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Abstract—An imprinted polymer membrane (IPM) with blending trimethoprim-MIP and polysulfone (PSF) was pre-
pared by bulk polymerization and membrane preparation. In the process of the preparation, the influencing factors on
membrane structure and properties, such as the concentration of PSF, the content of additive polyethelene glycol (PEG)
and TMP imprinted polymer, were thoroughly investigated by scanning electron microscopy (SEM) and the membrane
performance tester. The adsorption properties and selectivity properties of IPM to different substrates were estimated
by using the method of equilibrium binding experiments. Finally, the transport properties of the membranes were in-
vestigated by using the diffusion chambers. The results showed that the imprinted polymer membrane exhibited a high

selectivity for TMP.
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INTRODUCTION

Molecular imprinting is an attractive method of constructing the
molecular recognition sites into the polymer matrix. As a result of
its notable features, such as structure-activity predetermination, spe-
cific identification, broad applicability, strong anti-poor environment
ability, good stability and long lifespan, the molecularly imprinted
polymers (MIPs) have been widely used in many fields [1,2]. In
particular, a considerable attention of the scientific community is
being paid to the areas of drug separation [3] and biological sensors
[4] using the imprinted polymer membrane prepared by this tech-
nique. However, during the preparation process of the imprinted
polymer membrane, large amounts of cross linker are required in
order to maintain the space configuration of the binding sites [5]. It
also makes the imprinted polymer membranes have poorer flexi-
bility and lower mechanical strength, which limits the practical ap-
plication of the imprinted polymer membrane. Therefore, it is of
great significance to develop a new method to make the imprinted
polymer membrane not only have specific recognition but also have
high flexibility so that they can be easily handled and used.

For the synthesis of a number of imprinted polymer membranes,
the phase inversion technique has been used [6-10]. Despite their
good recognition properties in aqueous media, these membranes
were not stable in an organic environment, and the simultaneous
formation of the pore structure and the binding sites in the phase
inversion membranes became a significant limitation, since differ-
ent optimal conditions were required [11]. Another approach for
the synthesis of the imprinted polymer membranes was in situ cross-
linking polymerization. The main problem with this approach was
the high levels of cross-linking traditionally used in molecular im-
printing for achieving a desirable selectivity, which made the im-
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printed polymer membranes have poor mechanical stability [12,13].
Moreover, for the approach in which plate membrane served as the
supporting membrane, molecular template polymer was coated on
the surface where the imprinted polymer membrane was prepared
[14]. However, the interaction between the polymer and the sup-
porting membrane usually depended on weak intermolecular forces.
After repetitive using, polymer fell off from the supporting mem-
brane, and the membrane no longer had selectivity.

In this work, the molecular recognition blend membrane was pre-
pared by blending PSF and the template polymer at ratio, and the
membrane not only had good specific recognition, but also kept
fine flexibility and strength of the polysulfone membrane’s own. It
not only solved the problems of the instability of the phase inver-
sion membranes in organic environment and the limitation to sim-
ultaneous formation of the pore structure and binding sites in the
phase inversion membranes, but also overcame the problem of easy
peeling by coating method. Thus, it provided a new experimental
result for the practical application of the molecular recognition mem-
brane.

EXPERIMENTAL

1. Materials

Trimethoprim (TMP), cephalexin, sulfadiazine were of analyti-
cal grade available from Beijing Bailingwei Co., Ltd. Methacrylic
acid (MAA) was obtained from Tianjin Chemical Reagent Research
Institute and purified by vacuum distillation to remove inhibitor
before use. 2,2-Azo-bis-isobutyronitrile (AIBN) was of chemical
grade and purchased from Shanghai Hewei Co., Ltd. Glycol meth-
acrylate (GDMA) was of analytical grade and purchased from Beijing
Bailingwei Co., Ltd. N, N-dimethylformamide (DMF) was avail-
able from Tianjin Chemical Reagent Co., Ltd. Polysulfone (PSF)
was used as received from Motian Company of Tianjin Polytech-
nic University. Polyethelene glycol (PEG average Mw 600) was
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obtained from Shanghai Synthesis Scour II Co., Ltd.
2. Instruments

All UV-vis spectra and adsorption experiments were performed
with an UV-240 Ultraviolet-visible spectrophotometer (Shimadzu,
Japan). A scanning electron microscope (SEM) (QUANTA-200)
(FEI Co., Netherlands) was used to observe the morphology of the
imprinted polymer membrane. To synthesize, prepare and process
the products, there was some other equipment used: WE-1 thermo-
stat water bath oscillator (Tianjin Honour Instruments Inc., China),
SK5200 ultrasonic vibration generator (Shanghai Kudos Ultrasonic
Instrument Co., Ltd., China), TG16-WS(1650D) supercentrifuge
(Shanghai Luxiangyi Gentrifuge Instrument Co., Ltd., China.), long-
wave (365 nm) ultraviolent lamp (Tianjin Amethyst/Zijin Special
photo Source Co., Ltd.), Soxhlet extractor, etc.

3. Preparation of the Drug (TMP) Imprinted Polymer

The template TMP 0.0363 g (0.125 mmol) and the functional
monomer MAA 0.04 ml (0.5 mmol) were dissolved in DMF (0.3
ml) with shaking for 4 h to form homogeneous solution, then the
cross linker GDMA 0.47 ml (2.5 mmol) and the free radical initia-
tor AIBN (2 mg) were added into the solution in turns. The solution
was deoxygenated with nitrogen gas for 5 min, and nitrogen gas was
removed under vacuum for 10 min. Then, the mixture was spread
on the glass surface, and the glass was put into a quartz glass dish.
To complete polymerization, the quartz glass dish was exposed to
UV-light (4=365 nm) under the protection of nitrogen gas for 6 h.
The resultant rigid polymers were ground to pass through a 200
mesh sieve. Fine particles were removed by decantation in ace-
tone. The resulting particles were placed in a soxhlet extractor and
washed with 10 vol% acetic acid-methanol solution until the tem-
plate could no longer be detected in the elution. Then, the particles
were washed with pure methanol to remove the residual acetic acid
and dried to constant weight under vacuum at 80 °C. As a control,
the non-imprinted polymers (NIPs) in the absence of the template
were prepared and treated by the same method.

4. Preparation of the Imprinted Polymer Membrane

Dry polysulfone 5.64 g was dissolved in 20 ml DMF as casting
solution. That was followed by addition of 8.46 g MIP powder and
2.82 g PEG 600 additive to the casting solution, and stirred with a
constant speed at 40 °C to prepare the blending solution. The solu-
tion would be placed under vacuum about 1 h to remove air bub-
bles. After air bubbles were removed completely, the solution was
coated on a type of 20%20 cm glass surface at room temperature,
then the plate membrane was prepared by using a scraper. Ten sec-
onds later, this membrane was immersed into distilled water, and
the imprinted polymer membrane with blending trimethoprim-MIP
and polysulfone was obtained. Then the membrane was preserved
in 50 vol% glycerol.

During the procedure of preparation of the blend membrane, a
casting solution with different concentrations of PSF and PEG was
used to optimize the composition of the blend membrane.

5. Analysis of the SEM

For SEM observation, the membrane samples were immersed
into 50 vol% glycerol for 24 h, then taken out to wipe away glyc-
erol on the surface and were dried at room temperature. After de-
hydration, desiccation, fixing and gold spraying, a scanning elec-
tron microscope (QUANTA-200) was used for the morphology ob-
servation of the surface and section of the membrane.
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Fig. 1. Membrane performance tester.

6. Test of Mechanical Property of the Imprinted Polymer Mem-
brane

Mechanical property measurement of the imprinted polymer mem-
brane was performed with a Fabric Strength Tester (Y(TCB) 026H-
500). The type of sample was 20 cmx5 cm, and stretching rate
was 100 mm/min.
7. Test of Membrane Structure

The experiment was conducted by using the self-made mem-
brane performance tester from the Membrane Separation Engineer-
ing Institute of Tianjin Polytechnic University, as shown in Fig. 1.
At a set temperature, pure water was pumped from the reservoir to
the plate membrane, and then flowed through the microporous plate
membrane under certain pressure to the graduate finally. Through
the determination of pure water flux in a certain time, the pure water
flux in unit time was calculated. Furthermore, the pore size of mem-
brane was calculated.

Where 1-6 represent the reservoir, thermometer, pump, pressure
gauge, plate membrane and graduate, respectively.
7-1. Test of Water Flux

A water flux test was conducted with the apparatus shown in Fig.
1. Effective area of the membrane was 25.5 cm’. Under a pressure
of 0.1 MPa, after preloading for 1 h to keep the water flux stable,
the water flux was determined. The water flux was calculated by

Eq. (1).

v

f= M

Where £, is the water permeable rate (L/n’-s), V is the transmis-
sion liquid volume (L), A is the effective area of membrane (m?)
and t is the time (5).
7-2. Test of Porosity

The method of testing the quality difference between dry and
wet membrane was used to determine the porosity of the mem-
brane. The porosity was calculated according to Eq. (2):

£= (WI_WZ)/dHIO

v x100% )]

Where W, is the quality of wet membrane (g), W, is the quality of
dry membrane (g), £is the porosity of membrane, d,;,, is the den-
sity of water (g/ml) and V is the apparent volume of membrane (ml).
7-3. Test of the Pore Size of Membrane

The pore size of the membrane was determined by the method
of fluid permeability based on Poiseuille’s law [15], and its basic
principle is the Guerout-Elford-Ferry equation [16] derived from
Poiseuille’s law. The calculation of pore size is expressed by Eq.

3.
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r=./SuLQ/eAP 3)

Where r is the average pore size (m), £is the porosity (%), L is the
thickness of membrane (m), 4 is the transmission liquid viscosity
(Pa-s), Q is the water flow (m*/m?-s) and AP is the pressure differ-
ential between two sides of membrane (Pa).
8. The Binding Characteristics of Membranes
8-1. Binding Capacity of NIPM and IPM to TMP at Different Time

100 mg IPM (MIP content: 30 wt%) and 100 mg NIPM were
placed, respectively, in the same concentration of TMP in the DMF
solution (5 mmol/L). The equilibrium binding capacity of TMP was
determined by Uv-vis spectrophotometry [17]. The experimental
steps were as follows: the conical flasks which were filled with solu-
tions were placed in a shaking bed, and oscillated several hours at
room temperature. Then the solutions at different time were trans-
ferred to the centrifuge tubes. After 15 min high-speed centrifuga-
tion, supernatant liquor (3 ml) was injected in a 50 ml volumetric
flask, and then diluted to the certain size with DMF solution. Under
certain wavelength, Uv-vis spectrophotometry was used to deter-
mine the equilibrium concentration of TMP in solutions. Accord-
ing to the changes of the TMP concentration before and after ad-
sorption, the binding amounts of IPM and NIPM to TMP could be
calculated.
8-2. Binding Capacity of NIPM and IPM to TMP at Different Con-
centrations

In this process, the initial concentration of TMP varied in the scope
of 0.5-5 mmol/L, and 100 mg IPM and 100 mg NIPM were added,
respectively. The equilibrium binding capacity of TMP at different
concentrations was determined by Uv-vis spectrophotometry.
9. Selectivity Test of NIPM and IPM to TMP and its Struc-
tural Analogues

TMP and its structural analogues (cephalexin, sulfadiazine) with
similar antibacterial effect were elected as substrates to prepare the
substrate solutions of the three drugs under a fixed concentration
(5 mmol/L) in DMF. Then 100 mg NIPM and 100 mg IPM were
added to the three substrate solutions, respectively. The binding ca-
pacities of the three substrates were determined by the equilibrium
binding experiments above.
10. Membrane Transport Experiments

The membranes were mounted in a diffusion cell consisting of
two stirred chambers of 10 ml volume. The analytes with certain
concentration (5 mmol/L) in DMF solution were placed in the feed-
ing chamber, and pure DMF solution was placed in the receiving

chamber. The amount of the transported analytes was determined
by spectrophotometry in 10 h. All transport experiments were con-
ducted at room temperature.

RESULTS AND DISCUSSION

1. Effect of PSF Concentration on Membrane Structure and
Properties

A crucial influencing factor on the properties and structure of
the blend membrane is PSF concentration. With the increase of PSF
concentration, the membrane surface will thicken, the interconnec-
tion degree among holes and the porosity will decrease, and the pore
size will reduce. Besides, the formation of macroporous structure
in membrane will weaken. For porous membrane, instantaneous
liquid-liquid phase separation commonly occurs in different con-
centrations. But for casting solution of high concentration, the PSF
concentration is high at the interface between the membrane and
coagulation bath; therefore, a porous surface with lower porosity
will be formed, and the water flux will be reduced. The asymmet-
ric membrane, which is dense at the surface layer and porous at the
bottom layer, is prepared by the method of the delayed liquid-liquid
phase separation in solvent systems with bad intersolubility. The
effect of PSF concentration on the properties and structure of blend
membrane is quite obvious. With the increase of PSF concentra-
tion, the transport properties of membrane will be reduced.

As shown in Fig. 2, with the increase of PSF concentration, the
pore size decreases, which is also concluded from the reducing water
flux determined. When the PSF content is 20 wt%, a satisfactory
pore size distribution is obtained, and the morphology of membrane

Table 1. Effect of concentration of PSF on blend membrane struc-

ture and properties*®
PSF content Water flux Pore size Porosity

(Wt%) (L/m*-h) (nm) (%)
12 3183 55.7 72.2
18 272.6 49.1 65.8
20 2349 422 60.5
22 205.6 40.1 56.2
24 123.1 18.9 27.1

*Additive content: 10 wt%; Coagulation bath temperature: 25 °C; Cast-
ing solution temperature: 25 °C

e

Content of PSF (18 wt%)

Content of PSF (20 wt%)

Content of PSF (22 wt%)

Fig. 2. SEM images of blend membrane with different content of PSF.
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Content of PEG (4 wt%)

Content of PEG (7 wt%)

Content of PEG (10 wt%)

Content of PEG (13 wt%)

Fig. 3. SEM images of blend membrane with different content of PEG.

is good. Besides, it is clearly observed from Table 1 that with the
increase of PSF concentration, the water flux reduces obviously,
which is attributed to the decrease of pore size and porosity as a
result of the increase of network density in membrane.

2. Effect of Content of PEG on Membrane Structure and Prop-
erties

To improve the structural morphologies and propetties of the mem-
brane, an additive is often added into the casting solution. Gener-
ally, the additive is a weak non-solvent of polymer, such as alco-
hols, acidic low molecular reagents, polymeric reagents (PVP, PEG
etc.). The amount of additive should ensure the thermodynamic sta-
bility of casting solution and complete miscibility of system, because
it can change the phase equilibrium relationship of membrane-form-
ing systems; for instance, the homogeneous interval of the solution
increases, the position of the initial composition in ternary phase
diagram will be nearer to the liquid-liquid phase separation area,
and the delayed liquid-liquid phase separation in the process of phase
separation will transform into the instantaneous. As a result, a porous
membrane with high porosity is formed. In the actual process of
membrane preparation, macromolecule additives are often used to
inhibit the formation of intramembrane large vacuoles and to im-
prove the membrane porosity and the connectivity among holes.
Besides, the existence of macromolecule additives not only increases
the viscosity of casting solution but also inhibits the movement of
polymer chains in casting solution.

Water-soluble additives not only affect the membrane structure
by the position occupied in casting solution before the gelation pro-
cess of membrane, but also affect the distribution of PSF in solu-
tion. The use of water-soluble additives can increase the affinity
between the casting solution and precipitant, which can accelerate

Table 2. Effect of content of additive on blend membrane struc-
ture and properties*

Additive content Water flux Pore size Porosity
(Wt%) (L/m*-h) (nm) (%)
4 197 429 53.2
7 221 44.6 59.0
10 243 473 61.5
13 211 43.1 57.9

*PSF content: 20 wt%; Coagulation bath temperature: 25 °C; Cast-
ing solution temperature: 25 °C
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the non solvent diffusion speed, promote the phase separation of
casting solution, and further influence the performance of the mem-
branes. In this work, polyethylene glycol (PEG Mw 600) is elected
as the additive, and the results are shown in Table 2.

The experimental results show that PEG is more than a pore-form-
ing agent; its presence in casting solution can change the non sol-
vent diffusion speed and promote or delay phase separation of cast-
ing solution, and further influence the performance of the mem-
branes. With the increase of PEG content, the pore size and perme-
ation rate increase obviously, whereas they significantly decrease
when the content of PEG is more than 10%. Therefore, the content
of additive PEG should be controlled in certain range in order to
obtain membrane with better performance.

As shown in Fig. 3, with the increase of PEG content, the pore
size increases gradually. But higher than 10 wt% of PEG content,
the pore size decreases significantly, which can also be concluded
from the decreasing permeation rate in Table 2. The results indicate
that the increase of water flux depends on not only the increase of
pore size but also the interconnection degree among pores.

3. Effect of Molecularly Imprinted Polymer on the Binding
Capacities of the Membranes

After the imprinted polymer is added into the PSF membrane,
the changes of morphology of the surface and section of the mem-
brane are shown as Fig. 4 and Fig. 5. Also, Table 3 shows the ab-
sorption properties of NIPM and IPM to TMP in TMP solution (5
mmol/L).

As shown in Fig. 4 and Fig. 5, the prepared polymer membranes
are asymmetric and opaque. The changes of adsorption capacities
of NIPM and IPM to TMP at different time are shown in Table 3.
Clearly, with the increase of binding time, the binding capacity of

(a) NIPM

(b) IPM

Fig. 4. Section configuration of NIPM and IPM.
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(a) NIPM (b) IPM

Fig. 5. Surface configuration of NIPM and IPM.

Table 3. Binding capacities of NIPM and IPM to TMP at differ-

ent times
Time (h) IPM (umol/g) NIPM (umol/g)
3 65.2 7.3
6 86.9 7.4
9 97.7 7.3
12 103.4 7.4
15 103.9 7.4

IPM increases and then reaches an equilibrium value, but the bind-
ing capacity of NIPM remains basically unchanged. These results
indicate that for the IPM, the TMP adsorption is caused by specific
binding sites in the polymer membrane. When the solution con-
taining TMP passes through the surface of IPM into the internal,
TMP molecules are adsorbed by the binding sites. However, due
to the absence of specific binding sites, NIPM is almost non-ad-
sorptive to TMP molecules.
4. Binding Capacities of NIPM and IPM to TMP at Differ-
ent Concentrations

In the experiments, the changes of the equilibrium binding capaci-
ties (marked as Q) of the polymer membranes to TMP were deter-
mined by the method of equilibrium binding experiments. As shown
in Fig. 6, the binding capacity of NIPM to TMP is relatively small

5-
] —a— PSF(NIPM) v
4 v— PSF“PM) o
< 31 :
© -
E
= A~
s 2 .
14 "
Aff_‘f‘—_ -
0 M T T T T 1
0 1 2 3 4 5
C/(mmol/L)

Fig. 6. Change curve of binding capacity along with different ini-
tial concentrations of TMP.

and increases along with the increase of TMP concentration, but
for IPM, the binding capacity increases and then gradually reaches
a larger equilibrium value. In many binding experiments of tem-
plates [18,19], because of the linear increasing of non-selectivity,
the relation curve of the binding amount to the initial concentration
is often difficult to reach the saturation point. So it could be learned
that the adsorption of NIPM to TMP is non-selective, but the ad-
sorption of IPM to TMP is selective. Comparing the synthesis pro-
cesses of the two polymers, it could be inferred that the reason for
selective binding of IPM to TMP is the formation of the specific
recognition cavities complementary to the templates in shape and
chemical functional groups. It also indicates that the interaction forces
between template molecules and functional monomers in the prep-
aration of the molecularly imprinted polymer play a very important
role in the imprinted polymers’ selectivity.

The Scatchard equation is commonly used for the evaluation of
the binding characteristics of molecularly imprinted polymer to tem-
plate molecules. The binding data of IPM to TMP were used for
Scatchard analysis. The Scatchard Eq. (4) is as follows [20]:

Q/ C(TMP):(Qmux_ Q/K, ©)

Where K, (mmol/L) is the equilibrium dissociation constant of bind-
ing sites, Q,,,, (Umol/g) is the apparent maximal combination amount
of binding sites, Q (umol/g) is the binding amount of polymer to
TMP, and C,, (mmol/L) is the equilibrium concentration of TMP
in solution.

According to the Scatchard equation, the relation curve between
Q/C(TMP) and Q becomes almost straight, as shown in Fig. 7. The
linear Eq. (5) is as follows:

Y=103-2x )

The slope coefficient and intercept are —1/Kd and Q,,../K, re-
spectively. It suggests that IPM forms a class of equivalent binding
sites within the range of studied concentration, and exhibits uni-
form binding capacity to the TMP. The dissociation constant (K,)
and the apparent maximal combination amount (Q,,,) of the IPM
are calculated to be 0.5 mmol/L and 129 umol/g, respectively. Q, ..
is far from the theoretical maximum combination capacity. This is
mainly because, on the one hand, in the polymerization process,
parts of TMP molecules are embedded, which makes them not to

10

Q/C (ml)

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Q/(umol)
Fig. 7. Scatchard plot to estimate the binding nature of IPM.
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Fig. 8. Structural formulas of three substrates.
Table 4. K, of the tested substrates on IPM and NIPM
IPM NIPM
Substrates
C, (umol/g) Cs (uwmol/ml) K, (ml/g) C, (umol/g) Cs (uwmol/ml) K, (ml/g)
T™MP 133.81 4.21 31.78 30 5.61 5.35
Sulfadiazine 24.75 5.15 4.81 35.75 5.02 7.12
Cephalexin 20.83 5.84 3.57 21.62 5.81 3.72

be eluted cleanly; on the other hand, the solution used in the experi-
ment is DMF, which has a strong polarity that it is not conducive to
the formation of stable hydrogen bond between the template mole-
cules and functional monomers. Therefore, it has a certain impact
on the adsorption capacity of polymers. However, compared with
the non-imprinted polymer membrane, the imprinted polymer mem-
brane has higher adsorption to TMP, which indicates that the im-
pact of solution on the adsorption capacity is not obvious.

5. Substrate Selectivity of IPM and NIPM

TMP and its structural analogues (cephalexin, sulfadiazine) with
similar antibacterial effect were elected as substrates. The structural
formulas of the three substrates are shown in Fig. 8.

The substrate solutions of the three drugs in DMF with the same
concentration (5 mmol/L) were prepared, respectively. The distri-
bution modulus K, of the selected substrate between polymer mem-
brane and solution was calculated according to Eq. (6) [21].

K,=C,/Cs ©)

Where K, is the distribution modulus (ml/g), C, is the combinative
concentration of imprinted polymer to substrate (umol/g), and Cs
is the equilibrium concentration of substrate in solution (wmol/ml).
After determination, the calculation data were shown in Table 4.
As can be seen from Table 4, compared with sulfadiazine and
cephalexin, the IPM shows high selectivity for TMP, and compared
with NIPM, the IPM has significantly greater binding capacity to
TMP. But for sulfadiazine and cephalexin, the binding capacities
of the two membranes to them were similar. Therefore, it could be
deduced that the recognition to TMP of IPM may be attributed to
the specific size/shape of recognition sites complementary to the
template as well as correct position of the functional groups in the
cavities involved in the template binding carboxyl. Although the
NIPM and IPM have the same chemical composition, NIPM has
no recognition sites complementary to the template molecule on
shape and functional groups, and the carboxyl distribution in NIPM
is arbitrary. Hence, its combination with substrates merely depends
on the weak non-selective adsorption, which makes the selectivity
greatly reduce.
6. Transport Properties of the Two Polymer Membranes
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The shape of the template cavities and the functional groups
arrangement of functional monomer in these cavities play impor-
tant roles in the process of molecular recognition. The studies of the
transport propetties of the IPM can provide a deeper understanding
of these roles. In this work, the transport properties of the [PM were
investigated by using TMP, sulfadiazine and cephalexin as the ana-
Iytes.

As shown in Fig. 9, the transfer rate of the TMP across NIPM is
much slower than that across [PM, because of the existence of paths
formed by cavities complementary to the template in specific size/
shape as well as the correct position of the functional groups in IPM.
However, there are none of these paths in NIPM, only irregular cav-
ities are formed by pore-forming agent, and analytes could also pass
through the irregular cavities but with lower transfer rate and no
selectivity. As shown in Fig. 11, the transfer rates of all the analytes
across the NIPM differ only slightly.

As shown in Fig. 10, compared with the TMP, the transfer rate
of sulfadiazine across the IPM is faster. The reason is that the two
drugs have similar structure, but the sulfadiazine is smaller than TMP,
and there are no functional groups in the structural formula of sulfadi-
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Fig. 9. The transferred amounts of the TMP across IPM and NIPM.
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Fig. 10. The transferred amounts of the three analytes across IPM.
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Fig. 11. The transferred amounts of the three analytes across NIPM.

azine forming the type of cooperative hydrogen bond with car-
boxyl. Considering that the IPM is imprinted with TMP, it is easy
to understand that there is a specific size/shape of recognition sites
complementary to the template TMP as well as correct position of
the functional groups in the cavities involved in the template bind-
ing carboxyl. Therefore, TMP exhibits a stronger interaction with
MAA in the IPM cavities than sulfadiazine, and the transfer rate of
the TMP across the IPM is smaller compared with sulfadiazine.

To further testify if there are cavities in IPM matching the size
of TMP, cephalexin which has a larger size than TMP is chosen as
the analyte to transfer through the TMP imprinted polymer mem-
brane. As shown in Fig. 10, compared with the TMP, the transfer
rate of the cephalexin across the IPM is smaller, and this verifies
that there are cavities in size/shape complementary to the template
TMP.

The different transport properties of the imprinted and non-im-
printed membranes could be attributed to the different polymer mor-
phologies in polymerization with or without template molecules. The
presence of template molecules during polymerization could result
in a membrane having different structure, porosity and swelling com-
pared with the corresponding non-imprinted membrane. The different
size of the micropores and correct position of the functional groups

in the imprinted and non-imprinted membranes lead to the differ-
ences in the transport properties of analytes.
7. Mechanical Properties of the IPM

The elongation at break and maximum load of IPM and NIPM
were determined, respectively, in the experiment. The elongation at
break and maximum load of NIPM are 25.5% and 11.4 N, respec-
tively, and that of IPM are 23.3% and 9.97 N. Compared with NIPM,
the elongation at break and maximum load of IPM decrease slightly;
the possible reasons are that after MIP powders are added into the
membrane, although physical crosslinking between MIP powder
and macromolecular chain segments may be formed and limit the
movement of molecular chain segments, the intermolecular forces
between PSF macromolecule weaken. But, under these mechani-
cal property parameters, it is sufficient enough to meet the need of
the test for the adsorption and transport properties of IPM.

CONCLUSIONS

An imprinted polymer membrane with blending TMP-MIP and
polysulfone was prepared. When the mass content of MIP, PSF and
additive PEG was 30%, 20% and 10%, respectively, the blend mem-
brane prepared exhibited good recognition ability to TMP as well
as good flexibility and high mechanical strength. According to the
Scatchard equation, the relation curve between Q/C;,» and Q be-
came almost straight, and it could be learned that IPM existed a class
of equivalent binding sites. Finally, the transport properties of the
imprinted polymer membrane were investigated, which can provide
a deeper understanding of the recognition mechanism of the im-
printed polymer membrane in the process of molecular recognition.
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