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ABSTRACT: In the presence of imprinting molecules of
sulfadiazine, two kinds of molecularly imprinted polymers
(MIPs) were synthesized by photoinitiated and thermally
initiated polymerizations, respectively. The combination of
sulfadiazine and o-methyl acrylic acid and their composite
ratio were studied by differential UV absorption spectrom-
etry. The results show that a combined effect between the
functional monomer and the imprinting molecule occurred
in the solution. The structure and properties of these syn-
thetic polymers were researched and compared with IR
spectroscopy, transmission electron microscopy, and a bal-

anced combination of static experiments. The polymer
materials synthesized in these two ways had the same mo-
lecular structure, but their morphology was different. Fur-
thermore, through the adsorption isotherm, Scatchard
analysis, and evaluation of the imprinting efficiency, we
determined that the lower temperature was a more suita-
ble synthesis condition for the polymerization of the MIPs.
© 2010 Wiley Periodicals, Inc. ] Appl Polym Sci 119: 3189-3198, 2011
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INTRODUCTION

The molecular imprinting technique can be used to
synthesize crosslinked polymers with memory
effects for the three-dimensional structure of a spe-
cific molecule. It has been exploited extensively in
many different applications, including separation
materials, chemical sensors, reaction catalysts, and
enzyme mimics."” In particular, the practical appli-
cation of a matrix or medium material for drug sep-
aration and analysis has become a spectacular sub-
ject,10-14

It is known that the degree of specificity in molec-
ularly imprinted polymers (MIPs) depends heavily
on the polymerization process and on the nature of
the ingredients, such as crosslinking agents, initia-
tors, and solvents. So far, MIPs have been synthe-
sized by thermal polymerization and photopolymeri-
zation. In these two methods, the temperature and
pressure factors of the reaction system have a certain
impact on the structure and properties of the poly-
mers. In this study, sulfadiazine was selected as the
imprinted molecule. In addition, a-methyl acrylic
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acid (MAA) was used as the functional monomer,
and ethylene glycol dimethacrylate (EGDMA) was
the crosslinker. Then, two different approaches, pho-
toinitiation and thermal initiation, were used to syn-
thesize the MIPs. The structure and properties of
these synthetic polymer materials were compared
through a variety of means that explained the influ-
ence of the synthesis conditions on the selective
adsorption properties of the polymers; this study
also provided new evidence for determining the mo-
lecular recognition mechanism of the molecular
imprinting technique.

Drug separation and analysis is of great signifi-
cance for clinical medicine, drug delivery in vivo,
pharmacokinetics, the manufacturing and inspection
of medicine, and so on. The exploitation of new
selective materials for drug separation and analysis
has a high value in applications. MIPs, with their
excellent molecular recognition performance and sta-
ble physical and chemical properties, are considered
good materials for drug analysis and separation. Sul-
fadiazine, the drug of first choice for curing epi-
demic encephalitis because it can be used for the
treatment of pneumococcus, hemolytic streptococcus,
and meningitis streptococcus infections, has a good
imprintogenicity. So, in theory, it could be the tem-
plate molecule for the preparation of a molecular
imprinting material. In this experiment, o-methyl
methacrylate and EGDMA, which are common and
easy to get, were chosen for the functional monomer
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and crosslinker, respectively, to prepare imprinted
polymers. The synthetic material made a foundation
for the qualitative and quantitative analysis of sulfa-
diazine. Then, we expected that a new effective sep-
aration and analysis method would be found for the
purpose of controlling the drug dosage of sulfadiaz-
ine taken by patients or for detecting its content in
human bodies to meet the best efficacy and minimal
side effects, such as anaphylaxis, liver and renal tox-
icity, and fetal abnormity, in the future.

EXPERIMENTAL
Materials and reagents

Sulfadiazine (SD) was obtained from Beijing Bailing-
wei Chemical Technology Co., Ltd. (Beijing, China,
99%). MAA was supplied by Tianjin Chemical Rea-
gent Research Institute (Tianjin, China). EGDMA
was purchased from Shanghai Haiqu Chemical Co.,
Ltd. (Shanghai, China). All of the monomers were
previously purified by vacuum distillation to remove
inhibitors. 2,2’-Azobisisobutyronitrile was a product
of Tianjin No.2 Chemical Reagent Factory (Tianjin,
China) and was used as received. N,N-Dimethylfor-
mamide (DMF), methyl alcohol, acetic acid, anhy-
drous ethanol, and other chemicals were analytical
grade and were obtained from commercial sources.

Main apparatuses

All UV-Visible spectra and adsorption experiments
were performed with a UV-240 dual-wavelength
UV-Visible spectrophotometer (Shimadzu, Tokyo,
Japan). The IR spectrum analyses were done on a
TENSOR37 Fourier transform infrared (FTIR) spec-
trometer (Bruker Corp., Karlsruhe, Germany). An H-
7650 transmission electron microscope (Hitachi, Ltd.,
Tokyo, Japan) was used to observe the morphology
of the imprinted polymers. To synthesize, prepare,
and process the products, many other instruments
were used, including a WE-1 thermostat water bath
oscillator (Tianjin Honour Instruments, Inc., Tianjin,
China), an SK5200 ultrasonic vibration generator
(Shanghai Kudos Ultrasonic Instrument Co., Ltd.,
Shanghai, China), a TG16-WS (1650D) supercentri-
fuge (Shanghai Luxiangyi Centrifuged Instrument
Co., Ltd., Shanghai, China), a long-wave (365-nm)
ultraviolet lamp (Tianjin Zijin Special Photo Source
Co., Ltd., Tianjin, China), and a Soxhlet extractor.

UV spectrometry of mixture solutions of SD and
the functional monomers

A series of solutions were prepared with a fixed
concentration of SD (0.05 mmol/L) and various
amounts of MAA in DMF. The ratios of the molar

Journal of Applied Polymer Science DOI 10.1002/app

ZHANG, WANG, AND LI

concentrations of SD to MAA among this set of solu-
tionswere1:0,1:1,1:2,1:3,1:4,1:5,1:6,
and 1 : 8. The solutions were shaken for about 4-5 h
to achieve sufficient interaction. The changes in the
absorbance and difference absorption spectra of
these solutions were determined on the UV spec-
trometer with a corresponding MAA-DMF solution
as the reference. The results were used for further
analysis.

Synthesis of the SD MIPs

SD (0.50056 g, 2 mmol) and the functional monomer
(MAA, 0.51 mL, 6 mmol) were dissolved in 30 mL
of DMF in a 50-mL glass ampule. After 6 h of oscil-
lation, 5.64 mL (30 mmol) of crosslinker (EGDMA)
and 40 mg of initiator (2,2'-azobisisobutyronitrile)
were added. The solution was degassed in a sonicat-
ing bath and deoxygenated with a stream of nitrogen
for 10 min. Then, the ampule was placed into an ice
bath apparatus and sealed in wvacuo. The polymeriza-
tion was allowed to carry out in a constant water bath
at 55°C or under a UV lamp (365 nm) at 5°C for 24 h.
The resulting rigid polymers were ground to pass
through a 74-um sieve. Fine particles were removed
by decantation in acetone. The resulting particles were
placed in the Soxhlet extractor and washed with a
10% acetic acid—methanolic solution until the template
could no longer be detected in the elution. Then, the
particles were washed with pure methanol to remove
residual acetic acid and dried to a constant weight in
vacuo at 60°C. As a control, the nonimprinted polymer
(NIP) in the absence of the template were prepared
and treated by the same method.

IR spectrometry of the synthetic polymers

The polymers were ground into a fine powder (grain
diameter ~ 0.054 mm). After they were dried com-
pletely, test samples were made by the pressed disc
method with KBr. Then, we scanned them within
the wave-number range 4004000 cm ' to obtain
their IR spectra, respectively, using the TENSOR37
FTIR spectrometer. Then, the polymers” molecular
structure were analyzed comparatively. The tested
samples were MIPs and NIPs before and after they
were eluted and were labeled as follows: M_1 =
molecularly imprinted polymer before elution,
M_2 = molecularly imprinted polymer after elution,
N_1 = nonimprinted polymer before elution, and
N_2 = nonimprinted polymer after elution (see Fig. 1).

Transmission electron microscopy (TEM)
characterization of the MIPs

We put MIPs with a certain degree of fineness into
ethanol to prepare a suspension of an appropriate
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Figure 1 IR spectra of the polymer products synthesized
by the (a) photoinitiation and (b) thermal initiation modes.
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

concentration (consistency = 5%) and scattered them
for 15 min in the ultrasonic oscillator. Then, we used
a professional copper net to quickly dredge the pow-
der samples. After we removed the volatile ethanol
absolutely, we observed the samples through TEM.

Isothermal adsorption experiment for the
synthetic polymers

MIP (10 equiv) portions, for a mass of 100 mg, were
put into a group of SD solutions with gradient con-
centrations of 0.25-7.00 mmol/L. After equilibrium
was attained for all of the mixtures at 20°C, the mix-
tures were separated by centrifugation. Because the
absorbency of the upper clear liquid could be deter-
mined with the quantitative measurement of UV
absorption spectroscopy (A = 273 nm), the mixture
concentration could be fixed according to the stand-
ard curve. Then, the amount of SD bound to the
imprinted polymer [Q(umol/g)] was calculated by
the following equation:
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Q=(co—c)xV/m 1)

where ¢y and ¢; were the SD concentrations (mmol/L)
measured at the initial time and the postinterval time
(12 h) for equilibrium, respectively, and V and m are
the volume of the SD solution (10 mL) and the weight
of the dry polymer (100 mg) used for the adsorption
experiment, respectively.

The adsorption volume of the NIP to SD could be
measured in accordance with the same measured
steps. According to the value of Q, the binding iso-
therm of the polymers and SD was drawn. The MIP
and NIP, after the adsorption of sulfadiazine, was
eluted in accordance with the method of molecular
imprinting removal off the template and dried
for reuse.

RESULTS AND DISCUSSION

Combination of MAA and SD as verified by
UV spectroscopy

The affinity of MIPs to template molecules depends
on the type of intermolecular forces, number of
binding sites, and combining stability of functional
monomers with template elements in the polymer
solution. As reported in the literature on molecular
imprinting, most interactions of combinations
between the MIPs and substrates (also called tem-
plates) are in the form of electrovalent bonds or
hydrogen bonds.'”” There are several amidocyano-
gens in SD molecules, which can form strong hydro-
gen bonds or ionic bonds with carboxylic acid in po-
lar solvents. So MAA was chosen as the functional
monomer to combine with the template molecules in
this study. Their combination form was verified
through differential UV absorption spectrometry in
DMF solvent, and the appropriate amount of MAA
was also determined at the same time.

In this experiment, the test solution samples were
prepared at a fixed content of SD with gradual aug-
menting of the amount of MAA. These series of
mixed solutions were scanned by a UV spectrometer
with a corresponding concentration of MAA solution
as the reference, respectively. The UV absorption
spectra of SD with background correction for MAA
and the solvent are shown in Figure 2.

As shown in Figure 3, with increasing amount of
MAA, the maximum absorption peak intensity of SD
decreased; moreover, its rate of decline decreased
significantly. This was strong evidence for the supra-
molecular complex formed by MAA and SD.
Because the group of MAA combined in the com-
plex increased the steric hindrance of the benzene
ring in the SD elements, the probability of electron
transition decreased, and the absorbance was also
reduced accordingly. According to the molecular
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Figure 2 UV spectrograms of SD and SD-MAA with dif-
ferent SD-MAA molar ratios (which are listed in the fig-
ure). [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

structure of SD and MAA, we speculated further
that H" of the carboxyl in the MAA element com-
bined with N of the amido in the SD element to
form NH", whereas the generated COO~ and NH™
were driven together by electrostatic forces. In addi-
tion, N and O, which had lone-pair electrons, could
have also engendered hydrogen bonds with O—H or
N—H. These forces between molecules would have re-
modeled the electron density and distribution of the
large m bond on the benzene ring in the SD molecule.
As shown by results of the changes in the UV spec-
trum of SD, SD had strong interactions with MAA in
DMF when the amount of MAA is appropriate. There-
fore, it was possible to successfully prepare MIPs.

As shown by a comparison of the absorbance in
maximum absorption wavelength, when MAA was
at a certain concentration (three times that of SD),
the absorbance dropped to the smallest value
(shown in Fig. 3), that is, the absorption peak inten-
sity of the minimum; when the concentration of
MAA continued to increase, there was little pickup
in the absorption, and ultimately, there was a bal-
ance in a larger concentration (over about six times
that of SD), which showed the basic stability of the
interaction between MAA and SD.

The greater the amount of MAA used was, the
more obvious the changes were that were reflected
in the UV absorption spectra of SD. They indicated
that when the proportion of functional monomers
was increased, their self-assembly with the template
molecule were carried out more fully. However, it
was not always better with a bigger proportion of
functional monomer. In this experiment, when the
ratio of MAA to SD was over 3 : 1, the absorption
peak intensity went up and then declined slowly.
After it was more than 6 : 1, the basic balance rose.
This was because combination in competitive action

Journal of Applied Polymer Science DOI 10.1002/app

ZHANG, WANG, AND LI

and synergistic effects of the excessive functional
monomers may have possibly occurred on the bind-
ing site (see Fig. 4). Thereby, we determined the ra-
tio of imprinted molecule to functional monomer in
the synthesis process to have a decisive impact on
the products and their specific identifying proper-
ties. The appropriate amount of functional monomer
can enhance the role of combination. However, ex-
cessive monomer can make matters worse. On the
one hand, an excessive amount of functional mono-
mer could lead to nonselective binding sites pro-
duced by the nonassembly of monomer functional
residues. On the other hand, too much monomer
can lead to its own association, which results in a
decrease in selective binding sites instead. Thus, we
used a molar ratio of ngp—tpaa of 1 : 3 in the syn-
thesis of the sulfadiazine-imprinted polymer (nsp,
npaa were the molar quantity of SD and MAA,
respectively).

Structural analysis of the polymers by
IR spectroscopy

The information from the IR absorption spectra,
such as the position, shape, and intensity of the
absorption peaks, gave us access to the relevant
structure of the molecules. In this experiment, IR
analysis was applied to the characterization of the
synthetic polymer structure and the certification of
functional groups existing in the molecules. The IR
spectra of the products are shown in Figure 1.

There are four spectral lines in these two figures,
where lines marked as M_1 and N_1 correspond to
the MIP and NIP before elution, respectively, and
lines M_2 and N_2 correspond to the MIP and NIP
after elution. These eight lines almost have similar
absorption peak forms in each district, except for
line M_1.

1.60
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1.25 1
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Figure 3 Absorbance changes of the maximum absorp-
tion peak for SD in mixed solutions with different molar
ratios.
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Figure 4 Supramolecular complex form of the template-functional monomer (SD-MAA) with nSD-nMAA ratios of
(@) 1:3 and (b) 1 : 6. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

We controlled the synthetic route of the polymers
and the molecular structure of the raw materials (see
Schemes 1 and 2), and further analysis of the prod-
uct IR was carried out.

Among them, the absorption peaks at 2958 cm
of all of the polymers arose from the C—H stretch-
ing vibration (vc—p), and the band at 1730 cm !
was for the carbonyl group absorption both in
MAA and in EGDMA (vc_o). The absorption band
around 1158 cm ™! was attributed to the C—O ester

-1

H _+MAA H
. o
H'N_Q_ﬁ ¥I_< :> aq \N_Q_n

OH

0 Adsorption
0OH O —

Eltion

HO

group of EGDMA (vc—o), although the wide
absorption band around 3435 cm ' or so corre-
sponded to the stretching vibration of O—H in car-
boxyl groups (vo—g). The existence of this molecu-
lar structure proved that the products of the
crosslinked copolymer were synthesized by
EGDMA and MAA under these experimental prep-
aration conditions. The obtained polymers did have
the functional group (carboxylic acid group) to
match with the element sulfadiazine.

L
HD

Scheme 1 Schematic representation for the synthesis of sulfadiazine-imprinted polymer.

Journal of Applied Polymer Science DOI 10.1002/app



3194
CH:
HiC o) TR ) 3
C_C/ HZCQ P /c\ /o\c/ \\CH
N
H,C OH | Hy |l

a-methyl acrylic acid (MAA)  ethylene glycol dimethacrylate (EGDMA)

Scheme 2 Schematic representation for the molecular
structures of MAA and EGDMA.

In addition, lines M_1 and M_2, showing the MIP
before and after elution, were different. There were a
few absorption peaks, with more appearing at 3357,
1595-1582, 881, 681, and 571-549 cm ™ '. The original
peaks in the 3435, 1390, and 1322-cm ! regions, which
seemed to be identical in all of the spectra, exhibited a
subtle difference on a closer look. This was due to ele-
ments of sulfadiazine existing in the system. They
were assigned to the stretching vibration of N—H
(vn—113357), skeleton vibrations of the benzene ring,
and bending (rocking or twisting) deformation of
C—H in the benzene ring (on—y = 681 em ! vely =
1390 em ™}, and vgop = 1322 em ™}, respectively). This
suggested that sulfadiazine molecules were success-
fully introduced into the MAA-EGDMA copolymer
through imprinted molecule-functional monomer
complexes. They could also be eluted off to make
MIPs with the properties of identification and read-
sorption for the imprinting molecule. Polymers
synthesized in the two initiated modes were nearly
identical in the IR spectrum. That is, these two
approaches resulted in products with the same molec-
ular structure.

Morphology of the MIPs characterized by TEM

TEM successfully revealed the correlation between
the macroproperties and microstructure of materials.
Figure 5 shows the micromorphology of the MIPs
observed with TEM.

As shown in Figure 5, the high-crosslinked poly-
mers synthesized by the molecular imprinting tech-
nique were porous materials with a three-dimen-
sional meshwork structure. There were nanomeshes
in both MIPs. In some of the larger mesh, there were
still holes in even smaller sizes. They spread good
channels for solute diffusion and mass transfer. In
addition, the MIP [Fig. 5(a)] had a more obvious
pore structure than the NIP [Fig. 5(b)] synthesized in
the photoinitiated polymerization, but the morphol-
ogy of the MIP [Fig. 5(c)] and NIP [Fig. 5(d)] synthe-
sized in the thermal initiation mode showed a simi-
lar structure.

When we compared Figures 5(a) and 5(c), we
observed that the porous polymers prepared by pho-
toinitiated and thermally initiated polymerization
were with a certain level of pore size distribution.
They not only had pores less than 10 nm but also
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some larger than 500 nm, and most of the pores
were about 100200 nm. These meshes provided a
good space for the spread of solute and an impor-
tant location for mass transfer. Meanwhile, the ther-
mally initiated polymer, in contrast to the one syn-
thesized in the photoinitiated polymerization, had a
greater pore volume, surface area, and pore size, in
which small pores less than 10 nm could hardly be
found, relatively. This was due to a high tempera-
ture in the polymerization system, which could pre-
pare polymers in large meshes and make a higher
vapor pressure for the solvents and a stronger effect
on the pore formation. In addition, the difference in
the pore size between the molecularly imprinted
polymer synthesized by the thermal initiation mode
(MIP_Th) and the nonimprinted polymer synthe-
sized by the thermal initiation mode (NIP_Th) was
less obvious than that of the molecularly imprinted
polymer synthesized by the photoinitiation mode
(MIP_Ph) and the nonimprinted polymer synthe-
sized by the photoinitiation mode (NIP_Ph). This
may have also been because the solvent in the high-
temperature polymerization systems had a strong
porogen action, and the imprinted molecule had a
relatively weaker effect on the polymer structure;
this resulted in a poor imprinting effect of MIP_Th.
To this end, there was reason to believe that changes
in the structure of the polymers, along with the syn-
thesis temperature, was also one of the important
reasons for the ability to identify specifics of the
MIP.

In short, there was a certain pore size distribution
in the polymers synthesized by both the thermal
and photoinitiation modes and a greater structure
difference between MIP_Ph and NIP_Ph. Because
the pore structure was an important factor in the
performance of the MIPs, these polymers were con-
tinually taken as the research object in the following
research. Through an experiment of balanced combi-
nation, their selective adsorption performance was
studied and analyzed; this further illustrated that
the pore structure factors played a very important
role in the molecular imprinting separation.

Analyses of the adsorption properties and
evaluation of the imprinting efficiency
for the MIPs

In this experiment, the equilibrium adsorption
capacity (Q) of the imprinted polymers to SD at differ-
ent initial concentrations (range = 0.25-7.00 mmol/L)
was determined with an equilibrium binding experi-
ment method. The adsorption isotherm drawn from
the experimental data is shown in Figure 6.

As shown in Figure 6, with increasing initial con-
centration, the adsorption capacity of both the MIP
and NIP to the substrate increased. However, the
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Figure 5 TEM images of the polymers (60,000x).

combination amount of the template molecules on
the MIP was always greater than that of the NIP,
obviously. Also, it would have been saturated in a
high-concentration range. Thus, it showed a more
advantageous binding ability. In many receptor
binding assays,'® because the curve of nonselective
combined volume to the initial concentration
increases linearly, it is difficult to reach saturation as
a rule. This graph inferred that the adsorption of the

NIP on SD was nonselective, and the MIP exhibited
selective adsorption. This was because many specific
structure holes with a fixed three-dimensional shape
and position of functional groups matching SD
formed during the synthesis process in the presence
of the imprinted molecule. These imprinted holes
with active binding sites caused a good ability for
selective binding on the MIP. It also proved that the
property of interaction force between the imprinted

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 6 Adsorption isotherm of the imprinting molecule
on the MIP and NIP. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

molecule and functional monomer, when they pre-
sented as supramolecular complex in the course of
synthesis, played an important role in the specific
identification and strong affinity.

In the study of the molecular imprinting tech-
nique, the Scatchard model is often used to evaluate
the MIP adsorption characteristics, and the Scatchard

equation is as follows, according to the theory:'”'®

Q/c [SD] = (Qumax — Q)/K4 2)
where K; is defined as the equilibrium dissociation
constant of the binding sites (mmol/L), Q is the
amount of sulfadiazine bound to the polymer
(umol/g), Quax is the apparent maximum number of
binding sites, and ¢ [SD] is the equilibrium concen-
tration of sulfadiazine in the solution (mmol/L).

The experimental data were plotted in the coordi-
nate graph of Q/c [SD] with Q. On the basis of the
previous equation, straight lines were obtained for
the linear fit, whose slope and intercept could be
used to calculate the K; and Q,,,,, values of the bind-
ing site.

As shown in Figure 7, there were two distinct sec-
tions within the plot that could be regarded as
straight lines. This suggested that there were two
classes of heterogeneous binding sites with respect
to the affinity for SD in this polymer. The linear
equations and regression coefficients (correlation
coefficients) are listed in Table I.

As judged by this phenomenon, within the stud-
ied extent of the SD concentration, the MIP mainly
presented two different types of binding sites, which
is a common result with MIPs. The cause of these
two types of adsorption sites might have been that
there may have been two inequable modalities of
complex combined in a variety of interactions
between the imprinting molecule and the functional
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monomers in the solution of the reaction mixture
before and during the polymerization. Both of them
were able to enter the cavity in the polymer matrix
in different periods of the process. Then, they could
have been crosslinked by the crosslinking agent and
fixed in the copolymer. After the imprinting mole-
cules were eluted, these two different adsorption
properties of the binding sites formed in the MIP.

According to historical reports, Wang et al.' put
forward the apparent imprinting efficiency (E;;) and
the practical efficient imprinting efficiency (E)),
which could be used as evaluations of the efficiency
during the imprinting process and the proportion/
percentage of the molecules successfully imprinted
on the MIP, respectively. Their definition formulas
are as follows:

Eia =B, /Qi 3)
Ei = (Bu — Bn)/Qi 4

where Q; is the theoretical maximum number of
imprinted sites on the MIP and B,, and B,, are the
apparent maximum numbers of binding sites on the
MIP and NIP, respectively.

The imprinting efficiency of the MIPs synthesized
in this study was evaluated after the adsorption per-
formance test according to the aforementioned meth-
ods. The data of calculation and the results are listed
in Table II

As shown in the previous data, MIP_Ph, which
was synthesized with the same ratio of raw materi-
als as MIP_Th, had a greater adsorption capacity,
better selectivity, and more efficient imprinting effi-
ciency. Thus, MIP prepared under conditions of low
temperature showed a higher molecular recognition
for the template. This indicated that the synthesis
method of photoinitiated polymerization at low
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Figure 7 Scatchard plot analysis for the binding of SD to the
imprinted polymer. The data is from the isothermal adsorption

experiment. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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TABLE I
Results of the Scatchard Analysis
Kd = _1/ Qmax: _A/ B = Qmaxl +

Polymer Y =A + BX R B(mmol/L) B(umol/g) Qmax2 (Hmol/g)
MIP_Ph Y = 122.23275 — 1.41912X 0.98626 0.70466 86.13278 292.21354

Y = 37.17903 — 0.18041X 0.99424 5.54293 206.08076
NIP_Ph Y = 45.84507 — 2.73292X 0.99914 0.36591 16.77512 138.28433

Y = 14.71112 — 0.12107X 0.99344 8.25968 121.50921
MIP_Th Y = 61.50651 — 0.75217X 0.99571 1.32949 81.77209 279.23676

Y = 21.79615 — 0.11038X 0.98352 9.05961 197.46467
NIP_Th Y = 90.9589 — 3.24772X 0.99476 0.30791 28.00700 153.50038

Y = 29.86617 — 0.23799X 0.99483 4.20186 125.49338

temperatures might be more suitable for the imprint-
ing process synthesis.

Before and during the process of polymerization,
the functional monomer and imprinted molecule
formed a supramolecular complex by the chemical
interaction of noncovalent bonds. Those functional
groups provided MIPs for binding sites with memory
to the imprinted element. This was the reason for the
selective adsorption of MIPs to the imprinted mole-
cule. The stronger these noncovalent interactions
were, the more stable the supramolecular complex
was and the more it improved the specificity of the
MIPs. The force of the chemical interaction between
the functional monomer and the imprinted molecule
was strengthened at lower temperatures. However,
thermal polymerization was triggered at a high initial
temperature. It weakened the interaction, which led
to the reduction of memory of the site in the synthetic
polymers. This was because the increase of molecular
internal energy at high temperature in thermal poly-
merization process caused intense molecular motion,
which thereby weakened the interaction between the
template molecule and the functional monomers, so
the memory site in the MIPs decreased. In the end,
the product showed a little poorer identification
adsorption properties than the one synthesized in the
low-temperature environment.

In addition, the temperature also had a very compli-
cated impact on the process of polymerization in the
dynamics. The high-temperature led to a high synthe-
sis rate, but it also led to a low degree of polymeriza-
tion, which was due to the heat-generated nonuniform-
ity. Moreover, the spatial arrangement of these
polymeric chains was different from the corresponding
products prepared at low temperature because the

TABLE II
Evaluation of the Imprinting Efficiency
i Bm Bn
Polymer (umol/L) (umol/g) (umol/g) Ei (%) E; (%)
MIP_Ph 309.45 292.21 138.28 94.43 49.74
MIP_Th 309.45 279.24 153.50 90.24 40.63

reorganization ability of the MIPs depended, to a large
extent, on the part of the chain arranging into the space
to fix and memorize the shape of the imprinting mole-
cule. This might have been another reason the product
of the photoinitiated polymerization at low tempera-
ture had a higher imprinting efficiency.

CONCLUSIONS

In summary, with MAA as the function monomer
and EGDMA as the crosslinker in the presence of
SD as a molecular template, MIPs were prepared by
two polymerization approaches: thermal initiation
and photoinitiation.

The complex effect of the imprinting molecule and
functional monomer was by UV spectroscopy before
polymerization. The molecular structure of the synthetic
product was analyzed by FTIR spectroscopy. This con-
firmed MIPs with molecular recognition and specific
adsorption. Through TEM, the pore structure of the
MIPs, which showed some difference between the MIP
and NIP, was characterized. Among them, polymers
synthesized by the photoinitiation approach were more
different than the thermally initiated ones. The results
of isothermal adsorption showed that the imprinted
molecules could be absorbed in holes of the MIPs, and
the products of the two methods showed a certain
degree of difference in performance. Those findings not
only explain the reasons the MIPs prepared by UV had
more effective recognition ability but also prove that the
spatial structure of the MIPs played a very important
role during the process of molecular recognition.
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