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Abstract

Lanthanum (III)-terephthalic metal-organic framework copolymer (La-TPh CP) was synthesized by a solvothermal method and
characterized by SEM/EDX, TEM, FTIR, Raman, BET, and XRD. Raman microscopyand XRD expose that terephthalic acid
(H,BDC) acts as a bidentate ligand towards lanthanum (La) (IIT) through the two carboxylate gropes. Both of FTIR and Raman
microscopy emphasize the formation of coordination bonds between the electron-acceptor La (IIT) atoms and the electron-donor
oxygen atoms. SEM shows that the (La-TPh CP) has a bar-like macro-structure with small dimensions, e.g., 200 nm. (La-TPh
CP) structure is proposed to be cationic metal-organic framework and extremely water-stable. Due to these features, (La-TPh CP)
was studded for the universal removal of cationic and anionic dyes, using synthetic cationic dye as methylene blue (MB) and an
anionic dye as congo red (CR) in an aqueous solution. 5 mg/LL MB and 40 mg/L CR was almost completely removed. Kinetic
study for removal of CR shows the ideal order model is pseudo-second-order, and in the case of MB is pseudo-first-order.

Keywords: lanthanum(IlI)-terephthalic (La-TPh CP), metal-organic framework, ligand.

In the last twenty years, organic - inorganic
crossbred materials (e.g., MOFs and CPs) have
attracted awareness to this implementation because of
controlling synthesis methods, purpose porosity,
unique structural properties, and easy functionalization

1- Introduction

The two-decade century witnessed the industrial
raising, which effectively affects health improvements

and the economy worldwide. This development put
Earth’s freshwater supply at risk. The contaminations
were widespread in water with toxic chemicals such as
organic dyes (anionic-cationic), for example (CR) as
anionic dyes, and (MB) as cationic dyes. In developing
nations, where environmental preservation enactment
is minimal, the expansion acceleration of
manufacturing has pervaded water sources, with
pollutants endangering many people. Adsorption
removal of contaminants from wastewater is a
substantial application to target environmental
conservation [1]. Dyes are among the most famous
contaminants in wastewater of many industries such as
textiles, paper, printing industries, chemicals, etc. [2].
Several catalysts are currently used for this aim, such
as titanium dioxide[3], carbon tube[4], ferrites[5], and
zeolite materials [6].

[1]. MOFs are a young branch of porous crystalline
products with great possibilities in wastewater
treatment [7].

MOFs are coordination networks of metal clusters
linked using organic linkers. Incorporating inorganic
and organic moieties allows regulation of the pores to
mass ratios while ensuring the stability of the material
in chemical structure [8]. These properties of MOFs
allow them to have magnificent potential in many uses
such as gas storage, biomedicine, and this research’s
work[9]. Lanthanum is one of the rare earth elements;
a small amount from lanthanum added to steel makes
its malleability efficient [10], superconductors,
catalysts, and medical applications (e.g., MRI contrast
agent)[11]. All chemicals which contain rare elements
have comparable properties.
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In this field, terephthalate=1,4- benzene
dicarboxylate (H2BDC) as an organic linker is very
widespread due to its capability to create framework
structures with eligible features. The presence of two
carboxylic groups with an angle at 180° have a small
barrier, and coupling with the aromatic ring allows it to
become a stationary linker [12]. H2BDC can form
different types of MOFs by coordination bonds with
lanthanide metal centres.

The dyes presence as pollutants in the
environment is wasted, but most of these components
are also hazardous and very toxic[14,15]. Azo dyes are
used in textiles, paper, cosmetics, and different
industries [16], such as (MB) and (CR) [15], which can
be dangerous not only for the environment but also for
animals and humans[16].

CR is the first anionic synthetic dye with double
azo (-N=N-) chromophores [17]. It is a very stable
dye like other azo dyes because of its complex
aromatic structure [18]. MB is a cationic synthetic dye;
it is a heterocyclic aromatic compound[20,21], which
has one azo (-N=) chromophores, and it is very stable
because of its complex aromatic structure. MB cause
acceleration of Heart rate, increased Heinz body
formation, vomiting, shock, and necrosis of tissue in
humans[21].

In this work, we have synthesized (La-TPh CP) by
a solvothermal method and investigated their
structural, application for universal removal of cationic
and anionic pollutants from wastewater.

Experimental

Materials, preparation, and characterizations

The prime chemicals utilized for the preparation
of the desired lanthanum-trephthalate metal-organic
framework (La-TPh CP) were lanthanum (III), nitrate
hexahydrate (99.99%, Sigma-Aldrich), and 14
dicarboxylic acid (98%, Sigma-Aldrich). N, N-
dimethyl formamide (DMF) (99.8%, Sigma-Aldrich)
was selected as solvent and reaction medium. Absolute
ethanol (99.9%, Fisher Scientific) was used for the
washing during all synthesis steps. Regarding
preparation producers, a stoichiometric ratio was
maintained between the reactants. Typically, 0.01mole
of H2BDC and 0.0lmole lanthanum nitrate
hexahydrate were completely dissolved in 100ml of
DMF after mixing for 30min with magnetic steering.
The obtained solution was transferred to 200ml
perfectly sealed Teflon tube and then subjected to
hydrothermal heating in an oven at 120°C for 18h. The
obtained white crystals product was washed three
times by DMF followed by three times by absolute
ethanol. Finally, the washed product was dried at 80°C
for 24h[12].
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The surface morphology of the synthesized La-
TPh CP was investigated using SEM (EVO-MAI10,
ZEISS) and TEM (JEM-2100F, JEOL, Japan).
Elemental composition was analyzed by energy
dispersive X-ray (EDX) coupled with Scanning
Electron Microscopy (SEM) device. Moreover, Raman
spectroscopic measurements were performed on
H2BDC and La-TPh CP using a dispersive Raman
microscope (Bruker, Germany, model Senterra II). The
objective (Nikon 20x) was used to focus the Raman
excitation source (10 mW, 532nm neodymium-doped
yttrium aluminium garnet (Nd: YAG) laser- Bruker,
Germany).

Further, FTIR analysis of H2ZBDC and La-TPh CP
was achieved via standard KBr pellet method on
Perkin Elmer Spectrum One FTIR spectrometer, USA.
The conformable spectra were tested between 500
cm—land 3500 cm-1. Furthermore, the crystalline
structure was inspected using XRD (XRD, D8
Advance, Bruker Corporation, Germany), using a
copper tube (Cu Ko) and wavelength (A) of 0.15419
nm at a speed of scanning 1 degrees/min and sample
angle interval of 0.03 degree. The surface area of the
samples was measured by using the BET (NOVA
Station A) instrument. The specific surface area of the
prepared samples was determined by the physical
adsorption of Nitrogen gas on the solid surface and
calculating the amount of adsorbate Nitrogen gas
conformable to a monomolecular layer on the surface.
The efficiency removal of dyes can be measured using
a UV spectrophotometer (HACH double beam model
DR-5000) at (A) 496nm for CR and 664nm for
MB[23].

Adsorption experiment

The adsorption performance can be measured by
using a Glas-col shaker (USA) under different
conditions including; contact time (0—60)min, rate of
shake (400)rpm, pH of dyes solution (4—10), adsorbent
dosage La-TPh CP (30 — 60)mg/L, CR concentration
(20-50)mg/L& MB (1-7)mg/L, ambient temperature
(25°C) and a fixed volume of dyes solution (100)mL.

We transferred (100)mL of dye into a series
conical flask containing the adsorbent dosage. We
adjusted the initial pH values of dyes solutions by
adding (0.1) M solution of HCl or NaOH. Separate 1
ml from the suspension adsorbent solution after every
10 minutes and centrifuge for 5 minutes, measure the
absorbance using UV  spectrophotometer  at
wavelength 496 nm for CR and
664nm for MB. Used the following equation to
estimate the removal percentage (%) [19, 24].

Removal = C°C_Ct x 100 (1)
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where C, is the initial concentration of dyes (mg/L)
and C; is the concentration of dye (mg/L) at time t
(min) and final concentration.

The amount of the pollutant retained in the MOFs, g,
(mg/g), can be calculated by the following equation
[24]:

\"%
qt=C, — Ct -2

2.1 Adsorption Kkinetic models

Pseudo first and second-order kinetic models
[25-27] were used to examine the controlling
mechanism, determine reaction order and discuss the
experimental data points of CR and MB adsorption
from aqueous solutions.

The pseudo first order kinetic model is determined by
the linear equation, as follows [27]:

44/, =Ki(ge-q ()

Where; pseudo-first-order constant (min™) is
ki, qe, and q; (mg/g) are the values of the adsorbed
capacity from dye at equilibrium and any time t
(min), respectively.

By applying the conditions of q; =0 at t =0 and q~=
. at t =t, the integration of this equation can be lead
to the following equation [49]:

In(ge — qt) = Inge — K1t (4)
k; was calculated after plot relation between In (g, —
qy) and t; the value of k1 was determined from draw
the slope and intercept.
The pseudo second order kinetic model is determined

by the linear equation, as follows[24]:
t 1 1
a - K2q2e + E t (5)
where; k; is pseudo-second-order kinetic model
constant (g/mg min).
Plot relation between t/q, and then calculate g, and k,

from the draw intercept and the slope[28].

2- Results and discussion

2.1. Raman spectroscopy & FTIR Analysis

Raman and FTIR analyses were performed to
confirm the successful coordination of H,BDC with
Lanthanum without any impurities incorporated in the
obtained product. Raman spectra of H,BDCand La-TPh
CP are shown in figure (1-a), represents two main
regions corresponding to lattice vibration and
fingerprint. The first zone (below 200 cm™) is
commonly representing the entire lattice vibrations. The
presence of specific peaks in this zone should point out
the crystalline nature of the specimen. According to the
chart, H,BDC has two specific peaks in this zone at 67
and 105 cm™'[29].

Meantime, La-TPh CP has three apparent
peaks at 67, 94, and 121 cm™". The first two peaks are
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very close to H,BDC (67 and 94 cm™). These results
emphasize the presence of the H,BDC molecule in the
new La-TPh CP structure. The small shifts of La-TPh
CP peaks to a higher energy band are associated with
forming a new compound containing H,BDCring with
another coordination bonds of higher energy.

The second zone of the Raman chart is referred to the
fingerprint band, which covers the band from 200 to
1800 cm™". From this figure, H,BDC has strong peaks in
this zone at 628, 829, 1125, 1174, 1279, 1431 and 1615
em' [29]. The weak peak at 628 cm™' should be
designated to in-plane organic benzene ring bending
[30], this peak has been disappeared and appeared two
new weak peaks at 630 and 660 cm™', this emphasize
the existence of the H,BDC rings in the new La-TPh CP
and the shift toward the more energy band elucidate the
rigidity occurred due to coordination. The obvious
strong peak at 829 cm™' should be designated to an
organic benzene ring and C-C bond stretching [30], this
peak has been shifted to 856 cm™ toward the higher
energy too and emphasize the resulted coordination. The
weak peak appears at 1125 cm™ should be specified to
in-plane C—H bending, or ring breathing [31], this peak
is still found at the new La-TPh CP spectrum, which
confirms the presence of the H,BDC rings in the new
La-TPh CP. The weak peak at 1279 cm™ in the H,BDC
spectrum should be nominated to the C-C inter-ring
stretching [31]and disappeared in the La-TPh CP
spectrum, which may be due to the stiffness from
coordination. The short peak at 1431 cm™" and the large
peak at 1615 cm™' should be designated to the
symmetric stretching of the COOgroup [29] and still
found in the new compound, corroborating the prior
conclusion. In addition, it seems H,BDC incorporated in
the La-TPh CP structure as BDC™. FTIR spectra of the
prepared La-TPh CP and H,BDC were carried out
within the frequency range of 500-4000 cm™as shown in
figure (1-b).

The carboxylate group is discovered by vibrations of the
two equivalent (C-O) bonds in in-phase or out-of-phase,
leading to the asymmetric and symmetric stretch modes.
The asymmetric stretch v,(COO™) species is usually
characterized by a wavenumber in the region 1600-1630
em'[29], based on this work, we assign to v,(COO")
band at 1630 cm™.These results confirming with Raman
data that H,BDC incorporated in the La-TPh CP
structure as BDC”,

Moreover, the bands at 1670 and 1571 cm” are
assigned to C=O stretching vibration originating from
the carbonyl group of the H,BDC and C—C skeletal
vibration of the aromatic ring [32, 33]. The sharp band
at 1399 cm™ is assigned to the stretching vibration of
(C-0). The bands appearing in the region 824 to 1124
cm’ can be referred to the stretching vibrations of
asymmetric and symmetric (O—C=0) and the (C-O)
stretching vibration of reacted form and unreacted
H,BDC [32]. The peaks at 1154, 1106, and 1020 cm™
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ascribed to the in-plane bending vibration of (C-H),
while the peaks of out of plane bending vibration of
(C-H) appear at 825, 723, and 668 cm '[33]. The
significant bands at 1573 cm'l, 1509 cm'l, 1135 cm’l,
and 1111 cm™ are assigned to phenyl mode [29]. The
presence shifting of the intense bands to (1548, 1500,
1106, 1020 cm™) in the La-TPh CP comparison with
H,BDC indicates the formation of metal centres. The
proposed coordinates of La (III) ions with the C=O
group are lead to the peak of quadrant stretching of
BDC benzene ring moved to the sharp, intensive peaks
at 1630, 1608, 1548, 1440, 1154, 1106, 1020, 886, and
811 cm™'. These results confirm that the connecting
ligand is realized of terephthalic acid, which is
deprotonated, and (COO") group reacts as an unidentate
coordinate [34]. The significant change in this region of
the Raman and FTIR spectra of the La-TPh CP confirms
the variation of orientation of phthalate ions in the final
product instead than pure terephthalic acid. Moreover,
when a ligand coupled with a metal ion, new vibration
modes not available in the unbound ligand may become
IR or Raman active [35]. The previous analysis assigned
to the confirmation of coupled of La (III) with COO™
groups as expected merely because of the coordination
of COO of terephthalate molecules with La cations,
which modification the electronic climate of the
terephthalate.
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Figure (1) Raman spectra (a) and FTIR spectra (b) of
La-TPh CP and H,BDC

2.2. Morphological and EDX Analysis

Morphological analysis of La-TPh CP via the
SEM shown in Fig (2-a), The abstained nano-crystals
have a rod shape with lateral less than 200nm and length
in the order of few microns. The nano-crystals shape is
almost identical and has edges. The EDAX analysis of the
obtained products shows average relative percentages of
main elements; C 64.85%, La 3.04%, 031.76%, and N
0.35 %. Moreover, the transmission electron micrograph
of prepared La-TPh CP is showed in Fig (2-b and ¢). The
results gained from TEM were comparable and well
convention with those data obtained from SEM.
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Figure (2) SEM; TEM and EDX image for La-TPh CP
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2.2.1. XRD Analysis

The observed X-ray Diffraction patterns of the
product La-TPh CP are shown in figure (3). The X-ray
diffraction patterns illustrate the triclinic phase of the La-
TPh CP. The XRD pattern shows a clear peak around 26
values ~ 9.22°, 9.54°,10.6°, 16.3°, 16.6°, 18.5°, 19°, 22.9°,
25.6% 26°, 35.2°, 36.5°, 42°, 45°, and 50.5°[12, 36]. The
most intense diffraction peak of La-TPh CP was observed
at 20 value 9.54°. The average crystallite size about
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200 nm was determined from the diffraction peak
broadening by Scherrer equation [37, 38], Dc=
K#/BCosO, where K denotes the shape factor, which is
usually around 0.9,  denotes the diameter of the observed
diffraction peak at its half maximum intensity, and A is the
wavelength of X-ray, where CuKq (X =0.15406A)[39].
Table (1) summarizes the obtained XRD data and
represents the crystalline domain size in nm. According to
supporting information, the estimated XRD pattern and
the XRD pattern are in good agreement. [12].

— La-BDC MOF
— HaBDC

5 10 15 20 25 30 35 40 45 50 55)

Figure (3) XRD patterns of the prepared La-TPh CP

Table (1) XRD data analysis summary of La-TPh CP
Sample 26 Do;n(ani’r:l)size
9.22
9.54 ~200
19
229
25.6
26

La-TPh CP

2.2.2. La-TPh CP Surface area characterization

The BET (Brunauer, Emmett and Teller) analysis of
Nitrogen adsorption used to measured surface area of La-
TPh CP, is 48.177 m’.g"" which is significantly very
small. This number should refer to the non-porosity of
La-TPh CP and less efficiency during any applications of
the adsorptive removal. However, the adsorption
efficiency of La-TPh CP towards CR™ (800 mg/g)
concludes that La-TPh CP as adsorbent should be porous.
Generally, most adsorbents have highly internal very
small porous materials; the interior surface area of the
adsorbent is higher than the outward surface area.
Separation occurs because the polarity, variation in
molecular mass, or shape causing the pores are very small
to entry allowed the large molecules as N, or because
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some molecules to be retained more strongly on the
surface than another [40-42]. Also, the non-porous
amorphous coordination polymer was reported as surface
area (4.4 m’ /g) as a high amplitude adsorbent of anionic
dyes in an aqueous solution[43].

2.2.3.  Adsorbents for Water Purification

2.2.3.1. Stability of CR and MB in water

The reference point for this work was the stability profile
of CR and MB in water to exam hydrolysis possibility.
Figure 4 shows the hydrolysis profile of 40mg/L of CR
and 5 mg/L of MB in water at 25°C tested for 60min. As
was expected and confirmed, CR and MB have
reasonable stability in water with very low hydrolysis due
to their high chemical stability [44, 45].
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g 30 ::. 1 0.3 % 3 E‘
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Figure (4) Stability of CR and MB in aqueous
solution at pH6 for CR & pH 10 for M Blue and
ambient temperature 25°C

3.5.1 Optimizing La-TPh CP MOF

To explore the optimum dose of the La-TPh CP
achieving the maximum adsorption efficiency at a fixed
initial concentration of CR and MB, different loading
La-TPh CP was tested. Typically, 30, 40, 50, and 60 mg
of La-TPh CP were selected at a fixed treatment time of
60 min and ambient temperature 25°C. Table 2
summarizes the net removal performance achievements
concerning La-TPh CP loading.

Figure 5 shows the variation of removal efficiency
of La-TPh CP with different loading concerning fixed
CR initial concentration of 40mg/L and pH 6 at 25°C. It
was obvious that increased loading of La-TPh CP from
30 to 60mg/L leading to increasing removal
performance. It was clear that the initial concentrations
fall very fast at the beginning within the first 10min
leading to 93.3% removal for 60mg/L loading. Of
course, lower loading leading a relatively lower initial
drop leading to 65.8% removal for minimum loading
30mg/L. The maximum successful Removal reaches
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97.1% for 60mg/L loading after 60 min. Furthermore, it
was found that 50 and 60 mg/L loadings of La-TPh CP
have a very comparable performance, which may be
considered for economical processing.

Moreover, Figure 6 shows the variation of
removal efficiency of La-TPh CP with different loading
concerning fixed MB initial concentration of Smg/L and
pH 10 at 25°C. It was obvious that increased loading of
La-TPh CP from 30 to 60mg/L leading to increasing
removal performance. It was clear that the initial
concentrations drop very fast within the first 10min
leading to 55.6% removal for 60mg/L loading. Of
course, lower loading leading a relatively lower initial
drop leading to 27.5% removal for minimum loading
30mg/L. The maximum successful removal reaches
99.1% for 60mg/L loading after 60 min. Furthermore, it
was found that 50 and 60 mg/L loadings of La-TPh CP
have a very comparable performance, which may be
considered for economical processing.

100
90
80
70
;j 60
E 50
240 “CR 40 ppm + 30 mg/L MOF
30 SCR 40 ppm + 40 mg/L. MOF
20 2 CR 40 ppm + 50 mg/L MOF
10 SCR 40 ppm + 60 mg/L MOF
0
0 10 20 30 40 30 60

Time, minutes

Figure (5) Adsorption profile of La-TPh CPMOF

100
9
80
0
60
30
40
30

Removal %

4Me Blue 5 ppm + 30 mg/l MOF
€Me Blue 5 ppm +40 mg/l MOF
#Me Blue 5 ppm + 50 mg/l MOF
EMe Blue 5 ppm + 60 mg/l MOF

20

0 10 20 30 40 50 60
Time, minutes

Figure (6) Adsorption profile of La-TPh CP
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Table (2) Maximum adsorption efficiency of La-TPh CP at different loading 30, 40, 50, 60 mg/L with 40 mg/L

CR and 5 mg/L MB

CR, 40 mg/L MB, 5 mg/L
Dosing, mg/L 30 40 50 60 30 40 50 60
Efficiency, % 83.5 92.9 96.6 97.1 76.1 85.5 98.6 99.1

3.5.2 Effect of the initial concentration of
dyes

In this part of the work, the effect of the primary
dye concentration on the adsorption process was
conducted using various concentrations of CR and MB.
Initial concentration was tested, varying 30 to 50 mg/L
at pH 6 for CR dye and from 1 to 7 mg/L at pH 10 for
MB dye. On the other hand, La-TPh CP loading was a
fixed 50 mg/L, and experiments were performed at
ambient temperature 25°C Table 3 summarizes the net
removal performance achievements concerning initial
dyes concentrations with fixed La-TPh CP loading.

Figure 7 shows the variation of removal efficiency
of fixed loading of 50mg/L La-TPh CP with different
initial concentrations of CR and pH 6 and 25°C.
Increasing initial concentration of CR from 20 to50
mg/L leading to decreasing removal performance from
97.9 to 94.6%. Interestingly, the behaviour of 50mg/L
La-TPh CP was remarkable overall; the 40 mg/L
concentration has removal more than 95%. Similarly,
Figure 8 represents the adsorption profiles for different
concentrations of MB with the same fixed loading
amount of La-TPh CP as in the case of CR. The
concentration range under testing in the case of MB was
taken from 1 to 7mg/L. As MB dye concentration
increases from 1 to 5mg/L, the adsorption removal
efficiency was stable at 98.9-98.6%. On the other hand,
as MB dye concentration reaches 7mg/L, removal
efficiency drops to 88.8%. This may be attributed to
opacity increase and light scattering of catalyst particles
to be effective at high concentration [46, 47].

Removal %
o
=

#No MOF - No UV

ECR 20 ppm + 50 mg/l
4 ©CR 30 ppm+ 50 mg/l
n #CR 40 ppm + 50 mg/l
10 4 CR 50 ppm+ 50 mg/l

0 s 4 % + L

0 5 10 15 20 25 30 3 4 45 50 5 60
Time, minutes

Figure 7Impact of initial concentration of CR on
removal performance with 50mg/L La-TPh CP at
pH 6 and ambient temperature 25°C.

100
%
80
7
60
50
40
3

Removal %

&M Blue 1 ppm + 50 mg/l pH 10
#M Blue 3 ppm + 50 mg/l pH 10
&M Blue 5 ppm + 50 mg/l pH 10
€M Blue 7 ppm + 50 mg/l pH 10

0 5 10 15 20 25 30 3B 40 45 0 5 60
Time, minutes

Figure (8)Impact of initial concentration of MB on
removal performance with 50mg/L La-TPh CP at pH
10 and ambient temperature 25°C.

Table (3) Maximum adsorption efficiency of La-TPh CP at a different initial concentration of MB and CR after

60 min at ambient Temp 25°C

CR, pH6 MB, pH10
dye Concentration,mg/L 20 30 40 50 1 3 5 7
Adsorption efficiency, % 97.9 97.3 96.6 94.6 98.9 98.6 98.6 88.8
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2.2.3.2. Effect of pH

The impact of pH on removal performance via
adsorption has an important significance in scaling up
La-TPh CP utilization and elucidating any pH
limitations for future applications. Since adsorption
can be linked to the surface charge changes,
hydrophobicity, net charge of pollutant, and changes
in its adsorption modes, these may be affected
significantly with the pH of the reaction medium. pH
may lead to an amendment all of the rates.
Furthermore, deviations in pH may present removal
difficulties in the existence of long-living
intermediates that toxic the adsorption is
preferred[48].

In the present work, four values for pH were
considered, covering the pH range from 4 to 12. The
main aim of examining La-TPh CP’s adsorption
within the selected range is to confirm the possible
application with the entire industrial waste pH range.

Figures (9 - 10) represent the effect of pH on
adsorption deactivation profiles of 40 mg/L. CR and 5
mg/L. MB separately by 50 mg/L La-TPh CP at
ambient temperature25°C. PH has a major impact on
adsorption efficiency, which varied between 67.68%
- 96.57% in case CR and varied between 28.63% -
98.55% in case MB over the examined pH range. In
the case of CR, the adsorption efficiency is poor in
more acidic and basic media but reaches neutral
media. The efficiency at pH 4 is 81.19%, and pH 10
is 67.68% (poor adsorption), but at pH 6 is 96.57%
and, pH 8 is 95.58% (reaches adsorption). The
maximum removal of CR was achieved at pH 6,
which could be attributed to a relative increase in H"
ion level in the system concerning higher pH
values[23]. Obviously, by absorbing H ions at low
pH, the surface of La-TPh CP acquire positive
charge. Hereafter, the surface turns positively
charged at low acidic medium, a meaningfully strong
electrostatic interaction developed between the
positively charged surface of La-TPh CP and CR
molecule, which gives the highly adsorption of CR.
As the pH of the medium rises, the negative charge
spots rises and the positive charge spots declines.
Due to the electrostatic repulsion, a negatively
charged surface spot on the La-TPh CP does not
prefer the adsorption an acidic dye molecule such as
CR [49-51].

MB as a cationic dye, when dissolved in water
gives positive charge ions. Thus, in an acidic
medium, the MOF as sorbent gives a positively
charged surface decreases the MB adsorbate’s
adsorption. When the pH of MB solution is raised, a
negative charges on the surface are raised, leads to
raised adsorption removal of MB due to raise to the
electrostatic attraction between the positive charge of
MB dye and the negative charge of La-TPh CP as
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adsorbent[53-54]. The adsorption efficiency of La-

TPh CP at pH 4 is 28.63%, pH 6 is 29.46, and pH 8 is

48.96% (poor adsorption), but at pH 10 is 96.57%

(reaches adsorption). The optimum removal of MB

was achieved at pH 10.
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Removal %

-O- pH4 (40ppm CR-5mg/l La-TPh CP)
-0- pH 6 (40ppm CR-5mg/l La-TPh CP)
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Figure (9) Effect of pH on removal profile of 40
mg/L CR by 50 mg/L La-TPh CP at 25°C
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Figure(10)Effect of pH on removal profile of
5 mg/L MB using 50 mg/LLa-TPh CP at 25°C

2.2.4. pH pzc of La-TPh CP and its Buffering
Behaviour

Figure (11) show the end of pH values of the
solution for all initial pH values which used, were
approached to specified pH, about pH 6.29. This
same value was observed at equilibrium after 24 hrs
of dipping the La-TPh CP in different pH solutions.
The more practical pH value is measured during the
catalysis process, that is, the first 2.5 hrs, and it was
found to be about pH 6. In contrast, for blank solution
(without La-TPh CP), the initial pH values were still
constant until the end of the testes. The pH 6.29 can
be considered as pH,,. for La-TPh CP and reflects its
buffering behaviour. This property differs from
traditional semiconductors, which keep acidity or
basicity of the treated solutions and show positively
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charged surface or negatively charged surface,
respectively [56].

14

Binitial pH = final pH
rfinal pH after 24 h

12

10

8

Final pH

6

0 2 4 o 8 10 12 14
Initial pH

Figure (11) Determination of (pH,,) of La-TPh CP

The buffering behaviour of La-TPh CP
would generate from its chemical structure.
Therefore, it can be suggested that the La-TPh CP
structure suffers from several defects where some
BDC molecules are coordinated through the ortho-
carboxylic group leaving other para-carboxylic
groups coordination-free. Figure (12) displays the
coordination environment of La(III) in defected sites
of La-TPh CP and how it responds to acidic and basic
aqueous media.

The —COOH moieties should be accountable
for the buffering behavior. In neutral and acidic
media (pH < 6.29), the —COOH group attractive to
acidity, i.e., H', takes the shape of —COOH*'
(~COOH / —COOH?*" pair), leaving OH that causes
the raise in pH of the bulk solution to 6.29. On the
other side, in the basic medium (pH > 6.29), the —
COOH group responds to basicity, i.e., OH', giving
H,0 and forming —COO- (—COOH / —COO- pair).
These attractive would be considered as a buffering
reagent and have been explained in several studies,
for example, He et al. developed and produced an
organic linker that acts as a buffer guard to enhance
water stability of the produced MOF (JUC-1000) by
preserving its structural stability at different pH. They
stated that the existence of the following pairs might
cause the applied ligand to modify its total charge at
different pH wvalues (high — low): —O—/—OH,
—OH/-OH**, -NH—/-NH*"- and -NH/-N—[52-55].
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Figure (12) Description of buffering behaviour of

La-TPh CP

2.2.5. Kinetic analysis:

This work applied the adsorption data of CR
and MB on La-TPh CP to pseudo-first and second-
order kinetic models. The correlation coefficient of
the first-order kinetic model was (0.9665) for CR,
(0.9844) for MB, and the second-order kinetic model
was (0.9993) for CR, (0.9734) for MB. In the ceasing
of CR, value of pseudo second-order Kkinetic
correlation coefficient is larger than pseudo first-
order kinetic, and This emphasized on The
responsibility  step for the interaction is
chemisorption, equivalence forces occur through
exchanging or sharing electrons [56, 57]. In the case
of MB, the pseudo-first-order kinetic correlation
coefficient is larger than pseudo-second-order kinetic.

Table (4) displays the obtained adsorption
values for CR and MB at the surface of the La-TPh
CP MOF. The results were lead to the ideal order
model in the case of CR, where the correlation
coefficient is very nearly to value 1 (R* =0 .9993). In
the case of MB, the results of first and second-order
were close to each other, So that; the order of
reaction can be first or second-order but first order
nearest.
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Figure (13) Sorption kinetic Modelling of CR by La-
TPh CP MOF
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Figure (14) Sorption kinetic Modelling of MB by La-
TPh CP

Table (4) R? of pseudo-first and pseudo-second-order kinetics models for CR and MB

Pseudo-first order Pseudo-second order
pollutant 5 5
R ky e R ks
CR, 40 mg/L 0.9665 0.1105 | 772.6 0.9993 0.0013
MB, 5 mg/L 0.9844 0.072 98.6 0.9734 0.0017

3- Conclusion

In this study, the lanthanum metal organic framework
(La-TPh CP) was successfully prepared from the
precursor of a lanthanum nitrate hexahydrate salt and
terephthalic  acidusing  solvothermal = method.
According to the results of characterization, it was
concluded that the La-TPh CP structure. The test
results of the adsorption activity to removal of CR
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and MB were (96.6% and 98.6 %) respectively, for
60 min. Kinetic study for removal of CR shows the
ideal order model is pseudo-second-order, and in the
case of MB is pseudo-first-order. Due to all that, La-
TPh CP can use as a material for the universal removal
of the cationic and anionic pollutants from wastewater.
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