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Abstract By reacting cyclodextrin-grafted thiacalix [4]arene
derivative 9 containing three alkynyl groups with bis-azido
compound 6, the first example of cyclodextrin-grafted
thiacalix [4]arene netty polymer 10 was designed and pre-
pared by the click chemistry in yield of 76 %. Its structure
was confirmed by elemental analysis, 1H NMR spectrum,
FTIR spectrum and XRD curve. The Mn of polymer 10 was
48,677, indicating average approximately 22 units of com-
pound 9 in each polymer molecule. Its SEM image showed
porous and loose morphology. Adsorption experiments of
polymer 10 indicated that it possessed excellent adsorption
capacities for both cationic and anionic dyes [Orange G sodi-
um salt (OG), Brilliant ponceau 5R (BP), Victoria blue B
(VB), Crystal violet (CV), Neutral red (NR) and Methylene
blue (MB)]. The highest adsorption capacities for VB, CV, NR
and MB were 5.821, 6.825, 6.135 and 5.381 mmol/g, respec-
tively. Adsorption kinetics and isotherms analysis suggested
that all the adsorption processes were exothermic and sponta-
neous. The adsorption processes obeyed pseudo second-order
model and the Langmuir isotherm equation. The adsorption
abilities of polymer 10 at pH values 3–11 were keep stable
between 1.5–4 mmol/g. The adsorption abilities for anionic
dyes decreased with the increase of pH values but opposite
phenomena for cationic dyes. Polymer 10 showed good

reused adsorption property after desorption in five times’
cycles.
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Introduction

Dyes and dyestuffs are widely used in various industries such
as textiles, leather, dyestuffs, papers, etc. As a result, the water
quality was seriously polluted by these industrial effluents
containing residual dyes [1]. Therefore, the corresponding
wastewaters should be treated before discharge. Many dyes
are difficult to remove due to its synthetic origin and the im-
mense volume of aromatic structures. The conventional bio-
logical wastewater treatment methods are ineffective for de-
colorization and degradation [2].

Up to now, many treatment processes, including chemical
coagulation, fungal decolorization, precipitation, adsorption,
membrane filtration, photodegradation etc., have been used to
remove the dyes from wastewaters [3–7]. Among these tech-
niques, adsorption is good choice for the removal of dissolved
organic compounds from wastewater [8]. Moreover, adsorp-
tion, which can remove the complete dye molecules, is more
advantage than other certain removal techniques, which de-
stroy only the dye chromophore leaving the harmful residual
moieties (like metals) in the effluent. Thus, the development
of effective adsorbent is the crucial task of the dye adsorption
process for treating wastewater.

Recently, supramolecular chemistries, such as cyclo-
dextrin and calixarene, have provided a much improved
solution to search for molecular structures that could
serve as building blocks for the production of sophisti-
cated molecules by anchoring functional groups oriented
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in such a way that they provided a suitable binding site
for the dyes. Series of calixarene receptors for organic
dyes were designed and synthesized by Yilmaz [9, 10],
Memnon [11], Diao [12], and our group [13–15], re-
spectively. Also, some of CDs derivatives and bis-CDs
derivatives were reported as good receptors for all kinds
of organic dyes [16–20]. Moreover, some cyclodextrin-
calix [4]arene dyads were presented as excellent receptors
for organic guests based on the cooperative complexation
action of the two structural units [21–26]. On the other
hand, the ideal adsorbents should not only possess ex-
cellent adsorption abilities for dyes, but also have low
solubility in water and good material processing perfor-
mance. One method to attain these aims is to prepare
the polymers based on the effective organic receptors.
For example, some calixarene polymers were reported
as excellent adsorption materials for dyes [27–29].
However, although the cyclodextrin derivatives,
calixarene derivatives, and cyclodextrin-calixarene dyads
had been confirmed as good receptors for dyes, no
cyclodextrin-calix [4]arene polymer was investigated so
far.

In this paper, we designed and synthesized the first
example of cyclodextrin-calix [4]arene polymer. Its
structure was characterized by elemental analysis, 1H
NMR, FTIR, XRD, SEM image, etc. The absorption
experiments indicated it possessed excellent absorption
capability for both cationic and anionic dyes. Moreover,
pH influence, kinetics and equilibrium were examined
to gain better comparison of the experimental results.

Experimental

Materials

Cyclodextrin derivative 3 was synthesized according to
the literature [30]. Alkynylthiacalix [4] arene 8 and az-
ido compound 6 were prepared by the reported methods
[31, 32]. All dyes were purchased from Acros Organics,
China. Their structures and λmax of absorbing wave-
length were showed in Fig. 1. All solvents were puri-
fied by standard procedures before use. All other
chemicals, except special instruction, were analytically
pure and used without further purification. The obtained
polymer 10 was scrunched and sieved with diameter
size of 500-1000 μm.

Characterization

(based on the polymeric units) in CHCl3 at 37 °C using
sucrose octaacetate for calibration. IR spectra were re-
corded on Perkin-Elmer 1605 FTIR spectrometer as KBr
pellets. UV-VIS measurements were performed on a
Varian UV-VIS instrument. Surface morphology of poly-
mer 10 was studied by using SEM (JEOLJSM-6490LA)
and AFM (JEOL JSPM-5200). X-ray diffraction (XRD)
experiments were performed on SEIFERT-FPM (XRD7),
using Cu Kα 1.5406 Å as the radiation source with
40 kV, 30 mA power.

Methods

Preparation of compound 9

Under N2 atmosphere, the mixture of cyclodextrin de-
rivative 3 (0.58 g, 0.5 mmol), alkynylthiacalix [4]arene
8 (0.44 g, 0.5 mmol) and CuI (0.019 g, 0.1 mmol) were
stirred in 25 mL of dry DMF at 60 °C overnight. The
TLC detection indicated the disappearance of starting
materials. After reaction, the DMF solvent was evapo-
rated by rota-vapor. The residue was further purified by
column chromatography (SiO2 100–200 mesh, MeOH/
CH2Cl2 (3:2, V/V) as eluant). Compound 9 was obtained
as grayish solid in yield of 66 %. Compound 9: 1H
NMR (400 MHz, DMSO-d6) δppm: 1.04–1.24
(m, 36 H, CH3), 1.98 (s, 3 H, C ≡ CH), 2.10–3.80
(m, 40 H, H2-H6), 4.12–4.58 (m, 8 H, OH-6, NCH2),
4.62–4.93 (m, 15 H, CH, OCH2), 5.44–5.88 (m, 14 H,
OH-2,3),7.33–7.58 (m, 9 H, NCH, ArH); MS m/z (%):
2056.2 (MNa+, 100). Anal. calcd for C94H125O38S4N3:
C 55.51, H 6.15, N 2.07; found C 55.43, H 6.21, N
2.01.

Preparation of title polymer 10

Under nitrogen atmosphere, the mixture of compound 9
(0.61 g, 0.3 mmol), compound 6 (0.072 g, 0.46 mmol),
and CuI (0.019 g, 0.1 mmol) was stirred in dry DMF
(10mL) for 0.5 h. Then the mixture was heated at 90 °C
for 24 h until the material of compound 9 utterly
vanished under the monitor of TLC. After cooling, the
reaction system was diluted by CHCl3 (30 mL) and
washed by distilled water (3 × 20 mL). The organic
phase was separated and dried by MgSO4. After evap-
orating off the solvent to dryness, the powder was
washed subsequently by 10 mL of acetone and 10 mL
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1H NMR spectra were recorded in CDCl3 on a
Bruker-ARX 600 instrument at room temperature, using
TMS as an internal standard. ESI-MS spectra were obtained

from DECAX-30,000 LCQ Deca XP mass spectrometer.
Elemental analyses were performed at Carlo-Erba 1106
Elemental Analyzer. Osmometric molecular weight de-
terminations were carried out a Knauer vapour pressure
osmometer (USA) at concentrations of ca. 10−3 M



of methanol to remove some unreacted materials and
some small intramolecular-bridging molecules. The resi-
due was then dried in vacuum. 0.52 g of polymer 10
was obtained as light yellow powder. Polymer 10: 1H
NMR (400 MHz, DMSO-d6) δppm: 1.03–1.35 (m,
36 H, CH3), 3.05–3.77 (m, 40 H, H2-H6), 4.02–4.95
(m, 35 H, OH-6, CH, OCH2 and NCH2), 5.40–5.82
(m, 14 H, OH-2,3), 7.28–7.55 (m, 12 H, NCH and
ArH). The obtained polymer 10 was scrunched and
sieved with diameter size of 500-1000 μm. The elemen-
tal analysis, IR spectrum, SEM, and Osmometric Mn of
polymer 10 were shown in Table 1, Figs. 1 and 2,
respectively.

Adsorption of dyes

Referring to published methods [33], the polymer 10
was studied to determine the adsorption capacities for
six cationic and anionic dyes in Fig. 1. All adsorption
experiments were done in the thermostatic shaker bath

with a shaking of 200 rpm at 25 °C for 24 h except the
investigation of the effect of times on adsorption. In the
k i n e t i c e xpe r imen t s , dye so l u t i o n s ( 10 mL ,
2.0 × 10−3 M) were agitated with 5.0 mg of polymer
10 for predetermined intervals of time, respectively. For
equilibrium adsorption studies, 5.0 mg of polymer 10
was added into 10 mL of dye solutions with corre-
sponding concentration (1.0–10 × 10−3 M). These ad-
sorption experiments were done at their original pH
values (5.5 for OG, 5.3 for BP, 7.3 for VB, 7.2 for
CV, 7.0 for NR, 7.5 for MB) and the pH values before
and after the adsorption had only slight differences
(from 0.1 to 0.2). The influences of pH values on

Table 1 Elemental analysis (%) and molecular weight of polymer 10

%C
Found (Calcd.)

%H
Found (Calcd.)

%N
Found (Calcd.)

Mn

10 53.07(52.98) 6.18(6.09) 7.58(7.41) 48,677 3500 3000 2500 2000 1500 1000 500

Compound 9

Polymer 10
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Fig. 2 The IR spectra of compound 9 and polymer 10
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absorption experiments
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adsorption (10 mL of dye solution with 5.0 mg of poly-
mer 10) were studied by adjusting dye solutions
(2.0 × 10−3 M) with dilute sodium hydroxide or hydro-
chloric acid solutions to pH range of 3–11. After filtra-
tion, the concentration of each dye solution was deter-
mined by Vis-UV measurement at corresponding wave-
length shown in Fig. 1. The amount of adsorbed dyes
was calculated by following Eq. (1):

q ¼ C0–Cð ÞV=m ð1Þ

Where q is the amount of absorbed dyes (mmol/g); C0 is
the known concentration of dyes before adsorption. C is the
concentration of dyes after adsorption (mol/L). Average of
twice-independent experiments was carried out. V is the

volume of dyes aqueous solution (L); m is the dose of adsor-
bent (g).

Results and discussion

Synthesis and characteristic of polymer 10

Click chemistry had been used extensively in preparing
the cyclodextrin derivatives and calixarene derivatives
with the advantages of high yield and mild reaction
condition [20, 31]. Thus, we used this reaction to syn-
thesize the first example of cyclodextrin-grafted
thiacalix [4]arene netty polymer. The synthetic route
was shown in Scheme 1. Cyclodextrin derivative 3,

TsO OH

OH 14

6

NaN3

N3 OH

OH 14

6

OH 14

OH
7

TsCl

1
2 3

HO
O

OH
TsCl

TsO
O

OTs
NaN3 N3

O
N3

4 5 6

OH
S

4

Br

CH3CN / K2CO3

O
S

4 CuI /DMF
O

S

N

N
N

O

S
3

3

OH

OH 14

6

9

7 8

CuI /DMF 6

O
S

N

N
N

O

S

3

OH

OH 14

6

10

N

N
N

O

n

calixarene unit

cyclodextrin unit

triazole bridging unit

Scheme 1 The synthetic route of
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[4]arene netty polymer 10
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alkynylthiacalix [4]arene 8 and azido compound 6 were
prepared by the reported methods [31–33]. By reacting
compound 3 with compound 8, a novel cyclodextrin-
calix [4]arene dyad 9 was conveniently synthesized in
yield of 66 % after column chromatography. In this
reaction, the mono-substituted derivative 9 was obtained as
main product by controlling the ratio of starting materials
(1:1). As a result, compound 9 still possessed three
alkynyl groups, which were favorable for the formation
of netty polymer in the next reaction. After reaction
with bis-azido compound 6, the cyclodextrin-grafted
thiacalix [4]arene netty polymer based on the click

chemistry were prepared smoothly in the B3 + 2^ functional
reaction mode. The structure and morphology of polymer 10
was characterized by FTIR, 1 H NMR, XRD, elemental anal-
ysis, and SEM image, etc.

The structure of polymer 10 was investigated prelim-
inarily by IR spectrum. Figure 2 illustrated the IR spec-
tra of compound 9 and polymer 10. It can be seen that,
comparing with the IR spectrum of compound 9, the
absorption peaks at 2100 cm−1 for alkynyl group disap-
peared completely in the IR spectra of polymer 10. On
the other hand, the strong absorption peaks for triazole
g roups were appea red a t 1550 ~ 1630 cm− 1

Fig. 3 The 1H NMR spectrum of
polymer 10

Fig. 4 SEM image of polymer 10
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approximately in the IR spectra of polymer 10. These
IR spectra confirmed that almost all of the alkynyl
groups of compound 9 were transferred to the triazole
rings. The polymer 10 was also studied by 1H NMR
spectrum. The result was shown in Fig. 3. One can
see that all the protons were agreement with shifts of
the signals in 1H NMR spectrum, although some com-
plicated and overlapped peaks were observed due to the
conformation flexibility of thiacalix [4]arene skeleton
and the multiple similar sugary units on cyclodextrin.
The integrals of signals also matched approximately
the ratios of protons, which were obtained by the hy-
pothesis of ideal polymeric reaction of compound 6 and
9 in the mol ratio of 3:2 exactly. The molecular weight of
polymer 10 and elemental analysis data were illustrated in
Table 1. The elemental analysis data were also approximately
in accordance with the calculated data obtained by the hypoth-
esis that ideal polymeric reaction mentioned above. TheMn of
polymer 10 was calculated as 48,677, indicating average

approximately 22 units of compound 9 in each polymer
molecule.

The surface morphology of polymer 10 was also in-
vestigated by scanning electron microscopy (SEM) as
shown in Fig. 4. It exhibited loose and porous morphol-
ogy, which was favorable for adsorption of guests. The
X-ray diffraction analysis was further used to study the
change of crystallinity of polymer 10. Figure 5 showed
the XRD patterns of cyclodextrin, compound 9 and
polymer 10. It can be seen that both cyclodextrin and
compound 9 exhibited some sharp peaks in their XRD
curves, indicating they possessed good crystallinity.
However, polymer 10 showed no obvious peak suggest-
ing the weak crystallinity. These XRD data indicated
that the crystallinity decreased dramatically after poly-
merization. The reason could be attributed to that the
polymerization destroyed the intermolecular hydrogen-
bonding and reduced the symmetry of polymeric units.
This kind of weak crystallinity of polymer 10, indicating
the weak intermolecular force among polymeric units,
was favorable for the intermolecular action between
polymeric unit and dyes, and improving the adsorption
[34, 35].

Adsorption kinetics

The adsorption kinetics was preliminarily investigated to
study the adsorption property of polymer 10. The qt
values of polymer 10 versus the contact time for six
cationic and anionic dyes [Orange G sodium salt
(OG), Brilliant ponceau 5R (BP), Victoria blue B
(VB), Crystal violet (CV), Neutral red (NR) and Meth-
ylene blue (MB)] were tested and the results were
shown in Fig. 6. From Fig. 6, it could be concluded
that the adsorption process carried out rapidly in the
starting stage. The adsorption equilibrium were attained
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Fig. 5 X-ray diffraction patterns
of cyclodextrin, compound 9 and
polymer 10
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gradually in 4 h. Moreover, in order to study deeply the
kinetic mechanism of adsorption process, the pseudo
first-order and second-order model were used to analyze
the experimental data. The corresponding formulas were
listed in Eqs (2) and (3) [36].

Pseudo first‐order :
1

qt
¼ k1

qet
þ 1

qe
ð2Þ

Pseudo second‐order :
t

qt
¼ 1

k2q2e
þ 1

qe
t ð3Þ

Where k1 (min−1) and k2 (min−1) were the adsorption rate
constant, qt and qe were the amount adsorbed at time t (min)
and at equilibrium, respectively, both in mmol g−1.

According to Eqs (2) and (3), the rate constants for
six dyes were calculated and the results were listed in
Table 2. The fitting curve for the adsorption kinetic of
polymer 10 with MB by second-order model was shown
in Fig. 7 as representative one. The correlation

coefficients (R2) from second-order adsorption kinetics
were near 1. On the other hand, the values of R2 from
first-order kinetics were lower than that of second-order
adsorption kinetics. Moreover, comparing with the cal-
culated qe values from first-order kinetics, the qe of
second-order model were in well agreement with the
experimental data. These results suggested that the ad-
sorption process obeyed the second-order adsorption
mechanism. These results suggested that the dye adsorp-
tion was controlled by chemical process, such as hydro-
gen bonding, hydrophobic interactions, ion-dipole and
ion-ion interactions and π-π stacking action [33, 36,
37].

Adsorption isotherms

The adsorption isotherms of polymer 10were studied for these
six dyes. The tested results were shown in Fig. 8 (a). It could
be seen that, with the increase of concentration of dyes (Ce),

Table 2 Kinetic parameters for
dyes adsorption by polymer 10 Pseudo-first-order model Pseudo-second-order model

Dyes K1(min
−1)

(S.D.)
qe(mmol g−1) (S.D.) R2 K2(min

−1)
(S.D.)

qe(mmol g−1)
(S.D.)

R2

OG 184.64 (6.67) 2.76(0.04) 0.909 0.0059(0.0003) 2.53(0.02) 0.985

BP 318.24(7.08) 3.97(0.04) 0.927 0.0039(0.0001) 2.58(0.02) 0.983

VB 75.29(1.08) 4.21(0.01) 0.965 0.0063(0.0004) 3.84(0.01) 0.998

CV 240.43(3.30) 5.76(0.02) 0.941 0.0028(0.0002) 4.14(0.01) 0.988

NR 426.83(4.79) 6.59(0.03) 0.948 0.0019(0.0002) 3.96(0.02) 0.975

MB 504.09(6.47) 5.84(0.04) 0.947 0.0021(0.0003) 3.26(0.06) 0.970
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Fig. 7 The fitting curve for the
adsorption kinetic of polymer 10
with MB by second-order model
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the equilibrium adsorption capacities (qe) attained stable
values gradually. Furthermore, in order to study the adsorption
behaviors in details, Langmuir isotherm and Freundlich iso-
therm, which were usually used to fit the experimental data,
were applied to analyze the adsorption data. The Langmuir
isotherm equation was usually used for many real monolayer
adsorption processes with a finite number of identical sites.
The Eq.(4) was following formula [38]:

Ce

qe
¼ Ce

qm
þ 1

qmKL
ð4Þ

In equation, qe and Ce were the amounts of adsorp-
tion (mmol/g) and the adsorbate concentration (mmol/L)

at equilibrium, respectively. KL was Langmuir constant
and qm was the maximum adsorption capacity.

The heterogeneous surfaces of multilayer adsorption
were normally investigated by Freundlich isotherm
equation as following Eq. (5) [39]:

lnqe ¼ bF lnCeþ lnKF ð5Þ

Freundlich constants, KF and bF, could be obtained
from a linear plot of lnqe versus lnCe.

The Figure 8 (b) showed the calculation results of Langmuir
isotherm. The fitting curve for the adsorption isotherm of poly-
mer 10withMB by Langmuir isotherm equation was shown in
Fig. 9 as representative one. One can see that the plots of Ce/qe
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against Ce were a straight line, indicating that the adsorption
processes of polymer 10 for six dyes obeyed the Langmuir
isotherm. The corresponding parameters of the two adsorption
isotherm equations for six dyes were illustrated in Tables 3 after
calculation. The correlation coefficients (R2) were near 1 for
Langmuir isotherm but R2 were only 0.9 approximately for
Freundlich isotherms. Moreover, the adsorption capacities for
dyes were calculated according to Langmuir isotherm. The
results indicated polymer 10 had high adsorption capacities
for all test dyes. The adsorption capacity for VB, CV, NR and
MB were as high as 5.821, 6.825, 6.135 and 5.381 mmol/g,
respectively. It is worthy of noting that these adsorption capa-
bilities were very outstanding by comparing with the various
dyes sorbents, such as other calixarene polymers or chitosan
derivatives (1 ~ 5 mmol/g in most cases) [9–11, 33, 40–43].

Adsorption thermodynamics

At different temperatures (298, 208 and 318 K), the
adsorption behaviors were also investigated by studying
the dependence of Langmuir adsorption equilibrium
constant with temperature. The standard Gibbs free en-
ergy change (ΔGo), standard enthalpy change (ΔHo)
and standard entropy change (ΔSo) were calculated by
van’t Hoff equation (6) and (7) [33]:

lnKL ¼ −
ΔHo

RT
þ ΔSo

R
ð6Þ

ΔGo ¼ ΔHo−TSo ð7Þ
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Fig. 10 The fitting curve for the
adsorption thermodynamic of
polymer 10 with MB by van’t
Hoff equation
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By plotting a graph of lnKL versus 1/T, the values of
ΔHo, ΔSo and ΔGo were calculated. The fitting curve
for the adsorption thermodynamic of polymer 10 with
MB by van’t Hoff equation was shown in Fig. 10 as
representative one and all results were listed in Table 4.
All ΔHo, ΔSo and ΔGo were negative, suggesting that
these adsorption behaviors were exothermic and sponta-
neous. These small values of ΔG on dye adsorption
might indicate that the adsorption attained adsorption
equilibrium nearly at the tested temperatures.

pH influence on adsorption capacity

The pH influences on the adsorption abilities of poly-
mer 10 for six dyes were shown in Fig. 11. The ad-
sorption abilities of polymer 10 for anionic dyes (OG
and BP) decreased with the increase of pH values. On
the contrary, the adsorption abilities for cationic dyes
(VB, CV, NR and MB) increased with the increase of
pH values. These results could be explained that, at low
pH values, the amino groups on polymer 10 were easily
converted to ammonium ion, which are favorable for
electrostatic attraction of sulfonic groups in anionic dyes
and not favorable for ammonium groups in cationic
dyes due to the electrostatic repulsion [33, 37, 40, 44].

At high pH values, the hydroxylic groups on polymer
10 could be changed to alkoxy anions, which possess
electrostatic attraction for ammonium groups but electro-
static repulsion for sulfonic groups. Nevertheless, the
adsorption abilities of polymer 10 at pH values 3–11
were keep stable between 1.5–4 mmol/g, indicating it
showed good adsorption abilities at various pH
conditions.

The reused property of polymer 10 after desorption

In order to test the reused property of polymer 10, the
adsorption property of polymer 10 reused property of
polymer 10 for CV was investigated as the representa-
tive one for five times’ cycles. After adsorption for CV
(the adsorption was carried out in the condition of ad-
sorption kinetics mentioned in experimental part), the
polymer 10 was desorbed by 10 % HCl and 10 %
NaOH orderly. Then it was washed adequately by dis-
tilled water and dried by vacuum. The obtained polymer
was reused for CV adsorption again. The five times’
adsorption percentages were detected and the adsorption
capabilities were calculated as 3.61, 3.45, 3.22, 3.08,
2.91 mmol/g, respectively. These results suggested that
polymer 10 exhibited excellent reused property.

Table 3 Adsorption isotherm constants of polymer 10 for dyes

Langmuir adsorption isotherms constants Freundlich adsorption isotherms constants

Dyes KL(Lmmol−1)(S.D.) qm(mmol g−1)(S.D.) R2 KF(mmol/g)(S.D.) bF(S.D.) R2

OG 1.680(0.022) 3.001(0.004) 0.998 2.507(0.028) 0.189(0.019) 0.925

BP 3.676(0.018) 3.523(0.003) 0.998 2.566(0.027) 0.160(0.017) 0.912

VB 10.41(0.003) 5.821(0.001) 0.999 4.415(0.054) 0. 202(0.035) 0.804

CV 5.597(0.004) 6.825(0.001) 0.998 4.778(0.057) 0.252(0.039) 0.839

NR 5.897(0.008) 6.135(0.002) 0.999 4.646(0.031) 0.164(0.015) 0.933

MB 2.702(0.020) 5.381(0.005) 0.997 4.983(0.053) 0.255(0.038) 0.849

Table 4 Thermodynamic parameters at various temperatures for dyes adsorption by polymer 10

OG BP VB CV NR MB

ΔHo(kJ/mol)(S.D.) −5.605(0.028) −10.04(0.079) −20.75(0.621) −10.91(0.091) −7.16(0.035) −10.07(0.044)
ΔSo(J/mol K)(S.D.) −14.48(0.090) −22.90(0.025) −50.46(0.023) −22.35(0.291) −9.303(0.115) −25.51(0.144)

KL (L/mmol) at 298 K(S.D.) 1.680(0.022) 3.676(0.018) 10.41(0.003) 5.597(0.004) 5.897(0.008) 2.702(0.020)

ΔGo(kJ/mol) at 298 K(S.D.) −1.289(0.055) −3.216(0.086) −5.713(0.627) −4.250(0.178) −4.388(0.069) −2.468(0.087)
KL (L/mmol) at 308 K(S.D.) 1.569(0.083) 3.177(0.046) 7.089(0.021) 4.772(0.035) 5.334(0.019) 2.387(0.054)

ΔGo(kJ/mol) at 308 K(S.D.) −1.145(0.056) −2.987(0.087) −5.208(0.628) −4.026(0.181) −4.295(0.071) −2.213(0.088)
KL (L/mmol) at 318 K(S.D.) 1.457(0.102) 2.850(0.068) 6.162(0.041) 4.244(0.064) 4.917(0.033) 2.092(0.086)

ΔGo(kJ/mol) at 318 K(S.D.) −9.999(0.057) −2.758(0.088) −4.704(0.629) −3.803(0.184) −4.202(0.072) −1.958(0.090)
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Conclusion

The first example of cyclodextrin-grafted thiacalix [4]
arene netty polymer 10 based on the click chemistry
was prepared. Its structure and morphology were studied
by elemental analysis, 1H NMR, FTIR, XRD, SEM im-
age. Polymer 10 showed excellent adsorption abilities
for six kinds of cationic and anionic dyes. The adsorp-
tion capacity for VB, CV, NR and MB were as high as
5.821, 6.825, 6.135 and 5.381 mmol/g, respectively. The
adsorption processes obeyed pseudo second-order model
and followed the Langmuir isotherm equation. The ad-
sorption processes were exothermic and spontaneous.
The adsorption abilities for anionic dyes decreased with
the increase of pH values but increased with the in-
crease of pH values for cationic dyes.
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