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Abstract
The diverse range of structural and electronic characteristics of metal-organic complexes (MOCs) are extremely
significant in a variety of scientific applications. Because of their easy synthetic tunability and selective interaction with
analytes, Schiff base metal complexes are being studied extensively as optical and electrochemical sensors for the
detection of pollutants, poisons, and illicit narcotics. Again due to the vast surface area, tunable chemical functionality,
and adjustable pore size, porous MOCs exhibit better functionalities in gas storage, especially for hydrogen, methane,
and carbon dioxide. MOCs' structural flexibility and chemical diversity present viable paths to affordable, scalable, and
effective technologies for addressing the world's energy and environmental demands. This paper discusses two
significant areas—sensor application, gas storage and separation—where MOCs have been demonstrated to have a
significant impact.
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1. Introduction
Metal-organic complexes (MOCSs) are a broad family of materials with exceptional structural tunability and functional
characteristics, especially those that include transition metals coordinated to organic ligands like Schiff bases or
carboxylates. These compounds are attractive candidates for applications in sensing, catalysis, magnetic materials, gas
storage, optoelectronics, and medicine because of their unique characteristics, which include their rich coordination
chemistry, varied oxidation states, and simplicity of synthetic modification [1-3]. Numerous functional materials, such
as coordination polymers (CPs) and metal—organic frameworks (MOFs), with specialized features for certain tasks have
been developed in recent decades as a result of the rich chemistry of transition metals combined with the versatility of
organic ligands [4,5].
Chemical sensing is arguably the most explored application of MOCs. The development of sensors based on MOCs has
been prompted by the growing need for sensitive, selective, and economical sensors to detect harmful ions,
environmental pollutants, illegal narcotics, and biomedical analytes. Schiff bases along with their metal complexes have
found special usage as active materials in electrochemical and optical sensors due to their inherent chelating properties
and adaptability in structural modification [6]. Their use in electroanalytical detection systems is favored because they
can function as electrode recognition elements [7,8]. These complexes have been integrated onto chemically modified

electrodes, enabling very selective trace detection of target analytes [9]. Their multidisciplinary significance has been
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highlighted by more recent research that has demonstrated their potential in drug detection, environmental monitoring,

and forensic science [10].

MOCs, especially MOFs, have demonstrated exceptional potential in the fields of gas storage and thus separation, in
addition to other fields of application. Multidentate bridging organic linkers ligate metal ions or clusters to form MOFs,
which are crystalline materials with very porous frameworks and large interior surface areas [11]. The efficient storage
and selective adsorption of industrially important gases such as carbon dioxide (CO:), methane (CHa4), and hydrogen
(Hz) are made possible by this porosity in conjunction with tunable pore environments [12]. For instance, under various
circumstances, materials like MOF-177, HKUST-1, and MOF-74 have demonstrated significant gas uptake capabilities
[13-15].

For the development of clean energy technologies, hydrogen storage is of great importance. As weak van der Waals
interactions between H> molecules and the framework, to achieve practical storage capacity, MOFs must be constructed
by incorporating functional sites or modifying pore diameters [16]. Similarly, MOFs are being investigated more
thoroughly in relation to methane storage, where compounds like meneHKUST-1 and Ni-MOF-74 have been discovered
to be advantageous for natural gas vehicles [17,18].

Furthermore, attempts to reduce greenhouse gas emissions depend on the capture and hence separation of CO: from
industrial flue gas. Remarkable CO: selectivity and adsorption have been reported for MOFs with amine-functionalized
pores or, with open metal sites, offering viable paths toward carbon capture technologies [19,20]. MOFs are potential
next-generation materials for environmentally friendly and sustainable energy because of their structural flexibility and
functionalization ability, which enable fine-tuning of gas sorption behavior.

In this review, we focus on two key applications of metal-organic complexes: (1) chemical sensing, particularly by
electrochemical and voltammetric approaches with Schiff base complexes, and (2) H,, CH. gas storage as well as CO,
capture and separation using metal—organic frameworks. These two domains demonstrate how logical design and

functionality of MOCs may address global issues in health, security, and sustainable energy.

2 Applications of Metal-organic complexes

Transition metal-organic complexes are easily produced at low cost. These compounds exhibit a variety of structural
and electronic properties that enable their use in a wide range of research areas. Here we discuss their use as sensors and
gas storage materials.

2.1 Sensors

Threats to the environment and public health have increased as a result of industrial and agricultural practices that release
pollutants. Crime networks deal in a wide range of substances, that include heroin, cocaine, methamphetamine, and
cannabis. Thus, the demand for sensitive and specific detection of pollutants (e.g., metal ions and toxins) is high,
especially in applications related to health, environment, and forensic fields. Presently, different techniques, e.g., flame
atomic absorption spectroscopy, inductively coupled plasma mass spectrometry, inductively coupled plasma optical
emission spectroscopy, X-ray fluorescence spectrometry, and stripping voltammetry are used to detect metal ions [21].
However, the majority of these techniques have low sensitivity, are costly, and time-consuming. Various optical
chemosensors have been investigated for the identification of metal ions to get over the previously mentioned drawbacks
of the said methods [22]. In view of this, Schiff base-based structures work exceptionally well to identify metal ions.
Scientists working in various areas of electroanalysis have devised electrochemical sensors using different compounds
over the past decades. Inexpensive and facile synthesis, along with the wide variety of electronic and structural features
of Schiff bases and their complexes have drawn significant interest in modifying electrodes chemically by using them

[23]. For this, the resultant electrodes have been utilized as probes and/or sensors in numerous fields. The consequence
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of all this interest is the development of sensors at low prices [24-27]. Specifically, the differing structural and electrical

characteristics of Schiff bases and their transition metal complexes enable them to interact distinctly with the analyte,
hence enhancing the selectivity and sensitivity of the sensor [24-28]. Different kinds of donor atoms in Schiff bases and
associated transition metal complexes can alter electrode responsiveness. The application of chemical modifiers in the
logical design of an efficient sensor will be governed by these donor atoms [27,29,30]. In fact, Schiff bases and their
transition metal complexes are widely used chemical modifiers in a variety of electroanalytical detection systems
because they can function as electrode recognition elements [27,28]. Electroanalytical measurements such as Cyclic
Voltammetry (CV), Square Wave Voltammetry (SWV), Differential Pulse Voltammetry (DPV), Linear Sweep
Voltammetry (LSV), and potentiometric measurements were employed.

In the forensic field, de Oliveira et al. [31] explored the potential usage of [UO,(X-MeO-salen)(H»0)].H-0O, where X
denotes the position (3, 4 or 5) of methoxy group on the aromatic ring, containing salen-type Schiff bases (Figure 1) as
chemical modifiers of the electrode. Among these complexes, [UO2(3-MeO-salen)(H20)].H.O was found to be more

effective in identifying cocaine in the presence of interfering compounds like procaine and lidocaine using voltammetry.
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Figure 1: Complexes of uranyl Schiff base used as chemical modifiers to identify the illicit drugs mentioned above. X= methoxy
substitution at 3, 4 or 5

Hence, these complexes can be utilized in preliminary tests to identify cocaine in apprehended drug samples. Ribeiro et
al. [32] explored a chemically modified screen-printed electrode (gold, carbon, and platinum), by employing methanolic
solutions of the Schiff base complex [UO2(4-MeO-salen)(H20)].H-0O, to identify cocaine, by voltammetric analysis, in
the presence of MDMA (methylenedioxy-methylamphetamine) and morphine. This technique provided a low-cost and
fast procedure to identify cocaine at trace levels.

Cobalt Salophen complex (Figure 2(al)) was employed as a CPE (Carbon Paste Electrode) chemical modifier to

investigate the commercially available medicine cephalexin and cefazolin by cyclic
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Figure 2: Structure of substituted salophen complexes of (a) Co(ll) and (b) Co(lll).
Voltammetry [33]. Penicillamine, was identified in trace quantities (1x107 mol L) by Differential Pulse Voltammetry
(DPV) with [Co(Salophen)] as a CPE chemically modifier in acetate and phosphate buffers [9]. Antithyroid agent
methimazole was detected using a sensor containing of a CPE chemically modified with different substituted

Co(l)(Salophen)]CIO4 (Figure 2(b)) complexes [34].
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Figure 3: Structure of vanadyl-salen complex, [VO(Salen)]

[VO(Salen)] complex as a chemical modifier for CPE was utilized as a sensor (w/w; Figure 3) to detect dipyrone
analgesic by LSV and CV [35]. A low-cost and fast sensor utilizing a Schiff base octahedral complex of zinc(ll) (Figure
4) as a chemical modifier for CPE detected cephalosporin and cefotaxime antibiotics with high sensitivity [36].
Singh and Singh utilized two newly synthesized Zn(1l) macrocyclic complex, in which the best results were obtained
when a zinc complex of 6,7:14,15-Bz0,-10,11-(4-methylbenzene)-[15]-6,8,12,14-tetraene-9,12-N»-1,5-O, and
6,7:14,15-Bz0,-10,11-(4-methylbenzene)-[15]-6,14-diene-9,12-dimethylacrylate-9,12-N»-1,5-0, (Figure 5(a)) were
used as chemical modifier for PVC membrane electrode to detect thiocyanate in saliva and urine [37]. In 2008, Singh
and Mehtab have shown that the two Cadmium(ll) complexes of Schiff base ligand N,N’-bis(salicylidene)-1,4-
diaminobutane and N,N
-bis(salicylidene)-3,4-diaminotoluene (Figure 5(b)) can detect iodide in river water, seawater, and mouthwash [38].
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Figure 4: Structures of Zn(II)-Schlff base complex, [Zn(Hbppyr)2.2H20]
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Figure 5: Structures of Schiff base complexes of Zn(11) and Cd(111) used as electrode chemical modifiers.

(b)

Dey et al. have reported a water-soluble metal-organic complex {[Cu(n-BuM)(2,2'-bipyridine)(H.0)][Cuz(n-
BuM)(2,2'-bipyridine).].6H.O} [where n-BuMH, = n-butylmalonic acid], an inorganic co-crystal (ICC) of one
monomeric and one dimeric units of Cu(ll) (Figure 6) exhibited selective As®** sensing capability in aqueous medium

in the concentration of pico-molar range in comparison to other metal ions [39].
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Figure 6: Molecular diagram of inorganic co-crystal of Cu(ll), {[Cu(n-BuM)(2,2'-bipyridine)(H20)]2[Cuz(n-BuM),(2,2'-
bipyridine),].6H.O} [where n-BuMH, = n-butylmalonic acid] (C = cyan, N = blue, O = red, Cu = green)
Jiang and coworkers synthesized a new multifunctional Zn-TCPP MOF utilizing newly prepared tetraphenylpyrazine-
based tetracarboxylic ligand 2,3,5,6-tetrakis(4-carboxyphenyl)pyrazine (HsTCPP). The MOF was used as a sensor to
detect Fe** ions and picric acid (PA) [40].

2.2 Gas Storage and Separation

Porous materials play a significant role in capturing and hence storing and separating gases, due to their inherent voids
or channels, via non covalent interactions. Among MOCs metal-organic frameworks (MOFs) are one of the types of
metal-organic complexes which are porous in nature. Thus, these are excellent choices for gas separation and storage.
The high surface area and high pore volume determine the quantity of gas that can be stored in the structure. While
nearly any gas can be stored inside a MOF structure methane, CO;, and H; are the most significant. Weak van der Waals
interactions are the main acting force which operates for hydrogen, the cleanest energy source, storage. Thus, pure MOF
structures are not sufficient to meet the necessary hydrogen storage criteria. To resolve this issue, active metal sites or
benzene rings could be included within the MOF structure. At low temperatures, the requisite storage limitations can be
achieved with these MOF derivatives.

Another valuable energy source is methane (natural gas), when contrasted with fossil fuels. Natural gas, comprised
primarily of methane, generates far less carbon dioxide and other harmful gases than traditional fossil fuels, but it is not
as clean as hydrogen energy. Methane can be transported more conveniently, its working pressure can be lowered, and
its fuel density may be increased by storing it in a suitable medium. In comparison to porous carbon structures or
zeolites, MOFs show remarkable methane storage capabilities.

In addition to storing pure gases, MOFs can be employed for selective gas separation and adsorption from a mixture. In
reality, most of the gases in the industry are mixtures, and thus, selective adsorption is crucial in practical applications.
To lower CO; emissions, it's important to capture carbon dioxide from the flue gas after combustion and also from the
precombustion of hydrogen and methane. Open metal sites and the addition of amine functionalities to the MOF
structure enhance the selective CO; adsorption from a mixture of gases. The flexible structure of MOFs offers great
potential for applications in gas separation. MOFs act as a molecular filter and only adsorb the gas molecules of specific
sizes i.e., if the pore diameters match the size of the gas molecules. Different functional groups in the void of MOF also

enhance the binding energy.

2.2.1 Hydrogen storage:

MOFs' large surface area and tunable structure can offer potent H, adsorption sites [41,42]. The hydrogen molecules get
attached inside the pore by the weak van der Walls force, which decreases with distance, hence pore size similar to that
of molecular hydrogen molecule enhances this interaction. Although larger pore size can accommodate higher amount

oh hydrogen molecule under high pressure [43,44]. Cus(BTC), (BTC = benzene-1,3,5-tricarboxylic acid) is a prime
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example of this high pressure effect [45]. Correlation between the surface area and the hydrogen uptake is provided by

MOF-177, MOF-74, HKUST-1 at 77K [46]. Niz(m-dobdc) have been found to have highest H, uptake capcity of 11.0
g/L to 23.0 g/L in the pressure range of 5-100 bar and temperature swing between 298-198K [47].

2.2.2 Methane Storage:

The MOF following which exploration of the field of adsorption started is [C02(4,4’-bpy)3(NOz)a4] [48]. The adsorption
depends on the electrostatic as well as van der Waals interaction between CH4 and MOF [45]. M-MOF-74 (M=Mg, Mn,

Co, Ni, Zn) have been found to exhibit high CH4 uptake capacity [49]. Among these Ni-MOF-74 have extraordinarily
high methane uptake capacity probably due to high polarising capacity of Ni2*. The monolithic framework monoHKUST-
1 shows methane capacity of 259 cm?® cm at 65 bar [50].

2.2.3 CO; capture and separation:

Efficient and selective CO; capture has been the major interest for scientists for decades. IRMOF-1, MOF-177, MOF-
2, MOF-74, HKUST-1 etc. adsorb CO,. Among these MOF-177 exhibit highest CO, uptake capacity of 33.5 mmol/g at
room temperature at 35 bar [51]. Mg-MOF-74 also exhibits high CO2 adsorption capacity [52]. SIFSIX-3-M (SiF%; M
= Cu, Ni, Zn) MOFs also shows remarkable CO- uptake capacity. Under atmospheric conditions SIFS1X-3-Cu absorbs
highest quantity of CO,, 1.24 mmol/g [53].

3. Conclusion

Metal-organic complexes offer a very versatile platform for innovation in environmental and energy applications.
Significant progress has been made in the development of sensitive, selective sensors and high-capacity gas storage
materials due to their adjustable characteristics, flexible architectures, and functional ligand frameworks. It has been
demonstrated that Schiff base transition metal complexes are economical and efficient chemical modifiers for
electroanalytical sensing instruments that can detect illicit drugs, heavy metals, and antibiotics. However, because of
their porosity and adjustable framework chemistry, MOFs continue to show promise for the storage of gases like
hydrogen and methane as well as the capture and separation of gases like CO,. Future developments in green chemistry,
sustainable technologies, and public health could result from further rational design and functionalization of these

complexes.
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