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1. Introduction 
Each Early State Researcher (ESR) within CATCHY is required to complete a Personal Career and Devel‐
opment Plan (PCDP) within the first few months of the starting date of his/her contract. In this PCDP, 
project milestones, personal development ambitions and outreach activities are formulated that will 
act as a guidance in planning the ESR’s individual tasks in the Catchy project.  

Each ESR completes the PDCP together with his/her direct supervisor (typically the PI at his/her re‐
search institution), in agreement with the advisors involved in secondments and, if necessary, his/her 
academic supervisor. All PCDPs are also submitted to the Training Lead (TL), Joost Bakker, who gives 
feedback aimed at sharpening the goals and actions, as well as at synchronizing individual ESR mile‐
stones with overall Catchy Deliverables and Milestones. Each ESR’s PCDP will be updated annually; this 
deliverable only contains the initial version. 

To harmonize the PCDPs, they are preformatted in a template document. As the PCDP contains both 
research milestones that align with the network goals and personal training goals, we opted to protect 
each ESR’s personal information, and have removed the personal goals for submission in this deliver‐
able. The template document is included to inspect the nature of the topics addressed in the removed 
sections. 

This deliverable has been assembled late September 2021, or Month 11 of the project. Its due date of 
Month 7 was not  reached due  to complications  in  the hiring process. At  this point  in  time, all ESR 
positions have been filled, but four of them have not started their contract, and two have only very 
recently started, preventing them from finalizing their PCDP for this initial version of the Deliverable. 
The deliverable will be update early December 2021, one month after the start of the last ESR. 

After the template document, all individual PCDPs are attached as facsimile of the submitted PDF 

documents after this page; when no PCDP is available yet, a placeholder page including ESR name 

and project description is included. 

1.1 Updated deliverable 
The last ESR was contracted on January 1, 2022. By March 1, 2022 all ESRs have completed their 

PCPDs. These are now included in the final submission of Deliverable D.8.5. 
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2. Template PDCP 
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Networking

Please describe what type of networking
activities you will do, the type of network
you wish to join/create and how they will
contribute to your current and/or future
research/career.
Networking: promoting yourself to achieve
your long term personal and career
objectives (e.g. participation to
conferences, mentorship, �)

Other professional training Involvement in teaching, supervision or mentoring
Please describe what other training you
wish to obtain and how they will contribute
to your current and/or future
research/career.
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PCDP Guideline
Your Personal Career Development Plan (PCDP) describes all the aspects that are relevant to your
personal and career development in the course of your fellowship within the CATCHY Training
Network. You will prepare this PCDP with your supervisor at the start of your fellowship � a sort of
blueprint of your training with objectives and the means and resources to reach those objectives. You
will review your progress against the PCDP once a year and assess your achievements and where your
path has been adjusted or require adjustment.

In this short introduction, we will guide you towards preparing your PCDP.

Step 1: Reflect on your long term goals and how you plan on achieving those within this fellowship.

 Where do you see yourself in 5 years? In 10 years?
 What do you require to reach that objectives?
 How can this fellowship get you there?

Step 2: Translate this reflection into action.

 What should be the focus of your research activities?
 What additional topical training do you need? Where can you access this training most
efficiently?

 What other experiences are most relevant? (Participation in conferences, secondments, �)
 What additional skills would be beneficial to your profile?

Step 3: Write it down in the PCDP.

Here is a description of the PCDP template section per section:

 ESR / Supervisor: Fill in your personal information details and that of your (co )supervisor(s)
 Project breakdown: Determine how much time you will dedicate to each of your Research,
Training, Secondment, and Outreach activities

o Fill in the information about your project (title, WP)
o Formulate the milestones through which you will evaluate your own progress. Those

may include but are not limited to the �project milestones� from the Grant Agreement
Annex 1. Consider research related milestones (e.g. performing a specific experiment,
reaching a specific precision on an output, �) as well as practical milestones (e.g. 9
month doctoral evaluation, participation in an international conference, defending
your thesis, �)

o Put a timeline on those milestones. It gives you a goal to strive for. It also helps with
your own time management and to assess progress.

 Secondments: These are already planned and documented in the Annex 1 of the Grant
Agreement (Tables 3.1.4, p144ff). All ESRs are expected to be aware of the GA, so consult it,
either from the CATCHY Website or from your supervisor.

o Fill in the general information about the secondment � you may remove unnecessary
lines or add more depending on your own training program

o Suggest some milestones and timeline. Note that the detailed content may only be
available at a later stage
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 Training and development plan: Describe here the specific training that youwill follow outside
of the main CATCHY training events to increase your knowledge and your employability. For
each aspect, please consider the following:

o Objectives: what do you aim to realize with this training?
o Action: what action will you take to reach your objectives? (e.g. following a course,

participation in an event, �)
o Milestone: how will you evaluate whether you are reaching your goal? (e.g. certificate

of attendance, publication, nomination, �)
o Timeline: when do you aim to reach that milestone?
 Language, writing & communication: anything related to sharing information or simply

learning a foreign language for your daily activities (e.g. local language course like
Dutch in Leuven/Nijmegen or German in Ulm, academic writing, presentation skills, �)

 Outreach plan: Outreach is built into the CATCHY Training Network and as such is part of your
PCDP as well. Each ESR will participate in several Outreach Activities (OAs) listed in OAs listed
in Table 2.1 of the Grant Agreement (p139). Because each ESR has a different character he/she
should be able to approach outreach in the way that corresponds to him/her. In this section,
you outline how you aim to contribute with outreach yourself, in terms of:

o Format: what sort of outreach you aim for (e.g. Marie Curie Sklodowska
Ambassadorships, high school lectures, guiding facility visits, maintenance of the
CATCHY website, social media channels, blogging, vlogging, wikis, �)

o Target audience: type of audience (e.g. children, general public, policy makers, �) and
size of audience (from a few at a time on a very personal way up to millions at once)

o Frequency: outreach activities can be event based, recurrent with a specific basis (e.g.
once a week/month), or intense over a short period of time

Clarify for each activity the link with the OAs listed in Table 2.1 of the GA.
 Store your PCDP: Sign the PCDP, and send copies to your Personnel department for
safekeeping, as well as to the Catchy Training Coordinator, Joost Bakker (joost.bakker@ru.nl)

Step 4: Annual review

Once a year, you should review your progress against your PCDP to monitor achievements and
deviations from your plans. Life evolves, you evolve, and so should your PCDP. The annual review form
follows the same sections as the original PCDP and lets you assess the achievements and progress
towards your different goals in your research, your secondments, your trainings, and your outreach
activities.
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3. Individual PCDPs  
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Preparation and submission of the First EXAFS beamtime proposal at SLS 
synchrotrons 

 
9-month oral presentation (requirement Arenberg Doctoral School) 

 
Testing catalytic activity of bimetallic clusters  
 
 
27th North American Catalysis Society Meeting (D7.7) on condition that there 
are results to present  

 
Secondment to PSI 

 
Completion of first manuscript on CO2 hydrogenation to methanol 

 
EXAFS measurement of the clusters on flat supports and powders/Training in 
data analysis  

 
Mid-term doctoral report (requirement Arenberg Doctoral School) 

 
Secondment to TCL 

 
15th European Congress on Catalysis in Czech Republic (D7.7)  if not colliding 
with the ISSPIC conference in Berlin 

 
Completion of Second Manuscript 

 
Secondment to DTU. Remark: delayed with respect to original plan, because 
ESR11 (DTU) starts late and in view of the planned short visit at DTU in 
02/2022 

 
Cluster based bimetallic catalyst testing in flow and micro-reactors (D5.1) 

 
 
Completion of third manuscript (D7.9) 

36-month presentation (requirement Arenberg Doctoral School) 
 

Participation in 18th International Congress on Catalysis in France (D7.7) 
 
Thesis Defense (D6.9) 

 

03/2022 
 
 
05/2022 
 
02-07/2022 
 
 
05/2022 
 
 
11-12/2022 
 

11-12/2022 
 
11-12/2022 
 
 
05/2023 
 
05-06/2023 
 
09/2023 
 
 
12/2023 
 

05-06/2024 
 
 
 
06-06/2024 
 

 
06/2024 
 
07/2024 
 
07/2024 
 
12/2024 
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Management & Funding 





 

Networking 

Other professional training Involvement in teaching, supervision or mentoring 
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Calculations on the stability of CO2 and H2 
adducts 
Decision on the continuation if adducts are 
stable. Choice of the best cluster size. 

10/2021‐06/2022 

Calculations on extended clusters, introduc‐
ing oxygen and more Zn atoms.  
Calculation of the reduction reaction barri‐
ers on all clusters. 

01‐06/2022 

Decision, whether Cu/Zn clusters are per‐
spective, or other metals should also be in‐
corporated and modify plan accordingly. 

01‐06/2022 

Write first paper.  01‐06/2022 

Write report Theoretical characterization of 
post‐transition metal clusters TC (D.3.2). 

05/2022 

Report submission.  05/2022 

First publication submission.  05‐06/2022 

Write report Modelling TC reaction path 
(D.3.4). 

07‐08/2022 

Report submission.  08/2022 

Milestone 2  Cu/ZnO/support simulations 

Choose and study support.  07‐08/2022 

Study Cu/ZnO (or other system, as stated in 
Milestone 1) on support (based on the pre‐
vious studies and cluster selection). 

07‐08/2022 

Perform calculations introducing the cluster 
and ZnO on the support. 

09/2022‐08/2023 

Calculation of the reduction reaction barri‐
ers for CO2 and H2 and decide on the contin‐
uation based on this.  

09/2022‐08/2023 

Reaction path to C1 products  09/2022‐08/2023 

Compare and reconsider according to ex‐
periments and literature 

03‐08/2023 

Write second paper  01‐08/2023 

Second publication submission  08/2023 

Milestone 3  Complex exam at the George Oláh PhD 
School  

08/2023 

Milestone 4  C2‐systems based on bimetallic clusters 

Study Cu/ZnO(or different bimetallic sys‐
tem) on support to obtain C2 products 

07‐10/2023 

Perform calculations to obtain C2 products  07/2023‐04/2024 

Reaction path to C2  09/2023‐04/2024 

Compare and reconsider according to ex‐
periments and literature 

09/2023‐04/2024 

Write third paper  01‐06/2024 

Third publication submission  06/2024 

Milestone 5  Write dissertation  09/2023‐08/2024 
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Other professional training Involvement in teaching, supervision, or mentoring 
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Networking 

Other professional training Involvement in teaching, supervision or mentoring 
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Language, Writing & Communication 

Management & Funding 

Networking 

Other professional training Involvement in teaching, supervision, or mentoring 
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relevant 
research 
methodologies, 
data capture, 
statistics, 
analytical 
skills. 

• Original, 
independent 
and critical 
thinking. 

• Critical 
analysis and 
evaluation of 
one’s findings 
and those of 
others  

• Acquisition of 
new expertise 
in areas and 
techniques 
related to the 
researcher’s 
field and 
adequate 
understanding 
their 
appropriate 
application 

• Foresight and 
technology 
transfer, grasp 
of ethics and 
appreciation of 
IPPR. 

Language, Writing & Communication 
What skills do you 
wish to improve? 
How they will 
contribute to your 
current/future 
career. 
Examples: 
• Oral/written 

presentation 
skills 

• Contribute to 
promote public 
understanding 
of one’s own 
field 
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Management & Funding 

Networking 

Other professional training Involvement in teaching, supervision or mentoring 
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1.3 Deliverable A review manuscript
Review on Copper based Catalyst Gas Diffusion Electrodes for CO2

Electroreduction

2 Catalyst Development
2.1 Synthesis of Cu2 xSe nanowires
With multiple oxidation states, the unsaturated Cu atoms on
edge/surface of
Cu2 xSe phase favor more exposed active sites. Cu2 xSe nanowires (NWs)
are by water evaporation induced self assembly method. This can be
achieved by evaporating Cu(NO3)2 and alkaline selenium aqueous
solution. Thin Cu2 xSe nanowires with a diameter of 5 � 8 nm are fixed
together in the form of bundles, with a uniform diameter of 300 nm and
a length of hundreds of microns.
2.2 Cluster deposition
A series of different metal clusters (e.g. Pb, Pd, Ni, Ti, Zn) will be
deposited on Cu2 xSe nanowires by Cluster Beam Deposition (CBD). The
best catalyst for methanol production can be obtained by optimizing
nanowires with different layers of metal clusters. In addition, the
synergistic effect of different clusters and Cu2 xSe nanowires on product
selectivity will be studied.
2.3 Catalyst Characterization
A series of ex situ and in situ characterization will be used to study these
processes. The goal is to derive a structure activity relationship in order
to improve the synthesized catalysts.

3 Performance Optimization in H cell
3.1 Parameters of H cell
The electrochemical experiments will be carried out in a typical H cell
with three electrodes configuration, which consist of a working
electrode (metal cluster/Cu2 xSe nanowires), a counter electrode (Ni
foam/IrO2, Pt or carbon rod), and a reference electrode (Ag/AgCl
(saturated KCl solution)). Not only aqueous solution of KHCO3, but also
ionic liquid (1 butyl 3 methylimidazolium tetrafluoroborate
([Bmim]BF4)) will be utilized as electrolytes.
3.2 Optimization and application
Repeatedly optimize the catalyst, especially the number of layers and
alloy type of cluster deposition. The ratio of Cu to Se will also be
optimized to seek the highest methanol selectivity.

4 Electrode Engineering: Development of Gas Diffusion Electrode (GDE)
Since the transport of reactants and reaction environment play an
important role, the efficiency of ECR depends not only on the active
catalyst, but also on the overall structure and composition of GDE. The
gas diffusion electrode (GDE) is composed of a gas diffusion layer (GDL)
with a catalyst layer (CL) on the surface of the gas diffusion layer.
Numerous studies have endeavoured to identify the subtle links
between different GDE design parameters. The CO2R reaction rate
depends on the thickness and hydrophobicity of the macroporous layer,
which predetermines the CO2 mass transfer resistance in GDE.
4.1 Preparation of GDEs and development of flow cell

(Deliverable D7.6)
<9/2021 6/2022>

WP#1
<8/2021 9/2021>

WP#1
(Deliverable D1.1)
<9/2021 11/2021>

WP#2
(Deliverable D2.2)
<9/2021 10/2023>

WP#5
(Deliverable D5.2)
<9/2021 10/2022>

<9/2021 9/2023>

WP#5
(Deliverable D5.3)
<9/2021 12/2023>

<9/2021 12/2023>
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10 mg Cu2 xSe prepared and 1 mg carbon black (Vulcan XC 72) will be
suspended in the solution with 3 acetone and Nafion via ultrasound. The
GDE will be assembled and placed in the flow cell.
If necessary, the thickness of gas diffusion layer (hydrophobic layer and
macroporous layer) and catalyst layer will be optimized.
4.2 Explore the possibility of large scale production
A model gas diffusion electrode based on the highest performance
system will be taken forward into prototyping. Try to approach industrial
upgrading and standardization by identifying standards and key aspects.
The production amplification of optimized clusters (in terms of size and
composition) deposited on electrodes using multiple magnetron source
cluster deposition technology will be studied. The capabilities for CO2

electroreduction in realistic operative conditions in lab scale microflow
cells up to electrode sizes of 10 cm² will be investigated. A prototype
electrode for CO2 electrochemical conversion towards methanol and/or
ethylene will be produced.
4.3 Specific goals
For electrochemical reduction of CO2 to methanol
High Current Densities (target value 100 mA cm 2)
High faradaic efficiencies (target value 40%)
High long term stability (target vaule 24 h)
For electrochemical reduction of CO2 to ethylene
High Current Densities (target value 150 mA cm 2)
High faradaic efficiencies (target value 65%)
High long term stability (target vaule 24 h)
General Goals:
In addition to the engineering of the electrodes and reactor, I will
optimize the reaction systems, including the optimization of various
parameters of flow cell and the preparation of catalyst. My aim is to
understand the reasons for the good performance of catalyst (current
density, selectivity, stability, overpotential, etc.) from the scientific level,
for example in molecular design and spatial configuration of catalyst. A
series of ex situ and in situ characterization will be used to study these
processes.

5 Techno Economic Evaluation
If the Faraday efficiency and current density of cluster modified Cu2 xSe
nanowires in small scale electrochemical CO2 reduction experiments
have reached the commercial standard. The cost of catalyst and the
consumption of supporting facilities also the price of products
(methanol and ethylene) under enlarged conditions will be calculated to
explore the possibility of industrialization. Under the right
circumstances, pilot experiments will be carried out using VITO's large
scale reactor.

6 Paper publication
After obtaining all the optimization data. Firstly, the change of catalytic
performance under different parameters will be described. With the
enhancement of characterization, the relationship between molecular

<10/2023 6/2024>

WP#5
(Deliverable D7.9)
<11/2022>

WP#5
<3/2024>

WP#5
<6/2021 3/2024>

WP#7
<3/2024 6/2024>

WP#5
(Deliverable D7.9)
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structure, space structure and performance will be gradually
constructed. Finally, summarize and submit the paper.
Highly Efficient Electroreduction of CO2 to Methanol on Palladium
modified Cu2 xSe Nanowires
Highly Efficient Electroreduction of CO2 to Methanol on Palladium
Copper Bimetallic modified Cu2 xSe Nanowires
Highly Efficient Electroreduction of CO2 to Ethylene on Palladium Copper
Bimetallic modified Copper foil

7 Schools and Conference
Catchy Kick off Training, September 2021, Leuven
School on Electronic structure material design innovation, Budapest,
Hungary, April 2022
School on Surface Catalysis, Denmark, August 2022
CATCHY@ISSPIC21 (International meeting on the use of clusters in
catalysis), Berlin, 2022
School in Operando characterization with X ray and Electron Beams,
Villigen, Switzerland, June 2023

8 Thesis defense
First oral presentation
Teacher assistant training
Midterm report
Second oral presentation
Submit doctoral diary
Public defence
Submit PhD manuscript

Experimental toolbox
Some of the techniques proposed for the experimental part of the
project are as follows:
Potentiostat
Open circuit potential (OCP): Measure the potential that exists in the
open circuit in order to select the appropriate electrochemical window.
Cyclic Voltammetry: Through cyclic voltammetry to understand the
oxidation reduction potential of the catalyst itself and the potential of
the CO2 reduction reaction to calculate the reaction overpotential.
It curves (Current time curves): Faraday reaction for CO2 reduction at
different potentials.
Impedance spectroscopy (EIS): Electrochemical impedance spectroscopy
(EIS) is used to compare the difficulty of the electron transfer process at
the interface of different catalyst electrodes.
Electrochemical active surface areas (ECSA): The ECSA values of all
electrodes will be evaluated by cyclic voltammetry (CV) using the ferri
/ferrocyanide redox couple ([Fe(CN)6]3 /4 ) as a probe. The CV curves will
be obtained in a N2 saturated 5 mM K4Fe(CN)6/0.1 M KCl solution
including a counter anode (platinum gauze), and a reference electrode
(Ag/AgCl with saturated KCl).

(Deliverable D6.1)
<9/2021>
(Deliverable D6.3)
<4/2022>
(Deliverable D6.2)
<8/2022>
(Deliverable D6.5)
<2022>
(Deliverable D6.4)
<6/2023>

(Deliverable D6.9)
<3/2022>
<6/2022>
<12/2022>
<6/2023>
<3/2024>
<6/2024>
<8/2024>
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Product analysis
Method 1: The gas and liquid products are detected simultaneously by
mass spectrometry (MS).
Method 2: After electrolysis reaction, the gaseous products is collected
using gas chromatograph (GC) equipped with a TCD detector. The liquid
products are analyzed by a High performance Liquid Chromatography
(HPLC). The Faradaic efficiency of the products is calculated through GC
and HPLC analysis.
Physicochemical characterization
The microstructures of the catalysts can be characterized by scanning
electron microscope (SEM) and transmission electron microscopy (TEM)
equipped with energy dispersive spectrometer (EDS).
The valence and composition of the catalyst will be characterized by X
ray photoelectron spectroscopy (XPS). If possible, X ray Absorption Fine
Structure (XAFS), X ray absorption near edge structure (XANES) and
Extended X ray absorption fine structure (EXAFS) will be used to explore
the active center of the catalyst.
The thermogravimetric (TG) curve will be obtained under N2

atmosphere.
Computational method
The free energies of CO2 reduction states will be performed using Vienna
Ab initio Simulation Package (VASP), taking advantage of the density
functional theory (DFT) and the Projected Augmented Wave (PAW)
method.
The reaction mechanism of catalysis will be put forward according to the
experimental rules and theoretical calculation results.
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