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PREFACE

Two-dimensional (2D) layered materials attract growing interest in both
fundamental science and technology. The most known 2D material — graphene — reveals
excellent electronic, mechanical, and thermal properties. It was proposed for applications
in transparent electrodes, sensing and advanced electron microscopy, energy conversion
and storage, thermal management and high-frequency communication applications. Other
2D materials, quasi-2D crystals and molecular monolayers are also gaining visibility. One
of the examples is quintuples or few-quintuple layers of bismuth telluride family of
materials, which were identified as topological insulators. Topological insulators and
graphene are related via Dirac type of electron dispersion.

Symposium Y, “Functional Two-Dimensional Layered Materials”, at the 2011 MRS
Spring Meeting in San Francisco, California, April 25-29 was the first MRS symposium
which combined together graphene, topological insulator thin films, other 2D and quasi-
2D materials aimed to highlight breakthroughs, progress, and challenges in the synthesis,
processing, structure, and assembly of 2D layered materials, and how these factors affect
their properties and applications. The session topics included: (i) materials synthesis and
processing (physical and chemical approaches, top-down and bottom-up; control of size,
shape, and conformation of the 2D sheets; processing and assembly, patterning and
integration into device structures); (ii) structure and characterization (microscopy,
spectroscopy, theory and simulation); (iii) physical and chemical properties (optical,
electronic, thermal, magnetic, and mechanical properties; surface modification; chemical
and photochemical reactivity); (iv) electronic, thermal management and energy
applications (electron and phonon transport; thermal properties; composites, hybrid
materials, catalytic, energy, and biological applications); (v) topological insulators and
non-carbon 2D materials.

Among the invited speakers who took part in the symposium were such recognized
experts in the field as Professor Pulickel Ajayan (Rice University), Professor Ilhan Aksay
(Princeton University), Dr. Phaedon Avouris (IBM T.J. Watson Research Center),
Professor Manish Chhowalla (Rutgers University), Professor Jonathan Coleman (Trinity
College Dublin, Ireland), Professor Yi Cui (Stanford University), Dr. Andrea Ferrari
(University of Cambridge, United Kingdom), Dr. Suchismita Ghosh (Intel Corporation),
Professor Robert Haddon (University of California, Riverside), Professor Mark Hersam
(Northwestern University), Professor Richard Kaner (University of California, Los
Angeles), Professor Philip Kim (Columbia University), Professor Sang Ouk Kim (Korea
Advanced Institute of Science and Technology), Professor Roger Lake (University of
California, Riverside), Dr. Jun Liu (Pacific Northwest National Laboratory), Professor
Kian-Ping Loh (National University of Singapore), Professor Son Binh Nguyen
(Northwestern University), Professor Elena Obraztsova (General Physics Institute,
Russian Academy of Sciences, Moscow), Professor Rodney Ruoff (University of Texas,
Austin), Professor James Tour (Rice University), Professor Jinlong Yang (University of
Science and Technology of China), Professor Alex Zettl (University of California,
Berkeley), and Professor Hua Zhang (Nanyang Technological University, Singapore).
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Symposium Y was attended by a large number of graduate students who gave talks
and presented posters. Some of their outstanding work and presentations have been
recognized by the MRS awards. For example, an electrical engineering PhD candidate
Desalegne Teweldebrhan, who conducts his research in Professor Balandin’s Nano-
Device Laboratory at the University of California — Riverside, received the MRS
Graduate Student Silver Award for his work on tuning of graphene properties via
controlled exposure to electron beam irradiation. Jaemyung Kim, a PhD candidate from
Professor Jiaxing Huang’s group in the Materials Science and Engineering Department at
Northwestern University also received the MRS Graduate Student Silver Award for
developing the fluorescence quenching microscopy (FQM) technique for seeing
graphene-based sheets, and revealing the surfactant-like behaviors of graphene oxide. In
addition, Dr. Hisato Yamaguchi from Professor Manish Chhowalla’ group in the
Department of Materials Science and Engineering at Rutgers, The State University of
New Jersey, received a Best Poster Award for his poster "Field Emission from Atomically
Thin Edges of Reduced Graphene Oxide".

Symposium Y also created Symposium Young Investigator Awards to recognize the
outstanding presentations given by students and postdocs. The winners were determined
by voting of several symposium organizers and invited speakers. The winners of the
Symposium’s first place awards were Guangyu Xu, Laura J. Cote, Long Ju, Guanxiong
Liu, and Vincent C. Tung. The second place award recipients were Shu Nie, Craig M.
Nolen, Yu-Ying Lee, Tae Hee Han, and Owen Compton. The third place awards went to
Zhong Yan, Zahid Hossain, Jie Yu, Shirui Guo, Shaahin Amini, Javed Khan, and Jiayan
Luo. Other students and postdocs received a copy of the DVD “NOVA: Making Stuff” as
a souvenir. The Symposium Y awards and souvenirs were sponsored by Materials Today
— Elsevier, Princeton Instruments, and Cambridge NanoTech.

This volume presents a selection of papers, presented at the MRS Symposium Y,
“Functional Two-Dimensional Layered Materials”, which were submitted for publication.
It provides an overview of the research topics and possible applications of the 2D
materials and related systems. A number of the Symposium Y award winning papers,
presented by the graduate students and postdoctoral researchers, are among those
included in the volume. We hope that the volume will be interesting and stimulating for
a wide audience.

Alexander A. Balandin
Andre Geim
Jiaxing Huang

Dan Li

August 2011

https://doi.org/10.1557/0pl.2011.1417 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2011.1417

ACKNOWLEDGMENTS

The papers published in this volume result from Symposium Y, “Functional
Two-Dimensional Layered Materials”, at the 2011 MRS Spring Meeting in San
Francisco, California. We sincerely thank all of the oral and poster presenters of the
symposia who contributed to this proceedings volume. We also thank the reviewers of
these manuscripts, who provided valuable feedback to the editors and to the authors. It is
an understatement to say that the symposia and the proceedings would not have happened
without the organizational help of the Materials Research Society and its staff.

The organizers of Symposium Y thank Materials Today — Elsevier Ltd., Princeton
Instruments, and Cambridge NanoTech Inc. for their financial support.

xi

https://doi.org/10.1557/0pl.2011.1417 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2011.1417

MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS

Volume 1321 — Amorphous and Polycrystalline Thin-Film Silicon Science and Technology—2011,
B. Yan, S. Higashi, C.C. Tsai, Q. Wang, H. Gleskova, 2011, ISBN 978-1-60511-298-5

Volume 1322 — Third-Generation and Emerging Solar-Cell Technologies, Y. Lu, J.M. Merrill, M.T. Lusk,
S. Bailey, A. Franceschetti, 2011, ISBN 978-1-60511-299-2

Volume 1323 — Advanced Materials Processing for Scalable Solar-Cell Manufacturing, H. Ji, B. Ren,
V. Mannivanan, L. Tsakalakos, 2011, ISBN 978-1-60511-300-5

Volume 1324 — Compound Semiconductors for Energy Applications and Environmental Sustainability—
2011, F. Shahedipour-Sandvik, L.D. Bell, K. Jones, B. Simpkins, D. Schaadt, M. Contreras, 2011,
ISBN 978-1-60511-301-2

Volume 1325 — Energy Harvesting—Recent Advances in Materials, Devices and Applications,
R. Venkatasubramanian, H. Liang, H. Radousky, J. Poon, 2011, ISBN 978-1-60511-302-9

Volume 1326E — Renewable Fuels and Nanotechnology, H. Idriss, 2011, ISBN 978-1-60511-303-6

Volume 1327 — Complex Oxide Materials for Emerging Energy Technologies, J.D. Perkins, A. Ohtomo,
H.N. Lee, G. Herranz, 2011, ISBN 978-1-60511-304-3

Volume 1328E — Electrochromic Materials and Devices, M. Bendikov, D. Gillaspie, T. Richardson, 2011,
ISBN 978-1-60511-305-0

Volume 1329E — Nanoscale Heat Transfer—Thermoelectrics, Thermophotovoltaics and Emerging Thermal
Devices, K. Nielsch, S.F. Fischer, B.J.H. Stadler, T. Kamins, 2011,
ISBN 978-1-60511-306-7

Volume 1330E — Protons in Solids, V. Peterson, 2011, ISBN 978-1-60511-307-4

Volume 1331E — Frontiers of Solid-State Tonics, K. Kita, 2011, ISBN 978-1-60511-308-1

Volume 1332E — Interfacial Phenomena and /n-Situ Techniques for Electrochemical Energy Storage and
Conversion, H. Li, 2011, ISBN 978-1-60511-309-8

Volume 1333E — Nanostructured Materials for Energy Storage, J. Lemmon, 2011, ISBN 978-1-60511-310-4

Volume 1334E — Recent Developments in Materials for Hydrogen Storage and Carbon-Capture Technologies,
R. Zidan, 2011, ISBN 978-1-60511-311-1

Volume 1335 — Materials, Processes, and Reliability for Advanced Interconnects for Micro- and
Nanoelectronics—2011, M. Baklanov, G. Dubois, C. Dussarrat, T. Kokubo, S. Ogawa, 2011,
ISBN 978-1-60511-312-8

Volume 1336E — Interface Engineering for Post-CMOS Emerging Channel Materials, Y. Kamata, 2011,
ISBN 978-1-60511-313-5

Volume 1337 — New Functional Materials and Emerging Device Architectures for Nonvolatile Memories,
D. Wouters, O. Auciello, P. Dimitrakis, Y. Fujisaki, E. Tokumitsu, 2011,
ISBN 978-1-60511-314-2

Volume 1338E — Phase-Change Materials for Memory and Reconfigurable Electronics Applications,
B.-K. Cheong, P. Fons, B.J. Kooi, B.-S. Lee, R. Zhao, 2011, ISBN 978-1-60511-315-9

Volume 1339E — Plasma-Assisted Materials Processing and Synthesis, J.L. Endrino, A. Anders, J. Andersson,
D. Horwat, M. Vinnichenko, 2011, ISBN 978-1-60511-316-6

Volume 1340E — High-Speed and Large-Area Printing of Micro/Nanostructures and Devices, T. Sekitani, 2011,
ISBN 978-1-60511-317-3

Volume 1341 — Nuclear Radiation Detection Materials—2011, A. Burger, M. Fiederle, L. Franks, K. Lynn,
D.L. Perry, K. Yasuda, 2011, ISBN 978-1-60511-318-0

Volume 1342 — Rare-Earth Doping of Advanced Materials for Photonic Applications—2011, V. Dierolf,
Y. Fujiwara, T. Gregorkiewicz, W.M. Jadwisienczak, 2011, ISBN 978-1-60511-319-7

Volume 1343E — Recent Progress in Metamaterials and Plasmonics, G.J. Brown, J. Pendry, D. Smith, Y. Lu,
N.X. Fang, 2011, ISBN 978-1-60511-320-3

Volume 1344 — Functional Two-Dimensional Layered Materials—From Graphene to Topological Insulators,
A.A. Balandin, A. Geim, J. Huang, D. Li, 2011, ISBN 978-1-60511-321-0

Volume 1345E — Nanoscale Electromechanics of Inorganic, Macromolecular and Biological Systems,
J. Li, S.V. Kalinin, M.-F. Yu, P.S. Weiss, 2011, ISBN 978-1-60511-322-7

Volume 1346 — Micro- and Nanofluidic Systems for Materials Synthesis, Device Assembly and
Bioanalysis—2011, R. Fan, J. Fu, J. Qin, A. Radenovic, 2011, ISBN 978-1-60511-323-4

Volume 1347E — Nanoscale Heat Transport—From Fundamentals to Devices, A. McGaughey, M. Su, S. Putnam,
J. Shiomi, 2011, ISBN 978-1-60511-324-1

https://doi.org/10.1557/0pl.2011.1417 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2011.1417

MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS

Volume 1348E — Hybrid Interfaces and Devices, D.S. Ginley, N.R. Armstrong, G. Frey, R.T. Collins, 2011, ISBN
978-1-60511-325-8

Volume 1349E — Quantitative Characterization of Nanostructured Materials, A. Kirkland, 2011,
ISBN 978-1-60511-326-5

Volume 1350E — Semiconductor Nanowires—From Fundamentals to Applications, V. Schmidt, L.J. Lauhon,
T. Fukui, G.T. Wang, M. Bjork, 2011, ISBN 978-1-60511-327-2

Volume 1351 — Surfaces and Nanomaterials for Catalysis through In-Situ or Ex-Situ Studies, F. Tao,
M. Salmeron, J.A. Rodriguez, J. Hu, 2011, ISBN 978-1-60511-328-9

Volume 1352 — Titanium Dioxide Nanomaterials, X. Chen, M. Graetzel, C. Li, P.D. Cozzoli, 2011,
ISBN 978-1-60511-329-6

Volume 1353E — The Business of Nanotechnology III, L. Merhari, M. Biberger, D. Cruikshank, M. Theelen, 2011,
ISBN 978-1-60511-330-2

Volume 1354 — Ion Beams—New Applications from Mesoscale to Nanoscale, G. Marletta, A. Oztarhan,
J. Baglin, D. Ila, 2011, ISBN 978-1-60511-331-9

Volume 1355E — Biological Hybrid Materials for Life Sciences, L. Stanciu, S. Andreescu, T. Noguer, B. Liu, 2011,
ISBN 978-1-60511-332-6

Volume 1356E — Microbial Life on Surfaces—Biofilm-Material Interactions, N. Abu-Lail, W. Goodson,
B.H. Lower, M. Fornalik, R. Lins, 2011, ISBN 978-1-60511-333-3

Volume 1357E — Biomimetic Engineering of Micro- and Nanoparticles, D. Discher, 2011,
ISBN 978-1-60511-334-0

Volume 1358E — Organic Bioelectronics and Photonics for Sensing and Regulation, L. Torsi, 2011,
ISBN 978-1-60511-335-7

Volume 1359 — Electronic Organic and Inorganic Hybrid Nanomaterials—Synthesis, Device Physics and Their
Applications, Z.-L. Zhou, C. Sanchez, M. Popall, J. Pei, 2011, ISBN 978-1-60511-336-4

Volume 1360 — Synthesis and Processing of Organic and Polymeric Materials for Semiconductor
Applications, A.B. Padmaperuma, J. Li, C.-C. Wu, J.-B. Xu, N.S. Radu, 2011,
ISBN 978-1-60511-337-1

Volume 1361E — Engineering Polymers for Stem-Cell-Fate Regulation and Regenerative Medicine, S. Heilshorn,
J.C. Liu, S. Lyu, W. Shen, 2011, ISBN 978-1-60511-338-8

Volume 1362 — Carbon Functional Interfaces, J.A. Garrido, K. Haenen, D. Ho, K.P. Loh, 2011,
ISBN 978-1-60511-339-5

Volume 1363 — Fundamental Science of Defects and Microstructure in Advanced Materials for Energy,
B.P. Uberuaga, A. El-Azab, G.M. Stocks, 2011, ISBN 978-1-60511-340-1

Volume 1364E — Forum on Materials Education and Evaluation—K-12, Undergraduate, Graduate and Informal,
B.M. Olds, D. Steinberg, A. Risbud, 2011, ISBN 978-1-60511-341-8

Volume 1365 — Laser-Material Interactions at Micro/Nanoscales, Y. Lu, C.B. Arnold, C.P. Grigoropoulos,
M. Stuke, S.M. Yalisove, 2011, ISBN 978-1-60511-342-5

Volume 1366E — Crystalline Nanoporous Framework Materials—Applications and Technological Feasibility,
M.D. Allendorf, K. McCoy, A.A. Talin, S. Kaskel, 2011, ISBN 978-1-60511-343-2

Volume 1367E — Future Directions in High-Temperature Superconductivity—New Materials and Applications,
C. Cantoni, A. Ballarino, K. Matsumoto, V. Solovyov, H. Wang, 2011,
ISBN 978-1-60511-344-9

Volume 1368 — Multiferroic, Ferroelectric, and Functional Materials, Interfaces and Heterostructures, P. Paruch,
E. Tsymbal, M. Rzchowski, T. Tybell, 2011, ISBN 978-1-60511-345-6

Volume 1369E — Computational Studies of Phase Stability and Microstructure Evolution, Z.-K. Liu, 2011, ISBN
978-1-60511-346-3

Volume 1370 — Computational Semiconductor Materials Science, L. Liu, S.-H. Wei, A. Rubio, H. Guo,
2011, ISBN 978-1-60511-347-0

Prior Materials Research Society Symposium Proceedings available by contacting Materials Research Society

https://doi.org/10.1557/0pl.2011.1417 Published online by Cambridge University Press


https://doi.org/10.1557/opl.2011.1417



