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Smart Nanocomposites of Metal-organic Framework (MOF) and
Their Applications in Removing Dye and Environmental Pollutants

Mehrnaz Gharagozlou™, Ali Mohammadsadegh?
1- Department of Nanomaterials and Nanocoatings, Institute for Color Science and Technology, P. O. Box: 16765-654,
Tehran, Iran.
2- Mechanically Assisted Corrosion Lab. , School of Metallurgy and Materials Engineering, College Engineering, University
of Tehran,Tehran, Iran, P. O. Box: 11155 -4563

Abstract

Environmental related issues such as global warming, water pollution, and waste production are becoming ever-more urgent
and are endangering the lives of human beings. The development of 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 of environmental pollutants. The incorporation of stimuli-responsive
moieties in their structures confer them with additional properties such as being easily recovered and recyclability. Some
researchers have successfully incorporated photoactive species into the structures of MOFs resulting in the formation of
light-responsive nanocomposites. Also, in smart heat-responsive nanocomposites,the presence of thermo-responsive
polymeric units in the structure of an MOF make it to have 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 rresponsive to heat, light and
magnetism to remove dye and environmental pollutants. Also, in this article, the challenges related to the use of smart
nanocomposites as new compounds in environmental applications and their future prospects are discussed can be facilitated
by incorporating magnetic nanoparticles into their structure and making smart nanocomposites responsive to magnetism.

Keywords: Smart metal-organic framework, Light-responsive nanocomposites, Heat-responsive nanocomposites,
Magnetic-responsive nanocomposites, Removal of dye and environmental pollutants
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Table 1: Application of stimuli-responsive MOF composites during environmental remediation

Analyte

Class of
analyte

Matrix

Stimuli-responsive
MOFs

Light-responsive

Stimulus

Performance
parameters

CO,/N; and hierarchical metal .
SO,/N, gas Gas Gas organic frameworks Light LRSI, gy (46)
! . of 78(420)
separation constructed mixed
matrix membranes
High recovery values
Water pH/thermo dual- pH and (93.1-97.2%), a high
Fluoroquinolones Antibiotic samoles responsive microporous ~ temperat  enrichment factor (180),  (46)
P polymeric microspheres ure and good precision
(RSD < 8%, n = 6)
Microporous The maximum
photoresponsive adsorption capacity of
Wastewa azobenzene . Al-AZB and Zr-AZB
S el e ter dicarboxylate MOFs of g was 456.6 mg g— 1 and 47
AP (AlI-AZB) and Zr** 1289 mgg *,
(Zr-AZB) respectively
Crosslinked High adsorption
poly(Nisopropylacrylam capacity of 1.04 mmol
Na*, k" and Li* Monovalent Water ide- Temperat g ' and excellent
) ; : L (48)
ions metal ions samples  coacryloylamidobenzo- ure selectivity up to 29.4 for
18-crown-6) Na*/Li* and 34.4 for K*/
functionalized MOF-808 Li*
. Visible- light responsive .
Chrorri\c:lrj]rsn \2)) Hea\i/gnr:etal Wafgtrewa PPyNt@NH2- MIL-125 Light 99.roezd ﬁ;cfi:cr)&VI) (49)
nanocomposite
UiO-66 frameworks
CO; and N, Gases Air with azobenzene Light High selectivity (50)
functionalities
Thermo-responsive
. polymer PNIPAM High recoveries (78.7—
Alkylphenols Phyto‘i;‘em'ca Water  tethered to Fe;0, @SiO, Te"Jf:rat 104.3%) of (50)
@MOF coreshell alkylphenols
magnetic microspheres
Thermoresponsive ZIF- . .
Methylene blue Dye LEE 8 @PNIPAM-coMAA [EREee A extraction (51)
ter ure efficiency

! Zhang
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microgel composites



High recovery values

Water pH/thermo dual- pH and (93.1-97.2%), a high
Fluoroquinolones Antibiotic samoles responsive microporous ~ temperat  enrichment factor (180),  (52)
P polymeric microspheres ure and good precision

(RSD < 8%, n = 6)

Core-shell titanium- Extraction recoveries in
. L based MOF Magnetic the range of 83.8—
ADEEgmelomEs P TEs UL functionalized magnetic field 109.4% with the RSDs 4)
microsphere lower than 8.9%

Ui0-66-NH2/AgsPO,
Sulfamethoxazole Antibiotic Water MOF-nanoparticle Light
composites

Adsorption capacity of
200mgg !

‘650Y5‘ Jlie '4.3. Sl 0ad (5155 sl aial (b o s MOF Sl oolanuls jge 50 (o0l sl omyp ! sl Lo o
oolazul (BY) o), SKen o YQ,.;:;-I) 2,5 oy 1y MOF (slacy 5505 6l 51 eolasl b 1555, slge a5 009l ST 5l ooliwl (VA) (])Kes 4

Syg= 50 gole oy S (BV) gite g weadlane S0 (Som l0l0 18 (o0 3590 1, 1555 Slge ML 4ndas (5l » BMOF |
5 ) lamgsy (nl ST 355 piiie 355, Slge 5 Conyjlarzms dial dlaz JIMOF- sl (slacy oS ol gz goizr sloo )5
0,5 a5 5,15 5925 mlie ;o oS L SYlae 0S ol o) 0090 G jlaime aaal gl jo 1) S e 4 oS ly WMOF

oolaiwl )3 (BglS L allie col ecnlpl 9l 03,5 (o) 2 1355 Slge slaoaa¥T Bi> 5 Conjlanne arial 13 ) wielisn SMOF

IS ) Sl IS ) 3, s ¢ 135, olge (slaosss¥T i 5 MLl aphuss (gl diebsn sla MOF |

G jhaazro duduai (g1 9 S yxo 4y 955wly MOF (sloy jguols gl o )5 -

S8 eolaiwls g Cg jla e ddal (gl uiions (6 )b Jawgd pundbline (1Sl g 598 e 4y $SOrwly wieiigr sLMOF
4 55wl GLaMOF g 555 4y oSvwly LaMOF (5 )l,> o35ly delign GMOF o,,IS JlS jsbay jide ol ailacd ,§
..Las‘sa ‘Sm)).u‘s]a.:m;aw)s‘;) 0‘5.0 dl.ba..\.uy.l— Bi> 6‘;: |) ‘SMMLLAQ

! Oladoye
2 Rajput



& g8 % %
@éﬁﬁ?d—“@égﬁg

13> §95Fwly MOF (sl japols il —)-Y

(BF DY) Wigds o a3l Lol E3lo 10 &l a 555l Sloyacky oS5 L )l 4 585l wiadsgn MOF (sl 5,05 53l
ANEES 5 0aB 7S Sloged 4 MOF (slace jsslS 6l (plooeds 5 (Su5ed (Plss 45 g oo sl s55uly sl yarlige 3 292
Iy Dgd g0 wgemme MOF (glacy 55085l jlimlus ;o Ygano a5 &l ay o85uly (sl jordy (OA) S ss Loo &l ss @ ruly o
e Jsle slas 5.5 sl (UCST) WL il Jsbomas (sles 5 (LCST) oty o Jslomo (sloo (sl yocks &2 05500
ol L 0g5 LCST i eSS sleo 10 g akid cawgo ol LCST g6 (slo oy caidl o 3l 51 glulas o] o a5 el sles (CST)
SYL slales ;o UCST g4 (slo youds 500 (s3m 51 (0) diiead 33,501 053 LCST I 5V slos j0 a5 Jl> 0 st gl LB
(FY) s 35,501 045 UCST 5 slos 10 9 Cawga] 09> UCST

Sy 91555 olgo slooany¥T Bl (sl (ralizea | (5 Jansgd MOF (slocy j5:0lS'5il s oaisaS 5 &l > 4y s85uly sloyonly
N-isopropylacrylamide-co-) Joliie glasi—is b 51 d(FA) oL Llen § SSl5 ( Jliaylgieas () Jgaz) conl oads oolaiwl Jaie
LBl o Lo ysslS sl bl Qil> S lgie 4 MOF-808 (PNCE/MOF-808) ,ls sle (acryloylamidobenzo-18-crown-6
benzo-18-crown-6 .S oS g Lo (2iSTy b 03l 4 PNIPAM jea> () JS5) oS soliiwl 1555 slge (slasan¥T Bi> 4 X,
ol g e oS il ol @l 31 s 4 Wlgs e L 5 PNCE/MOF-808 il 5,8 Uasl 59315 039 Jlasl Juo L 1 ]
oo oy cdase (glos 40 .03 BU e sleo o |, LiT g oS i 1, K g Na' (cation-benzo-18-crown-6 acgeze (5,lasls
leog, 5 s (698 (59,0 Sladign LSis o 4 g sited Casgaol wgs o) T LCST 1 a8 Les a5 ol s 4 PNIPAM
asgaze 45 05 Sica sl 5 990 (b (50l S 4T 39 o0 sl yal (a3 g5t e la)lisle O J5SUse 5 il
6z, FO 51 YL slalos  blae jo .0uS i ) Gl aseii )0 9 0,5 |13 638 sla e o e 4o Cation-benzo-18-crown-6
LS JS8 ks sl 45 0,0 58 (3l Sl 5 ol sadmriely 00 (s youky (sloo i lis sl 81,5 il
Do @83 Sl Sl Az ys 5 oadode

Elevated
temperature

Thermal desorption ?

Selective adsorption W ‘ “ 45;}
\

Ambient /
temperature \

{ ~_ pNIPAMchain ~ ' AmB18C6
pNCEMOF-808-M+ ' @ Lt P Na* K* ©HO ,  pNCE/MOF-808

(FA) 058 0 &)l piycaiS ,y PNCE/MOF-808 ;o a8s cely Los o (8,bSS (5508 sloys bl i ) JSC&
Figure 1: Selective adsorption of monovalent metal ions and temperature-triggered desorption in thermally reversible pNCE/MOF-808 (48)
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Figure 2: Smart light-responsive hierarchical metal organic frameworks constructed mixed matrix membranes for efficient gas separation.
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Figure 5: a) Switchable membrane separation. Schematic illustration of tunable, remote-controllable molecular selectivity by a
photoswitchable MOF membrane, b) The separation of N2:CO2 mixtures. The permeances of N, and CO, are shown as black solid squares
and black open squares, respectively, with the logarithmic scale on the right-hand side (58).
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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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