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Summary 
With a fast growing population in developing countries, the lack of hygiene and money for 

medical care, diseases are spreading rapidly.  The need for a quick, accurate, and cheap 

method for the detection of these diseases is high.  The development of very small and 

cheap devices is required and it is chemistry that can provide these tools.  In the fields of 

nanotechnology, scientists are building devices on the nanoscale (1.10−9 m). These devices 

are believed to be potentially cleaner, stronger, lighter, and more precise, which in the end 

would result in cheaper products, exactly what is needed. 

This dissertation focuses on the development of a new type of micro (1.10-6m) bio-sensor, 

built from  organic materials. Bio-sensors are analytical devices that can test samples on a 

chemical or biological substance (analyte) and provide data about these substances upon 

recognition. The detection of the substance  is done by a biological receptor, and should be 

translated into a signal we can understand. This translated signal can for example be optical 

(light) or electrical. Glucose monitoring devices are examples of bio-sensors already being 

used nowadays. For the translation and amplification of the binding of bio-molecules to the 

receptors our bio-sensor design was based on a field effect transistor (FET) architecture. 

From results obtained by traditional  bio-sensor research it was known that this type of 

architecture could result in bio-sensors which are more sensitive, more reliable, faster, and 

less power consuming than other types. A field effect transistor is a semiconductor device 

which can be used to amplify a weak electrical signal into a measurable current.  

To realize the development of low-cost, large-area bio-sensors, one has to switch from 

traditional silicon-based  to solution-processable polymeric semiconductor materials.  

Polymers are in general insulating materials and only a special class, the so-called 

conjugated polymers, are able to conduct electricity. These polymers have an alternating 

structure of single and double carbon-carbon bonds and it is this structure which is the 

cause of this unique property. When electrons are removed from these polymers via an 

electrochemical or electrical process, a positive charge is generated (hole). This charge can 

migrate along and between the individual polymer chains, resulting in a electrical current.  

For organic FET devices to work properly, the doping of the polymer should only take place 

when a voltage is applied to the device, but in most cases the polymer is also doped by 

oxidation through water or oxygen (electrochemical processes).  

The new bio-sensor design required the development and synthesis of a conjugated 

polymer with a high oxidation stability towards water and oxygen and the ability to covalently 

attach bio-receptor molecules. Based on results from literature we decided to synthesize a 
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alternating polythiophene copolymer with the cross-conjugated thieno[2,3-b]thiophene as 

one of the essential monomers. It was proven that cross-conjugation can break the 

conjugation pathway of a polymer, resulting in a deeper lying (HOMO) energy level and 

therefore increased stability towards oxidation. The rigid and flat structure of this alternating 

thiophene copolymer is essential for the formation of ordered crystalline domains in the film. 

It allows electron hopping between individual chains, resulting in a good mobility.  

Although the structure of the thieno[2,3-b]thiophene is simple, finding a reproducible way to 

synthesize pure thieno[2,3-b]thiophene proved to be complicated. Combining and optimizing 

several different synthetic routes was required to obtain the product in gram scale quantities. 

Besides the non-functionalized thieno[2,3-b]thiophene also the more easily synthesized 

methyl- and phenyl- functionalized thienothiophenes were obtained. 

There is much literature on the preparation of 5,5-dibromo-4,4'-dialkyl-2,2'-bithiophene. In 

most cases the monomer is synthesized via a selective lithiation and oxidative coupling 

process, followed by bromination to yield the final product. The nature of this coupling 

requires the need for extensive purification using reverse phase chromatography, yielding 

the pure product, but in very low yield.  Using this knowledge we concluded that this method 

is useless for the synthesis of our functionalized bithiophene monomers and an other route 

had to be found.  Several other literature methods were tested but all of these methods did 

not yield the monomer in pure enough form. By slightly modifying the sequence and the 

used reactants of the lithiation and coupling process we were able to produce the required 

monomers, having C6, C8 and C10 alkyl tails in large quantities (20+ gram) and isomer-free 

using simple recrystallization.   

Sulfate-binding proteins containing single cysteine moieties were cultivated in the 

collaborating biochemistry group of Bert Poolman as our bio-receptors. Cysteine groups 

contain free thiols which can be very selectively attached to maleimide under slightly basic 

conditions. Therefore we chose maleimide as the target functionality to be attached to the 

bithiophene monomer. Using retro-synthesis we were able to develop a complicated but  

feasible route for the synthesis of this maleimide functionalized monomer, starting from 

simple 3-bromo-thiophene using a total of 6 steps. The key step of this procedure is our 

newly developed coupling method. The implementation of synthesis proved to be more 

complicated than anticipated, but after using several synthetic tricks we were able to 

synthesize the desired monomer in gram quantities. 

With both monomers synthesized, polymerization was the next step. Using the standard 

Stille polymerization method we tried to synthesize the functionalized polymers we ended up 

with insoluble material. Without the ability to analyze the product using solvent based 

techniques like NMR, GPC,  or MALDI-TOF MS it was difficult to understand and solve this 
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problem. Using FT-IR and literature research we postulate that a radical anion is formed by 

photo-induced electron transfer between the maleimide and the conjugated polymer-

backbone. This radical anion can then react with other maleimides resulting  in partial cross-

linking, leading to insoluble material.  

As a solution of, and further proof of this problem we looked into the process of  

post-functionalization. Using literature procedures, we synthesized several bromine-

functionalized monomers and polymerized those using the Stille polymerization. The 

resulting materials were purified and then analyzed using MALDI-TOF MS.  This technique 

shows the mass of individual chains and it revealed quickly that these polymers did not have 

the expected regular structure. Side reactions like homo-coupling, methyl transfer, 

destannylation, and debromination resulted in the formation of a polymer with a wide variety 

of different polymer chains, making these materials useless for post-functionalization.   

With the growing need for a conjugated material with a regular structure, suitable for post-

functionalization, we decided to abandon the (Stille) copolymerization.  The need for 

(bromine) functional groups reduces the amount of possible routes towards conjugated 

polymers and popular methods for homo-polymerization like the Yamomoto coupling and 

GRIM polymerization cannot be used. One of the few  remaining options was homo-

polymerization using the Suzuki-Miyaura coupling. For homo-polymerization one monomer 

containing two complementary functional groups is needed, and it is this requirement which 

makes the synthesis of these monomers difficult. Small amounts of contamination can cause 

defects in the resulting polymer chains or reduce the molecular weight. Tedious purification 

is needed, and it was this reason that we developed a method in which functionalization and 

polymerization takes place concerted. The method is based on a in-situ Miyaura borination 

followed by Suzuki polymerization. Both cycles require the same palladium catalyst and a 

careful choice of the used base resulted in polymers with moderate molecular weight. 

Several popular conjugated monomers were successfully polymerized and from analysis 

with MALDI-TOF MS we could conclude that this new method could be used to synthesize 

polymers with the desired regular structure. A quarterthiophene monomer containing 

protected functional groups was then synthesized and polymerized using this new method. 

The resulting polymer was analyzed with MALDI-TOF MS and showed a regular structure as 

expected. Deprotection was then performed and the resulting polymer was analysed again 

and although MALDI-TOF showed that deprotection was only partial, it did show that 

detailed analysis was possible, proving the power of the new polymerization method.  

Although in the end we where not able to synthesize the desired functional conjugated 

polymer, we  did provide a set of very useful tools for the future scientists working on this or 

similar projects. 



 

   


