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Abstract: Magnesium ions (Mg?*) play a crucial role in various biological, environmental, and industrial processes, making their
accurate detection essential for medical diagnostics, water quality monitoring, and agricultural applications. Optical sensors
have emerged as a powerful tool for Mg?* detection due to their high sensitivity, selectivity, and real-time monitoring capabilities.
This review highlights recent advances in optical sensing technologies for Mg?* detection, including fluorescence, colorimetric,
and plasmonic sensors. Key developments in sensor design, novel recognition elements, and nanomaterial-based enhancements
are discussed. Additionally, challenges such as interference from other cations, detection limits, and practical applicability are
addressed. Future directions focus on improving selectivity, miniaturization, and integration with wearable and point-of-care
diagnostic platforms. These advancements pave the way for more efficient and reliable Mg?* sensing technologies across diverse
fields.
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I. INTRODUCTION

Magnesium ions (Mg?*) are essential for various physiological functions and play a critical role in both cellular processes and the

functioning of the body as a whole [1]. Magnesium ions are vital for processes like cell proliferation, apoptosis, enzymatic reactions,

and DNA stabilization [2]. Mg?* mediates ~300 enzymatic reactions and is crucial for cellular metabolism [3]. Intracellular Mg?*

levels are tightly regulated (0.5-0.7 mM) via transport, buffering, and organelle compartmentalization [4].

Moreover, Magnesium ions (Mg?*) are generally considered to have a relatively low environmental impact compared to other ions

and metals. However, like any substance, the extraction, production, and disposal of magnesium-based compounds can have

ecological consequences [5]. The environmental impact of magnesium ions is influenced by several factors, including their use in
various industries, the mining of magnesium ores, and their potential for contamination in natural ecosystems.

Magnesium is extensively used in industrial processes such as cathodic galvanic protection and dry batteries [6]. Industrial waste

discharge can contribute to magnesium contamination in the environment. Low magnesium levels in plants can impair their growth,

reducing agricultural productivity and quality [7]. High environmental concentrations of Mg?* can become toxic to both plants and
animals [8]. Therefore, the development of efficient analytical procedures for the selective detection of Mg?* ions is an important
analytical task. Numerous methods have been developed for measuring Mg?* in both fixed and live samples. Each method has its
own advantages and limitations. These methods vary in their suitability depending on the specific research or application needs.

These techniques can be used with varying levels of confidence to address specific scientific or practical challenges. Due to the

limitations of traditional methods [9], it inspires the researchers for creation of new analytical methods to help further our

understanding of the distribution, uptake, and trafficking of Mg?®*in living systems. Hence, fluorescent imaging technologies were
developed.
Il. FLUORESCENCE SIGNALLING MECHANISMS

1) Intramolecular Charge Transfer (ICT): Movement of charge within the molecule upon excitation. Fluorescent probes based on
the ICT mechanism [10] are characterized by the conjugation of an electron-donating unit with an electron-accepting unit
within a single molecule. This arrangement creates a "push—pull" m-electron system in the excited state, making 1CT-based
probes highly effective for cation sensing.

2) C=N Isomerization: Structural changes involving double bonds within the probe. A well-known example is Schiff base-based
fluorescent sensors where the fluorescence intensity changes when the molecule isomerizes upon binding to a metal ion or
analyte [11].

3) Photoinduced Electron Transfer (PET): Excited electrons transfer to a site with lower energy, modulating fluorescence.
Photoinduced electron transfer (PET) (Figure 2) is a common mechanism responsible for fluorescence quenching, occurring
when the PET process is followed by a non-luminescent return to the ground state [12].
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4) Appropriate Cavities: Structural design that ensures Mg?* binding [13]. Crown ether has been a popular receptor for alkaline or
alkaline earth metal ions owing to various sizes of cavities available as well as the effective chelation ability of the oxygen lone
pairs for these “hard’’ metal ions.

5) Excited-State Intra-/Intermolecular Proton Transfer (ESIPT): Proton movement between molecular states upon excitation.
Excited-state intramolecular proton transfer (ESIPT) has emerged as a valuable mechanism [14] for designing fluorescent

111LOPTICAL PROBES FOR MAGNESIUM ION DETECTION

A number of organic molecular probes have been reported for Mg®* ion monitoring in the literature. However, the rapid
industrialization which produces new ionic and metallic pollutants in the ecosystem may affect both plant and human life. Thus,
new fluorescent probe having high sensitivity and selectivity towards a particular ion is desired. Some of the reported fluorescent
probe for magnesium ion in literature in recent past are summarized below;

A novel fluorescent probe [15], P1 (Figure 1), developed by Ray and coworkers, connects two coumarin derivatives via an imine
linkage to create a metal-binding site within a fluorescence signaling system. This molecule exhibits favorable photophysical
properties, such as a large Stokes shift, visible excitation/emission wavelengths, and minimal interference from other metal ions.
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Figure 1: Structure of P1

P2, designed by Narinder Singh and colleagues [16], is tailored for ratiometric recognition of Mg?* in semi-aqueous solutions at pH
7.0 (Figure 2). It features a Schiff base ligand and undergoes Excited State Intramolecular Proton Transfer (ESIPT), providing dual-
channel emission for Mg?* determination. The fluorophore predominantly exists in its enol form, stabilized by intramolecular six-
membered ring hydrogen bonding. Upon excitation at 275 nm, the enol form transitions to the excited keto tautomer, emitting
fluorescence at 355 nm with a large Stokes shift. This keto form reverts to the enol form via reverse proton transfer upon returning
to the ground state. P2 demonstrates excellent selectivity for Mg?*, with minimal interference from Ca?", and is effective in
measuring Mg?* concentrations between 2.0 and 30.0 mM.

Figure 2: Structure of P2

To address the limited application of Mg?* fluorescent probes in both animal cells and plant tissues, Zhou et al. developed P3 [17].
This probe (Figure 3) exhibits high sensitivity and selectivity for Mg?*, with a fluorescence “turn-on” response in ethanol and
negligible interference from Ca?". P3 provides rapid detection (15-20 seconds), notable photostability, low toxicity, and good
cellular permeability. It successfully detects Mg?* in HeLa cells and plant tissues, enabling the tracking of Mg?* transport and
fluorescence-based responses to varying Mg?* concentrations.
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Figure 3: Structure of P3

P4, an aggregation-induced emission (AIE)-active probe (Figure 4) [18], is effective for detecting Mg?* in acetonitrile with no
interference from other ions. Upon complexation with Mg?*, the solution changes from colorless to yellow under ultraviolet light,
observable with the naked eye. However, its biological application is limited due to suboptimal characteristics.
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Figure 4: Structure of P4
P5, as reported by Liu and colleagues [19], shows solvent-dependent "turn-on" fluorescence recognition of Mg?* through a
combination of C=N isomerization and ESIPT inhibition (Figure 5). Notably, it displays a 148-fold fluorescence enhancement at

458 nm upon binding 20 MM Mg?* in alcohol solvents, accompanied by a color change from colorless to blue. However, the probe's
dependence on alcohol solvents restricts its applicability in physiological environments, making it unsuitable for colorimetric or

ratiometric sensing in living cells.
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Figure 5: Structure of P5
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In 2017, Zhang et al. introduced P6 [20], an “off-on” fluorescent probe based on a 1,8-naphthalimide derivative for detecting Mg?*
in ethanol (Figure 6). The o-hydroxyl Schiff base within P6 not only connects the chromophore to the receptor group but also
facilitates fluorescence recognition. P6 forms a 1:2 complex with Mg?*, resulting in fluorescence enhancement at 523 nm and a
visible color change from nearly colorless to bright yellow-green. It is nearly non-toxic and capable of monitoring intracellular Mg#*

levels effectively.
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Figure 6: Structure of P6

Li et al. developed P7, a fluorescein-derived Schiff base probe [21] linked to a chromone moiety (Figure 7). This probe selectively
binds Mg?*, with fluorescence emission intensity at 504 nm increasing approximately 50-fold upon complexation. The enhanced
fluorescence is attributed to the fluorescein ring-opening mechanism triggered by Mg?* binding. P7 responds rapidly (within 3
minutes) and is suitable for real-time Mg?* detection.

OH

Figure 7: Structure of P7

Finally, P8, developed by Maity and colleagues [22], serves as a dual-analyte probe for quantifying Mg?* and Zn?* (Figure 8). It uses
a coumarin derivative conjugated via a C=N bond, with binding sites potentially including the carbonyl oxygen, imine nitrogen, and
phenolic oxygen. However, its lack of selectivity for Mg?* limits its broader applicability.
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Figure 8: Structure of P8
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IV.CONCLUSIONS
Fluorescent probes have proven to be powerful tools for Mg?* detection due to their high sensitivity, selectivity, and real-time
response. While many probes exhibit promising properties, challenges such as solvent dependency, biocompatibility, and selectivity
remain. Future research should focus on developing probes with enhanced stability, broader applicability in biological systems, and
improved environmental compatibility. Most probes exhibit high sensitivity, selectivity, and photophysical performance.
Limitations such as solvent dependence or lack of selectivity restrict some probes' applications. Advances like rapid response,
biocompatibility, and intracellular utility make specific probes suitable for real-world applications in biological systems.
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