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Abstract

The current study aims to investigate the interaction of the antibiotic Azithromycin (Az) as a ligand
with copper (IT) metal and its efficiency in the removal of toxic New Fuchsin (NFD) dye from
wastewater. The suggested structure of was characterized by different techniques such as FTIR, UV-
Vis, mass spectrometry, and elemental analysis. The efficacy of using Copper-Azithromycin complex
(Cu2+-Az) complex to remove New Fuchsin (NFD) dye from aqueous solution was investigated
through batch adsorption studies and examined using spectroscopic UV-Vis techniques. The effects
of the contact time, the initial concentration, the temperature, and the adsorbent dosage are studied.
The (Cu2+-Az) complex and (Cu2+-Az/NFD) dye are characterized by SEM and FTIR analysis. The
removal percentage of dye increase with increase the adsorbent dose (78.2%) as well as increase with
an increase in the initial dye concentration. Adsorption equilibrium data was fitted with Langmuir
and Freundlich equations to describe the isotherms.

Keywords: Cu-azithromycin complex; New Fuchsin dye; Kinetic parameters; Spectral studies

Introduction

The discovery of azithromycin, a macrolide, in the 20" century was incredibly significant, and
it was used as an example of biomedicine and drug design [1]. Azithromycin is a broad-spectrum
antibacterial drug that belongs to the second generation of the macrolide class. In recent years, it
has garnered a growing amount of interest due to its extra effects on host-defense responses and
chronic human disorders. It was first synthesized in the early 1980s as a semi-synthetic derivative
of erythromycin, and it has a 15-membered lactone ring as its prototype azalide structure. Pfizer
researchers in the United States made the discovery about the same time it was made public [2].
The antibacterial properties of azithromycin are effective against a wide range of microorganisms
that cause disease. It has been shown to be effective in treating a variety of diseases, and the curative
impact is noticeable. But a significant amount of effluent was released into the environment
throughout the manufacturing process [3], given its antiviral and immunomodulatory action
together with its well-established safety profile, it has been suggested as a possible therapeutic for
the treatment of SARS-CoV-2 pneumonia [2,4,5]. The antibiotic azithromycin has a large molecular
weight and includes reactive centers like N atoms, aromatic rings, and C=0, all of which are regarded
to be sites of adsorption on the surface of metals. This compound is an antibiotic of the macrolide
class, and it is used in the treatment of a wide range of bacterial infections [2,6]. Azithromycin
contains an amino group (-RC=N-), N and O donor atoms, which have been proven to exhibit
a broad variety of biological activities and physicochemical features, such as metal complexation.
Copper is a valuable metal because it can be put to use in a wide variety of applications, both in
the commercial and consumer sectors of the economy. Copper not only has favorable thermal and
mechanical properties, but it also has antibacterial action [6-8]. Previous research on the interaction
of azithromycin with copper (II) ion and other research both indicate azithromycin's affinity for
metal cations. All of these electropositive species are classified as Lewis’s acids, and they have a
strong interaction with Lewis bases. Lewis bases are distinguished from other types of molecules by
the presence of accessible lone pairs that decorate their molecules [9-11].

Over the course of the last several years, there has been a steady increase in focus placed on
the difficulties associated with environmental concerns. One of these issues is the pollution of
wastewater by industrial organic chemicals including paper, cosmetics, plastics, food, synthetic
detergents, dyes and textiles [12]. Due to the widespread use of organic dyes in a variety of industrial
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processes and their subsequent release into the environment, organic
dyes are often found as pollutants in wastewater. The majority of
the dyes are refractory, colorants, and some of them even have the
potential to be carcinogenic and poisonous. Because dyes can have
detrimental effects on human health as well as ecosystems, scientists
have been working to develop dye wastewater treatment methods
that are both simple and effective [13]. This contamination has
evolved into a significant problem due to the fact that the discharge
of dyes into the environment caused by a variety of human and
industrial activities can, in the absence of appropriate treatment,
pose a significant risk to both the health of humans and the aquatic
environment [14,15]. New Fuchsin (NF), in particular, is one of the
key dyes that are used for staining collagen, muscle mitochondria,
and tubercle bacillus, as well as biological stains, paper, leather, and
cotton coloring agents. It is also one of the most extensively used
dyes [16-18]. New Fuchsin (NFD), also known as the new fuchsin or
magenta (IIT) dye, is a green-colored organic solid chemical that is
employed as a dye of the triarylmethane class. Before being released
into the environment, NF must first be eliminated from all waterways
and wastewaters because of its slow rate of biodegradation, toxicity,
and carcinogenicity [19,20]. Because of this, it is very necessary to
either remove this dye from wastewater or treat it in order to lessen
the negative effects it has on both the environment and human
health. In order to treat wastewater that contains organic dyes,
several different treatment techniques have been used, including
physical methods (filter, precipitation, and coagulation-flocculation)
[21-24], biological methods (microorganisms and enzymes), and
chemical approaches (oxidation, electrolysis and ozonation) [25,26].
Regrettably, studies have revealed that the removal of dyes using these
methods is either non-destructive or ineffective [27]. Adsorption is
one of the promising strategies for treating wastewater owing to its
cheap cost, simplicity, and ease of processing at commercial scale and
it has attracted a substantial amount of attention [28-30]. Again, we
succeed to use Az as adsorbent in the removal of toxic New Fuchsin
dye from wastewater [31]. The main objectives of this study are (1)
to synthesis copper (II)-azithromycin complex and characterized
through elemental analysis, FT-IR, and mass spectroscopy and (2)
to investigate its ability for removal of dye New Fuchsin as well as
the effects of different parameters such as contact time, initial dye
concentration, adsorbent dose, and temperature were investigated.
The removal rate kinetics and isotherms for New Fuchsin adsorption
onto copper complex were also studied, and the characterization of
copper complex as an adsorbent is presented.

Experimental

Materials and methods

Azithromycin ligand used in our work was obtained from
Century Pharmaceuticals LTD., India. Copper complex adsorbent
was synthesized according to the general complexation method. New
Fuchsin dye (C,,H, N,Cl) (Basic Violet 2) was used without further
purification. Its molecular weight, Color Index (C.I.) and maximum
wavelength (A ) are: 365.9 g mol, 42520 and 547 nm, respectively.
The stock solution of (NFD) (1000 mg.L') was prepared and the
dye solution used for the experiments was prepared by diluting
the stock solution as needed. Absorbance was measured using 1
cm route length cells and a program controller on a Perkin Elmer
Lambda 750 that records UV/Vis spectra. To hasten the process, a
centrifuge (FRONTIERTM 5000 SERIES MULTI, OHAUS) was used.

Throughout the whole of the investigation, analytical grade materials

were used. FTIR spectra were recorded by using NICOLET-6700
FTIR Thermo Electron Corporation spectrophotometer in the range
of (4000-400) cm™. Elemental analysis (C, H and N) was carried out
on an Automatic analyzer CHNS-Vario EL III-Elemental Germany.
Mass spectra of ligand and complex were recorded using GCMS-
QP2010 plus Japan spectrophotometer. The surface morphology was
observed using a JSM5400LV Scanning electron microscope.

Synthesis of (Cu?-Az) complex

The copper complex was synthesized by the general method
[32]. The equimolar amount of ligand (Az) and metal (Cu (II))
were dissolved separately in 20 ml of each of ethanol and distillated
water, respectively. Both the solutions were mixed together and
stirred at room temperature for 60 min in alkaline medium, then the
precipitate of the complex was filtered and washed with an excess
of ethanol and finally dried at room temperature through 24 h. This
newly synthesized complex is violet colored solid, stable at room
temperature and insoluble in common solvents such as ethanol,
methanol, chloroform and ethyl acetate but sparingly soluble in DMF
and DMSO. Yield 0.26 gm (22.4%), decomposition temperature
178°C to 180°C. Elemental analysis, Calculated: C, 55.19; H, 8.57; N,
3.22. Observed: C, 54.48; H, 9.16; N, 3.31.

Results and Discussion

In this part, we synthesis complex of Copper-Azithromycin
(Cu**-Az) and using it as an adsorbent to study its efficiency for
the removal of toxic New Fuchsin dye. In order to comprehend
the adsorption process, equilibrium and kinetic data from batch
adsorption experiments were compiled. The influence of adsorption
factors such as adsorbent dose, contact time, initial dye concentration,
and temperature was also reported. Analysis as FTIR, Mass, elemental
analysis techniques were studied for the Azithromycin (Az) and the
synthesized complex (Cu**-Az) complex as well as SEM and UV-Vis
spectrophotometer technique were also studied for the (NFD) dye
and (Cu?*-Az/NFD).

FTIR analysis of (Az), (Cu?*-Az) complex and (Cu2*-Az/
NFD)

Azithromycin has a high number of lone pair rich sites and amine
substituted lactone ring to form complexes with metals than other
antibiotics [1]. The complexation reaction is confirmed through the
FTIR spectra of free azithromycin ligand and copper complex, as
illustrated in Figure 1. The spectra of (Az) showed that the vibrational
modes of C-C, C-O, symmetric C-N, and asymmetric C-N thatlocated
at 994, 1051, 1083, and 1187 cm™, respectively. The vibrational modes
of the five Methylene (CH,) groups were measured at the following
frequencies: 2935, 2830, 1378, 1254, 796, and 574 cm’, respectively:
v, (CH,),v, (CH)), 8 (CH),$, , (CH,),d  (CH,),and§ , (CH,).
The vibrational modes of the 14 methyl groups have been ascribed
to the bands that were found at 2971, 2892, 1456, and 834 cm’!, and
these modes are referred to as v, (CH,), v, (CH,), 6, , (CH,), and Swag
(-CH,), respectively. It is possible that the vibrations of symmetric
and asymmetric C=0 are responsible for the bands that were found
at 1720 and 1653 cm’, respectively. The vibrational modes of out-of-
plane bending, in-plane bending, and stretching vibrations of -O-H
bonds were assigned to the bands with wave numbers at 731 cm™, 898
cm', and 3245 cm™ to 3490 cm™, respectively [33]. In copper complex,
FTIR spectra were recorded to establish the structure of the complex
and to find out where the ligand can be coordinated in the complex.
Table 1 presents the frequency distributions of the ligand and copper

twist
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Table 1: Infrared spectral data (wave number U) cm™ for the ligand and its copper complex.

complex in their typical forms. Two distinct bands, located at 3490
and 3562 cm™ on the FT-IR spectra of the free ligand (Az), have been
attributed to stretching vibrations of -O-H. On complexation, these
bands changed to one broad band and shifted to lower frequency
for the copper complex and appeared at 3433 cm’, indicating
coordination through the oxygen atom (O-H->M) with the metal ion.
The spectral data of the prepared complex records the characteristic
frequencies bands of asymmetric C-N, symmetric C-N, C-O, and C-C
stretching vibration for the group at 1177 cm’', 1056 cm™', 1006 cm'!
and 961 cm’!, respectively, the lower frequency value of asymmetric
C-N in the complexes indicated that the monodentate binding nature
of the tertiary amine group (N-R,). The (M-N) and (M-O) vibrations
have been assigned, respectively, to two additional weak bands that
have been discovered in the lower frequency area. These bands were
observed at 571 cm™ and 462 cm™. [34-37]. The FTIR spectra of the
(Cu?*-Az) complex after the (NFD) adsorption was obtained in order
to get an understanding of the nature of the interaction that occurs
between the (Cu**-Az) complex and the new fuchsin dye (NFD). It
shows completely different bands from the (Cu?*-Az) complex as well
as some bands have been shifted in the position to lower wavelength
with low intensities as shown in Figure 1. This difference indicates
that there are interaction occurred between the complex and the dye.

Mass spectra

In the spectrum of Azithromycin (Az) ligand; Figure 2, the
molecular ion peak was observed at m/z 749 which is equivalent to
its molecular weight (C,;H, N O ). This molecular ion undergoes
fragmentation with loss of (C,H,,0,) to give a species C, H_N,O,-
at 590 m/z and other peaks at 413, 374, 158, 116 and 98 amu for
C,H,NO,, C,H NO,, CH,NO*, CH NO* and CH N*
respectively, Scheme (I). As shown in Figure 3, the molecular ion

peak of Cu (II) complex was observed at 871 m/z, which is equivalent

v v v v
v v v v
Compound ) (C=0) (C-0) (C-N) (C-N) ) ) )
(O-H) Lactone alkyl aryl ether asy. sym. (c-C) (M-N) (M-0)
Az 3490 (sh) 1720 1051 1187 1083 994
3562 (w) (sh) (sh) (m) (sh)
3433 1719 1006 1177 1056 961 571 462
Cu AzCH,O
(CuAzCA0) (®) (sh) w) (sh) w) (m) (m)
Table 2: Results of various isotherm plots for the adsorption of (NFD) dye onto (Cu?*-Az) complex at 547 nm.
Models Isotherm constants Correlation
Langmuir q,,=0.0061 mg/g K, =23187.33 L/Img R =0.775 0.999
Freundlich n=0.29 K.=84.18 0.972
to its suggested molecular weight (C, H.,,CuN,O,,). This molecular
120 L L L . . . ; .
ion undergoes fragmentation with loss of (-OCH,) molecule to give a
species C,,;H_ ,CuN,O,, at 841 m/z. On the other hand, there are peaks
90 at 824, 633, 158 and 116 for C,H, CuNO,,C H NO, CH NO*
% and C.H NO* respectively, as shown in Scheme (II).
E . .
£ Batch adsorption studies
E Batch experiments were carried out in order to investigate the
L effects of the initial adsorbate concentration, the adsorbent dose, the
time of adsorption and the temperature on the adsorption studied.
The (NFD) dye sample was prepared by dissolving a properly
0 T T T T T T T . - . . A .
3500 3000 2500 2000 1500 1000 500 weighed quantities of dye in 1 liter of distill water to yield 1,000 parts
Wavenumber, cm* per million of (NFD) dye. In order to get the desired concentration,
Figure 1: FTIR spectra of Az, (Cu?*-Az) complex and (Cu*-Az/NFD). the stock solution was diluted. In every single trial, we started with

freshly prepared dilutions. Specific quantity of (NFD) dye solution
of a known Concentration (Co) was mixed with a required amount
of the adsorbent and was shacked for different time duration and
centrifuged for 10 min at 2000 rpm. After centrifugation, the solution
was then filtered using a filter paper and analyzed to determine the
remaining concentrations of (NFD) dye in the filtrate using UV-
visible spectrophotometer at wavelength of 547 nm.

Studies of equilibrium and kinetic

In order to achieve the desired concentration, a stock solution
of dye (NFD) was first subjected to further dilution. The following
variables were investigated: the concentration of dye (40 mg L),
temperature (303-333°K), contact duration (2-12 min), and (Cu*-
Az) complex adsorbent (10 mg). Following each repetition of the
experiment about the removal conditions, the dye solutions, and
the adsorbents were subjected to centrifugation (2000 rpm for ten
minutes). At a wavelength of 547 on a UV-Vis spectrophotometer,
the amounts of dye molecules that were still present in solution
were analyzed. We calculated the elimination efficiency as part of
the kinetic investigation that we were doing. Equations were used
to determine the removal effectiveness (qe, in %) and the adsorption
capacity (qc, in mg g'), respectively, both (1) and (2) in their own
right [38,39].

C,-C, )V
o :% W
q. = (COC’Ce) x100 2)

0
Where C, and C, (mg L") are the concentrations of the dyes in

the liquid phase at the equilibrium and initial, respectively. In this
equation, V represents the volume of the solution in liters, and m is
the quantity of adsorbent that was applied (g). Every experiment was
performed with three separate replicates, and the mean results were
taken into account in the statistical analysis.
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Figure 2: Mass spectrum of Azithromycin (Az) ligand.
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Scheme |: Fragments of Azithromycin (Az) Ligand.
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374 m/z

Adsorption isotherm

Langmuir isotherm: Langmuir's isotherm may be used to
compute equilibrium sorption if the surface in question contains a
limited number of sites that are similar to one another. The expression
may also be written as follows [40]:

1 1 1

= — + —_—
d d, K.a,C, (3)

The form of this isotherm may also be described in terms of the
separation factor, which is denoted by the notation (R,) [41], which

reads as follows:
1

R = 17K.C, (4)

In this context, K, refers to a Langmuir constant, which is
measured in units of mg/L and is associated with sorption affinity
as well as the free energy of binding. In this instance, g, refers to the
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Scheme II: Fragments of (Cu?-Az) complex.
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“ CH, CHg
116 m/z 158 m/z

633 m/z

concentration of dye that has reached equilibrium on the biosorbent
(mg/g). The concentration of the dye that is at equilibrium in a
solution is denoted by the symbol C, (mg/1). When a monolayer forms
on a bio-sorbent, the concentration of dye at that point is denoted by
the symbol g, (mg/g).

Freundlich isotherm: The equation for the Freundlich method,
which is used to analyses the energy of heterogeneous surface systems,
is provided by [41,42]:

Inqc=Ian+1InCe (5)
n

Where the Freundlich constants, K, and #, are determined by the
relationship between the natural logarithms of g, and C,. Both the
system's sorption capacity and its sorption intensity are connected
to the parameter constants K and 1/n, respectively. The value of the
term (1/n) magnitude gives an indicator of how favorable the sorbent/
adsorbate systems are [43].

SEM analysis

SEM analysis was used to determine the morphology of both the
synthesized (Cu**-Az) complex and the (Cu**-Az/NFD) samples, as
shown in Figure 4. The adsorption process is a surface phenomenon;
its success largely depends on the surface features of the adsorbent
material, such as the number of pores present on the surface of the
material [44]. The adsorbent material (a) (Cu?*-Az) complex has
a greater number of pores, larger cavities, granular particles, and
nonporous solid material. The (Cu?*-Az) complex was responsible for
the absorption of the (NFD) dye, which led to the creation of a layer
of (NFD) material on their surface. The microstructure of (Cu**-Az/
NED) (b) shows a significant change as a consequence of the chemical
and physical interaction that occurs between the copper complex
adsorbent and adsorbate molecules. From this result, copper complex
was shown to have more than adequate features for the elimination of
NF dye from aqueous solutions.

Removal of new fuchsin dye

Effect of adsorbent dose and initial dye concentration: Figure

Figure 4: SEM micrographs of a) the complex (Cu?*-Az) complex (before
adsorption) and (b) The (Cu?-Az/NFD) (after (NFD) dye adsorption).

5A, 5B shows the effect of initial dye concentration on adsorption onto
the (Cu?*-Az) complex adsorbent. In this experiment the amount of
adsorbent was constant 10 mg of (Cu**-Az) complex in 10 ml of dye
solution, while the concentration of dye was varied from 0.2 x 10*
mol dm~to 1 x 10* mol dm?. By plotting the adsorption capacity
(q.) against the dye concentration (Figure 5A), it can be seen that
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Figure 5: Effect of concentration of dye on (a) adsorption capacity (q,); (b)
removal efficiency in NF removal at 30°C using (Cu?*Az) complex.
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Figure 6: Effect of adsorbent dose on (a) adsorption capacity (q,); (b) removal
efficiency on NF removal in 40 mg/l of dye at 30°C using (Cu?*-Az) complex.

the adsorption capacity of the dye gradually increases with increasing
concentration at constant time 10 min. Adsorption capacity increases
from 0.012 mg/g to 0.077 mg/g when the concentration of the dye is
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Figure 7: Effect of contact time on: (a) adsorption capacity (q,) and (b)
removal efficiency on NF removal at 30°C using (Cu?*-Az) complex.

changed from 0.2 x 10* mol dm~ to 1 x 10* mol dm=. The variation
of removal efficiency % versus dye concentration which have a
maximum value 80.8% at 0.6 x 10* mol dm™ as shown in Figure 5B.
Different amounts of the adsorbent dose ranged from 10 to 90 mg/10
ml were tested for this study. The adsorption capacity (g,) decreased
sharply with increasing adsorbent dosage from 0.01 to 0.09 g/10 ml,
with a maximum value of 0.077 mg/g, Figure 6A. On the other hand,
the percentage removal efficiency of New Fuchsin dye was 78.2%
at 0.01 gm of adsorbent dose, then dropped to 66% at 0.03 gm of
adsorbent dose, and after that increased with increasing the amount
of adsorbent, as shown in Figure 6B.

Influence of contact time: Figure 7A, 7B depicts the influence of
contact time on the elimination of (NFD) dye at a concentration of 40
mg/l across a time range of 2 min to 12 min. The adsorption capacity
and removal efficiency of the dye increased to reach a maximum value
that was 0.079 mg/g and 80.3%, respectively, then decreased with
increasing time. The optimum adsorption was achieved in 8 min.

Influence of temperature

The removal efficiency and adsorption capacity of dye increased
from 303°K to 323°K with a maximum value of 92.6% and 0.194 mg/g,
respectively, and with an increase in temperature, suddenly dropped
to achieve the adsorption value of 84.9% at 333°K as shown in Figure
8A, 8B.

Adsorption isotherm: The adsorption potential, binding
potential and surface attributes may all be articulated with the use
of an adsorption isotherm. Isotherms are used to determine the
equilibrium correlation that exists between the adsorbate and the
adsorbent when the circumstances are at their best. The adsorption
behavior may be analyzed using a number of different theoretical
models; however, for the sake of this investigation, we have focused
primarily on the Langmuir and Freundlich isotherms to examine
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Figure 8: Effect of temperature on: (a) adsorption capacity (q)) and (b)
removal efficiency in 40 mg/l of dye using (Cu?*-Az) complex.

the adsorption behavior of the adsorbent. In terms of the kind of
adsorption behavior shown, the Langmuir isotherm demonstrates
monolayer adsorption whereas the Freundlich isotherm demonstrates
heterogeneous adsorption behavior [45]. It has been observed that
the sorption capacity (q,) was discovered to be (0.0061 mg/g) at 547
nm in Table 2. The fact that the correlation coefficient has such a
high value (0.999) demonstrates that the Langmuir isotherm, which
presumes a monolayer covering and a uniform activity distribution
on the sorbent surface, may be used. The Freundlich isotherm model
was also fit to the equilibrium data such that it would follow the
model. The sorption capacity of the system was represented by the
K, constant, while the sorption intensity was represented by the n
constant. The significance of the term (1/n) provides insight into the
degree to which sorbent/adsorbate systems are likely to be successful
[43,45-50].

Adsorption kinetics: The equation for the first-order rate is as
follows:

In(g.-q)=Inq -Kt (6)

Where g,_and g, represent the amount of dye that was adsorbed
on the sorbent at equilibrium and time t (mg/g), respectively and K| is
the first-order rate constant (min™). The curvature line may be found
by plotting In(q_-q,) against time.

The expression for the linearized form of the first-order rate is as
follows [51]:

d
i:kz(qe_qe)2

dt (7)
t 1 t

- = 3 +—

ql kzqe qe (8)

Where g, is the quantity of adsorbate that is adsorbed by a sorbent

for every unit mass when the system is in equilibrium (mg/g), g, is the
quantity of adsorbate that was adsorbed at the contact time t (mg/g),
and k, is the pseudo-second-order rate constant (g/mg min). A linear
connection is seen when t/qt is plotted against t; as a result, g, and k,
may be derived from the slope and intercept of the linear relationship.
Because the correlation coefficient for a first-order kinetic model
is 0.933, the experimental results for the adsorption of (NFD) on
(Cu?*-Az) complex were applied to fit first-order kinetic models
with a correlation coefficient of 0.94. This is because the correlation
coeflicient in the case of a first-order kinetic model is 0.93. The results
showed that the value of k, is (0.018) and adsorption process not
obeyed second order. This demonstrated that chemisorption, which
involves valence forces and involves the sharing or exchange of
electrons, is the step that limits the reaction rate [52].

The equation that describes intraparticle diffusion may be written
as follows:

q =Kt +C ©)

Where K, is the constant that represents the intraparticle
diffusion rate (mg/g min'?), based on the results of the experiments,
the intraparticle diffusion rate is (3 x 10* mg/g min'?), the linear
component of the plot does not go through the point of origin.
This departure from the initial route is caused by the possibility of
a fluctuating mass transfer rate throughout the early and end phases
of the adsorption process. The fact that there was adsorption on the
outside surface and diffusion into the inside of the (Cu?*-Az) complex
proves that (NFD) adsorption was a multi-step process. Adsorption
occurred on the exterior surface, and diffusion occurred within [53].

Adsorption thermodynamics: The free energy change (AG°),
the enthalpy change (AH°), and the entropy change (AS°) are the
thermodynamic parameters that were computed for the (NFD)
adsorption onto the (Cu**-Az) complex. The following equation was
used to get these values for the parameters [54-61].

AG®=-2.303 RT log K, (10)
Where K, =q /C,
Also,
AG® = AH® - TAS® (11)
AS® AH
InK, =—-—
° R RT (12)

Where g, is the concentration of (NFD) at equilibrium onto the
(Cu**-Az) complex (mg/L), R is universal gas constant (8.314 J/mol
K), and C, is the concentration of (NFD) at equilibrium in solution
(mg/L). The values of H® and AS°® were derived by analyzing the
slope and intercept of the plot of In K, against 1/T. Gibbs free energy
change of sorption, denoted as (AG®), was computed with the help of
Equation (11).

The equations (10) through (12) were used to determine the
values of the thermodynamic constants (AH®, AS° and AG®) for
(NFD) adsorption. The values of AH® and AS°® were derived from the
slope and intercept of a plot comparing the In of K against 1/T. Table
3 is an illustration of the thermodynamic parameters involved in the
adsorption of (NFD) onto (Cu?*-Az) complex. The positive value
of AH® kJmol" indicates that the adsorption of (NFD) onto (Cu®*-
Az) complex is an endothermic reaction. The calculated negative
value of AG® kJmol™ indicates spontaneous nature of the adsorption
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Table 3: Thermodynamic parameters values.
AH°(kJmol?) | AS° (Jmol-'K?)
52.3782 186.5661

AG® (kImol) ‘
-4.1513 ‘

‘ Parameter

‘ *K, (at A, =547 nm)

process. Further the value of entropy change, AS° J/molK reflects the
non-affinity of (Cu?-Az) complex for (NFD) dye. The results are
summarized in Table 3.

Conclusion

In this study, the removal of (NFD) dye from aqueous solutions
was accomplished by effectively synthesizing a copper complex.
Analyses conducted using UV-Vis, SEM, FTIR, and Mass were used
to evaluate the produced (Cu?*-Az). These tests revealed that the
complex has outstanding surface chemistry in addition to excellent
textural qualities (microporosity, large surface area, and granular
morphology). The (Cu**-Az) complex dosage, the contact time, the
concentration of (NFD) dye, and the temperature all have an effect
on the adsorption process. The kinetic mechanism for first-order
adsorption was the one that the adsorption process adhered to the
most closely. The modeling of equilibrium isotherms demonstrated
a strong correlation between the (NFD) adsorption onto (Cu**-Az)
complex and the Langmuir model. It was shown that the highest
capacity for absorption was 0.194 mg/g. The examination of the
thermodynamic parameters unearthed the fact that the (NFD) dye
adsorption process was an endothermic and spontaneous occurrence.
This work showed that (Cu?*-Az) complex might be utilized as a
viable adsorbent to remove (NFD) dye from industrial effluents. In
addition, it is a source that is inexpensive and widely available.
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