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Coordination polymers are solid-state structures consisting of repeating coordination units extending in one, two or three

dimensions. Fields applications of the coordination polymers in general and metal-organic frameworks in particular are

briefly discussed.
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1. Definition

Coordination polymers are solid-state structures consisting of repeating coordination units extending in one, two or three

dimensions . The first preparation and application of coordination polymers probably dates back to early 18th century,

when German chemists accidentally discovered the Prussian blue dye . Crystallographic studies, the first of which was

carried out in 1936, revealed Prussian blue to be a 3D coordination polymer {[Fe Fe (CN) ]·11.0H O} , in which the

alternating Fe  and Fe  ions are linked by bridging cyanide ions .

Coordination polymers in which metal ions are linked by organic ligands into structures with potential voids are often

referred to as metal-organic frameworks (MOFs) or porous coordination polymers . The topology of coordination

polymers can be tuned almost at will by careful choice of metal ions and organic linkers and a nearly infinite variety of

structures can be obtained. Functional properties of the coordination polymers include capacity to store gases ,

separate gas  and liquid  mixtures, water purification , catalytic  and electrochemical 

activities, biomedical applications .

2. Application

Luminescence is an important property of coordination polymers, often playing a key role in their applications.

Luminescence is a non-coherent radiation that occurs upon the excitation of atoms, ions or molecules. Luminescence

arises when certain transitions (called spontaneous radiative transitions) of these species from the states with higher

energy to the states with lower energy, including the ground state, take place. Depending on the excitation method,

different types of luminescence are differentiated. Thus, photoluminescence occurs upon excitation by an optical radiation

(usually in UV range), electroluminescence—when excited by an electrical field. The processes that accompany the

luminescence are often visualized in Jablonski diagrams (Figure 1). Absorption of light occurs in a very short femtosecond

timeframe and correspond to the excitation of the particle from the ground state (S ) to an excited state (S , S , …). It

should be noted that each state has its own set of vibrational levels, which are populated upon excitation with different

probabilities and when combined, form an absorption spectrum. After the absorption of a photon, the most probable

process is called the internal conversion or vibrational relaxation. This process is longer that the excitation (picosecond

timeframe) and is accompanied by a structural relaxation of the excited molecule. The excess energy is converted into

heat and the relaxation is thus a non-radiative process. The molecule can exist in this excited state for nanosecond and

longer and then returns to the ground state, emitting a photon in a process called fluorescence. Other events that can

occur after the excitation include non-radiative relaxation upon collision of the excited molecule with other particles or

intersystem crossing to the lowest excited triplet state (T ). Relaxation from the triplet state to the ground state with photon

emission is called phosphorescence. Transition back to the S  state is also possible, followed by a delayed fluorescence.
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Figure 1. Jablonski diagram of processed accompanying absorption and emission of radiation (left) and schematic

representation of energy levels in coordination polymers (right).

Coordination polymers are complex systems consisting of metal ions, one or more ligand types, inclusion of solvent

molecules or other guests in voids is also possible. Emission of light by the coordination polymers can arise from various

types of electron transitions—intraligand (ligand-centered), metal-centered, metal-to-ligand and ligand-to-metal charge

transfer (MLCT and LMCT), Figure 1. Electron transitions in guest molecules encapsulated in the pores of the

coordination polymers can also influence their photophysical properties.

3. Conclusion

The photophysical properties of the coordination polymers are used to create electroluminescent materials for LEDs 

, as contrast agents in biomedical imaging, theranostics and photodynamic therapy . In recent years, more

attention is given to nonlinear optical properties of the coordination polymers, including the second harmonic generation,

multi-photon absorption, upconversion luminescence and lasing . The most extensive area of the use of the

luminescent properties of the coordination polymers is the development of sensors for various analytes - cations and

anions in aqueous and non-aqueous solutions , gases (oxygen, nitric(II) oxide, carbon monoxide, ammonia, water

vapor, etc.) , volatile organic compounds (aromatic hydrocarbons, aromatic nitro compounds, amines, etc.) ,

biologically important compounds (vitamins, pharmaceutical substances, toxins, DNA and RNA) . The analytical signal

in sensors of this type, as a rule, is associated either with a decrease in the luminescence intensity in the presence of an

analyte (the “quenching” effect), or with its increase (the “turn-on” effect).
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