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A current-voltage characterisation of an organic solar cell (symbols). The colour curves show the different 
recombination systems: blue with and red without recombination at the electrodes. 
 
 
 

May 2014 
 



 
 
 

 
 
 - 2 - 
 

Content 

 
1. Scientific results 2013 ................................................................................................................................ 3 

2. Added value of the programme .............................................................................................................. 4 

3. Personnel .................................................................................................................................................... 4 

4. Publications ................................................................................................................................................ 4 

5. Valorisation and outreach ........................................................................................................................ 4 

Fact sheet as of 1 January 2014 ...................................................................................................................... 5 

Historical overview of input en output ....................................................................................................... 7 

PhD defences ................................................................................................................................................... 7 

Patents (new/changes) .................................................................................................................................. 7 

Overview of projects and personnel ............................................................................................................ 8 

Workgroup FOM-G-23 .................................................................................................................................. 8 

 
 
 
 
  



 
 
 

 
 
 - 3 - 
 

1. Scientific results 2013 

The FOM Focus group Next generation organic photovoltaics is now beginning to see the first 
results in the area of high(er) quality molecular semiconductors, based on the idea of increasing 
the dielectric constant, and improving the molecular semiconductor's quality in terms of chemical 
purity and carrier dynamics. Our approach, in which we combine theory, modeling, design, 
chemical synthesis, spectroscopies, and device physics, has already led to first materials with vari-
ous interesting properties. We have published a few papers on general ideas that form the basis of 
our project. With respect to scientific results, a series of manuscripts is in preparation and a few are 
at the point of submission. Some noteworthy but yet unpublished scientific results are mentioned 
here. 
On the theory side: several projects to study charge-transfer processes in different chemical envi-
ronments have been started. It was found that molecular parts with incorporated dipole moments 
– attached to the functional donor or acceptor moieties- are electronically not innocent spectators 
(they may also influence the morphology), but they exert electronic effects on the charge-separated 
state, and therefore can be used to lower the charge-transfer state binding energy in organic solar 
cells. Dipole moments incorporated in polymer side-chains give an extra stabilization effect of ~0.8 
eV, originating predominantly from relaxation of the cation, and dipoles incorporated in PCBM 
side-chains give an extra stabilization of ~1.4 eV, originating predominantly from relaxation of the 
cation. 
Small alignment of dipoles already leads to significant charge stabilization effects, which might 
indicate the importance of small cooperative effects between dipoles. It has also been shown that 
TEG-chains possess enough flexibility, even at low temperatures, to enhance the dielectric constant 
significantly. Another way to influence the exciton binding energy is by functionalizing the poly-
mer backbone with for example push-pull groups. A significant difference is found between linear- 
and cross-conjugated push-pull group pathways for the electron-hole interaction and vertical 
exciton binding energy, which can be understood from simple Hückel theory. A linear relation 
between the dipole moment change upon excitation and the vertical exciton binding energy hints 
to a possible correlation, although this relation is less pronounced for oligomers. In order to study 
the dynamical processes taking place at the donor-acceptor interface of monomer-PCBM blends 
with large dipole moments incorporated in the monomer side-chains, an atomistic force field was 
developed in collaboration with the Molecular Dynamics group (RUG). This force field will be 
used to study the morphology of polymer/PCBM blends in more detail, and will be used to study 
the response time of the environment on a changing electron density upon excitation. 
A crucial step forward is that we have obtained molecular materials with increased dielectric con-
stants, without suffering from deteriorated other properties. For example, we have developed full-
erene derivatives. First, a series of donor and acceptor compounds having oligoethylene glycol 
side chains has emerged. These compounds show moderate but significantly increased dielectric 
constants, in combination with preserved charge carrier mobilities. Furthermore, we have devel-
oped a new side group for donor and acceptor molecules for which the preliminary results seem to 
indicate that a clearly stronger enhancement of the dielectric constant can be obtained. This work 
still needs conformation and extension to a larger series of examples to assess the power of this 
approach. The accurate determination of the dielectric constant of molecular materials in thin films 
appeared a greater challenge than anticipated, but now we are at the stage that we have standard 
protocols leading to highly reproducible results. 
We have discovered a series of acceptor molecules that show up to 1000-fold enhanced bulk elec-
tron mobility (in the space charge limited current regime; world record values for molecular mate-
rials!) in solution processed thin films, compared to the standard material in the field: PCBM. The 
development concerning the new types of conjugated polymers has been going a bit slower than 
anticipated, but some main chemical obstacles have been successfully removed and good progress 
is expected in the coming two years. 
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The home-made so-called soft molecular landing system, in which we want to prepare ultra-pure 
thin films of solution processable donor and acceptor materials for characterization purposes, is 
almost completed, up and running. In a later stage, if it turns out to be truly versatile, this facility 
may become available as a user facility for molecular electronic materials scientists. 
Scientifically, the project is on schedule. The multidisciplinary approach of the project is successful. 
Theory and experiment go hand in hand. The participants communicate and integrate their exper-
tise, making a real and strong materials science team. 
The scientific programme is on schedule. The first stage of rather high risk and new reconnaissance 
is not finished, yet. We still have to await success of the first newly developed materials in the 
(OPV) device settings. 
 
2. Added value of the programme 

The clear extra added value of the FOM Focus Group project is the open and frequent interaction 
between all involved researchers. It is becoming a strong interdisciplinary team. The PIs and the 
PhD students profit directly and indirectly. The indirect profit for the PIs is in the appeal and sta-
tus of the project on other colleagues, leading to invitations to conferences and to involvement in 
(e.g. Horizon 2020) projects. Ryan Chiechi was awarded an ERC grant, last year. 
 
3. Personnel 

With respect to the management team: Remco Havenith has accepted the offer of a permanent 
position at our university. Jan Anton Koster was hired as tenure track assistant professor. With 
those developments, the Focus Group management team is complete. In 2013, 2 OIOs started. We 
are interviewing a very promising candidate for a post-doc position synthetic chemistry. In Sep-
tember 2014, a new PhD student (R. Allesandri) will start within the Modeling line, working on 
Molecular Dynamics simulations, and combined quantum chemical/molecular dynamics simula-
tions. This Focus Group matching position will be funded by RUG/NWO. 
 
4. Publications 

We are presently working on a series of manuscripts for publication. The following ones are closest 
to submission/publication: H.D. de Gier, B.J. Rietberg, R. Broer, R.W.A. Havenith, Influence of push-
pull group substitution patterns on excited state properties of donor-acceptor co-monomers and 
their trimers, in press; S. Torabi, F. Jahani Bahnamiri, I. Van Severen, S. Patil, R.W.A. Havenith, 
R.C. Chiechi, L. Lutsen, D.J.M. Vanderzande, T.J. Cleij, J.C. Hummelen and L.J.A. Koster, Strategy for 
enhancing the dielectric constant of organic semiconductors without sacrificing charge carrier 
mobility and solubility; F. Jahani, S. Torabi, R.C. Chiechi, L.J.A. Koster, J.C. Hummelen, Synthetically 
Increasing the Dielectric Constant of Fullerene Derivatives; H.D. de Gier, R. Broer, R.W.A. Havenith, 
Non-innocent side-chains with dipole moments in organic solar cells improve charge separation. 
 
5. Valorisation and outreach 

We are considering application for a patent with respect to one of our recent discoveries. 
We have appeared at public meetings a great number of times in 2013 (see output). Some note-
worthy occasions: appearance at the Lab session stand University of Groningen (with solar cells) 
'SummerLabb', Indian Summer Festival, Broek op Langedijk, the Netherlands; 'Solar Cells', brain-
storm and presentation for/with the department ROEZ of the municipality of Groningen; 'Next 
Generation Organic photovoltaics', performance at the Nacht van de Kunst en de Wetenschap, 
Groningen; 'What is it with PV?' Energy Debate (lecture & discussion); Energy Academy Europe, 
Groningen. 
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Fact sheet as of 1 January 2014 

 FOM - 11.0411/3 
 datum: 01-01-2014 
 
APPROVED FOM PROGRAMME 
 
 
Number 130. 
  
Title (code) Next generation organic photovoltaics (NGOPV) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. J.C. Hummelen 
  
Duration 2011 - 2021 
  
Cost estimate M€ 5.2 (FOM part) 
  
Concise programme description 

a. Objectives 

The Focus Group Next generation organic photovoltaics will work on enabling and realizing the next 
generation of Organic Photovoltaics (OPV) through the development of OPV science. It is based on 
a multidisciplinary approach where physics, photophysics, device physics, organic chemistry, 
material science, and theoretical modeling are combined synergistically. The goal of the research 
programme is to enable PV technologies within the next 10 years that lead to mass production that 
fits in the accepted roadmap for solar technology. Performance targets are: green technology, >15% 
efficiency, >20 years lifetime, < 0.25€/Wp. 
 
b. Background, relevance and implementation 

Solution-processed OPV cells are promising low-cost alternatives to conventional silicon-based PV 
devices. The fabrication of these devices by processing the photoactive layer from solution is the 
key advantage, enabling cheap, flexible, large-area PV technologies. In the last few years the 
design and synthesis of new p-type polymers has dramatically improved the power conversion 
efficiency, presently reaching 8,3% (in laboratory-scale experiments). 
At the heart of an OPV device is the interface between the donor and acceptor, where light is 
converted to free charges, and where the biggest challenges lie. Several basic questions about the 
mechanism of photoinduced charge-separation across this interface have remained unanswered, 
largely because the physical phenomena cannot be studied without the close collaboration of 
materials chemists and device physicists; OPV is truly a multi-disciplinary challenge. Thus, it is 
through the close collaboration of the three lines of research - theoretical aspects & modeling, 
physical characterization & device physics, and material development - that this elusive and chal-
lenging problem will be tackled and that a complete physical understanding of the microscopic 
details of charge-separation will be realized.  
The key to this programme's approach that will convert the fundamental physics into deliverable 
innovations in OPV is to address a fundamental difference between inorganic and organic 
materials: dielectric properties. The high dielectric constant of inorganic materials screens charges, 
facilitating their spatial separation after the absorption of light. Organic materials for OPV have 
thus far almost exclusively used hydrocarbon chains, leading to low dielectric constants and 
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tightly-bound charges. This programme blends the discovery of the underlying physics of charge-
separation with a radical change in thinking about the materials that is based on simple and well-
understood principles. Understanding how dipoles interact to influence the local environment at 
the nanostructured interfaces between two organic materials is a challenging theoretical problem. 
Measuring it is a challenging physics problem. Designing the materials is a challenging chemistry 
problem. Translating these gains at the charge-separation interface into external efficiency is a 
multidisciplinary problem rooted in device physics.  
A natural outcome of moving away from low-dielectric materials are new materials that are less 
hydrophobic and can be processed from renewable solvents such as methanol. This move towards 
'green' materials for OPV is as important for the long-term impact of OPV technology as efficiency. 
It brings down the costs associated with scaling and technology transfer and truly sets OPV apart 
from other technologies as a sustainable means to generate electricity. 
Implementation of the scientific results takes place through collaboration with national knowledge 
institutes (Holst Centre, ECN) for upscaling of OPV fabrication and with the leading OPV 
industries towards mass production. 
 
 
Funding 

salarispeil cao per 01-07-2012 

 

bedragen in k€ < 2013 2014 2015 2016 2017 2018 > 2019 Totaal 

FOM-basisexploitatie 1.120 580 519 326 458 590 1.211 4.804 

FOM-basisinvesteringen 326 20 20 20 20 - - 406 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 1.446 600 539 346 478 590 1.211 5.210 

The contribution of the RUG to the focus group is k€ 4.057 in kind (specified in the original proposal). 

 
 
Source documents and progress control 

a) Original programme proposal: FOM-10.1702 
b) Ex ante evaluation: FOM-10.1846 
c) Decision Executive Board: FOM-11.0409 
 
Remarks 

This programme was launched following a national call for proposals for FOM focusgroups for 
fundamental energy research and forms part of and is scientifically connected to the Dutch 
Institute for Fundamental Energy Research (DIFFER). 
During the second half of 2015 the scientific programme of this focus group will be subject to a 
mid-term evaluation. The final evaluation will consist of a self-evaluation initiated by the 
programme leader and is foreseen for 2021. 
 
 
 JR par. HOZB 
 
 
Subgebieden: 50% NANO, 50% COMOP  
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Historical overview of input en output 

 

Input 
personnel (in fte)  finances* (in k€ ) 

WP/V WP/T PhD NWP 

2011 - - - - 85 

2012 - - 2,9 - 228 

2013 - - 5.2 - 326 

 

Output 
PhD theses refereed publications other publications & 

presentations 
patents 

2011 - - - - 

2012 - 10 30 - 

2013 - 5 31 - 

* After closing the financial year. 
 
 
PhD defences 

2012 
None. 

2013 
None. 

 
 
Patents (new/changes) 

2013 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-G-23 

Leader Prof.dr. J.C. Hummelen 

Organisation Groningen University 

Project leaders Prof.dr. M.A. Loi 
Dr. R.C. Chiechi (tenure track ass. prof.) 
Dr. R. W. A. Havenith (senior scientific researcher) 
Dr. L. J. A. Koster (tenure track ass. prof.) 

Programme Next generation organic photovoltaics 

Project (title + number) Next generation organic photovoltaics 10NGOPV01 

 

FOM employees on this project 

Name  Position Start date End date 

J.M. Salazar Rios PhD 01 September 2013 31 August 2017 

S. Torabi PhD 01 March 2013 28 February 2017 

E. Douvogianni PhD 01 September 2012 31 August 2016 

N.J. van der Kaap PhD 01 May 2012 30 April 2016 

T.P. Voortman PhD 01 April 2012 31 March 2016 

H.D. de Gier PhD 01 February 2012 31 January 2016 

 
 


