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The Virginia Tech Crystallography Laboratory is a co-located facility of the Departments
of Biological Sciences, Chemistry, and Geosciences, within the College of Science. The
mission of VTX is three-fold:

1. Education — We teach crystallography courses to VT students, and we hold an
annual summer crystallography workshop for faculty and students from other
Universities.

2. Service — We provide crystallographic services (structure solution and
refinement) to research groups at Virginia Tech and other universities in the
region. We organize and host the Virginia Tech Structural Biology symposium.

3. Research - Members of VTX pursue their own research programs in
crystallography and structural biology.

Dr. Maureen Julian provided the highlight of our year of education. She completed the
writing of her new crystallography text book "Foundations of Crystallography with
Computer Applications™ , which is based upon the crystallography course that she has
taught in MSE for many years. The book will be published by Taylor and Francis in
Spring 2008. Dr. Julian continues to teach crystallography to large classes of
undergraduate students in engineering, while Drs. Angel and Slebodnick teach a two-
course sequence at the graduate level that is cross-listed between chemistry and
geosciences. The sequence provides graduate students with the knowledge base and skills
to be able to collect single-crystal diffraction data and to determine crystal structures that
are essential for their own research projects.

The laboratory continued its regional leadership role by providing service crystallography
facilities to research groups from several smaller colleges in south-west Virginia, and by
holding the fifth of our summer crystallography workshops for faculty and students from
colleges throughout the Commonwealth. The 2007 workshop attracted 16 people, of
whom 5 were women, from these colleges as well as several students enrolled for the
summer in the NSF REU program in the Chemistry department and one local high-school
student.

Virginia Tech Crystallography Laboratory 1



Following the success of its 2006 symposium the laboratory organized and hosted the
second VT Structural Biology Symposium over two days in March 2007. The symposium
attracted over 200 registrants, with guest speakers Dr. Richard Kriwacki (St. Judes
Childrens’ Research Hospital, Memphis, TN) and Dr. Mair Churchill (University of
Colorado at Denver), and several VT faculty speakers. The symposium was sponsored by
Oxford Diffraction, the College of Science, the Departments of Biological Sciences,
Chemistry, Geosciences and Biochemistry, as well as several biotech companies. A third
symposium will be organized by the laboratory on 28" March 2008.

In its service chemistry role, led by Dr. Slebodnick and supported by Dr. Berg, the
laboratory collected in excess of 150 datasets in support of the research programs of
Professors T. Long, G. Yee, K. Brewer, B. Hanson, P. Deck, R. Gandour, H. Gibson, H.
Dorn, D. Kingston, N. Castagnoli, and V. Soghomonian at Virginia Tech, and D. Gatta of
the University of Milan. Papers containing the structures are listed below.

The divide between education, research and service is crossed increasingly often in the
laboratory. Many of the more complex crystallographic problems arising from service
samples quickly develop in to research projects with an educational aspect. One of the
most exciting service projects this year was the characterization of heme-dimers for a
research group at VBI, to allow them to characterize the mechanism by which malarial
parasites detoxify free heme [20]. Analysis of the associated crystallographic literature
suggested inaccuracies in the reported structure of one of the dimers, and the high-school
student who attended the summer workshop returned to the laboratory later in the year to
re-determine the structure for her science fair project.

Similarly, the laboratory transfers its expertise in high-pressure X-ray diffraction to
research groups around the world by hosting research visits by faculty and students,
during which they conduct a research project and learn our techniques. In the case of the
University of Hamburg, a visit by Prof. Boriana Mihailova in 2007 led to a return visit to
the DESY synchrotron in Hamburg by Drs. Angel and Engel in the Fall to continue the
transfer of expertise. The results of the experiments at DESY were combined with
measurements made in the VTX laboratory and will shortly be published [25]. A student
from Hamburg will visit us for 3 months in 2008 for further training in high-pressure
diffraction methods. Dr. Elinor Spencer also visited VTX for 3 months early in 2007
from the University of Durham, in order to learn how to perform high-pressure single-
crystal diffraction measurements on metal-organic materials. She has subsequently joined
the laboratory as a post-doctoral associate to pursue two research programs, one in the
characterization of nanoparticles with Dr. Ross, and the other in the field of metal-
organic frameworks.

Current research projects in the laboratory also frequently cross the traditional dividing
lines between physics, chemistry, mineralogy and biology. For several years, the major
thrust of the geosciences research in the laboratory has been to determine the factors that
govern the compression of minerals. Our recent advances however have been made by
studying materials that are not minerals, but are substrate materials used in the electronics
industry. These studies [3] have shown that in common structures such as perovskites,
there are cases in which shorter bonds to a given cation are softer and weaker than longer
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bonds. This is a consequence, and proof, of the principal that we developed in 2004, that
the response of a crystal structure to pressure is governed by the equipartition of strain
across the structure, not that of stress. The Hamburg project, to study the response of
relaxor ferroelectric materials to high pressure in order to separate out the several atomic-
scale processes that lead to their useful materials properties, is one extension of the core
project from geosciences to materials science and physics. Similarly, we have started a
new research program in chemistry, led by new post-doctoral associate Dr. Spencer, to
determine the response of metal-organic frameworks to pressure. A comparison of these
with mineral structures of the same topology will allow us to determine which of
topology or bond strengths play a dominant role in determining compression mechanisms
of materials.

This has been the first complete year of residence in Blacksburg for Oxford Diffraction
Inc., following the move in Fall 2006 of their US corporate headquarters. The co-location
has brought even closer cooperation between the company and VTX, including a number
of loans of latest equipment models for our evaluation. During 2007 construction was
started on the new Integrated Life Sciences Building, located on the Corporate Research
Center adjacent to campus, which will become the new home for the crystallography
laboratory. The improved environment for the instruments, including being able to house
all of them in a single laboratory in a building that will also house many of the structural
biology programs and which is immediately adjacent to the headquarters of Oxford
Diffraction Inc, will allow us to further improve our research and services. The move is
now scheduled for Fall 2008.

INTEGRATED LIFE SCIENCES BUILDING

VRN T CORITRATE ESLARCH CENTER
Ward/Hall Associates, ALA PLOC

More information is available at www.crystal.vt.edu or by contacting Prof. Ross Angel,

email: rangel@vt.edu.
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People

Staff, students and faculty are appointed to the individual departments, and work together
in the laboratory. Dr. Elinor Spencer joined the laboratory as a postdoctoral associate in
the summer, after spending a 3-month research visit here earlier in the year. Dr. Jens
Engel also joined us, from the Technical University of Darmstadt, as a post-doctoral
associate Eleda Johnson successfully defended her MS thesis on the elastic response of
feldspars to high pressure and has joined Chevron. A full list of affiliated staff and faculty
follows:

Ross Angel

Mike Berg

Phil Burcham
Theresa Detrie
Wang Di

Jens Engel

Carla Finkielstein
Liangming Hu
Eleda Johnson
Maureen Julian
Hiro Motegi
Nancy Ross
Florian Schubot
Carla Slebodnick
Elinor Spencer
Nancy Vogelaar
Jinyuan Yan

Jing Zhao

Tiziana Boffa-Ballaran
Polina Gavrilenko
Boriana Mihailova

Elinor Spencer

VTX Director, Professor of Crystallography in Geosciences
Instructor in Chemistry

Technical staff, Geosciences

Graduate student, Geosciences

Graduate student, Geosciences

Postdoctoral associate, Geosciences

Assistant Professor, Biological Sciences

Graduate student, Chemistry

Graduate student, Geosciences (graduated Dec 2007)
Adjunct Professor, Materials Science & Engineering
Graduate student, Chemistry

Associate Dean, Professor of Mineralogy in Geosciences
Assistant Professor, Biological Sciences

VTX Associate Director, Instructor in Chemistry
Postdoctoral associate, Geosciences

Postdoctoral associate, Biological Sciences

Postdoctoral associate, Geosciences

Senior Research Associate, Geosciences

During the year the laboratory also hosted research visits by the following scientists:

Bayerisches Geoinstitut, Bayreuth, Germany
Bayerisches Geoinstitut, Gemany
University of Hamburg, Germany

University of Durham, England
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