)-1), and qm is the sorption capacity (mol g-1).

Hence by plotting lnqe versus e2 it is possible to generate

the value of qm from the intercept, and the value of k from

the slope (Fig. 4c).

E (kJ mol-1) is defined as the free energy change that is

required to transfer 1 mol of ions from solution to the solid

surfaces. The relation is the following;

E ¼ 1ffiffiffiffiffiffi
2b
p ð6Þ

The magnitude of E can be related to the reaction

mechanism. If E value lies between 8 and 16 kJ mol-1,

the sorption process takes place by chemically while
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Fig. 4 Langmuir, Freundlich

and D–R isotherm curves for the

sorption of Cr(VI) ion by using

SP-Calix
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E \ 8 kJ mol-1, the sorption process is carried out

physically. The mean sorption energy was calculated as a

8.16 kJ mol-1 for Cr(VI). This value indicated that

removal of Cr(VI) ion on SP-Calix mainly proceeds

chemically due to its value of E [18].

The Langmuir, Freundlich and D–R isotherm parame-

ters for the sorption of Cr(VI) ion onto SP-Calix are listed

in Table 2. Based on the correlating coefficients, the

Freundlich model was found to be the most appropriate to

describe the sorption process of this ion on SP-Calix.

For the Langmuir isotherm model, The R2 value was

found to be 0.8945. This result indicates that the this model

was not able to adequately to describe the relationship

between the sorbed amount of Cr(VI) and its equilibrium

concentration in the solution. However, the Freundlich and

D–R isotherm models best fitted with the equilibrium data

since it presents higher R2 value. From the results of

Langmuir isotherm, the maximum sorption capacity of

SP-Calix was obtained 0.54 mmol g-1 (28.07 mg g-1).

The value of b, is related to affinity of the binding cites was

calculated 144 dm3 mmol-1. KF and n the Freundlich

isotherm parameters related to the sorption capacity and

sorption intensity of the sorbent, respectively. The values

of n and KF were calculated 1.19 and 39.38, respectively.

When n values approached zero, the surface site hetero-

geneity increased. The value of n [ 1 (1/n less than 1)

indicated favorable sorption of Cr(VI).

Thermodynamic study

The thermodynamic parameters including change in the

enthalpy (DHo), entropy (DSo), and Gibbs free energy

(DGo), are the actual indicators for practical application of

a process. In the present work, the effect of temperature on

sorption was studied at different temperatures (i.e. 291, 298

and 323 ± 1 K). DHo and DSo were calculated from the

slope and intercept of the linear plot of ln(qe/Ce) versus

1/T. DGo by using Eq. (9) [22]:

KD ¼
Co � Cð Þ

C
� V

W
ð7Þ

log KD ¼
DSo

2:303R
� DHo

2:303RT
ð8Þ

DGo ¼ DHo � TDSo ð9Þ

where Co and C are the initial and equilibrium concentra-

tions of the metal ions in aqueous phase (mmol dm-3), V is

the volume of the aqueous phase (dm3), and W is the dry

weight of the sorbent (g). Where DGo is the change in

Gibbs free energy (kJ mol-1), DHo is the change in

enthalpy (kJ mol-1), DSo is the change in entropy

(kJ (mol K)-1), T is the absolute temperature (K), R is the

gas constant (8.314 9 10-3 kJ mol-1 K-1).

The values obtained from Eqs. (7–9) are listed in

Table 3. The DGo value is negative as expected for a

spontaneous process under the applied conditions. The

more negative values of DGo with increase of temperature

indicate more efficient sorption at higher temperature. The

positive value of (DHo) enthalpy change confirms that

sorption process is endothermic in nature. The positive

value of entropy (DSo) suggests the increase in randomness

at the solid–solution interface by the fixation of dichromate

ions on the sorbent during the sorption. Dichromate ions in

aqueous media are hydrated. The ions were sorbed on the

sorbent surface, water molecules previously bounded to the

Cr(VI) ions were released and dispersed in solution,

resulting in an increase in entropy [23]. And also, the

magnitude of sorption enthalpy change may give an idea

about the type of sorption. In physical sorption, the process

is fast and usually reversible due to the small energy

requirement. Energies of 4–8 kJ mol-1 are required by

London Van der Waals interactions compared from 8 to

40 kJ mol-1 for hydrogen bonding. But sometimes the

enthalpy associated with chemical sorption according to is

40 kJ mol-1, a value that has been recognized in the lit-

erature as the transition boundary between both types of

sorption processes [24]. In this study, DHo values for

Cr(VI) sorption was calculated as 41.01 kJ mol-1, indi-

cating a surface chemical reaction control mechanism.

Conclusions

Preparation and characterization of SP-iso and SP-Calix

were successfully achieved in order to perform both more

rigid structural features and to bring about stabilization.

The extraction/sorption studies of dichromate anion were

performed using 3 and SP-Calix. The extraction results

indicated that the complexation of dichromate anions

depends on the structural properties of the receptors such as

Table 2 Isotherms parameters for Cr(VI) by SP-Calix (tempera-

ture = 298 K, pH = 1.5)

Ion Freundlich

isotherm

Langmuir

isotherm

D–R isotherm

n KF qo b (9102) k qm E

Cr(VI) 1.19 9.38 0.54 1.44 0.0075 4.93 15.43

Table 3 Thermodynamic parameters for Cr(VI) sorption by

SP-Calix (Cr(VI) ion concentration: 5 mmol dm-3, pH: 1.5)

Ion DHo

(kJ mol-1)

DSo

(J K-1 mol-1)

-DGo (kJ mol-1)

291 298 323

Cr(VI) 41.01 222.48 23.76 25.32 30.88
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proton-switchable ability and hydrogen-binding ability for

3. The sorption results also reflected that the complexation

of dichromate anions with SP-Calix depends on the

structural properties of the receptors, such as stability or

rigidity, proton-switchable and hydrogen-binding abilities

depending on medium pHs, especially pH 1.5. Besides,

thermodynamic parameters depicted that sorption process

was thermodynamically favorable which means the com-

bination of a calix[4]arene dihydrazine derivative with

sporopollenin became a useful approach to remove of

dichromate oxyanions from aqueous solutions via sorption.
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2. Cuřı́nová, P., Pojarová, M., Budka, J., Lang, K., Stibor, I., Lho-

ták, P.: Binding of neutral molecules by p-nitrophenylureido

substituted calix[4]arenes. Tetrahedron 66, 8047–8050 (2010)
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