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Abstract

A dicarboxylic acid Schiff base ligand was synthesized via condensation of 2-hydroxybenzaldehyde with 5-aminoisophthalic
acid. The derived monomer was reacted with 4,4'-diaminodiphenyl ether and triphenyl phosphite (TPP) in tetrabutylammonium
bromide (TBAB) molten ionic liquid as a green solvent to form an aromatic polyamide with a moderate yield (71%) and inherent
viscosity (0.2 dL g™ "). The nanostructured copper(Il)/polyamide complex was then prepared. The structure, optical properties,
and morphology of the compositions were confirmed by FT-IR, “'"H-NMR, elemental analysis, UV-Vis, powder X-ray diffraction
(XRD), thermogravimetric analysis (TGA) and field emission scanning electron microscopy (FE-SEM). The polyamide ligand
and its nanostructured complex were comparatively applied in the elimination of Pb(Il) ions from aqueous solutions.
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Introduction

The presence of heavy metals in aquatic systems has become a
dangerous menace for environmental and general health [1].
Lead is one of the most important metals because of its high
toxicity, even at extremely low concentrations [2] which results
from mineral weathering and erosion, forest fires, volcanic ac-
tivity [3], acid battery manufacturing, explosive manufacturing,
mining, photographic materials, ceramic and glass industries [4,
5], fossil fuels combustion and smelting [6, 7].

Highlights

* The new PA containing Schiff base, was prepared in green solvent of

TBAB.

* The synthesized PA was coordinated to Cu(II) ion to form metal polymer
complex.

¢ The nanostructured PA ligand and its Cu(Il) complex were
comparatively applied to eliminate Pb(II) from water.

* The best adsorption was occurred at pH =6.
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Lead is mainly found in inorganic form particularly in the
oxidation states of +II and + IV [8]. Since lead is nonbiode-
gradable [9] and can bioaccumulate in brain, bones, kidney,
liver and muscles [10] and may cause many important health
problems such as kidney disease, mental retardation, damage
to the nervous system, cancer, anaemia [11], stillbirths, abor-
tion, sterility and even neonatal deaths [10], it must be elimi-
nated from water [9].

Many techniques such as chemical precipitation, ion ex-
change, membrane isolation, adsorption, etc. have been ap-
plied to eliminate Pb(II) from aquatic solutions. Most of these
methods are not ideal due to their high cost and extensive
processing [12]. Adsorption is the most preferred method for
the removal of pollutants due to its simplicity and low cost
[13]. Many adsorbents such as functionalized polymeric ma-
terials have been utilized to eliminate lead [14—18] owing to
the capability of active sites on polar polymers for adsorption
of metal ions [19-21].

Aromatic polyamides (PAs) are among important function-
alized polymeric compounds, because they have been used in
numerous applications considering their thermal, mechanical
and chemical properties [22-24]. The existence of azomethine
groups in the polymer structure not only elevates the thermal
durability, but also enhances its protonation and complexation
capability [25-27].
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In the current research, we report a nanostructured ar-
omatic PA comprising azomethine in the side chain,
which is prepared via polycondensation of (£)-5-(2-
hydroxybenzylideneamino)isophthalic acid and 4,4'-
diaminodiphenyl ether in tetrabutylammonium bromide
(TBAB). This novel PA is then attached to Cu(Il) to form
a metal polymer complex. FE-SEM analysis indicates po-
rous buildings of the synthesized polymers. Subsequently,
the removal of Pb(Il) ions from aqueous solutions by
these compounds (PA ligand and its complex) has been
compared. To achieve this target, the impacts of different
factors such as pH, contact time, initial concentration of
Pb(II) and temperature have been investigated.

Experimental
Materials and methods

All the chemicals and solvents used in current research were
purchased from Merck and Aldrich Chemical Co. A Perkin
Elmer JASCO V-570 double beam spectrophotometer was
used to perform UV-Vis spectroscopy in the range of 200—
800 nm. FT-IR spectra were recorded using a JASCO-680
spectrophotometer in the 4004000 cm ™' range. A model
XRD Philips X’PERT MPD was used to perform X-ray dif-
fraction analysis (XRD) on the slope 26, 10 to 100 degrees. A
Bruker AVANCE 500 MHz spectrometer was used to record
the 'H-NMR spectra in DMSO solvent. Pore sizes were de-
termined by Field Emission Scanning Electron Microscopy
(FE-SEM) using a model MIRA3 LMU (TESCAN). A
STAS503 TA instrument was used to record TGA curves at a
heating rate of 10 °C min'~ from room temperature to 800 °C
in the milieu of argon. Carbon, hydrogen and nitrogen values
of the combinations were assigned via a Perkin Elmer Seris
elemental analyzer. Inherent viscosity was evaluated by a
modulus mode per a Cannon-Fenske normal viscometer at
the concentration of 0.5 dL g~ at room temperature. Using a
flame atomic adsorption spectrometer (FAAS, PerkinElmer),
the amount of Pb(II) ions was determined.

Synthesis of (E)-5-(2-hydroxybenzylideneamino)
isophthalic acid Schiff base ligand (L)

S-aminoisophthalic acid [1.812 g, 10 mmol] was reacted with
salicylaldehyde [1.22 g, 10 mmol] in methanol at reflux for
2 h to yield (£)-5-(2-hydroxybenzylideneamino)isophthalic
acid Schiff base ligand [28]. The final product (L) ("H-NMR
in Fig. S1), which was an orange precipitate [29], was filtered
and washed with methanol.
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Synthesis of aromatic PA ligand including azomethine
in the side chain (poly-L)

The mixture of L ligand, 4,4'-diaminodiphenyl ether and
TBAB was placed in a flask. Having heated the mixture at
150 °C for half of hour, 1.7 mL of triphenylphosphite (TPP),
were added. The reaction was carried out at 130 °C for 16 h.
After cooling, 10 mL of methanol were added to the mixture,
which was then stirred at 60 °C for half of hour. The obtained
solid was filtered, washed with methanol and boiling water
and dried. Finally, the product was purified via dissolution in
DMF and recrystallization via adding methanol. The yield
71% and inherent viscosity 0.2 dL g ' were attained for
poly-L ("H-NMR in Fig. S2) [29]. The structure of poly-L
polymeric ligand is displayed in Scheme 1.

Synthesis of the PA Cu(ll) Schiff base complex
(complex poly-L/Cu(ll))

Copper(Il) acetate (0.15 mmol, 0.03 g) was transferred to a
methanol (20 mL) solution of poly-L ligand (0.15 mmol,
0.07 g). The gained mixture was stirred and refluxed for 2 h
at 50 °C. The green residue was separated via gravity filtra-
tion, washed with methanol, and dried at room temperature.

Complex poly-L/Cu(ll) Elemental Analysis. Calculated. For
C,9H,1N304Cu (571 g/mol),: C 60.95%; H 3.68%; N
7.36%. Found: C 60.52%; H 3.65%; N 7.34%. UV-Vis
(DMF): A ax (nm): 259, 298, 336, 471, 515, 690 and 789.

Adsorption experiments
The comparative removal of lead by poly-L ligand and poly-
L/Cu(1l) complex was performed according to the batch equi-

librium method in aqueous solutions, the target pH being kept
constant using dilute CH;COONa/CH3COOH solutions.

NH NH (0] —

OH

The poly-L ligand

Scheme 1 The structure of poly-L polymeric ligand
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Separately, 2 mg of poly-L and poly-L/Cu(Il) complex adsor-
bents were added to 4 mL of Pb(Il) [Pb(OAc),] solution. The
mixture obtained was stirred for 30 min at 200 rpm to facilitate
the adsorption of lead on the PA ligand and its complex.
Atomic adsorption spectrometry (FAAS, Perkin Elmer) was
used to determine the ion content in the solution. The studies
were performed under these conditions: pH: 3-8, metal ion
concentration (15-35 and 15-100 mg L' for the poly-L li-
gand and poly-L/Cu(Il) complex, respectively), contact time:
5-50 min, and temperature: 30-60 °C. The removal efficiency
(R%) of the metal was calculated by Eq. (1).

R% = [(Cufce)/co] x 100 (1)

where C, and C, (mg LY are the initial and equilibrium
concentrations of lead in the solution, respectively. The equi-
librium adsorption ability was found using Eq. (2).

q. = (Co=Ce)V/W (2)

in which Vs the total solution volume (L) and W is the adsor-
bent mass (g).

Results and discussion

In current work, polymeric ligand was synthesized by the
polymerization of 5-aminoisophthalic acid containing diacid
with 4,4’-diaminodiphenyl ether in the existence of TBAB
ionic liquid. Scheme 1 shows the plot of the reaction. Poly-L
ligand was capable of forming a complex via imine and phe-
nolic OH. In the next step, poly-L/Cu(Il) complex was pre-
pared in methanol. The structure of the products was investi-
gated by elemental analysis and FT-IR. One salycilaldimine
from Poly-L ligand and acetate ion were coordinated to the
copper(Il) ion, according to the results of the elemental anal-
ysis of the complex. Scheme 2 shows a proposed structure
containing these compounds based on previous studies
[30-32].

FT-IR spectra

Figure 1 shows the FT-IR spectra of L ligand, poly-L aro-
matic ligand, and poly-L/Cu(Il) complex. A broad peak is
observed in the spectrum of L ligand (Fig. 1a) in the range
of 3100-3400 cmfl, which corresponds to the vibrational
frequency of carboxylic acid and phenolic OH groups. The
sharp band at 1725 cm ™' is associated with carboxylic acid
groups. The azomethine (C=N) group appears at
1629 cm™'. As poly-L ligand forms (Fig. 1b), the wide
peak due to the carboxylic acid disappears and a novel
peak is observed at about 3200-3500 cm ™', corresponding
to the overlap of the phenolic OH and amidic NH groups in

the poly-L structure. The intense band at 1659 cm ' is

HN N (0}
H

Scheme 2 The Proposed structure of the poly-L/Cu(Il) complex

associated with the amidic carbonyl group. The presence
of carbonyl bands at lower frequencies, in comparison with
L monomer ligand, confirms the formation of amide.
Furthermore, the frequencies of poly-L ligand shift to low-
er values upon copper ion coordination to the ligand. This
is likely due to the resonance in the amide, which weakens
the C=0 bond [33, 34]. The azomethine group of poly-L
ligand can be observed at 1599 cmfl, which moves to a
lower frequency in comparison with L. monomer ligand.
The equal bands at 1498 and at around 1230 c¢m™ ' for
poly-L ligand and poly-L/Cu(Il) complex are attributed to
the vibrations of C=C and C—O groups, respectively. The
broad band in the 3200-3500 cm ™' range in the spectrum
of the poly-L/Cu(Il) complex (Fig. lc) is due to the OH
groups of methanol molecules in the surrounding of the
complex.

Electronic spectra

The UV-Vis spectra of L, poly-L ligands and poly-L/Cu(II)
complex were recorded at ambient temperature in DMF
solvent in the range of 200-800 nm (Fig. 2). An absorption
band and a shoulder are observed at 268 and 296 nm, re-
spectively, in the electronic spectrum of L ligand (Fig. 2a),
which are attributed to the intraligand 7t — 7t* transitions
of the aromatic rings. In addition, the peak at 344 nm cor-
responds to the 7t — 7t* transition of the azomethine group
[35]. The strong peak at 276 nm in the UV-Vis spectrum of
the poly-L ligand (Fig. 2b) could be due to intraligand
transition (7t — 7t*) [33]. This transition has shifted to the
higher energy area compared with L ligand. The bands
observed in 259-336 nm range in the spectrum of poly-
L/Cu(Il) complex (Fig. 2¢) are attributed to intraligand
transitions (7t — 7t* and n — 7t*) and CT transitions be-
tween the metal and the ligand. However, these transitions
overlap together and it is not possible to clearly assign the
peaks [33]. On the other hand, poly-L/Cu(Il) complex was
not completely soluble in DMF and thus the determination
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Fig. 1 IR-Spectra of (a) the L
monomeric ligand, (b) the poly-L
ligand, and (c) the poly-L/Cu(Il)
complex
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of absorption coefficient (¢) was not possible. In addition, ~ Surface morphology studies

considering the low intensity, the bands in the 471-789 nm

range are due to the d-d transitions of the copper(Il) ion in ~ The surface morphology of the novel PA ligand and its com-
the complex. plex are displayed in Fig. 3. As clearly observed in Fig. 3a, ¢

Fig. 2 The UV-Vis spectra of (a) 1.0 1
the L monomeric ligand, (b) the
poly-L ligand, and (c) the poly-L/
Cu(Il) complex
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are the FE-SEM images of the poly-L ligand and poly-L/
Cu(Il) complex before adsorption of lead ions, there are po-
rous surfaces appropriate for adsorption. Based on the FE-
SEM images following the adsorption of lead ions (Fig.
3b, d), the surface morphology of the poly-L ligand and
poly-L/Cu(Il) complex have changed (spherical surfaces),
which is probably due to the presence of lead ions adsorbed
on the PA surfaces. This observation proposes that the adsor-
bents owe suitable morphology for lead adsorption and the
lead ions get adsorbed on the functional groups in the wall
of PAs [36].

Nitrogen adsorption-desorption analysis

According to IUPAC notation, microporous, mesoporous
and macroporous materials possess pore diameters in the
range of 2 nm>D, 2 nm<D<50 nm, and D>50 nm,
respectively. The resulting nitrogen adsorption-
desorption isotherms of both poly-L ligand and poly-L/
Cu(II) complex can be categorized as type-IV isotherms
by the IUPAC classification with narrow hysteresis, indi-
cating the presence of mesopores in both poly-L ligand
and poly-L/Cu(ll) complex structures (Fig. 4a, b). The
peaks centered at 1.72 and 7.98 nm for poly-L ligand

Fig. 3 FE-SEM images of PAs
and metal adsorbed PAs. a poly-
L, b Pb(Il) adsorbed poly-L, ¢ the
poly-L/Cu(Il) complex, and d
Pb(1I) adsorbed poly-L/Cu(Il)
complex

SEM HV: 15.0 kV.

<
SEM HV: 15.0 kV.

View field: 2.59 ym Det: SE
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WD: 14.24 mm
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and poly-L/Cu(Il) complex, respectively, (Fig. 4c, d) are
shown by the pore size distribution data from the desorp-
tion branches of nitrogen isotherms, according to the
Barret-Joyner-Halenda (BJH) method. Table 1 shows the
textural properties; that is, surface area, total pore volume,
and pore size diameter (BET/BJH) of both samples. The
values of the surface area, total pore volume and pore size
distribution have increased following complexation, as
observed.

X-ray diffraction analysis

The XRD patterns of poly-L ligand and poly-L/Cu(Il) com-
plex are shown in Fig. 5. Based on the patterns, these com-
pounds display the presence of a small amount of crystalline
phases compared with an amorphous one because polyamides
could form hydrogen bonds and become ordered [37]. Three
reflections, consisting of one strong peak and two weak ones,
are observed at 20 values of 10°-100° in the high angle dif-
fraction pattern of the ligand. Nevertheless, the intensity of
these wide diffraction peaks was observed to increase in the
complex without varying the peak positions in comparison
with the poly-L ligand. This perseverance of peak places

fa [
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Fig. 4 Nitrogen adsorption- 1.6 300 -
desorptlgn isotherms of a the = & 2504
poly-L ligand and b the poly-L/ = 1.2 (a) ; (b)
Cu(Il) complex at 77 K, corre- _w — 200
sponding BJH pore size distribu- bo )
tions obtained from the adsorp- & 0.8+ g 1501
tion branch of the isotherm for ¢ L N2 100 -
the poly-L ligand and d the poly- E 0.4 g
L/Cu(Il) complex = 2 50
S S
> 0 . . . . . 0 15— . . . .
0 02 04 06 0.8 1 0 0.2 04 06 038 1
Relative pressure (p/p,) Relative pressure (p/p,)
- 0.0005 0.012
o 0.00043 (c) o001 (d)
g £ 0.008
E 0.0003 KRS
%]
0.006
% 0.0002 E
> S 0.004
2 g
g 0.0001 £ 0.002
. -9
O T T T 1 0 T T T T T 1
0 20 40 80 100 0 20 40 60 80 100

Pore diameter (nm)

indicates the structural stability of the poly-L after coordina-
tion to metal ions.

Thermogravimetric analysis

The thermal behavior of the PAs was studied by TGA technique.
The TGA measurements of the poly-L ligand and poly-L/Cu(Il)
complex were done in the range of 25-800 °C at a rate of
10 °C min'~ under argon atmosphere. Figure 6 shows the
resulting obtained. A two or four step weight loss is shown by
the curves of polymers. The initial weight loss (1-6%, w/w) was
observed in the 50-100 °C temperature range, corresponding to
the solvent loss. A mass loss about 20% is shown by the poly-L
ligand in the temperature range of 300400 °C. Nevertheless, a
slight weight decrease was observed in the corresponding tem-
perature range upon coordination to the Cu(Il) ion, which indi-
cates the enhanced thermal stability of the complex. Again, with
increase in the temperature of up to 800 °C, the poly-L retained
33.5% of its initial weight while poly-L/Cu(Il) complex retained

Pore diameter (nm)

50% of its initial weight, which proved that the thermal stability
of PA ligand is enriched by its coordination to the Cu(Il) ion.

Use of the nanostructured PA ligand and its
complex for Pb(ll) adsorption

The effect of solution pH

The pH effect on the adsorption ability of Pb(Il) by poly-L
ligand and poly-L/Cu(Il) complex is shown in Fig. 7. For both
poly-L and poly-L/Cu(Il) complex adsorbents, the pH values
varied from 3 to 8 (in the initial concentration of 20 ppm for
Pb(II) with 0.002 g of adsorbents at the room temperature and
contact time of 30 min). The adsorption capacities of the PAs
was raised by increasing pH from 3 to 6 and then reduced. At
acidic pH values, protonation of the adsorbing sites
(azomethine and amide) occurred in the PAs and the metal
ion removal was minimal, seemingly owing to the greater

Table1  Pore volume (V), specific surface area (S) and pore size (D) of the poly-L ligand and the poly-L/Cu(Il) complex according to the BET and BJH
models
BET BJH
Sample Vaer (¢ cmj/g) Sper (1 mz/g) Dpgr (nm) Vg (cm’ g Spm (0 mz/g) Dgp (nm)
Poly-L ligand 0.1043 0.45395 15.301 0.0019969 1.071 1.72
Poly-L/Cu(ll) complex 11.59 50.444 30.143 0.3862 58.964 7.98
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Fig. 5 X-ray diffraction patterns
of'the poly-L ligand and the poly-
L/Cu(Il) complex

Intensity (a.u.)
(]
=

The poly-L/Cu(II) complex

competition of H" with metal ions for the binding sites and
complex construction. As the pH of solution enhanced, the
functional groups of the adsorbents were deprotonated.
Therefore, the Pb(Il) ions could simply bind to the adsorption
sites. With increase of pH from 6 to 8, the OH ion concen-
tration was increased and the metal ions seemed as M(OH),.
For further studies, an optimal pH value of 6 was selected for
both the adsorbents. As a result, the adsorption capacity of
poly-L ligand was higher than that of poly-L/Cu(Il) complex
for the removal of lead from water because the former had
more active sites in comparison with its complex.

The effect of contact time on the adsorption of Ph(ll)

One of the important factors in the adsorption of metal
ions is the contact time. This factor was probed at various
times in the range of from 5 to 50 min and at the optimum
pH of 6 to study the effect of contact time upon the

100
_ The poly-L/Cu(Il) complex
X J
<
g
E
; ] The poly-L ligand

20 T T T 1
0 200 400 600 800
Temperature (°C)

Fig. 6 TGA thermograms of the poly-L ligand and the poly-L/Cu(Il)
complex

2 Theta (degree)

adsorption rate by poly-L ligand and poly-L/Cu(Il) com-
plex. Initial concentrations were kept at 35 mg L' and
100 mg L' of Pb(II) for poly-L and poly-L/Cu(Il) com-
plex, respectively. The removal percentage of the metal
ions was plotted (Fig. 8). There was a rapid adsorption
of lead up to 30 min contact time. Therefore, over 96% of
Pb(II) was adsorbed by both poly-L and poly-L/Cu(Il)
complex adsorbents. This fast adsorption phenomenon
was due to the presence of large number of active sites
available for lead adsorption. The removal percentage of
the metal ions decreased beyond the contact time of
30 min. Hence, an optimum contact time of 30 min was
chosen for further experiments.

Two kinetic models were used to investigate the ad-
sorption kinetics of the metal ions [38, 39]. Equation (3)
shows the pseudo-first-order model, in which %; is the rate
constant (min" "), and ¢ and ¢, are the adsorption capacity
at time ¢ and equilibrium (mg g™'), respectively.

Log (q,~q) = log q,~(k;t/2.303) (3)

The pseudo-second-order model is observed as follows
(Eq. (4)).

t/q:]/que2+t/qe (4)

where k,_is the rate constant of the pseudo-second-order (g
(mg min) b,

The kinetic model with a higher correlation coefficient, R’
was selected as the best model.

The pseudo-second-order model [40—42] was found to pos-
sess the highest compatibility with the experimental data com-
pared with the pseudo-first-order model for studying the ad-
sorption mechanism of Pb(II) ions by poly-L ligand and poly-
L/Cu(II) complex (Table 2).
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Fig. 7 The effect of pH on 100 -
adsorption of Pb(II) by the poly-L
ligand (red) and the poly-L/Cu(Il)
complex (orange) 80 -
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The effect of temperature

An important factor for the adsorption of lead ions onto
poly-L and poly-L/Cu(Il) complex adsorbents is the tem-
perature of the solution. Increased or decreased tempera-
ture can vary the equilibrium capacity of the adsorbents
within the attraction. The results of the experiments per-
formed at the temperature range of 30-60 °C are shown in
Fig. 9. Pb(Il) adsorption onto poly-L nanoadsorbent was
studied by increasing the temperature from 30 to 60 °C. It
was found that the equilibrium capacity enhanced with
increase in temperature. Therefore, the adsorption was con-
sidered an endothermic process (Fig. 9a). Increased tem-
perature provides a number of active sites with lower re-
sistance for diffusion of metal ions toward the active sites
[43]. The adsorption of Pb(II) on poly-L/Cu(Il) complex

Fig. 8 The effect of contact time 100
on adsorption of Pb(Il) via the
poly-L ligand and the poly-L/
Cu(II) complex (pH =6)
~
$ 95
~
—
]
>
£
o 90
a7
85

B The poly-L ligand
B The poly-L/Cu(1I) complex

.I L I L I 1 I L l
3 4 5 7 8
pH

6

was studied in the temperature range of 30—60 °C (Fig. 9b).
The adsorption capacity decreased from 30 to 40 °C, but it
increased up to 60 °C. Thus, the adsorption was
endothermic.

The effect of Pb(ll) concentration and adsorption
isotherm

The equilibrium adsorption of Pb(II) onto poly-L ligand and
poly-L/Cu(Il) complex adsorbents was investigated by
Langmuir and Freundlich models. Therefore, some experi-
ments were carried out using different initial Pb(I) concentra-
tions (15 to 35 ppm for poly-L and 15 to 100 ppm for poly-L/
Cu(I) complex) with 0.002 g of the adsorbents ata pH = 6 and
contact time of 30 min.

——The poly-L ligand

——The poly-L/Cu(Il) complex
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Table2  Comparison of the kinetic parameters for the poly-L and the poly-L/Cu(II) complex in Pb(Il) adsorption
Sorbent qe(exp) (mg/g) Pseudo-first order Pseudo-second order
Gecar (Mg/Q) — ky(min I Geca (M/Q) ko (mg (gmin) )x10° R’
Y)
Poly-L 69.4 2.887 0.0258 0.9327 68.49 59.2 0.9998
Poly-L/Cu(II) complex 192.6 17.76 0.0380 0.8586 188.68 11.7 0.9991

Adsorption isotherms show adsorption interaction with
the adsorbents and are thus important in the optimization
of the adsorbents. Therefore, there are no interactions
among the adsorbed molecules in Langmuir model and
adsorption takes place on homogeneous surfaces.

The Langmuir isotherm equation can be expressed as [44].

Ce/q. = 1/K1.q, + C./q,, (5)

in which C, (mg L™") is the equilibrium concentration, g,
(mg g ') is the adsorption capacity at equilibrium, g,
(mg g ") is the maximum adsorption capacity of the ad-
sorbents, and the Langmuir constant, K;, is related to the
adsorption energy or net enthalpy (L mg™") (Fig. 10a).

Freundlich model can be used to describe the multi-layer
adsorption of an adsorbate onto the heterogeneous surface of
the adsorbent. The Freundlich model is expressed as:

ng,=ImKp+mnC,/n (6)

The constant K- expresses the adsorption capacity (L g ')
and the experimental factor # is related to adsorption intensity
(Fig. 10b). Table 3 displays the parameters and constants of
both models for the poly-L ligand and poly-L/Cu(Il) complex
adsorbents.

The R’ values obtained from Langmuir models for
Pb(II) by poly-L and poly-L/Cu(Il) complex were
0.9999 and 0.9997, respectively. The corresponding

68 1
)
a
2 66 - @)
=
]
T o641
»n
<=
<
= 62 1
8
=
S 60 -
=
58 T T T T )
30 40 50 60
Temperature (°C)
172 A
To (b)
o _
E_ 170
=
%]
2 168 -
=3
[72]
K
= 166 -
2
= 164 -
]
=
162 T T T T 1
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Fig. 9 The effect of temperature on adsorption of Pb(II) by a the poly-L ligand and b the poly-L/Cu(ll) complex for 30 min at pH=16
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Fig. 10 The effect of The poly-L/Cu(Il) complex
concentration a Langmuir
adsorption isotherm and b 3
Freundlich adsorption isotherm ( a)
for the adsorption of Pb(Il) on the —_
poly-L ligand and the poly-L/ - 2
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values found using the Freundlich model were 0.9907
and 0.9786, respectively, which are somewhat smaller,
proposing that the Langmuir isotherm is the best model
to describe the adsorption of Pb(Il) onto the two adsor-
bents. The values of 7 in Freundlich model for the poly-
L ligand and poly-L/Cu(ll) complex were 2.0547 and
2.3332, respectively. The values of n greater than 1 in
the adsorption process are favorable [45] and suggest a
physical adsorption. The maximum adsorption capacity
(¢,n) values for Pb(Il) ions with the poly-L and poly-L/

In Ce (mgL?)

Cu(Il) complex adsorbents were 17.95 and 17.64 mg g ',
respectively.

To study the structural properties of the nanostructured poly-
meric ligand and its complex after the adsorption of lead ions, the
FE-SEM and EDX images of the compounds were recorded.
The EDX of samples (Fig. 11) showed the presence of lead ions.
Thus, the adsorption happened, but no ions were exchanged.

The proposed mechanism of the adsorption of Pb(II) ions
by the poly-L ligand and the poly-L/Cu(Il) complex is
displayed in Fig. S3.

Table 3  Adsorption capacities and comparison of Langmuir and Freundlich isotherm models for adsorption of Pb(II) onto poly-L and poly-L/Cu(Il)
complex

Langmuir isotherm model Freundlich isotherm model
Adsorbents G (Mg/2) K, (L/mg) R’ Ky (mg/g) n R’
Poly-L 17.95 0.1101 0.9999 3.0138 2.0547 0.9907
Poly-L/Cu(II) 17.64 0.1006 0.9997 3.0505 2.33320.9786
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Fig. 11 SEM/EDX spectra of a -C Ka
the Pb(II) loaded poly-L and b the 7
Pb(II) loaded poly-L/Cu(Il) 200
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Conclusion fitted to the Langmuir model for PA ligand and its com-

The novel PA ligand containing a Schiff base in the side
chain was produced via polymerization of (E)-5-(2-
hydroxybenzylideneamino)isophthalic acid and 4,4'-
diaminodiphenyl ether in tetrabutylammonium bromide
(TBAB). This PA ligand was then coordinated to the
Cu(Il) ion to form the metal-polymer complex. TGA,
XRD, FT-IR and UV-Vis methods were used to character-
ize the samples. FE-SEM analysis displayed that PA li-
gand and its complex had nano sized holes. The synthe-
sized nanostructured PA ligand and complex were used to
remove Pb(II) ions from water. The adsorption was sig-
nificantly dependent on contact time, temperature, initial
concentration of metals, and pH. The best adsorption oc-
curred at pH=06. The rate of Pb(Il) attractions on the
adsorbents followed the pseudo-second-order model. The
equilibrium isotherm data for Pb(I) ions adsorption were

plex. Furthermore, the maximum adsorption capacity (g,,)
of poly-L was more than that of poly-L/Cu(Il) complex
due to more active sites of the former.
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