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1. INTRODUCTION AND BACKGROUND 

Molecular imprinting is a technology which can create selective 
adsorption binding sites in a polymer matrix. This interesting technique is based 
on the fact that the target molecule (template) is present during the polymer 
synthesis and chemically interacts with the so-called “functional” monomers 
(Figure 1).1 Their self-assembly is conserved by the addition of a crosslinking 
monomer in high molar ratio. Molecularly imprinted polymers (MIPs) are able 
to rebind the target molecule selectively after the template removal. The 
efficiency of the imprinting process is tested on a so-called nonimprinted 
polymer (NIP) which does not contain the template molecule during the 
synthesis. 

 
Figure 1. Scheme of moelcular imprinting2 

 
For a long time, MIPs were exclusively synthesized by bulk 

polymerization3 where the polymer is obtained as a hard monolith, therefore 
laborious grinding and sieving were needed to transform it into particulate 
format. These operations resulted in substantial polymer loss and binding site 
destruction. Later on, several new preparation methods have been introduced 
into the MIP field such as precipitation, suspension, emulsion and dispersion 

                                                             
1 Sellergren, B.; (ed.) Molecularly imprinted polymers: Man-made mimics of antibodies and their applications in 
analytical chemistry; Elsevier, Amsterdam, 2001. 
2 Bereczki, A: Ph.D. thesis, 2003 
3 In MIP terminology “bulk polymerization” actually refers to solvent polymerization with high monomer 
loading, whereas in classical polymer chemistry in bulk polymerization no solvent is used at all. 
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polymerization to name a few.4 With these methods one can directly obtain 
particulate polymers without the need of a labor-intensive and time-consuming 
work-up process. Except for precipitation polymerization the abovementioned 
methods all employ additives for example surfactants or stabilizers which can 
adversely affect the imprinting process. Moreover, their removal after the 
polymerization is often incomplete. In precipitation polymerization the 
monomer concentration is typically <5% hence the template-monomer complex 
formation is not favored in molecular imprinting. 

My doctoral work mainly focuses on new polymerization methods and 
polymer formats. I aimed at investigating a modified precipitation 
polymerization (MPP) method that has been developed earlier in our laboratory.5 
Using the MPP one can obtain micron-sized beads even in highly concentrated 
monomer solutions (up to 25-40%) with the addition of a special solvent for 
example paraffin oil to the prepolymerization mixture. A further advantage of 
the method is that no additives are necessary. Until now this method has only 
been applied for the preparation of not been assessed yet. Furthermore, no 
explanation has been provided why poly(methacrylic acid-co-ethyleneglycol 
dimethacrylate) polymer particles and the influence of different factors on the 
morphology of the microspheres has particles are formed at such high monomer 
concentrations where a hard monolith is expected. In my work I wanted to 
extend the scope of the applicable monomers in MPP, investigate influential 
polymerization conditions and account for the unforeseen polymer morphology. 
According to the literature we could see that the synthesis of monodisperse 
spherical MIP particles containing 4-vinylpyridine (4-VPy) monomer is not 
straightforward at all, therefore I have investigated the poly(4-VPy-co-
trimethylolpropane trimethacrylate) polymer in more detail.6 

The combination of membrane technology with molecular imprinting can, 
for instance, provide highly selective membrane materials for the selective 
removal of a targeted compound.7 Molecularly imprinted membranes can be 
either self-supported or composite membranes. In case of self-supported 
                                                             
4 Biffis, A.; Dvorakova, G.; Falcimaigne-Cordin, A. Molecular Imprinting, Springer, Berlin 2012, 325. 
5 Horvath, V.; Lorantfy, B.; Toth, B.; Bognar, J.; Laszlo, K.; Horvai, G. Journal of Separation Science 2009, 32, 
3347. 
6 Kitabatake, T.; Tabo, H.; Matsunaga, H.; Haginaka, J. Analytical and Bioanalytical Chemistry 2013, 405, 
6555. 
7 Ulbricht, M. Polymer 2006, 47, 2217. 
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membranes the porous structure and the imprinted binding sites are formed 
together, therefore it is difficult to achieve highly selective MIPs and efficient 
membrane separations at the same time.8 On the contrary, composite membranes 
are prepared by modifying a support membrane having an optimized porosity 
with the molecularly imprinted polymer. The monomer mixture can be 
incorporated into the support, for example by drop-casting9 or photografting of 
the monomers on an initiator-soaked membrane.10 Thin-layer MIP composite 
membranes provide good flow-through characteristics because the polymer 
modification does not drastically affect the membrane permeability. 

MIPs have been previously prepared in multiwell plate format for high-
throughput sample analysis. Polymers prepared separately by bulk 
polymerization were packed into 96-well plates and were used in solid phase 
extraction.11 In our laboratory, thin-layer MIP composites have earlier been 
successfully integrated on multiwell membrane filterplates.12 This set-up proved 
to be an excellent format for the rapid screening and optimization of different 
polymer compositions. As a follow-up of this project I planned to utilize this 
MIP membrane format in solid phase extraction. Molecularly imprinted solid 
phase extraction (MISPE) is a widespread application field of MIPs and is 
especially favourable when the analyte is in a difficult matrix and/or is present 
in very low concentrations in the sample. The practical applicability of MISPE 
sorbents is also supported by the fact that they are commercially available from 
several manufacturers in cartridge format. In a MISPE protocol all the steps 
(loading, washing, elution) have different roles which have to be optimized to 
achieve the best performance. Therefore the development of MISPE on 
multiwell plates seems reasonable since it allows facile and rapid optimization 
of the parameters.  
   In my work I endeavoured to develop a MISPE method for the 
preconcentration and purification of biological samples (plasma, urine) for β-
                                                             
8 Ulbricht, M. Journal of Chromatography B-Analytical Technologies in the Biomedical and Life Sciences 2004, 
804, 113. 
9 Dzgoev, A.; Haupt, K. Chirality 1999, 11, 465. 
10 Piletsky, S. A.; Matuschewski, H.; Schedler, U.; Wilpert, A.; Piletska, E. V.; Thiele, T. A.; Ulbricht, M. 
Macromolecules 2000, 33, 3092. 
11 Chassaing, C.; Stokes, J.; Venn, R. F.; Lanza, F.; Sellergren, B.; Holmberg, A.; Berggren, C. Journal of 
Chromatography B-Analytical Technologies in the Biomedical and Life Sciences 2004, 804, 71. 
12 Ceolin, G.; Navarro-Villoslada, F.; Moreno-Bondi, M. C.; Horvai, G.; Horvath, V. Journal of Combinatorial 
Chemistry 2009, 11, 645. 
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blockers. These drugs are often administered to patients suffering from certain 
heart diseases, and in addition, they are banned in particular sports and are on 
the World Anti-Doping Agency (WADA) Prohibited List. My synthesis 
approach was driven by the recognition that the template cannot fully be 
removed from the polymer matrix and thus, it constantly leaches out from the 
polymer to a small extent (bleeding). This is undesirable in MISPE because it 
can lead to false quantitation results. To overcome this problem, the imprint is 
prepared for a close structural analog of the analyte be measured.13 This ‘dummy 
template’ approach has been used in my work to prepare MIP composite 
filterplate membranes and to use them for MISPE in conjunction with HPLC-
MS/MS. 

There are only a few reports in the literature on MIP nano/microparticle 
composite membranes. These are synthesized in consecutive steps. First, the 
particles are prepared for instance by precipitation polymerization and 
subsequently embedded into a porous membrane support.14 To provide a more 
facile alternative for the synthesis of such selective adsorber membranes we 
aimed to employ the MPP in multiwell filterplate membranes. This method 
makes possible the particle formation at high monomer concentration, hence the 
monomer mixture can be drop-casted into the pores of the support membrane 
where microspheres are formed thereinafter. The integration of MIP 
nano/microparticles and membrane technology can increase the performance of 
membrane adsorbers. MIP nano/microparticles endow the support membrane 
with high specific surface area and selective binding sites. Beside paraffin oil, 
room temperature ionic liquids (RTILs) were explored as diluents, as they have 
already proven to be feasible solvent media for MIPs.15 

Molecular imprinting per se creates an advanced functionality in a 
polymer matrix but in the past few years these polymers have been successfully 
endowed with other interesting features such as thermo-, pH-, light-
responsiveness or magnetic properties to achieve intelligent MIPs.16 
Photoswitchable polymers offer a new, exciting way to manipulate the polymer 
via a convenient, non-invasive stimulus. In the literature azobenzene has almost 
                                                             
13 Andersson, L. I.; Paprica, A.; Arvidsson, T. Chromatographia 1997, 46, 57. 
14 Lehmam, M.; Brunner, H.; Tovar, G. E. M. Desalination 2002, 149, 315. 
15 Booker, K.; Bowyer, M. C.; Holdsworth, C. I.; McCluskey, A. Chemical Communications, 2006, 16, 1730. 
16 Ge, Y.; Butler, B.; Mirza, F.; Habib-Ullah, S.; Fei, D. Macromolecular Rapid Communications 2013, 34, 903. 
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exclusively been used as the photocontrollable unit in MIPs where it also served 
as the functional monomer.17 The binding sites of the polymer could be 
modulated by UV and visible light and analyte release and rebinding could be 
observed. 
Spiropyrans have also been frequently used in smart photoresponsive 
materials,18 yet their utilization in MIPs was presented only in one case.19 The 
photoisomerization process of spiropyran, which can be induced by light 
irradiation at different wavelengths, is shown in Figure 2. UV light triggers the 
C-O bond cleavage in spiropyran (SP), whereas visible light or temperature 
elevation assist the ring reclosure in the open form called merocyanine (MC). 
The MC-form is stabilized as a zwitterion in polar solvents, and the rate of 
transformation back to the closed form is significantly reduced.20 In nonpolar 
solvents the quinoidal form of the molecule is preferred. Inspired by the 
intensive research of photoresponsive MIPs I planned to design a herbicide 
selective imprinted polymer with photoswitchable characteristics by using a 
spiropyran. As opposed to previous methods I aimed to use the photoresponsive 
monomer as a co-monomer and use an efficient functional monomer that can 
establish strong interactions with template. 
 
 

 
 

Figure 2.  Reversible photoisomerization of spiropyran 

                                                             
17 Minoura, N.; Idei, K.; Rachkov, A.; Choi, Y. W.; Ogiso, M.; Matsuda, K. Macromolecules 2004, 37, 9571 
18 Florea, L.; Diamond, D.; Benito-Lopez, F. Macromolecular Materials and Engineering 2012, 297, 1148. 
19 Marxtibbon, S.; Willner, I. Journal of the Chemical Society-Chemical Communications 1994, 10, 1261. 
20 Chibisov, A. K.; Gorner, H. Journal of Physical Chemistry A 1997, 101, 4305. 
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2. EXPERIMENTAL 

Polymer syntheses: 

1. photoswitchable particles using a spiropyran monomer were prepared by 
conventional precipitation polymerization in toluene 

2. 4-vinylpyridine based spherical polymer particles were prepared by the 
modified precipitation polymerization with the use of paraffin oil (PO) 
and different co-solvents 

3. thin-layer polymers or polymer particles with UV initiated polymerization 
were incorporated into the membranes of multiwell filterplates 

Characterization methods: 
1. Scanning electron microscopy (SEM) for polymer imaging and particle 

size distribution analysis 
2. Low temperature N2 adsorption/desorption measurement for detailed 

characterization of polymer porosity 
3. Equilibrium batch-rebinding measurements for the characterization of 

template binding on the imprinted (MIP) and nonimprinted (NIP) 
polymers by HPLC analysis of the supernatant of the incubated samples. 
The photoinduced change in the binding behavior was also followed by 
this technique on the spiropyran-containing polymer particles.  

4. Solid phase extraction on the polymer-membrane composite filterplates 
for biological sample preparation: optimization of sample loading, 
washing and elution steps, analysis of each step by HPLC-UV or HPLC-
MS/MS 

5. Filtration experiments for the evaluation of the performance of MIP-
membrane composites in flow-through mode 

6. Spectroscopic analysis of the photoswitchable properties of spiropyran-
based polymer particles: fluorescence microscopy on immobilized 
particles in dry state and UV-Vis spectroscopy study of particle 
suspensions in toluene in cuvette experiments 

7. Characterization of the polymer–solvent interactions: Hansen solubility 
parameter (HSP) distances were calculated between solvents/solvent 
mixtures and polymer. HSP values were calculated for crosslinker 
monomers, ethyleneglycol dimethacrylate (EGDMA) and 
trimethylolpropane trimethacrylate (TRIM) by van Krevelen’s group 
increment method. 

8. Determination of the co-solvent content in the solvent phase and in the 
polymer phase during polymerization: in the poly(4-VPy-co-TRIM)–
CHCl3/paraffin oil system gravimetrically (measurement of the weight 
loss due to the evaporated chloroform), in the poly(MAA-co-EGDMA)–
toluene/paraffin oil system spectrophotometrically (toluene 
concentration). 
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3. RESULTS AND DISCUSSION 

3.1. Spiropyran-based MIP microparticles containing photoswitchable units 

MIPs with one or even more advanced functionalities gained interest 
recently.16 In a research fellowship at the University of Geneva I have 
synthesized and characterized novel spiropyran-based imprinted polymers. A 
herbicide, namely terbutylazine was selected as a model template whose 
imprinting is already well-established.21 Methacrylic acid (MAA) is an efficient 
functional monomer interacting with the triazine-type herbicide molecule 
through multi-point interactions. In our approach we wanted to rely on this 
selective host-guest interaction in the imprinting process and use a 
polymerizable spiropyran derivative to provide the photoswitching 
characteristics. We anticipated that photoisomerization induces structural 
changes in the spiropyran unit changing the conformation of the polymer 
network, thereby also changing the spatial arrangement of the binding sites and 
expelling the template. Our concept is radically different from current 
approaches where the photoswitchable and the template recognizing 
functionalities are carried by one monomer. Beside the synthetic difficulties in 
preparing such multifunctional molecules there are inherently contradictory 
requirements on them. They should bind the template as much as possible but in 
the meantime they should be able to release it upon photoinduced 
conformational changes. Our proposal to separate the two functions can serve as 
a generic alternative for the successful preparation of light-activatable MIPs. To 
achieve this, a detailed synthesis optimization had to be carried out to see how 
the introduction of the spiropyran monomer affects the original (poly(MAA-co-
EGDMA) polymer) in terms of imprinting efficiency and photosensivity. A high 
concentration of the photoactive monomer was necessary to achieve light-
controllable binding and release. Meanwhile, the functional monomer content 
could not be decreased substantially without the loss of selectivity. Therefore the 
EGDMA crosslinker monomer had to be substituted with TRIM which can 
perform efficiently even in a much lower molar ratio than EGDMA.22 In the 
final polymer 45 mol% spiropyran monomer, 16 mol% MAA and 39 mol% 

                                                             
21 Matsui, J.; Miyoshi, Y.; Doblhoffdier, O.; Takeuchi, T. Analytical Chemistry 1995, 67, 4404. 
22 Ye, L.; Weiss, R.; Mosbach, K. Macromolecules 2000, 33, 8239. 
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TRIM have been copolymerized. Precipitation polymerization was selected as a 
facile method for the synthesis of polymer particles whereby toluene was used 
as the polymerization solvent. The apolar nature of toluene facilitated the 
incorporation of the spiropyran monomer in its closed state. It also allowed the 
formation of highly selective triazine-imprinted binding sites. The obtained 
polymer microspheres have been subjected to a detailed morphological, binding 
and spectroscopic characterization. 

The photoactivatable properties of the polymer microspheres were 
characterized and visualized by fluorescence microscopy. Upon UV irradiation 
fluorescence emission of the open MC form was noticeable while upon 
switching to visible light illumination the fluorescence decayed due to the back-
isomerization of MC to SP. Upon repeated photoswitching cycles the maximum 
fuorescence intensity decreased because of the photobleaching of spiropyran. 
The extent of degradation was approximately 34% after ten consecutive 
switching cycles. 

The photoresponsive binding behavior was characterized by measuring 
the adsorption isotherm of the polymer microspheres with and without UV light 
modulation. Both isotherms were fitted with the Freundlich model. Comparison 
of the fitting parameters of the imprinted and nonimprinted polymers before and 
after UV irradiation confirmed the effect of imprinting and the photoresponsive 
template binding alike. Results of the experiments where the binding of the 
template and one of its analogs to the MIP and the NIP was probed in repetitive 
UV and Vis light cycles are shown in Figure 3. 

 
Figure 3. Binding behavior of photoswitchable terbutylazine-imprinted and 

nonimprinted polymers performing repeated photoswitching cycles in 10 µM 
toluene solutions 
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The light-induced structural change in the spiropyran units incorporated in the 
polymer backbone modulated the binding capacity of the polymer. Upon UV 
light irradiation the previously bound analyte (template) was released and the 
uptake-release cycle was reversible. 

3.2. MIP microspheres prepared by precipitation polymerization at high 
monomer loading 

I have prepared molecularly imprinted polymer (MIP) microparticles by 
the modified precipitation polymerization using high monomer loadings (≥25 
v/v %) which generally lead to bulk monoliths. The microparticle format was 
achieved by the use of a nonsolvating diluent, for example paraffin oil, in 
combination with a co-solvent. The thermodynamically incompatible solvents 
with high molar volume, alone, or in combination with small molecule solvents 
acted as a hindrance for the formation of monoliths and lead to microparticles. 
Two distinct morphologies were observed which are presented in Figure 4; 
monodisperse smooth, microspheres were obtained using a thermodynamically 
good co-solvent (such as chloroform) whereas segmented irregular particles 
were formed with poorer co-solvents (for instance toluene). With the aid of 
gravimetric or spectrophotometric analysis of the low molecular weight co-
solvent I have found that during polymerization the forming polymer particles 
were enriched in the co-solvent. This effect was more pronounced using good 
co-solvents, such as chloroform. The more compatible the co-solvent was with 
the polymer, the more it was extracted into the precipitated particles. The 
particle morphology could be tuned from segmented microparticles to uniform 
smooth microspheres by changing the co-solvent/paraffin oil ratio. I have 
clarified the role of different polymerization conditions. The initiator 
concentration, the type and relative amount of functional monomer and 
crosslinker and type of co-solvent had been varied and their effect on the 
particle size and morphology were examined. A study of the polymerization 
kinetics revealed that there was no secondary nucleation. The particles grow 
consistently after the primary nuclei were formed like in conventional 
precipitation polymerization. 

With the proposed methodology molecularly imprinted microparticles 
have been successfully prepared for two acidic templates, naproxen and 
diclofenac using a basic functional monomer, 4-vinylpyridine. Low temperature 
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N2 adsorption/desorption isotherm measurements were performed to obtain 
porosity data about the polymers. The polymers showed substantially reduced 
porosity compared with bulk polymers. The template binding on the MIP and 
NIP particles was investigated in equilibrium batch rebinding measurements. 
The diclofenac-imprinted poly(4-VPy-co-EGDMA) polymer synthesized in 
toluene/PO solvent exhibited the best MIP/NIP selectivity i.e. the ratio of the 
distribution coefficients on the imprinted and the nonimprinted polymer in 
toluene was the highest. The template selectivity of this polymer was studied 
with template analogs and a non-related compound in similar experiments. The 
polymer exhibited the highest template selectivity in acetonitrile. 

 

Figure 4. poly(4-VPy-co-TRIM) microspheres prepared by the modified 
precipitation polymerization method: A) in paraffin oil/chloroform and B) in 

paraffin oil/toluene solvent mixture. The bar denotes 1 µm in the image. 

3.3. Solid phase extraction of propranolol on multiwell membrane 
filterplates modified with a molecularly imprinted polymer 

In a project utilizing our group’s earlier expertise with filterplate 
membranes I have synthesized molecularly imprinted polymers in 24-well glass 
fiber membrane filterplates to obtain a novel type of solid phase extraction 
device for the sample clean-up of propranolol. To achieve this, I have used 
oxprenolol, a structural analog of the target compound for imprinting to 
overcome the ‘bleeding’ problem (see Introduction and Background). Sample 
processing parameters like residence time during sample loading, sample 
volume, pH, sample solvent, type and amount of washing and elution solvents 
were investigated and optimized. The sample was loaded in aqueous media 
buffered to pH 10. 500 µL water and 100 µL acetonitrile were applied as 
washing steps and between them the sorbent was dried. Elution was carried out 
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by 4×250 µL methanol modified with 2 v/v% trifluoroacetic acid. Important 
differences from the traditional molecularly imprinted solid phase extraction 
(MISPE) have been identified such as the significance of the static contact 
between the MIP modified membrane and the sample/solvents and shaking 
meantime. It was found that sample volumes equal to or below 100 L are 
suited the best to achieve complete binding of the analyte within a short time (~5 
minutes). Although this excludes environmental samples from the possible 
application areas, this wholly coincides with the small sample volume 
requirements of biological samples. 

In order to test the applicability of the new composite MIP membrane 
format in MISPE I have developed a method for the clean-up of propranolol 
from urine samples around the minimum required performance level and from 
plasma samples in the clinically relevant concentration range. Matrix-matched 
calibration, specificity and repeatibility tests together with matrix effect studies 
confirmed that the elaborated method suits the requirements of biological 
sample analysis. It has been proven that MISPE provided much cleaner samples 
from plasma and urine compared with solvent precipitation and direct sample 
injection. Validation results indicated that the composite MIP membrane 
filterplates offer a viable alternative to existing MISPE cartridges and at the 
same time have such advantages as the much easier and faster synthesis method 
and the applicability in high-throughput analysis. 

3.4. In situ synthesis of molecularly imprinted nanoparticles in porous 
support membranes 

As an exploitation of the MPP method presented in Section 3.2 I have 
introduced a novel approach to prepare MIP nano/microparticle composite 
membrane adsorbers. The polymerization was carried out with the modified 
precipitation polymerization by casting the membrane material with the 
concentrated prepolymerization mixture which allowed direct in situ particle 
formation inside the pores of the multiwell filterplate support membranes. The 
membranes were modified with a poly(MAA-co-EGDMA) polymer selective 
for terbutylazine and characterized by scanning electron microscopy and N2 
porosimetry. Similarly to the 4-VPy-based polymers, the incorporated particles 
exhibited low porosity using different solvents during their synthesis, such as 
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toluene/PO, caprylonitrile/PO, a hydrophobic and a hydrophilic ionic liquid. By 
varying the polymerization solvent nano/microparticles with diameters ranging 
from several hundred nanometers to one micrometer could be embedded into the 
support. In all cases, the particles were firmly attached to the glass fibers (Figure 
5A), and even after the percolation of extensive amount of solvent the particles 
did not peel off. The permeability of the membranes remained adequate after the 
modification. The imprinted composite membranes showed high MIP/NIP 
selectivity for the template in organic media in equilibrium rebinding 
measurements and there was practically no measurable adsorption on the 
nonimprinted composite membranes. The polymer composite membrane 
prepared with the hydrophobic ionic liquid (particle size ~350 nm) was 
subjected to further studies. Filtration experiments have also confirmed the 
efficient imprinting (Figure 5B).  
 

           

 

Figure 5. MIP and NIP nanoparticle composite membranes: cross-sectional 
SEM-image (A), breakthrough curves of the template in acetonitrile (B) 

Solid phase extraction of a mixture of the template, its analogs and a non-
related compound (phenytoin) was performed on the MIP membrane. Loading 
of the aqueous sample resulted in complete binding of all the components due to 
hydrophobic interactions. After consecutive washing steps with 2×0.5 mL 30/70 
acetonitrile/water mixture the analytes were eluted with 2 mL methanol. The 
highest recovery was obtained for the template while the non-related phenytoin 
was efficiently removed in the washing steps. The structural analogs were also 
eluted in the final elution step but their recovery was poorer than that of 
terbutylazine. This has proven the template selectivity of the polymer. 
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4. THESES 

The ordinal number of paper in which the results were published can be found in 
square brackets, see Section 6. 

1. I have synthesized spiropyran-based MIP microspheres exhibiting 
photoswitchable template binding for the first time. [3] 

2. The spiropyran-based MIP microparticles were the proof of a novel 
concept for the design of photoswitchable molecularly imprinted 
polymers. The selective interaction between the template and the polymer 
is ensured by a commonly used functional monomer whereas the 
spiropyran-based co-monomer is responsible solely for the 
photoswitching of the binding event because it makes possible the 
rearrangement of the binding sites by the photomodulation. [3] 

3. The modified precipitation polymerization technique for the synthesis of 
monodisperse microspheres has been used only for one type of copolymer 
and one solvent composition so far. I have proven that the method can be 
extended to a wide variety of monomers commonly applied in molecular 
imprinting and particles of various morphology and polydispersity can be 
obtained depending on the applied solvent mixture, the type and ratio of 
the monomer. To obtain particulate polymers the solvent has to be 
thermodinamically incompatible with the polymer to a large extent. I have 
determined that how the particle morphology can be influenced with the 
variation of parameters: monodisperse microspheres of smooth surface 
can be obtained by using a co-solvent which is a good, solvating medium 
for the polymer. [5] 

4. I have applied MIP composite membranes in multiwell filterplates as a 
high-throughput solid phase extraction media for the first time. I have 
identified specific operational conditions that are different from common 
SPE protocols using the cartridge format. The feasibility of molecularly 
imprinted membrane adsorbers for the sample pretreatment of real 
samples has been proven for the first time by the selective binding of -
blockers from biological samples. [1] 



Résumé of the Ph.D. thesis 

 
 

14 

5. I have introduced a new approach for the synthesis of MIP 
nano/microparticle- composite membranes. In contrast with previous 
methods that incorporate preformed MIP particles into support 
membranes, I have created MIP nano/microparticles in situ in a support 
membrane in one step. This was achieved using the modified precipitation 
polymerization technique described in Thesis Point 2. [2] 

5. PRACTICAL APPLICABILITY OF THE RESULTS 

Our proposed concept for the preparation of photoswitchable MIP 
particles offers a generic tool to create stimuli-responsive imprinted polymers. 
In all previous methods one had to tailor a photoswitchable molecule to bear a 
polymerizable unit and, simultaneously, an additional functionality to interact 
with the template. By using the photoactivatable monomer only as a co-
monomer the numerous well-functioning MIPs that are described in the 
literature can be endowed with light responsiveness by slight modification of the 
original recipe. As a result new, exciting materials may appear that can be 
foreseen as sorbents in light-assisted MISPE or as light-regenerable recognition 
surfaces in chemical sensors. 

We think that the modified precipitation polymerization method can 
attract the attention of polymer chemists. Even more interest is anticipated in the 
preparation of micron-sized spherical MIP particles as the method has distinct 
advantages over conventional precipitation polymerization such as (i) 
substantially reduced solvent need; (ii) close to 100% yield; (iii) enhanced 
template-functional monomer complexation due to the concentrated solution; 
(iv) much larger variety of applicable solvents; (v) the use of nonpolar, aprotic 
solvents that do not disrupt H-bonding interactions between the template and 
functional monomer. As I have proven in an ensuing research, the MPP could be 
utilized in the one-step preparation of MIP nano/microparticle composite 
membranes. We can also envision the MPP as a polymerization tool in the 
preparation of MIP-based lateral-flow devices which can substitute lateral-flow 
immunoassays. 

The thin-layer MIP membranes on multiwell filterplates can offer an 
attractive set-up for SPE. As MISPE sorbents now are readily available on the 
market, even in multiwell format (Biotage ExploraSepTM 96-well plates), we 
believe that our work can contribute to the further development of these 
products and the membrane filterplate format can find its way to the routine 
applications. 
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