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We introduce a synthetic strategy to obtain an increase of the dielectric constant of organic 
semiconductors. We can increase the dielectric constant significantly by adding TEG side chains to 

fullerene derivatives and conjugated polymers. Quantum chemical calculations show that this 
enhancement results from fast reorientation of permanent dipoles in the ethylene glycol units. This 

reorientation slows down at lower temperature. 
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1. Scientific results 2014 
In the past year, we have studied and prepared a wide range of molecular materials for organic 
photovoltaics (OPV) application. We focus on learning how to make molecular semiconductors 
with high(er) dielectric constant and on understanding the microscopic parameters that control the 
generation of (free) charges in OPV materials and materials combinations. On the theory side, we 
have studied the effects of dipole functionalization of PCBM on the electronic state diagram of a 
model polymer/PCBM dimer. The studied PCBM molecules (one with a benzene group (small 
dipole moment) and one to which push-pull groups were attached (high dipole moment)) were 
also synthesized, so that we were able to compare the theoretical data with experimental values. 
The calculated and experimental data for the absorption spectrum, HOMO/LUMO energies for 
the considered PCBM molecules were in good agreement and showed that the electronic proper-
ties of the PCBM molecules were not significantly affected by the introduction of the dipoles. The 
PCBM molecules were subsequently be used as embedding molecules for a polymer/PCBM 
dimer, and the energies for relevant states in the charge separation process were calculated: both 
PCBM molecules exerted similar environmental effects with just randomly oriented dipoles, but 
the push-pull substituted PCBM environment had a substantially larger effect on the energy of the 
charge separated state when the dipoles were allowed to orient themselves to the new charge dis-
tribution. For this large stabilizing effect, only small changes in the orientations of the dipoles were 
necessary, but it was shown that this effect really originated from the dipoles by switching of the 
dipoles in the calculation, which resulted in the loss of the stabilization. From this work we learn 
that not only the dielectric constant of our molecular materials, a macroscopic parameter, is 
important for OPV, but also microscopic tricks might do a substantial job in tuning the relative 
energies of the various excited states. 
 
We introduced a single figure-of-merit for the fill-factor of bulk heterojunction solar cells. By a 
combination of theory, simulations, and experiments, we were able to determine which key 
parameters determine the fill-factor. Our results indicate that further reductions in recombination 
are necessary in order to reach fill-factors of 80% or more.  
 
We have set up a parallel, lattice based Kinetic Monte Carlo simulation that runs on a GPGPU 
board. It includes Coulomb-like particle-particle interactions. Our method allows calculations on 
large volumes including particle-particle interactions. This simulation will be used to study the 
injection and transport of charge carriers in greater detail. 
 
We succeeded in synthesizing and characterizing many fullerene derivatives with different side 
groups to determine if and how these side groups play a role in enhancing the dielectric properties 
of the corresponding material. Among these, we found a first series of fullerene derivatives with 
substantially higher dielectric constants. By functionalizing the fullerenes with a very flexible polar 
side chain, increased dielectric constants were obtained without sacrificing charge transport or 
absorption properties.  
 
We have established the basic electronic and physical properties of conjugated polymers with 
charged backbones. With that understanding, we are now trying to tune the levels of the polymers 
synthetically for eventual incorporation in OPV devices. These polymers are synthetized using 
scalable chemistry and can be paired with polarizable pendant groups (once we identify the best 
candidates) to combine green synthesis and processing with the advantages of high-dielectric con-
stants. The intermediate polymers also show interesting properties; they are very robust, n-dopa-
ble, and function as emitters in OLEDs. The most notable finding, however, is the observation that 
charged backbones invert the self-assembly process of traditional charged conjugated polymers 
(polyelectrolytes). That is, these polymers aggregate in organics the same way polyelectrolytes 
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aggregate in water. This property results in the formation of smooth, homogenous films from 
water, but it complicates some routine parts of polymer chemistry, which is all optimized for 
organic solvents. We are close to solving most of these problems and the next step is to character-
ize the electronic properties of thin-films cast from renewable solvents (including the dielectric 
properties). 
 
We have started studying the photophysical properties of several systems with dielectric inhomo-
geneities, such as polymer matrices with inorganic nanocrystals and organic polymers with high 
dielectric constant fullerenes. We have also begun with the investigations of organic-inorganic 
hybrid perovskites, this class of materials have been reported to have power conversion efficiency 
up to 20% and a dielectric constant for the most common system around 6. We have reported the 
first low temperature investigation of the photophysical properties of methylammonium lead 
iodide single crystals. At the moment we are fabricating solar cells, using the standard perovskite 
interfaced with the high dielectric fullerene derivatives, described above, and resulting in solar 
cells with a power conversion efficiency up to 13%. 
 
To conclude, after a starting period, in which we had to search in the dark for leads towards 
molecular design rules for obtaining organic semiconductors with increased dielectric constants, 
we have obtained first and clear progress in 2014. The determination of accurate dielectric constant 
values at low frequencies for thin films of organic semiconductors has proven to be far from trivial. 
Although this is still an issue that is rate determining in all our reconnaissance studies on series of 
new materials, trying to find leads for the design of our target systems, we are recently learning 
how to deal with the experimental challenges. Hence, we think it is safe to conclude that the pro-
ject is on schedule, scientifically. The participants form a strongly interacting team, making good 
progress in all parts of the programme. 
 
2. Added value of the programme 
The clear extra added value of the FOM Focus group is the rich learning environment that is cre-
ated for the (PhD) students and post-docs in the group. Frequent group meetings where FOM 
Focus group members of the different research lines present their research results in lively discus-
sions with many different viewpoints from the various disciplines that are involved. A conse-
quence thereof is that each member has a broader overview of the problem at hand, and realizes 
that a solution to a particular problem in his/her field might create a new problem in a different 
field. Also, because of the strong interaction between the members, and therefore influences of the 
different fields, less conventional pathways are explored. 
 
In addition, this learning environment attracts many (international) master students. The indirect 
profit for the PIs is in the appeal and status of the project on other colleagues, leading to invitations 
to conferences and to involvement in (e.g., Horizon 2020) projects. For example, the theoretical 
chemistry group is now involved in a European ITN network with two projects related to the FOM 
Focus group. 
 
3. Personnel 
The Focus Group management team is complete. One new FOM PhD student (M. Abdu-Aguye; 
OPV physics) and a FOM post-doc (L.Qiu) started in 2014. The present six oio's are all on track 
towards their PhD, with little or no delay. There are at present 8 PhD students active in matching 
projects: T. Krijger; UHV materials characterization (FWN, RuG matching; 2012); D. Zhou, poly-
mer chemistry (Zernike dieptestrategie, RuG matching; 2012); D. Bartesaghi, 2012 (DPI; RuG 
matching, 2012); T. Serkar, computational physics (Shell/FOM; RuG matching, 2013) R. 
Allessandri, modeling/ molecular dynamics (RuG/NWO; RuG matching; 2014); G. Wang, poly-
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mer synthesis, Zernike dieptestrategie; RuG matching; 2014); G. Ye, polymer chemistry (CRC stu-
dent, RuG matching; 2014); S. Adjokaste, OPV physics (RuG/NWO; RuG matching). 
 
We plan to appoint a minimum of three FOM PhD students in 2015, which is in line with the origi-
nal schedule. This keeps the personnel aspect of the whole project on schedule as well. We expect 
to appoint a minimum of two more PhD students (theoretical chemistry (2 EU-ITN projects, RuG 
matching)) in matching projects in 2015. We will open the position of a FOM focus group techni-
cian by the third quarter of 2015. Until now, this position was substituted by a post-doc position 
(L.Qiu). 
 
4. Publications 
- 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, Comp. 
Theor. Chem. 1040, 202-11, 2014. 

- H.D. de Gier, R. Broer, R.W.A. Havenith, Non-innocent side-chains with dipole moments in 
organic solar cells improve charge separation, Phys.Chem.Chem.Phys. 16, 12454-61, 2014. 

- P.T. van Duijnen, H.D. de Gier, R. Broer, R.W.A. Havenith, The behaviour of charge distributions 
in dielectric media, Chem. Phys. Lett. 615, 83-8, 2014. 

- T.P. Voortman, H.D. de Gier, R.W.A. Havenith, R.C. Chiechi, Stabilizing cations in the backbones of 
conjugated polymers, J. Mater. Chem C 2, 3407-15, 2014. 

- F.Jahani, S. Torabi, R.C. Chiechi, L. J. A. Koster, J. C. Hummelen, Fullerene derivatives with 
increased dielectric constants, Chem. Commun. 50, 10645-7, 2014. 

- S. Torabi, F.J.Bahnamiri, I. Van Severen, C. Kanimozhi, S. Patil, R.W.A. Havenith, R.C. Chiechi, 
L. Lutsen, D.J.M. Vanderzande, T.J. Cleij, J.C.Hummelen, L.J.A.Koster, Enhancing the Dielectric 
Constant of Organic Semiconductors Without Sacrificing Charge Carrier Mobility and Solubility 
Adv. Funct. Mater. DOI 10.1002/adfm.201402244, 2014. 

- D. Bartesaghi, M. Turbiez, L.J.A.Koster, Charge transport and recombination in 
PDPP5T:[70]PCBM organic solar cells: The influence of morphology, Org. Elec. 11, 3191-3202 
(2014). 

- M.V. Madsen, ...,D. Bartesaghi, L.J.A. Koster, ..., F.C. Krebs, Worldwide outdoor round robin study 
of organic photovoltaic devices and modules, Sol. Energ. Mat. Sol. Cells 130, 281 (2014). 

- J. Kniepert, I. Lange, N. J. van der Kaap, L.J.A. Koster, D. Neher, A conclusive view on charge 
generation, recombination and extraction in as-prepared and annealed P3HT:PCBM blends: a 
combined experimental-simulation work, Adv. Energy Mater. 4, 1301401 (2014). 

- V. Derenskyi, W. Gomulya, J.M. Salazar Rios, M. Fritsch, N. Fröhlich, S. Jung, S. Allard, 
S.Z. Bisri, P. Gordiichuk, A. Herrmann, U. Scherf, M.A. Loi, Carbon nanotubes network ambi-
polar field effect transistors with 108 on/off ratio, Adv. Mater. 26, 5969 (2014). 

 
5. Valorisation and outreach 
An application for a patent with respect to one of our discoveries is on hold until more definite 
results can be obtained. 
 
Public appearances in 2014 include two appearances at the 'Nacht van de Kunst & Wetenschap', 
Groningen: a 24/7 lecture about the FOM Focus Group project and a public discussion on “Plastic 
solar cells and green gas”, an NWO 'Bessensap' lecture (Utrecht), lectures at high schools 
(Groningen, Almelo), Lion's Club (Hoogeveen) and Rotary Club (Zuidhorn) lectures, a lecture for 
RuG alumni (Groningen). We have been actively involved in brainstorm sessions with local 
governments (Groningen city/province) on solar energy/energy transition/earthquake issues. 
Media appearances in 2014: Elsevier Magazine 13 December; Unifocus item 19 November. 
See Youtube: https://www.youtube.com/watch?v=xr51OVfIvgU  

https://www.youtube.com/watch?v=xr51OVfIvgU
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6. Vacancies 
In principle, we are continuously open for applications by PhD students. We plan to employ a 
minimum of three PhD students in the next 6 months, according to schedule (see also paragraph 
3). 
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Fact sheet as of 1 January 2015 

 FOM - 11.0411/4 
 datum: 01-01-2015 
 
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 con-
verted 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 
challenging 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 
tightly-bound charges. This programme blends the discovery of the underlying physics of charge-
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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€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 1.700 519 326 458 590 458 753 4.804 

FOM-basisinvesteringen 346 20 20 20 - - - 406 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 2.046 539 346 478 590 458 753 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. 
 JM 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 

2014 - 0.3 6.0 - 374 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2011 - - - - 

2012 - 10 30 - 

2013 - 5 31 - 

2014 - 5 23 - 

* After closing the financial year. 
 
 
PhD defences 
2012 
None. 

2013 
None. 

2014 
None. 

 

 
 
Patents (new/changes) 
2013 
None. 

2014 
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 
L. Qui WP/T 01 September 2014 31 August 2016 
M.T. Abdu Aguye PhD 01 September 2014 31 August 2018 
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