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Photovoltaic cells based on organic electroactive materials represent an emerging solar 
technology, potentially involving low fabrication costs and noteworthy advantages as de-
vices´ lightweight and flexibility. State-of-the-art organic devices still need to be improved 
in terms of efficiencies and lifetimes. This project deals with new organic materials specially 
designed for enhancing the performance and stability of solar cells.

GENERAL MOTIVATION AND OBJECTIVES
Organic photovoltaics (OPVs) represent a third-generation PV 

technology holding a huge interest for enabling the use of low cost 
materials and fabrication processes, as roll-to-roll printing. In such 
devices, the organic materials can be used as solutions yielding light-
weight thin layers that can be deposited over flexible substrates. 
These features qualify OPVs to provide attractive and unique solar 
energy conversion items, as curved and lightweight roofs or windows, 
and wearable personal electronics (e.g. clothes). However, OPVs face 
challenges yet, namely of lifetimes and efficiency levels, now in the 
8-10 % range, still bellow those for amorphous silicon, the inorganic 
counterpart. The most efficient OPVs include organic layers consist-
ing of a mixture of a semiconducting polymer and a carbon nanopar-
ticle (termed as fullerene, a derivative of C60 or C70). Devices´ per-
formance and lifetime are strongly dependent on the opto-electronic 
properties of the chosen materials as well as their photostability and 
the morphological characteristics of their arrangement in the layer. 
The project proposes new materials to replace fullerenes in organic 
cells, since these engage several drawbacks to devices ‘performance 
and their production costs are extremely high. Also, it plans that the 
new materials exhibit liquid crystalline (LC) behaviour so as they can 
be oriented into supramolecular structures where the transport of 
electric charges is facilitated. Together with the possibility of optimiz-
ing OPV cells, the replacing of fullerenes will also decrease the envi-
ronmental toxicity of the organic part of the device as these carbon-
based nanoparticles form toxic clusters if dispersed in water which 
pose environmental risks.

CHALLENGE
Chemical synthesis of new organic semiconducting materials with 

optoelectronic properties adequate to replace fullerenes in organic 
photovoltaic cells and which enable morphologically stable organic 
layers.

WORK DESCRIPTION AND ACHIEVEMENTS
- Screening among known materials and selection of those with 

more favourable photophysical and electronic properties.
- Rational design and chemical synthesis of new materials as de-

rivatives of those selected. The new derivatives include structural 
features to provide LC behaviour and cross-linking ability. The cross-
linking ability will enable to form morphologically stable networks of 
the materials.

- Development of strategies to build active layers including the 
new materials and the second organic material of the cells

- Photophysical characterisation of the new active layers 
- Fabrication and test of laboratory devices ´prototypes of PV cells 

integrating the new organic active layers.

The IT team synthesised several different classes of organic mate-
rials to be explored in OPV cells, as the component replacing fuller-
enes. 

- Theoretical calculations using quantum mechanical modelling 
were implemented to design quinoxaline-derivatives and oligothio-
phenes with energy levels comparable to those of fullerenes. 

- Four new materials of the class of oligothiophenes were prepared 
showing cross-linkable ability. The conditions to obtain morphologi-
cally stable films from the cross-linkable materials were established. 

- Two of the new materials of the class of quinoxaline exhibited 
liquid-crystalline behaviour at well-accessible temperatures (bellow 
110 ºC). 

- Thin film PV cells (laboratory prototypes) integrating the new ma-
terials were fabricated and tested under a solar simulator. The cross-
linking of the new oligothiophenes provided higher morphological 
stability to the cell without affecting their efficiencies.

 Fig. 1 Thermograms of two synthesised quinoxalines indicating multiple melting   
  transitions (indicative of liquid crystalline behavior).                                              

 Fig. 2 Cross-linked organic film deposited over glass immersed in a solvent. 
  The insolubility of the film is due to morphological stability. 


