Sai Rama Krishna Malladi

Contact

Summary

Assistant professor in the department of Materials Science & Metallurgical

Engineering specialized in the area of transmission electron microscopy

(TEM) with a keen interest in understanding and visualizing the

structure-property relationships in materials using in situ TEM techniques.

e Close to fen years' hands-on experience handling FEI & JEOL TEMs,
dual-beam SEM-FIB, and other relevant scientific equipment

e Clean room user with experience in the areas of nanofabrication using
optical lithography, wet bench processing, reactive ion etching, and thin-
film deposition using evaporation and sputtering

e Extensive experience in the area of materials science and metallurgy:
published several peer-reviewed articles in top-ranked journals and
conferences.

Experience

Address:

B-315, Indian Institute of Technology
Hyderabad, Kandi, Sanga Reddy,
Telangana 502 285

Phone:
+91 73370 37776

Email: sckm@iith.ac.in

Languages

English and Hindi - speak
fluently and read/write with high
proficiency

Dutch — Basic understanding
and limited communication skills
Telugu — Native language

Assistant Professor - 02/2017 — Present

Department of Materials Science & Metallurgical Engineering,

Indian Institute of Technology Hyderabad

e Research Interests: In situ Transmission Electron Microscopy.

e |n situ characterization and technique development using MEMS
devices (lab on chip), Phase transformations in materials,
Electrochemistry and Corrosion, Graphene based super capacitors,
Materials for Energy Applications.

Visiting Scientist — 02/2015 - Present

Ernst Ruska Centre for Microscopy and Spectroscopy with Electrons

Forschungszentrum Jiilich, Jilich, Germany

e Been working as a visiting scientist during summers on applications of
phase contrast imaging, particularly electron holography for in situ TEM
systems.

Post-doctoral Researcher - 12/2013 -12/2016
Kavli Institute of Nanoscience, Delft University of Technology
Developed an improved TEM holder and gas flow system to study gas-

material interactions in situ in a reliable way.

e The study’s main objective was to overcome the challenges involved in
obtaining leak-tight gas nanoreactors, reducing contamination and
assembling the nanoreactors in a reproducible and reliable way.

Developed MEMS based liquid cells for in situ TEM studies

o Gained ample clean room experience to design and fabricate MEMS-

based devices using optical lithography, wet chemical methods, and other
sophisticated techniques involving reactive ion etching, and thin film
deposition methods, such as sputtering and evaporation, to name a few.

Ph.D. Researcher - 09/2009 - 12/2013

Kavli Institute of Nanoscience, Delft University of Technology

o  Worked on the adaptation, processing and improvement of nanoreactors
for carrying out in situ TEM studies in a gas-liquid mixture (aerosol) to
study the corrosion of Al alloys at the nanometer scale, as part of Prof.
Henny Zandbergen's research team. This project was supported by
Materials Innovation Institute (M2i).


mailto:srkm@iith.ac.in

Experience (Contd.)

Ph.D. Researcher - 09/2009 - 12/2013

Kavli Institute of Nanoscience, Delft University of Technology

e Studied the influence of heat-treatment on the development of microstructures in precipitation hardened Al alloys
(AA 2024).

e Established, for the first time, the link between the early stages of precipitation in an Al matrix at the atomic scale
using HRSTEM imaging and in situ heating.

e Developed a quasi in situ TEM method to investigate the intermediate stages of localized corrosion in Al alloys; this
method is an essential complement to in situ TEM studies, and is also needed to understand the mechanism of a
chemical reaction (not just corrosion) by tracking the intermediate stages of a specimen.

e Gained expertise and mastered all the operational modes on FEI microscopes, specifically aberration corrected
TITAN, monochromated Tecnai F-20, and operated in scanning/transmission modes coupled with EELS, EFTEM,
EDX analysis.

Graduate Student - 07/2007 - 07/2009

Indian Institute of Technology Kanpur

e Optimized the deposition parameters for porosity-free, specular nanocrystalline Ni coatings using pulsed
electrodeposition.

e Characterized Ni coatings by XRD, SEM, AFM, EBSD & TEM.

e Investigated the nature of the passivation layer on these coatings by common electrochemical characterization
techniques like linear polarization, potentiodynamic polarization and electrochemical impedance spectroscopy.

Undergraduate Intern - 12/2006 - 04/2007

Centre for Materials for Electronics Technology Hyderabad

e Presented Bachelor's thesis entitled "Chemical Synthesis of Niobium based Electro-ceramics”, which involved the
synthesis of niobium based high-K dielectric materials by wet chemical route.

e Synthesized a series of alkali metal niobates by solvent extraction of niobium hydroxide using niobium-oxalate
precursors.

Undergraduate Intern - 12/2006 - 04/2007

University of Hyderabad

o  Worked on the synthesis and characterization (structural and electrical) of barium titanate based dielectric
materials prepared by mechanical alloying at the Materials Science Laboratory, School of Physics

Teaching and Mentoring Experience:

TEACHING EXPERIENCE:

03/2017 - Present

Indian Institute of Technology Hyderabad

e Instructor, “Practical Approach to Transmission Electron Microscopy”

o Trained 9 PhD students from nine departments at lIT Hyderabad on the practical applications and
theoretical introduction to Transmission Electron Microscopy.

e  Courses taught (8): Crystallography, Electron Microscopy, Introduction to Materials Science and Engineering,
Applications of Electrochemistry in Materials Science and Engineering, Corrosion, Materials Selection and Design,
Extractive Metallurgy.

09/2010 - 12/2016
Delft University of Technology, The Netherlands
e Instructor, “Structural studies of high Tc-superconductors”

o Research Practicum course for undergraduate students to learn and understand the synthesis and
characterization of a high temperature superconductor, yttrium barium copper oxide (YBaCuzO7) using
transmission electron microscopy

e Trained and mentored six Ph. D students on various advanced transmission electron microscopy techniques.
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Teaching and Mentoring Experience (Contd.):

TEACHING EXPERIENCE (CONTD.):

01/2008 - 07/2009

Indian Institute of Technology Kanpur

e Served as Teaching Assistant for courses on “Nature and Properties of Materials” and “Manufacturing Processes in
Engineering” for a total of 3 semesters. Conducted and organized tutorial sessions as well as laboratory sessions.

MENTORING EXPERIENCE:

03/2017 - Present

Indian Institute of Technology Hyderabad

e Postdocs: None

e Ph. D Students (3): (Currently Pursuing): 1) Mr. Govind Ummethala, 2) Mr. Jaydeep Saha 3) Mr. Bikash Tripathy

e M. Tech Students (3): 1) Mr. Navneeth (Graduated), 2) Mr. Valava (Currently Pursuing), 3) Mr. Ajai Raj (Currently
Pursuing)

e B. Tech Students, Minors Project (4): 1) Mr. G. Ashish Kumar (Completed), Currently Pursuing: 2) Mr. Saurabh
Satpute, 3) Ms. Siri Chandana, 4) Mr. Saketh RLN

09/2010 - 12/2016
Delft University of Technology, The Netherlands
e Mentored PhD student, Y. Kabiri, during his PhD studies on “In situ TEM studies of DNA dynamics”
o Cleanroom mentoring: fabrication of in situ TEM MEMS devices
o TEM mentoring: Image correction, STEM imaging and EELS analysis and general TEM knowhow and help
with experimental planning and analysis
e Mentored two undergraduate students for their bachelor’s projects
o Jelle Stap with his thesis entitled “Quasi in situ analytical TEM studies on cerium-based corrosion inhibition
of aluminum alloy 2024-T3"
o Dieter Matton with his thesis entitled “Studies on grain growth in thin Pt films and nanobridges”
e Co-supervised four groups of six students each, for EEP & PEP projects on “Transferable thin films for TEM
applications” and “Liquid Cells for Electron Microscopy Applications”
07/2007 - 07/2009
Indian Institute of Technology Kanpur
e Mentored three undergraduate students for their bachelor's thesis and eight undergraduate summer projects in the
area of electrochemistry and corrosion

Education:

Doctor of Philosophy in Applied Physics.

Delft University of Technology, Delft, The Netherlands

Dissertation title: In situ transmission electron microscopy studies on aluminum alloys.
Supervisor: Prof.dr. HW. Zandbergen

M.Tech in Materials Science and Engineering

Indian Institute of Technology Kanpur, Kanpur, India

Dissertation title: Novel Polarization Method for Optimizing Electrodeposition of Specular Nanocrystalline Nickel
10.0/10.0 (Perfect CPI), First Rank

Supervisor: Prof.dr. R. Balasubramaniam (deceased)

B.Tech. in Materials and Metallurgical Engineering
Mahatma Gandhi Institute of Technology, Jawaharlal Nehru Technological University, Hyderabad, India
First class with Distinction




Honours, Awards and Ongoing Projects:

09/2018 — 09/2021
Indian Institute of Technology Hyderabad
SERB-ECR grant worth Rs. 52 Lakhs, entitled “New insights into the localised corrosion of advanced metallic alloys

using electron microscopy”.
2017 — Associate Fellow, Andhra Pradesh Akademi of Sciences.
2011 — M2i poster prize for best applicable value, M2i Conference 2011.

2008 — Award for Academic Excellence for securing perfect score of 10.0/10.0, Indian Institute of Technology

Kanpur.
07/2007 — 07/2009 - Recipient of the MHRD scholarship to pursue M. Tech from IIT Kanpur on qualifying the
Graduate Aptitude Test for Engineers (GATE).

Professional Memberships and University Service:

Member, Nederlandse Vereniging voor Microscopie (NVvM)
Life Membership, Electron Microscope Society of India (EMSI)
Member, European Microscopy Society (EMS)

Member, Materials Research Society (MRS)

Member, Material Advantage (integrates the memberships for American Ceramic Society, ACerS; Association for
Iron & Steel Technology, AIST; ASM International — The Materials Information Society; and The Minerals, Metals and
Materials Society, TMS)

o Served as Chair for the inaugural Material Advantage — IIT Kanpur chapter; actively participated in initiating
several events on behalf of the chapter.

o Volunteered actively in organizing METALLO 2007 at IT Kanpur, International Conference on Metals &
Alloys: Past, Present and Future.

o Served as a volunteer for several technical events and actively involved in organizing conferences as an
undergraduate student member of Indian Institute of Metals (IIM).

Output:

EIGHTEEN PUBLISHED PEER-REVIEWED ARTICLES:

Basak, Shibabrata, Swapna Ganapathy, Sairam K. Malladi, Leonardo Vicarelli, Herman Schreuders, Bernard Dam,
Erik M. Kelder, Marnix Wagemaker, and Henny W. Zandbergen. "Designing Reliable Operando TEM Experiments
to Study (De) lithiation Mechanism of Battery Electrodes.” Journal of The Electrochemical Society 166, no. 14 (2019):
A3384-A3386.

Vicarelli, L., Migunov, V., Malladi, S., Zandbergen, H. W., & Dunin-Borkowski, R. E. Single electron precision in the
measurement of charge distributions on electrically biased graphene nanotips using electron holography. Nano
letters (2019).

Kumar, S. K., Ghosh, S., Malladi, S. K., Nanda, J., & Martha, S. K. Nanostructured Silicon—Carbon 3D Electrode
Architectures for High-Performance Lithium-lon Batteries. ACS Omega (2018), 3(8), 9598-9606.

Sairam K Malladi, Ahmet Erdamar, Tom de Kruijff, Chunhui Liu, Frans Tichelaar, Henny Zandbergen. “Studies on
in situ heat-treatment and corrosion of Al-Cu alloys in a TEM” (in preparation)

SRK Malladi, JH Stap, Y Gonzalez-Garcia, FD Tichelaar, JMC Mol, HW Zandbergen.” Corrosion inhibition studies
on aluminium alloy 2024-T3 in NaCl-CeCls solutions” (in preparation)

Yoones Kabiri, Adithya N. Ananth, Jaco van der Torre, Allard Katan, Jin-Yong Hong, Sairam Malladi, Jing Kong,

Henny Zandbergen and Cees Dekker, “Distortion of DNA origami on graphene imaged with advanced TEM
techniques”, Small (2017) 1700876.




Output (Contd.):

PUBLISHED PEER-REVIEWED ARTICLES (CONTD.):

Chunhui Liu, Sairam K Malladi, Qiang Xu, Jianghua Chen, Frans Tichelaar, Xiaodong Zhuge, Henny Zandbergen.
“In-situ STEM imaging of growth and phase change of individual CuAlX precipitates in Al alloy.” Scientific reports 7
(2017).

Roland Hellmann, Stephane Cotte, Emmanuel Cadel, Sairam Malladi, Lisa S Karlsson, Sergio Lozano-Perez,
Martiane Cabie, Antoine Seyeux. “Nanometre-scale evidence for interfacial dissolution-reprecipitation control of
silicate glass corrosion.” Nature Materials 14 (2015): 307-311

Shangfeng Du, Kaijie Lin, Sairam K Malladi, Yaxiang Lu, Shuhui Sun, Qiang Xu, Robert Steinberger-Wilckens, and
Hanshan Dong. "Plasma Nitriding Induced Growth of Pi-Nanowire Arrays as High Performance Electrocatalysts
for Fuel Cells.” Scientific reports 4 (2014).

Shangfeng Du, Yaxiang Lu, Sairam K Malladi, Qiang Xu, and Robert Steinberger-Wilckens. " A Simple Approach
for PtINi-MWCNT Hybrid Nanostructures as High Performance Electrocatalysts for the Oxygen Reduction
Reaction.” Journal of Materials Chemistry A 2, no. 3 (2014): 692-98.

Sairam K Malladi, Qiang Xu, Marijn A van Huis, Frans D Tichelaar, K Joost Batenburg, Emrah Yu“celen, Beata

Dubiel, Aleksandra Czyrska-Filemonowicz, and Henny W Zandbergen. "Real-Time Atomic Scale Imaging of
Nanostructural Evolution in Aluminum Alloys.” Nano letters 14, no. 1 (2013): 384-89.

Sairam Malladi, Chenggang Shen, Qiang Xu, Tom de Kruijff, Emrah Yicelen, Frans Tichelaar, and Henny
Zandbergen. "Localised Corrosion in Aluminium Alloy 2024-T3 Using in Situ Tem." Chemical Communications 49,
no. 92 (2013 2013): 10859-6.

SRK Malladi, FD Tichelaar, Q Xu, MY Wu, H Terryn, JMC Mol, F Hannour, and HW Zandbergen. "Quasi in situ
Analytical Tem to Investigate Electrochemically Induced Microstructural Changes in Alloys: Aa2024-T3 as an
Example.” Corrosion Science 69 (2013): 221-25.

SRK Malladi, Q Xu, FD Tichelaar, HW Zandbergen, F Hannour, JMC Mol, and H Terryn. "Early Stages During
Localized Corrosion of Aa2024 Tem Specimens in Chloride Environment.” Surface and Interface Analysis 45, no.

10 (2013): 1619-25.

Maria Rudneva, Emile van Veldhoven, Sairam K Malladi, Diederik Maas, and Henny W Zandbergen. "“Novel
Nanosample Preparation with a Helium lon Microscope.” Journal of Materials Research 28, no. 08 (2013): 1013-20.

Grégory F Schneider, Qiang Xu, Susanne Hage, Stephanie Luik, Johannes NH Spoor, Sairam Malladi, Henny
Zandbergen, and Cees Dekker. "Tailoring the Hydrophobicity of Graphene for lts Use as Nanopores for DNA
Translocation.” Nature communications 4 (2013).

Qiang Xu, Meng-Yue Wu, Grégory F Schneider, Lothar Houben, Sairam K Malladi, Cees Dekker, Emrah Yucelen,
Rafal E Dunin-Borkowski, and Henny W Zandbergen. "Controllable Atomic Scale Patterning of Freestanding
Monolayer Graphene at Elevated Temperature.” ACS Nano 7, no. 2 (2013): 1566-72.

Agarwal, Mansi, Vinod Kumar, SRK Malladi, R Balasubramaniam, and Kantesh Balani. "Effect of Current Density
on the Pulsed Co-Electrodeposition of Nanocrystalline Nickel-Copper Alloys.” JOM 62, no. 6 (2010): 88-92.

ONE MONOGRAPH (PHD THESIS):

1.

Malladi, Sai Rama Krishna. " In-Situ Tem Studies: Heat-Treatment and Corrosion.” Delft University of Technology,
Delft, The Netherlands(2014). (Monograph, PhD Thesis)

ONE BOOK CHAPTER:

1.

A. K. Erdamar, S. Malladi, F. D. Tichelaar, and H. W. Zandbergen, ‘Closed Cell Systems for in Situ Tem with Gas
Environments Ranging from O.1to 5 Bar', in Controlled Atmosphere Transmission Electron Microscopy, ed. by Thomas
Willum Hansen and Jakob Birkedal WagnerSpringer International Publishing, 2016), pp. 165-210.




Output (Contd.):

TWELVE PUBLISHED CONFERENCE PROCEEDINGS:

Kabiri, Yoones, Adithya Ananth, Jaco van der Torre, Allard Katan, Sairam Malladi, Jin-Yong Hong, Jing Kong, Henny
Zandbergen, and Cees Dekker. "Transmission electron microscopy of unstained DNA origami structures on free-
standing graphene.” In European Microscopy Congress 2016: Proceedings, pp. 53-54. Weinheim, Germany: Wiley-
VCH Verlag GmbH & Co. KGaoA, 2016.

Malladi, S. R. K., Erdamer, A. K., de Kruijff, T., Liu, C., Tichelaar, F., & Zandbergen, H. (2016, November). Improved
gas holder for in-situ TEM studies. In European Microscopy Congress 2016: Proceedings (pp. 153-154). Weinheim,
Germany: Wiley-VCH Verlag GmbH & Co. KGaA.

Sairam K Malladi, Ahmet Erdamar, Tom de Kruijff, Chunhui Liu, Frans Tichelaar, Henny Zandbergen, “Studies on
in situ heat-treatment and corrosion of Al alloy 2024 in a TEM”, in: MRS Spring Meeting 2015, San Francisco, CA,
USA, from 6™ to 10" April 2015 (Oral Presentation)

Sairam Malladi, Shibabrata Basak, Meng-Yue Wu, Qiang Xu, Ahmet Erdamar, Frans Tichelaar, Henny Zandbergen.
“In situ environmental TEM studies using MEMS based devices”, in: 18th International Microscopy Congress (IMC18),
Prague, Czech Republic, from 7th to 12th September 2014 (Oral Presentation)

S Basak, SK Malladi, S Ganapathy, M Wagemaker, FD Tichelaar, HW Zandbergen. “In situ TEM investigation of
the electrochemical (de) lithiation of single grain LiFePO4”", in: 18th International Microscopy Congress (IMCI8),
Prague, Czech Republic, from 7th to 12th September 2014 (Oral Presentation)

Sairam K Malladi, Qiang Xu, Marijn A van Huis, Frans D Tichelaar, Joost Batenburg, Emrah Yiicelen, Beata Dubiel,
Aleksandra Czyrska-Filemonowicz, Henny W Zandbergen. “Nanostructural evolution in aluminium alloys by in situ
(S)TEM heat-treatment studies”, in: 14" International Conference on Aluminium Alloys, Trondheim, Norway, from
15" t0 19" June 2014 (Oral Presentation)

S. R. K. Malladi, Q. Xu, C. Shen, G. Pandraud, F. D. Tichelaar, H. W. Zandbergen. Studies on localized corrosion in
aluminium alloys using in situ fransmission electron microscopy, in: Proceedings of the 15th European Microscopy
Congress, EMC 2012, Manchester, United Kingdom, from 16th — 2lst September 2012, (Oral Presentation)

S. R. K. Malladi, Q. Xu, G. Pandraud, F. D. Tichelaar, H. W. Zandbergen, K. Kulawik, B. Dubiel, A. Czyrska-
Filemonowicz. Phase transformations in Al alloys during heat treatment investigated by in situ TEM, in: Proceedings
of the 15th European Microscopy Congress, EMC 2012, Manchester, United Kingdom, from 16th — 2Ist September
2012, poster # 314, in session PS2.7, (Poster).

S. R. K. Malladi, Q. Xy, F. D. Tichelaar, H. W. Zandbergen, F. Hannour, J. M. C. Mol, H. Terryn. Ex situ TEM corrosion
studies on aluminium alloy 2024-T3 in chloride environment, in: Proceedings of the VIth Aluminium Surface Science
& Technology, ASST 2012, Sorrento, ltaly, from 27th — 3lst May 2012, abstract in pg. 91, article #25 in published
proceedings (Oral Presentation).

Maria Rudneva, Emile van Veldhoven, Sairam K Malladi, and Henny W Zandbergen. " Application of Helium lon
Microscope for Sample Modification at Nanoscale.” Microscopy and Microanalysis 19, no. S2 (2013): 856-57.

Maria Rudneva, Emile van Veldhoven, Sairam Malladi, Diederik Maas, and Henny W Zandbergen. " Application of
the Helium lon Microscope as a Sculpting Tool for Nanosamples.” MRS Proceedings 1455 (2012): mrss12-1455-iil0-
Ol.

S. R. K. Malladi, F. D. Tichelaar, H. W. Zandbergen. Quasi In-situ Oxidation Studies on Aluminum Alloy 2024-T3,
17th International Microscopy Congress (IMC17), Rio de Janeiro, Brazil, from 19 to 24 September 2010 (Poster).

INVITED TALKS:

1.

2.

"Challenges and opportunities with with liquid cell in-situ electron microscopy”, Sairam K Malladi, The 12" Asia
Pacific Microscopy Congress (APMC-2020) and 40" Annual Meeting of Electron Microscope Society of India
(EMSI) 2020, Hyderabad, India, 3-7 February 2020. Invited Talk

"Challenges with liquid cell in-situ electron microscopy ", Sairam K Malladi, Invited lecture at the Ernst Ruska Centre
for Microscopy and Spectroscopy with Electrons, Forschungszentrum Juelich, December 2019.




Output (Contd.):

INVITED TALKS (CONTD.):

3. "Recent trends in MEMS based in-situ TEM studies”, Sairam K Malladi, Invited lecture at the Japan Fine Ceramics
Centre, Nagoya, Japan, 7 December 2018.

4. "TEM as a nanoscale laboratory: in-situ TEM studies based on MEMS devices”, Sairam K. Malladi, International
Conference on Recent Trends in Materials Science and Technology (ICMST 2018), Thiruvananthapuram, India, 10-
13 October, 2018. Invited Talk

5. "TEM as a laboratory: Carrying in-situ TEM studies using MEMS based devices”, Sairam K Malladi, National
Conference on Emerging Trends in Science, Technology & Application of Electron Microscopy (STAEM 2018),
Thiruvananthapuram, India, 19-21 December 2018. Invited Talk

6. "Challenges with in-situ microscopy: heating, gases and liquids”, Electron Microscope Society of India Meeting
2018, Bhubaneshwar, India, July 2018 Invited Talk

7. "TEM as a micro-laboratory: in situ Transmission Electron Microscopy using MEMS based devices”, Sairam K
Malladi, Kyoto University, Japan, 5th March 2018. Invited talk

8. Sairam K Malladi, In-situ TEM for Energy Materials: Technique development and Applications, The 4th workshop
on Environment and Energy, Osaka University, Japan, 3rd March 2018.

9. “In-situ TEM studies: Heat-treatment and Corrosion of Aluminium Alloys”, Midwest Microscopy and Microanalysis
Society meeting (M3S) on In situ Microscopy Of Materials, on 6th June 2014 at University of Wisconsin Madison,
USA. Invited talk

10. “In-situ TEM studies: Heat-treatment and Corrosion of Aluminium Alloys”. Workshop at Nanoday 2014, on 13" June
2014 at University of Maryland, Baltimore, USA. Invited talk

1. “In-situ TEM studies in Aluminium Alloys: Heat-treatment and Corrosion”, International Conference on Electron
Microscopy & XXXV Annual Meeting of the Electron Microscope Society of India (EMSI), on Tlth of July 2014 at New
Delhi, India. Invited talk

12. “The role of prototypes in scientific research”, CRISP platform DRS-6 on 17th April 2014 at Delft. Key note lecture

13. “In-situ heating experiments on TITAN?", 4" Stanislaw Gorczyca European School on TEM Basics and Advanced
Sample Preparation, 1 — 4 October 2013 at Krakow, Poland. Lecture & demonstration

References:

1) Prof. Dr. H. W. Zandbergen
Professor
National Centre for High Resolution Electron Microscopy
Department of Quantum Nanoscience, Kavli Institute of Nanoscience Delft
Faculty of Applied Sciences, Delft University of Technology
Lorentzweg 1, 2628 C]J Delft, The Netherlands
H.W.Zandbergen@tudelft.nl
Tel : 431 (0) 15 278 22 66

2) Prof. Rafal E. Dunin-Borkowski

Director, Institute for Microstructure Research

Director, Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons
Peter Gruenberg Institute

Research Centre Juelich

D-52425 Juelich, Germany

rafaldb@gmail.com

Tel: +49 2461 61 9297
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