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Abstract: 

 

The development of molecular sensors for efficient detection of specific metal ion is an emerging 

area in chemistry because of their potential analytical applications in many different fields, 

including chemistry and biology, for determination of selectivity with various metal ions, 

fluorescent technique has been widely used. Fluorescent molecular metal ion sensors become 

increasingly important as tools for the quantitative real-time monitoring of metal ion 

concentration in biological samples. In such sensors, a metal chelating site is usually linked to 

fluorophore, and metal binding affects the fluorescence intensity of the compound.   
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Introduction 

 

Macrocyclic chemistry is different from the other 

because it deals with synthetic molecular systems that 

are held together by weaker non-covalent interactions, 

such as electrostatic forces, hydrogen bonds, π-π 

stacking interactions, van der Waals forces, or 

hydrophobic effects1-3. Toxic metals are extensively 

used in industrial, agricultural and military purposes 

for several decades of time. These are now widely 

dispersed in a range of different forms, and there are 

environmental problems arising from their mining, 

extraction and purification4-6. Not only cations, the 

anions, specially halides and oxo anions play a 

fundamental role for resolving various chemical, 

biological and environmental issues Toxic heavy 

metal ions such as Hg2+, Pb2+ and Cd2+, which are 

highly health hazardous, require detection of their 

presence in the environment in ppm level7. Specially 

lead interferes with a variety of body processes and is 

toxic to many organs and tissues including the heart, 

bones, intestines, kidneys, reproductive and nervous 

systems8. It interferes with the development of the 

nervous system and is therefore particularly toxic to 

children, causing potentially permanent learning and 

behavior disorders. Mercury has a number of effects 

on humans like disruption of the nervous system, 

damage to brain functions, DNA damage and 

chromosomal damage. Since anions are ubiquitous 

and play important roles in many biological and 

chemical systems, there is an increasing interest in the 

design and development of receptors that selectively 

recognize specific anions such as halides, NO3
-, SO4

2-

, PO4
3-, H2PO4

-. Among the range of biologically 

important anions, the fluoride anion has attracted 

growing attention due to its established role in 

preventing dental cares. Fluoride anion is also 

explored extensively as a treatment for osteoporosis, a 

type of fluoride toxicity that generally manifests itself 

clinically in terms of increasing bone density. Acetate 

is a critical component of numerous metabolic 

processes9, 10. Acetate production and oxidation rate 

have been frequently used as indicator of organic 

decomposition in marine sediments. Phosphate anions 

are very important anionic species in living organisms. 

Naturally occurring phosphate-binding proteins (PBP) 

selectively and strongly bind hydrogen phosphate11. 

Development of suitable methods for detection of 

these ions, particularly in aqueous media, is desirable. 

In recent years, significant effort has been made for the 

development of highly sensitive techniques for 

selective detection of various hazardous cations and 

anions and also methods for monitoring the 

recognition event in solution3, 12-14. Among the various 

analytical methods that are available for the detection 

of cations and anions, flame photometry, atomic 

absorption spectrometry, ion sensitive electrodes, 

electron microprobe analysis, neutron activation 

analysis, etc., are expensive, often require large 

amount of sample and do not allow continuous 

monitoring. In contrast, the method based on 

fluorescence offers distinct advantages in terms of 

sensitivity, selectivity, time and sample required for 

analysis and moreover it is a nondestructive method of 

analysis15-18. Many researchers including chemists, 

biologists and environmentalists are intensively 

involved in the development of molecular sensors 

suitable for selective detection of various ions19. Such 
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type of molecular sensors can be developed by the 

combination of an ion recognition unit with a 

luminescent fragment whose photo physical properties 

perturbed during the recognition process20.  

Optical sensor approach 

The photo physical property21 of the luminescent unit 

is sensitive to interactions between host and guest, and 

therefore can be used as a tool to monitor the 

recognition event22. Binding of ions to the recognition 

sites leads to changes in certain properties of the 

receptors such as colour, luminescence, excited-state 

lifetime and that serves as indicators of ion-

recognition. For this purpose, fluorescent organic 

molecules have been widely used as fluorophore for 

the recognition of both cations and anions23. However, 

rhenium(I) and ruthenium(II)-polypyridyl complexes, 

which are highly luminescent, have also been used as 

fluorophore in designing chemisensors for cations, 

anions and biological molecules24. For designing of 

anion receptors, incorporation of metal-complex based 

fluorophores offers some advantages over organic 

molecules.   

Conclusion 

Designing of ionophores, various noncovalent 

interactions, such as hydrogen-bonding, electrostatic, 

hydrophobicity are mainly considered. For this 

purpose, both the open chain and macrocyclic units, 

which can effectively interact with the incoming ions, 

can be used. Macrocyclic ionophores are commonly 

used for the detection of cations, however they have 

also been used for anion recognition because of their 

ability to associate with anions by hydrogen-bonding 

interaction.  
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