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ABSTRACT
Bisphenol A (BPA), a ubiquitous chemical used in industries, has attracted great attention due
to its widespread leakage to the environment and foodstuff. This has spurred great interest in
the preparation of synthetic polymers capable of selectively sequestering BPA. In this study,
theoretical calculation was utilized to confirm the selection of suitable functional monomer
capable of strong interaction with BPA. It was found that 4-vinylpyridine was the optimal
functional monomer as demonstrated in the literature. A series of molecularly imprinted
polymers (MIPs) were prepared by varying the functional monomer, cross-linker, and
porogen. After template removal, rebinding with the original template molecule was carried
out in acetonitrile, acetonitrile/water (50/50 – 20/80, v/v). 4-vinylpyridine co-polymerized
with ethylene glycol dimethacrylate (4VPY-co-EDMA) and 4-vinylpyridine co-polymerized
with trimethylolpropane trimethacrylate (4VPY-co-TRIM) were found to exhibit good
binding performance towards bisphenol A in acetonitrile. However, only 4VPY-co-EDMA
was able to maintain its imprinting effect in acetonitrile/water (50/50 v/v) whereas 4VPY-coTRIM totally lost its imprinting effect.
Keywords: Bisphenol A, estrogen disruptor, precipitation polymerization, microspheres,
molecular imprinting
INTRODUCTION
Bisphenol A (BPA), also known as 2,2bis(4-hydroxyphenyl)propane, is a common
organic compound used in the production of
epoxy resins, phenol resins, flame-retardants,
polycarbonates, polyacrylates, polyesters,
lacquer coatings on food cans. BPA is an
estrogen disruptor which can be attributed to
the structural similarity with estrogen. The
physicochemical properties of BPA suggest
that it is stable in aqueous environment due
to its low volatility (Henry’s constant of 1.0
x 10-10 atm-m3/mol) and solubility in water
(120 mg/L) (Howard, 1993). It has been
reported that BPA can leak from food and
drink packagings (Goodson et al., 2002),

waste landfills (Yamamoto et al., 2001), and
plastic wastes (Yamamoto and Yasuhara,
1999).
Molecular imprinting is a technique that
affords the production of synthetic polymers
that are capable of selective recognition of
target molecules of interest. These MIPs are
produced by allowing the complexation
between template and functional monomer
molecules, either by the covalent or noncovalent approach. MIPs have common
application as separation media for
chromatography (Tamayo and MartinEsteban, 2005) and solid phase extraction
(Caro et al., 2004). Furthermore, there are a
plethora of other applications for MIPs
namely as recognition elements for
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biological and chemical sensors (Lin et al.,
2004; Piacham et al., 2005), synthetic
receptors for drug assays (Vlatakis et al.,
1993), enzyme mimetics (Piacham et al.,
2003), and nanoreactors for combinatorial
synthesis of new enzyme inhibitors
(Mosbach et al., 2001).
There has been a significant interest in
the molecular imprinting of bisphenol A as
seen by the extensive publications found in
the literature. This includes the preparation
of polymers specific for bisphenol A by the
non-covalent approach with different
polymerization methods, particularly bulk
polymerization (Navarro-Villoslada et al.,
2004; San Vicente et al., 2004), emulsion
polymerization (Watabe et al., 2005a),
suspension polymerization (Kawaguchi et al.,
2005), precipitation polymerization (Jiang et
al., 2006; Joshi et al., 1999), multi-step
swelling and polymerization (Watabe et al.,
2005a; Sanbe and Haginaka, 2003; Sanbe et
al., 2003; Watabe et al., 2005b; Watabe et al.,
2004), restricted access media surface
modification (RAM-MIP) (Sambe et al.,
2005), immobilized template grafting (Lee
and Takeuchi, 2005), self-assembled
monolayer (Tsuru et al., 2006), in situ
polymerization (Ou et al., 2006), phase
inversion method (Yang et al., 2005), phase
inversion scaffold membrane (Takeda and
Kobayashi, 2006), and amylose-based host
matrix (Kanekiyo et al., 2002; Kanekiyo et
al., 2003) for the preparation of bisphenol A
imprinted polymers. Furthermore, bisphenol
A imprinted polymers has also been prepared

by the covalent approach using bulk
polymerization (Ikegami et al., 2004a;
Ikegami et al., 2004b; Takeda and
Kobayashi, 2005).
In this study, an extensive investigation
was performed utilizing both quantum
chemical calculation and precipitation
polymerization to obtain molecularly
imprinted microspheres capable of selective
recognition of bisphenol A. The formulation
for the preparation of the molecularly
imprinted microspheres was optimized by
varying the functional monomer, crosslinker, porogen, and rebinding solvent. The
results from our computer simulation
confirmed the use of 4VPY as the optimal
functional monomer for the recognition of
bisphenol A. Furthremore, the role of water
on the recognition of bisphenol A via
hydrophobic
interaction
was
also
investigated.
MATERIALS AND METHODS
Materials
Bisphenol A (BPA), divinylbenzene
(DVB, technical grade, 80%), ethylene
glycol
dimethacrylate
(EDMA),
trimethylolpropane trimethacrylate (TRIM),
and 2,2’-azobisisobutyronitrile (AIBN) were
purchased from Aldrich. 4-vinylpyridine
(4VPY), methacrylic acid (MAA), and
toluene (analytical grade) were obtained
from Merck. Acetonitrile (HPLC grade) was
purchased from BDH. Trifluoroacetic acid
was acquired from Fluka.
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C

Figure 1: The optimized conformation of bisphenol A (BPA) (A), methacrylic acid (MAA)
(B), and 4-vinylpyridine (4VPY) (C) at HF/3-21G(d).
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Figure 2: The simulated interaction of bisphenol A (BPA) with methacrylic acid (MAA) as
1:1 complex (A) and 1:2 complex (B).

Quantum Chemical Calculation
The chemical structures of the template
and functional monomer molecule (see
Figure 1) was drawn into the computer using
GaussView (Dennington II et al., 2003). The
three-dimensional
structure
of
the
compounds was refined by full geometry
optimization at the Hartree-Fock (HF) level
of theory using the 3-21G(d) basis set with
Gaussian 03W (Frisch et al., 2004). The
energy of the molecules were derived from
single point calculation at the Density
Functional Theory (DFT) level using
Becke’s
three-parameter
Lee-Yang-Par
(B3LYP) functional and 6-31G(d) basis set.
The template-monomer complex was drawn

as 1:1 and 1:2 complexes in which the
template bisphenol A molecule is in
complexation with 1 molecule of the
functional monomer and 2 molecules of the
functional monomer, respectively (see
Figures 2 and 3). The interaction energy
(Table 1) was derived from the following
equation:

ΔE = Etemplate− monomer − Etemplate − E monomer

(1)

where ΔE is the interaction energy,
E template− monomer is the energy of templatemonomer complex, Etemplate is the energy of
template molecule, and E monomer is the energy

A

B

Figure 3: The simulated interaction of bisphenol A (BPA) with 4-vinylpyridine (4VPY) as
1:1 complex (A) and 1:2 complex (B).
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Figure 4: The input structure (A) and the optimized structure (B) for calculation of
bisphenol A-4-vinylpyridine (BPA-4VPY) as 1:1 complex via ring stacking.

of functional monomer molecules.

Artificial Neural Network
The molecular descriptors used as input
for prediction via artificial neural network
(Nantasenamat et al., 2005a; Nantasenamat
et al. 2005b; Nantasenamat et al., 2006) were
calculated using RECON and the descriptors
were reduced with Unsupervised Forward
Selection (UFS) (Whitley et al., 2000) as
described previously (Nantasenamat et al.,
2005b). The training set were derived from
the data set used in our previous study where
data samples of bisphenol A were removed
and used as the testing set. Calculations were
performed for 10 runs using Weka 3.4.8
(Witten and Frank, 2000).
Calculation of octanol/water partition
coefficient (logP)
The logP for EDMA, TRIM, and DVB
was
calculated
using
MarvinSketch
(ChemAxon).
Polymer Preparation
The compositions of molecularly
imprinted and non-imprinted microspheres
prepared by precipitation polymerization are
detailed in Table 2. Bisphenol A, the
functional monomer, the crosslinker and
AIBN were dissolved in the different
imprinting solvents in a borosilicate glass
tube. The solution was purged with a gentle
flow of Ar for 5 min and sealed under Ar.

The borosilicate glass tube was fixed
horizontally in a Stovall HO-10 hybridization
oven (Greensboro, NC, USA), and rotated at
a speed of 20 rpm. The temperature was
ramped from 20 °C to 70 °C within 20 min,
thereafter kept for 24 h. A non-imprinted
control polymer (CP) was prepared under the
same condition except for the omission of the
template.

Template Removal
The
microspheres
obtained
were
collected by centrifugation at 18,000 rpm for
20 min using an RC5C superspeed
refrigerated centrifuge from Beckman (Palo
Alto, CA). The template molecule was
removed from the microspheres by washing
repeatedly with 30 mL of methanol
containing 10% acetic acid (v/v) followed by
washing twice with methanol. The polymer
was dried overnight under vacuum.
Rebinding Studies
The
rebinding
experiments
were
performed by incubating 20 mg of imprinted
or non-imprinted polymers with 0.05 mg of
bisphenol A in 1 mL of acetonitrile,
acetonitrile/water
(50/50
v/v),
or
acetonitrile/water (20/80 v/v) with gentle
agitation at room temperature for 20 h. The
solution was centrifugated and the free
concentration of bisphenol A was quantitated
by RP-HPLC on a PuroSpher RP-18e column
from
Merck
(Darmstadt,
Germany).
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Figure 5: The input structure (A) and the optimized structure at HF/3-21G(d) (B) for
calculation of bisphenol A-4-vinylpyridine (BPA-4VPY) as 1:2 complex via ring stacking.

The LaChrom HPLC system (diode array
detector L-7455, autosampler L-7200, pump
L-7100, and interface D-7000) was from
Hitachi-Merck (Darmstadt, Germany). BPA
was detected at 280 nm using as the mobile
phase
acetonitrile/water
(40/60
v/v)
containing 0.1% trifluoroacetic acid. The
flow rate was set to 1 mL/min and carried out
at room temperature. The injection volume
was 10 μL.

Scanning Electron Microscopy
Scanning electron microscopy (SEM)
imaging was carried out on a JEOL JSM6700F Field Emission Scanning Electron
Microscope (Tokyo, Japan). Polymer
microspheres were sputter coated with gold
prior to the SEM measurement.
RESULTS AND DISCUSSION

Computer simulation of template-monomer
interaction
The optimized conformation of the
individual molecules of template BPA and
functional monomers MAA and 4VPY are

shown in Figure 1. The proposed
conformation of template-monomer as 1:1
and 1:2 complexes as elucidated from
computer simulation is shown in Figures 2
and 3 for BPA-MAA and BPA-4VPY,
respectively.
Possible
ring
stacking
interaction of 4VPY with BPA was
investigated by placing the heterocylic ring
of 4VPY in close proximity to the phenol
rings of BPA. This was performed for 1:1
(Figure 4) and 1:2 (Figure 5) complexes of
BPA-4VPY. The computer simulation
pointed out that BPA did not engage in ring
stacking interaction with 4VPY as 4VPY
displaces from the initial ring stacking
placement to interact with the hydroxyl
group of BPA via its heterocyclic nitrogen,
which is observed for both 1:1 and 1:2 BPA4VPY complexes.
The
template-monomer
interaction
energy is calculated from equation 1 and the
results are shown in Table 1. The interaction
energies of BPA-MAA and BPA-4VPY as
1:1 complex are 38.74889 kJ mol-1 and
42.96882
kJ
mol-1,
respectively.
Furthermore, the interaction energies of
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Figure 6: Scanning electron micrograph of imprinted (A) and non-imprinted (B) 4vinylpyridine co-polymerized with divinylbenzene (4VPY-co-DVB) prepared in
acetonitrile/toluene (75/25 v/v).

BPA-MAA and BPA-4VPY as 1:2 complex
are 71.96327 kJ mol-1 and 83.25323 kJ mol1, respectively. Thus, it is observed that the
computed interaction energy is in good
accordance with the experimental results that
4VPY is the better functional monomer than
MAA since BPA-4VPY gave binding
capacity and interaction energy values
greater than that of BPA-MAA.

Artificial neural network calculation of
template-monomer interaction
In our previous work, artificial neural
network was used for the quantitative
prediction of the imprinting factor of MIPs.
The imprinting factors were derived from
retention factor values taken from HPLC
measurements. The strength of templatemonomer interaction is positively correlated
with the magnitude of the imprinting factor.
Therefore, in this study the predicted
imprinting factor is used as a measure of the
strength of template-monomer interaction.
Our calculation corroborate the selection of
4-vinylpyridine as the optimal functional
monomer as revealed by the greater predicted
imprinting factor value of 3.2059 for 4vinylpyridine to 2.0854 of methacrylic acid.
Scanning electron micrographs
It should be noted that the SEM images
of DVB-based microspheres were those
prepared with a mixture of toluene and
acetonitrile as porogen. On the other hand,

EDMA and TRIM-based microspheres were
prepared with acetonitrile as porogen. It is
observed that there is no apparent differences
between imprinted and non-imprinted 4VPYco-DVB microspheres as both were found to
be polydispersed (Figure 6). Non-imprinted
MAA-co-DVB microspheres (Figure 7B) are
found to be larger in size than 4VPY-coDVB microspheres (Figure 6B). In terms of
morphology, 4VPY-co-DVB microspheres
were polydispersed while MAA-co-DVB
microspheres were near monodispersed
(Figure 7). There was no significant
difference in the morphology of imprinted
and
non-imprinted
4VPY-co-EDMA
microspheres (Figure 8). It is observed that
non-imprinted 4VPY-co-TRIM microspheres
were near monodispersity. On the other hand,
imprinted 4VPY-co-TRIM microspheres
were polydispersed with the presence of
larger particles (Figure 9).

Influence of functional monomer and
porogen on particle size
As observed under light microscope,
MAA-co-DVB polymers gave no significant
difference in particle size when prepared in
acetonitrile and acetonitrile/toluene 75/25
v/v. On the other hand, 4VPY-co-DVB
polymers were monodispersed when
prepared in acetonitrile and polydispersed in
acetonitrile/toluene 75/25 v/v. This can
possibly be explained by the different
polarity of the functional monomers. In terms
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Figure 7: Scanning electron micrograph of imprinted (A) and non-imprinted (B)
methacrylic acid co-polymerized with divinylbenzene (MAA-co-DVB) prepared in
acetonitrile/toluene (75/25 v/v).

of the theta solvent, introduction of toluene
possibly makes the porogen mixture a poor
solvent for the 4VPY-co-DVB polymers as
observed by the polydispersity in which there
is the presence of a subpopulation of small
particles. This is probably due to the
minimization of their interaction with the
solvent resulting in a collapse of the polymer.

Influence of cross-linker on particle size
The size of DVB-based polymers was
larger than those of EDMA- and TRIMbased polymers as observed under optical
microscope. This is in general agreement
with previous results where crosslinked
polymer microspheres were prepared with
precipitation polymerization using the
different crosslinkers.
Influence of functional monomer on
imprinting effect
It is observed that 4VPY is the better
functional monomer as it gives an imprinting
effect whereas MAA displayed no imprinting
effect. The same phenomenon was observed
by the computer simulation in which 4VPY
gave higher interaction energy value than
that of MAA as previously mentioned.
Influence of cross-linker on imprinting effect
4VPY-co-EDMA polymers displayed the
greatest imprinting effect as observed from
the total binding capacity of 21.2269 % and
11.4676 % in acetonitrile for MIP and CP,

respectively. The imprinting effect of 4VPYco-DVB polymers was not significant.
4VPY-co-TRIM gave some imprinting effect
with total binding capacity of 21.7232 and
16.962 % for MIP and CP, respectively. No
imprinting effect was observed for 4VPY-coDVB/TRIM.

Effect of EDMA and TRIM as crosslinkers
In terms of the molecular structures, there
are two apparent differences between the
cross-linkers EDMA and TRIM. First, the
number of vinyl groups for EDMA is 2 while
for TRIM had 3. Second, the number of
esters for EDMA is 2 while TRIM had 3.
Results indicated that the performance of
polymers based on EDMA and TRIM were
good when the porogen acetonitrile was used
as the rebinding solvent. As the water
composition of the rebinding solvent
increased, the performance of TRIM was
heavily affected whereas the performance of
EDMA was left unaltered. Perhaps this can
be
explained
by
the
molecular
hydrophobicity.
The calculated molecular hydrophobicity
in order of increasing octanol/water partition
coefficient (logP) has been established as
follows: EDMA < TRIM < DVB. The more
hydrophobic crosslinkers (TRIM and DVB)
has been shown experimentally to perform
poorly in water-containing rebinding
solvents. We can ascribe this to the
hydrophobic nature of the crosslinkers as
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Figure 8: Scanning electron micrograph of imprinted (A) and non-imprinted (B) 4vinylpyridine co-polymerized with ethylene glycol dimethacrylate (4VPY-co-EDMA) prepared
in acetonitrile.

TRIM and DVB has logP of 3.32 and 3.84,
respectively. Hypothetically, the addition of
water may have exerted a collapsing effect
(e.g. collapse of the polymer as hydrophobic
crosslinkers would tend to aggregate and
avoid water molecules) on the more
hydrophobic polymer. The less hydrophobic
EDMA-based polymer with logP of 1.61
were unaffected by the presence of water.

Influence of water on imprinting effect
It is observed that for 4VPY-co-EDMA,
the total binding capacity was higher in
acetonitrile/water (50/50 v/v) than in
acetonitrile. In both rebinding solvent, good
imprinting effect was observed, particularly,
inclusion of 50% water in acetonitrile

enhanced the total binding capacity while
maintaining the imprinting effect. However,
when rebinding is carried out in
acetonitrile/water (20/80 v/v) the total
binding capacity of both imprinted and nonimprinted polymers increased at the cost of a
loss of imprinting effect. 4VPY-co-TRIM
possessed slight imprinting effect in
acetonitrile; however, when rebinding was
performed in acetonitrile/water (50/50 v/v)
the imprinting effect disappeared albeit an
increase in the total binding capacity. Other
polymers followed a general trend in which
the total binding capacity increased in
relation to the percentage of water present in
acetonitrile.
Based on the notion that the inclusion of

A

B

Figure 9: Scanning electron micrograph of imprinted (A) and non-imprinted (B) 4vinylpyridine co-polymerized with trimethylolpropane trimethacrylate (4VPY-co-TRIM)
prepared in acetonitrile.
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water
could
enhance
the
binding
performance by means of hydrophobic
interaction, a set of polymers was prepared in
the presence of water. However, the
inclusion of water as porogen did not
enhance the binding performance but rather
led to the loss of the imprinting effect (Table
3, Entries 19-22, 63-66).

Influence of template-monomer molar ratio
To test the influence of templatemonomer molar ratio used for the preparation
of imprinted polymers on the binding
performance, the molar ratio of templatemonomer was increased from 2:7 to 1:1. The
template-monomer molar ratio of 1:1 gave no
imprinting effect suggesting that an excess of
functional monomer is crucial for good
imprinting effect (Table 3, Entries 15-18, 3740, 59-62).
Cross-binding with β-estradiol
Results indicate that the BPA-imprinted
polymers did not show preferential binding
for β-estradiol as compared to non-imprinted
reference polymers (data not shown), i.e. the
BPA-imprinted sites are highly specific to
recognize the template structure.
CONCLUSION
In summary, we have tested the influence
of functional monomer, template-monomer
ratio, cross-linker, porogen, and rebinding
solvent on the binding performance of

bisphenol A imprinted polymers. In this
study, it was observed that 4VPY was the
optimal functional monomer as also
confirmed independently by our computer
simulations. Furthermore, EDMA and TRIM
were good cross-linkers with EDMA
performing better than TRIM. It was
observed that the presence of toluene in the
porogen gave rise to polydispersity in the
size of the 4VPY-based microspheres and no
significant difference for the MAA-based
microspheres. It was shown that an excess of
the functional monomer was essential for
good binding performance. The introduction
of water in the rebinding solvent in the molar
ratio of 50/50 v/v with acetonitrile seemed to
enhance the total binding capacity by
approximately 2 fold for some of the
polymers. Addition of water to 80% caused
total loss of the imprinting effect. Therefore,
the presence of water in the porogen did not
enhance the binding performance but
eliminated the imprinting effect.
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Table 1: Interaction energies of bisphenol A (BPA) with methacrylic acid (MAA) or 4vinylpyridine (4VPY).
Molecules

Energy (a.u.)

ΔE (a.u.) a

ΔE (kJ mol-1) b

BPA
MAA
4VPY
BPA-MAA 1:1
BPA-MAA 1:2
BPA-4VPY 1:1
BPA-4VPY 1:2

–731.66226
–306.46712
–325.68191
–1038.14414
–1344.62390
–1057.36054
–1383.05779

—
—
—
0.01476
0.02740
0.01636
0.03170

—
—
—
38.74889
71.96327
42.96882
83.25323

a

ΔE is the interaction energy derived from equation 1.
ΔE was converted from a.u. to kJ mol-1 by multiplying the energy value in a.u. by the
conversion factor 2.626 x 10-3.

b

Table 2: Preparation of molecularly imprinted microspheres.
No.

Polymer

1
2
3

MIP 4VPY-co-DVB
NIP 4VPY-co-DVB
MIP 4VPY-co-DVB (ACN/
TOL 75/25 v/v)
NIP 4VPY-co-DVB
(ACN/TOL 75/25 v/v)
MIP MAA-co-DVB
NIP MAA-co-DVB
MIP MAA-co-DVB (ACN/
TOL 75/25 v/v)
NIP MAA-co-DVB (ACN/
TOL 75/25 v/v)
MIP 4VPY-co-EDMA
NIP 4VPY-co-EDMA
MIP 4VPY-co-TRIM
NIP 4VPY-co-TRIM
MIP 4VPY-co-DVB/TRIM
NIP 4VPY-co-DVB/TRIM
MIP 4VPY-co-EDMA (T:M
1/1)
NIP 4VPY-co-EDMA (T:M
1/1)
MIP 4VPY-co-TRIM (T:M
1/1)
NIP 4VPY-co-TRIM (T:M
1/1)
MIP 4VPY-co-EDMA
(ACN/H2O 75/25 v/v)
NIP 4VPY-co-EDMA
(ACN/H2O 75/25 v/v)
MIP 4VPY-co-TRIM
(ACN/H2O 75/25 v/v)
NIP 4VPY-co-TRIM
(ACN/H2O 75/25 v/v)

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

BPA
(mmol)

4-VPY
(mmol)

MAA
(mmol)

DVB
(mmol)

EDMA
(mmol)

0.4
―
0.4

1.4
1.4
1.4

―
―
―

5
5
5

―
―
―

―

1.4

―

5

―

0.4
―
0.4

―
―
―

1.4
1.4
1.4

5
5
5

―
―
―

―

―

1.4

6

―

0.4
―
0.4
―
0.4
―
1.4

1.4
1.4
1.4
1.4
1.4
1.4
1.4

―
―
―
―
―
―
―

―
―
―
―
1.95
1.95
―

5.6
5.6
―
―
―
―
5.6

1.4

―

―

5.6

1.4

―

―

―

1.4

―

―

―

0.4

1.4

―

―

5.6

―

1.4

―

―

5.6

0.4

1.4

―

―

―

―

1.4

―

―

―

1.4
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Table 2 (Continued):
No.

Polymer

1
2
3

MIP 4VPY-co-DVB
NIP 4VPY-co-DVB
MIP 4VPY-co-DVB (ACN/
TOL 75/25 v/v)
NIP 4VPY-co-DVB (ACN/
TOL 75/25 v/v)
MIP MAA-co-DVB
NIP MAA-co-DVB
MIP MAA-co-DVB (ACN/
TOL 75/25 v/v)
NIP MAA-co-DVB (ACN/
TOL 75/25 v/v)
MIP 4VPY-co-EDMA
NIP 4VPY-co-EDMA
MIP 4VPY-co-TRIM
NIP 4VPY-co-TRIM
MIP 4VPY-co-DVB/TRIM
NIP 4VPY-co-DVB/TRIM
MIP 4VPY-co-EDMA (T:M
1/1)
NIP 4VPY-co-EDMA (T:M
1/1)
MIP 4VPY-co-TRIM (T:M
1/1)
NIP 4VPY-co-TRIM (T:M
1/1)
MIP 4VPY-co-EDMA
(ACN/H2O 75/25 v/v)
NIP 4VPY-co-EDMA
(ACN/H2O 75/25 v/v)
MIP 4VPY-co-TRIM
(ACN/H2O 75/25 v/v)
NIP 4VPY-co-TRIM
(ACN/H2O 75/25 v/v)

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

TRIM
(mmol)

AIBN
(mg)

Acetonitrile
(mL)

Toluene
(mL)

Water
(mL)

―
―
―

44.5
44.5
44.5

40
40
30

―
―
10

―
―
―

―

44.5

30

10

―

―
―
―

44.5
44.5
44.5

40
40
30

―
―
10

―
―
―

―

44.5

30

10

―

―
―
2.1
2.1
0.75
0.75
―

26.97
26.97
18.98
18.98
14.92
14.92
26.97

40
40
40
40
40
40
40

―
―
―
―
―
―
―

―
―
―
―
―
―
―

―

26.97

40

―

―

2.1

18.98

40

―

―

2.1

18.98

40

―

―

―

26.97

30

―

10

―

26.97

30

―

10

2.1

18.98

30

―

10

2.1

18.98

30

―

10

MIP, molecularly imprinted polymer; NIP, non-imprinted polymer; T:M, template-monomer
molar ratio; 4VPY, 4-vinylpyridine; MAA, methacrylic acid; DVB, divinylbenzene; EDMA,
ethylene glycol dimethacrylate; TRIM, trimethylolpropane trimethacrylate; TOL, toluene;
ACN, acetonitrile.
Table 3: Binding results of the prepared polymers.
No.

Polymer

Rebinding solvent

% Bound

1
2
3
4
5
6

MIP 4VPY-co-DVB ACN
NIP 4VPY-co-DVB ACN
MIP 4VPY-co-DVB TOL ACN
NIP 4VPY-co-DVB TOL ACN
MIP MAA-co-DVB ACN
NIP MAA-co-DVB ACN

ACN
ACN
ACN
ACN
ACN
ACN

29.6287
23.3740
32.7595
25.6024
4.3438
2.8285
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7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

MIP MAA-co-DVB TOL ACN
NIP MAA-co-DVB TOL ACN
MIP 4VPY-co-EDMA
NIP 4VPY-co-EDMA
MIP 4VPY-co-TRIM
NIP 4VPY-co-TRIM
MIP 4VPY-co-DVB TRIM
NIP 4VPY-co-DVB TRIM
MIP 4VPY-co-EDMA T:M 1:1
NIP 4VPY-co-EDMA T:M 1:1
MIP 4VPY-co-TRIM T:M 1:1
NIP 4VPY-co-TRIM T:M 1:1
MIP 4VPY-co-EDMA ACN:H2O 3:1
NIP 4VPY-co-EDMA ACN:H2O 3:1
MIP 4VPY-co-TRIM ACN:H2O 3:1
NIP 4VPY-co-TRIM ACN:H2O 3:1
MIP 4VPY-co-DVB ACN
NIP 4VPY-co-DVB ACN
MIP 4VPY-co-DVB TOL ACN
NIP 4VPY-co-DVB TOL ACN
MIP MAA-co-DVB ACN
NIP MAA-co-DVB ACN
MIP MAA-co-DVB TOL ACN
NIP MAA-co-DVB TOL ACN
MIP 4VPY-co-EDMA
NIP 4VPY-co-EDMA
MIP 4VPY-co-TRIM
NIP 4VPY-co-TRIM
MIP 4VPY-co-DVB TRIM
NIP 4VPY-co-DVB TRIM
MIP 4VPY-co-EDMA T:M 1:1
NIP 4VPY-co-EDMA T:M 1:1
MIP 4VPY-co-TRIM T:M 1:1
NIP 4VPY-co-TRIM T:M 1:1
MIP 4VPY-co-EDMA ACN:H2O 3:1
NIP 4VPY-co-EDMA ACN:H2O 3:1
MIP 4VPY-co-TRIM ACN:H2O 3:1
NIP 4VPY-co-TRIM ACN:H2O 3:1
MIP 4VPY-co-DVB ACN
NIP 4VPY-co-DVB ACN
MIP 4VPY-co-DVB TOL ACN
NIP 4VPY-co-DVB TOL ACN
MIP MAA-co-DVB ACN

ACN
ACN
ACN
ACN
ACN
ACN
ACN
ACN
ACN
ACN
ACN
ACN
ACN
ACN
ACN
ACN
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (50/50)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
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5.1877
5.5948
21.2269
11.4676
21.7232
16.9620
24.4495
24.2785
28.5480
24.2590
40.4230
38.0820
29.3810
25.9050
39.6290
41.5690
30.0781
25.2874
29.7349
26.1202
-6.6080
-6.3614
-3.8906
-1.9523
28.9600
14.6563
37.8835
36.3139
42.5938
42.8569
33.5850
32.0030
96.4430
96.2860
32.6000
34.9640
96.1000
96.0720
96.2830
94.0159
96.2350
96.0181
97.0117

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

NIP MAA-co-DVB ACN
MIP MAA-co-DVB TOL ACN
NIP MAA-co-DVB TOL ACN
MIP 4VPY-co-EDMA
NIP 4VPY-co-EDMA
MIP 4VPY-co-TRIM
NIP 4VPY-co-TRIM
MIP 4VPY-co-DVB TRIM
NIP 4VPY-co-DVB TRIM
MIP 4VPY-co-EDMA T:M 1:1
NIP 4VPY-co-EDMA T:M 1:1
MIP 4VPY-co-TRIM T:M 1:1
NIP 4VPY-co-TRIM T:M 1:1
MIP 4VPY-co-EDMA ACN:H2O 3:1
NIP 4VPY-co-EDMA ACN:H2O 3:1
MIP 4VPY-co-TRIM ACN:H2O 3:1
NIP 4VPY-co-TRIM ACN:H2O 3:1

ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)
ACN/H2O (20/80)

96.8464
97.3354
95.0551
97.0456
97.2715
79.7722
83.2327
89.1997
90.2698
29.1750
33.0120
98.4240
97.4680
35.6940
33.5890
97.6640
98.1460

All measurements were based on duplicate measurement unless otherwise noted.
*Triplicate measurement
**Single point measurement (the duplicate gave very low to unquantifiable peak, while the
other gave low peak area and is represented here)
MIP, molecularly imprinted polymer; NIP, non-imprinted polymer; T:M, template-monomer
molar ratio; 4VPY, 4-vinylpyridine; DVB, divinylbenzene; EDMA, ethylene glycol
dimethacrylate; TRIM, trimethylolpropane trimethacrylate; TOL, toluene; ACN, acetonitrile.
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