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Abstract

We present a new concept of synthesis for preparation of molecularly

imprinted polymers using a functionalized initiator to replace the traditional

functional monomer. Using propranolol as a model template, a carboxyl-

functionalized radical initiator was demonstrated to lead to high-selectivity

polymer particles prepared in a standard precipitation polymerization system.

When a single enantiomer of propranolol was used as template, the imprinted

polymer particles exhibited clear chiral selectivity in an equilibrium binding

experiment. Unlike the previous molecular imprinting systems where the

active free radicals can be distant from the template-functional monomer com-

plex, the method reported in this work makes sure that the actual radical poly-

merization takes place in the vicinity of the template-associated functional

groups. The success of using functional initiator to synthesize molecularly

imprinted polymers brings in new possibilities to improve the functional per-

formance of molecularly imprinted synthetic receptors.
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1 | INTRODUCTION

Owing to the specific molecular recognition capability,
molecularly imprinted polymers (MIPs) have attracted
enormous interest in applied science and technology
areas. Molecular imprinting has been widely used to

prepare robust polymer materials with predefined molec-
ular selectivity for applications such as affinity-based sep-
arations, solid phase extraction in analytical sample
preparation, controlled delivery of therapeutic drugs, and
chemical sensors.1-4 Molecular imprinting technique
involves the preparation of a synthetic polymer through
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the cross-linking of functional monomers in the presence
of a molecular template. In the first step, a template-
functional monomer complex is formed through covalent
or non-covalent interactions. Subsequently, the func-
tional monomer is copolymerized with a cross-linking
monomer to form a solid polymer matrix. After removal
of the template molecule, a molecular binding site is left,
with its shape, size, and interacting groups defined by the
original template. After a successful molecular imprint-
ing, the molecular binding sites in the MIP will be able to
recognize and bind the original template with a very high
selectivity.

Different polymerization methods have been devel-
oped to prepare MIPs, such as bulk polymerization, sus-
pension polymerization, precipitation polymerization,
and polymerization on a solid surface.5-8 Of all the
methods developed to synthesize MIPs, one critical issue
is to select the correct functional monomer, because the
strength of the template-functional monomer interac-
tions often determines the quality of the final imprinted
sites. The template-functional monomer complex can be
stabilized by various interactions including covalent
bonding, hydrogen bond and metal ion coordination.9-11

In the non-covalent imprinting approach, methacrylic
acid (MAA) is frequently used as a functional monomer
because its carboxyl group can act as both hydrogen bond
donor and acceptor to bind different template molecules.
As examples, MAA has been used successfully as func-
tional monomer to synthesize propranolol-imprinted

polymer beads by suspension polymerization,12 Pickering
emulsion polymerization,13,14 and precipitation polymeri-
zation.15 The simplicity and straightforward synthesis by
precipitation polymerization is of particular interest, as it
provides an ideal system to gain mechanistic insight into
molecular imprinting process using easily accessible ana-
lytical tools, eg, solution NMR spectroscopy and dynamic
light scattering.16

A significant part of research in molecular imprint-
ing has been focused on increasing the strength of
intermolecular interactions between template and func-
tional monomers.9,17,18 In contrast, there is barely any
report discussing the impact of radical initiator on
molecular imprinting effect.19 Taking precipitation poly-
merization into account, under a standard molecular
imprinting condition, one can expect that a significant
portion of cross-linking reaction can lead to non-
specific particles, because the active radicals generated
from the initiator have no affinity for the template
(Figure 1A). Only when an active radical reacts with
the template-bound functional monomer, an imprinted
molecular binding site will start to form (Figure 1A).
Based on this consideration, we propose that a
functionalized initiator may be used to prepare MIPs
without requiring commonly used functional mono-
mers. Besides simplifying the reaction components, the
functionalized initiator may help to reduce the amount
of non-specific polymer particles, because the cross-
linking reaction will take place in the vicinity of the

FIGURE 1 Formation of specific MIP

particles in precipitation polymerization system

using (A) traditional radical initiator and

(B) functionalized radical initiator. T: template;

F: functional monomer; X: cross-linking

monomer; I: initiator; Fi: functionalized

initiator. Non-specific particle is represented by

the solid circle. For simplicity, only template-

bound functional monomer and functionalized

initiator are presented

FIGURE 2 Chemical structures of propranolol,

functional initiator (ACVA), and cross-linking monomer

(TRIM) used in this work
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bound molecular template, leading to formation of
template-imprinted sites (Figure 1B).

In this work, we use a well-investigated molecular
template propranolol to demonstrate the feasibility of
non-covalent molecular imprinting using functionalized
initiator (Figure 2). Propranolol was chosen as the model
because it is a chiral therapeutic drug. Propranolol enan-
tiomer is commercially available and can be used as a
probe to investigate chiral selectivity of the imprinted
polymers. As functionalized initiator, we decided to use
4,40-azobis(4-cyanovaleric) acid (ACVA)20 because its car-
boxyl group can form hydrogen bond interactions with
propranolol. Trimethylolpropane trimethacrylate (TRIM)
was used as the cross-linking monomer. The precipita-
tion polymerization was carried out in acetonitrile. The
polymer particles were purified following standard
workup procedures before the molecular recognition
characteristics were investigated.

2 | MATERIALS AND METHODS

2.1 | Materials

(R,S)-Propranolol hydrochloride (99%), (S)-propranolol
hydrochloride (99%), and (R)-propranolol hydrochloride
(99%) supplied by Fluka (Dorset, UK) were converted
into the free base form before use. Trimethylolpropane
trimethacrylate (TRIM, technical grade), pindolol (98%),
metoprolol (97%), atenolol (98%), and timolol (98%) were
purchased from Sigma-Aldrich (Dorset, UK). Methanol
(≥ 99.9%), acetic acid (glacial, 100%), acetone (98%), ace-
tonitrile (99.7%), and 4,4 0-azobis(4-cyanovaleric) acid
(98%, ACVA) were purchased from Merck (Darmstadt,
Germany). ACVA was recrystallized from methanol
before use. Other chemicals were analytical grade and
were used as received.

2.2 | Preparation of MIP particles

MIP particles were synthesized using one-step precipita-
tion polymerization, as shown in Figure 2. Briefly, the
template molecule, (R,S)-propranolol (34.25 mg, 0.13
mmol) was dissolved in 10-mL acetonitrile in a one-neck
round bottomed flask. After adding 74.3 mg (0.27 mmol)
of ACVA and 161 μL (0.51 mmol) of TRIM, the solution
was purged with a gentle flow of nitrogen gas for 5
minutes and then sealed. The one-neck round bottomed
flask was transferred into a Stovall HO-10 Hybridization
Oven. Then the polymerization was carried out at 60�C
for 24 hours while the flask was rotated at a speed of 20
rpm. Finally, the polymer particles were collected by

centrifugation, washed with methanol/acetic acid (9:1,
v/v) repeatedly to remove the template. The polymer par-
ticles were finally washed with acetone and dried in a
vacuum desiccator overnight. Non-imprinted polymer
(NIP) was synthesized following the same procedure
without adding the template. An enantiomer-imprinted
MIP (sMIP) was synthesized using (S)-propranolol as the
template under the same condition.

2.3 | Characterization

Field emission scanning electron microscopy (FESEM;
JSM-6700F, operated at 10 kV; Japan) and Fourier trans-
formation infrared spectrometry (FT-IR; Nicolet iS5;
USA) were used to characterize the morphologies and
structures of the samples. Fluorescence spectrometer
(Quanta Master C-60/2000, excitation wavelength at 292
nm; USA) was used to determine the binding properties
of the MIP and NIP particles.

2.4 | Binding experiments

2.4.1 | Kinetic binding experiments

MIP or NIP particles (2.0 mg) were added to 2.0 mL of
(R,S)-propranolol solution with an initial concentration
(C0) of 10.0μM. The mixtures were stirred on a rocking
table at room temperature. At different times, the sam-
ples were centrifuged to sediment the polymer particles,
and the concentration (Ct) of the free (R,S)-propranolol
in the supernatant was determined using fluorescence
spectrometer.

The amount of bound propranolol (Q, mg g−1) was
calculated according to Equation (1):

Q=
V C0−Ctð Þ

m
× 103Mr , ð1Þ

where V (mL) and m (mg) are the volume of the (R,S)-
propranolol solution and the mass of the MIP or NIP par-
ticles and Mr is the molecular weight of (R,S)-
propranolol.

2.4.2 | Binding isotherm

Six aliquots of MIP or NIP particles (2.0 mg) were intro-
duced into separate microcentrifuge tubes. Then 2.0 mL
of (R,S)-propranolol solution with concentration (C0) of
5.0μM, 10.0μM, 20.0μM, 40.0μM, 60.0μM, 80.0μM, and
100.0μM was added into each centrifuge tube. The
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samples were stirred on a rocking table at room tempera-
ture. After stirring for 90 minutes, the equilibrium con-
centration of the unbound (R,S)-propranolol (Ce, μM)
was determined by fluorescence spectrometer. The equi-
librium binding (Qe, mg g−1) was calculated according to
Equation (2)21,22:

Qe =
V C0−Ceð Þ

m
× 103Mr ð2Þ

2.4.3 | Regeneration and reusability of
MIP particles

MIP or NIP particles (2.0 mg) were added to a solution of
(R,S)-propranolol in 2.0 mL of acetonitrile with a concen-
tration of 10.0μM. After incubation for 90 minutes at
room temperature, the amount of free (R,S)-propranolol
was quantified by fluorescence spectrometer. The MIP or
NIP particles were subsequently washed with meth-
anol/acetic acid (9:1, v/v) to remove the bound (R,S)-pro-
pranolol. The polymer particles were finally washed with
acetone and dried in a vacuum desiccator. The adsorption
and desorption cycle was repeated using the regenerated
MIP or NIP particles.

2.5 | Chiral selectivity of enantiomer-
imprinted polymer

(S)-Propranolol-imprinted polymer particles (sMIP) or
NIP particles (2.0 mg) were added into an enantiomer
solution of (S)- or (R)-propranolol in 2.0 mL of acetoni-
trile with a concentration of 10.0μM. After incubation for
90 minutes at room temperature, the amount of (S)- or
(R)-propranolol bound to sMIP and NIP particles was
quantified by fluorescence intensity measurement.

3 | RESULTS AND DISCUSSION

3.1 | Characterization of MIP particles

Using ACVA as a functionalized initiator and TRIM as
the cross-linking monomer, the molecular imprinting
reaction carried out in acetonitrile resulted in micro-
spheres with an average diameter of 0.95 μm, as shown
in Figure 3. Under the same polymerization condition,
the NIP particles are larger, with an average diameter of
1.6 μm as measured from the SEM image (Figure 3). The
difference of particle size between the MIP and NIP parti-
cles is due to the presence of the template molecule in
the imprinting system. This phenomenon has been
observed in our previous studies where propranolol was
used as the molecular template, and MAA was used as
functional monomer to prepare MIP microspheres by
precipitation polymerization.15 The presence of propran-

FIGURE 3 SEM images of MIP and NIP particles prepared using ACVA as functionalized initiator

FIGURE 4 FT-IR spectra of NIP particles and MIP particles

before and after template removal
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olol in the reaction mixture affected the particle nucle-
ation and growth, thereby caused the MIP particles to
become smaller.

FT-IR analysis was used to investigate the functional
groups in the MIP and NIP particles (Figure 4). For all
the polymer samples, obvious absorption bands at 2955,
2886, 1735, 1467, 1385, 1258, 1136, 966, 870, and 774
cm−1 are observed and can be assigned to the –C-H, –
C=O, –O-H and –C-O structures, which are from the
functional initiator ACVA and the cross-linking mono-
mer TRIM. Compared with the FT-IR spectra of ACVA
and TRIM shown in Figure S1, the –C=C band at 1636
cm−1 from the polymer particles has weakened substan-
tially, suggesting that the cross-linking polymerization
has taken place during the imprinting reaction. The
change of IR spectrum of the MIP particles before and
after template removal, in particular for the naphthalene
bands at 1596, 1580, and 1509 cm−1, indicates that the
template has been removed after the washing steps.23

3.2 | Binding characteristics of MIP
particles

3.2.1 | Binding kinetics

The kinetics of template binding is shown in Figure 5. In
the initial stage, the amount of propranolol bound
increases quickly. After 30 minutes, the uptake of pro-
pranolol by MIP and NIP increases more slowly. At the
beginning, because of the abundance of unoccupied
imprinted cavities, the template molecules can be easily
taken up by the cavities present on the polymer surface,
leading to a rapid adsorption of propranolol.24 After 90
minutes, the propranolol binding to the MIP particles

reached the equilibrium value of 2.10 mg g−1. The NIP
particles exhibit similar kinetic profile but have a lower
equilibrium binding (0.94 mg g−1) due to the absence of
imprinted cavities.25 For the NIP particles, owing to the
randomly distributed functional groups, some proprano-
lol binding was observed.

To study the kinetics of propranolol binding with
MIP and NIP, pseudo-first-order and pseudo-second-
order kinetic models (Equations (3) and (4)) were used to
fit the experimental data:26,27

lg Qe−Qtð Þ= lgQe−
k1

2:303
t, ð3Þ

t
Qt

=
1

k2Q2
e

+
t
Qe

, ð4Þ

where Qe (mg g−1) and Qt (mg g−1) are the amount of
adsorption at equilibrium and the amount of adsorption
at time t (min), respectively. k1 (min−1) and k2 (g mg−1

min−1) are the pseudo-first-order and pseudo-second-
order rate constants of adsorption, respectively.

The linear fitting results are shown in Figure S2, and
the calculated results are presented in Table S1. The
values of correlation coefficient (R2) of pseudo-second-
order model for MIP and NIP are higher than those for
the pseudo-first-order model and are closer to 1. In addi-
tion, the calculated Qe, cal values from pseudo-second-
order model are close to the experimental data (Qe, exp).
The data illustrate that pseudo-second-order mechanism
is more suitable to describe the adsorption kinetics than
pseudo-first-order model, and the potential rate-limiting
step in (R,S)-propranolol binding is the chemical adsorp-
tion involving specific molecular interactions with the
imprinted cavities.28-31

3.2.2 | Adsorption isotherm

The adsorption isotherm represents the relationship
between the equilibrium concentration and the amount
of (R,S)-propranolol bound to the MIP and NIP particles.
As can be seen in Figure 6, with increasing (R,S)-
propranolol concentration, the equilibrium adsorption on
the MIP particles increases rapidly. The amount of (R,S)-
propranolol bound on the MIP particles is significantly
higher than on the NIP particles, suggesting that the
imprinted sites in the MIP particles have higher affinity
for the template molecule.

Langmuir and Freundlich isothermal models were
used to fit the data of equilibrium binding of (R,S)-
propranolol on MIP and NIP particles. The Langmuir
and Freundlich isothermal equations are as follows26,27:

FIGURE 5 Kinetic binding curves of MIP and NIP for

adsorption of propranolol in acetonitrile
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Ce

Qe
=

Ce

Qm
+

1
KLQm

, ð5Þ

lgQe =
1
n
lgCe + lgKF , ð6Þ

where Ce (μM) and Qe (mg g−1) are the equilibrium con-
centration and the amount of bound (R,S)-propranolol,
respectively, Qm (mg g−1) is the maximum adsorption
capacity, and Kd is the Langmuir constant. KF and n are
the Freundlich adsorption equilibrium constants.

The fitting results are shown in Figure S3 and Table
S2. For MIP, the experimental data fit better with the
Freundlich isotherm than with the Langmuir model, as
indicated by the correlation values (R2). The results sug-
gest that the interaction between (R,S)-propranolol and
the imprinted sites is not homogeneous. For the NIP par-
ticles however, the correlation value of the Langmuir
fitting (R2 = 0.9890) is higher than that of the Freundlich
fitting (R2 = 0.6347), suggesting that the adsorption of
(R,S)-propranolol on the NIP takes place mainly on parti-
cle surface.

3.2.3 | Regeneration

To investigate the stability and regeneration ability of
MIP, adsorption-desorption cycles were repeated five
times using the same polymer particles. As observed in
Figure 7, the uptake of (R,S)-propranolol only declined
slightly with the recycled particles. After five times of
use, the (R,S)-propranolol binding to the MIP particles
remained at a high level (about 82% of the initial bind-
ing). Therefore, the imprinted polymer particles are pos-
sible to be regenerated and can be reused.

3.2.4 | Chiral-selective molecular
recognition

For many chiral pharmacological products, the thera-
peutic effects of enantiomers can be dramatically dif-
ferent. It is therefore useful to prepare MIPs with
chiral-selective molecular recognition property. To ver-
ify that the functional initiator ACVA can be used to
produce chiral-selective MIPs, a new imprinted poly-
mer (sMIP) was synthesized using (S)-propranolol as
the template. The structure characterization data
(Figure S4) and molecular binding results (Figure S5)
suggest that the chiral imprinted polymer was obtained
successfully. The adsorption of (R)- and (S)-propranolol
on the sMIP and the NIP particles are shown in
Figure 8. It is clear that the adsorption of (S)-
propranolol on sMIP (2.03 mg g−1) is much higher

FIGURE 7 Regeneration of MIP and NIP particles for

adsorption (R,S)-propranolol in acetonitrile

FIGURE 8 Adsorption capacities of sMIP and NIP for

adsorption of (S)- and (R)-propranolol in acetonitrile

FIGURE 6 Adsorption isotherm of (R,S)-propranolol on MIP

and NIP particles measured in acetonitrile
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than the adsorption of (R)-propranolol (0.66 mg g−1).
The difference of adsorption between the two enantio-
mers can be attributed to the molecule matching of
(S)-propranolol to the imprinted cavities.32,33 The
imprinted cavities formed by the template (S)-
propranolol are not able to accommodate (R)-
propranolol due to the spatial distribution of its func-
tional groups. Formation of the chiral-selective binding
sites during the imprinting process is most likely con-
trolled by the hydrogen bond interactions between the
carboxyl group in ACVA and the ether, hydroxyl, and
amine groups in (S)-propranolol. Owing to the pres-
ence of some carboxyl groups on the polymer surface,
some (R)-propranolol were found to adsorb on the
sMIP and NIP particles. Based on the unambiguous
chiral selectivity exhibited by the sMIP, it is obvious
that the use of functionalized initiator for noncovalent
molecular imprinting can lead to high selectivity MIP
materials.

4 | CONCLUSIONS

In this work, we have developed a new method to
synthesize molecularly imprinted polymers using
ACVA as both functional monomer and radical initia-
tor. The obtained MIP showed superior selective recog-
nition ability and recyclability for the adsorption of
(R,S)-propranolol. The adsorption of (R,S)-propranolol
on the MIP reached equilibrium within 90 minutes,
and the adsorption capacity of the MIP was signifi-
cantly higher than that of NIP. In addition, the single
enantiomer-imprinted sMIP exhibited unambiguous
chiral selectivity for (S)-propranolol. This type of
chiral-selective MIPs may be used to achieve chiral
separation of enantiomers commonly encountered in
production of pharmaceuticals and other fine chemical
products.

ACKNOWLEDGEMENTS
This work was supported by the Swedish Foundation
for International Cooperation in Research and Higher
Education (grant number CH2015-6254), the European
Commission (project RECOPHARMA, grant number
778266), the National Natural Science Foundation of
China (U1610255, U1607120, 51603142, and 21706170),
the National Key Research and Development Program
of China (2017YFB0603104), and the Key R&D Pro-
gram of Shanxi Province (International Cooperation,
201903D421077).

ORCID
Lei Ye https://orcid.org/0000-0002-3646-4072

REFERENCES
1. Pan J, Chen W, Ma Y, Pan G. Molecularly imprinted polymers

as receptor mimics for selective cell recognition. Chem Soc Rev.
2018;47(15):5574-5587.

2. Gui R, Jin H, Guo H, Wang Z. Recent advances and future
prospects in molecularly imprinted polymers-based electro-
chemical biosensors. Biosens Bioelectron. 2018;100:56-70.

3. Ye L, Mosbach K. Molecularly imprinting: synthetic materials
as substitutes for biological antibodies and receptors. Chem
Mater. 2008;20(3):859-868.

4. Haupt K, Mosbach K. Molecularly imprinted polymers and
their use in biomimetic sensors. Chem Rev. 2000;100(7):2495-
2504.

5. Adumitr�achioaie A, Tertis M, Cernat A, S�andulescu R, Cristea
C. Electrochemical methods based on molecularly imprinted
polymers for drug detection. A review. Int J Electrochem Sci.
2018;13:2556-2576.

6. Gama MR, Bottoli CBG. Molecularly imprinted polymers for
bioanalytical sample preparation. J Chromatogr B. 2017;1043:
107-121.

7. Ye L. Molecularly imprinted polymers with multi-functional-
ity. Anal Bioanal Chem. 2016;408(7):1727-1733.

8. Li Q, Jiang L, Kamra T, Ye L. Synthesis of fluorescent molecu-
larly imprinted nanoparticles for turn-on fluorescence assay
using one-pot synthetic method and a preliminary microfluidic
approach. Polymer. 2018;138:352-358.

9. Günter W, Karsten K. Stoichiometric noncovalent interaction
in molecular imprinting. Bioseparation. 2001;10:257-276.

10. Mosbach K. Molecular imprinting. Trends Biochem Sci. 1994;
19(1):9-14.

11. Chen L, Wang X, Lu W, Wu X, Li J. Molecular imprinting: per-
spectives and applications. Chem Soc Rev. 2016;45(8):2137-
2211.

12. Ansell R, Mosbach K. Magnetic molecularly imprinted polymer
beads for drug radioligand binding assay. Analyst. 1998;123(7):
1611-1616.

13. Shen X, Ye L. Interfacial molecular imprinting in
nanoparticle-stabilized emulsions. Macromolecules. 2011;
44(14):5631-5637.

14. Shen X, Ye L. Molecular imprinting in Pickering emulsions: a
new insight into molecular recognition in water. Chem
Commun. 2011;47(37):10359-10361.

15. Zhou T, Jørgensen L, Mattebjerg MA, Chronakis IS, Ye L.
Molecularly imprinted polymer beads for nicotine recognition
prepared by RAFT precipitation polymerization: a step forward
towards multi-functionalities. RSC Advances. 2014;4(57):30292-
30299.

16. Long Y, Philip JYN, Schillén K, Liu F, Ye L. Insight into molec-
ular imprinting in precipitation polymerization systems using
solution NMR and dynamic light scattering. J Mol Recogn.
2011;24(4):619-630.

17. Sibrian-Vazquez M, Spivak DA. Molecular imprinting made
easy. J Am Chem Soc. 2004;126(25):7827-7833.

18. Shoravi S, Olsson GD, Karlsson BC, Nicholls IA. On the influ-
ence of crosslinker on template complexation in molecularly
imprinted polymers: a computational study of pre-
polymerization mixture events with correlations to template-
polymer recognition behavior and NMR spectroscopic studies.
Int J Mol Sci. 2014;15(6):10622-10634.

LIU ET AL.376

https://orcid.org/0000-0002-3646-4072
https://orcid.org/0000-0002-3646-4072


19. Holdsworth C, Lim KF, Katselas A, Ye L. (n.d.)Molecular
imprinting sans functional monomer. The 10th International
Conference on Molecular Imprinting. June 24-28, Jerusalem,
Israel.

20. Arnold FH, Sundaresan V. Adsorbents for amino acid and pep-
tide separation. U.S. Patent 5,786,428, Jul. 28, 1998.

21. Liu W, Liu X, Yang Y, Zhang Y, Xu B. Selective removal of
benzothiophene and dibenzothiophene from gasoline using
double-template molecularly imprinted polymers on the sur-
face of carbon microspheres. Fuel. 2014;117:184-190.

22. Liu W, Qin L, Shi W, et al. Molecular imprinted polymers on
the surface of porous carbon microspheres for capturing
dibenzothiophene. Microchim Acta. 2016;183(3):1153-1160.

23. Gong H, Hajizadeh S, Jiang L, Ma H, Ye L. Dynamic assembly
of molecularly imprinted polymer nanoparticles. J Colloid
Interface Sci. 2018;509:463-471.

24. Liu W, Qin L, Yang Y, Liu X, Xu B. Synthesis and characteriza-
tion of dibenzothiophene imprinted polymers on the surface of
iniferter-modified carbon microspheres. Mater Chem Phys.
2014;148(3):605-613.

25. Pan G, Zhang Y, Ma Y, Li C, Zhang H. Efficient one-pot syn-
thesis of water-compatible molecularly imprinted polymer
microspheres by facile RAFT precipitation polymerization.
Angew Chem Int Ed. 2011;50(49):11731-11734.

26. Zhou Z, Kong D, Zhu H, et al. Preparation and adsorption
characteristics of an ion-imprinted polymer for fast removal of
Ni (II) ions from aqueous solution. J Hazard Mater. 2018;341:
355-364.

27. Hua S, Zhao L, Cao L, Wang X, Gao J, Xu C. Fabrication and
evaluation of hollow surface molecularly imprinted polymer
for rapid and selective adsorption of dibenzothiophene. Chem
Eng J. 2018;345:414-424.

28. Xu C, Ye L. Clickable molecularly imprinted nanoparticles.
Chem Commun. 2011;47(21):6096-6098.

29. Xu C, Shen X, Ye L. Molecularly imprinted magnetic materials
prepared from modular and clickable nanoparticles. J Mater
Chem. 2012;22(15):7427-7433.

30. Shen X, Xu C, Ye L. Imprinted polymer beads enabling direct
and selective molecular separation in water. Soft Matter. 2012;
8(27):7169-7176.

31. Hajizadeh S, Xu C, Kirsebom H, Ye L, Mattiasson B.
Cryogelation of molecularly imprinted nanoparticles: a
macroporous structure as affinity chromatography column for
removal of β-blockers from complex samples. J Chromatogr A.
2013;1274:6-12.

32. Maier NM, Lindner W. Chiral recognition applications of
molecularly imprinted polymers: a critical review. Anal
Bioanal Chem. 2007;389(2):377-397.

33. Ramström O, Ye L, Gustavsson P-E. Chiral recognition by
molecularly imprinted polymers in aqueous media. Chro-
matographia. 1998;48(3-4):197-202.

SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Liu W, Holdsworth C,
Ye L. Synthesis of molecularly imprinted polymers
using a functionalized initiator for chiral-selective
recognition of propranolol. Chirality. 2020;32:370–377.
https://doi.org/10.1002/chir.23167

LIU ET AL. 377

https://doi.org/10.1002/chir.23167

	Synthesis of molecularly imprinted polymers using a functionalized initiator for chiral-selective recognition of propranolol
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Materials
	2.2  Preparation of MIP particles
	2.3  Characterization
	2.4  Binding experiments
	2.4.1  Kinetic binding experiments
	2.4.2  Binding isotherm
	2.4.3  Regeneration and reusability of MIP particles

	2.5  Chiral selectivity of enantiomer-imprinted polymer

	3  RESULTS AND DISCUSSION
	3.1  Characterization of MIP particles
	3.2  Binding characteristics of MIP particles
	3.2.1  Binding kinetics
	3.2.2  Adsorption isotherm
	3.2.3  Regeneration
	3.2.4  Chiral-selective molecular recognition


	4  CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




