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The first combined use of reversible addition–fragmentation chain transfer (RAFT) polymerization and
precipitation polymerization in the molecular imprinting field is described. The new polymerization
technique, namely RAFT precipitation polymerization (RAFTPP), provides MIP microspheres with obvious
molecular imprinting effects towards the template, fast template binding process and an appreciable
selectivity over structurally related compounds, while only irregular MIP aggregates were obtained via
traditional radical precipitation polymerization (TRPP) under similar reaction conditions. The MIP
microspheres prepared via RAFTPP have proven to show improved binding capacity, larger binding
constant and apparent maximum number for high-affinity sites, and significantly higher high-affinity
binding site density in comparison with the MIP prepared via TRPP.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Molecular imprinting technique is a simple and efficient method
to introduce specific molecular recognition sites into a polymer
matrix. The resulting molecularly imprinted polymers (MIPs) can
show not only an affinity and a selectivity approaching those of anti-
body–antigen systems but also favorable mechanical, thermal and
chemical stability, which make MIPs very promising candidates for
many applications, including their use for separation and isolation
purposes, as antibody mimics (biomimetic assays and sensors), as
enzyme mimics (biomimetic catalysis), in organic synthesis and in
drug development [1–5].

A typical molecular imprinting system usually contains
a template molecule, a functional monomer, a crosslinking
monomer and a suitable solvent, where the functional monomer
interacts with the template via non-covalent interactions
(hydrogen bonds, ionic and hydrophobic interactions) to form
a complex prior to the crosslinking reaction. After polymerization,
the template is removed from the obtained polymer network,
leading to molecularly imprinted binding sites complementary to
the shape, size and functionality of the template. MIPs are nor-
mally prepared by free radical polymerization mechanism, whose
widespread use can be ascribed to its tolerance for a wide range of
functional groups in the monomers and templates as well as its
ng).
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mild reaction conditions. However, traditional radical polymeri-
zation processes are usually rather difficult to control with regard
to chain propagation and termination, which normally result in
polymer networks with heterogeneous structures [6]. The pres-
ence of heterogeneity within the network structures of the MIPs
could have significant impact on the binding sites inside the
networks, which might be responsible for some of the inherent
drawbacks of the MIPs such as the broad binding site heteroge-
neity and the relatively low affinity. Therefore, it can be envi-
sioned that the preparation of MIPs with homogeneous network
structures will be of significant importance both for better
understanding the structure–property relationship of the MIPs
and for obtaining MIPs with improved binding properties. In this
respect, controlled/‘‘living’’ radical polymerization techniques
(CRPs) are perfectly suited for this purpose. It has been well
understood that the structural heterogeneity in the polymer
networks generated by traditional radical polymerization is due to
the mismatch between the rapid chain growth and slow chain
relaxation, which leads to the reduced reactivity of the pendant
vinyl group and/or various cyclization reactions and the formation
of heterogeneous polymer networks distributed with highly
crosslinked microdomains [6]. In sharp contrast, CRPs are thermo-
dynamically controlled processes with negligible chain termina-
tion and a more constant and much slower rate for the polymer
chain growth, which significantly improve the match in the chain
growth and chain relaxation rates and thus lead to homogeneous
polymer networks with a narrow distribution of the network
chain length and a much lower crosslinking density in comparison
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with that of the highly crosslinked microdomains in the hetero-
geneous polymer networks (note that the crosslinking density in
the MIPs prepared via CRPs should be still high enough to be able
to stabilize the binding sites due to the use of large amounts of
crosslinkers). So far, many different polymer networks with
homogeneous structures have been prepared via CRPs [6–9].

Among the CRPs developed so far, reversible addition–frag-
mentation chain transfer (RAFT) polymerization has proven to be
one of the most versatile systems because of its applicability to
a wide range of monomers (most monomers polymerizable by
free radical methods) and its mild reaction conditions [10]. The
controllability of the RAFT polymerization lies in the use of
a reversible chain transfer agent (CTA, normally a dithioester) and
the resulting fast and dynamic equilibrium between active species
(propagating radicals) and dormant species (thiocarbonylthio-
terminated chains) (Scheme 1a). The polymers generated via RAFT
polymerization generally contain a dithioester end group, which
makes their further chain modification possible. RAFT polymeri-
zation has so far been mainly utilized to prepare well-defined
linear polymers. Very recently, RAFT polymerization has also been
used for the preparation of cosslinked ones including MIPs [11–
14] and other homogeneous polymer networks [9]. Titirici and
Sellergren reported the successful grafting of cross-linked MIP
films on the surfaces of mesoporous silica beads through RAFT
polymerization [11]. Yang and Wang’s group described a general
protocol for preparing surface-imprinted core–shell nanoparticles
via RAFT polymerization using RAFT agent functionalized silica
nanoparticles as the chain transfer agent [12]. Van Houten and
coworkers prepared europium(III) containing insoluble or soluble
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Scheme 1. The mechanism of the RAFT polymerization (a), the schematic representation of
MIPs for the luminescent sensing of organophosphates by RAFT
polymerization or by a combination of RAFT polymerization and
ring-closing metathesis [13,14]. So far, RAFT polymerization has
shown great potential in preparing MIPs with improved proper-
ties (e.g., faster binding kinetics [11]) and tailor-made structures
[11,12], to our knowledge, however, its application in molecular
imprinting is still rather limited. Therefore, it should be of great
importance to extend the application of RAFT polymerization to
the synthesis of MIPs with different formats in order to show its
versatility.

Precipitation polymerization has proven very versatile for
preparing MIP micro-/sub-microspheres because of its easy oper-
ation and no need for any surfactant or stabilizer [15–18], but only
traditional radical precipitation polymerization (TRPP) has been
used for this purpose up to now. Recently, a combined use of RAFT
polymerization and precipitation polymerization (namely RAFT
precipitation polymerization (RAFTPP)) has been reported for the
preparation of polymer microspheres [19–21], where the intro-
duction of the RAFT mechanism into the precipitation polymeri-
zation allowed the easy preparation of functional polymer
microspheres with reactive dithioester groups on their surfaces,
thus making them highly useful for further surface modification
either by reinitiation via RAFT polymerization [19,20] or by using
standard organic procedures (e.g., Diels–Alder chemistry) [21]. In
the present communication, we report on the application of
RAFTPP in the molecular imprinting field for the preparation of
functional MIP microspheres (Scheme 1b). The chemical structures,
particle size and morphology, template rebinding properties,
surface properties and binding selectivity of the obtained MIP
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microspheres were characterized, and they were also compared
with those of the MIP particles prepared via TRPP.

2. Experimental section

2.1. Materials

4-Vinylpyridine (4-VP, Alfa Aesar, 96%) and ethylene glycol
dimethacrylate (EGDMA, Alfa Aesar, 98%) were purified by distilla-
tion under vacuum. Azobisisobutyronitrile (AIBN, Chemical Plant of
Nankai University, analytical grade (AR)) was recrystallized from
ethanol. Cumyl dithiobenzate (CDB) was prepared following a liter-
ature procedure [22]. Methanol (Jiangtian Chemical Ltd., China, AR)
was distilled prior to use. 2,4-Dichlorophenoxyacetic acid (2,4-D,
Alfa Aesar, 98%), 2,4-dichlorophenylacetic acid (DPAc, Acros, 99%)
and phenoxyacetic acid (POAc, Acros, 98þ%) were used as-received
and their chemical structures are presented in Scheme 1c.

2.2. Preparation of the MIP/NIP by RAFTPP

The 2,4-D imprinted polymer was prepared via RAFTPP
according to the following procedure: 4-VP (0.2102 g,
1.9992 mmol), 2,4-D (0.1108 g, 0.5013 mmol) and a mixture of
methanol and water (4/1 v/v, 160 mL) was added into a one-neck
round-bottom flask (250 mL). After 30 min of stirring at room
temperature, a clear solution was obtained, to which EGDMA
(1.9825 g, 10.0010 mmol), AIBN (0.0181 g, 0.1102 mmol) and CDB
(0.0612 g, 0.2247 mmol) were added. The reaction mixture was
purged with argon for 30 min and sealed. The flask was then
immersed into a thermostated oil bath at 60 �C for 24 h. The
generated polymer particles were collected by filtration, purified
through Soxhlet extraction with methanol/acetic acid (9/1 v/v,
48 h) and methanol (24 h) and then dried at 40 �C under vacuum
for 48 h to provide an MIP with a light pink color (yield: 80%).
Fig. 1. Scanning electron micrographs of the MIPs (a, c) and NIPs (
The non-imprinted polymer (NIP, light pink color) was prepared
and purified under the identical conditions except that the
template was omitted (yield: 85%).

2.3. Preparation of the MIP/NIP by TRPP

The MIP/NIP was prepared by TRPP following a similar proce-
dure as RAFTPP except that CDB was omitted. White MIP and NIP
were obtained with their yields being 88 and 90%, respectively.

2.4. Characterization of chemical structures, particle size and
morphology, and surface properties of the MIPs/NIPs

Fourier Transform Infrared (FT-IR) spectra of the MIPs were
obtained using a Nicolet Magna-560 FT-IR spectrometer.

The particle size and size distribution of the MIPs/NIPs were
determined with a scanning electron microscope (SEM, Shimadzu
SS-550 for Fig. 1a and b and Hitachi S-3500N for Fig. 1c and d). All of
the SEM size data reflect the averages about 100 particles each,
which are calculated by the following formula:

U ¼ Dw=Dn; Dn ¼
Xk

i¼1

niDi=
Xk

i¼1

ni;

Dw ¼
Xk

i¼1

niD
4
i =
Xk

i¼1

niD
3
i

where U is the polydispersity index, Dn the number-average
diameter, Dw the weight-average diameter, k the total number of
the measured particles, ni the particle number of the determined
microspheres, and Di the particle diameters of the determined
microspheres.

Surface property analysis was performed by nitrogen sorption
porosimetry on a TriStar3000 Surface Area and Porosimetry
b, d) prepared via TRPP (a, b) and RAFTPP (c, d), respectively.
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Analyzer (America Micromeritics Instrument Corp). Prior to the
measurements, the MIPs/NIPs were degassed at 100 �C under high
vacuum for 10 h. The surface areas (S) of the MIP/NIP microspheres
were then evaluated by using the Brunauer–Emett–Teller (BET)
method, while their specific pore volumes (Vp) and the average
pore diameters (dp) were evaluated using the Barrett, Joyner and
Halenda (BJH) theory.

2.5. HPLC measurements and evaluation

The concentrations of the template and its related compounds
were quantified with a high-performance liquid chromatography
(HPLC, Scientific System Inc., USA) with a UV–vis detector. The
wavelength used for the determination of 2,4-D, DPAc and POAc
was 284, 272 and 270 nm, respectively. A mixture of methanol and
0.5% aqueous solution of acetic acid (4/1 v/v) was used as the
mobile phase at a flow rate of 1 mL/min.

2.5.1. Binding experiments
Binding kinetics of the template molecule 2,4-D with the MIPs/

NIPs prepared via different synthetic approaches was evaluated by
batch adsorption experiments, where 10 mg of MIPs/NIPs were
incubated with a solution of 2,4-D in a mixture of methanol and
water (4/1 v/v, 1 mL, 0.08 mM) at 23 �C for different times. After
centrifugation, the amounts of the template remaining in the
supernatants (expressed as F) were determined by HPLC and those
bound to the MIPs/NIPs (B) can thus be obtained by subtracting F
from the initial template concentration.

Equilibrium binding experiments were performed by incubating
a 2,4-D solution in a mixture of methanol and water (4/1 v/v, 1 mL,
0.08 mM) with different amounts of MIPs/NIPs at 23 �C for 16 h.
The amounts of the template bound to the MIPs/NIPs were then
quantified with HPLC.

Binding isotherms of the MIPs were studied with Scatchard
analysis: MIP particles (10 mg) were incubated with a series of 2,4-
D solutions (in a mixture of methanol and water: 4/1 v/v, C¼ 0.04–
1.0 mM, 1 mL) at 23 �C for 16 h. After centrifugation, the amounts of
the template bound to the MIPs (B) were determined by HPLC. The
Scatchard equation used is B/F¼ (Nmax� B)Ka, where Ka and Nmax

represent the binding association constant and apparent maximum
number of the binding sites, respectively.

2.5.2. Selectivity evaluation
The binding selectivity of the MIPs was evaluated by measuring

their rebinding capacities towards 2,4-D and its structurally related
compounds (DPAc and POAc): 10 mg of MIPs were incubated with
1 mL of 2,4-D or its related compound solution in methanol/water
(4/1 v/v, C¼ 0.08 mM) at 23 �C for 6 h and the amounts of 2,4-D or
the related compounds bound to the MIPs were quantified by HPLC.
The selectivity values (%) of the MIPs were obtained by determining
the amount of the bound related compound (per unit weight of
MIP) relative to that of the bound template.

All the above binding analyses were performed in duplicate and
the mean values were used.

3. Results and discussion

Over the past several years, we have been working in the field of
molecular imprinting [5,23,24] and CRP [25,26]. In this contribu-
tion, we are aiming to combine the above two fields together and
will mainly focus on two aspects, i.e., to check whether RAFTPP can
be used to prepare MIP microspheres as a new polymerization
technique for molecular imprinting and whether the resulting MIPs
have some improved binding properties in comparison with those
prepared via TRPP.
3.1. Synthesis of MIPs/NIPs via RAFTPP and TRPP

Since the MIPs have been mostly prepared via non-covalent
molecular imprinting technique nowadays due to its flexibility in
preparation and its versatility in generating MIPs with high speci-
ficity and fast rebinding kinetics, a model non-covalent molecular
imprinting system was chosen here to show the proof-of-principle,
which utilized 2,4-D, 4-VP, EGDMA and a mixture of methanol and
water (4/1 v/v) as the template, functional monomer, crosslinker and
porogenic solvent, respectively, following a similar reactant/solvent
combination used in the literature [27]. RAFTPP was then carried out
to prepare 2,4-D imprinted polymer microspheres with AIBN as the
initiator and CDB as the chain transfer agent (Scheme 1b), where the
molar ratio of 2,4-D to 4-VP to EGDMA to AIBN to CDB was
1:4:20:0.22:0.45. For comparison, TRPP was also performed to
prepare MIP particles following a similar procedure as RAFTPP except
that CDB was omitted. As references, the corresponding NIP particles
were also prepared similarly by omitting the template in the reaction
systems. Note that all of the above reactants are compatible with both
RAFT polymerization and molecular imprinting process and 4-VP can
form hydrophobic interactions and ionic bonds with 2,4-D in polar
solvents [27]. All the reactions were performed at 60 �C for 24 h in
a mixture of methanol and water (4/1 v/v) with its volume
percentage larger than 98%. The resulting polymer particles were
purified by Soxhlet extraction with methanol/acetic acid (9/1 v/v)
and methanol successively, leading to the desired MIPs/NIPs with
their yields ranging from 80 to 90%. A suspension solution of the MIP
particles prepared via RAFTPP or TRPP (10 mg) in a mixture of
methanol and water (4/1 v/v, 1 mL) was then incubated at 23 �C for
16 h. After centrifugation, the concentrations of the template in the
supernatants were found to be negligible, suggesting the successful
removal of the template from the obtained MIPs. As expected, white
MIP/NIP particles were generated via TRPP while light pink MIP/NIP
particles were obtained via RAFTPP, indicating the presence of
dithioester groups in the MIP/NIP prepared via RAFTPP.

3.2. Characterization of the chemical structures and particle
morphology of the MIPs/NIPs

The obtained MIPs were firstly characterized with FT-IR and the
results showed that the MIPs prepared via both RAFTPP and TRPP
have rather similar IR spectra (Fig. S1 in the Supporting Informa-
tion). The presence of three significant peaks around 1729 (C]O
stretching), 1252 and 1155 cm�1 (C–O–C stretching) supports the
existence of poly(EGDMA) in the obtained MIPs. The characteristic
peaks corresponding to the C]N stretching (1599 and 1558 cm�1)
and C]C stretching (1455 cm�1) in the pyridine rings can also be
observed in the spectra, revealing that poly(4-VP) is present in the
MIPs. Furthermore, the presence of a small peak around 1635 cm�1

(corresponding to the C]C stretching mode) demonstrates that
less than 100% of bonded EGDMA molecules are crosslinked in the
MIPs prepared via both RAFTPP and TRPP [28].

The particle size and morphology of the MIPs/NIPs were then
characterized with SEM (Fig. 1). It can be seen clearly that TRPP
provided only irregular MIP aggregates while uniform NIP micro-
spheres were obtained under similar reaction conditions (Fig. 1a
and b), revealing that the template compound had an important
influence on the particle growth during the precipitation poly-
merization, as observed by others [17]. The number-average
diameter (Dn) and polydispersity index (U) of the NIP microspheres
are 1.1 mm and 1.02, respectively. In comparison, RAFTPP provided
both MIP and NIP microspheres with their Dn values being 1.8 and
2.0 mm, respectively, and their U values being 1.19 and 1.27,
respectively (Fig. 1c and d). The above results suggested that the
combined use of RAFT polymerization and precipitation
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Fig. 2. (a) Binding kinetics of 2,4-D on MIPs (filled symbols) and NIPs (open symbols)
prepared via RAFTPP (cycle) and TRPP (triangle), respectively. 10 mg of MIPs/NIPs were
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for different times; (b) Equilibrium bindings of 2,4-D in methanol/water (4/1 v/v, 1 mL,
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prepared via RAFTPP (cycle) and TRPP (triangle), respectively. The RAFTPP and TRPP
were repeated twice in order to show the statistical results.
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polymerization could have dramatic influence on the particle size
and morphology of the obtained MIPs/NIPs. This may not be
surprising given that different polymerization mechanisms are
involved in the two systems. The living nature of RAFTPP might
somehow influence both the formation of the particle nucleus in
the solution and their growth processes [29], thus leading to
spherical MIP particles. A detailed study on the mechanism of
RAFTPP is under way and the results will be included in a forth-
coming paper.
Table 1
The isothermal binding parameters, surface properties and binding site densities of the

Samples High-affinity binding sitesa Surface pro

Ka (�M�1 10�4) Nmax (mmol/g) S (m2/g)

RAFTPP-MIP 3.0 3.5 2.5
RAFTPP-NIP 0.9
TRPP-MIP 2.4 2.9 23.2
TRPP-NIP 3.2

a Ka and Nmax represent the binding association constant and apparent maximum num
b BET surface areas (S) were determined from nitrogen sorption measurements with the

were evaluated using the BJH theory.
c The Vp and dp values could not be accurately determined in these cases due to their
d High-affinity binding site densities on the surfaces of the MIP particles: r¼Nmax/S.
3.3. The binding properties of the MIPs/NIPs

The binding kinetics of the template molecule with the MIPs/
NIPs was evaluated by batch adsorption experiments. Fig. 2a shows
that all the MIPs/NIPs prepared via both RAFTPP and TRPP reached
their binding equilibriums at a time of about 2 h, demonstrating
quite fast binding processes. In addition, the MIP prepared via
RAFTPP showed higher equilibrium loading capacity than the MIP
via TRPP, while the NIP prepared via RAFTPP exhibited lower
equilibrium loading capacity than the NIP via TRPP, thus indicating
the presence of improved binding properties in the MIP prepared
via RAFTPP.

Equilibrium binding experiments were performed to study the
template rebinding properties of the MIPs/NIPs. Fig. 2b shows that
the MIPs prepared via both RAFTPP and TRPP bound more 2,4-D
than their corresponding NIPs. For example, in a mixture of
methanol and water (4/1 v/v), while 24 mg of the MIP particles
prepared via RAFTPP and TRPP bound 46 and 42% of 2,4-D,
respectively, an equivalent amount of the corresponding controls
bound only 26 and 33%, respectively, suggesting the presence of
selective binding sites in the obtained MIPs. Besides, the MIP
prepared via RAFTPP showed higher equilibrium loading capacity
than the MIP via TRPP in a wide range of polymer concentrations,
while in the meantime the NIP prepared via RAFTPP exhibited
lower equilibrium loading capacity than the NIP via TRPP, which
fits well with the results obtained in the binding kinetic study
(Fig. 2a). It should be mentioned here that both RAFTPP and TRPP
were performed twice in order to show the statistical tests, and
the quite reproducible results revealed that our results are
reliable.

To get more insight into the binding characteristics of the MIPs
prepared via different synthetic approaches, they were further
studied with Scatchard analysis. The results showed that the
Scatchard plots of all the MIPs could be fitted into two straight lines
(Fig. S3 in the Supporting Information), suggesting that the binding
sites in the MIPs prepared via both RAFTPP and TRPP are hetero-
geneous and their affinities can be approximated by two binding
association constants (Ka) corresponding to the high- and low-
affinity sites, as usually observed for the MIPs via non-covalent
molecular imprinting approach [30]. We are particularly interested
in the high-affinity sites because they are mainly responsible for the
specific binding of the MIPs. The Ka and Nmax values of the high-
affinity sites for the MIP prepared via RAFTPP were determined to
3.0�104 M�1 and 3.5 mmol/g, respectively, and those for the MIP
prepared via TRPP were 2.4�104 M�1 and 2.9 mmol/g, respectively
(Table 1). The relatively larger Ka and Nmax values obtained for the
MIP via RAFTPP suggest the presence of higher specific binding in
this system.

It is known that the surface properties of the MIPs/NIPs have
much influence on their binding properties. Therefore, the MIPs/NIPs
were characterized by performing nitrogen adsorption experiments,
MIP/NIP particles prepared via both RAFTPP and TRPP.

pertiesb High-affinity binding site densityd

dp (nm) Vp (mL/g) r (mmol/m2)

–c –c 1.4
–c –c

22 0.0461 0.13
–c –c

ber of the binding sites, respectively; they were obtained from Scatchard analysis.
BET model, while the specific pore volumes (Vp) and the average pore diameters (dp)

too small surface areas.
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and the obtained surface areas (S), the specific pore volumes (Vp),
and the average pore diameters (dp) for the MIPs/NIPs are summa-
rized in Table 1. The surface areas of the MIP and NIP prepared via
RAFTPP were determined to be 2.5 and 0.9 m2/g, respectively, and
those of the MIP and NIP prepared via TRPP were 23.2 and 3.2 m2/g,
respectively. In comparison with the irregular MIP aggregates
prepared via TRPP (they are actually composed of much smaller
particles), both the MIP/NIP spherical particles obtained via RAFTPP
and the NIP particles obtained via TRPP showed much smaller
surface areas, which might be stemmed from their much larger
particle sizes. Based on the surface area values (S) of the MIPs and the
previously obtained apparent numbers of binding sites (Nmax), the
high-affinity binding site densities (r¼Nmax/S) on the surfaces of the
MIP particles prepared via RAFTPP and TRPP were calculated to be 1.4
and 0.13 mmol/m2, respectively, revealing that the MIP microspheres
prepared via RAFTPP had a significantly higher high-affinity binding
site density than the MIP particles via TRPP. This is likely to be due to
the controlled polymerization mechanism of RAFTPP, which leads to
increased structural homogeneity and improved stability and
integrity of binding sites. Note that the Vp and dp values could not be
accurately determined for both the MIP/NIP prepared via RAFTPP
and the NIP prepared via TRPP due to their too small surface areas.
Therefore, only the Vp and dp values for the MIP prepared via TRPP
are presented in Table 1. In addition, the pore size distribution of the
MIP prepared via TRPP proved to be rather broad (Fig. S4), with its dp

value around 22 nm (Table 1).
The binding selectivity of the MIPs is often determined by

comparing the binding of the template with those of its analogues,
which affords an indication of the cross-reactivity of the MIPs
towards selected molecules. The bindings of the MIPs/NIPs prepared
via both RAFTPP and TRPP towards 2,4-D were also compared to two
structurally related compounds, DPAc and POAc (Scheme 1c), which
have the same functionality (i.e., carboxyl group) but differ either in
the distance between the functional group and the benzene ring or
in the numbers of substitutents on the benzene ring. As can be seen
clearly from Fig. 3a and b, besides binding 2,4-D, the MIPs also
adsorbed DPAc and POAc, suggesting the existence of certain cross-
binding reactivity. Nevertheless, the MIPs showed significantly
lower binding capacities towards DPAc and POAc than towards 2,4-
D, thus demonstrating the high selectivity of the MIPs towards 2,4-D
(Fig. 3c). It is worth mentioning here that while the presence of
certain cross-binding reactivity in the MIPs might be undesirable for
such applications as sensors, this could actually be an advantage in
sample treatment because a class of template analogues could also
be removed or enriched efficiently. Furthermore, it is also worth
noting that in comparison with the NIPs prepared via different
synthetic approaches, the corresponding MIPs showed relatively
higher binding capacities towards not only 2,4-D but also DPAc and
POAc. This is understandable because the 2,4-D imprinted cavities
in the MIPs could also accommodate DPAc and POAc due to their
relatively smaller sizes.

Based on the above results, we can make a close comparison
between the MIPs prepared via RAFTPP and TRPP. Previous
reports have shown that the application of CRPs in molecular
imprinting could have rather different effects on the resulting
MIPs. In certain cases, the MIPs prepared via CRPs showed
improved binding properties such as faster binding kinetics
[11,31], higher binding capacities [31–34] and larger binding
association constants [34], while in some other cases, the binding
properties of the MIPs prepared via CRPs appeared very similar to
those of the MIPs prepared via conventional approaches [35]. In
the present study, we found out that RAFTPP could readily
provide MIP microspheres while only irregular MIP aggregates
were obtained via TRPP under similar reaction conditions,
demonstrating the versatility of RAFTPP in the preparation of MIP
microspheres. The MIPs prepared via both RAFTPP and TRPP
showed obvious molecular imprinting effects towards the
template, fast template binding processes and an appreciable
selectivity over structurally related compounds. More importantly,
the MIP microspheres prepared via RAFTPP have proven to show
improved binding capacity, larger binding association constant Ka

and apparent maximum number Nmax for the high-affinity sites,
and significantly higher high-affinity binding site density than the
MIP via TRPP.
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4. Conclusions

We have developed a new approach (i.e., RAFTPP) to prepare
functional MIP microspheres which combines RAFT polymerization
and precipitation polymerization. The living nature of RAFTPP
imparts the obtained MIP microspheres with improved binding
capacity, larger Ka and Nmax values for the high-affinity sites and
significantly higher high-affinity binding site density in comparison
with the irregular MIP aggregates prepared via TRPP. Considering
the general applicability of RAFT polymerization to a wide range of
monomers and template molecules, we believe that RAFTPP
represents a simple and robust approach to the preparation of
functional MIP microspheres with improved binding properties. In
addition, the presence of surface-immobilized reactive functional
groups on the obtained MIP microspheres allows their further
surface modification (eventually leading to their better compati-
bility with different solvent systems), which makes them highly
promising in many practical applications. The work in this direction
is currently in progress.
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