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Summary and Outlook

Solids formed by nanoscale materials or weakly bound molecules and polymer chains are in-

teresting candidates for opto-electronic applications, such as in solar cells, photodetectors or

light emitting devices. The interaction of light with such matter is investigated in this thesis

through optical spectroscopy for a variety of problems. Key techniques involved herein are pho-

toluminescence (PL) and photoinduced absorption (PIA) spectroscopy. In the latter case, an

FTIR spectrometer was used to access the mid infrared spectral region and study signals therein.

In Chapter 4, the photoinduced absorption spectra of two similar polymers and their blends

with the electron acceptor PCBM is investigated. Supported by density functional theory cal-

culations, all observed features in steady state can be assigned to positive polarons located on

the polymer chains. The polaron theory developed for simple homopolymers is invoked to ex-

plain most observations and its limitations are identified. Specifically, both the experimental

and theoretical spectra give rise to two distinct polaron transitions in the NIR spectral region,

not accounted for in the classical theory.

A ternary organic blend comprising the electron acceptor PC70BM and two donors, the narrow

gap D-A polymer, PTB7-th and the simple polythiophene PDCBT, allows for fabrication of solar

cells that exceed 10% power conversion efficiency. Optical spectroscopy is used in Chapter 5 to

elucidate the interaction between these components. Photoinduced absorption spectroscopy

reveals that, despite its lower lying HOMO level, hole transport occurs via the PTB7-th polymer

phase, instead of the polythiophene phase. An ultrafast energy transfer between the two intima-

tely mixed polymers is observed and invoked to explain the favourable performance of ternary

solar cells.

The excited states interaction of polymer wrapped semiconducting single walled carbon nano-

tubes is investigated in Chapter 6. Photoexcitation is shown to lead to the formation of free

charge carriers on the nanotubes, as shown by long lasting photoinduced absorption and ble-

ach bands. Based on the insights from the enquiries before, the polymer polaron signature in

the MIR is additionally used to show that charge formation also occurs on the polymer chains

wrapped around the tubes. To a large surprise, this is also observed for excitation energy that

nominally lies below the polymer band gap. Supported by quantum chemical calculations, this

phenomenon is explained by the hybrid nature of the electronic states in this material.
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Narrow band gap polymers complement the absorption of lead sulphide colloidal quantum

dots, possibly allowing for an improved coverage of the solar spectrum in photovoltaic cells.

The investigation of their excited states through photoluminescence and transient absorption

spectroscopy in Chapter 7 reveals a favourable charge transfer from the D-A polymer towards

PbS. This, however, is only the case when the latter are covered by short surface ligands. Despite

this promising observation, fabricated solar cells only exhibit a poor performance and suffer

from a bad morphology hampering the charge carrier transport.

Surface trap states of PbS colloidal quantum dots are investigated in Chapter 8. Using the MIR

PIA set-up to access low energy processes, two distinct trap state distributions for CQDs of diffe-

rent size are distinguished. These trap states shift deeper into the band gap for smaller particles,

but their position is independent of the surface ligand. The nature of the capping agent merely

affects the strength of the observed trap-to-band re-excitation, i.e. the density of trap states. The

observed broad absorption bands interact with narrow vibrational modes of the surface ligands,

giving rise to Fano resonances. The PIA technique thus not only works as a means to assess the

quality of the surface trap state passivation, but furthermore allows for the investigation of the

intricate interaction of the CQDs with the molecules attached to their surface.

The identification of two distinct trap states in PbS CQDs and their behaviour for particles of dif-

ferent size is an important discovery, which will especially help to properly analyse theoretical

predictions of electronic states from simulations. Such refined simulations will also be needed

to clearly identify the origin of these states. While the experimental data suggest these to be

due to the oxidation states of surface atoms, a validation through modelling could also pave the

way for new passivation strategies, i.e. ultimately better performing electronic devices. Proper

modelling, supported by additional measurements, should furthermore address the precise lo-

cation of these trap states – whether both lie close to one band (and if so, which?) or whether

both the valence and the conduction band exhibit an electrical trap state.

For the field of conjugated polymers, this thesis established an updated picture of the polaron-

related optical transitions and determined similarities and differences with the one proposed for

classical homopolymers. Aiming at an even deeper understanding of these signals, future inves-

tigations will have to consider the role of the crystallinity and generally polymer chain alignment

in more detail. Proper simulations in this case will have to rely on techniques, which allow for

studying larger systems than what is possible through (TD)DFT simulations, as carried out he-

rein. Besides a possible farther delocalisation of the charge carriers, such systems will enable

the important polarisation and deformation interaction between the charge carriers and their

environment – a crucial aspect for polaron formation, which is not contained in the simulations

herein.

From an experimental perspective, future studies should focus on donor-acceptor polymers for

which the morphology, i.e. the crystallinity, can be tuned without the need for chemical alte-
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ration of the material. Possible ways will be through the use of solvent additives or additional

film treatments, such as annealing or slow drying. It will furthermore be worth investigating the

transient behaviour of the polaron signals. As discussed before, steady-state investigations are

only sensitive to long-lived species and studying the early behaviour as well as possible changes

with time will offer valuable information on the mechanism of charge generation in neat poly-

mers and the extend of carrier delocalisation during different stages of their lifetime.

Such time resolved studies will furthermore help to clarify the mechanism of polaron formation

on the polymer wrapped carbon nanotube samples. The results of Chapter 6 suggest that ex-

citons will be delocalised over the entire composite and successively dissociate into free charge

carriers. This is opposed to exciton dissociation via charge-transfer. Based on the results for neat

polymers proposed above, studying the onset dynamics in this hybrid system will be helpful for

a more thorough understanding of the components interaction.
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