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High field magnets and energy? We’re not just a (heavy) consumer
By Greg Boebinger

In this issue of Mag Lab Reports, we highlight
a few of the many ways that the MagLab’s user
program enables research of fundamental interest
to energy.
Ranging from energy-related basic research
to collaborations on applied problems of more
immediate concern, this work cuts across
essentially every user program. The MagLab’s Ion
Cyclotron Resonance (ICR) user program virtually
invented “petroleomics,” the ability to precisely
determine the chemical makeup, or distinct
fingerprint, of individual samples of petroleum,
arguably nature’s most complex fluid. And our
Magnet Science and Technology division and
Applied Superconductivity Center are developing
technologies to use high-Tc superconductors in
future high-field magnets.
Energy research at the Magnet Lab takes
natural advantage of several techniques pioneered
at the Magnet Lab, including:
• Using ICR to investigate organic materials such
as pine pellets and peanut shells to determine
viability for use as second generation (Gen II)
fuels (see page 10). Gen II fuels are biofuels from
non-food stuffs and agricultural waste. Fourier
transform-ICR offers a way to determine the
composition of both the oily residue and the
watery solution in candidate Gen II fuels. Studies
of Gen III fuels are also underway. Algae fuel
production is the Gen III biofuel of choice, because
it doesn’t compete with food production and it
eats carbon dioxide.
• Using ultra-high field (and hence high
frequency) electron magnetic resonance (EMR)
to provide an understanding of energy storage
and catalysis at a molecular level (see page
7). Researchers would like to understand how
nature hijacks transition metal elements with
large electron level splitting as it converts and
stores energy. EMR is particularly suited for
catalyst research because a change in oxidation
state involves a change in electronic spin. Similarly
for nuclear magnetic resonance (NMR), high
frequencies and high magnetic fields are often
required to resolve spectra from quadrupolar
nuclei, and thus distinguish the role of different
transition metals.

Greg Boebinger

The MagLab also is taking the lead in the
formation of the Consortium for Chemically Stored
Energy. High-field NMR and EMR are excellent local
probes of the chemistry and physics of complex
materials of interest for batteries (storing energy in
electric fields), fuel cells (storing energy in chemical
bonds), and, as described in this issue, electrosynthesis, the conversion of energy in electric fields
to form chemical bonds. One long-term goal
is to use electrosynthesis to convert abundant
hydrocarbons into a vast array of useful chemicals,
such as ammonia for fuel or fertilizer.
The MagLab is well suited to host this energy
consortium, because nanostructured interfaces
mix chemistry and physics in ways that involve
both energy and length scales that are resonant
with those imposed by our high magnetic fields.
Abundant hydrocarbons could in principle be
converted into a vast array of useful chemicals,
such as ammonia for fertilizer or fuel.
And finally, on page 5, user James Analytis
of Stanford writes about recent experiments
on topological insulators. This very hot topic in
condensed matter physics involves a novel metal
that exists only on the surface of a particular
class of insulating materials. OK, so it’s a hopeless
managerial stretch to suggest this is energyrelated, but I did work the words “hot,”“metal,” and
“insulator” into this sentence.
So much spin…feeling dizzy.
Rock 'n' roll,
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Rethinking the grid: the challenge and promise of new energy
By Albert Migliori
Chair, Magnet Lab Science Council

"If we can solve
the science
problem behind
higher eﬃciency
electrochemical
energy storage,
the technology
solution won’t be
far behind."

chemical energy storage science,
technology, and integration for
the utility grid. The group’s partner
institutions include The Florida
State University, the University of
Florida, The College of Nanoscale
Science and Engineering of the
University at Albany, and Los
Alamos National Laboratory.

With this group, we plan
to organize directed capability
teams to compete for grant
funding to provide the resources
to deliver important and relevant
new science and technology
for renewable energy storage.
Longtime staff member and Los Alamos National Lab Fellow Albert Migliori
is chairman of the Magnet Lab Science Council and a passionate advocate of
The Consortium will pursue
energy research.
funding from: Department of
Energy storage in all its forms is continually
Energy (DOE) Basic Energy Sciences, DOE Office
evolving, but in the 21st century, it’s increasingly
of Electricity Delivery and Energy Reliability, NSF
apparent that a breakthrough in electrical
Emerging Frontiers in Research and Innovationenergy storage and recovery science is urgently
Renewable Energy Storage, DOE Office of
needed. Today, electrochemical storage uses
Advanced Research Projects-Energy, and the
highly engineered systems of supports, catalysts
Electric Power Research Institute.
and electrolytes that, nevertheless, miss the
efficiency targets needed to transform our
If we can solve the science problem behind
nation’s utility grid. To accommodate a massive
higher efficiency electrochemical energy storage,
influx of renewable energy, the modern science
the technology solution won’t be far behind.
approaches vital to batteries and electrosynthesis How is the Magnet Lab involved in this push for
— which are now primarily phenomenological
innovation? The technology to fundamentally
continuum, macroscopic and empirical — must
change electrical energy storage is on the horizon;
be transformed.
it’s up to scientists to make it work. Teams from
each of the Magnet lab’s three campuses will
Recent advances in measurements, theory,
analyze the science, technology and integration
and fabrication suggest that a combined physics
issues that control electrochemical energy storage.
and chemistry approach can provide illuminative scientific understanding where traditional
The Magnet Lab’s unique suite of magnets
descriptions of the charged interfaces at the heart
will provide much-needed precision tools to
of chemical storage of electrical energy break
probe the science at charged interfaces in ways
down. From such advances will emerge the science never before possible. Using lab-exclusive
to improve electrosynthetic energy conversion
semiconductor design and fabrication methods,
efficiency from 40% to perhaps 80%, close to the
the Consortium will address the technology
(thermodynamically possible) efficiency needed
problems surrounding conversion of chemically
to address today’s increasingly pressing renewable stored electrical energy to forms useful on the
energy utilization concerns.
grid. With the Center for Advanced Power Systems
(CAPS at FSU), novel high-fidelity models will
The newly formed Consortium for Chemically
be constructed so we may understand how to
Stored Energy is a collaborative effort with a
integrate into the grid new energy storage to
core objective: to develop non-battery electrooptimize its effectiveness.
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Anomalous Landau quantization of a 2D surface state
of a topological insulator in the quantum limit
By James G. Analytis
Stanford University

Condensed matter physics is a field with a split
personality. On the one hand, we are interested in finding
new materials to answer practical questions, looking
for exotic properties for the development of future
technologies. On the other, however, we continue to be
fascinated by the deeper, abstract questions in physics,
such as the fundamental composition of nature and of
emergent properties in correlated systems.

Figure 1.
Raw data of the longitudinal (Rxx) and transverse
magnetoresistance (Rxy). Beyond the quantum
limit occurring at ~5 tesla (T), wiggles can be
observed that are related to the surface signal.

Figure 2.
The Rxx signal with a background subtraction
(a smooth polynomial of order 2). As expected of
quantum oscillatory phenomena, the amplitude
increases with field (decreasing 1/B). The curves
are plotted as a function of the perpendicular (inverse) field, illustrating the 2D nature of the state.

Rarely does a material emerge that holds promise
to answer questions that satisfy both personalities, but
the recent experimental discovery of three-dimensional
“topological insulators” provides just such an example. The
surface states of a topological insulator are metallic and
exist on a bulk insulator. They have the electronic structure
of a “Dirac cone” (akin to graphene), which leads to the
possibility of studying new relativistic particles for the first
time, such as Majorana fermions (fermions that are their
own anti-particle). In addition, the spin of the electrons in
the surface state is tied to their momenta, raising the hope
for new technologies to be developed based on spintronic
(as opposed to electronic) devices.
But what is truly useful about 3D topological insulators
from an experimental perspective is one particular
property: the surface states are topologically protected.
Topological protection is a very useful characteristic
because it allows the said surface state to exist at room
temperature and in the presence of disorder (surface states
in most other compounds are notoriously unstable to both
these parameters). This is due to a novel characteristic
of the bulk band structure, which cannot be suppressed
without changing the topology of the electronic
properties themselves. In this sense, a topological insulator
(and thereby its surface states) are topologically protected
from being a trivial insulator.
The first material that was predicted to be a
topological insulator was BixSb1-x by Teo, Fu and Kane
[Teo, Fu, Kane, PRB 78, 045426 (2008)]. Shortly after,
photoemission spectroscopy experiments by Princeton
researchers showed that the surface states exist [Hsieh
et al., Science, 323, 178 (2009)]. Since this initial work,
many other classes of topological insulator have been
predicted [Zhang, Nat. Phys., 5, 438 (2009)], all of which
tend to be famous thermoelectric materials. These have
been confirmed by experiment largely by angle-resolved
photoemission and scanning tunneling spectroscopy.
However, transport measurements on these same
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materials have existed for many decades, without
any mention of novel surface effects. Even
recent measurements remain inconclusive as
to whether the surface state is being measured
rather than the bulk.
The major difficulty is that the materials tend
to be degenerate semiconductors, which behave
similar to a metal: they are shiny, malleable and
most importantly, they have a bulk Fermi surface.
In our recent experiment on these compounds
we attempted to resolve the properties of the
surface state despite the presence of a bulk
Fermi surface by utilizing high fields and some
crystal growth tricks. The subject of our study
was Bi2Se3, which usually comes with a relatively
high bulk carrier density of ~1018 cm-3. By substituting Bi for isovalent Sb, we systematically
reduced the number of bulk carriers of 1016
cm-3, thus depleting the bulk signal by 2 orders

of magnitude. The next important step was
to utilize high fields. With such a small carrier
density, the size the Fermi energy is small and the
bulk electrons can be collapsed to their lowest
Landau level at a moderate field, known as the
bulk quantum limit. Beyond this field, the bulk
properties are thought to be rendered benign,
allowing the surface properties to emerge.
Figure 1 shows the raw data set of the
features we observed beyond the bulk quantum
limit: slow wiggles, which when plotted as 1/B,
appear to be periodic (see Figure 2). Furthermore,
the position of these features shifts according
only to the perpendicular component of the field,
just as one would expect from a two-dimensional
surface state. These pronounced dips in the
longitudinal resistance allow us to index the
integer Landau levels and when plotted as 1/B,
appear to have a zero intercept. Though this is
expected in a normal 2D electron gas (2DEG),
in graphene the intercept is ½. This difference
is due to the existence of topological phase,
known as the Berry’s phase, which is zero in
a 2DEG, but non-zero in graphene. The band
structure of a topological insulator in the
presence of a field behaves rather differently,
and this raises the interesting possibility that
one can tune this phase, or perhaps see the
influence of a further energy term associated
with the strong spin-orbit coupling of these
materials, known as the Zeeman energy.
Between these integers, further
features appear that are not periodic in
1/B and become particularly pronounced
in the second derivative (Figure 3). On
indexing them in a similar way to the
integers, these features appear to fall in
simple odd denominator fractions (but for
3/2), and are therefore reminiscent of the
fractional quantum Hall effect. However,
the observation of fractional states seems
unlikely because in other system (such
as ordinary 2DEGs) they are the result of
many-body interactions and generally
require extremely clean samples – unlike the
present case. With that caveat, the possibility
that such states can be measured in these
exotic materials is extremely exciting and
assures a rich future for research on these
materials at high field.

Figure 3.
The second derivative reveals finer structure [shown in (a) and
(b)], which is can be assigned simple fractions. Though further
investigation is required, this may be the beginning of the
fractional quantum Hall effect. Plotting the Landau index with
1/B, there is a clear intercept at zero, unlike graphene.
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High-frequency EPR in heterogenous catalysis
A. Dinse1, A. Ozarowski2, J. van Tol2, and K.-P. Dinse3
1. Department of Chemistry, University of California, Berkeley, 94720 USA
2. National High Magnetic Field Laboratory, 1800 East Paul Dirac Drive, Tallahassee, Florida 32310-3706, USA
3. Department of Physics, Free University of Berlin, Arnimallee 14, D-14195 Berlin, Germany

The concept of catalysis as a kinetic
phenomenon modifying the course of a chemical
reaction is well established. Proof-of-concept
systems have been studied to a great extent
(Haber-Bosch process, Ostwald process). Many
relatively simple chemical reactions, such as water
splitting, are still far away from a fundamental
understanding, which would include a validated
sequence of elementary reaction steps and the
identification of all reaction intermediates. For
this reason, model systems are studied allowing
for an easier determination of the structure/
reactivity relations. As is obvious from an analysis
of the highly optimized biological systems, the
surrounding “mesosotructure” determines the
active site reactivity. More recently this concept
was taken advantage of in ammonia synthesis,
using Mo(tristriamid), which is an example of a
“well packed” active site.1 Although still quite
far from active site engineering, the concept of
surface/site control is quite popular, in particular
when invoking materials with well defined
mesoscopic or nanoscopic structures such as
SBA-15. Electron paramagnetic resonance (EPR)
and recently High Frequency (HF) EPR were
used to identify crucial active sites in solid state
catalysts under pseudo-in situ reaction conditions,
thus proving to be an effective method for the
understanding of current reactions of interest and
the design of future catalytic processes.
The transformation of abundant stable
hydrocarbons into useful chemicals is the
major challenge of today’s basic research in

catalysis.2 The oxidative dehydrogenation of
propane (ODP) on supported vanadia catalysts
is an example of a transformation reaction of
short hydrocarbons and an interesting probe
reaction for the fundamental understanding of
heterogeneous catalysis on a molecular basis.
Many experimental and theoretical approaches
to this subject have been employed in the past
decades.3-8 Supported vanadia catalysts offer
a high catalytic activity, but in the case of ODP
the similarity of reactants and products leads
to a poor selectivity.9 Analytical investigations
indicate that monomeric and/or associated
vanadium species are present on the surface of
the support materials studied.8,10 Furthermore,
the role of the support material during the
catalytic cycle has not been clarified and the
relative amount of reduced catalytic sites could
only be estimated from UV/Vis spectra being
related to changes in the catalyst reducibility.
EPR, however, is uniquely adapted for a study of
this problem because the change in oxidation
state of the catalyst surface and bulk being
involved in the redox cycle is associated with a
change in its electronic spin. The use of HF-EPR
allows not only identifying paramagnetic species
originating from various transition metal ions,
carbon centered radicals, and oxygen vacancies
formed during the reaction, but also allows
quantifying their relative concentrations.11,12
Taking advantage of the high sensitivity of HFEPR, sealed catalyst samples (Figure 1, second
row), extracted from the reactor under controlled
conditions can be studied in a cavity-free setup.

Figure 1.
Various sites reported and
quantified on different supported
vanadium oxide catalysts exposed
to oxidative dehydrogenation of
propane using HF-EPR. Besides
the actual reduced vanadium site
that has been previously identified
with other spectroscopic methods,
F centers, oxoradicals and reduced
Ti3+ centers were identified
for the first time using HF-EPR.
The presence of latter sites and
complete absence of V4+ sites on
TiO2 supported catalysts leads to
new conclusions concerning the
influence of different support
materials on this reaction.
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Figure 2.
Integrated continuous wave (c. w.) 324 GHz EPR spectrum and EPR
susceptibility, obtained by second integration of a powder sample of a SBA-15
supported VOx catalyst mixed with 20 wt% of Mn:CaCO3. Spectral components of
Mn2+ and V4+ EPR signals are sufficiently separated at 324 GHz allowing for an
accurate quantification of the relative spin concentration and thus providing a
tool for the determination of reduced vanadium site concentration by double
integration of the c. w. spectrum.

Figure 3.
Mainly based on EPR experiments, Lunsford et al. suggested paramagnetic Li+Odefects as active sites splitting CH4 into CH3 radicals. After desorbing into the
gas phase it is assumed that they couple to C2H6 followed by dehydrogenation
to C2H4.16

In previous experiments the involvement of the
support material in the formation of persistent
radical species was demonstrated, thus forming
the basis for a more concise model of the catalytic
cycle (Figure 1, third row).11 In particular the
involvement of the titanate support in storage
and release of electrons initiated the investigation
of mixed shell catalysts, in which vanadium and
titanium oxides are present in different relative
concentrations at the surface of the mesoscopic
support particles. Previous experiments invoking
standard EPR techniques with microwave

frequencies at 9 GHz could not be
analyzed quantitatively, because
of overlapping spectral features
from paramagnetic centers with
only slightly different g factors.
The spectral resolution obtained
at 300 GHz and above, however,
allows distinguishing between
reduced vanadium and titanium
centers, and furthermore allows
quantifying their relative concentration using Mn2+ internal
standards without disturbance
from carbonaceous radicals,
which are also generated during
catalysis and preparation. Such
quantification and identification
of paramagnetic centers created
during the catalytic cycle is of
utmost importance for deriving a
microscopic model.
When using the transmission
type experimental setup at the
Magnet Lab, samples can be
investigated in sealed quartz
tubes of up to 8 mm o.d.
containing several 100 mg of
catalyst material (see Figure 1).
This greatly facilitates sample
handling and allows investigating materials that have been
exposed to reaction conditions
without the influence of an
oxidizing atmosphere. Not being
restricted by sample mass, spectra
can usually be obtained with
high signal-to noise-ratio, even
allowing double integration for
a quantitative evaluation of the
various spin concentrations. In
Figure 2 the spectrum of a VOx
coated SBA-15 ca talyst containing
Mn2+ as internal standard is
shown as example.

Another transformation reaction that
received considerable attention is the coupling of
methane.2,13,14 The oxidative coupling of methane
has been studied for a number of years but the
mechanism is still not understood, even in the
case of the reference catalyst lithium-doped
magnesium oxide (Li:MgO). In this case there is a
heavily debated proposal for a mechanism, which
was put forward by Jack Lunsford several years
ago.15 The key step in this model is hydrogen
abstraction by a reactive O- species, which is

Figure 4.
321.6 GHz EPR spectra of Li doped MgO samples. Use of the high
Larmor frequency leads to a well-resolved spectrum at the g value scale,
allowing identification of different paramagnetic species like Mn2+, Mn4+,
and Cr3+ and confirming the complete absence of the paramagnetic Li-O
centers, which are expected at g = 2.055.

created via Li doping and subsequent formation
of Li+-O- ion pairs.
Lunsford et al. have provided circumstantial
evidence from a number of loosely connected
experiments for a correlation between amount of
Li doping and the chemical activity of the doped
oxide. The main finding of their experiments was
the observation that correlated Li+-O- -units are
created upon heating the system to more than
1000 K followed by a sudden quenching to 77 K.
After this procedure, methyl radicals are formed
on the catalyst surface at reaction conditions,
which can be trapped and detected downstream
in the reactor. Both results were interpreted as a
proof for methane dehydrogenation mediated by
the Li+-O- species at the MgO surface. It is an open
question if a significant amount of Li+-O-.-radical
pairs is present under reaction conditions. Due to
their paramagnetic nature, EPR spectroscopy can
play an important role in proving their presence
and establishing the current model. Thus, we have
set out to investigate the systems discussed above
by means of EPR spectroscopy to find evidence for
the presence of Li+-O- centers in catalysts being
exposed to “real” reaction conditions. Preliminary
experiments invoking standard X-band EPR
technology showed the absence of the characteristic EPR signature of these centers in Li:MgO
samples after synthesis and calcination under
various conditions.17 This observation is confirmed
by HF-EPR experiments, allowing a much better
discrimination between the numerous different
paramagnetic centers, usually found in these
types of catalysts (see Figure 4).
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The future for the application of
HF- EPR looks rather bright. Sample
dimensions ultimately allow extending
the microwave frequency range up
to the THz regime. At this ultra-highfrequency range, necessitating the use
of Bitter magnet technology, we expect
being able to identify even different
vanadium centers because of increased
spectral resolution. This identification
would allow distinguishing between
different reaction schemes involving
either monomeric vanadium at identical
or different sites, or coupled clusters
of vanadium species with a variety of
topologies. The same advantage of
increased frequency resolution could
be used to identify the large number of
different paramagnetic species created
during the catalytic cycle directed by
the Li:MgO system.
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ICR team exploring alternative, non-food biofuels
Jackie Jarvis
Ion Cyclotron Resonance team

In addition to its widely recognized
petroleomics research, the Magnet Lab’s Ion
Cyclotron Resonance (ICR) team is embarking on
research into the chemical fingerprints of other
possible fuel sources.
Here, graduate student and ICR team member
Jackie Jarvis describes exploratory research into
non-food biofuels such as peanut hulls, pine pellets
and pine chips, using fuels created at the University
of Georgia. As ICR Scholar-Scientist Amy McKenna
puts it, “Essentially, you can take any kind of
biomass and if you squeeze it enough, you can get
the oil out.”
Feedstocks are pyrolyzed in inert atmosphere
to create a biphasic product. Currently, the
oily bottom phase is separated from the upper
aqueous phase to be processed into a usable fuel.
The high water content of the product creates
a problem for fuel production, so the aqueous
phase is often discarded. Our goal is to characterize both the oily and aqueous phase; not only

to see the viablity of the oily phase to produce a
usable fuel, but also to determine what is being
thrown away and if it might be usable as well.
Figure 1 shows the broadband negative
ESI FT-ICR mass spectra at 9.4 tesla of the pine
pellet and peanut hull pyrolysis products. The
products derived from pine are not as complex
as those derived from peanut hulls. Biomass
pyrolysis spectra differ from typical petroleum
spectra in that they cover a lower mass range
and have a lower mass defect due to their
increased oxygen content.

Figure 1.
Broadband FT-ICR mass spectra of pine pellet oily (top left) and aqueous (bottom left) phases and peanut hull oily (top right) and
aqueous (bottom right) phases by negative ESI depict the complexity of pyrolysis products.
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Figure 2.
Broadband FT-ICR mass spectrum of peanut hull oily phase by negative ESI with the addition of a basic modifier depicts the
millidalton mass splits typical of pyrolysis oils because the increased content of oxygen and nitrogen.

Heteroatom Class Comparison in Pine Pellet Oily
& Aqueous Phases by Negative ESI

Figure 3 shows the heteroatom
classes indentified by negative
ESI at >1% relative abundance
in either phase of the pine pellet
pyrolysis product. Biomass
pyrolysis products are dominated
by Ox species, whereas the most
abundant heteroatoms seen in
typical petroleum samples are sulfur
and nitrogen. The aqueous phase
contains a broader range of Ox
species extending to higher oxygen
numbers when compared to the oily
phase.

Conventional techniques (gas
chromatography-mass spectrometry,
Fourier-transform infrared spectroFigure 3.
scopy, thermogravimetric analysis,
Heteroatom class distribution for the pine pellet oily (light) and aqueous (dark)
etc) used to characterize biomass
phases derived from (-) ESI FT-ICR MS reveals that the oily phase is dominated
by lower Ox species and the aqueous phase extends into higher Ox species.
are limited in their ability to predict
biofuel behavior through processing,
upgrading and storage. Highly oxygenated species
The need for ultrahigh resolution to resolve
characteristic of biomass pyrolysis products are
the thousands of peaks in a pyrolysis oil spectra is
demonstrated in Figure 2. The zoom inset from the poorly characterized by these techniques due to
their polarity. FT-ICR MS can give detailed charac9.4 T FT-ICR mass spectra of the peanut hull oily
terization of biofuels directly without tedious
phase obtained by negative ESI with the addition
sample preparation or derivitization. The ultrahigh
of a basic modifier shows the different mass splits.
resolving power and inherent high mass accuracy
The high nitrogen and oxygen content of peanut
of FT-ICR MS identifies compounds not observed
derived oil creates millidalton splits not seen in
with other techniques.
typical petroleum spectra.
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PULSE FIELD FACILITY

The Pulsed Field Facility: Challenge and opportunity
By Chuck Mielke
Director of the Pulsed Field Facility

Our location at Los Alamos National
Laboratory is no accident. The expertise in
pulsed power technology and world-class
resources gives the Magnet Lab a strategic
advantage because the staff maintains a
balance between pulsed high magnetic
field technology and cutting edge science.
Centered amongst the vast scientific and
engineering resources at Los Alamos
stands the 1430 mega-volt-ampere (MVA)
generator pulsed power system. The
Magnet Lab has used this one-of-a-kind
resource to power the 60-tesla (T) long
pulse and the 85-T multi-shot magnets.
The Magnet Lab is well on its way to
developing a 100-T multi-shot magnet. Our
unmatched generator system lends us a
distinct advantage. Having a high-quality
power source like the 1430 MVA generator
means that even at 140 megajoules of
energy and a world-record field of 89.1 T,
we’re only using a fraction of the available
energy from the generator system. This
bounty of energy from the generator allows
us to design and build large, reliable, heavily
reinforced pulsed magnets.

I

n May, Chuck Mielke, who has 20 years’ research
experience in pulsed high magnetic ﬁelds, was named
deputy group leader of the Condensed Matter and
Magnet Science Group (MPA-CMMS) within the Materials
Physics and Applications Division at Los Alamos National
Laboratory. This group is home to the Mag Lab’s Pulsed
Field user program. Among the duties of his new position,
Mielke serves as director of the Magnet Lab’s Pulsed Field
Facility and co-principal investigator on the National
Science Foundation grant to the Magnet Lab.

Scientific research in high magnetic fields is
a vibrant, challenging, and important keystone
enabling advances in materials, chemistry and
biological systems. In some cases, a spinoff
technology leads to new applications and
technologies that buttress national security
and protect the environment. At the Magnet
Lab’s Pulsed Field Facility, our focus has been
on providing users with the highest available
research magnetic fields.

The challenges of reaching the 100-T
milestone are significant. Not only are
experimental demands rigorous, but
simple availability of materials in the sizes
and quantity we require can also be a
problem. Each magnet must withstand
several hundred pulses with time durations
between 10 milliseconds and several
seconds depending on the application. The
size of the magnets is ultimately determined
by the magnet bore, which must be large
enough to operate a helium-3 refrigerator
(or similar cryogenic system) inside, and the
operating field required to address the science.
The time between pulses must be short enough
to allow several pulses each day to support an
efficient user-science program.
At the highest magnetic fields the energy
density in a pulsed magnet rapidly increases
in order to sustain the field intensity. The high
energy density in the magnet causes significant

PULSE FIELD FACILITY
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"Pushing toward a higher
operating magnetic
ﬁeld is a careful process
determined by engineering
principles, calculations,
simulations, and
experimental prototype
development."

Magnet systems at the Pulsed Field Facility include the single turn coil (upper left), the 60-T long pulse (right) and the 85T multi-shot.

electro-mechanical strain in the windings and
increases in temperature during the pulse.
The resulting thermal and mechanical stresses
ultimately increase the likelihood that either
the conductor will fail in fatigue or that thin
insulating and protective dielectrics will fail
during a pulse. When a magnet fault occurs,
the coil inside a magnet can be destroyed —
sometimes catastrophically.
With these constraints in mind, pushing
toward a higher operating magnetic field is
a careful process determined by engineering
principles, calculations, simulations, and experimental prototype development. These same
careful engineering principles have led us to a
successful Pulsed Field User Program delivering

an unprecedented scientific environment to
qualified users. We are working to bring the
very large forces into balance and distribute the
energy in such a way as to make magnets that
are useful for users and can survive hundreds of
pulses at the highest magnetic fields.
There is no question that our goal is clear
and measurable at the Pulsed Field Facility.
Beyond the obvious technical achievements,
there is another challenge for me as the new
director. Our user program is unlike any other at
the Magnet Lab in that close technical oversight
and daily collaboration are the key elements of
a successful “run” here. Providing users with the
most successful experience possible here at the
Magnet Lab Pulsed Field Facility is our mission.
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Specific-heat team at Los Alamos moves to highfrequency domain
Y. Kohama1, C. Marcenat2, M. Jaime1
1MPA-CMMS,

Los Alamos National Laboratory
1

2CEA-INAC/UJF-Grenoble

“Faster is better” always holds at the time
of measuring fundamental physical properties
of matter in the world's highest man-made
magnetic fields. Our recent development at
the Pulsed Field Facility at Los Alamos — an AC
technique for the measurement of specific heat
and magnetocaloric effect of small samples
that operates to frequencies of several kHz — is
revolutionizing the way thermal information is
obtained in short-lived high magnetic fields.
We have successfully pushed the limits
of standard thermal properties techniques to
measure the specific heat and magnetocaloric
effect of small samples in sub-second pulsed
magnetic fields at the Pulsed Magnetic Field
Facility of the Magnet Lab at Los Alamos National
Laboratory. Our approach shares the basics with
the method first developed by Sullivan and
Seidel2. Experiments in pulsed magnetic fields
require, however, special attention to details
because of the short duration of the magnetic
field itself, the sample heating effects from a
rapidly changing magnetic field, thermometry
calibration and magnetocaloric effect, to mention
just the dominant difficulties. Our calorimeter is
also used to measure the magnetocaloric effect

(MCE) to map out the full (H,T) phase diagram in
an efficient way, i.e. revealing phase boundaries
before an extensive C(H,T) experiment is run,
and to directly quantify entropy changes at
phase boundaries. These reasons are why AC
measurements of specific heat in very high
and pulsed magnetic fields are a non-trivial
development in a much needed area of
condensed matter physics.
Heat capacity is a fundamental thermodynamic quantity defined as the amount of
heat (δq) required to increase the temperature
of a material by the amount (δT), C = δq / δT.
Using the expression of entropy (S) valid for a
reversible process, TdS = δq, the specific heat
can be expressed as Ci = T(∂S/∂T)i, where the
index i refers to the thermodynamic quantities
kept constant during the experiment such as
pressure p, volume V, and magnetic field H.
Thus, the magnetic contribution to the heat
capacity of materials measures the change of
the spin and/or orbital entropy as a function of
temperature. It is known that the spin entropy of
magnetic materials can be altered with applied
external magnetic fields. The change in the spin
entropy as a function of magnetic fields leads to a

Figure 1.
(a) AC specific heat cell displaying from bottom to top: Silicon thermal bath (black), epoxy resin (blue), bare chip thermometer
(white), silver paint (light grey), sample (dark grey) and thin film NiCr heater.
(b) Calculated temperature profile, using a finite-element method described in ref 1.
(c) Plot of f.TAC vs f , where f is the measurement frequency and TAC is the AC sample (Sr3Cu2O8) temperature amplitude,
displaying plateau zone where the cell specific heat is proportional to the imverse of the measured temperature oscillations.
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measurable MCE, which is generally recognized as
the change in temperature through the application
or removal of an external magnetic field. Using
the general formula for the entropy change in
temperature and magnetic field, one obtains
Eq.(1)

Which can be rearranged as

VOLUME 17 • No. 3

change in field, which leads to a MCE.
In our heat capacity measurements, P in
Eq.2 is the applied AC power to the heater,
P = κ (Tbath – T) + PAC (1+ cos(2 ωt)), where the
PAC is generated by an AC current of frequency
ω, and the sample temperature is T = Tbath + TDC
+ |TAC|cos(2ωt +ɸ). Substituting P and T into Eq.
2 we obtain the AC component of the sample
temperature during the experiment
Eq.(3)

Eq.(2)

where P = δq / dt is the power applied to the
system. The second term on the right hand side
represents the power generated by the entropy

Eq. 3 for the AC heat capacity applies
in the appropriate measurement frequency
range with respect to two time constants. One
time constant is determined by the thermal
Figure 2.
(a) Temperature vs magnetic field
obtained during the AC specific
heat measurement of a single
crystal sample of Sr3Cu2O8 in a
50-T mid-pulse magnet (pulse
length 250 ms) revealing the
effect of MCE and AC heating
on the sample.
(b) AC component of the sample
temperature.
(c) Computed AC Cp (line) plotted
together with Cp data obtained
using the standard thermal
relaxation time method
(circles).
(d) AC Cp measured at six different
temperatures between T = 2.2
K and T = 5.6 K, used to obtain
the (H,T) phase diagram of
Sr3Cu2O8.
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Figure 3.
Results of a study of AC specific heat of a Ce-115 single crystal in the world-class 60 T long pulse magnet are displayed in Figure
3. Here we see nominal sample temperatures regulated between 1.3 K and 4 K, and specific heat experiments that extend to 55 T.

diffusivity (D) and the thickness (d) of the
sample, thermometer and heater ensemble. This
is often referred as the internal time constant
(τ2). The other time constant, called the external
time constant (τ1), corresponds to the time
required for the system to reach equilibrium
with the thermal bath. The proper measurement
frequency 2f = 2 (ω/2π) for Eq. 3 should be
small compared to 1/τ 2 and large compared
to 1/τ 1.3 In this frequency range (1/τ 1 « 2ω «
1/τ 2), |TAC| is inversely proportional to C, and
the product of |TAC| and frequency becomes
constant as a function of 2f. Thus, an observation
of the plateau in the |TAC|·f vs 2f plot is a strong
certificate of this frequency condition.
A cross-sectional view of the present
calorimeter is sketched in Figure 1(a), consisting
of of a small bare-chip resistive thermometer
and a Si block acting as thermal bath. The
thermometer face on which electrical contacts
were made was directly glued to the Si thermal
bath using a ≈ 150 μm layer of epoxy resin
(Stycast® 2850). We tune the thermal conductivity
between sample and thermal bath with a variable
amount of 4He (or 3He) exchange gas, which
(field-independent) specific heat contribution we
can neglect. The RuO2 resistive thermometer is
a commercially available thin-film chip resistor,
polished on one side to a final dimension of 900 ×
500 × 150 μm3. Silver paint and GE-7031 varnish
were used as a thermal contact between sample
and thermometer.

In order to understand the performance of
our AC calorimeter we solved a simple 1D heat
equation model using a finite element method for
6 regions, 4He gas, sample, contact, thermometer,
thermal insulation layer, and Si thermal bath.
Physical property values used in this calculation,
such as heat capacity and thermal conductivity,
are taken from the literature1. Figure 1(b) shows
the simulated temperature profile at 2f = 1 kHz
(ω ~ 3142 s-1). The thermal oscillations caused by
the AC power transfer from the top surface of the
sample to the end of the thermometer equipped
with a thin RuO2 layer, although the contact layer
reduces by 10% the thermal oscillation amplitude
at this frequency. Inside the thermal insulation
layer, the temperature oscillation is damped and
then the Si thermal bath shows no oscillations.
These results confirm that our calorimeter probes
the heat capacity of the sample, contact layer,
thermometer, and a layer of of 4He gas and thermal
insulation layer. The typical frequency response of
our calorimeter, f.TAC vs f (when a Sr3Cu2O8 sample
is mounted) is plotted in Figure 1(c). The shaded
frequency region indicated where the total specific
heat Cp = Cpsample + Cpaddenda is expected to be
proportional to the inverse of the amplitude of the
temperature oscillations Cp 䌱 1/ΔTAC.
Figure 2(a) and (b) show the temperature
oscillations at 2f = 1 kHz during a heat capacity
measurement in a Sr3Cr2O8 single crystal. The red
and black curves taken during up and down
sweeps show the AC temperature oscillations. The
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Figure 4.
Preliminary specific heat vs magnetic field of a single crystal sample of composition Pb2V3O9 measured during multiple magnetic
field sweeps at a rate of 4 T/min in the 45 T hybrid magnet. The temperature was maintained constant during the field sweeps,
using the 3He system C. These experiments were done in collaboration with B. Conner, H.D. Zhou, L. Balicas (NHMFL) and C.R.
Wiebe (U. Winnipeg, Canada).

amplified signal in Figure 2(b) and its inset detect
the AC temperature oscillations with a sensitivity
of ± 2 mK at H ≈ 30 T. The averaged raw signal
(blue) in Figure 2(a) shows the MCE. By
numerically extracting |TAC| from the temperature
oscillation data in Figure 2(b), we evaluated

which is referred as C Sr3Cr2O8 in Figure 2(c). These
data show a pronounced peak at 32.7 T. The peak
shape agrees with the heat capacity data measured
in DC magnetic fields (green circles)4. Figure 2(d)
displays the C Sr3Cr2O8 (H) measured from 2.3 to 5.6
K. The peaks at the spin-ordering phase transition
are clearly observed in all temperature regions.
Results of a study of AC specific heat of a
Ce-115 single crystal in the world-class 60 T long
pulse magnet are displayed in Figure 3. Here
we see nominal sample temperatures regulated
between 1.3 K and 4 K, and specific heat
experiments that extend to 55 T.

Our AC calorimeter can also be used to
study thermal properties of materials in DC
magnets, substantially improving the amount of
data collected in a given period of time, and in
this way dramatically increasing the efficiency
measured by the number of useful data points/
electricity-dollar ratio. An example of this is
shown in our preliminary data displayed (Figure
4) obtained in a single crystal sample of the
quantum magnet system Pb2V3O9 recently
grown5 by Ben Conner and collaborators at the
Tallahassee Magnet Lab.
REFERENCES
1. Y. Kohama et al., Rev. Sci. Instrum., (2010) to be
published
2. D. F. Sullivan and G. Seidel, Phys. Rev., 173, 679
(1968).
3. G. M. Schmiedeshoff, et al., Rev. Sci. Instrum.,
58, 1743 (1987).
4. A. A. Aczel, et al., Phys. Rev. Lett., 103, 207203
(2009).
5. B. Conner et al., Phys. Rev. B, 81, 132401 (2010).
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Status of the Series Connected Hybrid Magnets
By Iain Dixon, Mark Bird and Jun Lu

The Magnet Lab has embarked on innovative
projects to develop unique resistive-superconducting hybrid magnet systems. These Series
Connected Hybrid magnets (SCH) consist of a novel
connection of a set of Florida-Bitter resistive coils
(insert) and a superconducting cable-in-conduit
conductor (CICC) coil (outsert) connected in series
with the same power supply rather than to two
independent power supplies. Such an approach
results in lower costs and lower ripple than the
more traditional configuration. Two magnets are
presently being constructed. The National Science
Foundation (NSF) is funding the construction of a
cylindrical-bore SCH for high field nuclear magnetic
resonance, condensed matter physics, biology
and chemistry, to be located at the Magnet Lab.
The Helmholtz Center Berlin has contracted with
us for the development of a horizontal magnet
for neutron scattering at 25 tesla (T). In addition
the NSF has funded a conceptual engineering
design for a SCH at Oak Ridge National Laboratory’s
Spallation Neutron Source (SNS). Figure 1 shows
a vertical section of the magnet for the Mag Lab
[NHMFL Reports, Vol. 13, No. 5, 2006].
The SCH in Tallahassee will consist of a
permanent CICC outsert and cryostat and multiple,
interchangeable resistive insert magnets. The first
insert will provide a combination of high field (36
T) and high homogeneity (1 ppm over a 10 mm
diameter spherical volume) in a 40-mm bore that
is presently unavailable worldwide. The second
insert is expected to produce more than 40 T in our
standard 32-mm bore with homogeneity similar to
that of other high-field resistive and hybrid magnets (500-1000 ppm over 10 mm DSV).
The heart of the superconducting coil is the
Nb3Sn CICC. As the name implies, the CICC is a
cable composed of superconducting Nb3Sn and
pure copper strands housed in a stainless steel
conduit that is compacted to securely restrain
the brittle superconductor and shaped into a
rectangular cross-section to facilitate coil winding
and improve the overall current density. The
conduit provides the structural support for the
coil and channels liquid helium all around the
superconductor and through the winding pack.
Fabrication of the CICC is a long process,
taking a little more than two years to complete

Figure 1.
Sectional view
of the Series
Connected Hybrid
magnet for the
Magnet Lab.

Figure 2.
Cross-section
of the 84/91
RRP Nb3Sn
OST strand.

Table 1.
General specifications of the Nb3Sn superconductor

PARAMETER

VALUE

Strand diameter

0.810 ± 0.005 mm

Twist pitch

15 ± 3 mm

Twist direction

right hand twist

Cr plating thickness

1.5 μm – 2 μm

Cu-to-non-Cu ratio

1.0 ± 0.1

RRR

> 100

IC at 4.22 K and
13.5 T (60% / 40%)

408 A / 375 A

IC at 4.22 K and 11.0 T

677 A

IC at 4.22 K and 8.0 T

1180 A

n-value at 4.22 K
and 12 T

> 20

Max. Hyst Loss
(80% / 20%)

1600 / 1800 mJ/cm3
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and covering thousands of miles. At the start is
the Nb3Sn strand. It is manufactured by Oxford
Superconducting Technologies in Carteret, NJ.
From there it travels to Lisbon, NH, where the
superconductor and copper strands are twisted
Figure 3.
Distribution of critical current measurements of each billet
at 4.2 K and 13.5 T.

Table 2.
Verification measurements performed for superconductor
quality controls

VERIFICATION ITEM

SAMPLING

Base material
certifications

Every final-stage billet

Strand piece length

Every piece length

Un-reacted strand
diameter

Every piece length and
over entire length

Twist pitch

At minimum: point or
tail of every billet

Twist direction

At minimum: point or
tail of every billet

Cr plating thickness

At minimum: start & end
of every Cr plating process

Cr plating adhesion

At minimum: start & end
of every Cr plating process

Un-reacted strand,
Cr plated Cu-to-non-Cu
volume ratio

At minimum: point &
tail of every billet

RRR of Cr plated strand
(between 273 and 20 K)

At minimum: point &
tail of every billet

Critical current at
4.22 K and 13.5 T,
11.0 T, 8.0 T

Point & tail of every billet +
one sample if breakage
occurs, at the break

n-index at 4.22 K
and 12 T

Point & tail of every billet
+ one sample if breakage
occurs, at the break

Hysteresis loss at 4.22 K
over a 7-0-7 T cycle

Every billet

Cleanliness

Every piece length

Flaw detection

Every piece length and
over entire length

Identification & records

Every piece length
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into cables by New England Wire Technologies. At
the same time, the conduit is being manufactured
by Salzgitter Mannesmann Stainless Tubes in Costa
Volpino, Italy (the raw materials for the conduit
were formed in France). The cables and conduit
eventually meet and are joined together in the
northwest of Italy, in Chivasso, where a cryogenic
systems manufacturing company (Criotec Impianti)
in collaboration with an Italian fusion research
association, ENEA, perform the jacketing. Finally the
CICC makes its way to Tallahassee where it will be
used to wind the coils.
The superconductor is a 0.81 mm diameter
Rod Restack Processed (RRP) internal tin Nb3Sn
superconductor, shown in Figure 2. It contains
84 bundles of filaments with diffusion barriers
wrapped around each bundle in a billet capable
of 91, also known as an 84/91 stack RRP. Each
strand is coated with a 2 μm thick plating of
chrome to prevent sintering during the reaction
heat-treat process. With the same wire being used
throughout the coil, exposed to a large range
of magnetic field strength, specified minimum
performances at three field values were required.
The amount of superconductor in each
magnet is significant. In total, for the Tallahassee
and Berlin magnets, 452 km (280 miles) or 2073
kg (4570 lb) was ordered. In addition, 533 km (331
miles) of high purity, chrome plated copper wire
was ordered. Table 1 contains the basic specifications for the superconductor. Fabrication of the
conductor was estimated to take 18 months to
complete, originally scheduled for the end of June,
2010. The final shipment of strand (of three) was
completed at the end of March 2010, far ahead of
schedule.
Stringent quality controls were set in place,
which required several physical and electrical
measurements to be taken by the vendor and
by the Mag Lab for verification. Table 2 shows a
summary list of the tests that were performed to
verify the strand performance. The total number of
conductor piece-lengths was 61, which made for
several tests. Figure 3 shows the results of critical
current at 13.5 T for each length.
In the end, OST has produced the required
quantity of Nb3Sn, ahead of schedule, and
importantly within specification; no piece-lengths
were rejected.
The next chapter of the CICC fabrication
progress will include updates on cabling of the
strands and fabrication of the conduit.
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Exploiting NMR to validate a newly discovered role
for a vitamin
Jeffrey C. Waller1, Andrew D. Hanson1, Arthur S. Edison 2,3, James R. Rocca4
1Horticultural

Sciences Department
of Biochemistry & Molecular Biology
3National High Magnetic Field Laboratory
4McKnight Brain Institute, University of Florida, Gainesville, Florida
2Department

Tetrahydrofolates are vitamins
used as enzyme cofactors in all
domains of life. Using nuclear
magnetic resonance (NMR)
spectroscopy, a newly discovered
protein believed to help combat
oxidative stress was shown to
stereospeciﬁcally bind reduced
folate, revealing yet another role
for this vitamin.
INTRODUCTION
It isn’t every day that another function is
found for vitamins; in fact it has been decades
since the last one was found for tetrahydrofolate. Tetrahydrofolates are the active form of
the vitamin folic acid, which is taken in vitamin
pills to help prevent neural tube defects,
coronary disease, anemia, and other diseases.1-3
Sequencing of DNA from diverse animal, plant,
bacterial, fungal, protist, and archaeal genomes
has revealed a protein, COG0354, predicted
by comparative genomics to use tetrahydrofolate.4-7 Removing COG0354 from a model
bacterium and replacing it with COG0354
proteins from other, diverse life forms in
functional growth assays indicated that not only
was it involved in combating oxidative stress
damage, but that COG0354 most likely also
used a tetrahydrofolate as a cofactor.7 However,
efforts to directly prove that COG0354 interacts
with tetrahydrofolates by various traditional
methods failed because they lacked sensitivity
or were inconclusive. In this work, we used NMR
to show a clear interaction between COG0354
and tetrahydrofolate by selecting for protons
directly bonded to 13C in one-dimensional
13C-heteronuclear single quantum coherence
(HSQC) experiments.7

EXPERIMENTAL
Bacterial COG0354 protein was produced
in bacteria, purified, and buffer exchanged into
buffered 97% (v/v) heavy water. Binding to
labeled natural or unnatural forms of a tetrahydrofolate was assessed with a Bruker Avance II
600 MHz instrument. One dimensional 13C-HSQC
experiments were used to select for protons
directly bonded to 13C with 512 scans per
experiment. One dimensional 1H spectra were
collected with 16 scans per sample.

RESULTS AND DISCUSSION
NMR was used to monitor the interaction
of pure COG0354 with the labeled natural (6S)
form of 5-formyltetrahydrofolate (5-formyl-THF),

Figure 1.
NMR evidence for folate binding by bacterial COG0354.
Samples for each spectrum contained 13C labeled 1 mM
(6S)-5-formyl-THF. One-dimensional 13C-HSQC experiments
obtained with 512 scans provided a filter to observe only 1H
resonances directly bonded to 13C.
(A) (6S)-5-formyl-THF alone.
(B) (6S)-5-formyl-THF plus 1 mM COG0354
(C) (6S)-5-formyl-THF plus 1 mM COG0354 and 9 mM
unlabeled (6R)-5-formyl-THF
(D) (6S)-5-formyl-THF plus 1 mM COG0354 and 9 mM
unlabeled (6S)-5-formyl-THF. Corresponding full 1D 1H
spectra are shown in Figure 2, and the 2D HSQC-total
correlation spectroscopy spectrum (TOCSY) of 5-formylTHF is in Figure 3. The resonances seen at ~3.4-3.6 ppm
are attributable to buffer components.
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a relatively stable “model” tetrahydrofolate often
used as a surrogate for tetrahydrofolate itself.8
Clear interaction was observed with (6S)-5-formylTHF; this interaction was abolished by adding
a 9-fold excess of unlabeled (6S)-5-formyl-THF
but not the unnatural (6R)-5-formyl-THF (Figures
1, 2 and 3). The small effect of the 6R form may
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be due partly to contaminating 6S. These data
indicate stereoselective binding of 5-formyl-THF.
No interaction was observed with folic acid,
a fully oxidized, unnatural analog of tetrahydrofolate. The complete loss of resonances in
Figure 1B (5-formyl-THF plus COG0354) results
from intermediate exchange. Assuming the
difference between free and COG0354-bound
chemical shifts of 5-formyl-THF to be 1 ppm, the
data would fit with an exchange rate of ~3700
Hz. Reasonable estimates of the equilibrium
dissociation constant (KD) for (6S)-5-formyl-THF
binding to COG0354 would accordingly be as
low as 0.1 mM for an association rate constant
(kon) limited by diffusion (107 M-1s-1) or as high as
3 mM if kon were an order of magnitude slower
(106 M-1s-1). The estimated KD (≥ 0.1 mM) for
(6S)-5-formyl-THF is higher than typically seen for
binding of tetrahydrofolate substrates but there
are several possible reasons for this, including that
5-formyl-THF is not the natural COG0354 substrate.

CONCLUSIONS

Figure 2.
One dimensional 1H NMR spectra of the same samples as
shown in Figure 1. Each spectrum was collected with 16
scans.
(A) (6S)-5-formyl-THF alone.
(B) (6S)-5-formyl-THF plus 1 mM COG0354
(C) (6S)-5-formyl-THF plus 1 mM COG0354 and 9 mM
unlabeled (6R)-5-formyl-THF
(D) (6S)-5- formyl-THF plus 1 mM COG0354 and 9 mM
unlabeled (6S)-5-formyl-THF.

Figure 3.
Two dimensional 13C-HSQC-TOCSY spectrum of (6S)-5formyl-THF labeled in the glutamate moiety, which is
highlighted with dashed lines. This experiment proves
that the resonances seen in Figure 1 are part of the same
molecule. The one dimensional spectrum at the top is
from the 1H spectrum of the same compound (e.g. Figure
2). In that spectrum the glutamate resonances are not
visible because of much lower concentration and because
the 1H peaks are split into multiplets by coupling with
the neighboring 13C atoms. The weaker two dimensional
correlations connected by solid grey lines are due to the
buffer’s oxidized and reduced β-mercaptoethanol.

We have conclusively demonstrated that a
representative COG0354 protein directly binds
and therefore uses reduced folate vitamins in a
stereoselective manner.
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People
Naresh S. Dalal,
FSU Dirac Professor
of Chemistry and
Biochemistry, has been
elevated to the rank of
fellow by the American
Chemical Society (ACS),
the world’s largest
member-driven scientific
organization. ACS fellows, which constitute just
0.2 percent of the society’s overall membership,
must demonstrate sustained excellence in the
sciences or a related profession and have provided
outstanding service to the ACS. Dalal’s fellowship
certificate will be presented in a special ceremony
at the 240th ACS National Meeting in Boston.

Chang S. Hsu, who goes
by Sam, has joined the
Ion Cyclotron Resonance
(ICR) petroleomics team
as a visiting assistant
scholar/scientist. Tsu has
more than 32 years of
experience establishing
and delivering critical
research programs, high-end analytical technologies and research applications, and emergency
responses for crisis resolution. Hsu was the
recipient of one of the most prestigious science/
technology awards at Exxon, and a key scientist
involved in developing unprecedented analytical
methodologies for Exxon Valdez litigation.

Magnet Lab user
Wilhellm Geerts,
associate professor at
Texas State University,
was elected to the
chair-line of the topical
Group on Instrument and
Measurement Science
(GIMS) section of the
American Physical Society. During a postdoc at
the University of Florida, Geerts designed a probe
for the Magnet Lab to measure magneto-optical
hysteresis curves in magnetic fields up to 30 tesla
over a large temperature range (4-350 K). This
probe still holds the world record for MOKE in high
magnetic fields.

The Royal Society has
awarded Professor
Gilbert Lonzarich the
Rumford Medal for
“outstanding work into
novel types of quantum
matter using innovative
instrumentation and
techniques.” Lonzarich,
who has a longstanding relationship with the
Magnet Lab, heads up the Cavendish Laboratory’s Quantum Matter Group at the University
of Cambridge. The Rumford medal is awarded
to scientists working in Europe in the field of
thermal or optical properties of matter or their
applications, and comes with a silver gilt medal
and about $1,500 USD.

Sophia Hayes is the
recipient of the Regitze
R.Vold Memorial Prize,
awarded at the Alpine
Solid-State Nuclear
Magnetic Resonance
(NMR) Conference,
organized under the
Groupement Ampere
and ISMAR, the International Society of Magnetic
Resonance. Hayes is a Pulsed Field Facility user
who works in collaboration with Scott Crooker,
and a faculty member at Washington University
in St. Louis.

The Pavol Jozef Šafárik
University in Košice,
Slovakia has announced
the recognition of
Magnet Lab faculty
member Mark Meisel,
with an honorary degree,
“Doctor honoris causa,”
to be conferred at a
special ceremony in November. Meisel and his
collaborators from Košice carried out some of
their research in collaboration with the Magnet
Lab’s High B/T Facility at the University of Florida.
In these studies, the group was able to make high
sensitivity measurements of the susceptibility of a
frustrated antiferromagnet.
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People
Longtime Magnet Lab
employee and electrical
supervisor Wes Morris
passed away on April
5, 2010 at the age of
45. Morris was part of
the construction team
that built the lab, and
remained as part of the
facilities team from 1994 on. Morris was a skilled
problem-solver and an integral part of many
magnet installation and maintenance projects
over the years. As part of his job, Morris was
all over the Magnet Lab and was known and
appreciated by many staff and users for his spirit
and infectious laughter. Outside of work, he loved
FSU football, golf, and being out on the water.
Morris is survived by Brandi, his wife of 12 years
(pictured) and their two yellow labs, Bo and Tig.

Steven Van Sciver, the
John Gorrie Professor of
Mechanical Engineering
at the Florida A&M
University-Florida State
University College of
Engineering and head
of the Magnet Lab’s
cryogenics research
group, received the International Cyrogenic
Engineering Conference Mendelssohn Award “in
recognition of his contribution to understanding
the basic phenomena in superfluid helium and its
applications to superconducting magnets.”
Tom Haruyama, a researcher at the Institute of
Particle and Nuclear Studies in Tsukuba, Japan,
presented the award to Van Sciver on July 22
during the International Cryogenic Engineering
Conference in Wroclaw, Poland. This award was
established in memory of Kurt Mendelssohn,
1906-1982, the founder of conference. Award
winners are selected based on their outstanding
work in the field of cryogenic engineering.
Van Sciver’s award citation continues, “He is a
distinguished academic scientist both in research
and education. His textbook, ‘Helium Cryogenics’
has been referred [to] by many researchers and
students for many years.”

Sheryl Zavion is the new
operations manager for
the Mag Lab’s Magnet
Science & Technology
division, replacing Kevin
Smith who recently
returned to the U.K. She
brings with her 26 years
of engineering and
program management experience with the last
three years at Danfoss Turbocor Compressors Inc.
in Tallahassee.

Hui-Min Zhang, a
postdoctoral researcher
in the Magnet Lab’s
ICR program, has
been awarded a
Protein Science Young
Investigator Travel Grant/
The Protein Society Finn
World Travel Award to
attend the 24th Annual Symposium of The Protein
Society, where she will present a talk, “Contact
Surface Mapping of LysRS in its Multi-functional
States by Solution-Phase Hydrogen/Deuterium
Exchange FT-ICR Mass Spectrometry.”
Several new members have joined the
Magnet Lab’s Science Council. With new members
listed in bold, current members include chair
Albert Migliori, Rafael Bruschweiler, Mark Emmett,
Lev Gor’kov, Steve Hill, Jurek Krzystek, David
Larbalestier, Dragana Popovic, Ryan Rodgers,
Theo Siegrist, Glenn Walter and Huub Weijers.
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The Magnet Lab presents

PPHMF-VII

The Conference on Physical Phenomena at High Magnetic Fields

December 4 - 8, 2010 in Tallahassee, FL
Physical phenomena at
high magnetic fields will
bring together experts
from around the world
for critical discussions of
recent advances in those
areas of science and technology in which high
magnetic fields play an
important role or could
play an important role in
the future.
Discussions will span the wide range of research and experimental techniques of interest to the high magnetic field community and will seek to
identify new opportunities in magnetic field research.

DR. LEV P. GOR'KOV
SYMPOSIUM

The conference is organized by the National High Magnetic Field Laboratory and will consist of invited talks, contributed talks and posters. There
will be no conference proceedings to encourage the presentation of the
latest results. This conference will be preceded by a symposium honoring
Prof. Lev P. Gor'kov, Dec. 2-3.

December 2 - 3, 2010
Hotel Duval

TOPICS WILL
INCLUDE:
• Superconductivity including
pnictides, cuprates, heavy
fermions and organics
• Semiconductors and the
quantum Hall effect
• Topological magnetism
• Frustration
• Magnetoelectrics and
multiferroics
• Spintronics and quantum
computing
• Magnetic materials
• Quantum fluids and solids
• Application of high magnetic
fields on soft matter

Host
National High Magnetic
Field Laboratory
Tallahassee, Florida, USA

Dates
December 4 - 8, 2010
(Saturday – Wednesday)

Venue
Florida State University
Conference Center

Registration Fees
Before Oct. 15 - $550 USD
After Oct. 15 - $600 USD

Lev P. Gor'kov is universally regarded
as one of the top living theoretical
physicists, and is widely acclaimed
for his seminal contributions to the
theory of superconductivity and the
theory of metals, for his pioneering
work on low dimensional organic
materials, and more generally for
his ground-breaking achievements
in developing modern theoretical
methods for quantum many-body
systems. He belongs to the last
generation of scientists that were direct disciples of the legendary Soviet
theorist Lev Davidovich Landau. Lev
Gor'kov’s superb contributions to
physics reflect the unique style and
profound originality of the famous
Landau School.
All attendees of PPHMF-VII are invited
to register for the symposium.

Visit www.magnet.fsu.edu to register and to see a full list of speakers.

EARLY CAREER RESEARCHERS
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Science
Starts Here
"Science Starts Here" showcases
young scientists whose career paths
have been greatly shaped by their
experiences at the Magnet Lab.

NAME

Scott Chandler Riggs, 30
POSITION
• Postdoctoral student, Stanford University
• Magnet Lab graduate student 2003-2010
RESEARCH
"I am currently working on exploratory
materials growth, focusing on the
discovery of new superconductors."

HOW DO YOU THINK YOUR EXPERIENCE AT THE
LAB HAS SHAPED YOUR SCIENTIFIC CAREER?
A user facility allows a person to put their
finger on the pulse of interesting research. Many
people study the same systems, but use different
experimental techniques. By looking at the
visitors one could get a feel for the hot topics
in physics, read about them and gain a clear
understanding why a certain material was so
popular with the community. Every week a new
user would be in the cell studying this system
with a different technique. I would walk into the
cell and ask as many questions as possible. The
magnet lab facility has allowed me to learn a
wealth of techniques, and how to apply them to
intriguing questions.
WHAT’S THE MOST IMPORTANT LESSON
YOU’VE TAKEN AWAY FROM THIS PERIOD
OF STUDY?
To roll with the punches. Equipment isn’t
always going to work, your experiment will
have problems, you find something completely
unexpected in your data, the signal to noise
always should be a little bit better, you will
never have enough data points or magnet hours,
etc. It is important to adjust to difficult events
when they happen with patience and diligence.

"The ability to walk into a
magnet cell and talk with the
students and professors is a truly
unique resource that every student
should use to its full potential."

DESCRIBE SOMEONE AT THE MAG LAB WHO
YOU CONSIDER A MENTOR.
My adviser, Greg Boebinger. Greg bestows
many nuggets of wisdom upon his students, one
that has always stuck with me is his approach to
research, which can be summed up as: “Be the
first into a dark room with a flashlight”.
WHAT MAKES THE MAGNET LAB SPECIAL?
The Magnet Lab is the only facility of its
kind in the United States. More importantly, the
Magnet Lab is a user-oriented lab on a college
campus. Every week, scientists visit the lab
from around the world. The ability to walk into
a magnet cell and talk with the students and
professors is a truly unique resource that every
student should use to its full potential.
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THE MAGNET LAB’S

User Programs
The National High Magnetic Field Laboratory is a national resource that
centralizes the country’s greatest magnet-related research tools, resources, and
expertise. This approach is efficient and cost-effective, and encourages fruitful,
collaborative research — across disciplines — at the highest level.
The Magnet Lab’s flagship magnets, designed and built in-house, are unrivaled
anywhere in the world, and lab engineers are constantly striving to push
fields higher still. But it’s not only the magnets that pull in upwards of 1,000
researchers each year; it’s also the world-class scientific support available at
the Magnet Lab. The lab’s scientists and technicians develop the experimental
instrumentation and techniques.

Interested in
becoming a user?
Access to all Magnet Lab magnets is open to all scientists via
a competitive proposal process.
Go to www.magnet.fsu.edu and
click on “Request Magnet Time”
to get started!
The Magnet Lab is continually
accepting proposals from interested potential users. Explore
our user programs virtually at:

magnet.fsu.edu/userhub

THIS ISSUE’S HIGHLIGHTED MAGNETS

The DC Field Facility
Instruments & Tools
The facility contains 14 resistive magnet cells connected to a newly upgraded 48 MW
DC power supply and 15,000 square feet of cooling equipment. The facility also has three
superconducting magnets and an array of cryostats, dewars, probes, sample holders and
other equipment. The tables pictured contain information about field modulation, variable
field gradient, and calibrations; visit the Users section of the Magnet Lab website to see
more. Be sure to check out our Magnet Dates and Deadlines list, also viewable on the Mag
Lab’s website (just search “Dates and Deadlines”).

Resistive Magnets
Field

Bore

Cell

Power

45 tesla hybrid

32 mm

15

29.3 MW

36.2 tesla

32 mm

12

19.7 MW

31 tesla

50 mm

9

18.1 MW

35 tesla

32 mm

8

19.2 MW

30.5 tesla1

32 mm

7

18.4 MW

25 tesla (Keck)1

52 mm

6

18.1 MW

31 tesla

50 mm

5

18.4 MW

31 tesla

32 mm

5

18.1 MW

195 mm

4

20 MW

(25 ppm/mm homogeneity)

20 tesla1
(1 ppm/mm homogeneity)
1 Higher

homogeneity magnets for low to medium resolution NMR, EMR and sub/millimeter wave spectroscopy.

All of our resistive magnets support the following research: magneto-optics (ultra-violet
through far infrared), magnetization, specific heat, transport, high pressure, low to medium
resolution NMR in highest fields, EMR, temperatures from 40 mK to 800 K, dependence of
optical and transport properties on field orientation, and more.

To learn more about
a specific program of
interest, contact one
of the following:
Advanced Magnetic
Resonance Imaging
and Spectroscopy
Gainesville
Joanna Long
jrlong@mbi.ufl.edu

DC Field
Tallahassee
Eric Palm
palm@magnet.fsu.edu

Electron Magnetic
Resonance
Tallahassee
Stephen Hill
hill@phys.ufl.edu

High B/T
Gainesville
Neil Sullivan
sullivan@phys.ufl.edu

Ion Cyclotron
Resonance
Tallahassee
Alan Marshall
marshall@magnet.fsu.edu

Nuclear Magnetic
Resonance
Tallahassee
Tim Cross
cross@magnet.fsu.edu

Pulsed Field
Los Alamos
Jonathan Betts
jbbetts@lanl.gov
The DC Field Facility control room.
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NOW HIRING:
CHIEF SCIENTIST IN CHEMISTRY AND BIOLOGY

T

he National High Magnetic Field Laboratory (NHMFL)
seeks a visionary leader as the Chief Scientist in
Chemistry and Biology. The successful candidate will
have a broad understanding of the most important
problems in chemistry, biology, biomedicine, and
biomedical engineering.
The NHMFL is the world’s leading magnet laboratory,
providing unique high-magnetic-field user facilities and
hosting the research of approximately one thousand
scientists annually. User research at the NHMFL spans
condensed matter physics, materials research, chemistry,
biology, biomedicine and biomedical engineering.
The NHMFL consists of three campuses: Florida State
University, the University of Florida and Los Alamos
National Laboratory. It operates seven vibrant user
programs: DC Magnetic Fields, Pulsed Magnetic
Fields, High B/T (ultralow temperatures), Ion Cyclotron
Resonance (ICR), Electron Magnetic Resonance (EMR),
Nuclear Magnetic Resonance, and the Advanced
Magnetic Resonance Imaging and Spectroscopy Center
(AMRIS). Each of these seven user programs is well
established with strong leadership and staff. Major
existing instrumentation of particular interest to Chem/
Bio includes (1) a 900 MHz ultra wide bore (105mm)
instrument for MRI and NMR, (2) an 11 T/40 cm MRI
instrument, (3) a 36 T hybrid magnet designed for 1.5 GHz
NMR and 1000 GHz EMR (to be completed in 2012), and
(4) a recently funded 21 T / 105mm ICR horizontal bore
magnet for ICR applications.
The NHMFL is presently leading a world-wide
advance in superconducting magnet technology.
The NHMFL has exploited major advances in high
temperature superconducting (HTS) materials over
the last two years to demonstrate the feasibility of

superconducting magnets that will exceed 30T. The
NHMFL is making additional investments to realize
high-homogeneity capabilities for HTS superconducting
magnets. This represents a real revolution in magnet
technology with the potential to transform Chem/Bio
applications of high magnetic fields in ICR, EMR, NMR,
and MRI.
Another major initiative under development at the
NHMFL is the proposed construction of “Big Light”, a highintensity light source that will provide bright, picosecond
pulses of light that are tunable over the entire terahertzto-infrared (THIR) frequency regime. This light source will
be unique in the world and will be well matched to the
energy and time scales relevant to much of the research
conducted at the NHMFL. Consequently, high-field
spectroscopy in the THIR regime represents another
area with tremendous new opportunities for Chem/Bio
research in the NHMFL user programs.
The NHMFL is looking for leadership to help broaden
the operations and infrastructure funding base for the
Chem/Bio user programs. The Chief Scientist in Chem/
Bio will have a strong understanding of MRI, NMR,
EMR, and ICR and will be an internationally recognized
expert in at least one of these areas of technology. He/
she will be expected to provide an expanded vision for
the integrated use of existing and planned technologies
to make a major impact in solving critical problems in
chemistry & biology.
The successful candidate will have faculty
appointments at both the University of Florida in
Gainesville and Florida State University in Tallahassee.
The primary institution and department are negotiable
and will depend on the successful candidate’s particular
area of major research emphasis.

I

nterested candidates should send a curriculum vitae, cover letter describing interests and experience, and names
and contact information of three references to Prof. Arthur S. Edison (aedison@ufl.edu), Chair, Chief Scientist in
Chemistry and Biology Search Committee, National High Magnetic Field Laboratory. University of Florida and Florida
State University are Equal Opportunity/Access/ Affirmative Action Employers.
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