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Environmental-related issues such as global warming, water pollution, and waste
production are becoming increasingly urgent and endangering human lives.
Developing new functional materials to deal with such environmental hazards is still
an ongoing process. Metal-organic framework nanostructures, MOFs, are highly
porous materials with generally high adsorption capacity for environmental
pollutants. Incorporating stimuli-responsive moieties in their structures gives them
more easily recovered and recyclable properties. Some researchers have successfully
incorporated photoactive species into the structures of MOFs, forming light-
responsive nanocomposites. Also, in smart heat-responsive nanocomposites, the
presence of thermo-responsive polymeric units in the structure of an MOF gives it
physicochemical properties that are sensitive to temperature changes. Recycling and
separation of MOF nanocomposites can be facilitated by the incorporation of
magnetic nanoparticles into their structures. This review investigates the applications
of smart nanocomposites responsive to heat, light, and magnetism to remove dye and
environmental pollutants. Also, this article discusses the challenges related to using
smart nanocomposites as new compounds in environmental applications and their
future prospects.
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Table 1: Application of stimuli-responsive MOF composites during environmental remediation

Analyte Class of analyte Stimuli-responsive MOFs Performance parameters

Gas

Antibiotic

Dye

Monovalent metal
ions

Heavy metal ions

Gases

Phytochemicals

Dye

Antibiotic

Antibiotic

Heavy metal

Antibiotics

Dye

Antibiotic

Antibiotic

Gas

Water
samples

Wastewater

Water
samples

Wastewater

Air

Water

Wastewater

Water

Water
samples

Wastewater

Water

Wastewater

Water

Water

Light-responsive hierarchical
metal organic frameworks
constructed mixed matrix

membranes

pH/thermo dual-responsive
microporous polymeric
microspheres

Microporous photoresponsive
azobenzene dicarboxylate
MOFs of AI** (Al-AZB) and
Zr** (Zr-AZB)
Crosslinked
poly(Nisopropylacrylamide-
coacryloylamidobenzo-18-
crown-6) functionalized
MOF-808
Visible- light responsive
PPynt@NH2- MIL-125
nanocomposite
UiO-66 frameworks with
azobenzene functionalities
Thermo-responsive polymer
PNIPAM tethered to Fe;04
@SiO, @MOF coreshell
magnetic microspheres
Thermoresponsive ZIF-8
@PNIPAmM-coMAA microgel
composites
Temperature-responsive
polymertethered Zr-porphyrin
MOFs encapsulated carbon
dot nanohybrids

pH/thermo dual-responsive
microporous polymeric
microspheres

magnetic zeolitic imidazolate
frameworks (ZIF-8)

Core-shell titanium-based
MOF functionalized magnetic
microsphere
Zolitic imidazolate
framework cobaltderived
ZIF-67
UiO-66-NH2/AgsPO, MOF-
nanoparticle composites
MOFs composites based on
TiO, and MIL-53(Fe)
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Temperatur
@

Temperatur
e

Temperatur
e

pH and
temperatur
e

Magnetic
field

Magnetic
field

Light

Light

Light

CO2(SO,)/N, selectivity of
78(420)

High recovery values (93.1-
97.2%), a high enrichment
factor (180), and good
precision (RSD < 8%, n = 6)
The maximum adsorption
capacity of AlI-AZB and Zr-
AZB was 456.6 mg g— 1 and
128.9 mg g !, respectively

High adsorption capacity of
1.04 mmol g~ * and excellent
selectivity up to 29.4 for
Na*/Li* and 34.4 for K*/ Li*

99.02% Cr(VI) reduction
High selectivity

High recoveries (78.7—
104.3%) of alkylphenols

High extraction efficiency

Removal efficiency for
tetracycline was 90.93% in
just 20 min

High recovery values (93.1-
97.2%), a high enrichment
factor (180), and good
precision (RSD < 8%, n = 6)
Adsorption capacity was
30.87 and 17.51 mg g *, for
As(111) and As(V),
respectively
Extraction recoveries in the
range of 83.8-109.4% with
the RSDs lower than 8.9%

more than 88% of MO is
degraded within 1 h

Adsorption capacity of 200
mgg
Adsorption capacity of
287.18 mgg*

(46)

(46)
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Figure 2: Smart light-responsive hierarchical metal organic frameworks constructed mixed matrix membranes for efficient gas separation. (46).
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Figure 3: The schematic diagram of the synthesis of UiO-66-NH2/Ag3P0O4 MOF NP composites and their adsorption-desorption mechanism. (42).
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Figure 4: Trans-to-cis isomerization of the ligand of PCN-123 (PCN represents porous coordination networks) induced by UV irradiation and the cis-to-trans
isomerization induced by heat treatment. Schematic illustration showing the suggested CO, uptake in MOF-5, PCN-123 trans, and PCN-123 cis (63).
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Figure 6: Synthesis of Fe;0,-ZrMOF@GSH and its application during adsorption of heavy metals from colored water samples (67).
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