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Scientific Highlights Pg 10 expertise were published in 2013
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The BIMR plans for and operates sophisticated infrastructure
the production and advartteharacterization of materials.

It also both disseminates and celebrates research achievement covering a wide range of scientific and
engineering interests, related to materials.

At present we operate roughly $40M in research infrastructure, ana anake this forefront investment
available to a large materials research community at McMaster, and to both the national and international
materials research community. We currently have more than $10M in additional new research
infrastructure under eidln procurement or construction.

There are more than 130 independent principal investigators who are officially BIMR méntibeysare

drawn from all the traditional materials science disciplines in academia, such as Physics, Chemistry,
Materials Sciencend Engineering, and Chemical Engineering, but less traditional disciplines as well,
such as Biochemistry and Anthropology. We also have many users and collaborators drawn from the
industrial and government research sectors. The training and educattbe a&xt generation of
materials scientists is central to our overall mission. In any one year, as many as 500 highly qualified
personnel, both within and external to McMaster, are making use of BIMR infrastructure and technical
expertise to further thiaterests of their dissertation research or scholarly interests.

Founded in 1969, the BIMR is one of the oldest and largest materials research institutes in North
America. Most of our infrastructure is physically located in the Arthur Bournes Buildikigidaster,

with new infrastructure under construction within the McMaster Nuclear Reactor. A key to our success is
our skilled and experienced technical stafho allow the sophisticated research infrastructure to be
optimally exploited by a large and diverse user base.

This annual report will discuss the materials research inficistie which we operated in 2QJ&hd some

of the initiatives we are currently working oo broaden and increase our impact in forefront materials
research. The report discusses our extensive BIMR seminar program and spe@ahaients that we
held in 2013 Finally and most importantly we detail our bottom lineur record of materialresearch
accomplishment for 2013rimarily in the form of scientific publications which depended critically on
access to BIMR sophisticated infrastructure and technical expertise.



Brockhouse Institute ’

BIMR Annual Repod 2013 ,
P for Materials Research  Universit

TS

About the Director

Dr. Bruce D. Gaulinwas appointed Director of the BIMR in 2009. A longtime member of the
Institute, he is expert at neutron anday scattering studies of materials, and is the Scientific
Director of the Centre for Crystal Growth within the BIMRHe is ceauthor of morehan 1®
scientific publications and is a Fellow of the Royal Society of Canada and the American Physical
Society. He is a Professor in the Department of Physics and Astronomy, and has held the
Brockhouse Chair in the Physics of Materials since 1998.

Bertram N. Brockhouse 1918 2003

Bertram N. Brockhouse, a McMaster University Professor from 1962 until

his retirement in 1984, is the only scientist working in Canada to have

been awarded the Nobel Prize in Physics. He is also the most recent
recipiert of a Nobel Prize in any discipline who performed their work in

Canada. He shared the 1994 Nobel Prize in Physics with Clifford G.

Shull of MIT, for the development of neutron spectroscopy as a probe of
condensed matter. As described in the October p@&gs release from

the Royal Swedi s h IAsirapttaemrmsClitfofd GSci enc e
Shull has helped answer the question of where atoms "areBarichm

N. Brockhouse he question of what atoms " d:«
with many other distinctionsn his lifetime, including the Order of

Canada, Fellowship in both the Royal Society (London) and the Royal
Society of Canada, the Oliver Buckley Prize from the American Physical

Society, and the CAP Medal for Lifetime Achievement in Physics from

the Candian Association of Physicists.

Bert Brockhouse was a founding member of the Institute for Materials Research at McMaster, the
forerunner to the BIMR. The Institute for Materials Research was renamed the Brockhouse Institute for
Materials Research in hinour in 1995.

Many of his McMaster graduate students have themselves gone on to international prominence, including
Mike Rowe (NIST) and Sosdsin Chen (MIT), both of whom have been awarded the Shull Prize from
the Neutron Scattering Society of Amerjceric Svensson (AECL, Chalk River); John Copley and Bill
Kamitakahara (both at NIST); and Doug Hallman (Laurentian).

Bert was born July 15, 1918 in Lethbridg&lberta. He grew up in Vancouver and first worked as a
laboratory assistant, and then as a-seiployed radio repairman, both in Vancouver and in Chicago. He
spent World War 1l in the Royal Canadian Navy Volunteer Reserve working as an electronitsgaiechn

He attended the University of British Columbia and graduated in 1947 with his BSc. in Mathematics and
Physics. Bert then moved to the University of Toronto for his MSc. and PhD. studies in experimental
physics, graduating in 1950. He moved to @tealk River Laboratories where he worked from 1950

1962 on pioneering the development of inelastic neutron scattering techniques. Hrdckimouse
passed away October 13, 2003.
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Canadian Centre for
Electron Microscopy

Facilities

Canadian Centre for Electron Microscopy (CCEM) The Canadian
Centre for Electron Microscopy (CCEM) provides a suite of wolits
electron microscopy capabilities and expertise to our user bas
materials researchers working on a broad range of materials scienc
engineering. Infrastructure within the CCEMludes apparatus for bot
scanning electron microscopy (SEM) and transmission electron

microscopy (TEM). Associated sample preparation infrastructure, including a focused ion beam (FIB)
apparatus is available such that electron microscopy projects cas cmmprehensive as possible. In
particular, two statef-the-art aberratiorcorrected TITAN TEMS allows for unprecedented spatial
resolution of structure and for electron spectroscopy, and are among the most scientifically productive
anywhere in the wadl Expert technical staff enables this unique infrastructure to be optimally exploited.

Centre for Crystal Growth (CCe) T h e BI MR is home gaimo aghy a d a 0 S mo s t

and existing materials, the Centre for Cry&abwth (CCG). The CCG is g
centeredn several large crystal growth furnaces which are optimized for
the growth of different types of crystals. However, crucial to the suc :
of the CCG is the fact that supporting sample preparation and

characterization infrastructure is also present, where it is used to prepare the starting materials required
for crystalgrowth, to anneal or pesinneal materials at intermediate stages in the crystal growth process,
and characterization infrastructure which allows the crystal grower to assess which phases of crystalline
materials are being produced, and what the naturthefimpurities are in the growth process. A
successful program of crystal growth is a multistep process which alternates between sample preparation,
sample characterization, and single crystal growth and iterates on itself until the desired largeinad pri
single crystal of a new material is achieved.

McMaster Analytical X-ray Diffraction Facility (MAX) MAX is a jprmyrers Analytical X-
service, research and teaching laboratory operated jointly by the Dnm acmm Facnlm
and the Department of Chemistry and Chemical Biology. It is a |éadq
materials characterization by-ray diffraction in Canada. MAX is
comprised of statef-theart xray crystallography infrastructure
enabling comprehensive crystallographic studies ranging from rou
chemical crystallography, powder phase analysi$ Rietveld refinements to reciprocal space analysis,
texture analysis, thin film analysis, the monitoring of phase changes, and solving difficult single crystal
structures.

ray |

Cryogenic Characterization Facility The electronic and magnetic g
properties of materials are often key to their characterization a
application. The electronic/magnetic characterization facility operates
Quantum Design SQUID magnetometer with capability of measureme
between 1.8 and 800Knd magnetic fields up to 5T. It also operates @l
Quantum Design PPMS and Oxford Instruments Maglab system with
capabilities for measuring AC susceptibility, specific heat and electrical transport between 1.5K and 400K
in magnetic fields up to 9T. The féity also operates the He liquefier for the Institute
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BIMR Technical and Administrative Staff

Forefront materials research programs require acces t(#!
cutting edge instrumentation, but also to knowledgeable %
and engaged technical staff who can bothintain the f§ *'J's
equipment, and make sure it is ultimately exploited. 3§
is really the combination of the unique infrastructuf
and the skilled BIMR technical staff that makes the
BIMR as productive as it is. The organizational cha '

for the BIMR is shown Hew:

Organizational Chart

.. . Finance Admmmstration Director’s Secretary
/ Admimnistration H McLeod H[ Cooper “

Scientific Director, Gaulin

Centre for Crystal Research Scientist Research Technician
International Growth (CCG) Dabkowsk:, Dabkowska Garrett
Advisory J

Cominittee

Scientific Director, Luke

Cryogenics H[ FD‘:g]:W Manager }] Organizational Chart
Brockhouse Institute for

Materials Research

BIMR
Director,
Gaulin

Scientific Director. Botton

CCEM Manager Research Technician Research Associate
de Silveira Duft. Buicher, Huang. Andrei, Korinek
Casagrande
—

Scientific Director. Britten

Advisory

. Manager Research Engineer
Oversight \ MAX Bn'tteﬁ Tarvis e
Committee

Scientific Director. Gaulin & Mascher

. BMR@MWR

MAD & MIPBF

Facilites
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Facilities Advisory Oversight Committee

The BIMR Director receives advice as to scientific direction and problem resolution from a
Directordés Advisory Committee which meets once
users and BIMR facility directors, and its membership is intendeshange on an approximate 3

year cycle.ln 2013the Facilities Advisory Oversight Committeeas made up of:

Gianluigi Botton (Scientific Director of CCEM, McMaster University) Professor :
Bottonis in the Department of Materials Science and Engineering at McMastergaiie
received his B. Eng Physics, 1987, his Ph. D. in Materials Engineering, 1992
Ecole Polytechnique, Montreal. He is Canada Research Chair in Microsco
Nanoscale Materialsnd his research activities include: Microscopy of nanostract r/ M
materials; transmission electron microscopy; eleceoergyloss spectroscopy an 4/,-’ .ry:' ) ‘
structureproperties in nanoscale materials. '

]"f"\;

‘} '?‘,n ;

Q‘u,. ol
l

Luke is in the Department of Physics and Astronomy at McMaster. He receiv
PhD from the University of British Columbia in 1988. He was a -postoral
fellow at Columbia University from 19881 and a faculty member there from 19 &
to 1998. He moved to McMaster in 1998, where his research interests are |
area of highly correlated electron systems, with an emphasis on supercondu
and magnetism. He is presently a Senior Fellow in the Quantum Materials Pr
of the Canadin Institute for Advanced Research.

Graeme Lukge(Director of Cryogenic Facilities, McMaster Umisity) Professoe,g
hi

Peter Mascher(Director of McMaster Intense Positron Beam Facility (MIPBR
McMaster University) Professor Mascher is in the Department of Engineering Ph
at McMaster. Heobtained a PhD in Engineering Physics1884 from the Graz
University of Technology in Austria and spent about four years as adposiral
fellow and research associate at the University of Winnipeg. He joined McMastgf
University in 1989 and holds the William Sinclair Chair in Optoelectromind, serves g

as Associate Dean (Research) of Engineering. Since 2010, he has led the
positron initiative, currently under construction at the McMaster Nuclear Reactor

Yurij Mozharivsky ProfessoMozharivskyjis in the Department of Chemistry an
Chemical Biology at McMaster University, where he holds a Tier Il Can
Research Chair in Solid State Chemistry of Responsive Materials. Prof
Mozharivskyj received his Ph.D. from lowa State University in 20022010 he
was awardedMargaret C. Etter Early Career Award from the Americ
Crystallographic Association.Currently his research takes him in two directio
magnetocaloric phases (materials for magnetic refrigeration) and thermoel
phases of newnaterials.
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International Advisory Committee

Mary Anne White (PastDirector, Institute for Research Materials, Dalhousie
University) Professor White is Killam Research Professor in Materials Science, a "‘ 1
also Professor of Chemistry andyBlts, at Dalhousie University. Prof. Whiteceived = o
her BSc. from the University of Western Ontario in 1975, and her PhD from McMasters=4
University in 1980, working with Prof. J.A. Morrison, founding Director of the BIMR.
She has been a faculty membeDaihousie since 1983, where her research intergf
are focused on the thermal properties of materials. ¢

Warren PooléProfessor Poole is the Department Head of Materials Engineering a
University of British Columbia and currently holds the Rio Tirdtcan Chair in
Mat erials Process Engineering. He r g
of Western Ontario and his Ph.D. from McMaster University. Following a-
Doctoral Fellowship at the University of Cambridge, he worked in industry as &
research engineer. He has an extensive history of productive collaboration with thejk
players in the Canadian metals industry. )

Peter SchiffeDr. Schiffer, a condensed matter experimentalist, is currently a profg
of physics and Vice Chancelloorf Research at the University of lllinois at Urba
Champaign. He received his bachel or
from Stanford University. Following two years as a postdoctoral member o
technical staff of AT&T Bell Laboratoriesie became an assistant professor of phys
at the University of Notre Dame. He moved to Pennsylvania State University whe
was promoted to full professor. Professor Schiffer received the Presidential
Career Award for Scientists and Engined?ECASE) from the Army Research Office
in 1997, a Faculty Early Career Development (CAREER) Award from the National Science
Foundation in 1997, and was named an Alfred P. Sloan Foundation Research Fellow in 1998. He was
elected a fellow of the American Pligal Society in 2004 "for pioneering studies of novel magnetic
materials including colossal magnotoresistance manganites and geometrically frustrated magnets."

David CoryDr. Cory holds a Canada Excellence Research Chair and is a professor
of chemistryat t he University of Waterl oo. g
Ph. D. from the Case Western Reserve University, and became a professor™®
Nuclear Engineering at the Massachusetts Institute of Technology, where he ma
significant breakthroughs in gutum information processing by advancing nuclear
magnetic resonance methods. His work has had a range of applications from th(#’ '
medical field to the oil industry. He is a visiting researcher at the Perimeter Institdte - #

for Theoretical Physics and is chaif the advisory committee for the Canadian Institute for
Advanced Research.

recei v
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Education and Outreach

BIMR Workshops, Conferences & Summer Schools

A key component of the BI MR6s miss
important results from the national amdernational materials research
community, as well as to stimulate lively discussion related to
contemporary materials problems. Our Seminar, Workshop, and
Conference program also provides a vehicle for stimulating new
collaborations and opportunitiesrfomulti and interdisciplinary studies.

This is important for our faculty members and external user base, but

also for the large cohort of highly qualified personnel, who usually

make up a large fraction of the audience for these events.

Advanced Characterization
of gy e Matarals

gy Lo e Stage I

The following Sunmer Schools and Conferences wengaaized by the BIMR during 2013

Advanced Characterization of Energy Conversion and Storage Materials

May 17, 2013

A one day workshop jointly organized by the NSERC APC networks C&RP&nd LIB to discuss

and presenadvanced characterization techniques and their applications to study novel catalysts and
membranes for fuel cell and novel battery material. The aim was to promote network interaction and
introduce participants to a variety of characterization technigues demonstrate advances in
instrumentation. The workshop included demonstrations of advanced instrument on site at the
CCEM.

A Sesquicentennial (and then some!) in Superconductivity and Metals Physics

May 2324, 2013

This conference celebrated the conga achievements of Tom Timusk and Jules P. Carbotte to our
understanding of metals and superconducttirisicluded 13 invited talks, some by alumni of the
Timusk and Carbotte groups.

CCEM Summer School on Electron Microscopy

June 2428, 2013

A 5-day ourse for users with experience in electron microscopy, on the fundamentals of aberration
corrected imaging, electron energy loss spectroscopy, electron tomography, ultimate physical limits
(beam damage and resolution) and the use of aber@iroacted kctron microscopes. The aim is

to provide students advice in solving characterization problems with the help of experts. The course
will include lectures given by experts in the use of the technique and experts in electron optics,
alignment and optimizain of electron microscopes and EELS spectrometers. Students will have
plenty of opportunities for hands training on the alignment and operation of the electron
microscopes with the experts from the microscope and spectrometer companies. Students are
encouraged to bring their own TEMady samples. Two FEI Titan microscopes with correctors and
monochromators (Quantum and Tridiem spectrometers) and one FEI Osiris with SuperEDX and a
FS1 spectrometer will be used for training.
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CINS 2013 Annual General Meeting

October 2526, 2013

The BIMR hosted the 2013 Canadian Institute for Neutron Scattering AGM. Highlights included a
keynote lecture by Mark Lumsderf Oak Ridge National Laboratory and a tour of the McMaster
Nuclear Reactor facility.

BIMR Seminars

The BIMR Seminar Committee consists of BIMR members from the range of materials science
interests which the BIMR serves. These Seminar Committee members are charged with putting
together a high quality engaging series of seminars on contemporary prable@terials research.
Seminar speakers typically spend frof3 flays on campus and have ample opportunity of meet with
BIMR faculty members, users and as well as grad students and other highly qualified personnel.

BIMR 2013Seminar Committee members

Graeme Luke, Physics and Astronomy John Greedan,Chemistry and Chemical Biology
Ayse Turak, Engineering Physics An-Chang Shi,Physics and Astronomy
Jeff Hoyt, Materials Science and Engineering Harold Haugen, Physics and Astonomy

Gillian Goward, Chemistry and Chemical Biology Hatem Zurob, Materials Science and Engineering
Emily Cranston, Chemical Engineering

BIMR 2013 Invited Seminar Speakers

Sean Agnew University of Virginia Bart M. Bartlett, University of Michigan

Topic: Deformation Mechanisms of Topic: Inorganic Synthesis for Designing Bette
Magnesium Alloys Li-lon Battery Electrodes

Lennart Bergstrom, Stockholm University | Andrea Bianchi, University of Montreal

Topic: Assembly of Nanoparticles and Topic: Quantum Magnetism in NFRPy: A
InorganicNanocellulose Hybrids into Crystal built from fregadicals

Functional Materials

Pablo Bianucci Concordia University Gianluigi Botton, McMaster University

Topic: Optical microresonatorg:he interplay | Topic: From Atoms and Bonds to Colours: Wt
of light and matter Can We fASeed with an

Michael K. Crawford, DuPont Central R&D | Zoe Coull, Technologies Corrosion Group Leac
Topic: Neutron Scattering Studies of Polym{ Hatch, Canada

Radius of Gyration in Nanocomposites and| Topic: Degrading Highway Bridges: Why this it
Ligand Dynamics of POSS Nanoparticles | important,what are the issues and how can we

solve them
Daniel DessaulUniversity of Colorado, Mildred Dresselhaus MIT
Boulder Topic: Why has carbon nanoscience become ¢

Topic: What Sets the Tc in Cuprate High popular?
Temperature Superconctors?
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Daniel Frederickson,University of
Wisconsin, Madison

Topic: Chemical frustration: Lessons in
Materials Design from Complex Intermetalli
Phases

Adam P. Hitchcock,McMaster University
Topic: Advances in Soft XRay Scanning X
Ray Microscopy

Nobuhito Imanaka, Osaka University
Topic: Inorganic Functional Materials
Application for Solid Electrolyte Type
Ammonia

Andrew P. Knights, McMaster University
Topic: Silicon-based Optical links can they
be economically viable?

Jan Kycia, Universityof Waterloo
Topic. Specific heat and magnetization stud
of the spin ice material, Dy2Ti207

Anthony Mittermaier, McGill University
Topic: Mapping the energy landscape of
protein function using NMR and calorimetry

James R NeilsonColorado State University
Topic: Charge density wave fluctuations ang
heavy fermion behavior without magnetism
ThCr2Si2type KNi2Se2

Warren Poole, University of British
Columbia

Topic: Analysis of strengthening and work
hardening in precipitation hdened aluminum
alloys

Oleg Rubel Lakehead University

Topic: First-principle simulations advance
characterization andevelopment of novel
optoelectronic materials

Ayse Turak, McMaster University
Topic: Heterojunction control in organic
photovoltaicselectrode work function tuning

Benjamin Hatton, University of Toronto

Topic: Engineering surface microstructures for
inpPery, ultralow adhesion andmniphobic
surfaces; ice nucleation, bacterial attachment,
ketchup stains

Peter C. W. Holdsworth, Institut Universitaire
de France
Topic: A brief history of Erbium Titanate

Woo Young Kim, Hoseo University, Korea
Topic: Improvements of organicED's optical
and electrical performances: high contrast ratic
and energy transfén hostdopant system

Ondrej Krivanek , Arizona State University
Topic: Analyzing matter atoaiy-atom with the
scanning transmission electron microscope

Andy Mackenzie, University of St. Andrews anc
Max Planck Institute for Chemical Physics of
Solids, Dresden

Topic: Uniaxial strain study of Sr2Ru0O4

Steve NaglerOak Ridge National Laboratory
Topic: Topological Oscillators: Good Vibration

Viktor Poltavets, MichiganState University
Topic: Soft chemistry approaches to new
cathode thermoelectric, and strongbprrelated
electron materials

Jeffrey Quilliam, Université de Sherbrooke
Topic: Spin and Orbital Degrees of Freedom ir
Ba3CuShb209

Hans Wolfgang SpiessMax Planck Institute for
Polymer Research, Mainz

Topic: Advanced magnetic resonance studies
nanostructured materials and signal enhancen

Haipeng Wang Northwestern Polytechnical
University, China

Topic: Undercooling and Phase Transition Unc
SpaceSimulation Conditions
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Electron Microscopy of Nanoscale
Materials

G.A. Bottort, M. Bugnet, M. Danaié, K. Dudeck,
N. Gauquelih, A. Korinek', A. P. Knight$, X. Surf,
J. Mauzerofi, P. Prabhudéy D. Rossouw J.W.T.

wei*, G.Z. zhd

Gianluigi A. Botton,
Department of Materials
Science and Engineering,
Andrew P Knights
Department of Enginergy
Physics

X (Andy) Suf
Department of Mechanical
Engineering

Janine Mauzerol]
Department oChemistry
JY.T. Wéi

Department of Physics
(1) McMaster University, Hamilton, ON

(2) Western University, London, ON

(3) McGill University, Montreal, QC

(4) University of Toronto, Toronto,ON

Principal
Investigators

Introduction

The Canadian Centre for Electron Microscopy, a
national facility operated by the BIMR, was
established through funding in the 2004 National
Competition from the Canada Foundation for
Innovation (CFIl) and Ontario Government. While
electron microscopy has been at the core of the
BIMR for decades, the CQ¥ started operations in
2006 and formally opened 2008, with the
commissioning of the two aberratimorrected FEI
Titan microscopes. The CCEM facility is been used
by over 300 research groups spread across the
country accessing the broad suite of instrutsémm

the variablepressure SEM to the aberratioarrected
and monochromated microscopes. Here we
demonstrate the application of the CCEM instruments
to a range of materials applications highlighting a
small subset of research carried out at the BIMR,

McMaster

University ‘%‘

\ Brockhouse Institute
for Materials Research

namely related to sungstrom resolution and sub
0.1eV microscopy and spectroscopy

Quantitative Defects in

Semiconductors

Analysis of

The highresolution scanning transmission electron
microscope has been extensively used to study the
structure of various types of defects generated in
shallowIn implants of Si substrate3hese samples
have been generated with the universal implanter at
McMaster University with the aim to study the
detailed atomic structure of defects present in these
materids following rapid thermal annealing. A
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Figue 1. Structure of a

implantation of Si with In. Top: HAADF image,
bottom: atomic position deduced from quantificatio
of the top image (crosses) with the molecular
dynamics simulationsfahe defect structure (dots);
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