
E
lectro

n
-em

issio
n

 m
aterials

V
o

l. 42, N
o

. 7, 473–544
M

R
S

 B
U

LLE
T

IN
Ju

ly 2017

July 2017   Vol. 42   No. 7 
www.mrs.org/bulletin

®

July 20
ww

Electron-emission 
materials
A holistic view of nucleation 
and self-assembly

ALSO IN THIS ISSUE 

https://doi.org/10.1557/mrs.2017.160 Published online by Cambridge University Press

http://crossmark.crossref.org/dialog/?doi=10.1557/mrs.2017.160&domain=pdf
https://doi.org/10.1557/mrs.2017.160


High Voltage Engineering

Beam energies from 10 keV up to several 10s of MeV

Beam currents from 100 micro-amps up to several milliamps

Ion species, including H, He, B, P, As and others

Single wafer or batch processing of wafers up to and including 300 mm

In-air or in-vacuum cassette-to-cassette wafer handling

Electrostatic and/or mechanical wafer clamping

CUSTOMIZED PRODUCTION ION IMPLANTERS

High Voltage Engineering Europa B.V. 

P.O. Box 99, 3800 AB Amersfoort, The Netherlands

Tel: 31 33 4619741  info@highvolteng.com 

www.highvolteng.com
https://doi.org/10.1557/mrs.2017.160 Published online by Cambridge University Press

https://doi.org/10.1557/mrs.2017.160


NANOMATERIALS 
NM01 Carbon Quantum Dots—Emerging Science and Technology

NM02  Anisotropic Carbon Nanomaterials—Frontiers in Basic and Applied Research

NM03  Progress in Developing and Applications of Functional One-Dimensional 

Nanostructures

NM04 Atomically Thin, Layered and 2D Non-Carbon Materials and Systems

NM05  Nanomaterials, Nanoparticles and Nanostructures Produced by Plasmas—

Synthesis, Characterization and Applications

NM06  Semiconductor Nanocrystals, Plasmonic Nanoparticles  

and Metal-Hybrid Structures

NM07  Nanostructure-Based Optical Bioprobes—Advances, Trends and Challenges 

in Optical and Multimodular Bioimaging and Sensing

NM08 Defect-Induced Phenomena and New States of Matter at the Nanoscale

PROCESSING AND MANUFACTURING 
PM01  Explore New Frontiers in Materials Design Using Plasmas— 

Synthesis, Processing and Characterization

PM02 Advances and Upcoming Research Strategies in Reactive Materials

PM03 Interfaces and Interface Engineering in Inorganic Materials

PM04 Micro-Assembly Technologies—Fundamentals to Applications

THEORY, CHARACTERIZATION AND MODELING 
TC01 Multifunctional and Multifrequency Scanning Probe Microscopy

TC02 In Situ Studies of Materials Transformations

TC03  Emerging Prospect and Capabilities in Ion Beam Technology  

and Applications

TC04  Advanced Atomistic Algorithms in Materials Science

TC05  Uncertainty Quantification in Multiscale Materials Simulation

TC06  Mechanical Behavior at the Micro and Nanoscale— 

Bridging Between Computer Simulations and Experiments

TC07  Design, Control and Advanced Characterization of Functional Defects  

in Materials

BROADER IMPACT 
BI01  Community College and University Partnerships as Catalysts  

for Promoting Materials Science Education

BI02 Materials Innovation for Sustainable Agriculture and Energy

BIOMATERIALS AND SOFT MATERIALS 
BM01  Multiscale Mechanobiology and Biomechanics— 

Theory, Experiments, Computations

BM02  Multiphase Fluids for Materials Science— 

Droplets, Bubbles and Emulsions

BM03  Biological and Bioinspired Materials for Photonics and Electronics—

From Living Organisms to Devices

BM04 Biomaterials for Regenerative Engineering

BM05  Polymer Gels in Materials Science— 

3D/4D Printing, Fundamentals and Applications

BM06 2D Nanomaterials in Health Care

BM07  Emerging Materials and Devices for Engineering Biological Function 

and Dynamics

BM08 Materials Design for Neural Interfaces

BM09  Stretchable Bioelectronics— 

From Sensor Skins to Implants and Soft Robots

BM10 Bioinspired Interfacial Materials with Superwettability

BM11  Modeling, Characterization, Fabrication and Applications  

of Advanced Biopolymers—Where Form Meets Function

BM12 Biomolecular Self-Assembly for Materials Design

ELECTRONICS, MAGNETICS AND PHOTONICS 
EM01  Organic Semiconductors—Surface, Interface, Bulk Doping  

and Charge Transport

EM02 Multiferroics and Magnetoelectrics

EM03  Novel Materials and Architectures for Plasmonics— 

From the Ultraviolet to the Terahertz

EM04 Wide- and Ultra-Wide-Bandgap Materials and Devices

EM05 Oxide Interfaces—Lattice and Electronic Defect Interactions

EM06  Diamond Electronics, Sensors and Biotechnology— 

Fundamentals to Applications

EM07  Materials, Devices and Architectures for Neuromorphic Engineering 

and Brain-Inspired Computing

EM08 Emerging Materials for Quantum Information

EM09 Electronic and Ionic Dynamics at Solid-Liquid Interfaces

EM10  Solution-Processed Inorganics for Electronic and Photonic Device 

Applications

ENERGY AND SUSTAINABILITY 
ES01 Perovskite Materials and Devices—Progress and Challenges

ES02  On the Way to Sustainable Solar Fuels— 

New Concepts, Materials and System Integration

ES03  Earth Abundant Metal Oxides, Sulphides and Selenides for Energy 

Systems and Devices

ES04 Interfaces in Electrochemical Energy Storage

ES05 Materials and Design for Resilient Energy Storage

ES06 Alkali Solid Electrolytes and Solid-State Batteries

ES07 Chromogenic Materials and Devices

ES08 Advanced Nuclear Materials—Design, Development and Deployment

ES09 Thermal Energy—Transfer, Conversion and Storage

ES10 Materials Efficiency to Enable a Circular Materials Economy

ES11 Silicon for Photovoltaics

Preregistrat ion 

506 Keystone Drive    Warrendale, PA 15086-7573

Tel  724.779.3003    Fax 724.779.8313

info@mrs.org    www.mrs.org

®

Meeting Chairs
  lke Arslan  Pacific Northwest National Laboratory

Jason A. Burdick  University of Pennsylvania

Tao Deng  Shanghai Jiao Tong University

James B. Hannon  IBM T.J. Watson Research Center

Sanjay Mathur  University of Cologne

www.mrs.org/fall2017

2017 iMatSci Innovator Showcase 
CALL FOR EARLY-STAGE STARTUPS 
Submission Deadline: August 1, 2017 

www.mrs.org/imatsci 

November 26–December 1, 2017      Boston, Massachusetts|

2017           FALL MEETING & EXHIBIT

opens  
mid-september

https://doi.org/10.1557/mrs.2017.160 Published online by Cambridge University Press

https://doi.org/10.1557/mrs.2017.160


  OPINION LETTER FROM THE PRESIDENT

474 MRS BULLETIN • VOLUME 42 • JULY 2017 • www.mrs.org/bulletin

ELECTRON-EMISSION MATERIALS

July 2017    Volume 42     Number 7     ISSN: 0883-7694    CODEN: MRSBEA

CONTENTS

ON THE COVER 

Electron-emission materials: New gen-

erations of emission devices are continu-

ously being improved based on innovative 

materials and the introduction of physical 

concepts. Nanotubes, nanowires, graph-

ene, and electron emission models are 

discussed in this issue, as well as original 

mechanisms, such as the thermoelectric 

effect, thermionic emission, and heat-trap 

processes. The cover shows a photograph 

of a thermoelectronic energy converter in 

operation and a sketch of a thermoelectronic energy converter, 

which shows that input energy absorbed in the top electrode (emit-

ter) causes the emission of electrons, and are guided by a grid 

potential to the bottom electrode (collector). Images courtesy of 

R. Wanke et al. See the technical theme that appears on page 488.

TECHNICAL FEATURE 

525  A holistic view of nucleation and self-
assembly
David Turnbull Lectureship
2016 MRS Fall Meeting
James J. De Yoreo

488   Electron-emission materials: 
Advances, applications, and models
Daniele M. Trucchi and Nicholas A. Melosh, 

Guest Editors

493  Thermionic electron emission from single 
carbon nanostructures and its applications 
in vacuum nanoelectronics  
Xianlong Wei, Qing Chen, and Lian-Mao Peng

500  Carbon nanotube photothermionics: 
Toward laser-pointer-driven cathodes for 
simple free-electron devices and systems 
Alireza Nojeh

505  Theoretical modeling of electron emission 
from graphene 
Y.S. Ang, Shi-Jun Liang, and L.K. Ang

511  Ultrabright and monochromatic nanowire 
electron sources
Han Zhang, Jie Tang, Jinshi Yuan, and Lu-Chang Qin

518  Thermoelectronic energy conversion: 
Concepts and materials
R. Wanke, W. Voesch, I. Rastegar, A. Kyriazis, 

W. Braun, and J. Mannhart

https://doi.org/10.1557/mrs.2017.160 Published online by Cambridge University Press

https://doi.org/10.1557/mrs.2017.160


www.mrs.org/bulletin

www.mrs.org/energy-quarterly 

www.mrs.org/mymrs

http://journals.cambridge.org

mrsbulletin-rss

@mrsbulletin

OPINION LETTER FROM THE PRESIDENT

475

 www.mrs.org/bulletin  

®

ADVERTISERS IN THIS ISSUE  Page No.

American Elements ...........................................Outside back cover
High Voltage Engineering ....................................Inside front cover
Rigaku Corporation ......................................................................524

MRS BULLETIN • VOLUME 42 • JULY 2017 • www.mrs.org/bulletin

478 Materials News

 �  Research Highlights: Perovskites
Prachi Patel

FEATURE EDITOR: Pabitra K. Nayak

 �  Operando XRD captures soluble polysulfide 
intermediates in lithium-sulfur batteries
Lauren Borja

    Microfl uidic device delivers drugs directly to brain
Joseph Bennington-Castro

 �  Structure of natural materials informs design of 
graphene-based composites
Boris Dyatkin

 �  Intermolecular forces for self-assembly identifi ed 
through simulations
Aashutosh Mistry

484 Science Policy

 �  Materials researchers join historic March for Science
Amanda Alvarez, Alison Hatt, Judy Meiksin, 

Don Monroe, Angela Saini, and William Schulz

NEWS & ANALYSIS

540  Books 
 �  Fundamentals and Applications of Magnetic Materials

Kannan M. Krishnan

Reviewed by Wanfeng Li

 �  Nanowires: Building Blocks for Nanoscience and 
Nanotechnology
Anqi Zhang, Gengfeng Zheng, and Charles M. Lieber

Reviewed by Rosaria A. Puglisi

 543  Posterminaries    
One algorithm to rule them all
Steve Moss

SOCIETY NEWS

FEATURESDEPARTMENTS

477 OPINION
Letter from the President
The impacts of publication 
Susan Trolier-McKinstry

542 CAREER CENTRAL

537 �  Frontiers of Materials Research: A Decadal Survey
Lori A. Wilson and Gopal R. Rao

 �  MRS seeks award nominations

 �  Preview: XXVI International Materials Research 
Congress 2017

531 �  9th International Conference of the African Materials 
Research Society to be held December 11–14 in 
Botswana

https://doi.org/10.1557/mrs.2017.160 Published online by Cambridge University Press

https://doi.org/10.1557/mrs.2017.160


  OPINION LETTER FROM THE PRESIDENT

476 MRS BULLETIN • VOLUME 42 • JULY 2017 • www.mrs.org/bulletin

 

EDITORIAL OFFICE   506 Keystone Drive, Warrendale, PA 15086-7573 USA

Bulletin@mrs.org    tel 724.779.2747    fax 724.779.8313    www.mrs.org  

MRS Bulletin (ISSN: 0883-7694, print; ISSN 1938-1425, online) is published monthly by the Materials Research Society, 506 Keystone Drive, Warrendale, PA 15086-7573. © 2017 Materials 

Research Society. Permission required to reproduce content. Periodical postage paid at New York, NY, and at additional mailing offi ces. POSTMASTER: Send address changes to MRS Bulletin 

in care of the Journals Department, Cambridge University Press, 100 Brook Hill Drive, West Nyack, NY 10994-2113, USA. Printed in the U.S.A.

 Membership in MRS is $130 annually for regular members, $32 for students, and includes an electronic subscription to MRS Bulletin. Print subscriptions are available to MRS members 

for an additional $25. Individual member subscriptions are for personal use only. Non-member subscription rates are $533 (USD) for one calendar year (12 issues). Requests from subscribers 

for missing journal issues will be honored without charge only if received within six months of the issue’s actual date of publication.

 MRS Bulletin is included in Current Contents®/Engineering, Computing, and Technology; Current Contents®/Physical, Chemical, and Earth Sciences, the SciSearch® online database, 

Research Alert®, Science Citation Index®, and the Materials Science Citation Index™. Back volumes of MRS Bulletin are available on microfi che through University Microfi lms Inc., 

300 North Zeeb Road, Ann Arbor, MI 48106, USA.

 Authors of each technical article appearing in MRS Bulletin are solely responsible for all content in their article(s), including accuracy of the facts, statements, and citing resources. Facts and 

opinions are solely the personal statements of the respective authors and do not necessarily represent the views of the editors, the Materials Research Society, or Cambridge University Press.

Send Letters 
to the Editor to 
Bulletin@mrs.org. 
Include your name, 
affi liation, and full 
contact information.

MRS OPERATING COMMITTEE CHAIRS

Academic Affairs Bruce M. Clemens, Stanford University, USA
Awards Albert Polman, FOM Institute AMOLF, The Netherlands
Government Affairs Kevin J. Whittlesey, 4D Molecular Therapeutics, USA
Meetings Terry Aselage, Sandia National Laboratories, USA 
Member Engagement Sossina M. Haile, Northwestern University, USA
Public Outreach Elizabeth Kupp, The Pennsylvania State University, USA
Publications Shefford Baker, Cornell University, USA

MRS HEADQUARTERS

Todd M. Osman, Executive Director
J. Ardie Dillen, Director of Finance and Administration
Damon Dozier, Director of Government Affairs
Patricia Hastings, Director of Meetings Activities 
Eileen M. Kiley, Director of Communications

About the Materials Research Society
The Materials Research Society (MRS), a not-for-profi t scientific 
association founded in 1973 and headquartered in Warrendale, 
Pennsylvania, USA, promotes interdisciplinary materials research. 
Today, MRS is a growing, vibrant, member-driven organization of 
over 16,000 materials researchers spanning over 80 countries, from 
academia, industry, and government, and a recognized leader in 
the advancement of interdisciplinary materials research.
 The Society’s interdisciplinary approach differs from that of 
single-discipline professional societies because it promotes informa-
tion exchange across many scientifi c and technical fields touching 
materials development. MRS conducts three major international 
annual meetings and also sponsors numerous single-topic scientific 
meetings. The Society recognizes professional and technical excel-
lence and fosters technical interaction through University Chapters. 
In the international arena, MRS implements bilateral projects with 
partner organizations to benefi t the worldwide materials commu-
nity. The Materials Research Society Foundation helps the Society 
advance its mission by supporting various projects and initiatives.  

Editor 
Gopal R. Rao, rao@mrs.org

Managing Editor 
Lori A. Wilson, lwilson@mrs.org

News Editor  
Judy Meiksin, meiksin@mrs.org 

Technical Editor  
Lisa C. Oldham, oldham@mrs.org

Editorial Assistants 
Michelle S. Raley, raley@mrs.org
Mary Wilmoth 

Associate Technical Editor
Carol Tseng

Production/Design 
Andrea Pekelnicky-Frye, Rebecca Tokarczyk, 
Felicia Turano, and TNQ

Associate Production Editor
Brian Mazeski 

Principal Development Editor
Elizabeth L. Fleischer

Director of Communications 
Eileen M. Kiley

Guest Editors
Daniele M. Trucchi and Nicholas A. Melosh

Special Consultant 
Takao Someya

Energy Quarterly 
George Crabtree (Co-chair), 
Elizabeth A. Kócs (Co-chair),
Andrea Ambrosini, Monika Backhaus, 
David Cahen, Russell R. Chianelli, 
Shirley Meng, Sabrina Sartori, Anke 
Weidenkaff, M. Stanley Whittingham, 
and Steve M. Yalisove  

Advertising/Sponsorship 
Mary E. Kaufold, kaufold@mrs.org 
Donna L. Watterson, watterson@mrs.org 

Member Subscriptions 
Michelle Judt, judt@mrs.org

Non-Member Subscriptions
subscriptions_newyork@cambridge.org

EDITORIAL BOARD

Fiona C. Meldrum (Chair), University of Leeds, UK

V.S. Arunachalam, Center for Study of Science, Technology & Policy, India

Christopher J. Bettinger, Carnegie Mellon University, USA

Paul S. Drzaic, Apple, Inc., USA 

Igor Lubomirsky, Weizmann Institute, Israel

Amit Misra, University of Michigan, USA 

Steven C. Moss, The Aerospace Corporation, USA

Julie A. Nucci, Cornell University, USA 

Linda J. Olafsen, Baylor University, USA

James W. Stasiak, HP Inc., USA

Carol Trager-Cowan, University of Strathclyde, UK

Anke Weidenkaff, University of Stuttgart, Germany

Eric Werwa, Washington, DC, USA  

M. Stanley Whittingham, Binghamton University, The State University of New York, USA 

Steve M. Yalisove, University of Michigan, USA

VOLUME ORGANIZERS 

2017  Ken Haenen, Hasselt University & IMEC vzw, Belgium 
John C. Mauro, Corning Incorporated, USA
Michael S. Strano, Massachusetts Institute of Technology, USA 
Joyce Y. Wong, Boston University, USA 

2018  Karsten Albe, Technische Universität Darmstadt, Germany 
Hiroshi Funakubo, Tokyo Institute of Technology, Japan
Michael Hickner, The Pennsylvania State University, USA
Bethanie Stadler, University of Minnesota, USA  

®

2017 MRS BOARD OF DIRECTORS 

President Susan Trolier-McKinstry, The Pennsylvania State University, USA

Immediate Past President Kristi S. Anseth, University of Colorado Boulder, USA
Vice President and President-Elect Sean J.  Hearne, 
 Sandia National Laboratories, USA 
Secretary Eric A. Stach, Brookhaven National Laboratory, USA 
Treasurer David J. Parrillo, The Dow Chemical Company, USA 
Executive Director Todd M. Osman, Materials Research Society, USA

Charles T. Black, Brookhaven National Laboratory, USA
Li-Chyong Chen, National Taiwan University, Taiwan 
Matt Copel, IBM Research Division, USA
Paul S. Drzaic, Apple, Inc., USA
Dawnielle Farrar-Gaines, Johns Hopkins University, USA 
Yury Gogotsi, Drexel University, USA 
Claudia Gutiérrez-Wing, Instituto Nacional de Investigaciones Nucleares, Mexico
Young-Chang Joo, Seoul National University, South Korea
Karen L. Kavanagh, Simon Fraser University, Canada
Lincoln J. Lauhon, Northwestern University, USA
Christine Ortiz, Massachusetts Institute of Technology, USA
Sabrina Sartori, University of Oslo, Norway
Magaly Spector, The University of Texas at Dallas, USA
Molly M. Stevens, Imperial College London, UK
Anke Weidenkaff, University of Stuttgart, Germany

https://doi.org/10.1557/mrs.2017.160 Published online by Cambridge University Press

https://doi.org/10.1557/mrs.2017.160

	mrs_C1-July17.pdf
	mrs_C2-July17.pdf
	473.pdf
	mrs_473-July17.pdf
	mrs_474-476-July17.pdf


