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Overview of selected topics for Thesis Research and Master Thesis 
 

Project 1 Development of a biosensor for the detection of histamine  

Key words Irritable bowel syndrome, allergies, synthetic receptors, molecular 
imprints, impedance spectroscopy, quartz-crystal microbalance  

Description 
 
 

Histamine plays a key role in allergic diseases and in the irritable 
bowel syndrome. Hasselt University has recently developed a new 
receptor type for histamine, based on molecularly imprinted polymers 
(MIPs). The MIPs bind histamine specifically in a wide range of pH 
values and they have a considerably higher stability as compared to 
natural, protein-based antibodies. In the framework of this project we 
will develop a miniaturized histamine sensor, operating with either 
the impedimetric detection principle or the quartz-crystal micro-
balance. Hereby, we aim at sensitivities in the range of physio-
logically relevant concentrations. Finally, the applicability of the 
sensor for the direct detection of histamine in body liquids will be 
evaluated.  

Promoter, 
Assistant 

Patrick Wagner (UHasselt, BIOS), Freddy Troost (UMaastricht, 
NUTRIM), Evi Bongaers (UHasselt, BIOS) 

Laboratory Hasselt University, Institute for Materials Research 

 
 

Project 2 Model membranes on diamond for neurochip applications 

Key words Model membranes, fluidity, diamond based sensors, fluorescence, 
AFM 

Description 
 
 

Although attempts are being made at the adhesion of and electrical 
communication with whole cells op diamond, it is useful to 
investigate the interaction of model membranes with diamond 
surfaces first. At first, we will evaluate two methods for the self-
assembly of lipid membranes: Langmuir-Blodgett deposition and 
fusion of liposomes. The surface-termination of the diamond is 
expected to play a crucial role in the formation of well-ordered 
membranes. In a second step the covalent coupling of a first lipid 
layer can be considered. Fluorescence microscopy allows to study the 
homogeneity and fluidity of model membranes. Atomic force 
microscopy in buffer solutions (bio-AFM) can be used to image the 
structure of model membranes at the molecular scale. Reference 
measurements are planned on materials such as silicon and mica. 

Promoter, 
Assistant 

Patrick Wagner (UHasselt, IMO-BIOS) 
Sylvia Wenmackers (UHasselt, IMO-BIOS) 

Laboratory Hasselt University, Institute for Materials Research 
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Project 3 Flexibility of DNA attached to diamond electrodes 

Key words DNA, diamond-based electrodes, fluorescence, SPR 

Description 
 
 

During the development of diamond-based DNA sensors, firstly DNA 
probes are immobilised to the diamond surface in a covalent way. 
Besides hybridisation tests, this platform can also be used for the 
study of DNA flexibility. By applying AC voltages to the diamond 
surface, the DNA molecules are in turn attracted and repelled by the 
surface. On gold surfaces, this conformational change can be detected 
by fluorescent labelling of the DNA probes. When the DNA strands 
are in close proximity to the surface, the fluorescence signal is 
quenched. This is caused by the coupling of evanescent waves to 
surface plasmons of the underlying material. Whether this effect can 
also occur on diamond has to be investigated beforehand using 
surface plasmon resonance (SPR). 

Promoter, 
Assistant 

Patrick Wagner (UHasselt, IMO-BIOS) 
Sylvia Wenmackers (UHasselt, IMO-BIOS) 

Laboratory Hasselt University, Institute for Materials Research 

 
 
 

Project 4 Diamond-based immunosensor: The Quest for CRP 

Key words Cardiovascular diseases, monoclonal antibodies, impedance analysis, 
ELISA tests, covalent immobilization  

Description 
 
 

C-Reactive Protein (CRP) is an acute phase protein that plays a key 
role in the immune system. Elevated concentrations in blood serum 
value’s can be an important indicator for cardiovascular diseases. 
Current state-of-the-art techniques are based on determining the blood 
settling values of red blood cells. An alternative technique is using 
sophisticated ELISA’s for deter-mining CRP values. These tech-
niques are laborious and time consuming. Therefore, in this research 
project, an effort will be made for the development of a fast-response 
sensor. This sensor will monitor the antibody-antigen binding 
electronically. In combination, a more stable and innovative sensor 
platform will be developed by creating covalent bonds between the 
antibodies and the diamond surface. 

Promoter, 
Assistant 

Patrick Wagner (UHasselt, IMO-BIOS), Luc Michiels (UHasselt, 
BIOMED), Lars Grieten (UHasselt, IMO-BIOS) 

Laboratory Hasselt University, Institute for Materials Research 
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Project 5 Development of a biosensor for the detection of nicotine  

Key words Synthetic receptors, molecular imprints, nicotine, impedance 
spectroscopy, quartz-crystal microbalance 

Description 
 
 

Nicotine is a well known molecule that can be taken up by the body 
through the lungs (smoking), the skin (nicotine patch), of through the 
membranes of the nose (snuff tobacco) and the gum (chewing 
tobacco). Upon binding to the nicotine receptors, dopamine and 
adrenaline are released. These molecules increase hart rate and blood 
pressure. A smoker on average has 8.6 µM of nicotine in urine 
whereas a non smoker only has 0.3 µM. Nicotine will serve as a target 
molecule for the development of a biomimetic MIP biosensor. MIPs 
or ‘molecular imprinted polymers’ act as the recognition layer of the 
biosensor. Physiologically relevant concentrations of nicotine will be 
detected using impedimetric detection or through means of the quartz 
crystal microbalance technology. Once the biosensor is fully 
operational, it will be tested on biological samples. 

Promoter, 
Assistant 

Patrick Wagner (UHasselt, IMO-BIOS), Thomas Cleij (UHasselt, 
IMO-OS), Jan Alenus (UHasselt, BIOS) 

Laboratory Hasselt University, Institute for Materials Research 

 
 

Project 6 Biological modification and characterisation of graphene-based 
layers 

Key words Graphene, graphite, DNA, fluorescence measurements, lithography, 
impedance spectroscopy 

Description 
 
 

Graphene is a mono-atomic layer of carbon atoms, ordered in a 
hexagonal structure. Since it concerns a two-dimensional structure, 
graphene exhibits various “exotic” properties, which will be utilized 
in the development of a novel sensor type working on basis of the 
‘charge-transfer principle’. Aiming specifically at biosensors, biologi-
cal macromolecules, like DNA fragments, will be attached covalently 
to the graphene sheets. This binding can be verified e.g. by means of 
fluorescence microscopy. By using nanostructural patterning tech-
niques (electron-beam lithography combined with lift-off procedures) 
electrodes will be prepared to allow for a direct measurement of the 
electronic charge transfer between the biological receptor molecules 
and the underlying graphene layer.  

Promoter, 
Assistant 

Patrick Wagner (UHasselt, IMO-BIOS),  
Rob Vansweevelt (UHasselt, IMO-BIOS) 

Laboratory Hasselt University, Institute for Materials Research 
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Project 7 Study of photosynthesis by means of advanced optical 
spectroscopy 

Key words Photosynthesis, light harvesting, excitons, optical spectroscopy 

Description 
 
 

Photosynthetic organisms often make use op chlorophyll derivatives 
to absorb sunlight in an efficient way. The absorbed photons lead to 
the formation of strongly bound electron-hole pairs, also known as 
‘excitons’. It was shown recently that due to the specific three-
dimensional configuration of the chlorophyll molecules in a light 
harvesting system, excitons can be transported for distances of 10 – 
20 nm. By means of advanced optical spectroscopic techniques (PDS, 
FTPS, CPM), available at the Institute for Materials Research, a 
selection of photosynthetic organisms will be studied. Special 
attention will be paid to the study of absorption, exciton formation 
and electron transport. 

Promoter, 
Assistant 

Jean-Vittorio Manca (UHasselt, IMO-ONE) 
Wouter Moons (UHasselt, IMO-ONE) 

Laboratory Hasselt University, Institute for Materials Research 

 
 
 

Project 8  Functional conjugated polymers for biosensor applications 

Key words Conjugated polymers, biosensors, immobilization of biomolecules, 
coupling chemistry 

Description 
 
 

In several of the current Hasselt University sensor concepts, a 
conjugated polymeric layer is utilized to immobilize the sensing 
elements. This project focuses on the further development of the 
utilized polymers as well as an in depth study to achieve an optimal 
(covalent) coupling of the (bio-)receptors. It has been demonstrated 
that for the impedimetric polymer based biosensors, a conjugated 
polymer layer can provide a suitable platform for immobilization. In 
view of the exposure of potential sensors to aqueous media and the 
required biocompatibility, a biosensor directed conjugated polymer 
design is essential. This project will focus on the development of 
novel conjugated polymers, with sufficient stability in aqueous 
environments and containing functional groups, on which bio-
molecules will be covalently coupled. 

Promoter, 
Assistant 

Thomas J. Cleij (UHasselt, IMO) 
Team of graduate students and postdocs (UHasselt, IMO) 

Laboratory Hasselt University, Institute for Materials Research 
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Project 9 Novel strategies towards molecular imprinted polymer based 
biosensors 

Key words Molecular imprinting, synthetic antibodies, polymer chemistry 

Description 
 
 

Recently, a proof of principle has been prepared showing the 
suitability of molecularly imprinted polymers (MIPs) for application 
as synthetic receptors in biosensors. At the same time, further 
improvements are desirable. The first issue addressed is the 
development of a “rapid” screening method to be able to obtain MIPs 
for a wide variety of specific targets in an efficient manner. Therefore 
during this project, the combinatorial aspects of the MIP synthesis 
will be optimized. In this manner, also a start can be made with the 
extension of the MIP synthesis towards targets beyond small 
molecules, such as proteins and cells. The second issue addressed, is 
the development of a strategy to prepare MIPs in situ. The current 
biosensor work focuses on MIP beads. However, these beads are not 
optimal for bio-electronic applications and a homogenous layer on the 
biosensor surface would be advantageous. 

Promoter, 
Assistant 

Thomas J. Cleij (UHasselt, IMO) 
Team of graduate students and postdocs (UHasselt, IMO) 

Laboratory Hasselt University, Institute for Materials Research 

 
 

Project 10 Dynamical properties of MIP-based biosensors 

Key words Synthetic receptors, MIPs, nicotine, diffusion in the presence of 
random traps, activation processes 

Description 
 
 

The quality of MIP-based biosensors is determined by the selectivity 
(ability to distinguish between closely related molecules, such as L-
nicotine en L-cotinine) and sensitivity (minimal concentration that 
can be detected) of the recognition layer (the actual MIPs). This layer 
can be represented as a surface with randomly placed nanocavities, 
which act like traps for molecules. However, because of thermal 
activation, these traps are never 100% reliable. During this project we 
will perform extensive computer simulations of the molecular 
diffusion, and study the influence of kcap and kesc (rate of capture and 
escape resp. of a single trap) on the selectivity (different molecules 
have different k’s) and the sensitivity (k’s vs concentration) of the 
sensor. 

Promoter, 
Assistent 

Bart Cleuren (Hasselt University, TF) 

Laboratory Hasselt University, Theoretical Physics Department 
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Project 11 Cubic BN films as a new platform for biosensor applications 

Key words Cubic boron nitride, magnetron sputtering, epitaxial growth, surface 
functionalization  

Description 
 
 

Cubic boron nitride (cBN) is structurally analogous to diamond. They 
both have strong covalent bonds and high atom density which make 
them distinctive materials with extreme physical and chemical 
properties. In the past, nanocrystalline diamond as biologically inert 
material has successfully been applied for the attachment and 
detection of various bio-molecules at Hasselt University. In this 
project, in a first step, cBN thin films (nanocrystalline or single-
crystalline) will be deposited on top of suitable substrates and 
characterized using state-of-the-art experimental techniques (XPS, 
XRD, FTIR, AFM). In a second step, these films will be surface 
functionalized/modified with appropriate linker molecules in order to 
establish their potential to be used for biosensor applications. 

Promoter, 
Assistant 

Hans-Herd Boyen, Patrick Wagner (UHasselt, IMO)                               
Hong Yin (UHasselt, IMO) 

Laboratory Hasselt University, Institute for Materials Research 
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Project 12 Remote follow-up and development of hemodynamic sensors 
integrated into cardiac pacemakers  

Key words Cardiology, heart failure, remote follow-up, pacemakers, 
hemodynamics, arrhythmia  

Description 
 
 

Advances in chronic systolic heart failure therapies, particularly 
neurohormonal modulation and pacing/defibrillation strategies, have 
significantly improved survival and reduced hospitalization rates. 
However, with the growing prevalence of cardiac diseases, hospi-
talizations and related costs continue to rise. Therefore, technologies 
that allow accurate and reliable remote monitoring of patients without 
time-consuming and expensive clinic visits hold great promise. 
Pulmonary congestion, resulting from elevated left atrial and left 
ventricular filling pressures, is the most common event associated 
with HF deterioration often requiring HF hospitalization. However, 
progressive symptoms typically occur late during the course of 
decompensation. The feasibility and value of impedance- and 
arrhythmia monitoring through hemodynamic sensors incorporated in 
cardiac pacemakers as a surrogate for volume overload and cardiac 
electrical instability in patients with cardiac disease has not been 
reported. Hereby, we aim to evaluate the accuracy and feasibility of 
remote follow-up of such sensors in patients implanted with such 
devices. In addition, we will try to develop novel hemodynamic 
sensors in close relationship with cardiac pacemaker companies 
(Medtronic, St Jude, Biotronic).  

Promoter, 
Assistants 

Wilfried Mullens (UHasselt, ZOL), Pieter Vandervoort (ZOL), 
Mathias Vrolix (ZOL), Joseph Dens (ZOL), Maximo Rivero-Ayerza 
(University Rotterdam, ZOL), Philip De Vusser (ZOL) 

Laboratory UHasselt, Biomed and Ziekenhuis Oost-Limburg (ZOL), Genk. 

 
 


