


















pNMR Project
Career Development Plan

Name of fellow: Roberta Pigliapochi
        ESR4

pNMR Project Partner's name : Cambridge University

Name of Supervisor: Clare P. Grey

Year 1

Brief overview of research project and major accomplishments expected 

The project aims to develop an overall framework to investigate local structure of 
paramagnetic materials such as lithium-ion batteries. In a battery the chemical energy is 

converted into electrical energy through a system made of an anode, in this case the source of 
lithium ions, an electrolyte, to separate ionic and electronic transport, and a cathode, the sink 
of the lithium ions and of major interest in this project. The flow of ions and electrons 
generated from the reaction Li = Li+ + e- affects and depends on the structural and electrical 

properties of the various components of the circuit, making their characterization of central 
importance. Nuclear Magnetic Resonance (NMR) spectroscopy is a powerful tool for 

analyzing the related changing of the local structure, and first-principle quantum mechanical 
studies supplies a theoretical description of the process. Nonetheless, the paramagnetism of 
the involved systems makes both of the approaches strongly problematic to be interpreted. In 

particular, the presence of spin-orbit coupling affects g- and hyperfine tensors, which both 
contribute to the measured shifts and Shift Anisotropy (SA). It is precisely the spin-orbit 

coupling to be quite demanding to be dealt with computationally, and most of the theoretical 
approaches don't include it within their formalism. The overall aim of the project would be to 
formulate a complete DFT method through which this effect could be taken into account in 
order to reach a better understanding of the NMR experimental data. 

The project would base on a recently presented theoretical formalism by Vaara et al. in 
parallel with a deeper understanding of different computational approaches, functionals and 
packages. The study would start with model paramagnetic LiMPO4 (M=Fe2+, Co2+) cathodes 
first in order to evaluate the approach, and would then move on to hitherto unstudied or 
structurally more complicated systems. Referring to a theoretical bond-pathway 

decomposition of 31P and 6/7Li NMR shifts in LiFePO4 and LiCoPO4  phases, the differences 
found between calculated and experimental 6/7Li chemical shifts are thought to be due to the 
relatively large contribution of the so far neglected spin-orbit effects to the overall Li shift. 
The treatment of this coupling would be now considered and studied through different 
approaches (GFT basis sets and all-electron effective core potentials; PW basis sets and 

pseudopotentials), functionals (hybrid B3LYP, hybrid PBE0, full DFT PBE with the Hubbard 
+U correction) and packages (CRYSTAL09, CASTEP, CP2K, QuantumESPRESSO). The 
obtained results would lead to a better insight on how hyperfine and spin-orbit effects are 
treated quantum-mechanically, and on how influent the presence of transition metals with 
anisotropic magnetic susceptibility is on the chemical shift of the observed site.

In parallel, improvements to solid-state NMR experiments on the same materials would be 
carried on through advanced experimental setups in order to obtain data to compare with the 
computational results.
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Secondments planned  (amend as necessary) :

The first planned secondment at the TU Berlin would focus on the understanding of spin-orbit

coupling and on how it gives rise to g-anisotropy and zero-field splitting. Different theoretical
treatments of it would be studied, in order to analyse the quantum mechanical approach and 
the various implementations. In particular, after having been running hyperfine calculations 
on LiFePO4, LiCoPO4 and LiFexMg(1-x)PO4 with CRYSTAL09 and QuantumESPRESSO 
codes for the first 6 months in Cambridge, the project would carry on broadening the study of 

these cases with the CP2K software, for which the Berlin research group offers high expertise.

The last secondment at Bruker Biospin would occur later on during the 3-year project so that 
more experience regarding possible interesting compounds could have been reached until then
and the study of the computational results could have been broadened. Highly advanced 

experimental approaches would be carried on at Bruker industrial partner, which offers 
specialised equipments to develop combined fast MAS and low temperature aquisitions. 
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Specify which secondment takes place at an industrial partner of the network, and the ER 
involved during this particular secondment.

1. Secondment 1 (M21, 6 months)

1st HALF
Start/end date : 15/06/2014 – 15/09/2014  

2nd HALF
Start/end date : 01/06/2016 – 01/09/2016
  
Location (name of the partner, City, Country) : TUB – Berlin - Germany

2. Secondment 2 (M15, 3 months)

Start/end date : 01/09/2015 – 01/12/2015
Location (name of the partner, City, Country) : BBIO – Karlsruhe – Germany (ER1)

Long-term career objectives (over 5 years):

1. Goals: 
The overall aim would be to describe a framework to allow structural characterization of 

paramagnetic compounds: a complete theoretical approach would be presented, which would 

supply the state of the art solid state pNMR experiments with a detailed analysis of different 
contributions to the observed chemical shifts. 

2. What further research activity or other training is needed to attain these goals?
Conferences and trainings on first-principle quantum mechanical calculations of NMR 

parameters would be useful to achieve a deeper understanding of the computational 
approaches involved in the project. Detailed analysis of the different softwares would also be 
of strong help.

Short-term objectives (1-2 years):

1. Research results 
o Anticipated publications:

One to two publications to high-impact journals are expected, regarding the development of
quantum mechanical models and their implementation.

o Anticipated conference, workshop attendance, courses, and /or seminar presentations:

First year probationary review/CPGS examination at the University of Cambridge (first 
year written report submission + oral dissertation). Posters and oral presentations at 
future pNMR training events as well as at various conferences.

2. Research Skills and techniques:
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Career Developrnent Plan- Year 1

Name of fellow: Witold Andralojc

Department: CERM

Name of Supervisor: Giacomo Parigi

Date: 09.09.2013

BRIEF OVERVIEW OF RESEARCH PROJECT AND MAJOR ACCOMPLISHMENTS EXPECTED (half
page should be sufficient): The principal research project in which I will be involved during
the PhD studies, aims at addressing the problem of structural investigation in multidomain
proteins with inherent mobility, using the Maximum Occurrence analysis approach
developed in CERM. The method allows to partially handle the problem of the reconstruction
of the ensemble of conformations sampled by the protein from averaged experimental data by
looking for the maximum time a given conformation can exist without violating the
experimental data (maximum occurrence) instead of trying to calculate the real probability of
existence ofthat conformation (which is impossible). The next step in the development ofthis
approach will consist of establishing a method of calculating a common value of the
maximum occurrence of all conformations forming a relatively small region of the
conformation space, which would be much more informative that the values of the maximum
occurrence of single conformations. The experimental data for the analysis are NMR
parameters related to the presence of a paramagnetic entity in the studied biomolecule
(residual dipolar couplings, pseudo-contact shifts and paramagnetic relaxation enhancements).
This way the project inscribes itself into a much wider framework of research activity carri ed
out at CERM (often in collaboration with other groups) related to the NMR studies of bio­
systems using paramagnetic restraints; the participation in these other projects will also be a
major activity during my PhD periodo Among them one can mention measuring the
temperature dependence of the NMR shifts of the nuclei closet to the iron sulfur center in a
high-potential iron-sulfur protein (HIPIP), which should provide valuable information about
the electronic structure of this center. A similar project is foreseen for the oxygen evolving
complex of photosystem Il. Other paramagnetic NMR related projects involving my
participation are related one to NMR crystallography (reconstructing the crystal packing of
the protein on the basis of known fold and intermolecular paramagnetic NMR restraints) with
the protein studied being most probably azurin, and another one to the idea of observing DNP
(dynamic nuclear polarization) induced by a paramagnetic metal ion instead of a radical. The
above list of projects is not exhaustive and any other research related to paramagnetic NMR
conducted in CERM is likely to include my participation.

LONG-TERM CAREER OBJECTIVES (over 5 years):

l. Goals: obtaining the PhD degree and a post-doctoral position and then eventually a
permanent position in an academic center.

2. What further research activity or other training is needed to attain these goals?
Following a three years PhD program, involving conducting of research activity and

publishing the results obtained. The secondments and conferences provided by the pNMR



:,...

network should provide an invaluable source of contacts and links helpful in the query for
postdoctoral and then permanent positions.

SHORT-TERM OBJECTIVES (1-2 years):

l. Research results

o Anticipated publications:
Yes - depending on the results obtained in the projects described above.

o Anticipated conference, workshop attendance, courses, and /or seminar
presentations:
Yes - the Marie Curie ITN project pNMR (FP7-PEOPLE-20l 2-ITN, grant no.

317127) of which the described research is an integraI part involves participation in multiple
conferences and workshops covering a wide variety of subjects related to paramagnetic NMR.
Participation in conferences outside the consortium is also possible depending on the research
results obtained.

2. Research Skills and techniques:
o Training in specific new areas, or technical expertise etc:

Acquiring experience in performing NMR experiments and analysing NMR data,
protein sample preparation for NMR (expression, tagging with paramagnetic ions), the use
and development of computational tools for structural determination and the study of
conformational heterogeneity.

3. Research management:
o Fellowship or other funding applications planned (indicate name of award if

known; include fellowships with entire funding periods, grants written/applied
for/received, professional society presentation awards or travel awards, etc.)

While receiving the Marie Curie fellowship no search for other funding is foreseen for
the moment.

4. Communication skills:

The participation in the project will help developing skills in writing scientific papers
and presenting the results of the conducted research on pNMR conferences (and possibly
external ones) as well as gain experience in organizing conferences (in the framework of
pNMR) and managing events at the research institution.

5. Other professional training (course work, teaching activity):
No involvement in teaching in regular courses is foreseen during the PhD program,

although after gaining the required experience instructing less experienced coming students to
the lab is planned.

6. Anticipated networking opportunities
As the PhD project is proposed as part of the Marie Curie ITN consortium pNMR

(FP7-PEOPLE-2012-ITN, grant no. 317127) it involves multiple networking opportunities by
providing secondrnents (short term stays in other laboratories of the consortium; the closest
anticipated secondment is a three months-Iong leave to Leiden University in order to provide
experience in protein tagging) and organizing conferences (with the participation of other
groups from the consortium working in protein NMR, but also theoreticians and
representatives of the industry).



7. Other activities (community, etc) with professional relevance:
The PhD peri od will include numerous opportunities to develop soft skills

(organization of scientific events, writing research projects etc.) as well as perfecting
language capabilities (learning Italian and polishing English in an international environment).

Date & Signature of fellow: Date & Signature of supervisor
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pNMR Project 

Career Development Plan 
 

Name of fellow: Florian Allouche 

 
pNMR Project Partner's name : ETH Zürich 

Name of Supervisor:Christophe Copéret 

  

 

Year 1 

Brief overview of research project and major accomplishments expected  
 

The Ziegler-Natta process is a key process of the petrochemical industry because it 

produces a large part of polyethylene. Yet today, the structure of the catalyst active sites is 

unknown. The development of the catalyst has thus remained empirical and would greatly 

benefit from a molecular understanding of the active sites. Our long term collaboration has 

lead to numerous successes in the past with the characterization of surface sites by NMR, the 

presence of paramagnetic Ti(III) broadens the NMR spectra and leads to unpredictable 

chemical shifts. In collaboration with Dr. Guido Pintacuda (C- RMN, Lyon), Dr. Vladimir 

Malkin (Slovak Academy of Sciences, Bratislava) and Prof. Dr. Martin Kaupp (Technische 

Universitat Berlin), our goal will be to develop molecular approaches to obtain “well-defined” 

Ziegler-Natta catalyst with a detailed characterization through the development of 

paramagnetic NMR spectroscopy, the ultimate goal being the rational design of catalysts with 

predictable surface site signatures.
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Secondments planned(amend as necessary) : 

Specify which secondment takes place at an industrial partner of the network, and the ER 

involved during this particular secondment. 

 

1. Secondment 1 

 

Start/end date :ca. May during the Ph.D(splitted in 3) 

Location (name of the partner, City, Country) : C-RMN Lyon, Lyon, France 

 

2. Secondment 2 

 

Start/end date :Splitted in 3 ; currently under discussion 

Location (name of the partner, City, Country) : Bruker, Wissembourg, France 

 

3. Secondment 3 

 

Start/end date :December 2015 – February 2016 ; the exact timing is under discussion 

Location (name of the partner, City, Country) : Slovak Academy of Sciences, Bratislava, 

Slovakia 

 

 

Long-term career objectives (over 5 years): 
 

1. Goals:After graduating from Ecole Normale Supérieure de Lyon, one of the top schools 

in France, with a major in inorganic and organometallic chemistry, my goal during my 

Ph.D is to learn and carry out research, to become autonomous and to develop a 

critical analytical thinking. My ultime goal is to become to lead a research group in an 

academic institution. 

 

2. What further research activity or other training is needed to attain these goals? 

 

After completion of my Ph.D and with the goal to enter academia, my plan is to 

continue in research with a postdoctoral position to explore other fields and to broaden 

my expertise,. 

 

 

Short-term objectives (1-2 years): 
 

1. Research results  

 

The main idea is to try to develop model catalysts towards ethylene/propylene 

polymerization with well-defined active sites, and to use this orthogonal approach to 

try to further understand the active sites structure of the Ziegler-Natta catalysts widely 

used in industry. Throughout this project pNMR will be essential to understand the 

specific signatures of surface (active) sites in view to develop the catalyst via a 

rational approach. 
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o Anticipated publications:Publishing in high impact chemistry journalssuch as 

Angewandte Chemie, JACS ; as well as more journals such as Inorg. Chem., ACS 

Catalysis, J. Catal… 

 

 

o Anticipated conference, workshop attendance, courses, and /or seminar 

presentations: particularly interested into attending workshops about solid-state NMR of 

paramagnetic materials § inorganic materials and about computational chemistry 

(electronic and nuclear relaxation, structure calculation, pNMR parameters 

calculations…) 

 

 

2. Research Skills and techniques: 

 

o Training in specific new areas, or technical expertise etc:the art of synthesis; 

Inorganic synthesis of highly reactive compounds under inert atmosphere 

(Schlenk/Glovebox/High vacuum line techniques); Characterization: NMR of both 

diamagnetic and paramagnetic compounds (liquid and solid state) UV-Vis, FTIR 

spectroscopies, XRD, PXRD;Characterization of polymers and computational 

chemistry. 

 

 

3. Research management:A monthly individual meeting takes place in order to set up 

goals and discuss results with Prof. Dr. Christophe Copéret. Furthermore, a group 

meeting -composed of two literature talks and two research talks - is planned every 

week so that we are updated about everyone’s progress. Finally, there is 

yearly“review” meeting each year to highlight the came-across problems and establish 

new strategies towards the research goal. 

 

 

 

4. Communication skills: 

Presentation skills will be developed through poster presentation, oral communication 

as well as during the group meeting, where group members need to present his results 

and novel outcome from the literature (see above research management). 

In addition, yearly research reports and manuscript will be written and corrected by the 

PhD advisor. Currently, a manuscriptderived from the work carried out during the 

master thesis is currently being written. 

 

5. Other professional training (course work, teaching activity): 

With the aim of becoming professor in a close future, I plan to teach laboratory 

courses as an assistant to strengthen my teaching skills. 

 

 

6. Anticipated networking opportunities :  

Collaboration with Jeschke’s group (ETH Zürich) concerning EPR measurements. 

Collaboration with Guido Pintacuda (C-RMN in Lyon) and Bruker in Wissembourg  

concerning NMR and pNMR measurements. 

Collaboration with Malkin and Kaup’s group concerning theoretical calculations. 
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