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Summary 

Organic materials with intrinsicly low exciton binding energy are not only important for conventional 

bulk-heterojunction polymer photovoltaics, they hold great promise for the development of organic solar 

cells based on a single-component photoactive layer, where bound hole-electron pairs must 

spontaneously dissociate to form free and mobile charges at environment temperatures. This has 

motivated us to look into, particularly, how the nature of conjugation can affect the exciton binding 

energy characteristics of conjugated polymers. In a non-trivial way, the chemical purity of conjugated 

polymers also has a strong effect on the nature (the quality) of the conjugated system. Thus, the chemical 

quality and the (photo)physical properties of all conjugated polymers benefit from synthetic procedures 

that lead to structurally pure products. To this end, we have investigated one-pot Suzuki-Miyaura 

homopolymerization that involves in-situ borylation/cross coupling of dibrominated donor-acceptor 

conjugated macromonomers, in contrast to the standard Stille copolymerization of organostannanes and 

aryl halides. Especially, we show how this synthetic strategy behaves when the polymer has incorporated 

2,5,8,11-tetraoxadodecyl (TEG) chains, which is commonly employed in order to increase the dielectric 

constant of organic semiconductor materials. 

Chapter 2 aims at obtaining high-quality donor-acceptor conjugated polymers via a one-pot Suzuki-

Miyaura homopolymerization that involves in-situ borylation/cross coupling of dibrominated donor-

acceptor conjugated macromonomers. This polymerization strategy is in contrast to the standard Stille 

copolymerization of, specifically, dithienosilole and isoindigo monomers. Reaction kinetics 

investigation revealed that bis(pinacolato)diboron promotes an efficient polymerization. The 

homopolymer showed a blue-shifted light absorption compared to the Stille copolymer, which was 

rationalized by quantum chemical calculations of a series of oligomers containing various donor-

acceptor configurations. The calculations suggested that the homopolymerization of asymmetrical 

macromonomers likely introduced both acceptor-acceptor and donor-donor segments into the backbone. 

The acceptor-acceptor segment is found to contribute mostly to the blue-shift of the maximum 

absorption wavelength. Furthermore, detailed analysis of MALDI-TOF (matrix-assisted laser-

desorption ionization-time of flight) mass spectra of these two polymers indicated that while the 

homopolymer is well defined, the Stille copolymer is end-capped mostly with the dithienosilole moieties 

and/or methyl groups, implicating that destannylation and methyl transfer are the most-likely chain-

termination pathways that limit high molecular weight. This is in sharp contrast to the 

homopolymerization, where chain-terminators are required to control the molecular weight for obtaining 

soluble material. 
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In Chapter 3, we have systematically studied the electronic properties of donor-acceptor cross-

conjugation systems. This is done by subjecting a series of specially designed D-A cross-conjugated 

monomers/dimers to quantum chemical calculations. More specifically, in these conjugated polymers, 

the acceptor moieties are configured as pendant groups of the donor backbone, via a distinct cross 

conjugation. We conceived that a conjugated backbone consisting of pure donor moieties introduces an 

enhanced delocalization of the highest occupied molecular orbital (HOMO) of the polymer, while cross-

conjugated acceptors lead to a well localized lowest unoccupied molecular orbital (LUMO). 

Furthermore, these features might synergistically yield an increased hole-electron distance, which could 

result in a relatively low exciton binding energy when compared to a conjugated analogue with linear 

donor-acceptor (D-A) conjugation. This chapter first discusses structural optimization based on 

theoretical calculations on a series of monomers. In the end, we also directly compared the exciton-

binding energy characteristics of a prototypical donor-acceptor cross-conjugation dimer and its linear-

conjugation counterpart. 

The work in Chapter 3 enabled us to rationally design a prototypical D-A cross-conjugated polymer, of 

which the synthesis is described in Chapter 4. Note that TEG side-chains were employed in the designed 

polymer. This polymer featured a distinct cross conjugation between the thieno[2,3-c]pyrrole-4,6-dione 

acceptor and the thieno[3,4-b]thiophene donor moieties, with thiophene spacers in the backbone. It was 

found that in spite of efficient chain growth, the as-presented one-pot Suzuki-Miyaura 

homopolymerization (see Chapter 2) persistently introduced unassignable impurities to the polymer (P1). 

Although an exact explanation was not found yet, it was hypothesized that the oxygen atoms in the TEG 

chains may chelate the boron atoms in the system of Suzuki-Miyaura homopolymerization. This 

hypothesis was supported by an experiment with a control polymer (P2) where alkyl chains were 

employed as solubilizing side chains, where the problem with P1 was well eliminated, as evidenced by 

our mass spectra analysis. Stille copolymerization was used to generate the desired 2-D conjugated 

polymer (CC1). This work hints to previously unexpected, but important and negative aspects of 

bis(pinacolato)diboron-promoted homopolymerization leading to structural imperfections, which might 

limit its application scope.  

The successful syntheses have subsequently allowed us to actually study the influence of donor-acceptor 

cross-conjugation on the exciton-binding energy characteristics of conjugated polymers. A combined 

device physics and quantum chemical study of such a 2-D polymer (CC1), with a special focus on 

exciton binding energy, is described in Chapter 5. Preliminary evaluation of the external quantum 

efficiency of this polymer suggested, to our surprise, that the exciton binding energy is unambiguously 

higher in cross-conjugated donor-acceptor systems than that of the typical linearly-conjugated polymer 

analogues. The experimental observation is supported by extensive quantum chemical calculations on a 

series of cross-conjugated and linear-conjugated dimers. Furthermore, quantum chemical calculations 
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suggest that the higher exciton binding energy of cross-conjugated donor-acceptor polymers is most 

likely related to strong electron localization in their excited state, leading to a shorter hole-electron 

distance. Further, these results have inspired us with some potentially interesting perspectives, from 

which we see the possibility to actually reduce the exciting binding energy of conjugated polymers. 

These inspirations are briefly discussed in Chapter 6. 
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