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Magnetic molecularly imprinted polymers, as an advanced generation of selective
adsorbents, have attracted significant attention in recent years in the fields of
identification and removal of organic pollutants from the environment. By
simultaneously utilizing molecular imprinting technology and magnetic nanoparticles,
these materials provide specific recognition of template molecules, high adsorption
capacity, rapid separation via an external magnetic field, and reusability. In this
review article, the principles of design and the mechanism of formation of specific
recognition cavities in molecularly imprinted polymers are first examined.
Subsequently, various synthesis methods are systematically compared. In addition, the
role of magnetic nanoparticles, particularly FesO,, in improving adsorption kinetics,
increasing specific surface area, facilitating separation, and reducing adsorbent loss
is analyzed. Furthermore, structural, chemical, and magnetic characterization
techniques are reviewed, and the relationship between structure, morphology, and
adsorption performance is discussed. The aim of this review is to provide a
comprehensive perspective on the synthesis strategies of various magnetic
molecularly imprinted polymers and to assist researchers in selecting the most
suitable method for specific applications.
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1. Molecularly Imprinted Polymer (MIP)

2. Magnetic Molecularly Imprinted Polymer (MMIP)
3. Lock and key

4. Affinity
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Figure 1: Schematic illustration of the molecular imprinting theory (51).
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2. Surface Polymerization
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Figure 2: Schematic illustration of the preparation of H-MIP microspheres using Pickering emulsion polymerization (63).
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1. Halloysite nanotubes
2. Support

3. Oriented boronate

4. PEGylation
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Figure 4: FTIR spectra results of halloysite nanotubes (HNT),
magnetic halloysite nanotube composites (MHNT), and magnetic
molecularly imprinted nanopolymer (MHNT-PAETAC) (42).
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Figure 5: X-ray diffraction (XRD) patterns of magnetite nanoparticles
(black), silica-modified magnetite nanoparticles (red), and
magnetite/silica/titanium oxide nanocomposite (green) prepared via
the co-precipitation method (77).
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1. X-ray Diffraction
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Figure 7: FESEM images of halloysite nanotubes (A) before and (B)
after magnetic functionalizing (28).
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Figure 6: SEM analysis results of silica-modified magnetite
nanostructures (77).
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Figure 8: VSM analysis results of magnetic halloysite nanotubes (MHNT)
and the nanopolymer synthesized on this nanocomposite (MHNT-PAETAC).
The inset image shows the actual photograph of the polymeric nanoparticles
and their response to an external magnetic field (38).
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Figure 9: TEM analysis results of magnetite nanoparticles (a),
Fes04@Si0: nanoparticles (b), magnetic nanocomposite-based
molecularly imprinted polymer (c), and magnetic nanocomposite-
based non-imprinted polymer (d) (78).
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1. Magnetization

2. Saturation Magnetization

3. Remanence Magnetization

4. Hystersis Loop

5. Transmission electron microscopy
6. Bisphenol A
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Figure 10: Nitrogen adsorption/desorption isotherms of the magnetic

molecularly imprinted polymer prepared in water (W-MMIP) (a) and

the corresponding sample synthesized in ethanol (Et-MMIP) (b). The
pore size distributions are shown in the inset curves(49).
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Figure 11: The renmoval efficiency of methyl violet pollutant (open squares) and the adsorption capacity of the magnetic adsorbent (solid squares) as
a function of the adsorbent dosage (79).
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Figure 12: Schematic illustration of the adsorption process of the Sunset Yellow dye onto molecularly imprinted polymer nanoparticles: (a) initial

surface adsorption, (b) intraparticle diffusion, and (c) monolayer adsorption of the dye molecules onto the specific binding sites of the polymer.
Ref.(28).
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3. Langmuir Adsorption Isotherm
4. Freundlich Adsorption Isotherm
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1. pseudo-first order kinetics
2. Morris-Weber

WY=Y7 A(NED) ¥: /S5) so9lid 9 pole (sole &g puins



S iz b b ST s el Lale gLl abliae Jols
dnlio 5 b3, GGl g 0ogs oS> Gl o S5l 5 Ll (S

suial 3,549 9 bl —A
St et s 4 pmebliin J5Sge B (sl yacl
& il Sl (JsSge 655 B sla ok YL
Slgs g Lacdle jl glaxd iy s (lgieds (ompblise 550
S JgSge 2,08 slgo (ol .ailazd 3 113 ax g3 90 caisS Hlulils
ss.)\.\_’> ..\_«-.11)3 )| o= 9 ao)S g.n.\> 9 b.ll.wl.o..u Yb g.»ﬁob ‘) RV
gl lase 5l (o) pwblion o S lawgs Solua
Srdadlil YL pin S sela e $ BB Slle sssl
@bl b (Josdse LB sla oy (ilular Sgpew 5 conlio
S35 N Jolge s Jloiol i anl B (Sdezmn Gses
5 Llie e ¥ Jgdm )0 il dxlge 3o olaisl e
AV sl oas &Sl ads ol a4y dlge 5l aiws ol slacodgame
S5 48 3l 092y plagilly Glizes (oubline (J3Sse
Ol adez lauS oo dgaome saio (wlide (o 1) olse pl 0o il
& W B aa s anl b (Sozm 4 ol ol
slaolole (219 J S 6 )lps oams JLasl Jelse 5 Lo yagise
30 0, Sdas 200 a8l s awablise Ol mhaw a5l o
0dos B ¢yizrad 0,5 o Lol Qdzly - Lds S sleas >
sl sz L g ol islejl slalse 1o sodplxl Slallas
ol lioren s Y] odzn S 5 L 8l sl
o 4 pmnblie (JoSdge CIB slo jody 5l sl L jo
Silwliz e dbll 9 Y s a2 S 5l plejee 6510,
Bio glm 00iS laael Glodls lgican a o cwnblione
Sl ailoas 7 lae  sxio slaliS) o59a 6.]—‘ ‘_.;Lmod;{y—‘
Byoldg, ody i dis SlaliS, Slsasl Bis goows
G YL 085 L 5l it 5 o oS YVle gy Jl 5
slo Gl apai 6l olge cpl Jowsly oaiaslis aS” &loo S
oslaiwl 9 Q_A_ELJ)LJ \_MLLS | LE)L‘"(:)'} 9 ‘5);) u_JL> s‘5>L.~.)
Olde Lawgs QLJ Gilwlaz (LGl L ol e (03> 51 dame
Bed o (3lulaz Jolass sla g, 5l

b liaoe (95090 LB Lo jouls /3 5E9 09 pxmw 9 Ol pdan by

3 Fe¥se B slajorly 584 pazie (Shg K0S So
ool olazs] sloe is 352 «Jghite (slodle b dulic
ojlacl ;L 5l Lo yi cpl sl (JoSUge (55 B anl 3 (b o
=5 9 099 Bod JoSgo JoSe (ole (slaog S wjei 9 JSb
S Gl ez ge 4 a8 o sl S5 Sge olulis
g5l enlpls 09b o Bam 0a VT & Cand (5 pdy oLkl
0395 Sgazre (lawode 4 S (Josse IB lajerdy o Do
Jolb (alaitl il g (olaisl Lo iiSien oS 5l
Sl S mo 2 ((Sigyhen Sladisn (( Suiliuly 1Sl slo 1S o
F5Sse plobid 5 Sl puldp Jl i edlgyuily slag s
@l LSl an b )59l (nl 51 2 e 35800 (56
i 53 03liiwl 0550 (2ye JLail Jule g jegige 95 c0aiV]
b Slles llyl g L3l J3S « ele slaog S 0515 ek
Dy (K o2l Sl 3 L Lo jpa g (G2 )08 PH
L8, 5l G Ges S0 Wlgiee Jelse cnl Glojed (o2 95005
L siedign slocils (ool yrus 03,5 pol b rawode
Sjlese Jlge 1) VL (g pdy S 5 oyl

"Rl Jole VY

1y 5lye s ol o ol e o Sl e
S o s i o Jele ol lei oo plaie loyar plo
655N JsSIsn s ol ol clime 43 b o (6,5l parly
O aled iz (olaiBl g pdy S sk arl) 9 ol
ok b salds poly 098 plonil (J9Sdge B sy (polaisl e
oy Olee Dali5 00,5 o it sl (e &f J5SUse LB 2
s> pas Ly jeam 50 S (JeSlge B L8 5 oad (555l
535 85 a3 ol ol 25 e 53 550 Sy
Cdr Jld e peled il ailas jpam wnld e o ool
ok Cdz cdib Gl alie g 00y (polatl il O jgon
UL 551 oliee 5 5 e Sl 9815 ol 5 ot (5,5l
|y St Jale & alad, (V40 Yoo YY) 0l oolais] wis
L o lid

Imprinting Factor (IF) =
qe(Molecularly Imprinted Polymer)

*)

qe(Non—imprinted Polymer)

60 - Slas slo amli e 5l oS Slaslin V Jga
el ol s co adl)) wblise JoSUge CJB gl pady

1. Molecular recognition
2. Imprinting factor
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Table 1: Quantitative comparison of the key performance indicators of magnetic molecularly imprinted polymers, including saturation magnetization,
imprinting factor, maximum adsorption capacity, the predominant kinetic model, and the governing adsorption isotherm.

SHITERE Methylene blue
polymerization
Surface Hydroxybenzoic
o 20 4 20
polymerization acids
Surf{?\ce . 55 Tartrazine 101
polymerization
Surfe_lce . 221 Lysozyme 110
polymerization
Suspension—
inverse emulsion 4.06 Acid dyes 71.12
polymerization
Pickering
emulsion 0.74 Ll - 10
L cyhalothrin
polymerization
Pickering
emulsion 2.8 Bisphenol A 3.7

polymerization

Freundlich sef(fr?(lj]door—der (43)

26 Langmuir se:;:gfjoor-der (44)
0.46 Freundlicn ~__Pseudo- @7)
8.40 Langmuir Not reported (19)
Not reported Freundlich Second-order (38)
Not reported Freundlich secposr?cljj-door;ier (67)
1.69 Langmuir Not reported (68)
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Table 2: Overview of the major advantages and limitations of magnetic molecularly imprinted polymers (MMIPs). Adapted from Ref. (81).

High selectivity toward the target molecule

Multi-step and relatively complex synthesis

Rapid magnetic separation without the need for filtration or
centrifugation

Potential magnetic core leakage

High adsorption capacity and extraction efficiency

Possible non-specific adsorption under certain conditions

Easy regeneration and reusability

Gradual performance deterioration after repeated adsorption—desorption

cycles

Reduced sample preparation time

Higher synthesis cost compared with conventional adsorbents

Simple recovery using an external magnetic field
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Possible agglomeration of magnetic nanoparticles
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