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1. Explanation of the work carried out by the beneficiaries and Overview of the progress  

Recent project focused on the synthesis of new conductive organic polymers (COPs), which 

are one of the most important component of the modern organic light emitting diodes (OLEDs). 

The main goal was to prepare COPs with tuneable properties, which could be achieved with the 

application of tuneable doping agents. Cobaltabisdicarbollide [Co(C2B9H11)2]
-, [COSAN]- 

anion is an excellent platform, since their redox potential can be tuned by halogen substitutions 

as reported previously in the host group. This MSCA-IF-2016 project focused on two kind of 

COP materials, namely the polyethylene dioxythiophene (PEDOT) (Work Package 1) and 

poli(p-phenylene vinylene) (PPV) (Work Package 2).  

 

1.1 Objectives 

The work packages involve theoretical investigations, synthesis, characterization and 

investigation of possible application of the new materials. 

Work Package 1: Investigating and tuning the photoluminescence and conductive 

properties of PEDOT via the redox potential of the different boron cluster containing doping 

agents 

Work Package 2: Investigating and tuning the photoluminescence and conductive 

properties of PPV via the amount of the different boron cluster containing doping agents 

 

1.2 Explanation of the work carried per WP 

1.2.1 Work Package 1: Investigating and tuning the photoluminescence and conductive 

properties of PEDOT via the redox potential of the different boron cluster containing doping 

agents 

 

The main objective of the first work package of the project (WP-1) was the investigation of 

the tuneability of conductive and the optical properties of PEDOT (polyethylene 

dioxythiophene) via the redox potential of the different anionic boron cluster containing doping 

agents. First, theoretical calculations (DFT) were carried out to estimate the redoxpotential of 

the different doping anions. Estimating the proper experimentally measured redoxpotential by 

DFT methods pose a serious challenge, however the energy level of the frontier orbitals can 

deliver some information about the redox behavior of these compounds. A few calculations 

were already published, but small basis sets were used, moreover different methods and basis 

sets were applied, which makes the comparison even more difficult. Thus these calculations 

were repeated at the same level of theory (B3LYP/6-311+G**). According to this theoretical 

dara, the halogen substitution decrease the energy level both the HOMO and the LUMO, which 

was in good agreement with the earlier calculations. According these calculations, the non-

halogenated parent compound is the easiest to oxidize, which has the more positive HOMO 

energy. The halogen substitution stabilized the LUMO as well, thus the halogenated species are 

easier to reduce. These data were in good agreement with the experimentally observed E1/2 

values and these data show the redox potential of the doping anion is tuneable by halogen 
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substitution as previously experimentally reported in the host group. Parallel with the 

theoretical calculations several halogenated cobaltabisdicarbollide [Co(C2B9HnX11-n)2]
-, 

[COSAN]- derivatives were synthesized. The purity of the compounds was checked by 

analytical methods (e.g. NMR, MS, etc.). As it can be expected the properties (morphology, 

conductive properties, etc.) of the PEDOT polymer can be tuned with the different doping 

anions, but unfortunately the photophysical properties not. In all investigated cases the 

polymers were black. In case of the parent [Co(C2B9H11)2]
- system we have investigated the 

role of the counter ion (H+, Li+, Na+, K+, Cs+) and its influence on the stoichiometry and physical 

chemical properties of resulting PEDOT polymer.  Although, the [Co(C2B9H11)2]
-  anion can be 

considered as a non-coordinating anion, it binds to the accompanying cations with a distinct 

strength. This negatively charged unit interacts with the solvated cations distinctly. If the 

interaction is strong they form a relatively stable ion pair whereas if it is weak, the ions are free 

to move. If the interaction is weak the more prone is the doping anion charge to compensate the 

positive charge of the polymer, the opposite is also true. Thus its ability to compensate the 

polymer positive charges is tuned. Indeed, the application of different cations result in different 

polymers with different properties (electrochemical response, electronic conductivity, ionic 

conductivity and capacitance). The different cations can be classified into two class. In case of 

the Cs+ and H+   the ratio EDOT:[Co(C2B9H11)2]
- is around 2:1 while in case of  Li+, Na+, K+ the 

ratio is around 3:1. These results indicate that, for the [COSAN]- Cs+ and H+ salt the interaction 

with the doping anion is stronger, which was supported by DFT calculations as well. (I. Fuentes, 

M. J. Mostazo-López, Z. Kelemen, V. Compañ, A.Andrio, E. Morallón, D. Cazorla-Amorós, 

C. Viñas, F. Teixidor Chem. Eur. J. DOI: dx.doi.org/10.1002/chem.201902708, back cover of the 

issue, publication cost was payed from the project) 

 

1.2.2 Work package 2: Investigating and tuning the photoluminescence and conductive 

properties of PPV via the amount of the different boron cluster containing doping agents 

 

The second work package aimed the synthesis of self-doped poli(p-phenylene vinylene) (PPV). 

In this work package, we had faced several synthetic problems. First we planned to link the 

monomer unit to the [Co(C2B9H11)2]
- through its boron atom at the 8 position via a -(CH2)2-O-

(CH2) 2-O- linker (starting from COSAN-dioxanate). The last step in the synthesis of 

functionalized synthon is a bromomethylation, which requires strong acidic media (glacial 

acetic acid, HBr). Under this condition, the B-O bond cleaved in the  -CH2-O-B(cluster) branch 

of the COSAN derivative unit. Furthermore, the other B-H vertices are brominated and 

probably bromomethylated as well according the results of the mass spectra. To solve the B-O 

bond cleavage other alternative route was designed. The linker was planned to bounded to the 

[Co(C2B9H11)2]
- unit through a -(CH2)4- linker (B-C bond), but in this case the cluster 

brominated as well, and the different products are not isolable. As a final attempt, the monomer 

unit was bound to the carbon atoms of the cluster (C-C(cluster) bond), but similar problems, 

due to the presence of different different brominated products occurred. 
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1.2.3 Work package 3 Other results which were triggered by the preliminary DFT studies of 

Work Package 1 

The original proposal did not contain this work package, but the preliminary DFT calculations 

helped to understand of the properties of some related systems, which were investigated in the 

research group. Investigating the Kohn-Sahm orbitals of the [COSAN]-  anion and the results 

of the time-dependent DFT calculations it can be established that ligand to metal charge transfer 

transition occurres, which help to understand some unique behavior of [COSAN]- anion. 

(submitted manuscript: I. Guerrero, Z. Kelemen, C. Viñas, M. Romero,  F. Teixidor ).  

The preliminary time-dependent DFT studies were extended to m-carborane and o-carborane 

containing systems. In the case of meta isomer calculations revealed that the aggregate state 

emission behavior of these novel systems strongly depends on the structure. Small changes in 

their structures have caused variations in the photophysical properties, especially in the 

quantum efficiency. These results were published (M. Chaari, Z. Kelemen, J. G. Planas, F. 

Teixidor, D. Choquesillo-Lazarte, A. B. Salah, C. Viñas, R. Núñez, J. Mat. Chem. C 2018, 6, 

11336-11347).  

In case of iodo-substituted o-carborane derivatives it was demonstrated that, the reactivity of 

B-I vertices are different in the tetraiodinated-o-carborane. As the calculations suggested the 

tetraarylation of o-carborane will be completed only at higher temperature. The newly 

synthetized compounds were fully characterized by NMR, IR, LDI-MS and EA, moreover their 

structure were confirmed by single-crystal X-ray diffraction (publication was selected for 

inside back cover: Z. Kelemen, A Pepiol, M Lupu, R Sillanpää, M Hänninen, F. Teixidor, C. 

Viñas, Chem. Comm. 2019, 55, 8927-8930, publication cost was payed from the project).  

 

1.3 Impact 

Scientific  

The results contributed significantly to the technology of the new COP materials. We have 

highlighted the importance and the role of the accompanying cations on the properties 

(morphology, conductivity, etc.) of the PEDOT materials, which were not emphasized earlier. 

The properties can be further tuned by changing the redox properties of the anions. The 

investigation of the photophysical properties and the reactivity of different carborane containing 

systems expand the possible application of these unique cluster compounds. It should be 

highlighted that the experienced researcher submitted several research grants to start his 

independent carrier in his home country after the MSCA-IF grant and he has been awarded with 

the Prémium Fellowship supported by the Hungarian Academy of Science. (Project of Prémium 

fellowship starts right after the current MSCA-IF). Certainly the researcher would not have 

been able to get such a prestigious grant without the acquired experiences in the current host 

group and the support of the MSCA. 

Training 
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The experienced researcher got familiar not only with the synthesis of conductive polymers, 

but with the state-of-art analytical methods (e.g. XPS, SEM, MALDI-TOF, MS) as well. During 

the 2 years stay he learnt about the chemistry of carboranes and related compounds. The new 

field of chemistry improved the researcher’s scientific written skills as well.  

 

Soft skill trainings: Attending several international conferences and giving 5 oral presentations 

improved the presentations skills. The researcher participated at two MSCA meeting (Toulouse 

(2018) and Vienna (2019)), where he could get more insight how the MSCA works. He also 

joint to the Marie Curie Alumni Association. The continuous communication (group meetings, 

personal meetings with the hosts, everyday communication with the other researchers) within 

the research group improved significantly the communication and language skills of the 

researcher.  

Scientific management of the project 

The scientific management was done both by the experienced researcher (Zsolt Kelemen) and 

the host (Clara Vinas). The decisions were made together, which helped to improve the 

management skills of the experienced researcher. 

Knowledge transfer (two way transfer of knowledge between the researcher and the host) 

 

The research group of the supervisor was an excellent platform to extend the knowledge and 

skills of the experienced researcher. He learnt on the chemistry of the carboranes and related 

materials. His analytical skills improved. On the other hand, the synthetic experiments of the 

experienced researcher on different fields of chemistry was beneficial during the synthetic 

work, furthermore his knowledge in designing new molecules and understanding the reactivity 

of the investigated system with the help of computational chemistry was extremely useful 

during the research project. The research group benefited the knowledge of theoretical 

calculations of the experienced researcher.  

Dissemination  

Scientific dissemination at conferences (oral presentations) 

- 6-8 of June, 2018 Budapest, Hungary, Symposium on Heterocyclic and Organoelement 

Chemistry (title: Dense antipodal binding site polysubstitution of o-carborane – opening new 

possibilities for spherical close packing, fluorescence and new polymer materials) 

-10-12 of December, 2018 Barcelona, Spain, International Conference On Phosphorus, Boron 

and Silicon (title: Dense antipodal binding site polysubstitution of o-carborane – opening new 

possibilities for spherical close packing, fluorescence and new polymer materials) 

-4-6 of June, 2019   Budapest, Hungary,  Symposium on Heterocyclic and Organoelement 

Chemistry title: Cluster compounds - from the cold war secrets to the research of nowadays 

-23-27 of June, 2019 Montpellier, France, Euroboron conference (title: Dense Antipodal 

Binding Site Polysubstitution to Ease Spherical Ligands Close Packing)  
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Final dissemination: 

-22-29 September 2019 Niigata, Japan 20th International Symposium on Boron, Borides and 

Related Materials (title:Dense Antipodal Binding Site Polysubstitution to Ease Spherical 

Ligands Close Packing) 

Published paper: 

1. M. Chaari, Z. Kelemen, J. G. Planas, F. Teixidor, D. Choquesillo-Lazarte, A. B. Salah, C. 

Viñas, R. Núñez, J. Mat. Chem. C 2018, 6, 11336-11347 DOI:10.1039/C8TC03741H  

Green open access: after one year embargo the pre-reviewed version will be accessible from the 

webpage of the group 

2. Z. Kelemen, A Pepiol, M Lupu, R Sillanpää, M Hänninen, F. Teixidor, C. Viñas  Chem. 

Comm. 2019, 55, 8927-8930 DOI:10.1039/C9CC04526K  (Back cover of the issue) 

Gold open acces: due to national agreements  

3. Fuentes, M. J. Mostazo-López, Z. Kelemen, V. Compañ, A.Andrio, E. Morallón, D. Cazorla-

Amorós, C. Viñas, F. Teixidor Chem. Eur. J. DOI: dx.doi.org/10.1002/chem.201902708 

Green open access: after one year embargo the pre-reviewed version will be accessible from the 

webpage of the group 

4. M. Chaari, Z. Kelemen, D. Choquesillo-Lazarte, N. Gaztelumendi, C. Nogués, F. Teixidor, 

C. Viñas, R. Núñez Biomater. Sci., 2019, 7, 5324-5337 DOI: 10.1039/C9BM00903E 

Green open access: after one year embargo the pre-reviewed version will be accessible from the 

webpage of the group 

Submitted papers (The forthcoming peer-reviewed publications will also comply with the 

open access obligation):  

I. Guerrero, Z. Kelemen, C. Viñas, I. G. Romero, F. Teixidor  

1.4. Access provisions to Research Infrastructures  

If access to research infrastructures has been provided under the grant please include access 

provision activities. 

The experienced researcher has accesses many research infrastructures such as NMR, UV-vis, 

ATR-IR, SEM, TEM, SFM, STM, X-ray, TGA, DSC, ITC 

The costs of the accesses to these infrastructures were covered from the grant. 

2. Update of the plan for exploitation and dissemination of result (if applicable) 

No update is needed. 
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3. Update of the data management plan (if applicable) 

No update is needed. 

4. Follow-up of recommendations and comments from previous review(s) (if applicable) 

Not applicable. 

5. Deviations from Annex 1 and Annex 2 (if applicable) 

Work package 3 was added.  

Reason: The original proposal did not contain this work package, but the preliminary DFT 

calculations helped to understand of the properties of some related systems, which were 

currently investigated in the host group. The addition of these extra work package did not 

interfere with Work package 1 and Work package 2 

5.1 Tasks 

Include explanations for tasks not fully implemented, critical objectives not fully achieved 

and/or not being on schedule. Explain also the impact on other tasks on the available resources 

and the planning. 

The research project was divided into two main topic (tuning the properties PPV and PEDOT materials, 

WP-1 and WP-2), thus the whole project had much lower risk, than if we had chosen only one direction. 

It was a very good decision since in case of WP-2 several unforeseen synthetic problems appeared as it 

was mentioned at 1.2.2. WP-1 was totally successful, the proposed results were achieved and published 

(one paper accepted and invited as a cover of Chem. Eur. J and one is under preparation). Two more 

articles dealing with Chem. Comm. are under preparation. 

 

 

 

  


