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Abstract:

Heydays, water pollution is proliferating due to widespread industrialization and in- proper
planning of its waste, consisting of aromatic hazards [1]. Most industries dispose of the
wastewater in their neighborhood areas of the cities, which is directly in touch with several
groundwater sources. The wastewater pollutant (specialties the aromatic ones) can easily enter
the underground water which in turn contaminants the surface water and consequently harm
the human and environment [2-5].
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Introduction

The area covered with hard rock water easily creates a shortcut route for water pollutant
transport easily into the groundwater. In the last few years, the new problem has emerged in
developing countries due to increased water pollutant concentration from large industrial
activities and human-made chemical products. Disruption of these natural self-regulatory
processes takes place due to the presence of the pollutant in the waterways. Most of the
problems are being created due to some of the stable chemicals, which are not easily degradable
in the living body and gathered to harm organs. These stable chemicals are aromatic dyes [7],
organic compounds [8], heavy metals [6], and the compound containing chlorine [9]. Isolation
of this organic pollutant from wastewater can increase the cost of drinking water. To overcome
the dangerous side effects on human health is one of the most crucial things scientists need to
plan. Natural dyes are becoming the main constituent of water pollution and harmful to the
aquatic atmosphere [10]. Mainly, dyes are consumed in the textile industry, but large amounts
of dye are used to coloring various materials such as leather, food, plastic, and papers. Due to
their complicated aromatic structure and xenobiotic basis, nature dyestuffs are highly stable

and very difficult to degrade [11]. Even the minute concentration of such aromatic dyes could
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be highly remarkable in drinking water [12]. In the wastewater, the dye molecules undergo
chemical and biological changes, which further decline the solubility of oxygen and destroy
aquatic life also [13]. All of the dyes are very dangerous and stable, so they remain in the
aquatic system, degrading water quality and human health [14]. Henceforth, the extraction of
this hazardous contaminant from the wastewater is essential, and eliminating them is the need
of the hour. There are various water purification methods, such as photodegradation,
ultrafiltration, coagulation, ozonation, and adsorption [15]. Due to its high efficiency, easy
handling, and economically better performance, the adsorption process has emerged as a new
tool in recent times [16].

Nevertheless, the selective adsorbent selection is quite difficult for practical use of adsorption
technology [17]. The adsorbent is explored by various researchers nowadays, including clay
material, zeolite, biomass, activated carbon etc. for dye removal [18-20]. However, these
adsorbents having low adsorption capacity and difficult to separate. Moreover, these adsorbents
lack the specific adsorption of the target dye. The coordination complexes are crystalline
materials which consist of metal ions/clusters joined through various non-covalent interactions
by organic ligands [21]. The coordination clusters have shown a very vast application in the
field of gas adsorption and storage [22], chemical sensing [23], drug delivery [24], adsorption
[25], pollutant elimination [26], and catalysis [27]. The MOF materials have been exploited for
the adsorption and separation of hazardous contaminants, including dyes, from wastewater.
Jhung et al. exploited the two MOFs such as MIL- 101 and MIL-53 for the degradation of
methyl orange (MO) from wastewater [28]. After this, a number of researchers have been
striving hard in this area using MOF materials to arrest various hazardous dyes present in water.
They have employed MOF materials of different metal ions such as aluminum [29], chromium
[30,31] iron [32,33] cobalt [34] nickel [35] copper [36] and zirconium [37] for the purpose. It
has been established that MOFs can be utilized in dye removing applications with different
interactions possible between MOF and dye [38] the oxo-bridged metal. Cluster containing
carboxylate as bridging ligand have been of great interest over the years owing to their
applications in the field of homogenous catalysis due to their variety of oxidation reactions in
the industry [39-41]. The oxo bridge trinuclear iron complexes are also exploited for mimics
for the transition metal-containing biological activity [42]. These clusters have essential
building blocks for higher nuclear species, which lead to the construction of extended lattice in

the solid-state as well as biological materials, e.g., ferritins. Henceforth, these oxo bridged iron
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clusters tend to form various mixed metal or mixed cluster complexes and then study them for
the magnetic interactions between these metal ions present close of definite geometry [43-47].
The MOF-235 was formulated as {[Fe30(1,4- BDC)3(DMF)3][FeCl4] (DMF)3}, which is an
orange color hexagonal crystal- synthesized from organic ligand benzenetricarboxylate joined
to oxo-bridged trinuclear Fe(IIl) clusters [48]. The MOF-235 came out to be very stable with
many electron-deficient groups in its structure and was employed for the adsorption study. Its
various electron deficient groups present in the skeleton form strong hydrophobic interactions
and hence serve as a better adsorbent for dye removal. However, the research in the field of
stable and discrete coordination complexes serving as better adsorbent is scarcely explored.
Due to various non-covalent interactions and structure tunability, the coordination complexes
can also be exploited for their dye adsorption property of the desired dye i.e., cationic or anionic
[49]. Considering the area of oxo bridged clusters, their adsorption property is untouched by
the researchers. In this chapter, we have synthesized a trinuclear Fe(Ill) complex built by
carboxylate groups. The {Fe3} was employed to understand the dye adsorption capacity in
details. The

{Fe3} was synthesized in excellent yield using the slow evaporation method. Various spectral
studies further thoroughly characterized the cluster, and with the help of a single-crystal X-ray
technique, the exact structure of {Fe3} was elucidated. The molecular formula of cluster,
[Fe3(n-O)(2Me-ba)6(H20)(CH30H)2], which has six benzoate ligand bridged between three
Fe(IIT) centers. The beauty of structure is that one oxygen of the carboxylate ligand forms a
bridge between three iron(I1I) atoms. The {Fe3} exhibited excellent adsorption property, which
selectively adsorbs the cationic dyes in the waste water due to cation-n and n-m interactions
between aromatic rings of adsorbent and adsorbates and electrostatic interaction between the
two. Further, the adsorption process was screened from different parameters such as pH,
temperature, and contact time of the reaction. So, the structural tuning of the metal clusters or
cages can lead to the designing of new class of materials based on different metal ions for the

adsorption of organic pollutants from wastewater.

Experimental protocols
Materials and method
All the experiments were performed under ambient conditions. 2-methoxy benzoic acid was

commercially available and purchased from Sigma Aldrich. Anhydrous ferric chloride was
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purchased from Merck. All the reagent used in this chapter work were reagent grade and used
without any purification.

Instrumentation

FTIR spectrum of solid sample of {Fe3} was performed on the PerkinElmer Spectrum GX
spectrophotometer by making the pellets in KBr in the range of 4000400 cm-1. The melting
point of the {Fe3} was determined employing an open capillary method.

The carbon, hydrogen, and nitrogen (C, H, N) analysis was performed CDRI, Lucknow, India,
in Micro-Analytical Laboratory. The electronic spectra were taken with PerkinElmer A-45 UV
visible spectrophotometer. The cuvettes were used in the spectrophotometer with a path length
of 1 cm with 10-3 M solution in methanol. The bulk purity was checked using the PXRD pattern
on a Miniflexll X-ray diffractometer using Cu-Ka radiation. The thermal study was done on

the TGA-50H instrument (temperature range 25-800 °C, heating rate 20 0C min-1).

X-ray crystal structure determination

Single crystal XRD analysis of {Fe3} was done at 100 K employing a Bruker SMART APEX
CCD diffractometer. The data were monitored using graphite monochromated Mo-Ka
radiation with the A = 0.71073 A. The data reduction with integration was done with SAINT.
The Empirical absorption adjustment was carried out with SADABS and determination of the
space group was performed with XPREP. Bond length parameters were fixed by DIFX
commands. The structures solution was done employing SHELXL-2016/6 and refinement was
accomplished on F2 (full matrix least squares) with SHELXL-2016/6 [50-53]. Anisotropic
displacement parameters were adopted for refining H atoms. Table 1.1 illustrates the crystal

data and refinement parameters for {Fe3}. The CCDC reference number for {Fe3} is 1953448.

Protocol for adsorption of organic pollutants

The adsorption of organic pollutant under investigation (dye molecules) on the surface of
cluster was evaluated by conducting an adsorption experiment in ambient conditions. The stock
solution was prepared for various organic pollutants (10 mg/L) such as methylene blue (MB),
congo red (CR), methyl orange (MO) and rhodamine B (Rh-B) in double-distilled water. In
this way, we have prepared a 10-ppm solution of dyes in water. The pH of the solution of dyes
was normalized using 0.1N NaOH and 0.1N HCI. In an experimental setup, 25 mg of orange

color crystals were poured into the 75 mL of aqueous solution of dyes in a round bottom flask.
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The mixture was then stirred at 25 0C continuously for further few hours. After that, 3 mL of
suspension was taken out from the round bottom flask at regular intervals and subsequently
centrifuged for a few minutes. The solutions were then observed by a UV-Vis
spectrophotometer to check the concentration by monitoring the characteristics absorption

peak. Furthermore, the adsorption capacity qt (mg/g) can be calculated using Eqn(1) [1].

Table 1.1. Selected crystallographic parameter for {Fe3}

Empirical formula C50H52Fe3022
Formula weight 1172.49
Crystal color red
Temperature/K 100(2)
Crystal system monoclinic
Space group C2/c

a/A 12.0171(3)
b/A 21.5310(7)
c/A 20.7417(5)
a/° 90

/e 92.5590(10)
v/° 90
Volume/A3 5361.4(3)
Z 4

pcalc g/cm3 1.4525
w/mm-1 0.880
F(000) 2429.6984
Crystal size/mm3 0.38
Radiation Mo K-a4
Independent reflections 41020
wR2(all) 0.0792
wR2 0.0749
Final R indexes [[>=2c (1)] 0.0316
Final R indexes [all data] 0.0371
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®min 2.73
®max 25.05
GOF 1.0608
Adsorption capacity (q ) = (CO0=Ct) V )
t m

Where CO0 is the initial concentration of dye and Ct is the final concentration of dye at a definite
time (t), m is the weight of {Fe3} and V is the volume of dye taken out in the reaction. The pH
effect on the adsorption process was performed at ambient conditions with the same dose of
adsorbent at different times. The dilution of the sample was done employing double distilled
water if the concentration values exceeded the maximum adsorption limit of calibration curve.
The recyclability of

{Fe3} is an important parameter for its application point of view and material importance. After
completing the first adsorption cycle, the adsorbent was centrifuged for a few minutes and then

wiped delicately by ethanol until no dye was observed on the surface of cluster.

Crystal Growth of [Fe3z(n-O)(2Me-ba)s(H20)(CH30H),]

The synthetic procedure of {Fe3} is quite simple and economic adopts ambient conditions. 2
mmol of 2-methoxy benzoic acid (2Me-ba) were taken in a round bottom flask along with 10
mL of methanol then 2 mmol of FeCI3 in 5 mL methanol was added. After a few minutes, 1
mmol of NaOH in 5 mL water was added in the mixture, which provides the basic reaction
condition (Scheme 1.1). The whole mixture was stirred overnight, and the red color clear
solution obtained was kept in a beaker for slow evaporation. Orange colored beautiful single

crystals were yielded after 2 days which were suitable for X-ray analysis.

Yield: 52%, m. p. 305 °C, Anal. Calcd (%) for C50H52Fe3022: C 51.58, H 4.67; Observed:
C 51.37, H4.72. IR (KBr, cm-1): 3453br, 1622s, 1364s, 1027m, 540m and 455m.
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Scheme. 1.1. Synthetic route for the formation of {Fe3}.
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Results and Discussion

Synthetic approach

The synthetic strategy involves exploring the coordination chemistry of a new iron cluster for
its adsorption property. In the synthetic protocols, we aimed to synthesize an iron(IIl) based
cluster by employing the easily available bench chemicals 2- methoxy benzoic acid (2Me-ba),
NaOH, and FeCls. The object of the target molecule was to synthesize it by low cost, chemicals
for environment friendly applications. The reaction was carried out in a basic medium using
the slow evaporation method to isolate {Fes3}. Our interest in understanding the adsorption
process by MOFs or clusters, we have designed the ecofriendly cluster to explore for its
adsorption of dye. Previously, the MOF MIL-235, which is an oxo-bridge Fes entity formulated
as

{[FesO(1,4-BDC)3(DMF)3][FeCls]( DMF)3} is an orange color hexagonal crystal-
synthesized from organic ligand benzenetricarboxylate joined to oxo-bridge trinuclear Fe(III)
clusters [48]. The MOF-235 came out to be very stable and has many electron- deficient groups
in its structure and was therefore employed for the adsorption study. Inspired by the fascinating
features of MOF-235, in this paper we have designed a low cost {Fes} cluster using slow
evaporation method which was characterized using various spectroscopic tools. The exact
structure of {Fes3} was elucidated, applying single-crystal X-ray technique that reveals the
molecular structure of the cluster to be [Fes(u3-O)(2Me-ba)s(H20)(CH30H)2]. The designed
cluster was then exploited for its use in the separation of dyes and thus purification of

wastewater. Only a few reports are there in the literature in which metal clusters or cages could
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be used for the selective adsorption of dyes [54].

Structure of [Fe3(u3-0O)(2Me-ba)s(H20)(CH30H),]

The balls-stick and wireframe representation of {Fes} is shown in Fig. 1.1 (a, b). The
crystallographic data parameters are shown in Table 1.1, and the bond angle bond distances are
given in Table 1.2. {Fes} cluster is a trinuclear Fe(III) complex that is formed through the
reaction of 2Me-ba with the FeCls salt in the mixed solvent of MeOH/H:20. The {Fes} cluster
is having monoclinic system with C2/c space group. The molecular formula of {Fes} with the
help of SC-XRD data has been deduced to be came as [Fes(u3-O)(2Me-ba)s(H20)(CH30H):2]
in which six 2-methoxy benzoic acid ligand bind with three Fe(IIT) atoms. The oxo-bridged
complex also has one water and two methanol moieties coordinated to three Fe(Ill) atoms. The
trinuclear complex has three Fe(III) atoms positioned at the corners of equilateral triangle. The
coordination environment around every iron atom is satisfied by oxygen donor sites. All the
iron centres are six coordinated with distorted octahedral geometry. The five coordination sites
around each iron atom are satisfied by an oxygen donor site of carboxylate ligand and
remaining coordination sphere is fulfilled by water or methanol ligand. The three Fe(IIl) are
not bonded directly but bridged with the oxygen atom, which is trapped between the three
Fe(Ill) centres. The non-bonded Fe(IIl) ions have bond distance ranging between 3.283 to
3.294A. The oxygen atom is situated at the center of the trinuclear system of three iron centres
with bond distance ranging from 1.895 A to 1.899 A. The oxygen atom bridges as p3 perfectly
between three iron atoms with the bond angles varying from 119.86° to 120.29°, which almost

resemble to the angles of the equilateral triangle (Fig. 1.1(c)).

Table 1.2. Selected bond angles and bond distance parameter

Bond angle (degree) Bond distances (A)
Ol1-Fel-0O1 167.35(9) Fel-O1 2.0508(15)
04-Fel-0O1 90.24(6) Fel-O1 2.0508(15)
04-Fel-0O1 90.24(6) Fel-0O4 1.9796(15)
0O4-Fel-0O1 88.69(6) Fel-0O4 1.9796(15)
04-Fel-0O1 88.69(6) Fe1-0004 1.895(2)
04-Fel-04 170.32(9) Fel-O11 2.059(2)
0004-Fel-O1 96.33(4) Fe2-02 1.9997(15)
0004-Fel-O1 96.33(4) Fe2-0004 1.8990(10)
0004-Fel1-04 94.84(5) Fe2-05 2.0345(15)



D
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0004-Fel-04
O11-Fel-O1
O11-Fel-O1
O11-Fel-O4
Ol11-Fel-O4
O11-Fel-0004
0004-Fe2-02
05-Fe2-02
05-Fe2-0004
O7-Fe2-02
O7-Fe2-0004

O7-Fe2-05
08-Fe2-02
08-Fe2-0004
08-Fe2-05
08-Fe2-0O7
010-Fe2-02
010-Fe2-0004
010-Fe2-05
010-Fe2-07
010-Fe2-0O8
C1-O1-Fel
C1-02-Fe2
C9-04-Fel
Fe2-0004-Fel
Fe2-0004—Fel
Fe2-0004-Fe2
C9-0O5-Fe2

94.84(5)
83.67(4)
83.67(4)
85.16(5)
85.16(5)
180.0
96.61(6)
88.97(6)
95.91(6)
168.60(6)
94.79(6)

89.75(7)
87.76(6)
94.54(6)
169.34(6)
91.45(6)
85.73(6)
177.42(7)
85.21(6)
82.88(6)
84.44(6)
129.11(14)
135.27(14)
136.65(15)
119.86(5)
119.86(5)
120.29(11)
128.45(14)
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Fe2-07 1.9849(15)
Fe2-08 2.0352(15)
Fe2-010 2.0784(16)
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Fig. 1.1. Ball and stick model (a) wireframe structure (b) and the triangle supported by p3-O
(c) in {Fe3}.
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Fig. 1.2. Stability in the {Fe3} cluster due to n- 7 (a) and C-H...x (b) interactions.
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Every pair of an iron atom is a bridge between two carboxylate ligand and one water or
methanol ligand. These bridging carboxylate ligand patterns follow in all the iron atom
providing the symmetry in the structure. First of all, Christou et al. reported an iron complex
with Fe-Fe bond lengths of 3.253-3.372 A, similarly bridged by the same two carboxylate
ligands [55,56]. The distances between two iron atoms are comparable to our bond distances
i.e., 3.283-3.294 A. In some other reports of other trinuclear [Fe30]+7 core, the structure does
not show the symmetry between the oxo bridge iron(IIl) complex, and the bond distances range
between 1.8-2.0 A [57-60]. All the six coordination spheres of each iron atom are occupied by
the oxygen atom of carboxylate ligand and water or methanol solvents. The Fe-O distance
between the iron and solvent is in the 2.060 A and 2.078 A range. These values are quite similar
to the previously reported structures like [Fe3O(CH3COOQO)6(H20)3INO3=4H20 and with
some deviation from the Fe2(SO4)3=9H20 and Fe(NO3)3=9H20 complexes [59]. The
trinuclear iron complex results in an equilateral triangle and T-shaped structure. Moreover,
various kinds of non-covalent interactions such as H-bonding, n-r interactions, and C-H...n
interactions, provide the formation of supramolecular architecture in {Fe3} cluster. The
formation of H-bonding from the benzoate oxygen of one ligand to the H of other moieties of
benzoate ligand led us the formation of supramolecular chain (Fig. 1.2(a)). In the same way, 7-
© interactions and C-H...x are also formed in the {Fe3} cluster, which provide extra stability
and robustness to the complex (Fig. 1.2(b)). The n-m interaction was found between the
benzoate moieties, which again lead to the formation of a 2-D supramolecular sheet. The C-
H...w contacts also exist in the framework, which lead to the formation of a zig-zag chain. All
these non-covalent interactions provide extra stability in the complex and the complex is thus
quite robust in nature and therefore can further be employed in the high temperature industrial
applications. Various overall non-covalent interactions lead to the formation of a 3-D

supramolecular network (Fig. 1.3).
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Fig. 1.3. Formation of supramolecular network due various non-covalent interactions in the

{Fe3} cluster.

FTIR, PXRD and TG analysis of {Fe3} cluster

The FTIR spectroscopy is a technique that provides ample information regarding the binding
modes of the ligand with the central metal ion. The FTIR spectrum was obtained in the
fingerprint as well as the functional group region. The FTIR spectrum corroborates the single-
crystal X-ray information about the {Fe3} cluster. The FTIR spectrum shows the broad and
sharp peaks at 3480 to 3390 cm-1 which attributed to the vibration of the water molecule,
coordinated to one of the iron atoms in {Fe3} unit (Fig. 1.4). The band near 1600 cm-1 for the
C=0 band (in free ligand) disappears during the formation of {Fe3}, which authenticates the
complexation of ligand. The spectrum of {Fe3} cluster further shows a strong band at 1622
and 1364 cm-1, which is the characteristics of the vassym (COO") and vsymm (COQO")
vibrations of any carboxylate ligand (Scheme 1.2). These frequencies give ample information
about the benzoate binding mode with the Fe(Ill) atom. The difference between the
vassym(COO™) — vsymm(COOQO"), which is designed as Av is the value that provides
information about the binding mode of carboxylate ligand. In the present {Fe3} cluster the
difference, Av = 258 cm-1 supports the said mode of bonding of benzoate. The band near at

705 cm-1 is due to the C-H bond in the aromatic ring. The band at 1027
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cm-1 is visible in the FTIR spectra, which may be due to the [1(C-O) vibration present in the
benzoate moieties. The medium intensity bands 546 and 455 cm-1 are due to the coordinate
bond of Fe with various benzoate oxygen donors [61]. The new sharp band at 596 cm-1 can be
due to the formation of iron and p3-O atom [62, 63]. These data are quite informative and
further corroborate the single-crystal data. The PXRD pattern of the as-synthesized cluster was
performed on the crystalline powder sample of {Fe3}. The simulated pattern was obtained from
the single crystal data by MERCURY software. It was seen from the Fig. 1.5(a) that the two
PXRD patterns are quite identical, which support the bulk integrity of {Fe3} cluster. The
thermal effect on

{Fe3} cluster was analyzed from the TG data. The TG data reveal that the {Fe3} cluster was
relatively stable up to 300 0C, which may be due to the various non- covalent contacts present
in the {Fe3} cluster. The n-m and C-H...7w interactions provide the extra stability to {Fe3}
cluster. The TG analysis of {Fe3} cluster shows the two-step fragmentation in its structure,
where the first step involves the elimination of coordinated water and methanol ligand. In
contrast, the second step involves the disintegration of six benzoate ligands. In the first step,
the TG reveals the fragmentation of 5.43% weight loss (Calc.: 5.80%) in the range of 25-120
0C, which may be due to coordinated water and methanol ligands (Fig. 1.5(b)). Next, the {Fe3}
cluster was robust and shows a flat curve up to 280 0C; after that, it shows the removal of six
benzoate ligand in the range of 300 0C to 400 0C with a weight loss of 64.08% (Calc.: 64.89%).
After that, the {Fe3} cluster does not show any changes up to 600 OC and the final product left
in the {Fe3} cluster may be oxides or carbon residue which is the same as that of previous
report [64]. Because of the extra stability of {Fe3} cluster, it can be used in high temperature

applications.
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Fig. 1.5. PXRD pattern (a) and TG analysis (b) of {Fe3} cluster.

Adsorption of organic dyes

Organic pollutants are the main ingredient of sewage from a variety of chemical industries.
Almost 700,000 tons of dyes are consumed in the world by the textile manufacture, which is
among the top three pollutants. Almost every dye is dangerous and has a high risk of
carcinogenic mutations [65]. Due to its environmentally friendly nature and cost-effectiveness,
the adsorption process is applied nowadays to remove dye molecules from wastewater [66].
Due to its easy construction method and low-cost constituents, the {Fe3} cluster was engaged
for the adsorption and removal of hazardous dyes from wastewater. In the experiment we have
chosen four different dyes i.e., MB, MO, Rh-B, and CR with different charges, and sizes (Fig.
1.6) [67].

In a setup, 25 mg of orange color crystals were poured into the 75 mL of aqueous dye solution
in a round bottom flask, and the reaction was continuously stirred. Subsequently, 3 mL of
aliquot was taken out from the round bottom flask and centrifuged for a few minutes. After
that, the different set of the solution was monitored by UV-Vis spectroscopy. The characteristic

peak of the dye solution was monitored to understand their concentration. The electronic
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spectra reveal that the cluster possess a good adsorption capability towards all the cationic dye.

The dye adsorption percentage was calculated using the Eqn (2) [68].

Efficiency (%) = [(CO — CtyC0] x 100 % @)

Where CO and Ct are the initial and final concentration of the dyes in mg/L. Fig. 1.7 illustrates
that the cationic dyes show drastic changes in its concentration, while the adsorption of anionic
dye does not show appreciable changes in their respective concentrations. The characteristics
absorption peaks of MB (664 nm) and Rh-B (553 nm), decreases with the increasing time. The
rapid adsorption of cationic dyes occurs at this moment, and in only 60 min, 67.23% of MB
and 48.43% of Rh-B dyes were adsorb on the surface of cluster. The adsorption process takes
place for 270 min, and after that, the dye molecules resist to adsorb on the surface of {Fe3}
cluster. After 270 min, 92.16% of MB and 79.1% of Rh-B were adsorbed, which is the
saturation point for {Fe3} cluster. We have further extended our adsorption experiment for 12
hrs, but no adsorption occurs after 270 min take place. It can be established very quickly that
the rapid adsorption occurs at the starting of the reaction due to cation-n and ©-7 interactions.
In only 150 min, the MB adsorb 83.61% of dye and Rh-B adsorbs 71.8 % of dye molecules,
and MB's characteristics color and Rh-B started to decolorize to became transparent. After 270
min, the crystal color of {Fe3} cluster changes completely from orange to brown in case of
MB and pinkish in case of Rh-B adsorption. From the adsorption capacity equation, we have
calculated the adsorption of MB and Rh-B by {Fe3} cluster adsorbent, which is 67.27 and
58.22 mg/g, respectively.

Separation of organic dyes

From an application point of view, the selective adsorption of specific dye is challenging for
an environmental chemist. The {Fe3} cluster efficiently adsorbs the cationic dye, so in an
extension of our work, we have further checked whether {Fe3} cluster can selectively adsorb
the cationic dye or not. We have performed an independent experiment in the wastewater,
where we have mixed two different dyes for investigations. The {Fe3} cluster effectively
adsorbs the cationic dyes such as MB and Rh-B in the presence of MO and CR as evident from
Fig. 1.8. On the other hand, we have also performed the adsorption of any single cationic dye

even in the presence of two anionic dyes. Fig. 1.9 demonstrates that the cluster can easily
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adsorb cationic dye in the presence of any anionic dyes. In this way, we can say that {Fe3}
cluster not only adsorb the cationic dye but also selectively separates the dye from the mixture
of anionic and cationic dye solution. This selective adsorption process is somehow typical in

MOF or cluster and hence but this becomes first report for a discrete {Fe3} cluster.

Recyclability of {Fe3} adsorbent

From its material importance, the reusability of {Fe3} cluster is a crucial task. After completing
the adsorption process, we remove the crystals and perform a separate stirring reaction of the
crystal in a small amount of ethanol. The reaction for a few hours until no amount of MB was
found on the orange color {Fe3} cluster. Next, crystals were delicately washed with water and
dried in air and in electric oven for 30 min. After that, the {Fe3} cluster can be reused for
further adsorption process. For the second and third cycles, the adsorption capacity of {Fe3}
cluster decreases due to little solubility of {Fe3} cluster in water, but it can be used for at least

three times with better adsorption capacity (Fig. 1.10(a)) [69].

Effect of pH on the adsorption process

For an adsorption process, the pH of the reaction is an essential parameter from its application
point of view. The pH can easily affect the charge on the adsorbent, degree of ionization of dye
molecules, and dyes' structure. For this aim in our mind, we have firstly check the PXRD data
at different pH ranges from 2 to 12 which reveals that the {Fe3} is quite stable at different pH.
The pH of adsorption reaction should be kept constant throughout the process; for this purpose,
firstly, you have to know that optimum pH at which your adsorbent shows the highest
adsorption capacity. For this purpose, we have performed adsorption experiment at different
pH ranging from 2 to 12 using 0.1N HCl and 0.1N NaOH. All the cationic dyes show a similar
pattern at different pH of the reaction. At lower pH, i.e., at pH = 2, the adsorption capacity
lowers down as H+ ion of acid competes with the cationic part of the dye molecules. So, at
very low pH, the adsorption capacity is lower and increases with the increasing pH. The
adsorption capacity is highest at pH = 7 due to the neutral medium of the reaction. When we
increase the pH from its neutral value, the adsorption capacity decreases due to the negative
part of dye that can quickly form a salt with NaOH, and the adsorption capacity decreases
significantly. So, it is clear from Fig. 1.10(b) that the optimum pH of the reaction is 7, where
the highest amount of dye adsorption occurs by {Fe3} cluster. At pH 2, the adsorption capacity

181



© INTERNATIONAL JOURNAL FOR RESEARCH PUBLICATION & SEMINAR
ISSN: 2278-6848 | Volume: 14 Issue: 05 | October - December 2023

&‘ Refereed & Peer Reviewed

N 5] 513 DOI: https://doi.org/10.36676/jrps.v14.i5.1431

is 22.1 mg/gin case of MB which increases at pH = 5. The adsorption capacity however, in the
case of MB at neutral pH is 67.27 mg/g which is higher than different medium.

Moreover, at higher pH again the adsorption capacity of MB decreases and at pH-12 the
adsorption capacity is reported to be only 12.01 mg/g [70].

Conclusion

In this paper, we have designed an oxo-bridged low cost {Fe3} cluster by the slow evaporation
method. The {Fe3} cluster is characterized using spectral techniques, and with the assistance
of single-crystal XRD, the exact structure of {Fe3} cluster was confirmed. The {Fe3} cluster
was then used as an adsorbent for the organic dye such as MB, Rh-B, and CR in the wastewater.
The kinetics experiment was also performed to understand the exact mechanism behind the
adsorption of organic pollutants. The proposed mechanism is also elaborated, which suggests
the cation-m and =w-m interaction and other electrostatic interactions are possible for the
adsorption process. Thus, the present work is a crucial instance of the structure-activity

relationship and the excellent adsorption performance of a low cost {Fe3} cluster.
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