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In brief: 
The Psi-k sponsored “CAMD Summer School 2012 Electronic Structure Theory 
and Materials Design” was held in the week August 11-17, 2012 at the Technical 
University of Denmark in Lyngby. Thanks to the 67 external attentive summer 
school students and the 15 very helpful invited lecturers the school was the nice 
success that we had hoped for.  
 
Motivation: 
The motivation for the school was that the era of cheap fossil fuels over the next 
few decades is expected to come to an end. Arguably making the development 
of sustainable energy solutions the most important scientific and technical 
challenge of our time. In order to address these and other technical challenges, 
we must in the future present a significantly improved capability to rationally 
design new materials. Computational design of new materials has been 
demonstrated in a few test cases, but in order to carry out systematic 
computational design of new materials for e.g. energy storage, fuel synthesis, 
and light harvesting, a number of methodological improvements are 
needed. Methods dealing with the description of electron transfer processes at 
surfaces in solid or liquid electrolytes, for photo-absorption and charge 
separation in extended solids, and for electronic localization in insulators have to 
be improved. Developing better handles on the errors in the electronic structure 
description (e.g. through Bayesian Error Estimation methods) may also prove 
critical. In order to begin addressing these challenges, the summer school 
focused on the fundamental concepts and the current status of the areas of DFT, 
and DFT implementations, TDDFT, excited states, thermodynamic properties 
derived from electronic structure calculations, modern xc-functionals, properties 
of surfaces and electron transfer at these, energy materials, error estimation, 
catalysis, electro-catalysis, and materials design strategies. 
  
Purpose:  
The summer school aimed to teach the students how electronic structure theory 
can be used for materials design. An introduction to density functional theory with 
particular emphasis on practical methodology and implementation aspects was 
given and extensions beyond the standard DFT formalism were discussed. A 
significant focus was on the methodology applied “on-top” of electronic structure 
calculations to enable the search after new functional materials.  
   
The summer school was a combination of lectures given by experts in the field 
and exercises giving hands-on-experience with the Atomic Simulation 
Environment (ASE) supervised by expert users. The ASE is a general purpose 
open source simulation environment that can be used to setup, control, and 
analyze electronic structure simulations carried out in a variety of electronic 
structure codes, e.g. including GPAW, Dacapo, VASP, Octopus, AbInit, ASAP, 
Siesta, and others.  
 
 



Subjects: 
The subjects covered in lectures were more specifically:  
• The fundamentals of Density Functional Theory 
• Strategies for solving the Kohn-Sham equations 
• Projector Augmented Wave Implementation 
• Exchange-correlation functionals 
• Error estimation in Density Functional Theory  
• Time-dependent DFT 
• Many-body approaches to the electronic structure problem  
• Quantum electron transport theory 
• Thermodynamic properties and kinetics from DFT  
• Energy Materials  
• Chemistry at surfaces/Heterogeneous Catalysis  
• Electrochemistry  
• Materials Informatics 
  
Lecturers: 
The Invited Lecturers were: 
• Kieron Burke, University of California Irvine, USA 
• Jussi Enkovaara, CSC - IT Center for Science, Finland 
• Georg Kresse, University of Vienna, Austria 
• Angel Rubio, Universidad del Pais Vasco, Spain 
• Hannes Jonsson, University of Iceland, Iceland 
• Bjørk Hammer, University of Aarhus, Denmark 
• Suljo Linic, University of Michigan, USA 
• Jens K. Nørskov, Stanford University, USA 
• Per Siegbahn, University of Stockholm, Sweden 
• Troy Van Voorhis, MIT, USA 
• Mike Finnis, Imperial College London, UK 
• Per Hyldgaard, Chalmers University of Technology, Sweden 
• Anubhav Jain, Lawrence Berkeley National Laboratory, USA 
• Hardy Gross, Freie Universität Berlin, Germany 
• Thomas Bligaard, SLAC National Accelerator Laboratory, USA 
who gave presentations on their respective fields of expertise. In addition talks 
were presented by the local scientific organizing committee. 
 
Venue:  
The CAMD summer school was held at the Technical University of Denmark in 
the pleasant Lyngby area North of Copenhagen.   
  
Credits: 
A diploma which certified that the students had participated and earned 2.5 
ECTS points was issued to the participants upon their completion of the summer 
school.  



The participants and their evaluation: 
The participants were primarily PhD-students (more than 75) but there were also 
a few post docs and professors. Most had a background in physics, but there 
were also some chemists and some with a background in Chemical engineering 
and materials science. More than 40 of the participants were DFT users. 
 
After the termination 
of the summer school, 
the participants were 
asked to evaluate a 
number of criteria, 
and generally we 
were quite happy 
with the outcome of 
the evaluation. In the 
figures we depict 
some of the 
responses of the 
students.  

The students seemed to 
find that the administrational 
organization of the school 
was quite satisfactory, and 
somewhat to the surprise of 
the organizers, many of the 
summer school students, 
who did not know the 
electronic structure code 
GPAW before the school, 
actually learned it so well, 
that they now feel that they 
can use it directly in their 
research.  

 
We were very happy 
that a good fraction of 
the participants would 
recommend another 
CAMD Summer School 
to their colleagues. 



The CAMD Summer School  
Electronic Structure Theory and Materials Design  

August 11-17, 2012 
(Supported by the Psi-k Network and CECAM) 

  
 Programme:  
   
Saturday, August 11, 2012: 
14:00-19:00 Arrival to the guest houses on the DTU campus –  

keys have to be picked up at Building 311 
19:00-  Welcome reception (Chinese dinner) at DTU, Building 311, 1. floor 
 
 
Sunday, August 12: 
08:30-09:15 Breakfast 
09:15-09:30 Welcome (Karsten W. Jacobsen) 
09:30-10:30  Fundamentals of DFT 1 (Kieron Burke) 
10:30-11:00 Coffee 
11:00-12:00 Fundamentals of DFT 2 (Kieron Burke) 
12:00-14:00 Lunch 
14:00-15:00 Projector augmented wave method and the GPAW code (Jussi Enkovaara) 
15:00-15:30 Coffee  
15:30-16:30  The Atomic Simulation Environment and introduction to the databar (Jakob 

Schiøtz) 
16:30-18:00 Setting up for computer exercises 
 
Monday, August 13: 
08:30-09:30 Breakfast 
09:30-10:30  Total energies from many-body perturbation theory (Georg Kresse) 
10:30-11:00 Coffee 
11:00-12:00 Excited states from many-body perturbation theory (Georg Kresse) 
12:00-13:30 Lunch 
13:30-14:15 Spectroscopy from time-dependent DFT (Angel Rubio) 
14:15-15:15 Coffee  
15:15-16:00 Real time dynamics with TDDFT (Angel Rubio)   
16:00-18:00 Computer exercises 
18:00-20:00 Poster session (supported by QuantumWise A/S) 
 
Tuesday, August 14: 
08:30-09:30 Breakfast 
09:30-10:30  Path techniques and reaction rates (Hannes Jonsson) 
10:30-11:00 Coffee 
11:00-12:00 Adsorbate-surface interactions (Bjørk Hammer) 
12:00-13:30 Lunch 
13:30-14:30 Catalysis from DFT (Suljo Linic) 
14:30-15:00 Coffee  
15:00-15:45 Concepts and trends in surface reactivity (Jens Nørskov) 
15:45-16:00 Short break with coffee 
16:00-16:45 Concepts and trends in surface reactivity (Jens Nørskov) 
16:45-18:30 Computer exercises 



 
 
Wednesday, August 15: 
08:00-09:00 Breakfast 
09:00-10:00  Structure and function of enzymes (Per Siegbahn) 
10:00-10:30 Coffee 
10:30-11:30 Electron transfer dynamics in solution (Troy Van Voorhis) 
11:30-11:45 Short break  
11:45-12.30 Exchange-correlation functionals with error bars (Karsten W. Jacobsen) 
12:30-13:30 Lunch 
13:30-15:00 Computer exercises 
Rest of the day: Excursion and social dinner 
 
 
Thursday, August 16: 
08:30-09:30 Breakfast 
09:30-10:30  Interfaces and defects (Mike Finnis) 
10:30-11:00 Coffee 
11:00-12:00 Non-adiabatic processes at surfaces (Jakob Schiøtz) 
12:00-13:30 Lunch 
13:30-14:30 Materials informatics (Anubhav Jain) 
14:30-15:00 Coffee  
15:00-15:45 Van der Waals interactions (Per Hyldgaard) 
15:45-16:00 Small break with coffee  
16:00-16:45 Density Matrix Functional Theory (Hardy Gross) 
16:45-18:30 Computer exercises 
 
 
Friday, August 17: 
08:30-09:30 Breakfast 
09:30-10:30  Electrochemistry with DFT (Jan Rossmeisl) 
10:30-11:00 Coffee 
11:00-12:00 Quantum electron transport (Kristian Thygesen) 
12:00-13:30 Lunch 
13:30-14:30 Catalysis informatics (Thomas Bligaard) 
14:30-15:00 Coffee  
15:00-15:45 Energy Materials (Tejs Vegge) 
15:45-16:00 Closing remarks (Karsten W. Jacobsen) 
 
 



List of Participants CAMD 12 Summer School

Name Email Affliliation Country
Abhishek Khetan akhetan@itv.rwth-aachen.de RWTH Aachen Germany
Alessandro Parma alessandro.parma@rub.de Ruhr-Universität Bochum Germany
Anders Lindman anders.lindman@chalmers.se Chalmers University of Technology Sweden
Andreas Züttel andreas.zuettel@empa.ch EMPA Materials Science & Technology Switzerland
Andrei Nistreanu andrei.nistreanu@uam.es Universidad Autónoma De Madrid Spain
Andrew Medford ajmedfor@gmail.com Stanford University USA
Andrey Laktionov andrey.laktionov@epfl.ch École polytechnique fédérale de Lausanne Switzerland
Ankita Katre ankita.katre@rub.de Ruhr-Universität Bochum Germany
Anna Jucha anek@ift.uni.wroc.pl University of Wroclaw Poland
Anna Kausamo anna.m.kausamo@student.jyu.fi University of Jyväskylä Finland
Bo Li lib@theochem.tu-muenchen.de Technische Universität München Germany
Bo Xu bxu4@mail.ustc.edu.cn Jiangxi Normal University China
Bojana Paskaš Mamula bpmamula@vinca.rs Vinča Institute of Nuclear Sciences Serbia
Byeongjin Baek bbaek@mail.uh.edu University of Houston USA
Carmine Autieri autieri@sa.infn.it Università di Salerno Italy
Celine Varvenne celine.varvenne@gmail.com Service de Recherche de Métallurgie Physique France
Chaoling Wu chaoling.wu@empa.ch EMPA Materials Science & Technology Switzerland
Cherry Dhiman cherrydhim@gmail.com Jamia Milia Islamia University India
Christoph Scherer christoph.scherer@uni-mainz.de Johannes-Gutenberg University Germany
Chuan Shi chuanshi@stanford.edu Stanford University USA
Dawid Ciesielski cesla@ift.uni.wroc.pl University of Wroclaw Poland
Fabio de Lima fabio.lima@ufms.br University Federal de Mato Grosso do Sul Brazil
Fabio Rosciano fabio.rosciano@toyota-europe.com Toyota Motor Europe Belgium
Girma Alemgasha Gardew g.a.gardew@fys.uio.no University of Oslo Norway
Hector Barron nvb966@my.utsa.edu University of Texas at San Antonio USA
Iain Bethune ibethune@epcc.ed.ac.uk University of Edinburgh UK
Iulia Emilia Brumboiu iulia.brumboiu@physics.uu.se Uppsala University Sweden
Iva Angelova iva.angelova@basf.com BASF SE Germany
Jane Yates j.yates.11@ucl.ac.uk UCL UK
Janne Nevalaita janne.nevalaita@jyu.fi University of Jyväskylä Finland
Joseph Montoya montoyjh@stanford.edu Stanford University USA
Juan Garcia jcgarcia@wpi.edu Worcester Polytechnic Institute USA
Juhani Teeriniemi juhani.teeriniemi@aalto.fi Aalto University Finland
Jun Gu gujun120988@yahoo.com.cn Peking University China
Jun Ke kejun235@yahoo.com.cn Peking University China
Krista Kalac krkt2d@mst.edu Missouri University of Science and Technology USA
Leon Maurer lnmaurer@wisc.edu UW-Madison USA
Leopold Talirz leopold.talirz@empa.ch EMPA Materials Science & Technology Switzerland
Liam Bennett uccaljb@live.ucl.ac.uk University College London UK
Magdalena Woińska mwoin@fuw.edu.pl University of Warsaw Poland
Manuel Kolb m.j.kolb@chem.leidenuniv.nl University Leiden Netherlands
Marco Dorigo m.dorigo@gmx.de ICAMS, Bochum Germany
Marko Melander marko.melander@aalto.fi Aalto University Finland
Matthias Geilhufe matthias.geilhufe@physik.uni-halle.de Max-Planck-Institute Germany
Michael Jacob michael.jacob@rub.de Ruhr-Universität Bochum Germany
Michael Penninger mpennin1@nd.edu University of Notre Dame USA
Morten Bakkedal mbjba@mek.dtu.dk DTU Denmark
Natalia Koval natalja.lipina@gmail.com Centro de Física de Materiales Spain
Oleksandr Ivasenko oleksandr.ivasenko@chem.kuleuven.be Leuven University Belgium
Olena Lenchuk lenchuk@mm.tu-darmstadt.de Technische Universität Darmstadt Germany
Olga Ershova olga.v.ershova@gmail.com University of Nottingham UK
Po-Hao Chang phchang@udel.edu University of Delaware USA
Rasmus Karlsson rasmusk@kth.se KTH Royal Institute of Technology Sweden
Romain Dupuis dupuis@cemes.fr University Paul Sabatier Toulouse III France
Rukan Kosak rukan@theochem.tuwien.ac.at TU Vienna Austria
Sakari Tuokko sakari.tuokko@jyu.fi University of Jyväskylä Finland
Shu-Chun Wu swu@cpfs.mpg.de Max-Planck-Institute Germany
Soon Wen Hoh hohs@cardiff.ac.uk Cardiff University UK
Sudip Chakraborty s.chakraborty@mpie.de Max-Planck-Institute Germany
Sunghwan Choi sunghwan.choi@kaist.ac.kr KAIST Republic of Korea
Taehun Lee mylthh@yonsei.ac.kr Yonsei University Republic of Korea
Thomas Hellmuth thellmut@tfp.uni-karlsruhe.de Karlsruher Institute of Technology (KIT) Germany
Tongyu Wang ty.wang@ch.tum.de TU München Germany
Xi Zhang x.zhang-3@tudelft.nl Delft University of Technology Netherlands
Yasmine Al-Hamdani y.al-hamdani@ucl.ac.uk University College London UK
Zaven Ovanesyan vkf002@my.utsa.edu The University of Texas at San Antonio USA
Zhaoqiang Bai baizhaoqiang@nus.edu.sg National University of Singapore Singapore
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Kristian Baruël Ørnsø kristian@baruel.com CAMD, DTU Denmark
Mohammedreza Karamad moka@fysik.dtu.dk CAMD, DTU Denmark
Mohnish Pandey mohnish.iitk@gmail.com CAMD, DTU Denmark
Morten Gjerding mortengjerding@gmail.com CAMD, DTU Denmark
Mårten Bjorketun martebjo@fysik.dtu.dk CAMD, DTU Denmark
Niels Theis Bendtsen ntben@fysik.dtu.dk CAMD, DTU Denmark
Peter Bjerre Jensen pbjen@dtu.dk DTU Energy Conversion Denmark
Rizwan Ahmed riah@fysik.dtu.dk CAMD, DTU Denmark
Samira Siahrostami sasi@fysik.dtu.dk CAMD, DTU Denmark
Simon Hedegaard Brodersen sihb@fysik.dtu.dk CINF, DTU Denmark
Steen Lysgaard stly@dtu.dk DTU Energy Conversion Denmark
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Troels Markussen trma@fysik.dtu.dk CAMD, DTU Denmark
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Kieron Burke kieron@uci.edu UC Irvine USA
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Georg Kresse Georg.Kresse@univie.ac.at University of Vienna Austria
Angel Rubio Angel.Rubio@ehu.es Universidad del Pais Vasco Spain
Hannes Jonsson hj@hi.is University of Iceland Iceland
Bjørk Hammer hammer@phys.au.dk University of Aarhus Denmark
Suljo Linic linic@umich.edu University of Michigan USA
Jens Nørskov norskov@stanford.edu Stanford University USA
Per Siegbahn ps@fysik.su.se University of Stockholm Sweden
Troy Van Voorhis tvan@mit.edu MIT USA
Mike Finnis m.finnis@imperial.ac.uk Imperial College London UK
Anubhav Jain AJain@lbl.gov Lawrence Berkeley National Laboratory USA
Hardy Groos hardy@mpi-halle.mpg.de Freie Universität Berlin Germany
Thomas Bligaard bligaard@stanford.edu SLAC National Accelerator Laboratory USA
Per Hyldgaard hyldgaar@chalmers.se Chalmers University of Technology Sweden

Computer staff:
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Marianne Ærsøe marianne@fysik.dtu.dk CAMD, DTU Denmark
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