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ABSTRACT

SYNTHESIS OF MOLECULARLY IMPRINTED POLYMERS AS 
SELECTIVE SOLID PHASE EXTRACTION SORBENTS FOR ANTI 

CANCER DRUGS PRIOR TO CHROMATOGRAPHIC 
DETERMINATION

In recent years, the number of usage of chemotherapic drugs has considerably 

increased. It is necessary to develop analytical methods to analyse these compounds for 

quality control of formulations, quality control of diluted formulations before patient 

usage and understanding compatibility and stability. In this study, novel analytical 

methods were developed for mostly used anti cancer drugs, namely 5-fluorouracil (5-

FU) and 5-azacytidine (5AC).

Firstly, two analytical methodologies using capillary electrophoresis (CE) and 

liquid chromatography (LC) were developed for the determination of 5-FU and 5AC.

The CE analysis was performed in a bare fused-silica capillary with 75 μm i.d. and total 

length of 50.0 cm with a buffer solution of 10.0 mM borate buffer, pH 11.5. The applied 

voltage was 20.0 kV. The LC analysis was performed with a YMC 30 column in

reversed phase and a mobile phase of water–acetonitrile (90:10) at a flow rate of 0.8 

mL/min. In both analyses, detection was by ultraviolet absorption.

Also, molecularly imprinted polymers (MIPs) with different formulations

(different functional monomers, porogens and monomer:crosslinker ratios) and 

morphologies (monolith and micro/nanosphericalbeads) were synthesized by using bulk 

and precipitation polymerization strategies. The adsorption capacity of imprinted 

polymers were compared to their corresponding non-imprinted polymer. MIP prepared 

by using bulk polymerization strategy with the formulation of 1:1:20 AA was chosen as 

selective solid phase extraction (SPE) sorbent due to its sorption capacity prior to 

determination of HPLC-DAD analysis. Selectivity of this imprinted polymer were 

examined by using 5-FU and 5AC molecules. To improve method, parameters were 

tested such as pH shaking time and amount of sorbent. So, optimization parameters of 

method  were determined to be pH 5.0 of solution, 100.0 mg of sorbent, 10.0 mL 100.0

mg/L working solution, 60.0 min. sorption time.
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ÖZET

göstermektedir.

. lan 

anti -florourasil (5-FU) ve 5-azasitidin (5AC) için yeni analitik 

Öncelikle 5-FU ve 5AC

CE analizi, 10.0 mM borat 

tamponu, pH 11.5 tampon çözeltisi ile 75 μm i.d. .0 cm olan 
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CHAPTER 1

INTRODUCTION

1.1. Anticancer Drugs

Cancer occurs as a disease in which the control of growth is lost in one or more 

cells, leading either to a solid mass of cells known as a tumour or to a liquid cancer (i.e. 

blood or bone marrow-related cancer). It is one of the leading causes of death 

throughout the world, which has treatments like surgery, chemotherapy, and/or 

radiotherapy (Shewach et al., 2009). Chemotherapy involves the use of low-molecular-

weight drugs to selectively destroy tumour cells or at least limit their proliferation. 

There are some disadvantages of many cytotoxic agents such as bone marrow 

suppression, gastrointestinal tract lesions, hair loss, nausea, and the development of 

clinical resistance. These side effects occur because cytotoxic agents act on both tumour 

cells and healthy cells (Thurston et al., 2007). In 1940s, the use of chemotherapy began 

with nitrogen mustards, which are extremely powerful alkylating agents and 

antimetabolites. Since the early success of these initial treatments, a large number of 

additional anticancer drugs have been developed (Shewach et al., 2009). Anticancer 

drugs can be classified according to their mechanism of action, such as DNA-interactive 

agents, antimetabolites, antitubulin agents, molecular targeting agents, hormones, 

monoclonal antibodies and other biological agents (Thurston et al., 2007).

Today, with the increase in cancer incidence, treatments containing cytotoxic 

drugs are widely used. Due to the aging population and the arrival of new treatments, 

the demand for pharmacy cancer services is expected to more than double over the next 

10 years (Hoppe-Tichy et al., 2010). Even if more selective therapies are developed, 

treatment schemes will continue to be associated with classical cytotoxic agents.

Consequently, the need for analytical methods to determine anticancer drugs is 

of outmost importance.
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1.1.1. 5-Fluorouracil (5-FU)

Since the synthesis of 5-fluorouracil (5-FU) in 1957, it has shown an important 

role for the treatment of solid cancer tumors such as, gastrointestinal tract, neck, head 

and breast tumors (Santos et al., 2015). At first 5-FU was designed by the replacement 

of hydrogen atom in position 5 of uracil with similarly sized fluorine atom. It interacts

with active sites of enzyme targets and blocking metabolism in malignant cells. 

Although 5-FU is a small molecule with a molecular mass of 130.08 g/mol

molecular weight, it does not show superior properties about bioavailability and 

absorption. It has basic properties with a pKa of 8.0. Plasma levels of 5-FU are not 

known precisely because of its irregular absorption. As all other anti cancer drugs, 5-FU

is a quite toxic molecule due to its phosphorylation in the digestive tract (Martino et al., 

2002). Besides its toxic effects, short half life period and fast metabolism are other 

significant disadvantages of 5-FU (Zheng et al., 2016). Rapid degradation of up to 85% 

of the 5-FU into the blood stream causes leaving of very low amount of drug for cancer 

action (Santos et al., 2015).

Figure 1.1.Molecular structure of 5-fluorouracil

1.1.2. 5-Azacytidine (5AC)

According to records, 5-azacytidine (5AC) was firstly synthesized in 1964.

Molecular weight of 5AC is 244.20 g/mol and it shows strong basic properties with its 

pKa of 12.55. The compound has antimicrobial and antitumor activities. It is an

analogue of nucleoside and hypomethylating agent that has anticancer properties. The 

United States of America has approved the use of 5AC in the treatment of five

myelodysplastic syndromes. It is an unstable molecule and rapidly hydrolyzed to 
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several byproducts such as 5-azacytosine and 5-azauracil in aqueous solutions (Zhao et.

al., 2004).

Figure 1.2. Molecular structure of 5-azacytidine.

1.2. Determination of Anticancer Drugs

A high number of analytical methods for the determination of 5-FU, related 

prodrugs and their metabolites in biological matrices have been developed in the last 30 

years. For stability studies of 5-FU in pharmaceutical dosage forms, stability-indicating 

LC-UV methods have been developed with good quantitative performance in terms of 

accuracy and precision (Sinha et al., 2009). Drug combinations of 5-FU were also 

successfully determined by LC-UV in injection solutions and biological samples 

(Fahmy et al., 2004). Published methods for the analysis of tegafur and capecitabine 

allowed a simultaneous separation and quantification of 5-FU (Badea et al., 2002). 

Zero-crossing first-derivative spectrometry and CE-UV were used for the determination 

of 5-FU and tegafur in pharmaceutical formulations (Yang et al., 2007). In the presence 

of formaldehyde, sensitised chemiluminescence based on potassium permanganate 

oxidation has also been used for the determination of 5-FU in pharmaceutical fluids 

(Sun et al., 2007).

It is important to analyse 5-FU in environmental samples because it is one of 

the most used cytotoxic agents at high doses and therefore an ideal marker compound 

for other potential contaminants. Surface contamination monitoring using GC–MS 

(Schmaus et al., 2002) or LC (Rubino et al., 1999) was successfully performed. Due to 
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the high polarity of 5-FU, low retention times were recorded when reversed phase LC 

columns were used, and separation from different antimetabolites was difficult to 

obtain. For this reason, the use of hydrophilic interaction liquid chromatography 

(HILIC) coupled to MS/MS appears to be an attractive approach for the analysis of 

antimetabolites in wastewater (Kovalova et al., 2009). In the described conditions, 

baseline separation was obtained for 5-FU, cytarabine, gemcitabine and their 

metabolites (uracil 1--d-arabinofuranoside and 2 ,2 - difluorodeoxyuridine). In addition, 

CE-UV allowed the determination of 5-FU in hospital effluents after enrichment by 

solid-phase extraction (SPE) (concentration factor 500) (Mahnik et al., 2004).

Liquid chromatograghic methods have also been used for the analysis of bulk 

drugs and pharmaceutical formulations containing cytarabine and azacitidine (Kissinger 

et al., 1986). Spectrophotometry and LC-UV were used for degradation studies (Argemi 

et al., 2007) and for the development of drug formulations containing azacitidine 

(Argemi et al., 2009). LC-UV (Rustum et al., 1987) and LC–MS/MS (Zhao et al., 2004) 

were reported for azacytidine determination in plasma.

1.3. Capillary Electrophoresis (CE)

1.3.1. Theoretical Background

For almost three decades, capillary electrophoresis (CE) has taken increasing 

popularity as a separation method regarding to its high separation power, fast and cost-

effective analysis, ease of operation and environmental-friendly approach (Siren et al., 

2008). The term of CE refers to a set of techniques that operate in liquid media and use 

capillary columns where solvated ions, ionized and neutral species migrate with 

different velocities and therefore can be separated under the action of an electric field 

(Geiger et al., 2012). Another important feature of CE is the instrumental simplicity, 

which enables the performance of several modes of analysis on the same equipment. 

Thus, different electrophoresis techniques have appeared, allowing the analysis of 

various types of analytes in complex matrices (Baker et al., 1995).

Electroosmotic flow (EOF) and electrophoretic flow (EPF) are the two transport 

mechanisms that are fundamental to CE. Electroosmotic flow is the bulk flow of the 

background electrolyte. In a bare fused silica capillary EOF moves from the anode 

toward the cathode due to the negative surface charge of the capillary and the presence 
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of the electric field. Electrophoretic flow is a function of charge-to-size ratio. Analyte is 

attracted to either the anode or cathode and the size of the molecule determines the 

speed of transport. These two modes of transport are superimposed in most CE 

separations. In a CE separation with the anode at the site of injection in a bare fused 

silica capillary, when EOF is present the order of analyte migration is small positively 

charged molecules, larger positively charged molecules, comigrating neutral molecules, 

large negatively charged molecules, and smaller negatively charged molecules (Grace et 

al., 2018). The velocity of an ion is the sum of its electrophoretic flow (EPF) velocity 

and its electroosmotic velocity which are shown in Figure 1.3 (Agilent Technologies 

2014) basicly.

Figure 1.3. Schematic representation of the fractional solute migration that overall effect 
of electroosmotic flow and electrophoretic flow in capillary.

A simple CE system consist of a sample vial, inlet and outlet vial which contain 

background electrolyte (buffer solution), capillary, detector (UV-Vis, DAD, Laser 

Induced Fluorescence, Contactless Conductivity Detection, etc.), high voltage supplier 

and computer (Figure 1.4) (Agilent Technologies 2014).
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Figure 1.4. Schematic representation of capillary electrophoresis device

1.3.2.Capillary Electrophoresis Modes

Capillary zone electrophoresis (CZE) is certainly the most common mode 

among the electrophoresis techniques in which the separation is based only on charged 

species mobility differences (Blatny et al., 1999). The capillary which is usually made 

on fused silica with a suitable polymeric external coating filled with an electrolyte 

solution as buffered. According to this condition, the solution is also influenced by the 

action of the applied electric field, generating an electroosmotic flow (EOF), which may 

influence the quality of separation.

Another widely used technique is micellar electrokinetic chromatography 

(MEKC). It is especially for analysis of neutral species (Silva et al., 2013). The 

capillary is filled with an electrolyte containing ionic surfactants able to form charged 

micelles in this mode. It can be observed that the aqueous and micellar phases have 

different affinities for analytes and distinct migration speeds. The differentiated solute 

distribution between these two phases associated with the differences between 

migration speeds allows even neutral species to be separated.

Capillary electrochromatography (CEC), (Miksik et al., 2007) can be considered 

a hybrid between CE and liquid chromatography (LC). It also employs two distinct 

phases, with the advantage of blending the high separation efficiency of LC with low 

solvent consumption and flat flow profile of CE. In this technique, a capillary 

containing a stationary phase is filled with an electrolytic mobile phase able to provide 



7

an EOF. The flow of capillary mobile phase is induced by application of voltage with or 

without assisted pressure. CEC can be used for separating neutral species or ions. The 

speed of migration is a result of the combination of chromatographic and 

electrophoretic mechanisms. Three types of stationary phase are commonly found: the 

packed-particulate material, the open tubular and monolithic (Pyell et al., 2000).

In capillary gel electrophoresis (CGE), (Zhu et al., 2012) the capillary is filled 

with a gel, which behaves as a sieving system. The separation is based on differences in 

size and shape of the analytes. Molecules with higher mass-to-charge ratios moving at 

lower speeds in crossing the polymer network gel. It has wide application in the 

separation of proteins in various matrices. 

The capillary isotachophoresis (CITP), (Mala et al., 2013) employs a system 

where the sample aliquot is inserted in the capillary between a leading electrolyte, with 

high mobility and a terminating electrolyte. During the run, the sample plug remains 

between the two electrolytes and as the electric field is applied. The analytes are 

focused on different and adjacent zones, migrating with the same isotachophoretic 

speed, in just one set. If the aqueous electrolyte system is replaced by a mixture of 

organic solvents, the separation mode is referred to as non-aqueous capillary 

electrophoresis (Kenndler et al., 2014). The viscosity, relative permittivity, apparent pH, 

electrostatic interactions, among other characteristics provide to this method entirely 

different selectivity, solubility, separation efficiency and electric current ranges in 

relation to other CE modes.

Capillary isoelectric focusing (CIEF), (Silvertand et al., 2008) consists of a 

separation mode for amphoteric compounds according to their isoelectric points (pI) in 

a pH gradient along the capillary. At first, a large sample volume is introduced in the 

capillary together with a solution containing ampholytes with different pI´s. Then, the 

capillary is immersed in an acid solution at inlet and in a basic solution at the outlet.

When the voltage is applied, under the action of electric field, a pH gradient is 

generated along the capillary, as the ampholytes and different analytes migrate to 

distinct regions. When a component reaches a region whose pH is equal to their pI, its 

charge becomes null and therefore does not migrate anymore.

When the electrophoretic separation is conducted in devices containing 

microchannels instead of capillaries, the term microfluidic chip electrophoresis (MCE) 

is employed. In this technique, the sample is inserted, separated and detected in a 

microchip, easily generated in the laboratory with material (glass, silica, quartz and 
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several organic polymers). Electrophoresis can be achieved when voltage is applied on 

both ends of a microchannel. Microfluidic chip electrophoresis is characterized by 

miniaturization, automation, integration, low cost, portability and fast and efficient 

analysis (Cong et al., 2015). Isoelectric focusing, isotachophoresis, 

electrochromatography, MEKC and gel electrophoresis, can be performed on MCE

(Castro et al., 2015), after selection of appropriate mobile and stationary components.

1.4. Solid-Phase Extraction (SPE)

Many separation and pre-concentration methods can be found in literature for

various purposes. Liquid-liquid extraction (solvent extraction), electro-deposition, ion 

exchange and membrane filtration can be found in literature. 

One of the most common techniques is solid-phase extraction (SPE) and is used 

for extraction and pre-concentration of analytes in liquid samples due to the advantages

over other methods such as high enrichment factor, high recovery, rapid phase 

separation, low cost, low consumption of solvents. Solid-phase extraction (SPE) is a 

non-equilibrium process and is based on the extraction of the desired species on a 

sorbent and then elution of the retained species using a suitable solvents.

There are basicly two types of SPE which are called as the batch and the column 

modes. In batch type SPE, solid sorbent is weighed and put into the sample liquid 

solution. Large surface area is provided by the particles in solid phase to obtain efficient 

mass transfer. At the end of the shaking process, two phases can be separated by 

filtration (Figure 1.5 (a)). In column type SPE, the column is loaded with the sample 

solution for the sorption of the analyte by the solid phase (Figure 1.5 (b)). A higher 

percentage of extraction is expected in column type SPE than batch type extractions. 

The concentration of analyte in the effluent (non-sorbed fraction) is determined and 

used for the calculation of the percentage sorption. The analyte (retained by the sorbent) 

is eluted by using, generally, a smaller volume of a proper eluent. The analyte 

concentration in the elute gives the percentage elution. Finally, total recovery 

calculations can be made according to Equation 1.1. 

 = [ ][ ] × 100 (1.1)
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(a)

(b)

Figure 1.5. Schematic illustration of the SPE modes (a) batch type, (b) column type.

As mentioned above, SPE has both advantages and disadvantages over the other 

methods. In addition, the target species can be fixed in a more stable chemical form on 

the solid surface. A special care must be given to the possible plugging problem that can 

be caused by the amount, type, size of the particulates in the sample, pore size of the 

sorbent and surface area of the sorbent bed. There is also a potential for the association 

of analyte with particulate and colloidal matter contamination in the sample. To avoid 

these problems sample particulate matter should be removed by filtration prior to SPE 

analysis.
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1.5. Molecular Imprinted Polymers (MIPs)

Complexes of molecules have relatively small lifetimes in gases or solutions

when they have very low concentration in solutions. Some of the molecules can 

recognize only one specific substance among other substances which are called 

receptors. Receptors can easily distinguish their own partner molecule in crowd 

solutions. They can make stable complexes with quite high concentrations.

There are many receptors which are naturally found in body. These receptors 

have important roles in many processes which are essential for existence of life. The

artificial receptors have some advantages according to natural receptors. These human-

made molecules do not only deal with proteins. A specific molecule can be designed for 

a variety of compounds. Also flexibility, stability and activity in different conditions 

can be determined. In addition, artificially produced substance that has the sites, 

completely suits to an analyte by designing. In general, this can be called by ‘molecular 

recognition’, the key idea of ‘molecular imprinted polymers’.

Molecularly imprinted polymer is generated by the polymerization of 

monomer(s) and template molecule (analyte or its analog) surrounded by crosslinking 

agent with use of an initiator. Template molecule is necessary for the synthesis of MIP. 

Any functional group of the template stops or retards the inhibition of polymerization.

So, it should not have functional groups and it should be stable in a wide range of UV-

radiation and temperature.

Figure 1.6 basicly shows molecular imprinting process in three steps: pre-

polymerization, polymerization and removal of template. In pre-polymerization step, 

monomer and template molecule connect to each other via covalent or non-covalent 

interaction (Puoci et al., 2007).

Total process gets its specific name by these interactions: semi-covalent 

imprinting or non-covalent imprinting. H-bonding and electrostatic interactions are 

polar interactions which occur in non-covalent imprinting whereas semi-covalent 

imprinting is based on covalent bonding. Generally, non-covalent imprinting is 

preferred even if the covalent imprinting has the clearer cavity structure and conditions 

of free polymerization.
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Figure 1.6. Schematic illustration of 5-FU imprinting process.

In polymerization process, reaction mixture polymerizes with a fixed ratio of 

crosslinking agent and initiator. The morphology of MIP is controlled by crosslinking 

agent. It stabilizes the specific binding sites (imprinted region) and supply robustness to 

the polymer. If radical copolymerization is chosen as the method of preparation, the 

addition of the initiator into the reaction mixture under specific conditions effects the 

polymerization step. Oxygen is removed by degassing with nitrogen or argon gas or 

freeze-and-thaw cycle. The non-covalent interaction between monomer and template

can be destructed by high temperatures applied for initiation. For this reason, photo-

initiation can be applied under low temperatures by UV-light. In addition, in the 

absence of initiator, UV-absorbable monomers can be used for the initiation

(Komiyama et al., 2003).

The solid particles after polymerization are called as MIP’s. MIP’s are firstly 

filtered, than washed until any template molecule is not observed. During template 

removal, the most significant problem is template bleeding in trace analysis. Analyte 

molecule which is used as template can be observed at real samples at the higher 

amount than expected because of having been not removed completely before the usage 

of MIP as sorbent. Dummy molecule can be used as template to overcome this problem.
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Even if dummy molecules have similarities with the target analyte in terms of shape, 

size and functionality, they have different chromatographic separations. So, the analyte 

molecule and the bleeding molecule can be distinguished during chromatographic 

processes (Fontanals et al., 2010).

The polymerization techniques that are generally used in MIP synthesis are one-

step or multi-step swelling, suspension, grafting, bulk and precipitation polymerization. 

Bulk and precipitation techniques, that were used in this study, will be briefly 

explained. 

Bulk polymerization is a simple technique which is widely used in MIP 

synthesis. The resulting polymer monolith is needed to be crushed, grounded and then 

sieved to have usable particles before placing into disposable cartridges for SPE process 

or for other applications. These processes require extra time. In addition to that, due to 

the separation of only definite sized particles during sieving process, there are lots of

wastes. Precipitation polymerization is used to have micro and nano-sized spherical 

particles. Crosslink ratio and solvent amount must be carefully determined to avoid 

agglomerated polymer particles. The usage of these particles does not require any 

crushing, grounding and sieving processes. Compared to monoliths the spheres supply 

higher surface area. However, for SPE process, these micro and nano-spheres are not 

large enough to be used.

Adding the template to the synthesis results in a polymer that is specific for an 

analyte or selective to a group of analytes by creating imprinted sites. To understand the 

existence of imprinted sites, an extra polymer is synthesized under same conditions with 

MIP. However, this time template or dummy molecule is not added into the reaction 

medium. Thereby, imprinted sites are not created. This second substance is called Non 

Imprinted Polymer (NIP). By comparison of the results of two polymers, selectivity can 

be clarified.
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1.6. Aim of This Study

The general purpose of this thesis is to develop novel SPE sorbents for 

determination of anti cancer drug agent 5-FU by HPLC-DAD. The thesis includes the 

preparation of molecularly imprinted polymers as a solid phase extraction material. This

deals with the synthesis and characterization of the sorbents for 5-FU. The sorption 

performances of MIPs prepared with different matrices were investigated in terms of 

binding capacities. According to sorption performances of MIPs, one of them was 

chosen and optimized for improving the binding characteristics. 
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CHAPTER 2

EXPERIMENTAL

2.1. Chemicals 

All reagents and chemicals were of analytical grade unless stated, otherwise 

ultrapure water was used in all parts of the study. Plastics and 

glassware were washed with acetone, detergent and ultrapure water.

Anticancer drugs, 5-fluorouracil (5-FU) (99%) and 5-azacytidine (5AC) were 

obtained from Sigma-Aldrich. All studied solutions were prepared daily. Methanol was 

HPLC grade (Sigma–Aldrich, St. Louis, MO, USA). Before HPLC analysis all filtered 

solutions were filtered through 0.25 μm polyamide or cellulose acetate filter depending

on the solvent system and degassed for 10.0 min. in ultrasonic bath. For the MIP/NIP

synthesis, the functional monomers methacrylic acid (MAA) or acrylamide (AA), and 

crosslinker trimethylolpropane trimethacrylate (TRIM) were purchased from Sigma–

Aldrich and the initiator azobisisovaleronitrile (AIVN) were obtained from Alfa Aesar. 

2.2. Instrumentation and Apparatus

Ino Lab Level 1 pH meter (Weilheim, Germany) was used for pH adjustments. 

IKA yellow line OS 5 basic orbital shaker (Staufen, Germany) was used for effective 

mixing. The determination of 5-fluorouracil was performed by using Agilent 1200 

Series HPLC system with a C30 (YMC, 250 mm x 4.6 mm) column applying isocratic 

elution with 90% ultrapure water – 10% acetonitrile as mobile phase at a flow rate of 

0.8 mL/min. Agilent 7100 Series CE equipped with DAD was used in capillary 

electrophoresis measurements. Agilent Technologies undeactivated fused capillaries 

were used (i.

(SEM) were used for morphological examination of the surface. For HPLC analysis, the 

operation conditions were optimized and listed in Table 2.1. Before the determination of 

optimum parameters and rebinding experiments, the calibration curve was obtained by

measuring 5-FU standard solutions using eigth different concentrations (1.0-500.0

mg/L). Limit of detection (LOD) was calculated by analyzing the least concentrated 

standard 10 times with HPLC-DAD.
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Table 2.1. Operation conditions for HPLC analysis.

HPLC Agilent 1200

Analytical column C30 (250 mm x 4.6 mm, 5 μm)

Mobile phase 90% UPW, 10% ACN

Flow rate 0.8 mL/min

Column temperature 30.0 ºC

Sample volume 20.0 μL

220 nm

Standard solutions
1.0, 5.0, 10.0, 25.0, 50.0, 100.0 

mg/L

For CE-DAD analysis, the operation conditions were optimized and listed in 

Table 2.2. Before each run a conditioning step was applied to the capillary column. 

Conditioning steps are; 

1. Wash with MeOH for 5.0 min.

2. Wash with UPW for 5.0 min.

3. Wash with 1M NaOH for 5.0 min.

4. Wash with 0.1M NaOH for 5.0 min.

5. Wash with UPW for 5.0 min.

6. Wash with buffer solution for 5.0 min. 

Also, the pre-conditioning steps were repeated after every 4 injections to ensure 

the repeatability.
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Table 2.2. Operation conditions for CE analysis.

CE Agilent 7100

Analytical column
Agilent Technologies, FS,          

Undeactivated (75 μm i.d. column) 

Casette temperature 30.0 ºC

Injection pressure 50.0, 60.0 mbar

Injection time interval 5.0, 10.0 sec.

Power and Current 6.0 W, 300.0 μA

Voltage 20.0 kV

234 nm, 270 nm

Electrolyte solution

25.0 mM borate buffer (pH 9.5, 

10.5, 11.5), 10.0 mM borate buffer (pH 

9.5, 10.5, 11.5)

Standard solutions
1.0, 5.0, 10.0, 25.0, 50.0, 100.0 

mg/L

2.3. Synthesis of MIP/NIP 

Five different types of MIP monoliths were prepared by using bulk 

polymerization method. Molecularly imprinted polymers and their corresponding non-

imprentid polymers were synthesized by using different functional monomers and 

different ratios of reagents. Also synthesis of uniform sized MIP microspheres as well 

as NIP polymers were performed by precipitation polymerization

2.3.1. Synthesis of MIP/NIP Monoliths using MAA as Monomer

Pre-polymer solution for MIP was synthesized at ratio 1:8:20 (template 

molecule: functional monomer: crosslinker). Firstly, 1.0 mmol 5-FU (template 

molecule) dissolved in 5.0 mL DMSO (porogen), 8.0 mmol MAA (functional 

monomer) added to the solution at room temperature for 1.0 hour. Then, 20.0 mmol 
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TRIM (crosslinker) and  2.0 % mole AIVN (initiator) were added to the reaction system 

under nitrogen gas. To obtain the monolith polymer, reaction system was sealed and 

kept at 60.0 C. The resultant rigid bulk polymer was incubated for 24 hour at 60 °C at 

oven. After drying procedure, obtained polymers were crushed, powdered and then 

siewed through 150.0 μm stainless steel siew. Soxhlet system was used in order to 

extract template molecule from synthesized polymers. Acetic acid-methanol mixture 

(1:1, 200.0 mL) were chosen as the solvent for at least 48 hours, followed by methanol 

(200.0 mL) for another 48 hours. After complete removal of template molecule, 

monoliths were dried in oven at 60.0 °C. The NIP monoliths were prepared following 

the same procedure except the addition of 5-FU.

2.3.2. Synthesis of MIP/NIP Monoliths using AA as Monomer

There different  MIP/NIP monolith matrices at the ratios (1:1:20), (1:4:20) and

(1:8:20) prepared by using MIP/NIP synthesis procedure. Firstly, MIP monolith pre-

polymer solution was prepared at ratio 1:1:20. After that, 1.0 mmol 5-FU dissolved in 

5.0 mL DMSO, 1.0 mmol AA added to the solution at room temperature for 1 hour to 

obtain non-covalent interactions between template molecule and the functional 

monomer. Then, 20.0 mmol TRIM and  2.0 % mole AIVN were added to the reaction 

system under nitrogen gas. For polymerization, all reaction system was sealed at 60.0

C. The resultant rigid bulk polymer was incubated for 24 hour at 60.0 °C. Dried 

materials were crushed, powdered and then siewed through 150.0 μm stainless steel 

siew. The resultant materials extracted with soxhlet system. Acetic acid-methanol 

mixture (1:1, 200.0 mL) was used to remove the template molecule at least 48 hours,

followed by methanol (200.0 mL) for another 48 hours. After complete removal of the 

template molecule, monoliths were dried at oven at 60 °C. The NIP monoliths were 

prepared following the same procedure except the addition of 5-FU.

In the study of (Puoci et al., 2007), MIP/NIP monoliths were prepared with ratio 

(2:16:20) in the presence of DMF as porogen. With some modifications, 2.0 mmol 5-FU

dissolved in 4.0 mL DMF and 16.0 mmol AA were added to the solution at room 

temperature for 1 hour. Then, 20.0 mmol TRIM and 2.0 % mole AIVN were added to 

reaction system under nitrogen gas. For polymerization, the reaction system was sealed 

and kept at 60.0 C. The resultant rigid bulk polymer was incubated for 24 hour at 60.0

°C. After drying, the solid was crushed, were powdered and then siewed through 150.0
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μm stainless steel siew. The resultant materials extracted with soxhlet system. Acetic 

acid-methanol mixture (1:1, 200.0 mL) was used for removing the template molecule

from MIP at least 48 hours, followed by methanol (200.0 mL) for another 48 hours. 

After complete removal of the template molecule, monoliths were dried in oven at 60.0

°C. The NIP monoliths were prepared following the same procedure except the addition 

of 5-FU.

2.3.3. Synthesis of MIP/NIP Micro/Nanospheres using MAA as
Monomer

The procedure utilized in the synthesis of MIP/NIP micro/nanospheres was 

compiled from literature (Cirillo et. al., 2018) with some modifications. Pre-polymer 

solution for MIP synthesis was prepared at ratio 1:8:10 (template molecule: functional 

monomer: crosslinker). Firstly, 1.0 mmol 5-FU dissolved in 20.0 mL methanol. After 

dissolvation, 20.0 mL of acetonitrile were added to the solution. Then, 1.0 mmol MAA

was added to the solution at room temperature and were mixed for 1 hour to obtain non-

covalent interactions between template molecule and the functional monomer. 

Furthermore, 20.0 mmol TRIM and 50.0 mg AIVN were added to the reaction system 

under nitrogen gas. For polymerization, all reaction system was sealed and kept at 60.0

C. The resultant polymer was incubated for 24 hour at 60.0 °C. Dried materials 

extracted with soxhlet system. Acetic acid-methanol mixture (1:1, 200.0 mL) was used

to remove the template molecule from MIP at least 48 hours, followed by methanol 

(200.0 mL) for another 48 hours. After complete removal of the template molecule, 

polymer microspheres were dried in oven at 60.0 °C. The NIP microspheres were

prepared following the same procedure except the addition of 5-FU. 

In addition, MIP nanospheres were prepared at the same ratios (1:8:10) by using 

different porogen amounts. In this synthesis, acetonitrile amount was increased from 

20.0 mL to 180.0 mL. NIP nanospheres were obtained by following the same procedure

except the addition of 5-FU.  

2.4. Rebinding Experiments

The binding capacities of all synthesized MIP/NIP monoliths were investigated. 

At the same time the highest amount of extraction was determined by using binding 
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efficiencies of MIP and NIP. Ten milliliters of 5-FU solutions with different 

concentrations (1.0-500.0 mg/L) were separately added onto 5.0 mg MIP/NIP monoliths 

in 15.0 mL centrifuge tubes and then were shaken at 560.0 rpm for 60.0 min. At the end 

of the shaking period, the mixtures were filtered and free 5-FU concentrations in 

supernatants were determined by HPLC-DAD.

2.5. Cross Selectivity

The anticancer drug 5-FU and its structuraly related anti cancer drug agent 5AC

were used for selective recognition studies at concentration of 100.0 mg/L in 10.0 mL.

Selected concentrations of 5-FU and 5AC were added onto 100.0 mg of MIP/NIP 

monoliths. Sorption was achieved on an orbital shaker at 560.0 rpm and 60.0 min. 

Cellulose acetate syringe filters were used for the separation of sorbents from the 

mixtures. All effluents were analyzed by HPLC-DAD and UV detection at 220 nm.

2.6. SPE Optimization Parameters 

For the determination of 5-FU, the extraction efficiency was optimized by using 

parameters such as pH of sample solution, amount of sorbent and shaking time.

First of all, the influence of pH change on the adsorption efficiency was 

determined. For this purpose, pH of the 5-FU solutions at a concentration of 100.0 mg/L 

(10.0 mL) were adjusted to 1.0, 3.0, 5.0, 7.0 and 10.0 and added to 5.0 mg of each 

MIP/NIP (1:1:20 AA, 1:4:20 AA, 1:8:20 MAA, 1:8:20 AA, 1:8:10 AA) sorbent pairs.

Sorption process was realized using orbital shaker at 560.0 rpm for 60.0 min. Effluents 

were analyzed by HPLC-DAD and UV detection at 220 nm.   

The amount of MIP was optimized by changing amount from 5.0 to 100.0 mg 

for again 10.0 mL of 100.0 mg/L 5-FU solutions. 

Effect of shaking time was investigated by changing time interval from 1.0 to 

120.0 min with the use of 100.0 mg MIP monolith. Other parameters were kept constant

and the effluents were analyzed by HPLC-DAD.

Reusability of the synthesized sorbent was checked via sorption/desorption cycle 

for 100.0 mg/L 5-FU and 100.0 mg MIP. After each cycle the sorbent was dried in an 

oven. This protocol was applied 10 times for the same sorbent. Summary of 

optimization parameters are given in Table 2.3.
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Table 2.3. All studied parameters 

standard concentration 100.0 mg/L

pH 1.0, 3.0, 5.0, 7.0, 10.0

amount of sorbent 5.0, 10.0, 25.0, 50.0, 100.0 mg

adsorption time
1.0, 5.0, 15.0, 30.0, 60.0, 120.0 

min.

desorption solvents acetic acid, methanol
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CHAPTER 3

RESULTS AND DISCUSSION

3.1. Anticancer drug analysis by HPLC-DAD system

In HPLC analysis, C30 column was preferred for 5-FU analysis for its good 

resolution in reverse phase mode. An isocratic program has lead 5-FU to be eluted at 

retention times of approximately 4.5 min. The mobile phase used was the mixture of 10 

% ACN – 90 % ultrapure water. Different percentages of ACN-UPW mixtures and 

various flow rates were tried to obtain the best resolution in the shortest time. Finally, it 

was decided to use a 0.8 mL/min flow rate at 30.0 °C column temperature. Diode array

detector was used to detect the analytes at three different wavelengths (220, 230 and 

280 nm). Results were calculated based on the chromatogram of 5-FU given Figure 3.1. 
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Figure 3.1. Chromatogram of 10.0 mg/L 5-FU (Agilent 1200 Series HPLC-DAD (YMC 
C30 (250 mm x 4.6 mm)), 90:10 water:acetonitrile (pH 5.0) mobile phase 
0.8 mL/min flow rate, 220 nm)

Instrumental parameters are given in Table 2.1. Plot of signal versus 5-FU 

concentration can be seen in Figure 3.2. LOD and LOQ values were calculated as 0.73

and 2.4, respectively.
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Figure 3.2. Calibration plot of 5-FU (Agilent 1200 Series HPLC-DAD (YMC C30 (250 
mm x 4.6 mm)), 90:10 water:acetonitrile (pH 5.0) mobile phase 0.8 
mL/min flow rate, 220 nm), (n=3).

3.2. Anticancer drug analysis by CE-DAD system

In the capillary electrophoresis (CE) analysis, several factors effect the 

electroosmotic flow and should be optimized; such as voltage, type of buffer system pH 

of buffer, temperature. For this purpose, working parameters have been systematically 

changed and optimal conditions were determined for the analysis of anticancer drugs. 

Instrumental parameters were given in Table 2.2. 5-azacytidine (5AC) and 5-

fluorouracil (5-FU) solutions were prepared as 20.0 mg/L. Borate buffer (25.0 mM) was 

used as an electrolyte solution that is suitable for initial trial for the separation of these 

anticancer drugs. Analytes were given to the CE system first separately and then as a 

mixture. Electropherograms of 5AC, 5-FU and their mixture are given in Figure 3.3, 3.4 

and 3.5, respectively. As seen in Figure 3.3, 5AC shows undesirable shouldered peak. 

Between the two, 5AC comes first and 5-FU the second. The reason must be stemming 

from the pKa values of analytes. 5-fluorouracil is completely ionized at pH 9.5 (pKa 

8.0) and interact with silonol groups of silica capillary column more strongly compared 

to 5AC. 
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Figure 3.3. Electropherogram of 20.0 mg/L 5AC (Agilent 7100 Series CE-DAD, FS, 
Undeactivated (75 μm i.d. column), 25.0 mM borate buffer, pH 9.5, 234 
nm)
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Figure 3.4. Electropherogram of 20.0 mg/L 5-FU (Agilent 7100 Series CE-DAD, FS, 
Undeactivated (75 μm i.d. column), 25.0 mM borate buffer, pH 9.5, 270 
nm)
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Figure 3.5. Electropherogram of 20.0 mg/L 5AC and 5-FU mixture (Agilent 7100 Series 
CE-DAD, FS, Undeactivated (75 μm i.d. column), 25.0 mM borate buffer, 
pH 9.5, 234 nm)

In order to obtain better 5AC peak, pH of the buffer system was changed to first 

10.5 and then to 11.5. As seen in Figures 3.6 and 3.7 by increasing the pH, mobilities of 

each analyte reach the optimum and better results were obtained. 
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Figure 3.6. Electropherogram of 20.0 mg/L 5AC and 5-FU mixture (Agilent 7100 Series 
CE-DAD, FS, Undeactivated (75 μm i.d. column), 25.0 mM borate buffer, 
pH 10.5, 234 nm)
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Figure 3.7. Electropherogram of 20.0 mg/L 5AC and 5-FU mixture (Agilent 7100 Series 
CE-DAD, FS, Undeactivated (75 μm i.d. column), 25.0 mM borate buffer, 
pH 11.5, 234 nm)

Second important parameter is the concentration of buffer solution because it 

highly affects the electroosmotic flow by changing the thickness of the diffuse double 

layer; therefore, reducing the buffer concentration to 10.0 mM shortens the retention 

times. Figure 3.8, 3.9 and 3.10 show the electropherograms of 20.0 mg/L mixture of 

5AC and 5-FU at three different pH values with 10.0 mM borate buffer. Also the other 

parameters such as the applied voltage, injection pressure, injection time, peak width, 

cassette temperature were changed with no improvement. The optimized parameters 

were as; 20.0 kV voltage (with 6.0 W, 300.0 μA), 10.0 mM borate buffer (pH 11.5), 

50.0 mbar injection for 10.0 sec., 30.0



26

3.0 4.0 5.0 6.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

m
Au

time (min.)

5-azacytidine

5-fluorouracil

Figure 3.8. Electropherogram of 20.0 mg/L 5AC and 5-FU mixture (Agilent 7100 Series 
CE-DAD, FS, Undeactivated (75 μm i.d. column), 10.0 mM borate buffer, 
pH 9.5, 234 nm)
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Figure 3.9. Electropherogram of 20.0 mg/L 5AC and 5-FU (Agilent 7100 Series CE-
DAD, FS, Undeactivated (75 μm i.d. column), 10.0 mM borate buffer, pH 
10.5, 234 nm)
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Figure 3.10. Electropherogram of 20.0 mg/L 5AC and 5-FU mixture (Agilent 7100 
Series CE-DAD, FS, Undeactivated (75 μm i.d. column), 10.0 mM borate 
buffer, pH 11.5, 234 nm)

With the optimized conditions, limit of detection (LOD) values were calculated 

as 0.40 mg/L and, 0.28 mg/L, and limit of quantification (LOQ) values are found as 

1.33 mg/L, 0.92 mg/L for 5-FU and 5AC respectively. Calibration plots are shown in 

Figure 3.11. 
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Figure 3.11. Calibration plots of 5AC and 5-FU mixture (Agilent 7100 Series CE-DAD, 
FS, Undeactivated (75 μm i.d. column), 10.0 mM borate buffer, pH 11.5,
234 nm), (n=3)
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3.3. Preparation and Characterization of Monolith and 
Micro/nanosphere Printed Polymers

In the first part of the study, AA-TRIM-DMSO polymer formulation with the 

different template:monomer:cross-linker molar ratios (1:1:20, 1:4:20, 1:8:20 and 1:8:10)

were used for the creation of the recognition sites of template molecule, 5-FU. Figure 

3.12 shows the possible synthesis mechanism of 5-FU-MIP.

Figure 3.12. Possible synthesis mechanism of 5-FU imprinted polymer
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Functional monomer, AA, is responsible for the binding interactions in the imprinted 

binding sites. The basic resaon of chosing AA as functional monomer is the interaction 

between the basic amine moiety in AA and the template molecule. The SEM images of 

synthesized 5-FU printed and nonimprinted polymers are given in Figure 3.13.

Monolithic polymers were obtained by bulk polymerization method. It is clearly seen 

that there are no significant differences between morphology of NIP and MIP particles.

Figure 3.13. SEM images of NIP/MIP monoliths (a) NIP (1:1:20 AA), (b) MIP (1:1:20 
AA) (c) NIP (1:4:20 AA), (d) MIP (1:4:20 AA), (e) NIP (1:8:20 AA), (f) 
MIP (1:8:20 AA), (g) NIP (1:8:10 AA), (h) MIP (1:8:10 AA) 
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In the second part of the study, MAA-TRIM-DMSO polymer formulation with the 

1:8:20  were used for the creation of recognition sites of template molecule, 5-FU.

Fig.3.14 shows the synthesis mechanism of 5-FU-MIP.

Figure 3.14. Possible synthesis mechanism of 5-FU imprinted polymer. (Puoci et al.,
2007)

Total monomer/porogen ratio (w/v) helps in controlling the morphology of polymer. If 

this ratio is smaller than 5.0 %, the precipitation polymerization takes place and the

polymer will be spherical shaped. In the second part of the study, firstly monolithic 

MIP/NIP polymers were synthesized by using bulk polymerization method (32.5 %.) 

and spherical polymers were synthesized by using precipitation polymerization method

(2.5%). As seen in Figure 3.15 (a) and (b) there is no significant differences between 

morphology of NIP and MIP monolithic polymers. MIP microspheres pre-polymer 

solution was prepared at ratio 1:8:10 in 40.0 mL acetonitrile: methanol mixture (20:20 

v/v) (Figure 3.15 (c)). By increasing the acetonitrile ratio in porogen mixture (180:20 

v/v)), MIP nanospheres were obtained (Figure 3.15 (d)). In this study, non-covalent 

imprinting approach was used which is based on the formation of non-covalent 

interactions (hydrogen bonding, hydrophobic and ionic interactions) of functional 
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monomer and template molecule. This approach provided easy preparation of the 

template monomer complex and easy removal of the templates from the polymers.

Figure 3.15. SEM images of NIP/MIP monoliths (a) NIP (1:8:20 MAA), (b) MIP 
(1:8:20 MAA), (c) MIP (1:8:10 AA, (20:20 v/v)), (d) MIP (1:8:10 AA
(20:180 v/v)). 

3.4. Rebinding Experiments

All synthesized MIP/NIP monoliths with AA-TRIM-DMSO formulations at 

different  ratios: (1:1:20, 1:4:20, 1:8:20 and 1:8:10) were investigated according to their 

sorption capacities against 5-FU. As seen in Figures 3.16, 3.17 and 3.18, with the 

increase in 5-FU concentration, it is observed that MIP has better sorption capacity than 

NIP monolith due to the presence of special binding sites of MIP monolith.

The maximum difference of sorption capacities between MIP and NIP monoliths 

with 1:1:20 ratio is seen at 250.0 mg/L (Figure 3.16) is an unusual result which needs 

further experiments to explain. In the rest of the experiments 1:1:20 AA ratio was 

chosen to prepare the SPE sorbents.
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Figure 3.16. Rebinding characteristics assay of MIP/NIP monoliths (1:1:20 AA), 
(Agilent 1200 Series HPLC-DAD 250 mm C30 column (YMC C30 (250 
mm x 4.6 mm)), 90:10 water:acetonitrile mobile phase 0.8 mL/min flow 
rate, 220 nm), (n=3).
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Figure 3.17. Rebinding characteristics assay of MIP/NIP monoliths (1:4:20 AA), 
(Agilent 1200 Series HPLC-DAD 250 mm C30 column (YMC C30 (250 
mm x 4.6 mm)), 90:10 water:acetonitrile mobile phase 0.8 mL/min flow 
rate, 220 nm), (n=3).
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Figure 3.18. Rebinding characteristics assay of MIP/NIP monoliths (1:8:20 AA), 
(Agilent 1200 Series HPLC-DAD 250 mm C30 column (YMC C30 (250 
mm x 4.6 mm)), 90:10 water:acetonitrile mobile phase 0.8 mL/min flow 
rate, 220 nm), (n=3).
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Figure 3.19. Rebinding characteristics assay of MIP/NIP monoliths (1:8:10 AA), 
(Agilent 1200 Series HPLC-DAD 250 mm C30 column (YMC C30 (250 
mm x 4.6 mm)), 90:10 water:acetonitrile mobile phase 0.8 mL/min flow 
rate, 220 nm), (n=3).

Monolithic synthesis of MIP/NIP by using MAA as functional monomer reveals 

highest sorption capacity at 250.0 mg/L of initial concentration of 5-FU (Figure 3.20).

Moreover, NIP shows increasing trend in sorption of 5-FU with increasing initial 

concentration of 5-FU. The results show the necessity of further experiments to 
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enlighten the observed phenomenon. On the other hand, obtained MIP/NIP 

micro/nanospheres were used in rebinding experiments but any differences in sorption 

of 5-FU between NIP and MIP polymers have not be observed.
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Figure 3.20. Rebinding characteristics assay of MIP/NIP (1:8:20 MAA), (Agilent 1200 
Series HPLC-DAD 250 mm C30 column  (YMC C30 (250 mm x 4.6 
mm)), 90:10 water:acetonitrile mobile phase 0.8 mL/min flow rate, 220 
nm), (n=3).

3.5. Cross Selectivity

Anticancer drug 5-fluorouracil (5-FU) and a structuraly related molecule, 5-

azacytidine (5AC) were compared according to their sorption capacities to the MIP/NIP 

monoliths. As shown in Figure 3.21, 5-FU imprinted polymer showed better sorption 

properties than its corresponding NIP. In addition, it showed very low sorption to 5AC.

Structurally related anticancer drug agent 5AC has a bigger molecular size than 5-FU so 

it cannot enter the cavities which are specific for 5-FU. Sorption capacities of NIP 

monolith to 5-FU and 5AC showed no significant difference. These two molecules can 

be captured by the surface of the NIP monolith with non specific interactions. Results 

show that, MIP monolith has recognition ability to 5-FU provided by memory cavities.            
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Figure 3.21. Cross Selectivity of MIP/NIP monoliths (1:1:20 AA), (Agilent 1200 Series 
HPLC-DAD (YMC C30 (250 mm x 4.6 mm)), 90:10 water:acetonitrile 
mobile phase 0.8 mL/min flow rate, 220 nm), (n=3).

3.2. SPE Optimization Parameters 

The pH of the solutions have a significant role in the sorption efficiency. The net 

charge of amine groups of the polymer matrix and active sites of the 5-FU molecule can 

be affected from pH changes. It determines the hydrogen bonding ability between the 

template molecule and the amine groups of the sorbent. Solution pH was changed in a 

wide range (1.0, 3.0, 5.0, 7.0, 10.0) and efficiency of the MIP/NIP monoliths on the 

sorption at each pH was investigated. All of the sorbents showed lower sorption 

efficiency at pH 1.0 and pH 10.0. Hydroxyl groups of 5-FU can be protonated in acidic

medium. It increases the solubility of 5-FU in water and weakens the hydrogen bonding 

between template and monomer. At pH 10.0, reduction of sorption efficiency can be 

explained by deprotonation of 5-FU. As seen in Figures 3.22 to 3.26, the best sorption 

efficiencies were obtained at pH 5.0 for MIP/NIP (1:1:20 AA) and MIP/NIP (1:4:20 

AA), at pH 3.0 for MIP/NIP (1:8:20 AA), at pH 7.0 for MIP/NIP (1:8:10 AA) and 

MIP/NIP (1:8:20 MAA).
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Figure 3.22. Effect of solution pH on the sorption of 5-FU (MIP/NIP, 1:1:20 AA),
(Agilent 1200 Series HPLC-DAD (YMC C30 (250 mm x 4.6 mm)), 90:10 
water:acetonitrile mobile phase 0.8 mL/min flow rate, 220 nm), (n=3).
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Figure 3.23. Effect of solution pH on the sorption of 5-FU (MIP/NIP, 1:4:20 AA),
(Agilent 1200 Series HPLC-DAD (YMC C30 (250 mm x 4.6 mm)), 90:10 
water:acetonitrile mobile phase 0.8 mL/min flow rate, 220 nm), (n=3).
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Figure 3.24. Effect of solution pH on the sorption of 5-FU (MIP/NIP, 1:8:20 AA),
(Agilent 1200 Series HPLC-DAD (YMC C30 (250 mm x 4.6 mm)), 90:10 
water:acetonitrile mobile phase 0.8 mL/min flow rate, 220 nm), (n=3).
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Figure 3.25. Effect of solution pH on the sorption of 5-FU (MIP/NIP, 1:8:10 AA),
(Agilent 1200 Series HPLC-DAD (YMC C30 (250 mm x 4.6 mm)), 90:10 
water:acetonitrile mobile phase 0.8 mL/min flow rate, 220 nm), (n=3).
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Figure 3.26. Effect of solution pH on the sorption of 5-FU (MIP/NIP, 1:8:20 MAA),
(Agilent 1200 Series HPLC-DAD (YMC C30 (250 mm x 4.6 mm)), 90:10 
water:acetonitrile mobile phase 0.8 mL/min flow rate, 220 nm), (n=3).

Effect of amount of MIP monoliths were optimized by varying from 5.0 mg to 

100.0 mg. The sorption capacities of the sorbents increased by the increasing amount of 

sorbent. The maximum sorption capacity obtained by using 100.0 mg sorbent. This 

amount was used for the following experiments.
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Figure 3.27. Effect of amount of sorbent on the sorption of 5-FU (MIP, 1:1:20 AA),
(Agilent 1200 Series HPLC-DAD (YMC C30 (250 mm x 4.6 mm)), 90:10 
water:acetonitrile (pH 5.0) mobile phase 0.8 mL/min flow rate, 220 nm),
(n=3).

Sorption capacity of MIP monolith at a constant amount (100.0 mg) was 

investigated by changing the shaking time. Results were obtained at 1.0, 5.0, 15.0, 30.0, 
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60.0 and 120.0 min. Even at 1.0 min, a very efficient sorption was obtained. Shaking 

time was closed to be 60.0 min to guarantee the sorption.
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Figure 3.28. Effect of shaking time on the sorption of 5-FU (MIP, 1:1:20 AA) (Agilent 
1200 Series HPLC-DAD (YMC C30 (250 mm x 4.6 mm)), 90:10 
water:acetonitrile (pH 5.0) mobile phase 0.8 mL/min flow rate, 220 nm),
(n=3).
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CHAPTER 4

CONCLUSION

The thesis progressed on solid-phase extraction method. Molecularly imprinted 

polymers were synthesized at five different (template: functional monomer: crosslinker)

ratios of (1:1:20 AA, 1:4:20 AA, 1:8:20 AA, 1:8:20 MA, 1:8:10 AA) for selective 

determination of 5-FU prior to HPLC-DAD determination. Imprinted polymers were 

prepared using 5-FU as template molecule, AA or MAA as functional monomers and 

TRIM as crosslinker. Imprinted polymer synthesized at 1:1:20 ratio with the functional 

monomer acrylamide has shown the best sorption properties among the other imprinted 

polymers. Imprinted and non-imprinted polymers were compared in terms of sorption 

capacities and imprinted polymer has shown superior sorption performance. Reason of 

this performance is the presence of specific binding sites (molecular-sized cavities) in 

the imprinted polymer for 5-FU. The pH of the solution, amount of sorbent and shaking 

time were optimized for improving the sorption ability of imprinted polymer. 

Selectivity and rebinding characteristics of imprinted polymer were also investigated.

The extraction ability of imprinted and non-imprinted polymers was investigated to 5-

FU and 5AC. The results indicate that MIP monolith has recognition ability to the 

template molecule. The optimized parameters for sorption were as pH 5.0, amount of 

sorbent 100.0 mg and shaking time 60.0 min.

Finally, this study can be considered in the intersection of many disciplines such 

as materials sciences, analytical chemistry, organic chemistry, physical chemistry, 

nanoscience with the aim of the preparation and the application of SPE sorbents in 

analytical studies.
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