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Enclosure 1b. Category 1 Application form – 
English version  
 

APPLICATIONS ARE PREFERABLY DRAWN UP IN 
ENGLISH. AN ENGLISH TRANSLATION HAS TO 
BE ENCLOSED WITH APPLICATIONS SUBMITTED 
IN DUTCH. 
The application form is available in English on the website https://vscentrum.be/. 

 

Title of the application: 

Vibrational spectra of Mo-exchanged zeolite materials  

Name and first name of the applicant: 

Hemelsoet Karen 

Institution: 

Ghent University 

Research group / department: 

Center for Molecular Modeling / Department of Applied Physics 

Title / position: 

Prof. Dr. / Docent (10%) - FWO-postdoctoral researcher (90%) 

e-mail address: 

karen.hemelsoet@ugent.be 

Total computing time that is needed, in node days: 3700 

Total disk storage that is applied for: 925 GB 

 

https://vscentrum.be/
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1. Title of the research project (with IWETO link if available) 

within the framework of which computing time is applied for: 

Simulation of electronic excitation and emission spectra using advanced 

molecular dynamics combined with TDDFT (FWO – project G.0638.14N). 

 
2. Short description of the research project within the framework 

of which computing time is applied for (max. 1 A4 in Arial 12): 

The aim of this project is to compute accurate spectroscopic – and in 

particular vibrational - properties using advanced molecular 

simulation tools. Experimental spectra complemented with theoretical 

calculations are nowadays the most accurate protocols for structure 

characterization during chemical transformations in chemical and industrial 

processes. There is a tendency to employ more dynamic approaches 

and also the description of electronic excited states becomes a highly 

investigated topic.  

Herein, we focus on metal-exchanged zeolites, in particular a 

Molybdenum-exchanged zeolite material exhibiting the CHA topology (Mo-

SSZ-13). The computation of accurate frequencies requires a normal 

mode analysis at the quantum mechanical level. Such a normal mode 

analysis cannot be unambiguously performed in combination with periodic 

boundary conditions, the latter unavoidably present in many codes. This is 

also the case for the nanoporous materials we will be studying, hence the 

computation of reliable frequencies and vibrational spectra derived thereof 

remains challenging. Therefore, vibrational properties will mainly be 

derived from time-dependent trajectories obtained via molecular 

dynamics (MD). The trajectories can be Fourier-transformed to power 

spectra exhibiting peaks at the active vibrational motions. The MD-based 

trajectories can later be used to compute dynamic averages of optical 

properties. Overall, a static versus a dynamic approach will be compared. 

The static properties directly result from performing one frequency 

calculation on the optimized periodic structure, whereas the dynamics data 

result from the MD-trajectories. 

Throughout the project, there will be a close collaboration with 

experimental partners. The envisaged computations will lead to two 
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papers. A first paper will focus the influence of the model specifications on 

the resulting vibrational spectra. This requires a large number of ab initio 

MD calculations. In a second paper, the comparison between the best 

computational results and experimental data will be made. 

 

3. Financing institution or channel, financing the research project 

in full or in part (FWO, BOF, IWT, EU, ...): Please attach the 

confirmation letter as enclosure (see instructions in enclosure 

3). 

FWO – project G.0638.14N 

4. Promoter of the research project: 

Prof. K. Hemelsoet and Prof. V. Van Speybroeck 

5. Persons mandated by the Applicant to compute on the TIER1 

within the framework of the present project: Please provide for 

every person: 

 

name and first name: Hemelsoet Karen 

institution: Ghent University 

research group / department: Center for Molecular Modeling / 

Department of Applied Physics 

title / position: Prof. Dr. 

experience with TIER1/TIER2 infrastructure in Belgium and 

abroad 

 User of the Ghent STEVIN TIER2 infrastructure. 

 User of the Ghent MUK TIER1 infrastructure (projects granted to 

A. Van Yperen-De Deyne, Samuel Moors and K. De Wispelaere) 

 

name and first name: Van Yperen-De Deyne Andy 

institution: Ghent University 

research group / department: Center for Molecular Modeling / 

Department of Applied Physics 

title / position: Dr. 

experience with TIER1/TIER2 infrastructure in Belgium and 

abroad 

 User of the Ghent STEVIN TIER2 infrastructure. 
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 Pilot-user of the  Ghent MUK TIER1 infrastructure (CP2K 

benchmarking) 

 User of the Ghent MUK TIER1 infrastructure (project granted for 

4267 node days) 

 
6. Description of the computing task, justification for the 

computing time, disk storage and memory that are applied for, 

and description of the software tools required (max. 3 A4 in 

Arial 12). Please clearly provide the following in this regard: 

- the number of nodes/cores that are applied for per computing 

task, with a subdivision of the computing time in sub-tasks 

indicating the sequence of the sub-tasks 

- whether these tasks use diversification (OpenMP, MPI, hybrid 

OpenMP/MPI …) 

- the estimated memory use of a computing task (maximum 

64GiB/node) 

- whether a vSMP system will be used 

- the requirements for disk storage (estimated volume in GiB 

and the total number of files), more specifically for: 

 required input files (data set, parameter files, etc.) 

 SCRATCH volume used during the performing of the 

computing tasks 

 result files 

 

 

In this project, a metal exchanged zeolite will be investigated using ab 

initio DFT-based methods. In particular the calculations will be done by the 

CP2K program, highly suited for periodic structures and molecular 

dynamics. The developers of CP2K focus on the high efficiency of the 

program on supercomputer infrastructures [1].  

 

The goal is to characterize a Molybdenum activated zeolite with chabazite 

topology. This requires the knowledge of multiple aspects of this 

system: 

- spin and charge of the Mo ion (6 possibilities) 

- position of the Mo ion (5 possibilities) 
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- distribution of the Al throughout the SiO4 framework, compensating for 

the charge of the Mo ion (5 possibilities) 

These different aspects are linked, resulting in a total of 150 possible 

structures to be evaluated. For each structure a geometry optimization 

and a normal mode analysis will be performed.  Based on the energy 

and structural information – combined with experimental data – the 25 

most stable structures (charge/spin) will be selected for further 

characterization with the calculation of vibrational spectra.  

 

These vibrational spectra will be derived for the remaining 25 structures 

from ab initio Molecular Dynamics simulations. We need at least MD 

runs of 40 ps per structure to obtain reliable results. From test runs on 

Tier1, we know that a 40 ps MD run for one structure takes 25 days on 4 

nodes = 100 node days. 

 

The Mo-exchanged zeolites we are studying will be modelled using 

periodic unit cells, which typically consist of 36 Si atoms, 72 O atoms and 

1 Mo atom. This overall results in a system with 582 valence electrons, 

comparable with the system of 64 H2O molecules (512 valence electrons) 

studied in the scaling test of CP2K on the Tier1 infrastructure performed 

by Andy Van Yperen-De Deyne, one of the applicants. Inspection of the 

red curve in Illustration 1 shows that the excellent parallelization of CP2K 

over multiple nodes allows using 4 nodes with very little loss of efficiency 

(see Illustration 1). 

 

CP2K uses MPI parallelization to distribute the calculation of the multiple 

cores and nodes. This was benchmarked on multiple HPC centers [2,3] 

and in the pilot project by Andy Van Yperen-De Deyne.  
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A summary of the requested computing task is given in this Table: 

 # 

structures 

# 

days 

# 

nodes 

Storage 

(GB) 

Total calculation time 

(node days) 

Optimization 5*5*6 = 

150 

3 4 1(GB)*150 

= 150 GB  

600 

Frequencies 5*5*6 = 

150 

3 4 1(GB)*150 

= 150 GB 

600 

MD 5*5 = 25 25 4 25(GB) *25 

= 625 GB 

2500 

      

Total    925 GB 3700 

 

The estimates of these timings are based on our previous study of Cu-

exchanged SSZ-13 on the TIER1 infrastructure.  

 

Illustration 1: Efficiency of CP2K over multiple cpu's and multiple nodes. For 

32 or even 64 cpu's there is little loss of efficiency for a system of 

comparable size (64 H2O molecules). (Scaling test performed by Andy Van 

Yperen-De Deyne in the Tier1 pilot project). 
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The main bottleneck is the set of molecular dynamics simulations, which 

are for this reason already reduced to the 25 most relevant structures. 

These simulations are fundamentally sequential and the parallelization is 

only possible on each geometrical step made during the MD simulation. 

The calculation time accounted for the initial step (the optimization) is also 

significant due to the large screening necessary to select only those 

structures relevant to compare with experiment.  

 

During the calculations, the storage of structures and corresponding 

wavefunctions is most crucial. Due to the diversity of structures, 300 GB of 

storage will be necessary to store the vibrational and structural data -- only 

to be reduced once fully analysed. For each MD simulation a storage of 25 

GB should be provided, resulting in 625 GB for all MD simulations. These 

data will not be reduced, since each MD step contains valuable 

information.  

 

[1] J. VandeVondele, U. Borstnik, J. Hutter, JCTC 2012, 8, 3565 
 

[2] F. Reid, I. Bethune, Optimizing CP2K for the Intel Xeon Phi (www.prace-

ri.eu) 
 

[3] I. Bethune, A. Carter, X. Guo, P. Korosoglou, Million Atom KS-DFT with 
CP2K (www.prace-ri.eu) 
 

 

7. Please indicate why the TIER1 is the appropriate machine to 

perform the computing task (max. 1/2 A4 in Arial 12): 

The required CPU-time is hard to obtain on the TIER2 infrastructure within 

a reasonable amount of time. Due to the presence of a three-day wall 

clock limit on the Tier2 infrastructure, resubmitting a MD simulation 

requires queuing on the highly occupied clusters. For each MD simulation, 

9 of these resubmissions are required and experience learns that the 

queuing time becomes the bottleneck of the calculation.  

The much smaller number of users and larger number of available nodes 

on Tier1 would reduce this bottleneck significantly. In addition, the MPI 

parallelism on the TIER1 machine and the high performance of CP2K on 

this infrastructure makes the TIER1 ideally suited to run such simulations. 

http://www.prace-ri.eu/
http://www.prace-ri.eu/
http://www.prace-ri.eu/
http://www.prace-ri.eu/
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At Ghent University only two clusters can handle multi-node jobs. 

Performing this amount of simulations on either of them would cause a 

huge delay for this project, or would impact projects of other users on 

these clusters.  

 

8. Summary of the software required to perform the computing 

task, and possible installation and compilation instructions 

(max. 2 A4 in Arial 12). Please clearly provide the following per 

item in this regard: 

- a reference to the software's web page 

- the software licence system (open source, GPL, etc.) 

- if there is no free academic use of the software, state which 

licence makes the installation and the use valid on the TIER1 

by the Applicant (+ add a copy of the signed licence) 

- if need be, which licence server will be used (name + IP 

address) 

- whether the software is already available on the TIER1 (see 

https://vscentrum.be/nl/tier1-rekenen) and, if this is not the 

case, compilation and installation instructions (possibly with 

reference to existing TIER2 installation) 

All simulations will be performed using the CP2K software package: 

http://www.cp2k.org/ 

CP2K is freely available under the GPL license and is available on the 

TIER1 and TIER2. An updated version should be installed, as already 

requested by Andy Van Yperen-De Deyne for the TIER2 cluster delcatty. 

Using easybuild, the compilation for the TIER1 cluster should not be 

problematic since delcatty has the same architecture as muk (TIER1). 

  

9. Period during which the task is to be performed: 

 

We estimate a simulation time period of approximately 6 months, starting 

as soon as possible.  

 

10. Describe the results that were obtained within the framework 

of computing time that was attributed during the past two 

http://www.cp2k.org/
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years on the TIER1 or on other TIER1 or TIER0 

supercomputers (max. 2 A4 in Arial 12): 

We previously successfully employed molecular dynamics simulations to 

derive spectroscopic properties.  In particular: 

 Excitation properties of the halochromic dye ethyl orange 

[1] Investigating the halochromic properties of azo dyes in aqueous 

environment using a combined experimental and theoretical 

approach 

T. De Meyer, K. Hemelsoet, L. Van der Schueren, E. Pauwels, K. De 

Clerck and V. Van Speybroeck, Chem. Eur. J 2012, 18, 8120-8129 

 

 Construction of an assignment scale of aromatic hydrocarbons 

occluded in a zeolite material 

[2] Identification of intermediates in zeolite-catalyzed reactions using 

in-situ UV/Vis micro-spectroscopy and a complementary set of 

molecular simulations  

K. Hemelsoet, Q. Qian, T. De Meyer, K. De Wispelaere, B. De Sterck, B. 

M. Weckhuysen, M. Waroquier, V. Van Speybroeck Chem.- A Eur. J.  

2013, 19, 16595-16606 

 

 Determining the vibrational fingerprint of electronic transitions 

[3] Exploring the vibrational fingerprint of the electronic excitation 

energy via molecular dynamics  

A. Van Yperen-De Deyne, T. De Meyer, E. Pauwels, A. Ghysels, K. De 

Clerck, M. Waroquier, V. Van Speybroeck, K. Hemelsoet J. Chem. Phys. 

2014, 140, 134105 

 

 Geometrical and vibrational behaviour of Cu-SSZ-13 

[4] Determining the storage, availability and reactivity of NH3 with Cu  

chabazite-based ammonia selective catalytic reduction systems.  

I. Lezcano-Gonzalez, U. Deka, A. Van Yperen-De Deyne, K. Hemelsoet, 
M. Waroquier, V. Van Speybroeck, B. M. Weckhuysen, A. M. Beale, 
PhysChemChemPhys 2014, 16, 1639. 
 
[5] Examination of Cu coordination complexes formed in presence of 
NO and NH3 with SSZ-13. 
U. Deka, I. Lezcano-Gonzalez, D. S. Wragg, K. Hemelsoet, A. Van Yperen-
De Deyne, M. Waroquier, V. Van Speybroeck, B. M. Weckhuysen, A. M. 
Beale, in preparation. 
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For [3], [4] and [5] the TIER1 infrastructure was used within the project of 

Andy Van Yperen-De Deyne, although some of the simulations were 

already done before the TIER1 infrastructure was available.  

For [1] and [2], the majority of the simulations were performed on the 

TIER2. Access to the TIER1 infrastructure is indispensable for the present 

proposal where the entire focus is on the ab initio MD simulations of a 

metal-exchanged zeolite. 

Should you have any questions or encounter any difficulties during the electronic 

submission of an Application, please contact by e-mail: 

Associatie KU Leuven: leen.vanrentergem@kuleuven.be ;  jan.ooghe@kuleuven.be 

Associatie Universiteit Gent: hpc@ugent.be 

Associatie Universiteit Hogescholen Antwerpen: stefan.becuwe@uantwerpen.be 

Associatie Universiteit Hogescholen Limburg: geertjan.bex@uhasselt.be 

Universitaire Associatie Brussel: rosette.vandenbroucke@vub.ac.be ;   

rosette.vandenbroucke@gmail.com  

For the other institutions: marc.luwel @herculesstichting.be  

mailto:leen.vanrentergem@kuleuven.be
mailto:jan.ooghe@kuleuven.be
mailto:hpc@ugent.be
mailto:rosette.vandenbroucke@vub.ac.be
mailto:rosette.vandenbroucke@gmail.com
mailto:dane.skow@herculesstichting.be
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